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Available now. For more 
information on PMI's next 
generation quad op amps, circle 
the inquiry number or call us 
at 1-800-843-1515. 
Prefer duals? Contact us! 

ANAHEIM: (714) 886- 0140, LOI ANGELES: (818) 886-8881 , SANTA CLARA: (408) 727-6816, 
DALLAS: (214) 341-1742, CHICAGO: (312) 250- 0808, ATLANTA: (404) 263-7995, 
PHILADELPHIA: (215) 675-7800, BOSTON: (617) 794-0026 
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OP-400 
Vos= 150µV Max 

IB =3nAMax 

Ayo = 5000V /mV Min 

Isy = 2.9mA Max 
Starting from $5.35 

OP-470 
en= 5nV/v'HZ@ lkHz Max 

Ayo= lOOOV/mV Min 
SR= 2V/µs Typ 

Isy = llmA Max 
Starting from $5.50 

OP-471 
BW = 6.SMHz Typ 

SR= 8V/µs Typ 

Ayo= 500V/mV Min 

Isy = 11 mA Max 

Starting from $5 .50 

OP-490 
Isy = 80µA Max 

Vs = + l.6V to +36V; 
±0.8V to ± 18V 

Single Supply Operation; 
V1N, V0 include ground 

Starting from $3.30 

Precision Monolithics Inc. 
A Bourns Company 
Santa Clara, California, USA 
408-727-9222 

® 

The precision solution. 
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NOW, MORE PRECISION 
IN BGHz LINEAR. 
HERE'S OUR LATEST 
SOLUTION FOR YOUR 
HIGH-PERFORMANCE 
ANALOG SYSTEM. 

Introducing the VA701;VA111 
Low-Noise. Precision Op Amps .. 
the newest members of our highly 
successful VA700 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. 

FREQUENCY RESPONSE 
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Output voltage swing is 
typically ± 4V, with input 
common mode range ± 3.5V 

The VA700 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. 

A(D Converters to 12 bits, 
1 µsec conversion. 

Flash Converters to 
8 bits, 250MHz. 

DACs to 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 1-800-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 98 for literature 

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

Modules now available include 
a 20 MHz Arbitrary Waveform 
Generator, 100 MHz Pulse Generator, 
612 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 99 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/Xf-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 SOFTWARE 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 82 for literature only 

PLUS ROOM ro 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 wouldnl If it fails, down-time is 
o• 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 

Circle 121 for direct factory contact 

A DISK DRIVE FOR 
EVERY APPLICATION 

System 2 can be configured with IBM
compatible 3lh-inch or 51.4-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 1021 419-2088; Canada 14161 625-
7752; England 102521851085; France 1113956-8143; Germany 
107131150030; Italy 121 498-8031 ; Switzerland 101 I 624 444 
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On the cover: Suif!Ue-mount connectors 
won't eat up your valuable pc-board 
sp!Ue. A knowledge of soldering techniques 
and connector configurations will help 
when evaluating a manufacturer's bill of 
fare. See pg 142. (Photo courtesy Methode 
Electronics) 
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DESIGN FEATURES 
Special Report: Surface-mount connectors 142 
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SMT connectors can present you with a 
number of design considerations and tradeoffs 
that don' t occur in through-hole designs. By 
understanding the different solder techniques 
and physical configu rations of SMT connectors, 
you can choose the right SMT connectors to 
maximize the connections' reliability yet 
minimize space on your board .- ] D M osleyj 
Regional Editor 

Use of graphs eases transformer 
selection for linear supplies 

159 

Engineers generally use simple rules of thumb when selecting 
transformers fo r linear power supplies. These rules of thumb aren' t 
universally applicable, however, and blindly using them may cause you 
to select a less-than-optimal transformer-and thus a less-than-optimal 
supply.-Thomas G Lock, Case Wesurn Reserve University 

Array-processing languages now suit 
personal-computer users 

167 

Array-processing languages have made many programming or 
calculating jobs easier on mainframes. The streamlined approach of 
these languages is now an option fo r PC users as well. And though 
some limitations exist , you ' ll find they can operate in general on a par 
with their mainframe cousins.-Avram Tetewsky, Charles Stark Draper 
Lab Inc 

Digital potentiometer brings µP-based 
control to audio systems 

177 

From rotary volume and tone controls to the sliders on an equalizer, 
the control of most audio systems is still primarily mechanical. But 
this situation is changing as µP-based systems employing digitally con
trolled potentiometers find increasing use in audio designs. 
- Jeff Randall, Xicor Inc 

Continued on page 7 
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Good 
as 

Gold 
The 70 Series Multimeters: 
the shining standard by which others 
are measured . 

These multimeters are produced through 
advanced technology that assures you a 
wealth of product features. Giving you solid 
value for your money. 
Security of a 3-year warranty. 

A 3-year warranty reduces your cost of 
ownership. So you don't have to pay the price 
over and over for lesser-quality multimeters. 
More features for your money. 

Choose from either the basic 73 or the 
feature-rich 75 and 77. You'll find the features 
you need at the price you can afford . Touch 
Hold™ for capturing and holding readings. 
Audible tones to signal you for continuity. 
Autoranging for simple operation. And a 
sleep mode for extending battery life up to 
2000 hours. 
Made in the U.S.A. 

Like other Fluke products these multi
meters offer you uncompromised quality 
at competitive prices. So get your hands on 
a 70 Series Multimeter at leading electronics 
distributors nationwide. Or, call toll free 
1-800-227-3800, ext. 229 for a free 
brochure. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

FLUKE 73 , 75, 77 
$79, $109, $145 3-year warranty 
0.7%, 0.5%, and 0.3% basic de accuracy Audible conlinu1ty (75 & 77) 
Analog/digilal display Range hold (75 & 77) 
l\Jlts, ohms, 10A, diode tesl Mull1purpose holsler (77) 
Autorange Touch Hold function (77) 
200J+ hour battery Ille 
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Continued from page 5 

You can use smart cards for applica
tions ranging from customization ofter
minals and peripherals ro mass sromge for 
computers that must run in hostile en
Pironments (pg 61). 
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TECHNOWGY UPDATE 
Smart cards yield high memory capacities 
for ruass-storage and data-security uses 

61 

Thanks to advances in IC fubrication and packaging technologies, 
you can now obtain high-capacity memories or complete µP-driven 
systems in credit-card-sized packagcs.-Chris Terry, Associate Editor 

Good engineering decisions are key 
to improving US's competitive stance 

73 
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Some US electronics companies arc over
coming obstacles to remaining competitive by 
tapping the US's great reservoirs of technical 
strength .-Ma13ery1 S Conner, Regional Editor 

COMPETITf\ 'E 

Industrial Electronics Product Showcase 86 
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Putting together an industrial-grade system 
for a process-control , machine-control, or 
high-volume incoming-inspectio n applications 
can be a complex task. But you have a wide 
choice of products to help ease your task; 
descriptions begin on pg 89.-EDN Staff 

PRODUCT UPDATE 
Flat-panel display driver 
640x200-pixel EL display 
VME Bus LAN controller 
PC/AT bus adapter 

DESIGN IDEAS 
Synchronous divider replaces 1 x clock line 
Fortran program calculates op-amp noise 
V/I converter has zero 18 error 
Circuit monitors system's power supply 
Low-power circuit splits supply voltage 

125 
126 
128 
130 

187 
188 
194 
196 
198 

Continued on page 9 
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IF THE MARRIAGE ISN'T PERFECT, 

THEN MAKE SURE THE DIVORCE ISN'T MESSY. 

Desoldering can be destructive. Applying 
heat and tearing out components can ruin 

an expensive printed circuit board . 
Fortunately, Mill-Max® "multi-finger" recep

tacles can put an end to these costly "break-ups '. ' 
Mill-Max receptacles form the perfect "open" 

marriage; taking components to have and to 
hold, yet disengaging them without damage. 

Inside every Mill-Max receptacle is a "multi
finger" contact that mates 
perfectly with any shape 
component lead - round , 
square or rectangular. Our 
funnel shaped contact de
sign offers wide compliance 
to a broad range of pin sizes, 

Mill-Max "multi-finger" 
receptacles are ideal 
for fuses . hardware 
programm ing , relays, 
memory chips, or any 
component needing 
replacement. 

making it ideal for plugging (and unplugging) 
anywhere from one lead up to hundreds. 

8 CIRCLE NO 102 

Looking to avoid messy divorces? Then specify 
Mill-Max "multi-finger" receptacles. Hundreds 
of them are in our free catalog , along with PCB 
pins, wrapost receptacles and terminals, solder 
terminals and ATE fix
ture pins . For your 
copy, write Mill-Max, 
190 Pine Hollow 
Road , Oyster Bay, 
NY 11771 . Or call 
516-922-6000. 

~MILL-MAX 
~MFG.CORP. 
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Only Mentor Graphics 
maps symbols to silicon. 

The bigger the IC design, the bigger the 
problem: you're trying to locate a discrepancy 
between the schematic and your IC layout, but 
all you have is an ASCII error report. It 's like 
driving all over a strange city to find an 
address - without a map. 

That's why Mentor Graphics created 
REMEDI,TM a graphical interface that helps 
debug complex layouts. REMEDI works with 
Dracula II,TM taking the leading layout 
verification package's layout-versus-schematic 
checks a step further. LYS errors detected with 
Dracula II can be quickly pinpointed on both 

the layout and schematic using REMEDI's 
interactive graphical correlation capabilities. 

And, because REMEDI is part of 
ChipGraph,n1 the powerful Mentor Graphics full 
custom IC layout editor, as soon as you find an 
error you can fix it. There's no need to move 
back and forth between the layout editor and 
the debugging tool to correct the design database. 

Today's complex VLSI designs demand a 
layout tool that lets you create and navigate 
efficiently through a maze of mask data. So 
ChipGraph provides flexible geometry editing 
and fast cell-based layout tools. Beyond this, 

EDN October 1, 1987 



Structured Chip Design (SCD), a hierarchical 
approach to physical layout, removes much of 
the unnecessary and confusing mask data, while 
retaining correct functionality and interfaces. 

With SCD, you can work with a simplified 
representation of the cell when making higher 
level decisions. And you can easily move 
between SCD and more familiar tools, with no 
loss of productivity. The result? The tightest 
possible layout, created quickly and accurately. 

ChipGraph also lets you partition a large 
design over any number of workstations while 
maintaining version control, through a network
wide shared database. 

And there's no need to worry about 
losing old data when switching to a new tool. 
ChipGraph offers full data compatibility with 
your existing design files. 

Best of all, ChipGraph is not just an idea -
it's a working reality. Designers are already 
Dracula II is a trademark o[ ECAD, Inc. 

EDN October 1, 1987 

using ChipGraph to lay out 32-bit micro
processors and multi-megabit RAMS. 

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 1-800-547-7390 
(in Oregon call 284-7357). 

GMmtor® ra..,. .1cs· 
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© Advanced Micro Device;. 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 set, 

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

Am 79C30 
or 

Am 79C32 

IUVER 

s 
INTERFACE 

ISON 
SYSTEM 

Arn79C401 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 ArnLINK, our 
I.APO software. 

ArnLINK implements soft
ware interfaces defined in the 
CCITT Q.921/931 recommen
dations. ArnLINK is modular 
and it's independent of the 

Am 7938 

µP 
WITH 

AmLINK 

Am 79C3IA 
or 

Am 79C312A 

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

We also 
provide well 
documented 
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 Arn 79C30 
Digital Subscriber Controller, 
the Arn79C31N312A Digital 
Exchange Controller, the 
Arn79C32 ISON Data Con
troller, and the Arn 7938 Quad 
Exchange Power Controller 
which works with the 
Arn79C31N312A 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 
ISqN 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 ~ 

901 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088 
Call toll-free (800) 538-8450 ext 5000; inside California call ( 408) 7 49-5000. 
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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 bugs, you can't solve your 
problems with off-the-shelf devel
opment tools. But if you by 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 oflink
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. Everything 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 anCi80286 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-alone 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 103 

P. 0. 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. 
UNlX is a registered tradcmwark of AT&T. 

ll!m~I 
Applied 
Microsystems 
Corporation 
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What has 
the gate array density 

you've been waiting for
without the waiting? 
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Easy answer: the Logic Cell™ Array (LCA). 
A new, field-programmable CMOS gate array 
that has a flexible, wide-open architecture. Along 
with true VLSI-level density. 

LCAs are built around logic and 1/0 blocks 
which you define and interconnect to build larger
scale, multi-level logic functions. Since you 
never alter their structure, you can reprogram 
them as often as you like. And avoid any NRE. 

With LCAs, you get an honest-to-goodness 
1800 usable gates (and as many as 8000 gates 
in the near future). So just one part can replace 

up to 50 SSI/ MSI devices. Or up to 10 PLDs. 
You also get a choice of surface mount, 

pin-grid or DIP packages. In speeds up to 70MHz. 
New developments weekly. 

With our easy-to-use XACT™ software, you 
simply draw the design and let your IBM® PC 
XT/ AT computer convert it to code. You can use 
our library of over a hundred macros or define 
your own. Let the software perform the inter
connections automatically (unless you specify 
something unique). And generate documentation 
at the touch of a button. 

The whole process is so fast, you'll be test
ing prototypes in a matter of days. And shipping 
finished products while your competitors wait 
for their prototype chips to come in. 
Look who's behind you. 

When it comes to field programmable 
logic, there's no substitute for experience. 
Which is what 
you get plenty of 
when you deal 
with the company 
that invented 
the PAL® device 
and made it the 
industry standard. ~~~:-~--~~~ 

Because MMI's XA T software allows for 
we've got a com- simple LCA design. 

plete staff of systems-experienced F AEs, there's 
no waiting to talk to an expert who knows how 
Logic Cell Arrays can work for you. And, you 
can get comprehensive assistance at MMI 
distributors worldwide. 

If you'd like to talk to one of those experts 
about your application, or for a free LC.A- Demo 
Disk, call our Applications Hotline at (800) 
222-9323. 

Or write to Monolithic Memories, 2175 
Mission College Blvd. , Santa Clara, CA 95054. 

Because there's nothing else like having 
the right part from the right company. 
Logic Cell and XACT are trademarks of XILI NX Inc. IBM is a registered trademark . 
of International Business Machines Corp. PAL is a registered trademark of Monohth1c 
Memories, Inc. 
© 1987, Monoli thic Memories, Inc. 

ltllonolithia ~~n 
Memories llUl1.U 
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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. 

RELIABILITY 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 oflow dropout 
(LDO) voltage regulators. 

Fabricated in a deep-base PNP process, 
our LDO regulators give you low quiescent 
current (0.75 mA 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-specT0-3 
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 Burn-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 
burn-in that tests a device at thermal 
shutdown. This approach has been proven 
more effective than standard 125°C burn
in as an early screen for infant mortality 

CIRCLE NO 110 

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, 
150mA 

LM293 l Low dropout, low quiescent current, 
5 Vor adjustable, JOO mA 

LM2935 Low dropout, dual 5 V for memory 
keep-alive, 750 mA or JO 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 ¥outputs 

with watchdog 

National Semiconductor 
Linear Solutions 
P. 0. Box 58090 
Santa Clara, CA 95052-8090 

~National 
~ Semiconductor 
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When choosing between the two leading microcontrollers, don't let 
emulator support slow you down. NWIS is the exclusive U.S. source 
of Microtek !TI-circuit emulators for both. And for all the popular 
micropro~ssors as well, including the 32-bit 68020 and 80386. Ni 
well as 68010, 68000, 80286, 80186, 8086, plus many others.* 

In fact, Microtek emulators 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 
path for product upgrades. 

Ev~ry Microtek emulator can be used as a ~tand-alone device, or 
as part of an integrated system. All use simple 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, VAX7 MicroVAX7 Apollo and Sun computers. 

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 
events and related assembly-level code at the same time. 
. And for source code development, our Microtec® Research prod-

. ucts 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. 

1-800-54 7-4445. Microtek emulators are just one part of NWIS's complete line of 
embedded microprocessor software development tools. 

· Pioneering Microprocessor CASE 

w~ 
NORTHWEST INSTRUMENT SYSTEMS, INC. 

circle 120 for demonstration P.O. Box 1309 •Beaverton, OR 97075 •1-800-547-4445 

IB~I i> a registered trademark of International Business 
Machines. \ AX and MICROl'AX are registered trademarks of 
Digital Equipment Corporation. Microtcc is a registered 
trademark of ~t icro1ec Research. Inc. 

Circle 81 for literature 

"'Processors supported by Microtek: 80386, 80286, 80186, 80188 , 8086. 8088 , 68020, 68010, 68008, 68000. 6809. 6809E, 6502, ZBO , NSCBOO. 8085 . 8032, 8051, 8031 , ~344 , 8048, 8049, 8050, ZB , SUPERB, 68HC11, 64180, 80"515. 



NEWS BREAIZS 
EDITED BY JOAN MORROW 

80286-COMPATIBLE µP CHIP OFFERS LOW-POWER OPERATION 
The first CMOS µP chip that is directly compatible with the 80286 chip is available 

from Harris Semiconductor (Melbourne, FL, (305) 724-7418). The CMOS 80C286 chip 
operates with a speed-power factor of 20 mA/ MHz, which translates to about 40% of 
the power needed to run an NMOS 80286 chip at 12.5 MHz. Although the static 80C286 
chip's clock rate can be as fast as 12.5 MHz, low-cost 10-MHz versions of the chip are 
also available. The manufacturer expects to offer a 16-MHz version of the chip late this 
year. Samples of the 80C286, which operate in the commercial temperature range (0 to 
70°C), are available now in 68-pin PGA packages; PLCC packages should be available in 
early 1988. Prices range from $125 (100) for the 10-MHz version (CG80C286-10) to $170 
(100) for the 12.5-MHz version (CG80C286-12) . Military- and industrial-temperature
range chips are scheduled for introduction by the middle of 1988.-Jon Titus 

BOARD ADAPTS PERSONAL SYSTEM/2 TO SCSI 
Future Domain Corp (Tustin, CA, (714) 259-0400) offers a SCSI (Small Computer 

System Interface) host adapter for the IBM PS/ 2 Series computers. The MCS-350 host 
adapter operates with the PS/ 2 Models 50, 60, and 80, and provides compatibility with 
the IBM Microchannel: The board comes with an IBM-assigned ID number. The board 
transfers data at l.67M bytes/ sec and will operate in multitasking software environ
ments such as Xenix and OS/ 2 . Evaluation units of the $390 board will be available in 
this month; you can expect production quantities to be available by the end of the 
year. The company also offers software support and a software tool kit to OEMs. 

-Maury Wright 

FET POWER DEVICES HAVE AVALANCHE-MODE ENERGY ABSORPTION 
E-FET power MOSFETs from Motorola Inc (Phoenix, AZ, (602) 244-4911) feature an 

enhanced and specified ability to absorb energy while in the avalanche mode. The ven
dor achieved this enhancement through a new manufacturing process called TMOS IV 
that features improved geometries and diffusion techniques. The family includes 12 
device types covering a 50 to lOOV range with current capacities to 50A. Each device's 
data sheet includes unclamped inductive switching ratings for multiple conditions and 
specifies the device's commutating safe operating area. Prices range from $0.54 (100) 
for the MTP15N05E, rated at 50V and 15A, to $2.80 (100) for the MTP50N05E, rated at 
50V and 50A. 

Specifications for the E-FETs as well as for more than 1600 of the vendor's power 
MOS and bipolar devices appear on a data disk available from Motorola's sales offices 
or for $2 from the company's literature distribution center (Box 20924, Phoenix, AZ 
85063). The disk, which is formatted for IBM PCs, includes an embedded database 
manager that provides answers to component queries in seconds.-Steven H Leibson 

RELATIONAL DATABASE AVAILABLE FOB LANs AND PS/2 
Version 2 .01 of a relational database software package called Paradox provides an 

Expanded Memory Specifications (EMS) module that lets you access as much as 8M 
bytes of system memory in your IBM PS/ 2 Model 50 and 60 computers. The LAN ver
sion of this package permits as many as six users to access and update a single 
database simultaneously. Manufactured by Ansa Software (Belmont, CA, (415) 
595-4469), Paradox is not copy protected, comes with extensive documentation, and 
includes telephone customer support. The LAN version costs $995; the single-user ver
sion is $725. If you already have version 2 .0 , the upgrade is free .-J D Mosley 
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NEWS BREAIZS 
FDDI CHIP SET EASES DESIGN OF lOOM-BPS LANs 

A 5-chip set from Advanced Micro Devices (Sunnyvale, CA) allows local-area networks 
to achieve lOOM-bps operation via fiber-optic links. The Supernet family consists of the 
Am7984 receiver, the Am7985 transmitter, the Am79C83 ring media access controller, 
the Am79C82 data path controller, and the Am79C81 RAM buffer controller. The chip 
set complies with the proposed ANSI X3T9 .5 standard commonly referred to as the 
Fiber Distributed Data Interface (FDDI). Samples are available now; the 5-chip set costs 
$625 (100).-David Shear 

PC BOARD SET SIMULATES NAVY TACTICAL DATA SYSTEM INTERFACE 

An ANEW/ NTDS board set for PC/ XTs, ATs, and compatibles from Sabtech Industries 
(Anaheim, CA, (714) 630-9335) simulates the Navy Tactical Data System (NTDS) / NATO 
software and hardware parallel data interface. (This interface is used in most ship
board data-distribution networks.) The single-slot board set, comprising an adapter 
board and a daughter board, lets you inexpensively create the Navy's AN/ UYK com
puter environment. You can program the board set for full-duplex 8 -, 16-, 24-, or 
32-bit-wide parallel word transfers, as well as select DMA or programmed I/O. The 
ANW1632 / NT1632FS board set includes software and its source code, interface ribbon 
cables, and a loopback test adapter board for $3250.-Margery S Conner 

ARCNET CARD GIVES YOU SWITCHABLE PERFORMANCE OPTIONS 
The TC6042 Arc-Card CE (Compatible/ Enhanced) from Thomas-Conrad Corp (Austin, 

TX, (512) 836-1935) is a half-size card that plugs into your IBM PC or compatible com
puter to provide either standard or enhanced Arcnet performance at the flip of a 
switch. When run in its standard (compatible) mode, the TC6042 is a drop-in replace
ment for other Arcnet network interface cards, such as Novell's RX-Net and SMC's 
PClOO/ llO. In its enhanced mode, the TC-6042 operates in all 8088-, 80286-, and 
80386-based PCs with bus speeds as fast as 20 MHz. This $495 card works with a 
variety of PC add-in boards, such as EGA, EMS, and emulation adapters; the card 
includes software drivers to accommodate as many as five dedicated interrupt request 
(IRQ) lines. A $40 optional autoboot PROM lets you access your LAN via a diskless 
PC.-J D Mosley 

TV / VIDEO SYNC POD LOCKS SIGNALS ONTO DIGITAL-SCOPE SCREENS 
Hewlett-Packard's (Palo Alto, CA) HPll33A TV/ video sync pod helps digital oscillo

scopes make timing and amplitude measurements on composite video signals by 
generating synchronization pulses from the composite signal and providing de restora
tion. The $275 instrument provides clamped and unclamped versions of the test signal 
and contains a variable-gain amplifier to aid small-signal measurement. When coupled 
with the stability of a digital oscilloscope's timebase, the pod allows you to easily 
inspect video frames, fields, horizontal and vertical intervals, and vertical-interval test 
signals.-Steven H Leibson 
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Together 

You can have the best of both 
worlds from just one source. 
Data acquisition and DSP are 
just down the hall from each 
other at TRW LSI. That's good, 
because these functions must 
perform in close harmony in 
your system. We can relate. No 
one understands your total 
system needs better than we do. 

And, no one offers a broader 
range of cost-effective, high
performance analog and digital 
circuits. Converters up to 200 
MHz. DSP building blocks up 
to 20 MHz. And that's just 
for openers. 

EDN October 1, 1987 

Data acquisition and DSP are 
on a converging course at TRW 
LSI. Not far beyond these doors 
lies a whole new world of data 
conversion, floating point, 
image processing and graphics 
DSP chips. If that sounds 
like opportunity knocking, 
you're right. 

Our doors are always open. 
Our technical staff is waiting 
to help you. Let us help bring 
your high-performance data 
acquisition and DSP require
ments together. Contact us at 
619.457.1000 and ask for one of 
our applications engineers. 
We'll help make a world of 
difference in your system 
performance. 

LSI Products Division 
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 2.553.090I 

crnw Inc. 1987 - 712A01087 

LSI Products Division 
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NEWS BREAIZS: INTERNATIONAL 

POWER DARLINGTON HAS SAFE-OPERATING-AREA PROTECTION 

For applications that require a self-protected 400V power Darlington, you can use 
the VBOlO from SGS Microelettronica SpA (Agrate, Italy, TLX 330131). The device has a 
maximum output current of 8A and protects itself from damage caused by output 
short circuits or operation outside its safe operating area (SOA). In addition, it incor
porates thermal shutdown circuitry to prevent excessive power dissipation. 

In the event of short circuits, SOA violations, or thermal shutdown, the Darlington 
output stage is turned off, and the device activates a fault-diagnosis logic output. The 
VB010's control input is TTL/ CMOS compatible, and you can program the base current 
to the Darlington by adding an external resistor in the device's control logic supply. 
Samples of the VBOlO will be available in the first quarter of 1988. Production parts 
will cost approximately $3.50 (100,000).-Peter Harold 

SINGLE EUROCARDS PUT IBM PC-COMPATIBLE COMPUTER ON STE BUS 
A set of four single-Eurocard boards from Arcom Control Systems Ltd (Cambridge, 

UK, TLX 94016424) allows you to install IBM PC compatibility into an STE bus com
puter system. You can use the system for program development, and you can extend it 
with a wide range of STE bus I/O boards to implement target systems. The CPU card 
has an 8088 microprocessor, an 8087 math coprocessor, 256k bytes of RAM, and 
sockets for firmware EPROMs. It is accompanied by a floppy-disk-controller board, a 
CGA/ EGA graphics board, and a serial/parallel interface board. The CPU card is sup
plied with a legal BIOS that makes it 100% IBM PC compatible-for example, the 
system runs Microsoft's Flight Simulator. The 4-board set sells for around £1000. 

- Peter Harold 

16K ECL RAM BOASTS AN ADDRESS ACCESS TIME OF 8 nSEC 
Fujitsu Ltd (Tokyo) has introduced a 16K ECL RAM with an address access time of 8 

nsec max. You have a choice of two versions: the MBM10484A.8 (lOK), which has a 
supply voltage of -5.2V, and the MBM100484A.8 (lOOK), with a supply voltage of 4 .5V. 
Samples are available for ¥12 ,000 ($80). In the US, contact Fujitsu Microelectronics 
(Santa Clara, CA, (408) 562-1382; TWX 910-338-0190 .)-Clare Mansfield 

DATACOMM ANALYZER SAMPLES AT 72k BPS MAX 
The AE-5105 data-communications analyzer from Ando Electric Co Ltd (Tokyo, 

phone (03) 733-1151, TLX 2466425; in the US, Rockville, MD, (301) 294-3365) features a 
data-sampling rate of 72k bps max to test on-line networks. The device analyzes 
X.25-frame , X.25-packet, SDLC, and BSC protocols; optionally, it can analyze ISDN 
LAP-D, X.75, and SNA/ SDLC protocols. 

A 3 112-in. floppy-disk drive with 640k bytes of memory stores setup conditions and 
test programs. The AE-5105 can also store a simulation program with up to 1000 steps 
and 39 commands, allowing it to simulate system components. The 14.5-lb (6 .5-kg) 
unit costs approximately $6000.- Joan Morrow 
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Stimulate experiments 
with real-time analog 
waveforms reproduced 
from your actual 
captured data! 
Connected via the GP/B 
interface, 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 
PO. 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 
I6k 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 Pro_gra1n1nabl 
unction 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 J 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 20Yr-r 
amplitudes, are all available at speeds up to 4 MHz. 

~ Nicolet 
"Instruments of Discovery" 
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0.5 to 1000MHz trom $13~~24qty) 
Tough enough to meet full MIL-specs, capable of operating over a wide -55° to +100°C 

temperature range, in a rugged package ... that's Mini-Circuits' new MAN-amplifier series. 
The MAN-amplifier's tiny package (only 0.4 by 0.8 by 0.25 in.) requires about the same 
pc board area as a T0-8 and can take tougher punishment with leads that won't break 

off. Models are unconditionally stable and available covering frequency ranges 0.5 to 
500MHz and 0.5 to 1 OOOMHz, and NF as low as 2.8dB. 

Prices start at only $13.95, including screening, thermal shock - 55°C to +100°C, 
fine and gross leak, and burn-in for 96 hours at 100°C under normal operating 

voltage and current. 

Internally the MAN amplifiers consist of two stages, including coupling capacitors. 
A designer's delight, with all components self-contained. Just connect to a de 

MODEL 

MAN-1 
MAN-2 
MAN-1LN 

supply voltage and get up to 28dB gain with +9dBm output. 

FREQ. 
RANGE 
(MHz) 

IL to lu 

0.5-500 
0.5-1 000 
0.5-500 

The newMAN-amplifier series ... 
another Min i-Circuits' price/performance 

breakthrough. 

GAIN MAX. NF DC PWR PRI CE 
dB OUT/ PWR t dB 12V, $ ea. 

min fla tnesstt dBm (typ) mA (5-24) 

28 1.0 8 4.5 60 13.95 
19 1.5 7 6.0 85 15.95 
28 1.0 8 2.8 60 15.95 

ttMidba nd 1 OIL to lu;
2

. ± 0.5dB t ldB Gain Compression 

Max input power (no damage) +15dBm; VSWR in/out 1.8 1 max. 

finding new ways .. 
setting higher standards 

O Mini-Circuits 
A 01v1s1on of Sc1ent1f1c 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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one-piece design defies rough handling 1r~l l !~ 
• Each unit undergoes high-impact shock test 
• Unexcelled temperature stability, .002 dB /°C 
• 2W max. input power (SMA is 0.5W) 
• BNC, SMA, N and TNC models 
• Immediate delivery, one-year guarantee 

• 50 ohms, dB values, 
1, 2, 3,4, 5,6, 7, 8, 9, 10, 12, 15, 20, 30, and 40 

• 75 ohms dB values, 3, 6, 10, 15, 20 BNC only 

• Price (1-49 qty.) 
CAT (BNC) $11 .95 
TAT (TNC) $12.95 

f1nd1ng new ways 

SAT (SMA) $14.95 
NAT (N) $15.95 

setting higher standards 

0 Minl~.~1~£0~!!,! 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 

Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 

'Freq. Atten. Toi. Atten. Change, (Typ.) 
MHz T over Fre . Ran e VSWR Max. 

DC-1000 1000-1500 DC-1000 MHz 1000-1500 MHz 
DC-1500 MHz ±0.3 0.6 0.8 1.3 1.5 

'DC-1000 MHz (all 75 ohm or 30 dB models) DC-500 MHz (all 40 dB models) 

Model Availability 
SAT (SMA) CAT (BNC) NAT (N) TAT (TNC) 
Model no. = a series suffix and dash number of attenuation. 
Example: CAT-3 1s CAT series. 3 dB attenuation. 

Precision 50 ohm terminations only $6.95 (1-24) 
DC to 2 GHz, 0.25W power rating, VSWR less than 1.1 
BNC (model BTRM-50), TNC (model TIRM-50) 
SMA (model STRM-50), N (model NTRM-50) 

C 92 REV. C 
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"Customers tell us ... 

These Samtec folks make 
sure you get SUDDEN SERVICE 
Samtec people believe that our customers 
deserve the finest products and services. 
Whatever you need-catalogs, samples, 
cross-reference guides, quotations, shipment 
dates-you'll get SUDDEN SERVICE that 
other vendors can't (or won't) match. Give 
us a try. You won't be disappointed. 
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Samtec really 
is a different 
breed of cat!" 

Sam Shine, Proprietor 



Samtec's SUDDEN SERVICE gets the highest customer approval 
for product quality, on-time delivery. 
Everybody claims superior products and service. 
We'll simply summarize and document• some 
of the reports we continually receive from 
Samtec customers who demand the best from 
their suppliers. Large companies, medium-size 
companies, small firms-they have all come to 
rely upon Samtec SUDDEN SERVICE. They have 
given us the highest possible quality rating for 
zero defect parts, on-time delivery and prompt, 
reliable service. 

Large orders or small •. they all receive the 
same "as promised" service that makes Samtec 
"a different breed of cat". 'fry us. You'll be 
pleasantly surprised. 

Contact Samtec for all of your board-to-board 
and on-board Interconnect need& You'll find 
the Industry's largest selection of instant 
break-away socket and terminal strips as well 
as low profile and bi-temp DIP sockets and 
surface mount products. 

CUSTOMER EVALUATION SCORECARD* 
Quality 
Rating for 

Customer Product Sam tee 

Company "ftt Computers 100% 

Company "8" Industrial Controls 100% 

Company "C" Test Instrumentation 100% 

Company "D" Cellular Radios (Telecom) 100% 

Company "E" Medical Instrumentation 100% 

Company "F" Computers Zero Defects 

Company "G" Telecommunications 100% 

Company "H" Industrial Motors 100% 

Company "I" Telecommunications 100% 

Company "J" Medical Instrumentation 100% 

Company "K" Heart Pacemakers Excellent 

* Your Samtec salesman or distributor can show you 
documentation and names. They are highly respected, 
quality-oriented OEM's of all sizes that you'll recognize 
immediately. 

EUROPEAN SAMTEC, Ud. 35 Deerdykes View, 
ui;o Anni r&DTl:'oc. Westfield, Cumbernauld, Scotland G68 9HN 
··~·...._,.· Phone: 02367 39292 FAX: 2367 27113 TI.X: 776158 

SUDDEN SERVICE 
WORU>WIDE SAMTEC, Inc. P.O. Box 1147, 810 Progress Blvd., 

• New Albany, IN 47150 USA 
HEADQUARTERS. Phone: (812) ~733 lWX: 810-540-4095 TI.X: 333-918 

WRITE TODAY for 
our new 72-page full 
line catalog. It has been 
revised and enlarged 
to include many new 
products. And it contains 
complete specification 

data for fast, easy 
ordering. 
Get yours today. 
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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 {CC0603) C5650 (CC2220) 
C: 0.5- 22.000pF C 5.1 OOpF - 1 5µF 

C2012 (CC0805) 
C: 0 5 - 100,000pF 

C3216 {CC1206) 
C 0.5-220.000pF 

C3225 {CC1210) 
C 750 - 470.000pF 

C4532 {CC1812) 
C 2,400pF- l µF 

Multilayer 
Ceramic Chip Capacitor 
(High Frequency, Low Loss) 

FC1414 
C: 0 5-3,300pF 

FC2828 
C: 0.5- 22,000pF 

FR1414 
C: 0.5- 3,300pF 

FR2828 
C: 0.5- 22.000pF 

Leadless Inductor 
(Wound Chip Inductor) 

NL322522 
L: 001 - 220µH 

NL453232 
L: 1.0-1 ,000µH 

NL565050 
L: 1,200 - 1 O,OOOµH 

NLF453232 
L: 1.0 - 1,000µH 
(Shielded Inductor) 

Multilayer Chip 
Inductor 

MLF3216 
L. 0.047 - 33µH 

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 
LC Trap 

MXT4532 
F fo ·2% 

TDK Multilayer LC chip filter 

Multilayer Chip 
LC Filter 

MXF4532H MXB5050D 
HPF {Tuner) Delay Line {VCR) 

MXF4532B 
BPF {FM radio) 

MXB5050B 
BPF {VCR) 

MXB5050L 
LPF {VCR) 

A variety of characterislics are available. 
Please specify when ordering. 

Multilayer Chip 
Capacitor Network 

MCN7575 
TC: CH, 1 - 1 OOpF (10 capacitors) 

SL. 10 - 1,000pF (10 capacitors) 

Class I, 100 - 470,000pF (10 capacitors) 

SM Active 
Delay Line 

FOL 
Delay time: 20 - 7 5 nsec 

SM Transformer/ 
Inductor 

EE5 
ER9.5 
ER11 
T2 

A variety of crnracteristlcs i!le available. 
Please specify when ordering. 

SM Step.up Inductor 
(Plemalectrlc Buzzer) 

OL.3.111.8 
OL3.3x2.1 

TDK 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 E'hone: (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. 

CIRCLE NO 117 



SIGNALS & NOISE 
High-tech weapons prevail 
over low-tech ones 
Jon Titus's editorial "Score: Low 
Tech 1, High Tech O," (EDN, July 9, 
pg 53) indicates that he has little or 
no appreciation for the technology 
of weaponry. His invoking George 
Santayana's famous line is hilarious, 
at least insofar as the examples he 
chose. History, if it does anything, 
teaches us that he is dead wrong. 

The laughter around our office 
area at the description of the Exocet 
as a low-tech, inexpensive weapon 
was deafening. The Exocet is a 
very-high-speed , wave-skimming 
missile with a sophisticated termi
nal seeker. It is considerably more 
sophisticated than the Styx used in 
1967 against the Elat. 

The low-tech General Belgrano, 
originally the USS Phoenix, was 
launched on March 12, 1938, accord
ing to Weyer's Warships of the 
World . That would make it pre
World War II technology, and , from 
the logic of Mr Titus's argument, 
invulnerable to the much newer 
technology incorporated in the Brit
ish nuclear submarine that sank it. 
It would have been difficult for the 
British to have deployed a conven
tionally powered submarine 8000 
miles from home to fire any type of 
torpedo . The British success in 
fighting off the brilliant Argentinian 
air strikes was due in large measure 
to the high-tech Harrier aircraft 
firing sidewinder missiles. 

The two Exocet missiles that did 
not sink the USS Stark did not so 
much penetrate US naval defenses 
as catch them in the "low-tech," off 
position. The automatic defenses, 
including Phalanx, are potentially 
so deadly that Captain Brendel put 
them on manual for fear of shooting 
down a friendly party. The Stark 
was defeated by a very high-tech 
weapon that was too much for the 
Mark I, Model 0 human to handle 
without high-tech assistance. 

The reference to Israeli reliance 
on low-tech weapons is also funny . 
In almost every case where they 
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have used American weaponry, the 
Israelis employed them in very dra
matic, and sometimes extremely in
novative, ways. Tow, Hawk, Spar
row, and Sidewinder missiles, for 
instance, are not your basic low-tech 
weapons. In the same way that 
Shrike and Harm missiles are "old," 
I'll concede , the Mach 2 F-4 and 

Mirage aircraft, with their radar 
and fire-contro l systems, are low
tech extensions of WWII tech
nology. 

In Vietnam, the USAF used up 
the WWII and Korean War iron 
bombs to hit hard targets such as 
bridges. The result was that many 
more raids and many more planes 

THE 601 IS 
MORE THAN A LOGIC 

PROGRAMMER. 

~t 
NEW. A BEL Design Soft
ware supports all of the 
latest PLDs. 

NEW. The 60A is also an 
EPROM program me r wi th 
support for 120 memory 
devices. 

NEW. The 60A now supports 
nearly 300 of the most popu lar 
PLDs. 

At $2495*, the 60A Logic Program
mer is a very affordable way to get 
into logic. This high-quality program
mer supports nearly 300 of the most 
popular PLDs. And its flexible archi
tecture lets you buy only what you 
need today and upgrade tomorrow. 

Now the 60A is more than a dedi
cated logic programmer. With support 
for 120 popular EPROMs, it is the 
most versatile programmer in its price 
range. To switch from PLDs to 
EPROMs, simply change adapters. 

W ith the 60A, your PC, and 
Data I/O's family of compatible soft
ware tools, you can bu ild a complete 

' U.S. price list only. 

logic development system right at 
your desk. ABEL'", the industry
standard logic design software, lets 
you describe your circuits using any 
combination of boolean equations, 
tru th tables, or state diagrams. Then 
add PROM link™, interface and tile 
management software, to control 
programming from your PC. 

For just $2495, the 60A gives you 
logic programming and a lot more. 

1-800-247-5700 
Dept. 550 

DATAI/O 
CIRCLE NO 1 
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SIGNALS & NOISE 
were required, and there were more 
casualties and POWs. When 
"smart" weapons were finally used, 
we came to appreciate the high price 
we paid for the use of low-tech, 
inexpensive weapons. 

lauds were called too complex, to
day's state-of-the-art weapons are 
scourged by the shortsighted, shal
low thinkers of our t ime. History 
has shown us that if new systems 
are properly developed and ade
quately tested, and if they are re
fined based on combat experience, 
the more capable weapons prevail. 

Just as the B-17 with the Norden 
bombsight was criticized as being 
too sophisticated, and just as the 
WWII-type torpedoes that Mr Titus Certainly, we must resist using 
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PHILIPS 
PUTS THE HIGH 

IN HIGH FREQUENCY 
SMD's. 

When you have higher aspirations in high frequency 
design, specify Philips surface-mounted broad band and 
RF transistors. They represent the highest technology with 
fT up to 7.5 GHZ. And deliver the highest performance. 

SOT-23, SOT-89, dual emitter transistors and dual gate 
MOS FETS in SOT-143 packages. Plus a complete line of 
PNP complements to industry standard NPN devices. 

Raise your expectations. Call today for a complete 
brochure: (401) 232-0500. Amperex, George Washington 
Highway, Smithfield RI 02917 

In Canada: Philips Electronics Ltd., 601 Milner Ave. 
Scarborough, Ontario MlB 1M8, (416) 292-5161. 

PHILIPS: THE SOURCE FOR ALL YOUR SMD NEEDS. 
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high tech for its own sake. However, 
when you can expect to be outnum
bered significantly on the battle
field, and when your enemy always 
has the advantage of choosing when 
and where the first engagement will 
occur, it is stupid to advocate yield
ing to him the high ground of tech
nology also. 
Ted Bluestein 
Tucson, AZ 

DSP chip runs efficiently 
from looped code 
The ADSP-2100 DSP processor 
from Analog Devices is seriously 
misdescribed in the article "Digital 
signal processing enters the main
stream," (EDN, August 6, pg 111). 
The ADSP-2100 was designed to 
operate with off-chip memory while 
maintaining single-cycle access. 
This scheme lets the ADSP-2100 
efficiently implement very complex 
algorithms, algorithms that won't 
fit into DSP processors with on-chip 
memory. For these other chips, the 
benefits of on-chip memory evapo
rate when off-chip program accesses 
are required, because these ac
cesses typically require multiple cy
cles. 

Jim Wiegand, the author, misun
derstood the role of the ADSP-
2100's on-chip, 16-word instruction 
cache. Its purpose is to allow the 
execution of loops entirely from the 
instruction cache, thereby freeing 
the instruction bus for a second, 
parallel data transfer. As a result, 
the ADSP-2100, unlike other pro
cessors, runs more efficiently from 
looped code than from straight-line 
code. This on-chip cache is a key 
reason that the ADSP-2100 can ac
complish a 1024-point FFT in 4.6 
msec at an 8-MHz clock rate. (Fast
er versions will be available soon.) 
The instruction cache has nothing 
directly to do with the ADSP-2100's 
memory architecture except that, 
because the optimized, looped code 
is typically very compact in compar
ison with straight-line code, very 
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© Eastman Kodak Company, 1987 

High-capacity removable storage with the added 
reliability of the Kodak name. 

Here's the level of reliability you want for data 
storage .. . including all the confidence associated 
with the Kodak name. 

Kodak 6.6 MB flexible disk drives and 
Verbatim-brand media combine high capacity 
with the benefits of removable floppies: trans
portability, data security, and unlimited storage 
capacity. Proven servo-embedded technology 
eliminates read-write problems when disks are 
moved from drive to drive-problems common 
with other high-density storage systems. 

Designed for the IBM PC/XT/AT and compat
ibles, this half-height drive reads disks created at 
48, 96, 792, and 384 tpi. 

And, of course, with Kodak as your vendor, 
you're assured of consistent quality and a long
term commitment to supply and support. 

For more information, write or call today. 
Eastman Kodak Company, Mass Memory 
Division, 343 State Street, Rochester, NY 74650. 
7-800-44KODAK, ext. 997 . 
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Sure, EG&G Reticon's 
D Series linear photodiodes 
provide designers with the 
important imaging capabili
ties needed to engineer 
advanced, high-performance 
vision products. 

Key features that many 
other CCD arrays don't offer, 
for example: 

* Speeds up to 20 MHz 
* Strong resistance to blooming 
* Smooth, broad spectral response 
* Wide dynamic range (1600:1) 
* Diode reset feature 
* Low power requirement 
* Low noise 

But these capabilities are 
only part of the D Series' total 
price/performance effective
ness to users. Designers also 
count on Reticon's valuable 
factory support, including 
technical assistance, advice 
on product application, and 
troubleshooting. 

Reticon's D Series photo
diode arrays are available in 
four configurations: 256-, 512-, 
1024-, and 2048 elements, 

with a 22-pin ceramic dual 
in-line package. All are pin
compatible for flexible 
systems. 

Reticon's CCD photo
diodes are utilized in a wide 
variety of applications requir
ing high speed linear array 
functions, such as optical 
character recognition, docu
ment-scanning, pattern . 
recognition, and non-contact 
measurement. 

Despite its high perform
ance CCD-capabilities, the 
D Series is very competitively 
priced. In volumes of 100, the 
D Series per unit price is: for 
256 elements-$72; 512 ele
ments-$112; 1024 elements
$218; and 2048 elements-$380. 

To learn more how Reticon 
can meet your vision product 
component needs, call the 
Reticon sales office near you. 

Contact: Western U.S. (408) 738-4266; Eastern U.S. (617) 745-7400; 
Japan 03-343-4411; England (0734) 788666; West Germany 
(089) 92692-666. 

n EGc.G RETICON ~~ 345 POTRERO AVENUE • SUNNYVALE. CA 94086 
A subs1d1ary of EG&G Inc. a Fortune 300. d1verslf1ed technology ·onented company 
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sophisticated signal processing 
takes place in the ADSP-2100's 16k
word program address space. 

Finally, the price quoted in the 
article was our early-1986, single
piece engineering-sample price. An 
ADSP-2100 in a PLCC starts at $78 
(1000). 
David Fair 
Analog Devices 
Norwood, MA 

Company offers 
16-bit emulator 
Our client, Arium Corp, is at a loss 
to understand why it was omitted 
from EDN's July 23rd article on 16-
and 32-bit emulators ("In-circuit 
emulators keep pace with 16- and 
32-bit µPs," pg 252). All of the com
pany's competitors were repre
sented. 

Arium offers one of the most so
phisticated, powerful development 
systems on the market. The system 
is a widely recognized product, and 
we feel it deserves the same cover
age that the competing products re
ceive in articles of this nature. 
Ernest H Rankin 
The Rankin Group 
Fountain Valley, CA 

(Ed Note: Arium makes a 16-bit 
emulator for the 68000/68010 µP. 
The product runs at 16 MHz and 
works with the company's Echo µP
development system. For more in
formation, Circle No 618) 

WRITE IN 
Send your 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 reserve the 
right to edit letters for space and 
clarity. 
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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. 

Th 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-IB 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. 

Ff/~ 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. 
• 1\.vo built-in disc drives. 
• Fully programmable, with RS-232 

and HP-IB interfaces. 
• Optional 3-year protection. 

• U.S. list pnce. 

Motorola 68020 IS a trademark of the M otorola Corporation 
Intel 80386 is a trademark of the Intel Co11:xnatton 

F//OI HEWLETT 
~~ PACKARD 

El15620 
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ACOPIAM 

POWER 
SUPPLY 

CATALOG 
1987 

put Systems 

Miniaturized 

New 56-page 1987 catalog 
Acopian single, dual and triple output 
power supplies featured in our new 
catalog for 1987 are shipped in 
three days. Included are PC-board
mounting and chassis-mounting 
mini modules. DC-DC converters. 
General-purpose modular supplies 
with outputs to 200 Vdc and current 
ratings to 32A. Narrow-profile 
supplies a mere 1.68" thin. Plug-in 

supplies. MIL-tested supplies. 
Unregulated supplies for eco
nomically driving relays and displays. 
Voltage programmable supplies. 
Our rack-mounting power suppl ies 
and systems, and redundant output 
systems are shipped in nine days. 
The catalog contains complete 
specs and pricing information. 
Call or write for your copy. 

P.O. Box 638, Easton, PA 18044 
Call toll free (800) 523-9478 

P.O. Box2109, Melbourne, FL32902 
Call toll free (800) 327-6817 

DC POWER SUPPLIES SHIPPED IN 3 DAYS 
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Motorola 
announces 
one of the 
smallest 

advances in 
the history 
of E. 
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Motorola puts awesome multi
processing performance on two 
new single-board computers. 

As computer applications get 
more complex, OEMs are turning 
more to multiprocessing designs. 
To handle things like CAD/CAM, 
robotics, signal processing, simula
tion and large-scale data acqui
sition, a single processor simply 
can't keep up. 

Adding several CPUs 
to a system off-loads the 
main processor, but 
what happens to 
the system bus? 
It frequently reaches 
saturation, slowing 
down the entire system. 

Motorola introduces a single 
chip solution to this problem. The 
VME Subsystem Bus, a fast, 32-bit 
secondary bus, has been imple
mented on a gate array at Motorola. 

The end of the multiprocessor 
traffic jams. 

The VSB sub-bus removes 
traffic from the VMEbus, increas
ing total system throughput. And by 
saving space on the VSB-and other 
components-Motorola has been 
able to pack an impressive array 
of multiprocessor functions onto 
two standard VME boards: the 
MVME135 and MVME136. These 
highly integrated microcomputers 
include all the functions usually 
required for high-performance 
multiprocessing. In addition to the 
VSB, they feature the MC68020 with 
floating-point coprocessor, both 
running at either 16.67 or 20.0MHz. 

For virtual memory environments, 
a demand-paged memory manage
ment unit can also be added. Plus 
1 Megabyte of shared local dynamic 
RAM is included-with optional 
parity-designed to operate with 
zero wait states. 

Included in the 135/136 modules 

are many special hardware features 
that facilitate multiprocessing. 
Things like MP control and status 
registers. An expanded interrupt
handling mechanism. And master/ 
slave control bit settings. 

Hardware alone 
is hardly enough. 

Complete multiprocessing 
hardware on a single board saves 
you design time and system space. 
But to get your application up and 
running on a tight schedule, it takes 
software and support tools too. Like 
those available from Motorola. 

If you're building a multi-user/ 
multi-tasking system, you can use 
our version of AT&T's UNIX® System 
V Release 3, with Remote File Shar
ing. For real-time tasks, there's our 

full-featured VERSAdos'" operating 
system, as well as debugging firm
ware with on-board diagnostics. 
Then too, you have access to third
party software such as OS-9;" 
Mros;· PDOs;· pSOs;· RTux;· 
and VRTX~ 

Add to that Motorola's in-depth 
technical support. We have more 
experience in building reliable, 
high-performance VME system com-

ponents than any other vendor. 
Plus a specialized systems 

and support staff avail
able at over 100 field 
offices worldwide. 

To see how good 
multiprocessors can come 

in small packages, call 
us toll-free today: 

1-800-556-1234 
Ext. 230 (in California, 

1-800-441-2345 Ext. 230). Or write; 
Motorola Microcomputer Division, 
2900 South Diablo Way, Tempe, 
AZ 85282. 

MVME135/136 Highlights 

Model Description 

MVME135 VMEbus 32-bit SBC; 16.67-MHz 
MC68020 CPU; MC68881 FPU; 
1 Mb on-board DRAM; up to 512 
Kb EPROM; two RS-232-C serial 
ports; two 16-bit timers; master/ 
slave interface; MP control and 
status registers; system controller 

MVME135-1 Same as MVME135, but with 
20-MHz MC68020 CPU 

MVME136 Same as MVME135, but with 
MC68851 PMMU 

OS·9 is a trademark of Microware Systems Corporation. MTOS 
is a trademark of Industrial Programming Inc. PDOS is a trade· 
mark of Eyring Research Institute, Inc. pSOS is a trademark of 
Software Components Group. RTUX is a trademark of Emerge 
Systems. VRTX is a registered trademark of READY SYSTEMS. 
VERSAdos is a registered trademark of Motorola, Inc. UNIX 
is a registered trademark of AT&1 

MOTOROLA Microcomputer Division 
Approaching our technology from your point of view. 
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H yotire not finding Gate~ 
Advanced Schottkf, and SMT faults, 
maybe the fault lies with your tester. 

Introducing Teradyne's L210i. Test AS I C's ASAP. 
The only true VLSI in-circuit tester. One of the biggest problems for in-circuit 

There are a lot of other in-circuit testers testers today is ASIC's. If they detect ASIC 
out there. But on VLSI boards, all they test faults at all, it's only because you've spent 
is your patience. weeks and weeks programming them. 

Now there's the L210i VLSI In-Circuit Not so with the L210i. It has a unique 
Tester from Teradyne. It has over 3,000 VLSI device tester architecture. So you can 
bidirectional test pins. With digital, analog, use patterns from device design and test 
and memory testing on every pin. And 10 databases. The L210i's translators convert 
MHz pattern rates. BoardUnderTest patterns quickly. 

Most importantly, the Plus, the L210i stores 
L210i delivers 95% or greater and processes lengthy test 
fault coverage on VLSI boards, 4"-s" Fixture wire data efficiently. So you save 
in just 1-2 months. Because it's valuable time in testing 
the first and only in-circuit tester 111111111111111111 gate arrays and other semi-
that handles the three biggest : 111111111110

1110110 custom devices. 
problems in in-circuit testing I You won't find that in any 
today. The L2101 delivers waveforms DD other in-circuit tester. 

accurately at the board under test \ . Low Skew, / 
for repeatable test results. Hif:s~~~~::~ce 
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Repeatability. Repeatability. 
Repeatability. 

With the L210i, you won't be plagued 
by unreliable tests of your high perform
ance logic. False clocking. Or shifting 
signal timing. 

Because the L210i features short, low 
inductance fixture wiring. Superb driver 
electronics. And powerful debug tools. So 
everything you test gets tested repeatedly. 
Including high speed ECL and FAST.* Even 
Advanced Schottky and CMOS, with their 
tricky overdrive impedances. 

The L210i fears no logic. 
The only in-circuit tester with an 
escape hatch. 

The L210i is the only in-circuit tester 
that's flexible enough to test today's SMT 

EDN October 1, 1987 

clusters. Memory arrays. Or hard-to
isolate devices. 

With its MultiMode capability, you 
can easily partition the board into 
functional clusters, making the most 
of the L210i's functional test and diag
nostic techniques. 

That means you'll never be trapped 
by in-circuit testability problems again. 

The L210i is Teradyne's first board tester for VLSI 
in-circuit testing , and in-circuit tester budgets. 

No-fault insurance. 
Teradyne's L200 family has set the 

standard for VLSI board testing in 
this decade, driving test quality up to 
bring costs down. 

Now the L210i offers the first practical 
VLSI in-circuit test solution. It's the system 
you need to boost board yields at system 
test. And make your in-circuit test strategy 
successful. 

If you can't afford a tester that misses 
VLSI faults, you'd better find out more 
about the L210i. Write Teradyne, 321 
Harrison Avenue, Boston, MA 02118. Or 
call Daryl Layzer, L200 Product Group, 
617/482-2700, ext. 2808. 
*Trademark of Fairchild Scmiconcluclor Corp. 

lte measure quality. 
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ULTRA QUIET ... AND ... 
LARGE AIR FLOW 

BRUSHLESS DC FAN MOTORS 
FEATURES 
•extremely low noise 
• large air flow 
• long-life, brushless 
• low power consumption 
• 12 and 24V de models 
• - 10° to + 70° C 

operation 
• 24 models available 

APPLICATIONS 
• personal computers 
•printers 
• numerical control 

machines 
• medical apparatus 
• power supplies 
• test equipment 

Max. Noise Rated 
Rated Air Flow Level Current 

Series v CFM/rnin. dB mA 

CF60·T 12 14·22 26-37.5 100-220 

CF60·H 24 14·22 26-37.5 60·120 
CF80-T 12 32·46 27-37 100-230 
CF80-H 24 32·46 27-37 65-140 
CF92-T 12 30·48 28·34 90-190 

CF92-H 24 30-48 28-34 50·100 
CF120-T 12 49-78 32·40 110·330 

CF120·H 24 49·78 32·40 80·200 

For more information call. write or circle reader response number. 

C a11011 
CANON USA, INC. COMPONENTS DIVISION 

New York Office/Headquarters One Canon Plaza. Lake Success, NY 11042 • 516/488-6700 • FAX 516/354· 1114 
Santa Clara Office 4000 Burton Or. , Santa Clara, CA 95054 • 4081986-8780 • FAX 4081986-0230 

Oallas Office 3200 Regent Blvd , Irving , TX 75063 • 214/830-9600 •FAX 2141830· 9603 
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DID YOU KNOW? 
EDN is distributed 

at every major 
electronics/ computer show in the 

U.S., France, and Germany. 

CALENDAR 
IEEE Fifth Biennial Careers Con
ference, San Diego, CA. IEEE, 
1111 19th St NW, Suite 608, Wash
ington, DC 20036. (202) 785-0017. 
October 14 to 16. 

6th Annual Pacific Northwest 
Computer Graphics Conference, 
Eugene, OR. University of Oregon 
Continuation Center, 1553 Moss St, 
Eugene, OR 97403. (503) 686-3537. 
October 25 to 27. 

Expo SMT, Las Vegas, NV. Expo 
SMT, Box 1869, Los Gatos, CA 
95031. (408) 354-0700. October 26 
to 29. 

International Fiber Optic Com
munications and Local Area Net
works Exposition, Anaheim, CA. 
Information Gatekeepers, 214 Har
vard Ave, Boston, MA 02134. (617) 
232-3111. October 26 to 30. 

Government Microcircuits Appli
cations Conference (GOMAC '87), 
Orlando, FL. Palisades Institute for 
Research Services, 201 Varick St, 
New York, NY 10014. (212) 620-
3371. October 27 to 29. 

Unix Expo, New York, NY. Nation
al Expositions Co, 49 W 38th St, 
New York, NY 10018. (212) 391-
9111. October 27 to 29. 

Hands-On Expert Systems Design 
and Development (short course), 
Anaheim, CA. Integrated Comput
er Systems, Box 3614, Culver City, 
CA 90231. (800) 421-8166; in CA, 
(213) 417-8888. October 27 to 30. 

Hands-On Graphics Programming 
Using G KS/VD I Tools (short 
course), Boston, MA. Integrated 
Computer Systems, Box 3614, Cul
ver City, CA 90231. (800) 421-8166; 
in CA, (213) 417-8888. October 27 
to 30. 

Troubleshooting Microprocessor
Based Equipment and Digital De
vices, Cincinnati, OH. Micro Sys
tems Institute, 73 Institute Rd, 
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s;,:f£¥iiReliable storage 
for sweltering P.lants, 
vibrating factories,, 
critical test 
labs, rJusty 
guarr1es, 
liumpy roa~s, · 
tossing ships, 
remote outposts ... 

Conventional disk drives work fine in most offices. 
But they can't take the kinds of abuse found in other 
environments. 

Magnesys solid-state memory subsystems can. 
These bubble memories stand up to shock, vibration, 

dust and high and low temperatures because they're 
non-mechanical and non-volatile. And they don't 
need batteries. 

For design flexibility, the memory subsystems 
work with a variety of bus structures. Plug-and-play 
host adapters are available for the PC bus, STD-bus, 
Multibus* and VMEbus~ 

Each subsystem has a 360K or 720K byte data 
cartridge. And a 3Y~' or 5 Y~' half-height electronic 
drive with embedded SCSI. 

Until Magnesys, there were only two ways to get 
reliable bubble memory subsystems: Build one your
self from a kit and a 290-page instruction manual. Or 
pay the high price to have a middleman do it for you. 

We fabricate our own bubble memories and 
subsystems right here in America. For a price roughly 
half what you'd pay for any comparable system. 

For reliable data storage at an affordable price, 
there's nothing like Magnesys solid-state memory 
subsystems. 

Find out for yourself by giving us a call . 
(408) 988-1881. 
Or write us at Magnesys, 1605 Wyatt Drive, 

Santa Clara, CA 95054. 
Multibus is a registered trademark of Intel Corp. VMEbus is a trademark of Motorola, Inc. 

Reliable storage for an unreliable world . 
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48 

Optical encoders are an available 
option for every Pittman® motor and 
gearmotor. Brush-commutated 
motors with continuous duty torques 
from 1.2 oz.-in. to 32 oz.-in. High 
performance ELCOM® brushless 
servo motors with continuous duty 
torques from 6.4 oz.-in. to 52 oz.-in. 
Spur gearheads to 500 oz.-in. -
Planetary gearheads to 125 lb.-in. 

sion shaft positioning with program
mable acceleration and slew rates 
without lengthy and complex serw 
loop development. 

CaH [215] 256-6601 today. 

PITTMAN 
Mate any of these motor-encoder 
assemblies to your choice of a modern 
digital motion controller and get preci-

HARLEYSVILLE, PA 19438-0003 USA 
A OfVISION OF PENN ENGINEERING & MA.NUF ACTURING CORP 

Pittman, 1988 31·C 
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The Versatility of Fligh! 
From its prec ision American engineering and 
cost effi cient manufacturing, Comair Rotron 's 
Flight Series offers one inch fans for the most 
sensitive equipment. 

For literature only call 800-367-2662. 
In NYS and for product or technical 
assistance, call our Application En
gineering Dept. at (914) 246-3615. 

The low cost fan is avail able in four 
sizes : 60,80 ,90 and 120 mm providing 
airflow from 8-95 CFM , with 12&24 
voe for power flexibility. The brushless 

de motor, with stainless steel 
ball-bearings insure a con
tinuous life of 60 ,000 hours. 
Flight Series joins the world
standard Muffin , Whisper & 

Sprite in our quality 
tested line of commer
cial airmovers . 

Comair Rotron . .. 
the first name in 
forced convection 
cooling technology. 

COMAIR~ROTRON 
a KLI c ompany 

12 North Street Sawyer Industrial Park, Saugerties, N.Y. 12477-1096 
Telephone: (914) 246-3615 TWX 910-333-7572 Telex: 551496 

CIRCLE NO 6 

CALENDAR 
Garnett, KS 66032. (800) 247-5239; 
in KS, (913) 898-4695. October 27 
to 30. 

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/Industry 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. 
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OPEN .dSIC 
We have been in the ASICs market for over three 
years, and during that time we have completed over 
400 specific designs for the space and military, 
industrial. telecommunications, and data processing 
markets. 
Open ASIC is our working philosophy, which is applied 
to every aspect of your applications. 

MHS milestones in Europe 
1981 : first to adopt CMOS technology. 
1983 , first with 16K CMOS SRAM. 
1985 , first with CMOS 2 microns 2 metal layers gate 

arrays. 
1986 : •first with CMOS 80C51/80C52 8 bits 

microcontrollers. 
• one of the first VLSI design and production 
centres to be AQAP 1* approved in Europe. 

1987 : first with 64K CMOS SRAM 1.2. microns and 
soon first with a CMOS process at 0.8. micron. 

l'I AOAPL allied quality assurance publication level 1. 

Italy, Milano 2.4984586 • Sweden. Stockholm 08-7348390 •UK. London 344-485757 • Germany, Munchen 89-31900550 • Far East. 
Hong Kong 5-8327993. CIRCLE NO 44 

HMIS 
Our heart is in Europe. 
Our target is the world. 

MHS- BP 309 
78054 St-Ouentin
en-Yvel ines Cedex 
France 
TeL 30.60.70.00 

Matra Design Semiconductor 
2840-100 San Tomas Expressway· 
Santa Clara CA 95051 
USA 
Tel. . 408/ 986-9000 
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Get GE, RCA and lntersil world-class CMOS chips 
in your choice of surf ace mounted packages. 

For increased board density, lower lead 
inductances (for increased speed) or lower 
manufacturing costs, consider surface mounting. 
We offer a broad range of CMOS ASICs and stan
dard !Cs in three different families of surface
mount packages. 

Small-outline (SO} packages. 
Except for the "gull-wings" that make it 

surface-mountable, the SO package is like a 
miniature DIP. A major advantage of the SO 
package is its small footprint (50-mil lead centers 
vs. the 100-mil lead centers of a DIP.) 

We offer two SO body widths: 150-mil for 8, 14 
or 16 leads; and 300-mil for 16, 20, 24 or 28 leads. 
Both meetJEDEC standards. 

Plastic chip-carriers (PCC}. 
For well-protected leads and a minimum

sized package, we offerthe square PCC with 
'}bend" leads on all four sides. Initial PCC's offer 
lead counts of 28, 44, 68 and 84. Our PCC package 
dimensions conform to JED EC standards. 

Ceramic leadless-chip-carriers. 
For applications requiring the highest relia

bility, these packages are screened to MIL-STD-
883, Method 5004 Classes Sand B format. 

Our leadless-chip carriers are hermetically 
sealed, square, three-layer ceramic. They're 
available with terminals spaced on 40-mil centers 
(24, 32 or 64 Terminals) or 50-mil centers (20, 28 
or 44 terminals). 

Start saving with surface mount. 
For more information, call toll-free 

800-443-7364, ext. 13. 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-edge company. 
Together, we have the resources-and the commitment -
to help you conquer new worlds. 

GE Solid State 
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If you do business in the complex 
world of electronics manufacturing 
NEPCON means business for you! 

CIRCLE N045 



t ROGERS Rogers Corporation 
Circuit Components Division 
2400 South Roosevelt Street 
Tempe, AZ 85282 

Manufactured and distributed in Europe by Mektron NV, Gent, Belgium; in Brazil by Rogers Coselbra, Sao Paulo. (602) 967-0624 

MINlf BUS 

I I I I I l J I J r l l T f l 1 1 J l I 

Save space with 
Mini/Bus® Bars 
• Improve power distribution 
• Reduce required board layers 
• Eliminate up to half the decoupling 

capacitors 
• Fit between or beneath IC's 
• Also available 

in surface 
mount 

Send for Rogers 
Mini/ Bus® Bars 
Application Bulletin. 

CIRCLE NO 46 

Save more space with 
Q/PAC" components 
• Achieve efficient power distribution 
• Provide built-in capacitance 
• Eliminate decoupling capacitance 
• Gain 4-layer board quietness with 2-layer 

economy 
• Vertical or horizontal mounts for 

denser IC mounting 
• 2 or 3 conductors 

Send for Rogers 
Q/PAC® 
Application Bulletin. 

CIRCLE NO 47 

Stop noise with 
Shielding Strips 
• Create shielding enclosures from 

standard conductor strips 
• Assure noise-free, reliable 

operation 
• Prevent shorting of board 

components 

Send for Rogers 
Shielding Strips 
Application Bulletin. 

CIRCLE NO 48 

End warpage with Board Stiffeners Keep high current on-board 

• Rigidize boards 
during and after 
assembly 

•Prevent vibration 
and shock damage 

• Save custom tooling, high installation costs 
• One-step installation requires no hardware 
• Use as a ground, or to carry up to 64 amps 

Send for Rogers Board Stiffeners..-::;:::.~~~~---=i 
Application Bulletin. 

CIRCLE NO 49 

• Rogers High Current PCB Bars bus up to 64 amps 
• Efficient operation on back planes, motherboards 
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25A SMART POWER SWITCH 
IN A GROUNDED PACKAGE. 
WHO CAN DELIVER? 

INPUT 

-sv 

SGS, of course. In fact, the L9801 High Side 
Driver is an impressive example of what SGS 
Multipower-BCD™ (Bipolar, CMOS, DMOS) 
can do in automotive lamp, solenoid and motor 
driver applications. 

Thanks to this unique power technology, 
SGS can combine high output power capacity 
with on-chip protection logic and sophisticated 
diagnostics-all for less than $3 each in volume. 

High power output capacity. The new L9801 
utilizes 60V technology and operates on a 6 to · 
16V supply to deliver a continuous 6A DC out
put current (25A peak) with a typical Ron of 
less than 1 ohm. 

Grounded package. SGS Multipower-BCD 
technology also makes it possible to integrate 
completely isolated, high efficiency output 
stages. That means you can have a smart, high 
current high side driver in a grounded SGS 

SGS Semiconductor Corporation 
1000 E. Be ll Road, Phoenix, Arizona 85022 • 602/867-6259 

industry standard Pentawatt® package that 
bolts directly to the chassis. 

Brighter smart power. The L9801's input 
control and logic level diagnostic output are 
TTUCMOS compatible. On-chip diagnostic 
functions include load status (open and short), 
plus thermal and overvoltage shutdown condi
tions. All this combined with a special inrush 
current limiter for lamp driving, on-chip thermal 
protection and output short-circuit protection 
makes SGS Multipower-BCD technology the 
brighter smart power. Just check our specs: 

ELECTRICAL CHARACTERISTICS 

Operating Voltage 
Operating Current 
Peak Current (Worst Case) 
Ron ( - 40°C to + 150°C) 
Package 

6-16V 
6A 
25A 
0.15 ohms 
Pentawatt (5 pin T0-220) 

© 1987 All rights reserved. SGS and Pentawatt are registe red trademarks of the SGS Group. BCD and The Brighter Power are trademarks of SGS. 
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THE BRIGHTER POWER™ 

SGS' exclusive Multipower-BCD technology-thats integrated Bipolar 
CMOS, DMOS-has a lot more to offer. What other smart power IC 
technology isolates the DMOS output power transistors 
to let you connect as many as you need on a chip 
in anyway you like? None. 

That's just one example of how 
smart SGS power really is. And 
the L9801 is just one of many 
SGS smart power products. 

Why not get the full 
story on SGS Multi
power-BCD technol
ogy plus full data 
on the L9801. Call 
602/867-6259 
now. After all, 
the brighter 
your smart 
power 
source, the 
brighter 
your 
design's 
future. 

EDN October 1, 1987 CIRCLE NO SO 
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CMOS at speed. 

A few more fast, fast 
reasons to call for our 
new databook: 

~ I. 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 22Vl0 Reprogrammable PLO. 25ns. 
55 mA. And we have the board to turn your PC 
into a PLO/PROM programmer, too! 

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. C46 

-800-423-4440 {In CA), Ask for Dept. C46 
,'32) 2-672-2220 {In Europe) 

- -.i:,1'416) 475-3922 (In Canada) 

We illustrate the Lockheed SR~ 71 Reconnaissance aircraft. holder of the worldS air 
speed record: 2,193 miles per hour. We're fond of speed records. Over 30 of our parts 
have broken or still hold speed records for integrated circuits. 

~.,~ ·:.a .CYPRESS 
_ ? SEMICONDUCTOR 

Cypress Semiconductor. 390 1 North First Street, San Jose, CA 95 134. 
Phone (408) 943-2666 Telex 82 !032 CYPRESS SNJ UD, TWX 910-997-0753 
PAL is a registered tradema rk of Monolithic Memories. Inc. 

f.". 1987 Cypress Semiconductor 



EDITORIAL 

Competition involves everyone 

&~ 
KEEPING AMERICA 
COMPITITIVE 

EDN October 1, 1987 

Regional Editor Margery Conner takes a different approach to 
engineering through an article in this issue about competition. 
Specifically, she focuses on three companies and how they develop 
competitive products. Because you are an engineer or an engineer
ing manager, Margery concentrates on the engineering aspects of 
these companies' efforts. Other Cahners publications are simultane
ously exploring competitive issues that affect their readers, and 
you'll read more about competitiveness in EDN in the months 
ahead. Although competition often brings to mind large waves of 
imported goods flooding domestic markets, competition goes be
yond products. Competition is a philosophy that must permeate 
every corner of a company and every aspect of its business. 

Often, a sense of mission can increase a company's competitive
ness. For example, several years ago an insurance company faced 
great difficulty in getting clerks to finish depositing receipts in the 
company's bank accounts by day's end. Managers tried many 
motivation techniques without success. Finally, someone said to the 
staff: "Look, if you don't make the deposits by the end of the 
business day, the company stands to lose millions of dollars. That 
money comes from the interest that otper companies pay us for 
loaning them money overnight. The interest is part of the company's 
profit." Once the staff members knew how important their job was, 
they were pleased to comply. After all, they weren't just keeping 
records, they were contributing to the company's profit. 

General Motors' president, Robert Stempel, spoke about some
thing similar in a recent commencement address. He said that in 
today's business world, the product often takes a back seat to other 
considerations. Too many executives concentrate on management 
and financial details, and fail to understand their product and how it 
is designed or produced. 

Likewise, you cannot regain or maintain a competitive lead in 
today's markets by simply developing a product or incorporating 
new technology in it. Redesigning a product so that it uses no 
screws, incorporates surface-mount technology, or provides built-in 
test routines is no panacea. A competitive philosophy must extend 
beyond the engineering department to the entire company, from 
the mailroom to the president's office. As Stempel also said, 
"Competitiveness is a responsibility for everyone. It's a cause to 
which we must all be passionately dedicated." 

I~ . . 
~~. u Editor 
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An Edsel state machine with D flip-flops! A Rube 
Goldberg system with 8-input OR gates! 

Are you tired of devices and software that 
limit your creativity? It's one thing to get wrapped 
up in your designs-it's quite another to be wrapped 
up by them! 

More design flexibility. 
Signetics PLDs offer more design flexibility- and 
a complete migration path to the highest levels of 
design integration. From PAL® devices and PLAs to 
PLSs (Programmable Logic Sequencers) and PML 
(Programmable Macro Logic). 

Signetics PLAs and PLSs feature two program-

mable arrays so you get more out of your silicon. 
JK flip-flops for higher performance. Plus a transition 
term complement array for optimal state machine 
design. And when your system requires an "instant 
gate array" with no "gate-a-risk"-the unique 
architecture of PML provides the ultimate solution. 

The key to fully utilizing these flexible devices 
is AMAZE- the most powerful design software yet. 

More powerful software. 
AMAZE-is just that. Automatic Map and Zap 
Equations. Powerful and easy to use. It exploits the 
sophisticated PLO architectures you need for complex 
designs by simplifying logic entry, simulation and 



device programming. To save time, intricate test 
vectors are created automatically. Entry is easy-no 
more restrictive equation structures or esoteric 
backwards syntax. And it even has device specific 
logic minimization. 

More service and support. 
For those who expect unsurpassed service and 
support-you won't be disappointed when you join 
the AMAZE Users Group. Members receive a copy 
of AMAZE 1.6-plus free updates, a 
quarterly newsletter, free samples 
of new PLDs, design contest 
eligibility and a toll-free number 

for immediate applications assistance. 
For those who go by the book-we have a 

surprise for you. A comprehensive manual that's 
easy to read and understand. 

And for those who want to be amazed-call us. 
(800) 227-1817 ext. 972D. Or mail us the coupon. 
We'll send you more information on Signetics PLDs. 
And how you can join the AMAZE Users Group. 
Remember, in the world of ones and zeros the logical 
choice is Signetics-the one company where the 
standard is zero defects. 

Signetics 
a subsidiary of U.S. Philips Corporation 

~· 

"" 

\\\\\\\\\\\\\\\\\ ,,. .. ~= .... -.:... 

EDN October 1, 1987 

r---------------DAMAZE ----, s· me. Send me 
0 ~~netics powerful PL~~re information on 

AZE me Person n 
call me immediatety y. Have a salesman 

NAME • 
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IFYOU BUYA 
HARRIS Hl-508A MUX, 

IT'S YOUR FAULi 
Get ±35V fault protection with 

the MAX358. 
Maxim's MAX358/359 are 8-channel/dual 4-channel analog 

multiplexers fully compatible with the Hl-508A/509A. Yet they offer 
Vastly improved fault protection. Fault Protection Comparison 

For instance, the MAX358 10omA 
_ IOmA 

al lows less than 1 nA of input :ii 1mA 

leakage current under power- ~ 1ooµA 
;; 10µA 

down fault conditions rather ~ 1µA 

than the many mA allowed by ':: 1oonA 
ii 10nA 

the Hl-508A (see graph). -"' 1nA 

Harris Hl-508A 

r 

Maxim ~AX358 Moreover, the MAX358 can ioopA 
10pA 

Withstand a COntinUOUS +35V -30V -20V -10V OV +10V +20V +30V 
Input Voltage 

OVervoltage, On all pins SimUI- Conditions v+ • v- • OV 

taneously. While the original can withstand only +20V on one pin. 
And even less on all pins without exceeding power ratings. 

Consequently, the MAX358 prevents overvoltage damage to 
the circuits it drives as well as those that drive it. 

An improved 2nd source that doesn't 
require D.I. processing. 

Better yet, the MAX358 gives you great fault protection without 
the Hl-508A's costly dielectric isolation processing. 

What's more, the MAX358 is more reliable. Because (like every 
other Maxim part) it's burned in at 150°C for 24 hours. Absolutely free. 

We also make a plain spec-compatible Hl-508A or Hl-509A, 
if that's all you need. 

So for datasheets and samples, call your Maxim representative 
or distributor today. 

Maxim Integrated Products, 510 N. Pastoria Avenue, 
Sunnyvale, CA 94086, (408) 737-7600. 

Distributed by Anthem/Llonex, 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, Connecticut, (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; 
Minnesota, (612) 944-8545; Missouri, {314)291-4777, (816)356-6340; Montana, (503) 620-1931; New Hampshire, (617) 449-7400; New Jersey, (609) 933-2600; New Mexico, 
(505)884-2256; New York, (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 lntegra1ed Products.© 1987 Maxim Integrated Products. 
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TECHNOLOGY UPDATE 

Smart cards yield high memory capacities 
for mass-storage and data-security uses 
Chris Terry, Associate Editor 

Thanks to advances in IC fabrica
tion and packaging technologies, 
you can now obtain high-capacity 
memories or complete µP-driven 
systems in credit-card-sized pack
ages. These memory cassettes, or 
so-called smart cards (they really 
don't have any intelligence), suit an 
extremely wide variety of applica
tions, ranging from the customiza
tion of terminals and other periph
erals, to data logging, and to mass 
storage for computers that must run 
in hostile environments. The cards 
also have varying memory capaci
ties: They can store as little as 2k 
bytes to as much as 512k bytes of 
battery-backed static RAM, as 
much as lM bytes of EPROM, or as 
much as 2M bytes of masked ROM. 

Physical considerations 
The VSOP (very-small-outline 

package) is primarily responsible 
for the smart cards' introduction 
and availability. A VSOP is 21h 
times thinner than standard sur
face-mount-device packages and 
spaces the external leads on 50-mil 
centers. Although vendors have 
standardized the memory cards' 
length (3% in. or 85 mm) and width 
(21/s in. or 54 mm), the thicknesses 
vary from 0. 76 mm to as much as 3.6 
mm (about five times the thickness 
of a credit card), depending on the 
application. 

Most of the cards use 34- or 60-pin 
connectors guaranteed for 10,000 or 
more insertion cycles. Mitsubishi's 
and Du Pont's static-RAM cards 
each have a replaceable lithium bat
tery that maintains data integrity 
for a minimum of 21h years; the 
vendors believe that the cards' actu
al life may be as long as 10 years, 
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This smart card has a 4-layer pc board and 16 VSOP /Cs, which have built-in ESD protection 
to 25,000V. The f emale 2-P connector mates with male pins to provide a gas-tight seal. The 
card, available from Mitsiibishi Electronics, can provide as much as 512k bytes of battery
backed static RAM or a maximum of 2M bytes of masked ROM. 

but tests haven't been performed 
long enough to substantiate the 
higher figure. 

Interfacing the memory cassettes 
to the host is generally simple, and 
vendors claim that, with the aid of 
the accompanying interface docu
mentation, you should be able to get 
a prototype system operating in ap
proximately four hours. Dallas 
Semiconductor's cards have 30-pin 
connectors, which are arranged so 
that you can connect to the host 
with a flat cable and header that 
matches a standard 28-pin memory 
socket. (The 30-pin limit doesn't 

place any constraint on the address
ing scheme because internal paging 
logic lets you access the full memory 
space.) 

The smaller memory cards, with 
less than IM-bit capacity, are suit
able for use as personality modules 
for customizing terminals, printers, 
and other peripheral equipment, 
and in autos, meteorlogical instru
ments, and other software-driven 
instrumentation. Moreover, they 
can considerably reduce the cost of 
configuring and upgrading periph
erals. 

If your product has many custom-
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Only Nature 
Routes It Better. 

P-CAD'S NEW VERSION 2.0 
More functionality. More performance. 
More capacity. Lower prices. 

Face it. Nobody routes as well as Mother Nature. 
But if you want something that comes close, you want the 
power and performance of P-CAD's Version 2.0 PCB 
Design System. 

Simply put, P-CAD now packs the functionality to 
handle bigger, more complex printed circuit board (PCB) 
designs. Version 2. 0 takes you from schematic 
capture through PCB manufacturing faster and more 

cost effectively than 
before. 

Consider even better 
placement with automatic 
gate and component 
swapping. And better 
routing capabilities made 
possible by new routing 
algorithms; beveling 

for 45°; and control of routing density across layered pairs. 
Naturally, there's more to our story, such as support 

of surface mount devices. Including components on both 
sides of the board and buried vias. 

And there's still more big news. Like the performance 
to handle PCB designs of higher densities and non-standard 
sizes. 

P-CAD's big capabilities also include improved 
graphics, drawing speed and text editing-all in a new 
system environment that's so easy to use even Mother 
Nature could appreciate it. 

Which is why it's no surprise we're the market leader 
in PC-based PCB CAD. Nobody gives you this kind of 
performance at our prices! 

So call ( 408) 971-1300 ext 7048 for information 

1290 Parkmoor Avenue 
Sanjose, CA 95126 
(408) 971-1300 

on the P-CAD dealers nearest you. 
Once you install Version 2. 0, 
the most complex PCB designs 
become second nature. 

P-CAD and Personal CAD Systems are registered 
trademarks of Personal CAD Systems. Inc. 
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TECHNOLOGY UPDATE 
er-selectable options, one of your 
greatest expenses is probably the 
configuration cost: Burning and in
serting the configuration PROMs is 
time-consuming, and you have to 
retest each deliverable item to en
sure that it is properly configured to 
the customer's specification. If your 
customer later wants to upgrade the 
equipment, you may have to send a 
field engineer to change the configu
ration PROM. 

With the help of the highly reli
able memory card, you can do the 
programming and verifying from a 
personal computer in less time than 
it takes to burn-in a PROM. You can 
then plug the card into the equip
ment without opening the case
saving yourself even more time. If 
your customer later wants to up
grade the equipment, you can mail 
out an upgrade card containing the 
new configuration; you don't need to 
send a field engineer to the site 
because the customer simply has to 
remove the old card and insert the 
new one. 

For applications that involve 
equipment for collecting large 
amounts of data, either automatical
ly at a remote site or by means of a 
handheld-entry device, a memory 
cassette can help to reduce both the 
weight and the power consumption 
of the collector device. At the end of 
a collection run, you can remove the 
cassette from the collection device 
and insert it into a slot on a host 
computer, which can read all of the 
data a!1d transfer it to disk in a few 
milliseconds. Alternatively, a re
mote device can upload the data to 
the host over a telephone line, clear 
the cassette, and be ready for anoth
er collection run. Du Pont offers a 
128k-byte, 250-nsec static-RAM 
card for $120 (100) that is well suited 
to such an application. 

Card can replace floppy disk 
Another typical application for a 

smart card is as a mass-storage de
vice for a computer that must oper
ate in a harsh environment. Most 
small process-control computers in 
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A credit-card-sized memory cassette from Du Pont comes in RAM and ROM versions and 
can store as many as JM bits . The replaceable 3V lithium battery retains data for at least 21h 
years. The card is fu lly protected against EM/ and static discharge. 

the PC/AT class are disk-based, and 
the steam, dust, and oil that circu
late in the air around an assembly 
line mean sudden death to floppy 
disks-and may even penetrate an 
imperfectly sealed hard disk. 

Some vendors have suggested 
bubble memory as a substitute for 
disks, but bubble memory is expen
sive and slower than the slowest 
floppy disks. Memory cassettes 
offer a smaller, faster, and less-ex
pensive alternative. 

Dallas Semiconductor offers 
memory cassettes that emulate flop
py-disk drives for programming 
purposes. You can combine as many 
as eight of these cassettes in a 
removable assembly (cartridge clip) 
that yields 4M bytes of read/write 
storage with an access time of 250 
nsec. You can, of course, preload the 
assemblies with programs that the 
computer can download to its main 
memory for execution; the computer 
can use the remainder of the capaci
ty for data storage. In OEM quanti
ties, each of these 512k-byte cas
settes costs $605. 

For applications that demand high 
capacity but don't need read/write 
capability, you can use a card con-

taining either a one-time, field-pro
grammable ROM, or a masked ROM 
that is programmed during manu
facture. An example of such an ap
plication is an embedded computer 
that executes very large programs, 
which are rarely modified. EPROM 
or masked-ROM cassettes are also 
useful for storing very large data 
tables or translation tables that sel
dom change. 

Mitsubishi Electronics' Melcards 
are suitable for such applications 
and come in three configurations: 
battery-backed, 200-nsec static 
RAM with capacities from 32k to 
512k bytes; 250-nsec EPROMs with 
64k- to lM-byte capacities; and a 
250-nsec masked ROM with 128k- to 
2M-byte capacities. A 256k-byte 
static-RAM card costs $125 (10,000). 

Some provide data security 
Telecommunications is yet anoth

er promising application area for 
smart cards. If your end-product is 
related to data or site security, for 
example, Multimil's Memocard pro
vides electronic security features 
that include a nonaccessible pass
word, a user-modifiable personal 
identification number (PIN), and 
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The all new 
SMS™ (surface 

mount sensor) series 
thermistors offer fast 
response, high inter
changeability and 
long term stability, 
making them ideal for 
both temperature 
sensing and compen
sation. Hermetic 
design makes the 
SMS™ series more 
durable and resistant 
to cleaning materials. 
The availability of a 
wide range of 
resistance values and 
slopes allows more 
flexibility in designing 
with surface 
mount appli- Shown 

actual 
cations. ~ size 

'~ Phone or ~ 
write for your ~~ 
free design data. , 

llDWEST 
OMPONENTS 
NC . 

P.O. Box 787 
1981 Port City Boulevard 
Muskegon, Ml 49443 
(616) 777-2602 
TWX: 510-394-4130 
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You ca11 put as many as eight memory 
cartridges into this cartridge clip from Dal
las Semiconductor. The assembly fits into the 
space of a ha(f'.lieight, 5%-in. disk drive and 
yields a storage capacity of 4M bytes of 
RAM. Th e access time is :i50 nsec. 

single- or dual-key encryption. Op
tionally, the card can include a 
standard magnetic stripe, a photo 
ID, and a bar code. 

The Memocard contains either 2k 
or 8k bytes of EEPROM, an 8-bit 
µP that has its own PROM (not 
accessible to the user), RAM work
space, and I/O facilities. You can 
program the card with a short card 
that plugs into an IBM PC or with 
an interface unit that can connect to 
any host computer via an RS-232C 
link. 

You can assign an authorization 
level to each card and define the 
maximum number of incorrect ac
cess attempts. In addition, the ven-

dor offers a $500 telephone that ac
cepts a Memocard and allows an 
authorized user to display the 
stored customer data and dial any of 
the stored numbers. An 8k-byte 
Memocard costs $62.55 (10,000); the 
Smart Card Development Kit for 
programming the card costs $489. If 
you don't want to program the 
Memocard yourself, you can have 
the manufacturer do it for you. 

Although all of the smart-card 
vendors agree on the length and 
width of the cards and their applica
tion potential, they are divided on 
the issue of EMI suppression. All of 
the cards do have some form of 
built-in protection against electro
static discharge, however. 

Mitsubishi encloses both sides of 
the card's substrate with metal to 
protect the circuitry against electro
static charges and suppress the ra
diation caused by operating a mem
ory at high clock speeds. In 
addition, the company supplies a 
version of the card equipped with a 
zero-insertion-force (ZIF) connector 
behind a shutter that is operated by 
insertion or removal and that pro
vides extra shielding and protec
tion. 

The Du Pont cards have a metal 
cover attached to the substrate, pri
marily as protection against ESD. 
The vendor takes the view that the 
radiation from low-power CMOS is 
negligible, particularly if the card is 
housed inside a shielded enclosure. 

Another issue on which the manu
facturers are divided is whether the 

For more information . . . 
For more information on the smart cards discussed in this article, circle the 
appropriate numbers on the Information Retrieval Service card or contact 
the manufacturers directly. 

Dallas Semiconductor Corp 
4350 Beltwood Parkway 
Dallas , TX 75244 
(214) 450-0400 
Circle No 719 

IJu Pont Connector Systems 
515 Fishing Creek Rd 
New Cumberland , PA 17070 
(717) 938-7589 
Circle No 720 

Mitsubishi Electronics 
America Inc 
1050 E Arques Ave 
Sunnyvale, CA 94086 
( 408) 730-5900 
Circle No 721 

Multimil Inc 
770 International Parkway 
Suite 190 
Richardson, TX 75081 
(214) 644-7724 
Circle No 722 
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SURFACE MOUNT ADHESIVES 

Anatomy of a dot. 

EXCELLENT THIXOTROPIC QUALITIES 
higher dot aspect ratio with no sacrifice 
in flow or reproducibility. 

WIDE PROCESS FLEXIBILITY 
variable cure cycles to meet HIGH STRENGTH 

superior chip shear 
strength after cure 
ensures reliability 
and reduces rework. 

your production speed. 

OPTIONAL CURES 
heat and/or ultraviolet 
cure systems to meet your 
manufacturing demands. 

VOID FREE 
smooth, uniform, 
void free dots that 
won't trap process 
chemicals. 

EXCELLENT GREEN STRENGTH 
assures component retention with 
no skewing prior to cure. 

\ 
CONVENIENT PACKAGING 
syringes, cartridges and jars 
for pneumatic dispensing, pin 
transfer or screen printing. 

We pack a lot of 
features and versatility 
into a little dot. Plus a lot 
of know-how. We were 
the first to pioneer and 
develop surface mount 
adhesives (SMA™). As the 
world's leading manufac
turer supplying the largest 
companies, we have the 
products, application 
knowledge and technology 
to meet your dot demands. 

No matter what in
dustry you 're in, our high
contrast, fluorescent 

SMA's are ready for your 
pneumatic dispensing, pin 
transfer or screen printing 
operations. And we're 
ready to provide the dot 
you want. 

Find out more. Call or 
write us on your letterhead 
for a free sample. Just give 
us your basic application 
specs and we'll send you a 
special Dot Decision Kit. 
It's packed with informa
tion and a free sample of 
material. 

Call or write: 
Emerson & Cuming, Inc. 
Dot Decision Kit 
77 Dragon Court 
Woburn, MA 01888 
617-935-757 4 '-m;;;;;c===

6
=----

Send for information 
and a free sample. 

EMERSON 
&CUMING® 

© 1987, Emerson & Cuming, Inc. GR.ACE Po lymer&. Electronic Materials 
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memory cards should include micro
processors. Multimil advocates a 
µP-driven card for applications 
where data security or physical-ac
cess security is important. In 
France, for instance, the banking 
system has adopted a µP-driven 
smart card, and in this country Visa 
is conducting a test of a similar card 
in Florida and other states. 

One of the arguments for includ
ing microprocessors is that, even 
though the extra logic may reduce 
capacity and increase cost, distrib
uting the security algorithms allows 
a wide variety of devices at many 
different sites to accept the cards 
and thus provides better security. 

Vendors of the high-capacity 
memory cards, however, disagree. 
They believe that a small amount of 
logic on the card provides a certain 
amount of security by preventing 
access to the data until the user has 
provided an access code (which may 
have as many as 64 bits). They also 

feel that encryption of the data 
stored in the card is more effectively 
performed by the host computer. 

Moreover, they argue that the 
inclusion of additional logic or µPs 
that have built-in, preprogrammed 
masked ROM not only reduces the 
room available for memory, but also 
makes the cards less flexible-and 
all the memory-card vendors feel 
that flexibility is the key to wide 
acceptance. 

Dallas Semiconductor, for exam
ple, weighed the drawbacks of the 
cards used in the French system, as 
well as the advantages, and con
cluded that a memory card with 
minimal built-in access security 
would best satisfy current customer 
requirements, while leaving the 
card adaptable to improvements, 
upgrades, and new applications. 

As for future developments and 
potential, Mitsubishi foresees some 
reduction in access time, perhaps 
down to 120 nsec. The organization 

{ 
Micro Crystal miniature quartz crystals 
are used worldwide 
• 10 kHz to 2.5 MHz and 8 MHz to 24 MHz 
• Hermetically sealed metal cans or ceramic packages 
• Highly shock and vibration resistant 
• Full military testing available, MIL specs C-3098 G 
e Standard frequencies available off-the-shelf 
• Available in 16 mm tape. double [!itch, on standard 

7" reel (up to 1 k pieces per reel) 
• For infrared solder reflow, vapor phase or wave 

soldering up to 260°C for 20 sec. 

CIRCLE NO 8 

of future cards will also depend on 
developments in microprocessor ar
chitectures. Although most memory 
cards follow the JEDEC standard of 
8-bit words, it's possible to special 
order cards with 16-bit words. Even 
32-bit memories aren't inconceiva
ble-as long as paging, or a depar
ture from the de facto 60-pin con
nectors, is acceptable to accommo
date the extra data and address 
lines that would be necessary. EDN 

Article Interest Quotient 
(Circle One) 

High 500 Medium 501 Low 502 
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101HE MILLIONS 
OF WORDS IBAT HAVE 

BEEN N 
ABOUf ISDN, WE'D LIKE 

10ADDANEWONE. 

COMPLEIE. 
For years, 

you've read 
about the 
incredible new 
products you 
can design 
whenISDN 
becomes a 
reality. And now, 
you can stop 
waiting and 
finally get started. Because 
our 29C53 ISDN Kit delivers 
what most people have 
only been writing about. A 
complete ISDN solution. 

There's our 29C53 "S" 
Transceiver, which transmits 
68 

ISP188 

and receives 
data at the ISDN 
basic rate of 192 
kbps. And fully 
implements 
Open Systems 
Interconnection 
(OSI) Layer 1. 
There's our 
programmable 
29C48Voice 

Conversion Chip. And our 
80188 CPU, which performs 
protocol processing. 

But that's just the beginning. 
What really puts you ahead is 
our ISP188 software, which 
completes OSI layers 2 and 3. 
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Co-developed with DGM&S, 
ISP188 is made up of literally 
thousands of lines of code. 
And it's ready to run today. As 
a result, you save man-years 
in development time and 
get to market quicker. 

When you use this com
plete package, it will take 
care of the most common 
design issues associated with 
ISDN protocols and standards. 
So you can focus your 
resources on making your 
product the best of its kind. 
No matter what you're 
designing, from a low end 
terminal adaptor, to PCs, 
to PBXs. Or even the first 
products of an entirely 
new kind. 

What about industry 
standards? We're working 
on compatibility issues 
with the world's largest tele
communications equipment 
suppliers. In fact, we've 
recently concluded an agree
ment with AT&T that ensures 
interoperability between 
our devices and theirs. 

As a result, you can 
begin to design with this kit 
right away. And be certain 
of compatibility with 
ISDN systems today and 
tomorrow. 

And now that standards 
are set, the opportunities 
are wide open. To help you 
make the most of them, 
we also offer a full range of 
development tools, such 
as our Terminal Evaluation 
Kit, and our Line Card 
Evaluation Kit. 

So if you've been waiting 
for ISDN, the wait is over. We 
have samples and software 
available now. Call (800) 
548-4725 and ask for 
Literature Department 
W369 for more information. 
And we'll show you the 
one word about ISDN that's 
worth a million. 

Complete. 

©1987 Imel Corporation. 
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3 New input pattern accepts 
• mate & lock connectors, spade 

terminals or threaded studs. 

Schottky diodes added to 
on-board terminations. 

BG & !ACK jum~ring between 
connector positions ... accessible 
from front or rear. 

2 Position for optional 
• header to pick-up ACFAIL, 

SYSFA/l, SYSRESET. 

7. New multilayer terminator 
boards take up less space. 

7 REASONS WHY. •• 
BICC-VERO MAKES THE BEST VME BACKPLANES 

You've already invested quality time and 
budget in building the very best VME 
computer system for your application. 

Now, interconnect your components with 
the very best backplane. Select from the 
full range of sizes and configurations 
offered by BICC-VERO. 

BICC-VERO supports their VME Back
planes with a full line of card frames, 
enclosures, and connectors. Ask for the 
details. 

Call us or your BICC-VERO Distributor 
for complete information . 

VERO 

BICC·YERO ELECTRONICS, INC. 
1000 Sherman Avenue 
Hamden, CT 06514 

(203) 288-8001 TWX: 510-227-8890 
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Who manages the power in 
General Dynamics' 

IATE test stations for the B·1 B? 

KEPCO 
POWER MANAGERSTM 

As its part in the B-1 Bomber program, 
General Dynamics built seven pre-production 
and 48 production Intermediate Automatic Test 
Equipment Stations. Providing programmed 
power to the avionics unit under test in all the 
!ATE stations are seven Kepco Series ATE 
Power Managers, (linear programmable power 
supplies), visible in the two bracketed racks on 
the left These racks form one half of the Digital 
Test Station, which is the simplest of the four 
IATE configurations , and the common core for 
the other three. 

The configuration shown here, the Radar/ 
Electronic Warfare Station , consists of the core 
plus all the equipment needed to fully test the 
electronic warfare systems of the airplane. 

The Kepco Power Managers were chosen for 
the IATE stations because, like all our Power 
Managers, they are fully programmable for both 
voltage and current through their entire rated 
range; because they can deliver maximum rated 
voltage and current at the same time; because 
they respond to programming step inputs in 
microseconds ; and because, once 
programmed , they'll stabilize voltage to 0.001% 
and current to 0.005%. 

Kepco Power Managers, in short, are widely 
used in critical automatic test applications 
because they offer the most precise, the most 
flexible control of power available. 

To learn more, call or write Dept. KCF-12. 

See us at WESCON/87 Booths #2418, 2420 

- THE POWER SUPPLIERTM 

KEPCO, INC.• 131-38 SANFORD AVENUE• FLUSHING, NY 11352 USA• (718) 461-7000 •TWX #710 582 2631 •FAX (718) 767-1102 
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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 

TH E 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 ~~~~de~~~~~~~~;t~~~~~vu~~~reak-
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. 
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Good engineering decisions 
are key to improving 

US's competitive stance 
aAre the good times really over 'for good?)) 

-Merle Haggard 

Margery S Conner, Regional Editor 

I t's been hard recently to pick up a 
business magazine without see

ing an article paraphrasing Mr Hag
gard's song title. The business com
munity is asking: Can the United 
States remain competitive in the 
world market, or are we doomed to 
slide further into manufacturing 
mediocrity? 

From a nontechnical, business
man's point of view, the chances of 
successfully regaining our competi
tive stature may appear slim: The 
obstacles-such as the problem of 
obtaining capital, interest rates, 
high labor costs, and foreign trade 
restrictions-are imposing. Yet 
some US electronics companies are 
overcoming these obstacles by tap-

ping the United States' great reser
voirs of technical strength. As three 
US companies are proving, the prac
tices that can halt our slide into 
mediocrity lie not in the domain of 
the nontechnical manager, but in 
that of the design engineer. 

These strategies include design
ing products for fast, cost-effective 
manufacturing; developing in-house 
expertise in new technologies rather 
than purchasing outside advice or 
designs; and designing products 
that are responsive to customers' 
needs. The three companies-Tek
tronix, Western Digital Corp, and 
Paradise Systems-are putting 
these practices to work, and are 
consequently competing very well. 
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Tektronix (Beaverton, OR), for example, 
solved the problem of remaining competitive 
in an increasingly tough oscilloscope market 
by designing products for fast, efficient manu
facture. A couple of years ago, the company 
faced serious competition from other scope 
makers, especially foreign ones. Although the 
foreign scope makers didn't challenge Tek
tronix's scopes in complexity, they did condi
tion customers to expect more and more capa
bilities and enhancements. For the price of a 
Tektronix plug-in, for instance, customers 
could buy a whole scope from a Japanese 
company. 

Tektronix found itself facing a dilemma. To 
compete with other manufacturers, the com
pany had to produce scopes of increasingly 
greater complexity, but lower their prices. 
Yet the production costs for Tek's complex 
scopes were high. If the relationship between 
the scopes' complexity and their production 
costs remained the same, Tektronix would 
soon have to give up making scopes-a fate as 
unthinkable as Levi's not making jeans. 

Clearly, the company needed to reduce the 
cost of designing and manufacturing its future 
scope products. Researching the problem, 
Tektronix's engineers found that one of the 
company's largest manufacturing costs came 
from testing the scopes. The company had 
been following the same test procedures used 
by virtually all manufacturers of medium- to 
large-volume board assemblies: It tested all 
the board components, assembled the boards, 
tested the boards on an in-circuit tester, then 
plugged the boards into the system and hoped 
they would work. Finally, it used custom
designed functional testers to troubleshoot 
any systems that failed. 

This approach is as accepted in the electron
ics industry as buying IBM equipment: No 
one ever got fired for recommending it. For 
testing Tektronix's late-model, complex 
scopes, however, the approach was very ex
pensive. Because of the increasing complexity 
of the chips and boards inside the scopes, the 
in-circuit testers were taking longer to pro
gram. "Keep in mind that the least expensive 
part of an in-circuit testing system is probably 
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the equipment itself," says Doug Rowe, a 
Tektronix hardware/software engineer. 
"Maintenance, particularly of the test soft
ware, is the major cost." 

Another problem was that the company's 
technicians found it difficult to recreate the 
in-circuit test conditions for a board that 
passed an in-circuit test yet failed a system 
test. In-circuit testers were too expensive for 
repair technicians to use in troubleshooting 
boards. 

The road less traveled 
The design team for the Tektronix 11400 

Series oscilloscopes came up with a solution: 
They incorpo:r:ated built-in test (BIT) capabili
ties in the scopes at both the board level and 
the chip level. The BIT approach greatly 
reduced manufacturing costs for the 11400 
scopes. Giving each board its own self-test 
capabilities allowed Tektronix to dispense 
with the expensive and time-consuming in
circuit test procedures it had used for earlier 
scopes. 

The company found that the BIT capabili
ties not only reduced the scopes' assembly 
time, but also facilitated calibration and field
service procedures. As an added benefit, the 
approach was attractive to customers, who 
appreciated the scopes' ability to test them
selves and perform much of their own calibra
tion. 

The usefulness of BIT in manufacture as 
well as throughout the life of a scope made the 
added cost of the BIT circuits and pc-board 
area economical. Tom Dye, who designed 
many of the 11400 systems' BIT programs, 
estimates that BIT can require anywhere 
from 5 to 20% of pc-board or chip area. Al
though such an investment may be impractical 
for a less-complex product with a short life
time, it can reduce the lifetime cost of a more 
elaborate system such as a 11400 Series oscil
loscope. 

Design for testability 
To incorporate BIT in each board of the 

11400 Series scopes, Dye and the design team 
used a test approach called functional parti-
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Acceleration Switches : Cantilever beams of sil
icon dioxide overhang shallow wells in silicon . 
Beams flex under acceleration, making electro
mechanical contact. 

122x Scanning Electron Microscope 

THE 
WORLD'S 

SMALLEST 
STRUCTURES 

Micro beams, channels, nozzles, flow restrictors, and valves-all 
sculpted from silicon and glass. These leading-edge silicon chip 
techniques have created accelerometers, sensors, actuators, 
and microflow controllers for automotive, biomedical, aerospace, 
and industrial process control applications. 

MICROSTRUCTURES 

Silicon-based micromechanical structures are 
smaller, more reliable , and often less expensive 
than traditional electromechanical sensors and 
actuators. And since these silicon devices are 
semiconductors, they interface easily with com
plex electronic systems. 

DESIGN AND MASS PRODUCTION 

Here 's something new that you should know 
about IC Ejensors: Transensory Devices, the 
company that pioneered advanced microma
chined silicon structures, is now part of IC 
Sensors. 

Through this new partnership, we have suc
cessfully combined microstructure design au
tomation and mass production techniques. We 
are equipped to take an application-specific 
approach to your design problem, come up with 
the right microstructure for your application, and 
produce it in large-or small- quantities. 

Propel your product into the future-with a sili
con microstructure. All it takes is a phone call to 
IC Sensors. 

© 1987 IC Sensors , Inc. CIRCLE NO 66 
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== w=~L'NSDRS 
1701 McCarthy Blvd., Milpitas , CA 95035 

FAX: (408) 434-6687 Telex: 350066 
Phone : ( 408) 432-1800 

Mass Flow Sensor Element: All-silicon struc
ture with micromachined bridge and channel. 
Multiple-element structure measures mass flow 
rate in a commercial gas control system. 

73x Scanning Electron Microscope 
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tioning, which is simpler than other tech
niques, such as scan-path testing and the use 
of random-pattern generators. 

Functional partitioning refers to the parti
tioning of a circuit (an IC or a pc board) in 
order to isolate and observe sections of the 
circuit that support a single function. If neces
sary, designers may add hardware, particu
larly when they must break a feedback path; 
however, the extra hardware mustn't de
crease the circuit's performance. 

As Dye points out, developing test vectors 
or sequences to perform self-tests isn't as easy 
at the board level as it can be at the chip
design level. You can obtain CAE simulation 
packages that generate test vectors to simu
late a chip's response, and you can find pack
ages that generate test vectors for use with 
ASIC testers, but the memory requirements 
for such tests are very large. These test 
vectors are virtually truth-table tests; it may 
take a million vectors to thoroughly verify 
that a chip works. Few boards can incorporate 
enough extra memory for so many vectors. 

Functional partitioning, however, lets you 
stimulate circuits by function, using parts of 
the circuit to test the circuit itself. This ap
proach can reduce the number of test vectors 
by several orders of magnitude, making BIT 
practical for use on boards. 

Scope tests itself 
For Tektronix, putting BIT on board great

ly reduced the production and manufacturing 
time that went into the 11400 Series scopes. 
Because the scopes contain all the software 
and hardware needed for self-test, every 
scope has the potential to be a production 
tester. The firm's assembly-line workers test 
each board simply by plugging it into a 
known-good scope and seeing if it works. The 
scope can diagnose any problem and identify 
the area of the board on which it resides. 
Boards that fail go to a repair technician, who 
can recreate any failure condition and trouble
shoot the board on his own test scope. 

The new approach necessitated some 
changes in Tektronix's production line. Rath
er than trying to fill all its production jobs 
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with nontechnical people, the company now 
employs some workers who are technically 
familiar with the product. Because the scopes 
can identify the board area-and sometimes 
even the chip----0n which a fault resides, these 
technicians can troubleshoot certain board or 
system problems very efficiently. The non
technical people who perform the bulk of the 
assembly and test rotate jobs to stay inter
ested in their work. 

When design on the 11400 Series scopes 
began two years ago, Tektronix's manage
ment viewed self-test merely as an interesting 
engineering experiment. Now self-test is a 
company policy: Tektronix has made the com
mitment to standardize a built-in test proce
dure for all its scopes. The commitment has 
paid off for the 11400 line: The new scopes are 
actually less expensive to produce than many 
of the older, less-complex models still being 
manufactured on the company's conventional 
lines. For example, although the company still 
needs nine hours to test and calibrate a 7854 
scope, it can perform those procedures for a 
11400 oscilloscope in 45 minutes. 

A 70s identity crisis 
Western Digital Corp (Irvine, CA) has also 

used engineering solutions to compete suc
cessfully in a tough market. The company, 
which now sells 40% of its products overseas, 
got its start in the 70s by making chips 
primarily for handheld calculators. It also 
developed a successful floppy-disk-controller 
chip. 

The company ran into trouble with competi
tion fairly suddenly in the mid to late 70s, 
when the calculator market became one of the 
early electronics markets to succumb to for
eign domination. Japanese companies were 
making the majority of calculators, and West
ern Digital was left with no strong market for 
its chips. In 1977, it was forced to reorganize 
under the protection of Chapter 11 bank
ruptcy. 

Western Digital discovered that its troubles 
stemmed from its corporate self-image. The 
firm had considered itself only an LSI IC 
designer and manufacturer; it sold its ICs to 
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• Best of all, conductor path distance is consistent between 

Orne nnes' 
all six rows, insuring a uniform impedance control between the 
connector and the printed circuit board. 

The same innovation and quality also is available 

ood 
·a immediately in two and four row connectors, and 

One g l ea soon, five and seven row 
configurations. 

But if your application 

1 d h 
requires something even more 

t t unusual, Elfab can ea S 0 allQ er. ~~!~~~a~Y~~s:0J~;rall, 
The company that pioneered in-house press fit that's what you'd expect 

manufacturing for the backplane and connector industry now from the Augat family, where 
offers another unique choice in high density connectors. innovation has always been a tradition. 

A new Six Row High Density 
Double-Din"' developed by Elfab 
for backpanel applications is now an 
Augat connector. With 60 contacts 
per linear inch, this new connector 
offers design opportunities 
unheard of until now. 

With traditional design 
ingenuity, our new surface mount 
box connector straddles the board, occupying half 

Quality and Innovation 

Elfab Corporation 
1097 Yates• Lewisville, Texas 75067 • 214/221-8776 

the real estate of conventional connectors. And providing 
shorter signal paths for better performance under high 
speed circuit conditions. 

Call toll-free 1-800-527-0753 •In Europe: Elfab Europe, B. V. 
• Raheen Industrial Estate • Limerick, Ireland • 061127600 
•Telex: 70150 
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OEMS and ignored the system-level products 
those manufacturers made from its chips. It 
also ignored the needs of the end users of 
those products. 

To change its fortunes, Western Digital 
changed its self-image. It eliminated all its 
divisions except those supporting a single 
market focus : technology for personal-com
puter peripherals. The company now saw it
self in a much broader sense. It was no longer 
merely an LSI chip maker-it now served the 
PC peripheral market, which meant making 
boards as well as chips. Serving the PC pe
ripheral market also meant making small 
boards. This requirement led Joe Baia, an 
engineer who is one of the company's found
ers, to investigate surface-mount technology 
(SMT). 

Many board companies still regard SMT 
with apprehension. Compared with through
hole-board technology, SMT tolerances are 
much tighter, and an SMT production line 
requires a greater capital investment. Yet 
Western Digital made the commitment to de
velop an SMT-board line over two years ago, 
when all work in SMT was at the pioneering 
level. 

The person ultimately responsible for this 
decision was Roger Johnson, president and 
CEO of Western Digital. When asked how, 
without a technical background, he was able 
to make the seemingly tough decision to gam
ble on SMT, Johnson looked mildly surprised 
at the question. "It was actually a very easy 
decision, for two reasons: smaller package size 
and improved product quality. Smaller pack
age size is a strong competitive advantage in 
the peripheral-controller market, because the 
control electronics have to shrink along with 
the drives. We get higher quality because the 
automated assembly process leaves very little 
room for human error." 

Although many board companies have 
found SMT difficult to handle, Western Digit
al, the IC manufacturer, did not. Says Randy 
Ring, the firm's director of SMT manufactur
ing: "After holding LSI process tolerances, 
SMT was easy." 

Ring does't mean to imply that developing 
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the SMT line was easy, however. "We initially 
tried, with no luck, to find consultants in 
setting up an SMT line. When we finally did 
find some, they were worse than none at all. 
So we decided to develop the line ourselves." 

Far from regretting that no experts were 
available, Ring is convinced that his compa
ny's lack of board-manufacturing experience 
was not a weakness but a major advantage. 
Instead of viewing SMT as another way to 
make boards, the company viewed it as a 
process, just as LSI IC fabrication is a proc
ess. The company exploited its thorough fa
miliarity with process design 2.nd control to 
learn the new techniques of SMT design. This 
strategy has had a good deal of success: 
Western Digital has replicated its initial SMT 
production line in three other plants. 

Success in the graphics market 
One of the most keenly competitive markets 

for electronics products is the market for 
graphics products. The personal-computer
graphics sector is particularly volatile. Para
dise Systems (South San Francisco, CA) has 
been competing successfully in this market for 
three years. 

Tom Van Overbeek, Paradise's president, 
claims the company's self-image is crucial in 
allowing it to move with and anticipate the 
market. The company got its start three years 
ago, when it began manufacturing video con
troller boards for the PC. From the begin
ning, the company identified itself not just as 
a maker of generic pc-board add-ins, but as a 
video-controller manufacturer. Paradise's 
clear focus also simplified its decisions about 
what technologies to invest in: The company 
realized that the future of video controllers 
lay in custom ICs. 

Because it understood the competitive 
graphics market, Paradise also realized that it 
needed to produce these ICs in volume, and 
quickly: A typical graphics product has a life 
of about six months before an upgrade is 
introduced. Emphasizing design speed left 
the company no room for error, either in the 
initial chip design or in its manufacture. 

To support its philosophy of fast, right-the-
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first-time designs, Paradise invested heavily 
in CAE hardware and software for ASIC 
design and simulation. What was apparently a 
hard purchasing decision was made easy by 
the company's commitment to support its 
market focus in any way necessary. 

Like Western Digital, which took the 
chance of investing in SMT, Paradise gambled 
by investing a large portion of its yearly 
revenues in CAE. Both companies were will
ing to support their marketing focuses with 
engineering decisions that at the time seemed 
risky. 

Tektronix, Western Digital, and Paradise 
are just three US companies that have devel
oped or regained a competitive lead in their 
respective markets; there are many others. 
It's true that when you talk with people at 
these companies, you'll hear a certain amount 

of complaining: They still face some serious 
economic and business problems that cannot 
be solved merely by a change in engineering 
direction. But the companies' complaining is 
like farmers' complaining about the weather
yes, they are vitally affected by it, but they 
can't do much about it, so they just get on 
with the aspects they can control. 

As these companies are proving, US firms 
can compete both at home and abroad by 
clearly defining the market they design for 
and their customer's needs, and by being 
willing to support their products with engi
neering solutions. EDN 

Article Interest Quotient (Circle One) 
High 494 Medium 495 Low 496 

ON-BOARD RELIABILITY BEGINS WITH OUR 

SURFACE MOUNTABL& QMPONENTS 
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The ultimate performance of any board design is a direct reflec ion of t reliability of each i'ndividtral 
component. Over the years, manufacturers of quality military and commercial electronic products have 
learned to insist upon Delevan inductive components to insure the ultimate in performance of their products. 
0 The ceramic capacitor products of our Delcap Division reflect the same concern for reliability which has 
established Delevan products as the standard of quality for the industry. 0 When you specify any of our 
Electronic Components Group products, you build-in these same high standards of dependability and 
performance in your finished product. I 
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We Tued A Hundred Million Tunes 
10Get This Switch 10 Fail. 

To prove its repeatability, we subjected our fiber 
optic switch to a hundred million operations in 
laboratory tests. And true to form, it maintained 
0.1 dB repeatability at a typical insertion loss of 
0.7 dB. And not just any switch can do that. 

But our switches pass tough environmental 
tests such as vibration, shock and temperature 
extremes. They offer high switching rates. And 
they're so flexible they can be used in 850 nm 
or 1300 nm wavelength systems. They're also 
available in all popular fiber sizes. And they 
come in a compact, lightweight package. 

We offer this kind of performance and practi
cality in all our electro-optic products including 
our high speed data links, clock recovery modules, 
clock oscillators, parallel/ serial converters and fiber 
optic modems (RS232, RS422 and TTL). 

To find out all the reasons you should be using 
Siecor components, get in touch with us soon. 
And we'll give you about a hundred million of 
them. Write Siecor Corporation, Electro-Optic 
Products, PO. Box 13625, Research Triangle Park, 
North Carolina 27709-3625. SIECQR 
Or call 919 549-6571. 
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Their reliable operation turns every island into: paradise~ 
It's a simple fact: to do more in factory automation, give your local islands of autGma
tion the ability to do more ... with Harris industrial-grade 80C86 microprocessors 
and peripherals. _ .. - _ . 

The Harris 80C86 family is designed andbu-iJt for industrial, ftiil1emperature range ~ 
operation (;--40°C to +85°C) ::- not cheny-pickedJrom commercial product. They thrive 
in the toughest-con<litions - shock, heat; vibration, contaminants and more. Their high ' 
performance under these adverse conditions increases system reliability, 
factory throughput and your competitiveness. 

Our proven static circuits give you the flexibility to design the lowest-power systems 
possible by running the system at the speed you need and only when you need it... from 
the maximum operating frequency to a complete stop. 

And low power means low system operating temperatures, no fans, smaller power 
supplies and sealed enclosures, preparing your system to meet the rigors of the 
factory floor. For space-critical applications, choose plastic leaded chip carriers (PLCCs) 
to reduce board and system size even more. For package count reduction, use our 
semicustom cell library to combine 80C86-family peripheral circuits with glue logic 
on a single chip. 

Harris low-power static 16-bit and 8-bit CMOS CPUs and peripheral circuits will 
transport your system to new levels of function and flexibility, whether you're building 
robots, data acquisition systems, process and numerical controllers or advanced 
instrumentation. 

Harris 80C86 and 80C88 CMOS µPs and support circuits: the smart choice for im
proving performance and reliability in intelligent factory automation. 

Contact your Harris Semiconductor travel agent and get started on your trip to para
dise. In U.S. phone 1-800-4-HARRIS, Ext. 127 5. In Canada: 1-800-344-2444, Ext. 1275. 

© 1987, Harris Corporation 
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Samsungs 54174 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 high-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 

Pl!Ol'AGATION DELA~ POWER PERFORMANCE 
output voltage swings 
and the low input 
currents of CMOS. -;; lOO 
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Pin For Pin 
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CMOS logic family, 
with 157 part types, 
has the most compre
hensive selection 
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VERAGE POWER PER G"Tf (mWJ 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 oflower power 
requirements and improved reliability. 
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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' 

Shilt Regis ters 08 51' 112 821 ' 
09 58' 173' 822' Coun ters 164 299' 

10 86 174 823' 160 190 590' 165 595' 

\\ 132' 175 824' 161 191 591' 166 596' 

12 133' 273 825' 162 192 592' 194 597' 

14' 266 374 826' 163 193 593' 195' 

377 ' 168 390' 
Arithmetic Circui ts Buffers & Line 169 393 

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' 

24 1 467 ' 533 844' Multivibrat-0rs 
' 522' 689' 

244 468' 563 845' 679' 

365 540 573 846' 
121' 123' 423' 

366 541 

· Part Types Available in 0 4 -All 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 

54174 AHCT is real . 

I My54/74 AHCTapplication is: _ _ ______ __ _ 

I O Yes,sendme twoeachofthe Nam., I uplolhree 54/74AHCTproduct --------- -
part types I have listed here. 

I 54/74 AHCT 2ea.) _r;u_., ---------

1 54/74 AHCT 2 ea.) Com"'""' I 54/74AHCT 2ea.) _:__:_:__...:..__ _______ _ 

I 0 Sendmeyourhigh-perfonnance A_dd_ress_: ------- -

I CMOS logic data book. 
City/Stalt'/Zi11: 

I 
0 Send me your 54/74 AHCT 
reliability report. 

I O Havea salespersoncal lrne. 'k_·l c;__pho_nc:~( __ )"--------

I Send coupon t.o: Samsung Semiconductor, CMOS Logic Marketing, EDN1001e1 

I 3725 N. First Street, San Jose, CA 95134-1708. 
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Industrial Electronics Product Showcase 

Products for the factory 
emphasize automation, 
Putting together an industrial-grade system for a pro
cess-control, machine-control, or high-volume incom
ing-inspection application can be a complex task: The 
factory floor is a hazardous place, and you must take 
into account possible temperature extremes, airborne 
particles, and vibration and noise. Those considerations 
notwithstanding, staying competitive in today's indus
trial market clearly requires increasing automation and 
ease of assembly. 

EDN's Industrial Electronics Product Showcase fo
cuses on system-level industrial products and on compo
nents specifically designed for use in systems intended 
for harsh industrial environments. You'll note that 
many of the system-level products covered in the show
case are based on the IBM PC; these computer-con
trolled. systems can facilitate the manufacturing pro
cess. 

The 4000AT, for example, an IBM PC-compatible 
computer system from Adac, consists of a signal-condi-
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tioning front end and an 8-slot XT/AT backplane in a 
rugged enclosure with a shock-mounted Winchester 
disk drive. The system is intended for PC-based data 
acquisition and control in a plant environment. 

Xycom's PC/AT-compatible 4150, on the other hand, 
has a 5-slot backplane and a front panel that's sealed to 
NEMA standards. And, because its mother board isn't 
preconfigured, you can match its µP to your applica
tion. Another computer system, Pro-Log's PC/XT
compatible System 2 Model 10, has optional driver 
routines for 22 STD Bus cards. 

You'll also have the chance to evaluate various system 
enclosures. Mupac Corp manufactures a series of light
weight enclosures to accommodate bus-specific (VME 
Bus, Multibus, or Multibus II) backplanes, which the 
company also produces. Sigma Information Systems' 
SA-H155 enclosure incorporates a 14-slot Q Bus back
plane that is compatible with LSI-11 and MicroVAX 
systems. Constructed of 14-gauge steel and standing 
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• environment 
ease of assembly 
12114 in. high, the enclosure has room for three 5%-in. 
drives. 

You can also choose from numerous controller boards 
and control systems. The Expert Controller from Ume
corp is a dedicated, programmable expert system with 
a host-independent, asynchronous-processing µC and 
proprietary software. Its natural-language interface 
alleviates the need for the user to learn programming 
languages before creating a knowledge base. 

In contrast, the CDI-Ladder control system from 
Computer Dynamics combines STD Bus hardware with 
a standard relay ladder-logic language. Nontechnical 
workers can easily program and maintain this type of 
control system with an IBM PC. As you can see from 
the products in this year's Industrial Electronics Prod
ucts Showcase, the IBM PC is proving to be an impor
tant tool for streamlining the manufacturing process. 

EDN October 1, 1987 
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Industrial Product Sho"Wcase 

Computer system brings IBM compatibility 
into industrial applications 
The System 2 is rugged enough to 
operate on the factory floor and in 
other industrial applications. It is 
fully compatible with the IBM PC/ 
XT-both at the DOS level and at 
the BIOS and hardware/chip levels. 

You can expand System 2 with 
memory, mass-storage, and inter
face options using STD Bus cards. 
Two versions are available-one 
with semiconductor-based mass 
storage (Model 10), and the other 
with floppy- and hard-disk storage 
(Model 20). 

Model 10, with 128k bytes of and airborne particles pose poten
CMOS static RAM (expandable to tial hazards. Model 20 has 128k 
640k bytes) and two semiconductor bytes of CMOS static RAM (expand
disk drives, is designed to be em- able to 640k bytes) and one 31h-in. 
bedded in systems where tempera- floppy-disk drive; a second floppy
ture extremes, vibration, moisture, disk drive and a 31h-in., 20M-baud 

hard disk are optional. 
Both models contain a serial port, 

time-of-day clock, and from seven to 
20 expansion slots. They also include 
the MS-DOS 3.2 operating system 
and full documentation. Both can 
operate after power-up with no op
erator supervision, and they can 
connect to any RS-232C device. Op
tions include driver routines for 22 
STD Bus cards and a software li
brary that provides initialization. 
Model 10 (RAM-disk version), 
$1195; Model 20 (floppy-disk ver
sion), $1595. 

Pro-Log Corp, 2560 Garden Rd, 
Monterey, CA 93940. Phone (800) 
538-9570; in CA, (408) 372-4593. 
TWX 910-360-7082. 

Circle No 638 

Rugged XT I AT-compatible system 
features an 8-slot PC configuration 
Model 4000AT combines an 8-slot 
signal-conditioning front end with 
an 8-slot XT/AT-compatible back
plane in a single rugged enclosure 
for practical PC-based data acquisi
tion and control in the plant envi
ronment. The dual backplanes as
sure the user of full 110 and full 
PC-slot availability in completely in
dependent card cages. 

The system enclosure includes a 
shock-mounted Winchester disk. 
You have a choice of more than 35 
plug-in signal-conditioning modules. 
Front-panel wire termination for as 
many as eight plug-in modules lets 
you interface to hundreds of 110 
points without using additional en
closures. You can change the 110 
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modules without disturbing any 
field wiring. 

The PC/XT- and PC/AT-compati
ble backplane accepts four full and 
four half-size PC-compatible cards 
for a full range of CPU and house
keeping functions. The 4000AT pro
vides automatic interface between 

the I/O and PC backplanes and of
fers full field signal isolation from 
the CPU and PC function cards. A 
choice of PC/XT or PC! AT CPU's is 
available. 

The 4000AT features an all CMOS 
design to minimize power consump
tion and keep operating tempera
ture low. The convection-cooled en
closure needs no fan. An icon-based, 
programmable process-control soft
ware package featuring icon-driven 
system configuration and full-color 
graphics is available as an option. 
From $1700 (without mass storage). 

ADAC Corp, 70 Tower Office 
Park, Woburn, MA 01801. Phone 
(617) 935-6668. TLX 951802. 

Circle No 641 
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Industrial Product ShoW"case 

Precision process monitor 
solves temperature-monitoring problems 
The PM-5060 accepts low-level ana
log signals from RTDs (resistance 
temperature detectors) and a varie
ty of thermistors. The monitor fil
ters an input signal, amplifies it, 
and then converts it to digital data 
using voltage-to-frequency conver
sion techniques. 

The monitor's onboard µP linear
izes and calculates the temperature 
and feeds data to the vacuum-fluo
rescent display. It measures temp
erature in degrees C or F at a 
resolution of 0.1 or 1 degree. The 
5060 has a 5-digit display. You can 
configure it for 2-, 3-, or 4-wire RTD 
inputs. Input type and configura-

tion are selectable either by the 
front-panel keypad or an RS-232C 
port. You type in all monitor func
tions; the alphanumeric display is 
completely menu-driven. 

The PM-5060 supports more than 
50 simple ASCII commands to exer
cise RTD/thermistor data-acquisi
tion functions. It is equipped with 

98% efficient servoamplifier 
mounts on a pc board 
Measuring only 6x4x0.8 in., the 
Model 218 PWM servoamplifier 
readily mounts on a pc board or in a 
small NEMA enclosure. It has a 
98% efficiency and provides 1500W 
(±150V at ±lOA) continuous out
put; it can thus power de servomo
tors with ratings to 2 hp. It can also 
provide 3000W for short periods to 
give higher torque for motor accel
eration and reversal. 

The amplifier features a 22-kHz 
switching frequency that provides a 
1-kHz bandwidth and eliminates 
hum well above the range of the 
human ear. A built-in de/de convert
er develops a variety of voltages for 
powering internal circuits, allowing 
the amplifier to operate from a sin
gle supply voltage in the 25 to 155V 
range. A MOSFET bridge output 
circuit develops the output from the 
supply voltage. 

The amplifier is protected against 
short-circuit, overvoltage, and 
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undervoltage conditions, and exces
sive temperature. It also responds 
to end-of-travel, beginning-of-trav
el, and emergency-stop inputs. The 
22-kHz switching frequency allows 
the Model 218 to drive servomotors 
with internal inductance as low as 

four optoisolated setpoint outputs 
that respond to a preset tempera
ture. The display indicates the set
point status. The solid-state MOS
FET relay outputs can drive 100 
mA/300V loads and are individually 
programmable for high- or low-go
ing, absolute or relative tempera
tures with user-selectable hystere
sis. The monitor is available in 
models that accommodate Ameri
can, European, and Japanese power 
systems. $395. 

Datel, JI Cabot Blvd, Mansfield, 
MA 02048. Phone (617) 339-9341. 
TWX 710-346-1953. TLX 951340. 

Circle No 640 

250 µH without the need for a series 
smoothing inductor. $516. Delivery, 
four to six weeks ARO. 

Copley Controls Corp, 375 Eliot 
St, Newton, MA 02164. Phone (617) 
965-2410. 

Circle No 645 
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SAMPLE 2 CHANNELS SIMULTANEOUSLY 
AT 20MHZ WITH NEW 

PC-BASED DIGITAL OSCILLOSCOPE! 

64K DATA BUFFERS, 2 CHANNEL OSCILLOSCOPE: $3495. 
The R2000 PC-based digital osci l

loscope features 2 input channels, 
each with its own 20MHz AID 
cqnverter and 65,535 8-bit byte data 
buffer. No other turn-key integrated 
instrument offers a higher sample 
rate or deeper buffer size for the 
price: only $3495. 

Highest Sample Rate Per 
Channel For The Price. 

The R2000 allows a sample rate for 
each channel to be as high as 20MHz. 
Most other instruments divide the 
sample rate among the number of 
channels, reducing the sampling rate 
substantially. 

Advanced Instrumentation 
Features Few Other Scopes 
Offer. 
D The R2000 is an outboard 

peripheral with a full EMI-
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protected metal case for signal 
integrity. 

D Real time IOMHz FFT Spectrum 
Analysis option $995 . 

D Switchable 50 ohm input with 
warning light to measure low 
impedance signals without 
degradation . 

Standard Oscilloscope 
Features You Might Only 
Expect In A Standalone 
Instrument. 
D I Meg ohm input impedance 
D BNC input connectors 
D AC or DC coup! ing of the signal 
D Self-contained power supply. You 

don ' t depend on your computer's 
supply. 

D Input protection to +I- 250 volts 
D Software-selectable gain ranges 

allow resolution of I mv to 250 volts 

CIRCLE NO 96 

D Full analog and 100% digital 
triggering 

D Trigger adjust potentiometer 

For your free copy of the Rapid 
Systems PC-based instrumentation 
catalog, to order, or for further infor
mation, call or write Rapid Systems , 
433 N. 34th St., Seattle, WA 98103 . 
(206) 547-8311 . Telex: 265017UR. 
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Industrial Product Sho'Wcase 

Multiport drive test system 
can test 128 units simultaneously 
The 7000 test system is designed for 
use on the production floor and for 
high-volume incoming inspection. It 
can perform complete digital and 
analog tests on any mixture of 5114-
and 3%-in. full- or half-height Win
chester disk drives. The system an
alyzes drives that have a variety of 
interfaces, including ST506/ST4412, 
SCSI, and ESDI. 

A host PC/AT-type computer con
trols each of the system's 128 test 
ports independently. You can thus 
test a number of drives simultane
ously, sending any desired combina
tion of company-standard or user-

programmed tests to each unit. A 
full 128-port system occupies as lit-
tle as 36 ft2. · 

Two system configurations are 
available. The 7002 is a completely 
self-contained, rack-mountable 
chassis that contains two indepen
dently powered test ports. You can 

expand this version by adding extra 
racks. The second configurations 
(7016 or 7032) are made up of multi
ple rack-mounted test ports stacked 
side-by-side ·and one above the 
other. 

The system produces an individu
al report for every unit tested. The 
computer can also generate archival 
reports for off-line trend analyses or 
on-line failure analyses. $70,000 for 
a 16-port system. 

Wilson Laboratories Inc, 2237 N 
Batavia St, Orange, CA 92665. 
Phone (714) 998-1980. 

Circle No 649 

Vacuum-fluorescent display with CMOS RAM 
features canned messages, battery backup 
The Model 3601-35-240, an addition 
to the Flip family, is a 6-linex40-
character vacuum-fluorescent (V-F) 
display that can store and retrieve 
user-programmed canned mes
sages. The module's 8k-byte CMOS 
RAM stores as many as 127 mes
sages, which an onboard battery
backup retains. 

The display also incorporates a 
self-diagnostic test program that 
checks all display functions. This 
program checks and displays user 
settings for data configuration and 
rate, the condition of the battery
backup circuit, the line drivers and 
receivers, and the RAM available 
for canned messages. At the conclu
sion of the test, the module displays 
its repertoire of 96 ASCII charac
ters. 

In addition to the standard ASCII 
set, the module can display alter
nate character sets (for example, 
scientific, Scandinavian, and 
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German). You can also define your 
own charact~r patterns and down
load them into any or all of the 96 
ASCII locations. 

The 3601-35-240 operates from 
one 5V supply. An onboard µP con
trols all display functions as well as 
the serial data interface with the 
host system. This interface can con
form to either RS-232C or RS-422 

standards and can accept data at 
1200 or 9600 baud. Each of the dis
play's 240 5X7-dot matrix charac
ters is 5 mm high. $538 (100). Deliv
ery, four to six weeks ARO. 

IEE Inc, Industrial Products 
Div, 7740 Lemona Ave, Van Nuys, 
CA 91409. Phone (818) 787-0311. 
TLX 4720556. 

Circle No 644 
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How to uncover PWB defects 
with afs VIPTSockets and this 
amazing inspection instrument. 

Wouldn't it be more efficient 
if you could spot PWB surface 

is improved. And repairs are easier 
because each contact can be 

repaired individually. 
Plus, the VIP fam

ily of sockets can be 
made to any custom 
footprint easily and 
quickly to eliminate 
loose loading terminals. 

defects before 
the boards went 
to testing? Well, 
Augat has intro
duced a remov
able carrier for 
DIP, pin grid and 
custom footprints 
that makes it 
possible. 

After the VIP socket is wave soldered into 
place. the carrier is removed to permit 

visual inspection of the tenninals. 

Find out how else 
they can improve your 
designs and increase 
yoursuccessrate.Send Visual Inspection 

Package Sockets. They work 
without an insulator. So you can 
tell by visual inspection-or in 
plain English, just by looking
whether or not you've left any 
soldering voids where the con
tacts join the plated through 
holes. During manufacturing. 
Before testing. 

Also, without an insulator, the 
airflow that keeps your device cool 

U.S. and lntemational Palents Issued. 
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in the coupon for some eye
opening data sheets and 
a demonstrator. 

The VIP 
family of sock-
ets. More inno- t 
vation that l 
works from the 
people who 
listen to what 
you need. 

CIRCLE NO 100 

Augat. A company worth keeping 
an eye on. 
,-----------

Seeing is believing. Send me your VIP 
I socket family data sheets and demonstra-
1 tor showing how to help me cut down on 
I defects. EoN1001s1 

ame __________ _ 

: Title _________ _ 

I Company _ _______ _ 

I Street Address _______ _ 

I City State __ _ 

Zip Telephone ___ _ 

Mail to: Augat, Inc. Interconnection 
Components Division, 33 Perry 

Avenue, Attleboro, MA 02703 
(617) 222-2202. 

FAX: 617 222 0693 

rm7n INTERCONNECTION 
~ COMPONENTS 
Quality and Innovation 
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Industrial Product Sho"Wcase 

Ruggedized industrial enclosure 
holds three disk drives 
The SA-H155 is a 12%-in.-high 
ruggedized system enclosure for 
three pluggable 5114-in. drives that 
you remove individually via a door in 
the front of the chassis. The enclo
sure is for environments wher.e the 
entire computer system is subjected 
to shock, vibration, dust, dirt, and 
high ambient temperatures. 

Constructed of 14-gauge steel, 
the SA-H155 includes a 480W 
switching power supply. The disk 
drives are located at the right of the 
unit; the front control panel includes 
switches and indicators for system 
control. 

The SA-H155 incorporates a 14-
slot Q bus backplane for use with 
either LSI-11 Series or MicroVAX 
systems. Five fans help secure a 
good wash of air over the backplane, 
power supply, and drives. Two of 

the fans are located at the left of the 
chassis to move air from the rack 
and to pressurize the unit. Three 
other fans are located at the rear of 
the chassis to exhaust the system 
through the backplane and power 
supply at the rear. 

The SA-H155 operates over 0 to 
50°C and in noncondensing humidi
ty as high as 95%. The unit will 
withstand 15g shock levels. $4500. 

Sigma Information Systems, 
3401 E La Palma Ave, Anaheim, 
CA 92806. Phone (714) 630-6553. 
TLX298607. 
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µC-based real-time system controller 
suits factory-floor and other applications 
The Expert Controller-a dedi
cated, programmable expert system 
-consists of a host-independent, 
asynchronous processing µC and 
proprietary software. A natural
language interface allows users to 
create a knowledge base without 
having to learn programming 
languages. 

You can configure the controller 
as a stand-alone system or, for larg
er-scale AI applications, combine 
several units in a rack. It features 
environmentally resistant industrial 
packaging and comes with battery
backed static RAM or EPROM for 
knowledge bases. The power supply 
is built in. 

The Expert Controller uses pro
prietary AI algorithms and a multi
processing architecture that inter
prets knowledge bases containing as 
many as 10,000 rules. The system 
uses a combination of rule-based, 
frame-based, and object-oriented 
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approaches to represent machine
control knowledge. 

A dedicated inference engine uses 
high-speed logical search mecha
nisms to interpret knowledge bases 
developed by users. Search tech
niques include goal-driven back
ward chaining and event-driven for
ward chaining. The system can 

process more than 100,000 logical 
inferences/sec with a real-time 
throughput of as much as 8000 com
plex rules/sec. From $5500. 

Umecorp, 700 Larkspur Landing 
Circle, Suite 200, Larkspur, CA 
94939. Phone (415) 925-2000. TLX 
330248. 

Circle No 639 

EDN October 1, 1987 



ONLY ONE OPTOCOUPLER ELIMINATES 
LOGIC INTERFACE PROBLEMS. 

Logic interface causing confusion' 
Pull yourself together. Use General Instrument's 

Optologic TM Optocoupler. 

The First Logic Look-Alike. 
Our Optologic™ is the first optocoupler that looks 

AVAILABLE CONFIGURATIONS exactly like a common 
N~:~~R L:~~OMPA;~~~; FUL~:bN CON~~T~~:TION 74-series logic gate at 
i:~~ t~~t ~t 1~Y:~~:A i8i~~~~ both input and output. 
~:~~:~ t~ift g~g~ 1~~:~~~ g~~~g~t~gfg= For both CMOS and 

740L6000 740L6001 740L6010 740l6011 TTL So it's easy to 
design in and specify. 
Without all that trial 
and error. 

It reduces parts 
count and board space, too. Because our convenient, 
6-pin package has everything. 

Protects You From Noise. 
With Optologic™ you get 15 kV/µs common mode 

transient immunity. 2500 VAC RMS isolation. Propagation 
delay of 60 ns. And datacom support to typically 15 Mbaud. 
That adds up to excellent noise rejection, insulation, and 
high data speeds. 

Plus consistent performance over time and temperatures. 
Call And Face The Facts. 

Don't waste time withanything else. Optologic™ is 
faster to design in. Contact your distributor for data and 
samples. If you prefer, call or write General Instrument, 
Optoelectronics Division, 3400 Hillview Avenue, 
Palo Alto, CA 94304. 
(415) 493-0400. 

And never face inter
face problems again. 

GENERAL 
INSfRUMENT 
Optoelectronics Division 

Distributors: Arrow, Bell Industries-Graham Division, CAM/RPG, Future, Hammond, J.V. Electronics, Kierulff, Milgray, Newark, Pioneer, Summit, Wyle. 
In Canada: Arrow, Cardinal Industrial, Future, ITT Multicomponents-RAE. 

EDN October 1, 1987 
CIRCLE NO 101 95 



./ 

Industrial Product Sho-wcase 

Smart data-acquisition system 
interfaces analog sensors to computers 
The Series D2000 smart data-acqui
sition and control modules let you 
interface nonstandard analog sen
sors to any computers with a serial 
port. The modules let you download 
as many as 25 breakpoints through 
the port; you can use these break-
points to program virtually any 
transfer function into a module. 
Software takes care of all scaling, 
linearization, and calibration tasks, 
so potentiometers, switches, or ad
justment hardware are unneces
sary. 

The 24 modules in the series com
municate in ASCII over an RS-232C 
or RS-485 link. Voltage, current, 
bridge, frequency, and pulse types 

MADE INU SA 

VOLTAGE tHPUT I 
AS.232C OUTPUT 

02100 

of modules are available. Each mod
ule has digital I/O lines for on/off 
control using solid-state relays or 
TTL signals. 

The input is protected against 

Modular industrial processor 

burnout to 250V ac. Measurement 
resolution is 1 part in 50,000. The 
accuracy rate for voltage and cur
rent units is within ±0.02%; for 
bridge units, ±0.05%; for frequency 
units, ±0.1 %; and for pulse units, 
±0.01%+5 µsec . 

Communication features include 
channel address, a baud rate of 300 
to 38.4k, parity, line feed , byte time 
delays, echo, and check sum. Rated 
performance is specified from 0 to 
70°C, but the modules can operate 
from -25 to +85°C. $275 to $350. 

DGH Corp, Box 5638, Manches
ter, NH 03108. Phone (603) 622-
0452. TWX 510-601-6112. 

Circle No 648 

has extra processing power for expansion 
Using integrated hardware and 
software modules, the µMAC-6000 
combines computer circuitry, ana
log signal-conditioning modules, 
and direct sensor connections on a 
single board. The signal-condition
ing modules address a single chan
nel each, which lets you customize 
your I/O configuration. The system 
is built so that processing power 
increases as I/O point count in
creases, allowing it to maintain high 
performance in large applications. 
You can install the modules or recon
figure them without disturbing field 
wiring. Each socket can be either an 
input or output channel. 

The system uses an 80188 µP and 
features 12- or 14-bit data conver
sion. It has 64k bits of PROM and a 
256k-bit battery-backed user RAM 
for stand-alone applications. An 
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EEPROM is provided for user stor
age of calibration constants and cor
rection coefficients. 

In addition to its 24 analog I/Os, 
the µMAC-6000 supports as many 
as 256 digital I/O points. It also 
provides 16 low-speed counters, two 
high-speed counters, six frequency 
inputs, two pulse outputs, and a 
watchdog timer. The communica
tion ports include an RS-422 port, 
two RS-232C ports, and one IEEE-

488 port. For distributed applica
tions, the µMAC-6000E intelligent 
expansion unit offloads the CPU and 
AID converter of the main unit. In 
multiple configurations, each host 
computer can interact with 10 other 
6000s, each of which may have three 
6000E slaves. 

The system requires one 5V sup
ply and operates over 0 to 60°C. The 
$3395 system includes the back
plane and the CPU enclosure with 
µMacBasic software already in 
PROM. Analog or digital signal-con
ditioning modules cost $150 and $50 
per channel, respectively. The 
µMAC-6000E costs $2295. 

Analog Devices Inc, Literature 
Center, 70 Shawmut Rd, Canton, 
MA 02021. Phone (617) 461-3712. 
TWX 710-394-6577. TLX 174059. 

Circle No 643 
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Get The Bubbles 
Out of Your 

Product 
Once And 

For All. 

SEEQ EEPROMs IN THE FACTORY 

Bubble memories as a technology 
seem to be bursting all over the place. 

Which is one sound reason why
if you use bubbles for non-volatile mem
ory-you may want to replace them with 
high-density EEPROMs from SEEQ. 

Because let's face it, bubbles just don't 
stack up against SEEQ E2s. 

Compare speed, for example. 
Since bubble memories access data 
serially-like tape drives- they're 
slower than molasses in January. 
A typical bubble read cycle will get 
you about 17-18.SK bytes per 
second. In that same time, a 
SEEQ E2 gives you 5 Megabytes. 
Write times for E2s are also faster 
by an order of magnitude. 

SEEQ E2s not only work 
faster, they work harder in harsh 

environments. They operate over 
extended and full military tempera

ture ranges, with greater inherent 
reliability than any electromagnetic 

bubble. Or any other E2• 

SEEQ E2s aren't a lot of toil and 
trouble for designers, either. For one 
thing, with all their coils and support cir
cuits, bubbles can be real current hogs. 

But not E2s. A 256K part from 
u SEEQ draws just 60 mA in active mode, 

150 µA in standby. And by including 
many peripheral functions on board, 
SEEQ E2s make it easy to build hardware 
and software interfaces to popular micro
processors. Plus E2s fit comfortably 
on most system boards, using surface 
mount packages. 

At SEEQ, we can help you with 
virtually any non-volatile memory 
application - from high-density E2s to 
micro-computers with E2 on board. For 
information on bubble memory replace
ment, call us today for our Application 
Note #24. SEEQ Technology, Inc., 1849 
Fortune Drive, San Jose, CA 95131. 
( 408) 432-9550. 

seeQ 
E2 Is OuR MIDDLE NAME. 
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Industrial Product ·ShoW"case 

Bus-specific lightweight enclosures 
provide cooling and power-supply options 
Designed for VME Bus, Multibus, 
and Multibus II systems, the Series 
508 lightweight packaging enclo
sures feature a number of cooling 
and power-supply options that let 
you customize the product to your 
specific application. The enclosures 
are currently available in 3.5-, 5.25-, 
7-, and 8. 75-in. heights and include 
4- to 10-slot card racks. 

All 508 Series units feature pres
surized and filtered plenum air cool
ing for even cooling of both the 
power supply and card rack. Four 
supply options are available-5V, 
12V, -12V, and -5V. By removing 
two screws, you can access the fans. 

Because of the airflow design, you 
can slide-mount the enclosures 
without degrading cooling perfor
mance. 

The enclosures are constructed of 
rugged, lightweight aluminum with 
brushed or polyurethane textured 

finish . Configurations include a 
desktop model, a model dedicated to 
19-in. rack mounting, and a desktop 
model with EIA mounting flanges 
so you can remove the front panel 
when the enclosure is loaded in a 
19-in. rack. 

The enclosures are available with 
front, rear, or top access. Each 
model will accommodate any of the 
company's bus-specific backplanes. 
From $1400. 

Mupac Corp, 10 Mupac Dr, 
Brockton, MA 02401. Phone (800) 
225-0398; in MA, (617) 588-6110. 
TWX 710-345-8458. 

Circle No 646 

68020-based manufacturing workstation 
integrates CAE/CAD with CAM 
The 32-bit CDX-60008 manufactur
ing workstation features 8M bytes 
of RAM (expandable to 12M bytes) 
and 160M bytes of hard-disk stor
age. It includes a panel editor, post
processor, and a database query lan
guage (DQL) facility. The database 
accepts pc-board design input from 
a variety of sources and generates 
data for equipment from all phases 
of manufacturing. 

The panel editor lets you con
struct a multiple-image tooling area 
for the manufacture and assembly of 
a pc-board design. Multilayer board 
images are easily analyzed and mod
ified using the editor's 24 trace lay
ers and 24 drafting layers. Another 
12 layers are dedicated to silk
screen process; assembly; title; 
board and package outlines; and pad 
and via manipulations. 

The workstation offers a selection 
of postprocessor interfaces to most 
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commonly used manufacturing 
equipment. Using the information in 
the database, you can configure and 
prepare fabrication and assembly 
data for photoplotters, N/C drillers, 
profile routers , autoinsertion tools, 
pick and place tools, punch and rein-

sert tools, board handlers, and axial 
sequencers. The database also con
tains data that drives an assortment 
of automatic test equipment. 

The DQL facilitates access to spe
cific design details that are fre
quently needed during the manufac
turing process. It permits you to 
directly select and tailor data for 
manufacturing and test equipment. 
The results are formatted in ASCII 
and can be edited to suit each tool. 
The five groups of data available for 
extraction are drill information, 
shape and pad information, via and 
pad information, insertion and test 
information, and pad coordinate in
formation. DQL uses the same com
mand syntax as IBM's structured 
query language. $119,900. 

Cadnetix Corp, 5757 Central 
Ave, Boulder, CO 80301. Phone 
(303) 444-8075. 

Circle No 647 
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TECHNICAL INFORMATION FROM THE LEADER IN MLCs 

Reducing Thermal Stress in MLC Chips 
Surface mount manufacturing 

processes directly expose compo
nents to soldering temperatures 
which can cause rel iability problems 
when the rate of rise in temperature is 
too rapid . Multilayer ceramic capaci
tors (M LCs) like many components 
are sensitive to this thermal shock. 
This sensitivity is not only due to their 
material properties but also their con
struction , design , manufacturing and 
assembly techniques. Toward 
decreasing this thermal stress, AVX 
has been studying the effects of 
ceramic formulations , electrode con
figurations , chip dimensions, end ter
minations, mechanical flaws , and sol
dering parameters. 

Thermal Stress 
When ceramics are subjected to a 

rapid change in temperature (such as 
plunging MLCs into a solder bath) 
stresses result because the surface 
reaches the new temperature almost 
instantly while the interior remains at 
some lower temperature causing a 
temperature gradient, 6 T. 

As shown in Equation 1, thermal 
stress is the function of the square of 
the chip thickness. Therefore, this 
parameter is very important in chip 
design and subsequent thermal 
shock behavior. 
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Equation 1 
THERMAL STRESS 

Ea sp t2 
(I-µ) (k/e Cp) 

: ELASTIC MODULUS 
(DIFFICULT TO CHANGE) 

: COEFFICIENT OF THERMAL EXPANSION 

: RATE OF CHANGE OF TEM PERATURE 
(CAN BE CONTROLLED) 

: HALF THICKNESS FOR A PLATE 
(CAN BE EASILY CHANGED) 

: POISSON'S RATIO 
(CHARACTERISTIC OF THE SYSTEM) 

: SHAPE FACTOR 
(CHARACTERISTIC OF THE SYSTEM) 

klQ C0 : THERMAL DIFFUSIVITY 
(CAN BE CHANGED BY ADJUSTING METAL TO 
CERAMIC RATIO) 

Test Results 

Solder tests were run by directly 
dipping various chip thicknesses into 
molten solder at 260°C with no pre
heat. Chip formulation and termina
tion known to have cracking problems 
under these conditions were chosen 
for the test. The chips were then visu
ally inspected for any cracking . The 
results are plotted in Figure 1. They 
confirm that as the thickness 
increased the number of visual 
cracks increased. It should also be 
noted that as the part size increased 
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EFFECT OF THICKNESS 
ON THERMAL SHOCK 
OFMLCCHIPS 

SOLDER DIP TEST RESULTS AT 260°C, 
NO PREHEAT 
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Figure 1 

for a constant chip thickness the vis
ual cracks increased. This would be 
expected since the larger the geome
tries the greater the internal thermal 
mismatch . 

Discussion 
This information along with data on 

other parameters is being utilized by 
AVX to design MLC chips for mini
mum thermal stress in soldering 
operations. For a technical paper dis
cussing these parameters, complete 
and return the coupon below. 

I D ~ase send me the AVX Technicalll 
Paper " Factors Responsible for 
Thermal Shock Behavior of Chip I 
Capacitors '. ' 

O Please send me literature describ- I 
ing AVX MLCs. 

TITLE -----------

COMPANY ________ _ 

ADDRESS ________ _ 

I 
I 
I 
I 

CITY ___________ I 
STATE _______ IP --- I 
PHONE _________ _ 

Send to: AVX Corporation 
P.O. Box867 

EDN100187 

Myrtle Beach, SC 29577 

I 
I 
I 

/.\V,A'( Technology For I 
L _1~_11_._The Times __ _J 
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Driving to work 
in an orilinar1 car 

isn't so bad if there5 
a Formula 1 waiting 
for you at the ice. 

Power up an Apollo Series 4000 ,. and you'll think you're sitting 
in a cockpit rather than at a keyboard. For it won't take more than a 
moment to realize you're in control of more horsepower than has 
ever been packed into a machine in this price range. 

You'll feel the muscle of a 25 MHz 68020 central processor that 
performs at 7100 Dhrystones. That's enough energy for engineering 
applications as demanding as electronic design simulation and finite 
element analysis. 

You'll experience the authority of a 25 MHz 68881 floating point 
chip. A processor whose performance exceeds that of systems cost
ing twice as much in both single and double precision Whetstones. 

And you'll enjoy an impressive abundance of storage. Including 
32 MB of main memory, a full gigabyte of virtual address space, and 
up to 348 MB ofESDI disk. Enough to satisfy the hungriest ofartifi
cial intelligence applications. 

Finally (as if all the above isn't enough in a $14,000 workstation), 
you'll witness high resolution monochrome and color graphics so 
brilliant they'll leave those working on competitive machines green 
with envy. 

The Series 4000 workstations. Starting at under $14,000 for 
monochrome, and under $19,000 for color. Either way, it's the fastest 
you can go while sitting still. 

apollo 
The difference is Domain~ Apoll o, Series 4000 and Domain are trademarks of Apollo Computer Inc. 

For more information on the Series4000, including benchmark results for Dhrystones and Whetstones, call or write Apollo 
at 330 Billerica Rd., Chelmsford, MA 01824,MS 41 , (617) 256·6600x4889. In Canada call (416) 297·0700. CIRCLE NO 145 



Industrial Product Showcase 

DISPLAY MODULE 
The 4283-01 vacuum-fluorescent dis
play module integrates a 6-linex40-
character display with an infrared 
touchscreen. The module uses no 
overlays, features 969 active switch 
locations, and is immune to false 
triggering by light as strong as di
rect sunlight. Each of the display's 
two hundred forty 5x7 dot-matrix 
characters is 5 mm high. The blue
green color provides comfortable 
viewing, and three software-con-

trolled brightness levels are avail
able (ranging to 185 fL max). Col
ored filters are available to fit 
different applications. 

The module has the ability to 
store and retrieve user-programma
ble canned messages; 8k bytes of 
CMOS RAM can store 127 canned 
messages. An onboard battery re
tains the messages even after power 
is lost. The module operates from a 
5V supply. An onboard µP controls 
display and touch-input operations, 
a self-diagnostic test program, and 
the serial data interface to the host 
computer. From $478 (100). 

IEE Inc, 7740 Lemona Ave, Van 
Nuys, CA 91409. Phone (818) 787-
0311. TLX 4720556. 

Circle No 550 

MOTOR DRIVE 
The CMD-110 step-motor driver of
fers the translating and driver 
stages needed to control virtually 
any hybrid step motor rated to 7 A. 
It uses MOSFET amplifiers, a 
20-kHz chopping frequency, and H
bridge technology. 

The unit can operate in full- and 
half-step modes. The logic inputs 
are optically isolated-user control 
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lines must be able to sink 15 mA. In 
many applications, all you'll need to 
operate the CMD-1109 is a supply 
voltage (24 to 60V de unregulated), 
a step signal, and a direction signal. 
The pulse and direction inputs em
ploy Schmitt triggering. Users can 
also choose between circulating- and 
noncirculating-current control 
modes. The driver includes low
power (70% current reduction) and 
no-power modes for emergency 
shutdown situations. Its operating 
range spans -40 to +85°C. $350. 

American Precision Industries, 
3229 Roymar Rd, Oceanside, CA 
92054. Phone (619) 439-7500. 

Circle No 551 

CONTROL SYSTEM 
The ATCOM-64 control system is 
designed for machine- and pro
cess-control applications with mod
erate I/O requirements that never
theless need control features not 
currently available in small pro
grammable controllers. It stores 
and displays user-defined messages, 
and includes an RS-232C port as a 
standard feature. 

The system offers timing and 
counting capabilities plus mathe-

matical operations. An inexpensive 
console functions as a programmer, 
diagnostic tool, and operator inter
face for interactive operation. 

You can program the system by 
using an English-based language 
called Snap. The main chassis pro
vides as many as 32 inputs/outputs; 
an optional expansion chassis pro
vides 32 more. A system that in
cludes the main chassis, the console, 
and a 24V power module costs $700; 
the expansion chassis is $165. 

Automatic Timing and Controls 
Co, 201 S Gulph Rd, King of Prus
sia, PA 19406. Phone (215) 337-
5500. TLX 846437. 

Circle No 552 

MOTION ANALYZER 
The HSV motion analyzer captures 
(on videotape) high-speed events oc
curring in areas such as automated 
manufacturing, product develop
ment, product testing, and other 
areas where high-speed video is re
quired to produce slow-motion play
back and analysis. It consists of 
three subsystems: a shuttered video 
camera that operates at 400 fields/ 
sec and delivers 400 lines of resolu
tion, a high-speed videotape record
er, and a high-intensity strobe light. 

The camera's ability to capture a 
different picture every 2.5 msec pro
vides the slow-motion capability. 
The camera's shutter speed-112500 
to 1/10,000 of a second-provides 
stop-action capability, which pro
duces blur-free pictures . You can 
get faster exposure times by using a 
1/50,000-sec strobe light. 

System options include an X-Y 
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coordinator with a digitizing tablet 
for data reduction and motion stud
ies, parallel or serial interfaces for 
networking with PCs and peripher
als, and a wave inserter for super
imposing an analog signal directly 
on the video image. $44,950. 

Instrument Marketing Corp, 820 
S Mariposa, Burbank, CA 91506. 
Phone (213) 849-6251. TLX 673205. 

Circle No 554 

FIBER TESTER 
Designed expressly for manufactur
ers of single-mode fibers and cables, 
the Model 2200 measures the three 

Precision 

characteristics monitored in statisti
cal quality-assurance programs for 
fibers and cables: spectral attenua
tion, cutoff wavelength, and mode 
field diameter. In addition, it incor
porates a feature that reduces han
dling time per fiber end to under 30 
sec, thereby reducing the time of 
the overall test to less than 2 min
utes. 

Designed for production testing, 
the system provides all-digital sig
nal-processing electronics and a pro
duction-oriented clamp and fixture 
system that prepares fiber ends off
line and automatically aligns them 
for test. A bar-code reader speeds 
data entry. The system architecture 
includes a test language and file 
structures that facilitate database 
retrieval of test results and interac
tion with other factory automation 
equipment. The PC/XT architec
ture lets you integrate the system in 
an automated cable- or fiber-produc
tion line. $69,200. Delivery, six 

weeks ARO. 
P hoton Kinet ics Inc, 9350 

Southwest Gemini Dr, Beaverton, 
OR 97005. Phone (503) 644-1960. 

Circle No 554 

FUSE-SWITCH 
The PSl combines a fuse and a 
switch in a single package. The com
bination requires only one mounting 
hole instead of two. Also, because 
there are two less terminals to wire, 
you save wire and assembly time. 
And changing fuses will be easier 
for the end user of your product. 

The circuit-protection ratings de-

VVirewound Resistors 
Competitive Price 

•Wide Ohmic Range: 0.10 to SOMfl 
• Tightest Tolerances, to 0.005% 
• Ratio Match to 0.001 % 
• TCR's: 0±2ppm/°C to ±6000ppm/°C 
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Highest Quality 

• TCR Match to 0.5ppm/°C 

• Wide Selection of Style - Networks, 
Matched Sets, Hermetically-Sealed , 
Four Terminal , Low Reactance 

CIRCLE NO 12 

Fast Delivery 

ELLIOTT.L 
/ JORDAN 

a Division of VISHAY Intertechnology, Inc. 
63 Lincoln Highway, Malvern , PA 19355 

(215) 644-1300/FAX: (21 5) 640-9081 
TWX: 510-668-5812 
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IRC SURFACE·MOUNT RESISTIVE PRODUCTS 
OPEN·UP A NEW WORLD OF APPLICATIONS. 
Standard and custom devices - one source for all 
From one source you can get virtually every type of discrete resistor and resistor network that ~ 
can be produced in a surface-mount configuration. All fabricated with proven /RC f~oR 
materials and resistor elements - so reliable performance is a sure thing. S'(OR N 

/RC was one of the first to otter surface-mount power wirewounds, and our N1 RES1 

RG Glaze® power chips are the smallest available. _,,.ou 10 t o~· 
Our TaNFilm® technology produces resistor networks with exceptional stability, suRFAc~Ko. 10~ppfll,oe E1woR~ tight tolerances, close TCR tracking, and low noise. These networks, and our 00 10~K1NG 10 S'(OR N ~ 

chip resistors, also meet or exceed military requirements. ~Rrflil E RES1 V 
If your surface-mount design requires custom-adapted resistors, 0u1L1N 10 :t o~· 

no problem. And no long wait, either. sf14ALL· o0Ko. ~· · 
We're the one source to know, as you move ahead into the world 50 0~~5pP(ll! e:J 

. of surface-mount. For product specs or application assistance, rc10/ ~1 c~1P 'lll 
contact us: /RC, Inc. , Greenway Road, P.O. Box 1860, sioN f 10 t 01 

· 

Boone, NC 28601 Phone 1-800-255-4-IRC. pREC1 50Ko; 
(In NC, 704-264-8861.) s0~~25PP ..rllR 
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The Resistor People ·~ IRC 
A member of the Crysta/ate Group 
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pend on the fuse you choose: The 
maximum ratings are 20A at 120V 
ac, 15A at 250V ac, and 20A at 32V 
de. The fuse-switch is designed to 
use standard 0.25xl.25-in. fuses; 
however, the vendor offers an adapt
er for international-size (5x20-mm) 
fuses. $2 (1000). 

Heinemann Electric Co, Box 
6800, Lawrenceville, NJ 08648. 
Phone (609) 882-4800. 

Circle No 556 

OPTICAL SENSORS 
MQ triple-beam photoelectric sen
sors are available in three versions 
that offer sensing capabilities rang
ing from 1 in. to more than 2 ft. An 
optical range-measurement princi
ple provides consistent range detec
tion regardless of the color, materi
al, or surface condition of the 
detected object, according to the 
manufacturer. 

Because the units have a preset 
sensing region, background move
ment has no effect on the sensors' 
operation. This feature makes them 
useful in material-handling applica
tions that are beyond the capabili
ties of conventional equipment. 

The maximum switching speed of 
250 operations/sec makes the sen
sors compatible with high-speed de
tection or counting applications. 
The measurement technique mini
mizes the effect of soiled lenses be
cause detection is based on light 
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angles rather th.an on light intensi
ty. $50 to $75 (100). 

Aromat Corp, Industrial Prod
ucts Div, 250 Sheffield St, Moun
tainside, NJ 07092. Phone (201) 
232-4260. TWX 710-997-9536. 

Circle No 555 

PRESSURE CONTROLLER 
The µPC 659 is designed for single
loop pressure-control applications. 
Its features include two or three 
programmable alarms, easy-to-read 
dual LED displays, fully adjustable 
PID (proportional integral and dif
ferential) control, 100-msec max 
conversion time, and an accuracy of 
±0.2%. 

The controller's µP allows you to 
tailor the µPC 659 to the exact 
requirements of an application. You 
enter scaling, calibration, alarm-ac
tion, and control parameters via the 
keyboard. The dual LED display 
prompts you during programming. 
You can program the upper display 
to indicate process condition, devia
tion from setpoint in engineering 
units, or percent of manual power 
output in manual control. A deboun
ced switch, located behind the front 
door, provides transitions between 
automatic and manual modes. 

Model µPC 659 features a galvan
ically isolated keyboard-selectable 
control output. It accommodates 
RS-232C, RS-422, and RS-485 seri
al-communications formats. $1295. 

Dynisco, 10 Oceana Way, Nor
wood, MA 02062. Phone (617) 769-
6600. 
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(Advertisement) 

Pressure sensors provide 
amplified output 

140PC pressure sensors are individu
ally calibrated and temperature com
pensated, then amplified so they can 
directly interface to control circuitry or 
AID converters. They're ready to use , 
off-the-shelf. 

These sensors provide a higher degree 
of accuracy than low level output pro
ducts, and are interchangeable. PCB 
terminals exit on the opposite side of the 
ports. Optional 12-inch, 24 guage color
coded leadwires are also avai lable. 

For more information or a FREE 
catalog covering our full line of pressure 
sensors, write MICRO SWITCH, The 
Sensor Consultants, Freeport, IL61032. 
Or call 815-235-6600. 

Up to 500 psi 
pressure sensor 

The 240PC Series offers pressure sens
ing options ranging from -15 to 500 psi. 

A rugged aluminum housing makes 
these sensors suitable for applications 
where durable packaging is required. 
Several types of internal 0-ring seals are 
available for wide media compatibil ity 
with non-caustic fluids. 

Accuracy comes from temperature 
compensating circuitry, computer-con
sistent calibration of null and full sca le 
output, plus excellent repeatability. 
These sensors are amplified and fu lly 
signal conditioned. 

For more information or a FREE 
catalog covering our full line of pressure 
sensors, write MICRO SWITCH, The 
Sensor Consultants, Freeport, IL 61032. 
Or call 815-235-6600. 

CIRCLE NO 13 
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At about $15 a sensor, the 16PC is 
the lowest cost method of sensing the 
differential pressure of liquids and high
humidity gases. 

And while our new miniature sensor is 
economical, it's also very reliable. Thanks to 
the unique new chip mounting technique we 
use. It seals the sensing element so that moist 
media can be applied to both sides of the 
sensor chip. 

Temperature compensation and on-chip 
laser trimming add to reliability as well, ensur-

pressure sensing ranges. 
The 16PC Series is compatible with 

high volume circuit board assembly 
processes and is available in differential, 

gage and modular versions. 
Applying technology innovatively is just 

one of the ways we can help you save money. 
To find out more, call us at 815-235-6600. 
Or write MICRO SWITCH, Freeport, IL 61032. 

bgether, we can find the answers. 

MICRO SWITCH 
ing high stability over 0-5, 0-15 and 0-30 CIRCLE NO 86 a Honeywell Division 105 
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Cracking. In surface- t(t ~ 
mounted capacitor ~ • e 
chips it's a nasty problem, usually 
caused by mechanical and thermal 
stress. 

Corning's MLC capacitor chip is 
designed specifically to withstand 
those stresses. 

ACE process reduces 
internal stress 
Our ceramic chips are made by the 
Advanced Corning Electrode (ACE) 
process. We inject a lead-alloy elec
trode into a strong ceramic body. 
Result: far less internal stress and 
virtually no delamination or 
cracking. 

Corning's patented double 
barrier-layer terminations also pre
vent cracking. A compliant lead
alloy layer in the termination helps 
relieve stresses created by thermal 
expansion mismatch. And that 
means no cracking. 

Solderability exceeds 
mil specs 
Our rugged terminations also resist 
leaching in wave reflow and vapor 
phase soldering systems. So solder
ability beats mil specs, even after 
16 hours of steam aging. 

And, because the electrode is a 
non-noble lead alloy, we eliminate 
silver migration and resist low
voltage failure. 

Chip resistors, too 
Come to Corning for reliable 
resistor chips, too. Our thick-film 
chip resistors are glass-passivated 
for electrical stability. 

Don't let surface-mount head
aches add stress to your life. For full 
information, circle the reader ser
vice number. Or take two aspirin 
and call us in the morning. 

CORNING ~~ 
For capacitor chips, call: (919) 8 78-6234. 
For resistor chips, call: (814) 362-5 700. 

CIRCLE NO 14 
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MOTOR CONTROLLER 
The MCH05-24 is a 5A, 12 to 24V, 
open-loop commutation controller 
for brushless de motors. The unit 
can control the direction of rotation 
and start, stop, and brake functions 
via manual switching or TTL in
puts. You can adjust the speed (over 
a 4:1 range) by varying the de-volt
age input levels or by using the 
controller's built-in potentiometers. 
The unit incorporates an overload
protection circuit to prevent motor 
and/or controller failure under 
locked-rotor conditions. 

The controller is available on a 
4X4.l-in. board; if you wish, you can 
integrate the controller in a motor 
housing to obtain a compact, re
placeable motor-control package. 
$250. 

BE/ Motion Systems Co, Kimco 
Div, Box 1626, San Marcos, CA 
92069. Phone (619) 744-5671. TWX 
910-332-1168. 

Circle No 557 

DISPLAY 
The Model 77/719 LED display ac
cepts analog input, converts it to 
digital information, scales it in ac
cordance with preset scale-factor 
switches, and displays the data in 
3.3-in. digits. Various standard volt
age and current ranges are avail
able; special ranges are also avail
able. 

Flashing nines indicate under-

EDN October 1, 1987 
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ilIERMilNAlS 

FIND OUT ABOUT 

OYSTER BEFORE 

YOUR BOSS DOES ... 

1111111111 Are you wasting time and money developing 

and manufacturing a hand-held terminal or controller? 

Hlhy, when Oyster can offer you a unit with the 

exact specification you need? 

You concentrate on the core elements of y our 

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 

1111111111 Display type and size 

111111111 1 Keyboard type and layout 

111111/11 1 Case design 

111/111111 Protocol 

111/11/11 1 lntetface 

EDN100187 

Tell me more . .. quick. 

Name ____________ _ 

Position ___________ _ 

Company ___________ _ 

Address ____________ _ 

______ Tel No. _____ _ 

301 Daniel Webs1er Highway, Merrimack, NH 030j4, 
Tel: (603) 429-2 j66 

1640 Fifth S1ree1, Sama Monica, CA 90401. 
Tel: (2 13) 39j-4774. Telex: 6j-2J37. Facsimile: (2 13)393-6040. 

1111111111111 0 
1

1
11

1

11111111
1

1

1 
1

1 t~~}gnals 
111111111 

EVERY HAND-HELD TERMINAL YOU CAN THINK OF 
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DRIVF,S 
A 

LEAIJER? 

You do. 
Wedo. 
On one hand, there's your 

drive to find new applications 
and new markets. On the other, 
there's our drive to meet your 
needs. 

And as partners, we both end 
up in the lead. 

You give us the impetus to 
stay a generation or more ahead 
of the competition. And we give 
you the products to do the same. 

Like our high-performance, 
high-capacity Winchester drive 
families, from 85MB to 760MB. 
And our first high-capacity opti
cal product, a 5~-inch, 800MB 
WORM drive. 

So keep pushing us. 
Because the further you drive 

Maxtor, the further we'll drive 
you. 

Maxtor Corporation, 211 
River Oaks Parkway, San Jose, 
CA95134, (408) 432-1700, 
TELEX 17107 4. 

Sales offices: Austin ( 512) 
345-2742, Boston (617) 872-8556, 
Orange County (714) 472-2344, 
New Jersey (201) 747-7337, 
San Jose (408)435-7884,Woking, 
England (44)/4862-29814. 

Distributed by: Anthem Electronics, Inc., Lionex Corporation, Pioneer-Standard Electronics, Inc., Quality Components, Inc., Storex Corporation. 
© 1987, Maxtor Corporation. 
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WHERE TO FIND 
A LEADER. 

For more information on high
capacity Maxtor disk drives, contact 
our distributor in your area. 

CALIFORNIA 
Anthem/Lionex Electronics, Inc. 

(714) 768-4444 
(408) 295-4200 

FWRIDA 
Pioneer Standard Electronics, Inc. 

(305) 934-9090 

GEORGIA 
Pioneer Standard Electronics, Inc. 

(404) 448-1711 
Quality Components 

(404) 449-9508 

ILLINOIS 
Anthem/Lionex Electronics, Inc. 

(312) 640-6066 
Pioneer Standard Electronics, Inc. 

(312) 437-9680 

KANSAS 
Pioneer Standard Electronics, Inc. 

(913) 492-0500 

MARYLAND 
Pioneer Technology, Inc. 

(301) 921-0660 

MASSACHUSETTS 
Pioneer Standard Electronics, Inc. 

(617) 861-9200 
Anthem/Lionex Electronics, Inc. 

(617) 657-5170 

M.INNESOI'A 
Anthem/Lionex Electronics, Inc. 

(612) 944-5454 
Pioneer Standard Electronics, Inc. 

(612) 935-5444 

NEW YORK 
Pioneer Standard Electronics, Inc. 

(516) 921-8700 

OHIO 
Pioneer Standard Electronics, Inc. 

(216) 587-3600 
(513) 236-9900 

PENNSYLVANIA 
Anthem/Lionex Electronics, Inc. 

(215) 443-5150 
Pioneer Standard Electronics, Inc. 

(215) 674-4000 

TEXAS 
Quality Components, Inc. 

(214) 733-4300 
Pioneer Standard Electronics, Inc. 

(214) 386-7300 

CANADA 
Fumre Electronics 

(514) 694-7710 
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range and overrange analog-input 
conditions. Two sets of rotary DIP 
switches are available for scaling 
the display. One set defines the bot
tom of the analog-input range, and 
the other establishes the top. Be
tween the two setpoints, the display 
is linear. 

The display, which can have two 
to six digits, provides a view ing 
distance of 100 ft min. The standard 
color is red, but yellow and green 
are also available. The unit has four 
analog-input ranges-0 to lV, 0 to 
5V, 0 to lOV, and 4 to 20 mA. The 
display is accurate to 3 significant 
digits, and it operates over 0 to 
65°C. It runs on 115V ac. $350 to 
$450. 

Vome Industries Inc , 5831 
Northwest Hwy, Chicago, IL 
60631. Phone (312) 775-9440. 

Circle No 558 

TRANSDUCERS 
The ST2000 Series dev ices are 
temperature-compensated, signal
conditioned pressure transducers . 
Fabricated of stainless steel, they 
are designed to measure hostile 
media in harsh environments. The 
devices are available in versions 
that measure from 0 to 15 psig 
through 0 to 300 psig, with output
span options ranging from 1 to 6V or 

2.5 to 12.5V de for each pressure 
range. 

The transducer design utilizes an 
IC pressure-sensor element. The 
design minimizes oil requirements 
for optimal performance over temp
erature, and also provides the abili
ty to handle extreme burst pres
sures. The transducers' accuracy is 
guaranteed to be within ±0.5%. In
ternal voltage regulation allows the 
units to operate with any supply 
voltage from 12 to 30V de. The 
pressure connector accepts a varie
ty of fittings. In addition, the pack
age provides resistance to shock and 
vibration, as well as to EMI/RFI 
problems. $100 (100). 

Sensym, 1255 Reamwood Ave, 
Sunnyvale, CA 94089. Phone (408) 
744-1500. TWX 910-339-9625. 

Circle No 560 

ENCLOSURE 
The Flat-Top enclosure is engi
neered especially for the control
room environment. It features a 
sturdy 14-gauge steel frame rein
forced with four 11-gauge corner 
gussets, and welded-seam compo
nents. A 19° front vertical slope 
provides the maximum possible 
depth for slope-mounted equip
ment. 

You can choose from three panel 
widths, four frame depths, and 
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NEW 
Low PROFILE, SEALED CONTACT SWITCH 
FOR COST EFFECTIVE KEYBOARD ARRAYS 

Examine our new T-15 keyboard switch. Sealed contacts for easy wave 
soldering and aqueous cleaning . Wide spring-like terminals hold/align 
switches securely before and after soldering without a metal subpanel. 
Center to center mounting close as 12.7mm. U.S. automated production/ 
testing result in a quality and low price unmatched by hand assembled 
switches. 
MEI Stock/Custom Keytops 
We offer a wide variety of keytop sizes, shapes and colors with custom 
or stock legends. Plus our extensive mold system produces custom 
shapes at a fraction of normal costs. Space bars, leveling mechanisms 
and LED windows also available. 

MEi's years of keyboard construction experience can help resolve your 
design problems too - from PCB layout to selection of the best legend 
system. Call today for samples & specs. Toll Free: 1-800-782-7177; 
In VA: 703-435-9496. 

MECHANICAL 
ENTERPRISES, INC. 
461 Carlisle Dr. 
Herndon, VA 22070 
Telex 710-832-0942 

The series H enclosures are the smallest in the 
PacTec line. They are ideal for key pads, 
programmable controllers, pocket pagers-in 
fact, for any hand-held device. 

Every enclosure in the extensive PacTec line 
can be customized to your specifications. 
Variables include color, EMl/RFI shielding, 
cutouts, custom trim, handles and other 
accessories, even inexpensive custom panels. 

Call or write today nA·C•TEC® 
for a complete rM !!Im! Corp. 
catalog and Subsidiary of LaFrance Corp. 

'f' · Enterprise and Executive Avenues 
spec1 1cat1ons. Philadelphia, PA 191 53 u.s.A. 

Telephone: (215) 365-8400 Telex: 506082 

Your custom endosure is in stock. © PacTec Corp. 130 

See us at Wescon , Booths 2310 and 2312 
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three slope openings. The enclosure 
is also available in two versions: The 
C (computer) version has decorative 
trim; the S (industrial) uni t has 
square corners and no trim. Various 
accessories and sizes are also avail
able. From $400. Delivery, four to 
six weeks ARO. 

Cabtron Systems Inc, 200 Anets 
Dr, Northbrook, IL 60062. Phone 
(312) 498-6090. 

Circle No 561 

COMPUTER SYSTEM 
The 4150 industrial computer sys
tem combines the power and versa
tility of an IBM PC/AT-compatible 
computer with a rugged industrial 
terminal package. It includes a 
5-slot PC/AT passive backplane, an 
EGAICGA color monitor, data-en
try and funct ion keypads, hard- and 
floppy-disk facilities, and a number 
of expansion capabilities_ The front 
panel is sealed to NEMA standards, 
and the CRT is protected by an 
impact-resistant Lexan shield. 

Options include a PC/AT comput
er CPU board, a 3Y2-in., 20M-byte 
hard-disk drive; a 3%-in., 720k-byte 
floppy-disk drive; bubble memory; 
an EGA controller; and a full-size 
sealed keyboard. You can order the 
unit with or without pc boards and 
disk drives. Because the computer's 
motherboard isn't preconfig ured, 
you can select a specific µP to suit 
your application. From $3600. 

X ycom Inc, 750 N Maple Rd, 
Saline, Ml 48176. Phone (313) 429-
4971. TWX 810-223-8153. 

Circle No 562 
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Sometimes there's more to high 
technology than just the highs. A 
good CPU board delivers high 
quality, high performance, and 
high speed. A great CPU board 
can deliver all that with low power 
consumption and low heat dissipa
tion-all at a low cost. That's why 
Dynatem's DCPUl is a great CPU 
Board - a perfect blend of the 
highs and lows. The DCPU 1 
achieves this perfect blend by 
combining 100% CMOS technology 
on the VMEbus with a high perfor
mance 1/0 oriented board. 
-~rl 1987 

• 
I 

With two serial ports, 40 pro
grammable parallel 1/0 lines plus 
three 16-bit timers, and a real-time 
clock/calendar, the DCPUl meets 
the performance challenges of 
many industrial applications. 

Round out the highs and lows 
with a feature that makes develop
ment on the DCPU 1 surprisingly 
easy-you can prepare program
ming on an IBM (or compatible) 
PC XT or AT and download to the 
module-and you've got a great 
CPU Board. 
You've got Dynatem'sOOPUlt< 

CIRCl.I ..,.,,,__,,., 

• High Quality 

• High Performance 

•High Speed 

•Low Power 

• Low Temperature 

•Low Cost 

1008/o 
CMOS 
VME. 
• 1/0 oriented CPU module with 
two serial ports, 40 programmable 
parallel lines, three 16-bit timers and 
a real-time clock/calendar. 
• 100% CMOS VME board with 
low power, low heat dissipation 
(CMOS 68000 CPU at 8, 10, 
12.5 MHz) 
• Programs can be prepared on 
an IBM or compatible PC and 
downloaded 
• Up to 512 Kbytes no-wait, dual 
ported static RAM, 128 Kbytes PROM 
• VME master and slave, receive 
and generate 7 levels of interrupt 
• Low cost 
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NDK 1300 Series 
Compact Crystal Clock 
Oscillators 
NDK's 1300 Series offers the widest 
range of CMOS- and TTL-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 70MHz 
• Low-power/ low-heat CMOS technology 
• Choice of TTL, 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 TTL gates) 
• Sealed, grounded metal case resists EMI, 

high temperatures, humidity 
• Shock and vibration resistant 

CONTROL SYSTEM 
The CDI-Ladder industrial-control 
system combines popular STD Bus 
computer hardware with a standard 
relay ladder-logic language. With 
the STD Bus, the same hardware 
can be the core of a small or large 
system. 

The standard system includes the 
RD-1000 software, an 80188 or Z80-

28 3 22 25 70 
kHz MHz MHz MHz MHz 

M11•A;;1W111\n1111aa1 
I I I 

NDK: Your single source. 
NDK offers the widest range of compact 
crystal oscillators, microprocessor quartz 
crystals, and standard crystal oscillators 
avai lable.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: 35205 7 NDKCOLTD CPTO 
Fax: (408) 725-0369 ® 

CIRCLE NO 18 

based single-board computer (which 
includes two serial ports and bat
tery-backed RAM), and a 6-slot card 
cage with a power supply. Because 
the computer performs all the nec
essary functions (including 24 paral
lel I/O lines), five slots are available 
for analog and digital 110 expansion. 

You program the unit with an 
IBM PC; nonengineering personnel 
can program and maintain the sys
tem. It can accommodate as many as 
416 analog and 1152 digital I/O 
points, and can support 40 PID (pro
portional integral and differential) 
loops, 32 stepper drums, and full 
4-function math . An 80188-based 
system costs $1295. 

Computer Dynamics, 107 S Main 
St, Greer, SC 29651. Phone (803) 
877-8700. 

Circle No 564 

CONTROLLERS 
The 2800 Series 1/s-DIN µP-based 
digital controllers are program
mable via a front-panel keypad. 
Each features two limits based on 
time and two limits based on the 
variable being measured. You can 
install lA relays for any or all of 
these limits. 

At keyboard command, the con
troller displays the total process 
run-time, rate of change in units per 
minute, and the high and low peaks 
of the variable. Options include an 
analog output and an RS-232C or 
RS-422 serial port. 

Three models are available . 
Model 2810, a temperature control
ler, accepts inputs from seven dif
ferent thermocouple types and fea
tures programmable setpoint 
ramping for precise control. The 
2820 process controller offers key
pad scaling and offset, as well as a 
programmable difference limit that 
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CHIPLOC ES Delivers Up To 80% 
More Static Protection Than 
The Leading Surface Shielding Bag. 
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Capacitive Probe Test 
RC 1000 Volt Discharge 

Polyethylene Bag .. 

0 2 4 6 
Simulated Use Cycles 

8 10 

Capacitive probe tests 
show that CHIPLOC* ES 
static shielding and dis
sipative packaging from 
Dow has up to 80% more 
shielding capability than the 
leading surface shielding 
bag on the market. 

CHIPLOC ES has a thin, high-quality con
ductive metallized layert designed specific
ally to minimize the penetration of electric 
fields from highly charged objects. It pro
vides superior Faraday cage protection of 
the most sensitive electronic devices. 

It is reusable, too, because of the exclusive 
"buried shield" construction used in 
CHIPLOC ES. Two layers of static dissipative 
film protect the metallized layer against 
abrasion, tears and punctures. Such dam
age, more common in bags with surface 
metallized layers, can dramatically reduce 

tManufaclured of STl\TIC:UAE' slal ic dissipati ve films. 
ttTest results avai lable upon request. 

shielding effectiveness. In fact, teststt show 
that after just eight simulated use cycles, 
competitive exposed-film bags retain 

only 52% of their shielding ability. 
CHIPLOC ES retains 92%. 

Free Samples 
For the complete CHIPLOC story, 

including free samples and a copy of the 
brochure "Two New Solutions to ESD 
Problems," call 1-800/258-2436, Extension 
32/ CHIPLOC. Or write: The Dow Chemical 
Company, Packaging and Industrial Foams 
Dept., 2020 Willard H. Dow Center, 
Midland, MI 4867 4. 

Advancing 1he Science 
of Electronics 

'Trademark of The Dow Chemical Company 

CIRCLE NO 89 
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makes process batches. The Model 
2830 counter, rate, and rpm control
ler works with square wave, sine 
wave, or pulse inputs and can con
trol both the value of the input and 
the rate of change of this value over 
a programmable number of min
utes. $449. 

Sycon Corp, Box 491, Marion, 
OH 43302. Phone (614) 382-5771. 
TLX 3775688. 

Circle No 563 

OPTICAL ENCODER 
The H20 incremental optical encod
er measures only 2 in. in diameter. 
Designed specifically for the proc
ess-control and factory-automation 
industries, it features an aluminum 
housing that's sealed against oil and 
water splash, and bearings that 
have the capacity for 80-lb loads. 

An unbreakable code disk pro
vides as many as 600 cycles per turn 
(2400 counts per revolution) on two 

quadrature channels. A zero-index 
signal is available. The unit oper
ates with voltages ranging from 5 to 
24 V and features a single LED 
source. Options include hollow and 
through shafts, tethered mounting 
arrangements, sealed environmen
tal or cable connectors, and a varie
ty of mounting configurations. $100 

P.O. Box 130 

(OEM qty). 
BEi Motion Systems Co, Indus

trial Encoder Div, 7230 Hollister 
Ave, Goleta, CA 93117. Phone (805) 
968-0782. TLX 888069. 

Circle No 565 

PRESSURE SENSORS 
The NPI Series pressure transduc
ers use a piezoresistive silicon sen
sor chip housed in a stainless-steel, 
cylindrical package and isolated 
from the measured media by a stain
less-steel diaphragm. A fluid inside 
the package transmits the pressure 
from the membrane to the chip sur
face, so the units can operate with 
all fluids and gases that are compati
ble with stainless steel. 

The sensors are available in pack
ages measuring 0.6- and 0. 75-in. in 
diameter. They cover pressure 
ranges from 0 to 15 to 0 to 10,000 psi 
in both gauge and absolute versions. 
They are temperature compensated 

• R R I E S ® Frenchtown, NJ 08825 
Telephone (201) 996-6841 
Telex 6974615 

ELECTRONICS, INC. FAX 201-996-3891 

Headers, Sockets, Jumpers, DIP Switches, .025 Sq. Stix, etc. 

CY525 3rd generation 

STEPPER MOTOR CONTROLLER 

UNIVERSAL ZIF TEST SOCKET 
significant advantages over competitive sockets! 

and Priced 20% below competitive units! 
• 24, 28, 32, 40 and 48 position; 

each accepts .300, .400 or .600 center devices! 

•Platings -
Tin for 105°C. 
Gold for 1 50°C . 
Special platings & base metals 
for burn-in applications over 150°C. 

• Solder tail , 
solder cup and wire 
wrap collet pins available 

• Socket handle available 
UP or DOWN for closed 

position. Also left 
or right. 

• Sturdy, open frame 
easily mounts to 
p.c. board. 

See EEM Vol. C, pgs. 1185·1190 
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CY512 
compatible, 
40 pin, +5 volt 
TTL, 8 bit 1/ 0 interface 

most intelligent controller offers 
linear ramping, 10,000 steps/sec, 

unlimited stepping, change 
rate on the fly, read 

position on the 
fly, and 

much 

to ucomputer. $195 ea ($80/ 100) 
Prototyping board available. 

Cybernetic Micro Systems · 
P.O. Box 3000, San Gregorio, CA 94074 
(4 15) 726-3000 Telex: 171-135 attn: Cybernetic 
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Industry's largest 
surface-mount selection. 

Good reasons to switch: 
1. Toggles, pushbuttons, slides, DIPs. 
2. High-temperature plastic construction. 
3. Withstands infrared, vapor phase 

reflow, wave soldering processes. 
4. Competitively priced. 
5. Available NOW! 



Advanced emission control. 
EMC Data Line Filten from Tokin. 

Tough world EMl/EMC standards such as FCC, VOE and VCCI 
(Japan) demand effective countermeasures-for both power and 
data lines. 

And Tokin offers an expanded lineup of data line filters de
signed to the most rigorous standards ever. 

Consider our D-16C DIP noise filter for high impedance 
over a wide range, or EMC chip filters (M608, 614 
and 620)-ideal for absorbing 
common-mode noise 

Shapes 
and Dimensions 

SNT-520 

SBT-0440T 

30F102P 

a· 
+1 
~ 

0 

D-16C 

M608 

24± 2. 

~15 
~ r "' 

3 

3 
6 

[mm] 

in signal transmission lines. Tokin feed-through filter capacitors 
(30F102P) suppress high-frequency noise emissions-even micro-

waves. And our radical lead micro-inductors for normal 
·, mode noise absorption come into two series: SNT 

for high currents and SBT for high fre
quencies. 
But these are just a start. For 

details, pick up the phone 
and call us today. 

Specifications 
Circuit Diagram 

Impedance Insertion Loss 
jkO) (dB) 

SBCoil ;oo.9 
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jat llXIMHz) 
-

(SBT-0440T) 

SNCoil ;oo.4 
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-
(SNT-520) 

EMCC~p 
.u.r- ~ 0 . 3 

Filter -
(M608) -i"L.... (at tOOMHz) 

DIP Noise 
~0.3 

Filter : -
(Ot6C) 

(at tlXJMHz) 

Feedthrough ;, 50 
Filter Capacitor 

l - (at450MHz) 
(30f102P) 

Limits for Radiated Emissions 
FCC, CISPR and VCCI 
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l ~·i----;.--;._,_rj-----lr-~~l"'l'C..,,,.,~~~3•m ::r-~ 

:3 ""5AJ::!'m> 

L.1---:__,.._._~~_.,-t---j--t--1 
~ ==:::·~~::: :: 
I ~ 

IO•t----1-t---t----+--+--+--+---1 

O•f---1- f-+---+--+--+--+---! 

20
JO 50 70 88100 216 300 500 700 100J 
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ETCl (EMC Test & 
Component Laboratory) 

Tokio America 's ETCL provides a lull range o1 EMC 
technical services including measurement, 
countermeasures and consulting. Call us tor details. 

Tokio 
Tokin Corporation 
Hazama Bldg .. 5·8. Ni·chome 
Kita-Aoyama, Minato·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: 

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 Ot-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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over 0 to 70°C. Because of the de
sign, you can interchange the units 
and still retain calibration to within 
1 %. Other key parameters for the 
sensors include ± 0.1 % of full-scale
output (FSO) static accuracy (com
bined linearity, hysteresis, and re
peatability), and ±0.5% FSO 
thermal accuracy over the 0 to 70°C 
range. $25 (OEM qty). Delivery, 
eight weeks ARO. 

NovaSensor, 1055 Mission Ct, 
Fremont, CA 94539. Phone (415) 
490-9100. TLX 990010. 

Circle No 566 

PANEL CONTROL 
The Series 61 rotary switches, in 
combination with appropriate soft
ware, can replace a dedicated key
board or a touchscreen in measuring 
or monitoring applications. The 
switches provide a choice of quadra
ture 2-bit code, 2-bit counting code, 
and 3-bit counting-code outputs. 

You can actuate a switch to provide 
data entry when the rotary shaft is 
pushed. 

These devices do not use electro
mechanical contacts for switching. 
Rather, a rotating disk passes or 
interrupts light to a pair of photo
transistors to provide the coded out
put. The output can sense the direc-

tion of rotation as well as the 
number of steps. You can design the 
software to translate the code to 
cursor movement on a screen or to 
change the value of a system param
eter. The Series 61 rotary encoder 
switch is avai lable with 16 or 24 
detent positions. Approximately 
$20. Delivery, four to six weeks 
ARO. 

Grayhill lnc, 561 Hillsgrove Ave, 
La Grange, IL 60525. Phone (312) 
354-1040. 

Circle No 568 

COMPUTER SYSTEM 
The ECX Model 188 processor oper
ates from a single 5V supply and can 
be programmed to perform machine 
control, process control, data acqui
sition, and other fixed-program 
tasks. The processors have two 
ranges of processing power, so they 
can satisfy a broad range of product
automation applications. 



ferranti covers 
the small 
si~al mosfet 
market from 
Nto P. 
Offering one of the most comprehensive 
ranges of small signal mosfets, Ferranti 
Semiconductors covers the market with a 
complementary line of N & P channel devices. 

Our advanced production techniques and 
precise manufacturing process control 
combine to produce very high yields. This 
enables us to offer very competitive pricing 
and shorter lead times while ensuring 
excellent product quality and reliability. 

Product specifications range from break
down voltages (BVDSS) of 60 to 400 volts 
and current handling capability (ID) of up 
to 4.8 amps continuous. Packages include 
E-Line (T0-92), SOT-23, T0-39 and T0-220. 

We'd like to send you our free mosfet 
package which includes a Product Selection 
Guide and a full Data Book. Call us at 
(516) 543-0200 or complete and return the 
coupon below. 

FERRANTI 
senticonductors 

----------· .. EDN100187 ....:::...._ 

Yes, I'd like to 
receive your free 
mosfet package. 

Name ___________ _ 

Title _ __________ _ 

Company __________ _ 

Address ___ _______ _ 

City/ State/ Zip _________ _ 

Phone __,__-'----------

Detach and mail to: Ferranti Semiconductors 
87 Modular Avenue, Commack, NY 11725 CIRCLE NO 65 
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You can interface an ECX pro

cessor to your product's 1/0 in one of 
four ways: You can use a set of ECX 
discrete 110 lines, attach your own 
110 circuitry to the ECX expansion 
channel, use an optional adapter 
that accommodates a variety of in
dustry-standard 110 boards, or de
sign high-speed circuitry to attach 
to the ECX expansion channel. Be
cause the ECX processors are com
patible with the IBM PC, develop
ing software for them is relatively 
simple. $600 (50). 

Micro/sys Inc, 1011 Grand Cen
tral Ave, Glendale, CA 91201. 
Phone (818) 244-4600. 

Circle No 567 

ENCLOSURE 
The E Series Eurocard-type elec
tronic enclosures feature a built-in 
fan tray that holds one to nine fans. 
A 3M filter material is available in 
six densities for var ious applica
tions. These filters snap in, making 
replacement a simple task. 

The enclosures are designed for 
3U (E3) and 6U (E6), 19-in. subrack 
applications . Complete companion 
subracks and accessories that ac
commodate VME Bus and Multibus 
II are available as options. The en
closures are constructed of steel 
mounting frames, die-cast alumi
num extrusions, and sheet metal. If 
you need slide rails to support a 
subrack or chassis, you can obtain 
snap-in inserts to attach such hard
ware to the side extrusions . Re
tractable pull-clown feet are stand
ard . $270 for the E3; $290 for the 
E6. 

Tracewell Enclosures Inc, 7032 
Worthington Galena Rd, Colztm-

EDN October 1, 1987 

bus, OH 43085. Phone (800) 848-
4525; in OH, (614) 846-6175. 

Circle No 570 

DIGITAL ENCODER 
Model 721 is a digital modular incre
mental encoder suitable for servosy
stem, motor-speed-control, plotter, 
machine-tool, medical, and robotic 
applications. It features a rugged 

11111111;11;111111111111111111111 

metal base, self-alignment, auto
matic gap adjustment, and a snap
on cover for easy installation. 

The unit has resolution ratings 
ranging to 1800 cycles. The quadra
ture outputs are TTL compatible, 
and the operating frequency ranges 
to 100 kHz. Model 72l's cover meets 
UL-94V-O requirements, and its 
cable is UL/CSA approved when 

IBM PC, XT and AT are trademarks of International Business Machines Corp 
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shielded. Standard options include a 
differential line driver for 5V opera
tion. You can also obtain units that 
can operate at voltages ranging to 
24V. $30 (OEM qty). 

MONITOR-CONTROLLER 
You can link as many as 32 remote 
ITG 2600 Control Masters on an 
RS-485 serial link to provide 64 ana
log inputs, 128 alarm and/or control 
outputs, and thirty-two 20-mA ana
log outputs. Each instrument can 
have its own address. The controller 
can automatically upload to the com
puter-or send on command-

Litton Systems Inc, Encoder 
Div, 20745 Nordhoff St, 
Chatsworth, CA 91311. Phone 
(818) 341-6161. TWX 910-494-1229. 
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ffftha2.5ns 
cycle time, oIJ}y 
one memory's 
faster. 
As the fa stest static RAM in the world. our 12G014 256 
x 4-bit static RAM prwides updated information ata 
400 MHz rate. With a 2.5 nscyc/e timeand 3.5 ns 
access time. it"s the key component for real time 
systems. 

Since it writes as fast as it reads. (vs. ECL 
SRAMs which may have a 5 ns read bu tan 8 
ns write). you can mix your reads and writes 
and process on the ny at 400 MHz. You·11 
create a system with a true snapshot memory. 

As the first registered. self-timed static RAM 
available. the fully EGL-compatible 12G014 NanoRam'" 
latches and pipelines both inputs and outputs. internally 
generates all needed write cycle timing signals. and is 
tota lly controlled by a single clock input. This architecture 
results in two big benefits: 

1) The cycle time of your system is equivalent to the cycle time 
of the IC itself-2.5 ns: 

2) It"s easier to use than your presentSRAMs. 

Whenever you need real lime memory-ask for details today on our 
memory ICs. full familyofGaAs standard PicoLogic'" products. or 
standard cell ASICs. 

GigaBit Logic.1908 Oak Terrace Lane. Newbury Pclrk. California 
91320-5524. Ca ll (800) GMS-ICS. In California. (805) 499-0610. 

~read you and will write you. Orderour12G014 today: get delivery from 
stock tomorrow. 

{GBL } Giga Bit Log ic 

ClK ------~::::J::::::j::=.. _ __::~--..=i-'--f"""'T~ 

CLK ----------'--------~ MODE--------------------
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scaled input data, process-variable 
type, and digital output status for 
every AID conversion (approximate
ly every 50 msec). 

The ITG 2600 combines multiple 
signal-conditioning functions , dual 
isolated inputs, a 17-bit AID con
verter, four open-collector outputs 
for alarm or control, and a scalable 
20-mA analog output that can drive 
loads ranging to 1 kD. Its accuracy 
is 0.01 % ofreading, and the stability 
specification is 5 ppm/° C typ over 0 
to 60°C. Its programmable math 
package can operate on input and/or 
output values, and can create user
defined control and linearization al
gorithms. $425. 

Analogic Corp, Industrial Tech
nology Group, 14 Electronics Ave, 
Danvers, MA 01923. Phone (617) 
246-0300. 

Circle No 571 

OPTICAL LINK 
The ODCLl optical digital-commu
nications link extends the transmis
sion length of an RS-232C, RS-422, 
RS-485, or TTL data link to 3 km. It 
consists of two full-duplex electrical
to-optical modems. A D-subminia
ture connector provides the electri
cal interface , and the signals are 
fully compatible with the specified 
protocol. 

The optical interface consists of 
either SMA or DIN connectors. The 
modem contains an 850-nm LED 
transmitter and a PIN photodiode 
detector. The coupled power into a 
100/140-µm fiber is -12.2 dBm typ; 
and the receiver's sensitivity mea
sures - 31.5 dBm. 

The modems are available in both 
data-terminal- and data-communica
tion-equipment versions. You can 
supply power for the units through 
the 25-pin connector or through a 
separate power supply connected to 
llOV ac. $140 per modem. 

Siecor E lectro-Optic Products, 
Box 13625, R esearch Triangle 
Park, NC 27709. Phone (919) 549-
6571. TLX 216910. 

Circle No 573 
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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 I 5 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 H 
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. 

INT•RN.A.TIC>NAL 8BAI•& 
& WITCHING PC>Wll!I .. &UPPLV 

I { l 

(800)235-5943 Ext.113 
From California: 
(800)421-3439 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.ooto.eower.,..Sup.play Te.chno'l!logy~ 
main enclosure of any POWER-ONE International High Power Series 
model. 

A True World Market Power System. The International High Power IJ.t:. PIJlller SIJllllLleS 
Series meets the toughest safety requirements of VDE. IEC. UL and CSA. 
plus the EMI limits of VDE 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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The only VME System Enclosures 
with EMl/RFI Compliance 

With Electronic Solutions VME enclosures you don 't 
have to take any static about FCC compliance. Because 
your VME system can meet or exceed FCC Class A Part 
15 EMl/RFI standards. No other enclosure manufacturer 
can make that statement. 

cage, backplane, power supply, room for peripherals and 
more. You can get slim enclosures with 3 slots all the way 
up to multi-system enclosures with 40-count 'em-40, 
slots. And you buy them ready for your system at a tiny 
fraction of what it would cost to develop your own 
packaging . Here's why: Only Electronic Solutions puts a new face 

on VME, an outer front panel 
that - with other design fea
tures-keeps your EMl/RFI 
signals from straying . What 's 
more, it hides those 1/0 con
nectors and dangling cables so 
your system looks a lot cleaner 
and more attractive. 

Electronic Solutions enclo-
f. Y! sures for VME - and 

~'f.3-t.,,. Multibus I/II-come GEMINI enclosures to 40 slots. 

... assembled com- e 4 ., 

• 

1 

c+J: plete with card 'i\l s ff® . Q" ~ · 
.fJtat-

SERIES enclosures to 12 slots. 

IEC380 I FCC I 

We'll FAX you 
the facts. 

Want the latest data in a hurry? 
Nothing is faster than Electronic 
Solutions' new " FAX the FACTS" pro
gram. If you have a FAX machine, just 
call our "800" number, give us your 
FAX number and type of FAX 
machine, and the information you 
need from us. We 'll FAX it to you 
immediately. 

In addition, there are a few 
other agencies besides the 
FCC that can help multiply your 
system's success. So Elec
tronic Solutions enclosures 
pass UL, CSA, and TUV/IEC 
380 as well. 

Call today for complete 
details. Because no matter 
what formula you planned to 
use for system packaging , put
ting your system in our en
closures is the one that really 
adds up . 

6790 Flanders Drive, San Diego, CA 92121 · (619) 452-9333 Telex ll(TWX): 910-335-1169 

Call Toll Free: (800)854-7086 In Calif: (800)772-7086 
CIRCLE NO 162 



PRODUCT UPDATE 

Flat-panel display driver scans LCDs 
at multiplex rates as high as 1:256 
Providing an interface between in
dustry-standard flat-panel display 
controllers and liquid-crystal dis
plays, the PCF2201 LCD driver can 
control as many as 81 row lines or 80 
column lines of a dot-matrix LCD. 
As a result, you need only 21 of the 
drivers to scan a 640x400-pixel dis
play; typically, the drivers consume 
only 100 mW. The PCF2201 can 
drive twisted-nematic LCDs and su
per-twisted birefringence-effect 
LCDs at multiplex rates as high as 
1:256, which is about 30% higher 
than the rates other currently avail
able devices offer. 

To operate the device as a row 
driver, you serially clock row-select 
data through an internal 81-stage 
shift register. The maximum clock 
rate for the shift register, and hence 
the maximum row-scan rate for the 
display, is 100 kHz. The shift regis
ter is bidirectional, allowing you to 
scan the LCD in either direction. 
The chip's control outputs let you 
cascade drivers to scan displays 
having more than 81 rows. 

When the IC operates in column
driver mode, the shift register func
tions as a set of static latches that 
holds parallel output data for 80 of 
the display's column lines. A data 
buffer, provided by 80 more data 
latches, allows you to assemble 
more column information while the 
driver sends the current column in
formation to the LCD. You can 
enter data in the data buffer either 
serially or in 4-bit nibbles. The max
imum clock frequency for transfer
ring data into the buffer is 4 MHz; in 
4-bit nibble mode, therefore, the 
driver has a maximum data-transfer 
rate of 16M bps, which is about 20% 
higher than the rate possible with 
other currently available LCD driv
ers. Data is automatically rear-
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The tape-automated-bonding package and leadouts of the PCF2201 LCD driver allow you to 
rrwunt the device on the rear side of a flat-panel display, using single-plane interconnect 
patterns. 

ranged in the buffer to suit the 
display-scanning direction you se
lect. 

The one remaining shift-register 
latch, which is not used for column 
data, provides an additional column 
output that you can control via a 
separate single-line input. In cer
tain flat-panel displays, you can use 
this additional column driver to 
eliminate the colored border that 
can occur around the edges of super
twisted birefringence-effect LCDs. 

The PCF2201 provides internal 
level shifters that shift the logic
level row/column data contained in 
the shift register to the voltage lev
els required by the LCD. The driver 
can handle drive voltages as high as 
25V, and the level shifters require 
four bias voltages between 5V and 
-25V. Depending on the data in the 
shift register, and on whether 
you're operating the device as a row 
or a column driver, the LCD drive 

outputs switch between two appro
priate voltage levels under the con
trol of an external ac chopping-fre
quency input. 

The display driver draws a typical 
operating current of 0.4 mA and a 
standby current of 15 µA, and it 
provides on-chip overtemperature 
protection. All of its data and con
trol inputs are 5V CMOS compati
ble. The driver is supplied on reels 
in a tape-automated-bonding pack
age with 120 leadouts. It costs 
around Swiss Fr 8 (10,000). 

-Peter Harold 
Philips, Elcoma Div, Box 523, 

5600 AM Eindhoven, The Nether
lands. Phone (040) 757005. TLX 
51573. 

Circle No 633 
Signetics Corp, 811 E Argues 

Ave, Sunnyvale, CA 94088. Phone 
(408) 991-4571. 

Circle No 634 
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PRODUCT U PDATE 

Bright, 640 x 200-pixel EL display 
offers high contrast, long life 
Providing brightness and viewing
angle specs comparable to a CRT's, 
but weighing only 22 oz, the dc
driven ELlC electroluminescent 
(EL) display panel is the thinnest 
display available. Including driver 
electronics, this flat-panel display 
measures less than 0.575 in. 

Unlike capacitive ac EL displays, 
which require input voltages in the 
neighborhood of 400V, this resistive 
de EL panel operates at voltages 
from 120 to 180V. As a result, the 
ELlC avoids the voltage-induced 
pixel-failure problem (caused by 
thin-film dielectric breakdown) that 
plagues ac .EL displays. The 
640 x 200-pixel de EL panel con
sumes 20W typ. 

The ELlC is also an improvement 
on older de EL models. Older ones 
typically could fail from four differ
ent causes: load-line flattening, sof
tening, excessive forming, and un
desirable lagging of the light-rise 
time versus applied current. Load
line flattening occurs when temper
atures exceeding 120° cause a pro
gressive increase in the resistance 
of the display's copper-coated back 
layer. Eventually, the increased 
resistance limits current, dimming 
the panel. In the ELlC display, the 
addition of silver to the copper coat
ing prevents load-line flattening. 
The silver also inhibits softening, 
which happens when the display's 
threshold voltage degrades, result
ing in undesirable background light. 

Excessive forming is a problem 
that occurs when the threshold volt
age increases until the drive circuits 
can no longer draw sufficient cur
rent to operate the display. In the 
ELlC, the use of vacuum baking 
and a current-limited drive solves 
this problem. The addition of sulfur 
prevents defects in the phosphor 
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Providing 25 fL of brilliant amber light, the ELJC de electroluminescent display is less than 
0.575 in. thick , runs on less than 180V, consumes 20W, and costs only $250 (10 ,000). 

that can cause the light-rise time to 
lag behind the applied current. As a 
result of these improvements, the 
ELlC display specs a pixel lumi
nance of 25 fL , with a degradation 
not exceeding 30% in 10,000 hours. 

The ELlC provides a flicker-free 
image and a viewing angle of great
er than 120°. It operates over 0 to 
55°C. The frame rate is typically 60 
Hz, and the unit can withstand a 
shock as great as 50g. 

You can select from two versions 
of this amber display. The ELlC
GOOO has an 8.956x3.898-in. active 
display window. Including the 
bezel, the overall package measures 
10. 74 x 5.9 x 0.6 in. The active dis
play in the ELlC-1000 measures 
7.7 X4.8 in.; the overall package is 
10.54 x 7.8 x 0.6 in. The -GOOO has 

O.Ol x 0.0171-in. pixels, and the 
-IOOO's pixels measure 0.008x0.02 
in. 

The technology used to manufac
ture the ELlC promotes high pro
duction yields, because few pro
cessing steps are needed and 
clean-room conditions aren't neces
sary. The panel has two thin-film 
layers; pin holes don't impair their 
functioning. The 25-µm phosphor 
layer can vary in thickness. 

Pricing starts at $800 for a single 
display, but drops to $385 in 5000-
piece quantities and $250 when you 
order more than 10,000. 

- J DMosley 
Cherry Electrical Products, 3600 

Sunset A ve, Waukegan , IL 60087. 
Phone (312) 360-3500. 
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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- ,..,.....___,_.- T""'ll _ __,,.... processor families. CMOS 
cessors and peripherals - technology is now being 
and the fact that we're introduced for all products, 
already designed into more providing high radiation 
than 50 major military tolerance and the low power 
programs including FIS, you need for assembling 
Fl6, PERSHING, HA WK, zsoos highly integrated, surface 
HARPOON and RAPIER. ZB030Z-SCC mounted systems. 
Support for 16-BIT zss30 sec ADA CMOS or NMOS -
profes.sional standards- zso3sz-c10 nobody's better qualified 
DESC, ADA software, zss3BCIO than Zilog. 

Z8581 CGC 
JAN certification. 28038 FIO 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 

Z8420 PIO d I b I need. We have the only an re ia i ity. Want to 
validated compilers used in B-BIT 2843° CTC C know more? Send for our 
mission-critical systems, 28440 sio special Military Products 
such as for flight control. Z8441 sio issue of The Last Word, 
And we've got full compli- ZB442 s10 Zilog's quarterly magazine. 
ance to 883/C and offer ZB444 s10 Better yet, contact your local 
plenty of DESC products for SUPERB Zilog sales office or your 
critical programs demanding zs authorized distributor. 
quality and reliability, x - ava ilable. 6 - coming soon. Today. Zilog, Inc., 210 
manufactured on a JAN The cho;·ce i•s clear. Hacienda Ave., Campbell, CA 
certified line. :.I 95008, ( 408) 370-8000. 

~2~~.£~~~; ,~~~,R~~~~::.~~~~~~~t Zilog 
GA (4 04) 923-8500, IL (312 ) 885-8080, MA (617) 273-4222 , MN 612) 83 1-7611 , NJ (201 ) 288-3737 (609) 778-8070, ff J f 
OH (216) 447- 1480, TX (21 4) 231 -9090 , CANADA Toronto (4 16) 73-0634, ENGLAND Maidenh eoJd (44) (628) 39200 , an a j iate 0 
W. GERMANY Munich ( 49) (89) 612-6046,JAPANTokyo (81 ) (3) 587- 0528, HONG KONG Kowloon (852) (3) 723-8979. vo c t ' 
R.O.C.: Taiwan (886) (2) 731 -24 20, U.S. AND CANADA DISTRIBUTORS: Anthem Elec tric, Bell Indus., Graham Elec., Hall -Mark E,l\.ON OfpOra lOn 
Elec., JAN Devices Inc., Lionex Corp., Sch weber Elec., Western Microtech., CANADA Future Elec., SEMAD. 
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HIGH PROGRAMMING 
YIELDS 

LOW 
PROGRAMMING COSTS 

I-· ·--· l 

~-Jr · 

PROGRAMMERS 
A complete range of low 

priced separat e products to meet 
your individual specific requirements 
<with device manufacturers' 
approvalsl. 

C41 up to 1 M bit EPROMs 
E9C 8 gang EPROM & editing 
E12C gang/set EPROM 
1011 Bipolar PLO (logic) 
1012 Bipolar PROM I EPROM 
1013 setEPROM(to32/ 40pln ) 
1014 EPLD & CMOS PLO 

Opt ions cover single chip micros, 
simulators, PLCC, IBM/VAX remote 
drivers and ELAN LOG/ iC compilers. 
Ask f or our DEMO DISKS. 
Prices start at $99S. 

128 

1n Europe 
Cl3 102931 510448 
A 102221 835646 
8 1021 2416460 
D 10891 780420 
E 1011 4054213 
F 10141 8632828 
I 1021 6120041 
I 1021 244001 2 

IRL 1011 501845 
NL 101 7201 43221 
N 1021 846210 
p 1011 549011 
SF 1001 6926022 
s 105891 14111 
s 1081 7349770 
CH 1011 7414644 

Elan Digital Systems 
California 

e.n .. riil Tel : (800) 888-ELAN 
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PRODUCT UPDATE 

VME Bus LAN controller specs 
30M-byte/sec data transfers 
The key to maximizing data-trans
fer rates over any system bus is to 
eliminate the bottlenecks created by 
the various processors and periph
erals that battle for control of the 
bus. The V/Ethernet 4207 Eagle, a 
board intended for Ethernet com
munications over the VME Bus, is 
able to perform DMA transfers at 
rates exceeding 30M bytes/sec by 
providing a 16-MHz 68020 hardware 
platform and a 32-bit bus. 

The node controller also adds to 
its data-transfer capability by seg
regating the flow of data along its 
local bus from the activity occurring 
on the processor's bus. Transceivers 
decouple the 68020 µP and its 
32k x 32-byte scratchpad RAM from 
the local data bus that passes data 
from Ethernet to the VME Bus, 
thus isolating the processor and 
maximizing its duty cycle. 

Another key design feature that 
boosts the Eagle's data-transfer 
speed involves its pipeline registers. 
The registers prevent the control
ler's Lance communication pro
cessor from locking up the local data 
bus as it controls the data flowing to 
and from Ethernet. In addition, a 
proprietary lk-byte Buspacket 
FIFO buffer provides 40-nsec, sin
gle-cyle data transfers to the VME 
Bus from a 512k-byte block of RAM 
that's located on the local data bus. 

You can use the Eagle's 64k-byte 
EPROM to store diagnostics and 
protocol codes, or you can use the 
68020's zero-wait-state scratchpad 
RAM for protocol storage. The 
board also provides you with 32 
bytes of nonvolatile RAM for boot 
routines and other critical data. 

The Eagle operates in any of 
three modes: DMA, slave, or mixed. 
In DMA mode, the host computer 
acts as the bus master, writing data 

Using bus transceivers and pipeline regis
ters to isolate processor functions and max
imize bits-activity efficiency , the Eagle VME 
Bus/Ethernet controller board can transfer 
data at speeds exceeding 30M bytes/sec. 

to the Eagle's 512k-byte I/O RAM. 
From there, the data shifts to the 
VME Bus under DMA control. In 
the slave mode, the I/O RAM has a 
300-nsec cycle time. At this speed, 
the board uses the I/O RAM as fast 
system memory and allows t he 
Lance to operate without wait 
states. Under mixed-mode opera
tion, the Eagle examines data-pack
et headers in slave mode , then 
passes the rest of the data packet to 
the VME Bus at DMA rates. 

The $3495 (100) Eagle is currently 
just a hardware platform-you must 
write your own communications 
protocol software using the r udi
mentary drivers that come with the 
board. Although the manufacturer 
does plan to offer specific protocols 
such as TCP/IP (Transmission Con
trol Protocol/Internet Protocol) as 
soon as various beta sites complete 
their development tasks, no firm 
availability dates for such software 
are forthcoming at this time. 

- JD Mosley 
Interphase Corp, 2925 Merrell 

Rd, Dallas, TX 75229. Phone (214) 
350-9000. 
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When an 8-bit flash conver
ter operates at a blazing sampling 
rate of 150 MHz, that's hot. When it 
does it in a 28-pin DIP that dissipates a mere 
750mW, that's cool. 

Add to that the AD9002's band-
width ofllSMHz and an ultra-low input 
capacitance of l 7pF that simplify your ampli
fier and system design. 

All you need is a single-5.2V 
power supply, which eliminates 
latch-up problems. Both military 

and industrial versions are available. 
For more information on our new 

AD9002 flash converter, contact your nearest 
Analog Devices sales 111111111111 ANALOG 
office. L.iilll DEVICES 

And be cool. The Designers Advantage. 
AnJlog lkvKc~. lnc .• Onc Technolog) \~ 'ay, P.O. Box 9106,t\orw1KXl,J\\A 02062-9106; I lcadquartm: (617J 329-4700; California: (714)641-939l, (619)268-462 l.(408)559-2037;Colorado: (303 ) 590-9952; I llmm~: '· 3 1 2 1 980-0300~ Maryland• 301 )992- 1994. 
Ohm 1614176.\-0795, l'<nnsyll·onta: il l516ll-7790: foas: (11412ll·5094.1l ll166H71H: \\'a,hingtnn : (206125 1-9550: Austrta : (1221885504: Belgium: (l) 237 1672: Denmark: (1)845800: Franrc(l H68J.J4.J l. l lolland : I 1620181500: Israel : 1051 128995: 

Italy: (li68838J l,il16883832.1l1688J8JJ,japan il ll6J.6816: Swc-dcn: (81282740. Swnmland: (221JI57 60: Unnrd Kingdom: (932 1llllll: \\bi Germany: 1891570050 
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I connectors, Sockets and Plug--;1i 
I to Your Requirements I 
I I 

I 

I 
I 
I 

I 

1 Industrial • Military • Commercial f 
• Prototype through Production 

CRT SOCKETS 
•For high resolution CRTs used in Aeronautics, CAD/ 
CAM, Sonar, Radar, Medical and Measurement Instru
ments and Information Displays. 
• Mate with most JEDEC and other base configurations. 
• Tube neck retaining clamp available on most sockets. 
• PC, solder tab and wire lead connections. 
• With or without Spark Gaps. 
•In-line resistors, chokes and capacitors. 

SOCKETS 
•Tube/Relay: 4, 5, 7 , 8 , 9 , 10, 11 , 12, 14, 16, 20, 22 and 
other pin configurations. PC, solder tab and chassis 
mount. Molded and laminated constructions. Metal or 
molded saddle, top or bottom mount. 
•Transistor: T03, 5 , 9, 11 , 12, 18, 33 , 39, 40 , 46 , 52 , 60, 
66, 72 , 104 and others. 
•Crystal : For .486" centers (HC6/U, MIL-S-12883/4), 
.273" , .192" (HC25) centers and others. 

AUDIO & RF CONNECTORS 
• Sockets, plugs and cable assemblies. 
• PC, chassis or free standing mounting options. 
• Vertical and right angle. 
• UHF and VHF. 

BATTERY CONNECTORS 
AND SOCKETS 
•Industrial , Military and Commercial grades. 
• Molded and laminated constructions. 

PLUGS 
•Industrial , Military and Commerical grades. 
• Mate with many of our sockets. 
•Molded and laminated constructions. 
• Molded Boots. 

OTHER INTERCONNECTING DEVICES 
• Wyrick· molded quick connecting device. 
• Molded and laminated connectors. 
• Laminated receptacles. 
• Fuse holders. 

STANDARD, CUSTOMIZED AND 
NEW DESIGNS 

ZERO DEFECTS QUALITY 
For samples and quotes, call our 
engineers at 3121539-3108 or 

TWX 910-221-6059 

® 

I Manufacturer of Innovative, Quality American Made Connectors I 
6025 N. Keystone Avenue • Chicago , IL 60646-5290 L _ Phone ~2/539-3108 • TW~10-221-6059 _ _J 
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PRODUCT UPDATE 

PC I AT bus adapter transfers 
data to host at lOM bytes/sec 
System integrators can now pur
chase a high-performance SCSI host 
adapter, the AHA-1540, to connect 
disks and other peripherals to per
sonal-computer-class machines. The 
PC/AT bus-compatible board sends 
bursts of data across the host bus at 
speeds as high as lOM bytes/sec. 
Furthermore, it performs 2M-byte/ 
sec asynchronous transfers and 5M
byte/ sec synchronous transfers to 
SCSI bus peripherals. 

To meet the needs of high-perfor
mance applications, PC/ AT-class 
80286/386-based computers need 
faster I/O channels just as much as 
they need faster processing power 
and faster memory-access times. 
Traditional ST-506 disk controllers 
for the PC/ AT bus perform host 
data transfers at much less than lM 
bytes/sec, and the ST-506 interface 
limits the disk data rate to less than 
lM bytes/sec. Even IBM has real
ized the need for speed improve
ment and uses an ESDI in its 
Personal System/2 machines. 

The AHA-1540 offers system in
tegrators and designers ad vantages 
for I/0-subsystem implemention for 
PC/AT bus-to-SCSI bus applica
tions. The host adapter can act as an 
interface for various disk, tape, and 
other peripherals that have embed
ded-SCSI controllers. Further, the 
SCSI bus suits a multitasking I/O 
environment, and new PC/AT-class 
machines operate in Unix, Xenix, 
and other multiuser, multitasking 
environments. 

The AHA-1540 has a program
mable mailbox architecture to im
plement multitasking in the I/O 
subsystem. The host CPU 
communicates with the host adapter 
through 255 memory-resident mail
boxes. The host adapter's local µP 
continuously scans the mailboxes 

Capable of synchronous and a.synchronous 
data-transfer modes, the AHA-1540 SCSI 
host adapter accommodates the high-perfor
mance disks needed for multiuser , multi
tasking IBM PC/AT bus applications. 

and accepts or delivers commands 
and data. Each mailbox represents a 
task that is currently active in the 
I/O subsystem. The host adapter 
only interrupts the host CPU on 
completion of a task. In MS-DOS 
applications, the host adapter emu
lates a standard PC/ AT bus disk 
controller. 

The board can also operate as a 
PC! AT bus master with program
mable bus control. In fact, it em
ploys first-party DMA to achieve its 
lOM-byte/sec transfer rate. The 
SCSI transfer rate results from the 
company's recently introduced AIC-
6250 SCSI protocol IC, which re
sides on the board. 

The host adapter includes discon
nect/reconnect, arbitration, and 
command-linking and -queuing fea
tures. It also automatically recog
nizes synchronous and asynchro
nous peripherals concurrently tied 
to the bus. Samples are available 
now, and production quantities, 
which will be available in the fourth 
quarter, will sell for $285 (100). 

-Maury Wright 
Adaptec Inc, 580 Cottonwood Dr, 

Milpitas, CA 95035. Phone (408) 
432-8600. 

Circle No 636 
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N C R P C T E C H N 0 L 0 G Y 

No, we don't make cars. But ~ h l VLSI technologies. Then bringing 
we're part of the process. Because them all together in the configura-
NCR 286 processor boards and back- e e p tions perfect for your specific needs. 
planes play an integral role in control- Without chewing up the calendar 
ling the manufacture of the dies used build and your R&D budget in the process. 
to stamp body parts. And the next Another way to say it is that we're 
fender we bend could be yours. easy to work with. Because we have 

You're equally likely to find NCR the engineering know-how and the 
PC technology in the environmental manufacturing can-do to deliver the 
control system of the building where st-'f'iong goods. Without hitches, without sur-
you live.Or the medical imaging equip- i l.1. ~ prises, without fail. 
ment in the hospital where your neigh- So, as you look into developing 
borworks.Anddozensofotherplaces. b d • newproducts,orimprovingyourexist-

lnshort,NCR PC components and ing ones, look into NCR. For more 
technology are right for lots of different 0 1e js detai ls about how NCR PC technology 
applications beyond the world of PCs .I • can fit into your plans, call us at 
and data processing. 

That's because our PC technology is so versatile. 
Making the most of split board, surface mount and 

A SMART FOUNDATION 
TO BUILD ON. 

(513) 445-0670. 
And soon you, too, can have the strength of a 

body builder. 

NCR Corporation 
Personal Computer Division 

OEM/Technology Sales 
Dayton, Ohio 

45479 





Silicon • 
The most popular communication protocols are 

available in silicon to simplify your designs. 

With protocol controllers from Motorola, 
designing data communications is easier 
and their markets are more universal 
than ever before. Standard protocols are 
built into silicon so there's no need to 
burden your host. Built with Motorola's 
proven HCMOS technology, they offer 
the reliability you've come to expect and 
the advanced designs you demand. 

Communicate now with our 
family of protocol controllers. 

Our M68000 Family offers three dif
ferent protocol controllers to handle all 
your data communication needs; whether 
it's across the building or around the 
world there's a Motorola device that will 
make your job easier. With our '68000 
Family you can choose the protocol and 
system designs that get you on line 
quickly and economically. 

X.25 Protocol Controller 
1984 CCITT X.25 LAPB. 

The MC68605 Protocol Controller 
(XPC) implements the 1984 CCITT 
Recommendation X.25 Link Access Pro
cedure Balanced (LAPB) for U.S. and 
European Tl applications. By generating 
link-level commands and responses, the 
XPC relieves the host processor of com
munication link managerial tasks. It's 
also fully DON certifiable. 

Our XPC features an optional trans
parent mode which allows the implemen
tation of other HDLC-based protocols, 
with user generation of all frames. The 
XPC handles full-duplex synchronous 
serial data rates up to a maximum 10 
Megabits Per Second (Mbps) for high
speed computer links. 

Multi-link LAPD Controller 
CCITT Q.920/Q.921 LAPD. 

The MC68606 Multi-link LAPO 
(MLAPD) Protocol Controller fully imple
ments CCITT Recommendation Q.920/ 
Q.921 Link Layer Access Procedure 
(LAPD) protocol for ISON networks. The 
MLAPD is designed to handle both sig
nalling and data links in high-performance 
ISON primary rate applications. 

This VLSI device provides a cost
effective solution to ISON link-level pro
cessing with simultaneous support for 
up to BK logical links. The MC68606 
is an intelligent communications protocol 
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controller compatible with AT&Tspecifi
cations for ISON devices and features 
low power consumption and high perfor
mance, with an aggregate data rate in 
excess of 2.048 Mbps. 

Token Bus Controller 
IEEE 802.4 MAC. 

The MC68824 Token Bus Controller 
(TBC) is the only single-chip solution to 
implement the IEEE 802.4 Media Access 
Control (MAC), specified by Manufac
turing Automation Protocol (MAP). The 
TBC implements four levels of message 
priority and the Request With Response 
(RWR) frame type to meet the real-time 
needs of factory floor communications 
and MAP3.0. 

The TBC conforms to the IEEE 802.4G 
standard MAC to Physical layer serial 
interface to support broadband, carrier
band, and fiberoptic networks. TheTBC's 
low power consumption coupled with 
its extended temperature range versions 
make it ideally suited for factory auto
mation applications. 

Token Bus Frame Analyzer 
Software speeds development 
of token bus networks. 

The MC68KTBFA Token Bus Frame 
Analyzer Software (TBFA) is a real-time 
software tool that speeds development 
of token bus networks. The TBFA keeps 
track of statistics while monitoring 
network performance. By using the 
simple menu-driven interface, the user 
can define triggers to selectively store 
and display frames, creating a powerful 
tool for network analysis. 

The TBFA is a set of four EPROMs 
which runs on a VMEbus MVME372 
Token Bus Controller board and requires 
a modem, a VTlOO terminal, and a power 
source. The cost-effective TBFA sells for 
about one-tenth the cost of existing 
token bus protocol analyzers. 

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

designing-in Motorola's M68000 Family 
of protocol controllers. 

1-800-521-6274 
Call toll-free any weekday, 

8:00 a.m. to 4:30 l A i..., 
p.m., M.S.T. If the V ~ fe 
call can't cover ~~f 
your needs, we'll • • 
have a local appli- l n-1 n 
cations engineer be m 
contact you. • 

®MOTOROLA 

r------lliMo~~~ko~~~~~~~------, 
I PO. Box 20912, Phoenix, AZ 85036 I 
I Please send me information on the following: I 

O MC68606 Multi-link LAPD Protocol Controller 0 MC68824 Token Bus Controller I 
I =::::-..:;,:_,_ O MC68KTBFA Token Bus Frame Analyzer 0 MC68605 Protocol Controller (X.25) 

I 335 EON 100187 I 
Name--------------------

: ~ Title : 

I Compony I 
I Address I 
I City Stote Zip I 
I I 
L------ ~=~--~-------------~ 
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READERS' CHOICE 
Of all the new products covered in ED N's July 23, 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 
July 23, 1987, issue. 

2, 7 ARLL CONTROLLER BOARDS 
The ACB-238X controllers for the IBM PC/ AT utilize 
2, 7 ARLL (advanced run-length-limited) encoding to 
increase both the data capacity and transfer rate of a 
drive by 100% (pg 112). 
Adaptec Inc. 
Circle No 601 

HUMIDITY SENSOR 
You can use the RH-8 sensor and 
the SCMC signal-conditioning mi
crocircuits for constructing humidi
ty transmitters (pg 197). 
General Eastern Instruments. 
Circle No 602 
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_,.. DATA-ACQUISITION 
SOFTWARE 

Measure is a software package for 
personal computers that lets you 
acquire data via the Metrabyte 
DAS-16 and DAS-16F boards and 
store the values directly in the 
vendor's 1-2-3 spreadsheet 
(pg 244). 
Lotus Development Corp. 
Circle No 603 

.A. INSTRUMENTATION BUS 
The Model 680 instrument system incorporates a pro
prietary 32-bit bus based orl the VME Bus and called 
the HMIB (high-speed modular instrument bus) 
(pg 267). 
Wavetek. 
Circle No 604 
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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 VAXTM 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, Digital:' 

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 ,,o~on~n™ 
01742 . Or call your local Digital sales office. ~ ~ u~ 

©Digital Equipme111 Corpur:.uion 1987 The Digilal logo :ind VAX :ire trademarks of Oigil :1I Equipmen1 Corporation Dracula is a trademark of ECAD, Inc 
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LEADTIME INDEX 

ITEM 

TRANSFORMERS 
Toroidal 

Pot-Core 

Laminate (power) 

CONNECTORS 
Military panel 

Flat/Cable 

Multi-pin circular 

PC 

RF/Coaxial 

Socket 

Terminal blocks 

Edge card 

D-Subminiature 

Rack & panel 

Power 

0 25 50 25 

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 
37 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 

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 
Switcher 

Linear 

CIRCUIT BREAKERS 

HEAT SINKS 

RELAYS 
General purpose 

PC board 
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3 35 48 14 

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 

20 33 27 20 

10 40 30 20 

16 47 21 16 

11 56 28 5 

32 37 21 10 

10 37 21 32 

0 

8 

6 

0 

0 

0 
0 

0 

0 

0 

0 

0 

8 
0 

0 

0 

0 

0 

0 

0 

0 

0 
5 

0 

0 

0 

0 
0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

5 

0 
0 

0 

0 

0 

0 

Percentage of respondents 

0 8.6 5.9 

0 9.7 7.7 

0 9.2 6.7 

0 9.9 5.3 

0 5.0 4.3 

0 6.6 7.9 

0 5.8 5.6 

0 5.6 6.6 

0 4.1 5.2 

0 4.3 5.7 

0 7.0 5.8 

0 6.4 6.3 

0 8.9 7.7 

0 5.7 6.9 

0 5.3 4.9 

0 7.0 5.2 

0 9.3 8.1 

0 4.1 3.8 

0 3.7 3.1 

0 3.3 3.2 

0 4.1 3.5 

0 6.0 2.8 

0 7.2 6.6 

0 4.5 6.9 

0 6.3 5.1 

0 4.2 2.6 

0 6.4 5.6 

0 6.2 6.7 

0 6.4 5.0 
0 9.3 6.4 

0 7.0 5.5 

0 7.1 5.8 

0 6.9 5.9 

0 4.3 2.8 

0 5.1 4.1 

0 6.2 3.8 

0 2.8 1.6 

0 2.3 5.0 

0 6.0 4.4 

0 6.2 7.4 

0 6.7 8.2 

0 5.6 7.5 

0 4.8 4.8 

0 4.4 6.1 

0 7.7 7.4 

ITEM 

RELAYS 
Dry reed 

Mercury 

Solid state 

0 

17 

8 

50 17 33 0 0 8.0 7.9 

33 17 33 0 0 7.5 7.6 

50 17 17 8 0 7.5 6.0 

DISCRETE SEMICONDUCTORS 
Diode 39 29 21 7 0 4 4.8 8.0 

Zener 37 26 21 11 5 0 5.4 7.4 

Thyristor 8 25 42 25 0 0 8.0 6.6 

Small signal transistor 9 37 27 27 0 0 7.5 5.5 

MOSFET 15 23 31 31 0 0 7.9 6.2 

Power, bipolar 20 20 20 40 0 0 8.4 5.4 

INTEGRATED CIRCUITS, DIGITAL 
Advanced CMOS 8 17 50 25 0 0 8.4 11 .7 

CMOS 26 21 32 21 0 0 6.4 8.9 

TTL 27 27 26 20 0 0 6.0 6.5 

LS 44 6 25 25 0 0 6.1 6.6 

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 

37 

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 0 

Converter, analog to digital O 

Converter, digital to analog 0 

LINE FILTERS 
20 

CAPACITORS 
Ceramic monolithic 28 

Ceramic disc 38 

Film 38 

Aluminum electrolytic 18 

Tantalum 35 

INDUCTORS 
21 

11 56 22 0 0 8.2 6.3 

21 36 29 0 0 7.9 7.9 

26 42 11 0 0 5.8 6.8 

2030 30 0 0 7.7 7.9 

15 39 23 0 0 7.1 8.3 

0 27 27 9 0 8.7 7.8 

17 33 17 16 0 10.0 8.8 

0 50 20 0 0 7.1 9.0 

14 36 29 0 0 7.7 9.4 

8 42 33 0 0 8.8 8.8 

12 50 25 0 0 8.3 13.9 

20 40 30 0 0 8.5 12.3 
30 30 30 0 0 8.0 13.0 

29 21367 0 9.9 6.6 

0 40 60 0 0 12.5 10.1 

29 14 43 0 0 8.6 7.6 

15 20 35 0 0 7.5 6.0 

27 33 40 0 0 9.7 9.9 

33 33 20 0 0 6.8 8.9 

13 47 27 0 0 8.3 8.1 

9 36 46 9 0 12.5 8.5 

22 45 33 0 0 9.4 7.5 

20 50 30 0 0 9.3 8.3 

25 50 25 0 0 8.6 8.3 

0 60 20 0 0 7.9 7.9 

32 32 8 0 0 4.8 5.9 

19 33 10 0 0 4.7 6.0 

19 31 12 0 0 5.0 7.3 

41 27 14 0 0 5.5 8.2 

15 35 15 0 0 5.6 7.3 

22 43 14 0 0 6.3 5.8 

Source : Electronics Purchasing magazine's survey of buyers 
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SIEMENS 

Siemens Components invites you to THE ISDN Seminars 

ISDN SOLUTIONS TO THE DESIGN CHALLENGE 
The age of the Integrated Services Digital Network 
is here. And Siemens, a world leader in VLSI 
component technologies for advanced ISDN 
applications, cordially invites you to attend one of 
our two-day seminars on the latest ISDN 
advances. 

Each seminar will feature different speakers, and 
cover a range of topics including: 
• Field Trials 
•VLSI solutions for ISDN-basic and primary 

rate access 
• Future ISDN ICs 
• Design specific presentations 
• Applications presentation and demonstrations 

on new ISDN evaluation boards 
• Software-Level 1 f rant end drivers, Level 2 LAPD, 

and Level 3 Call Control (both generic and switch 
specific) 

• ISDN testers 

Siemens Seminars ... 
Where and When for ISDN 

Boston, MA 
Los Angeles, CA 
Chicago, IL 

October 26 & 27 
November 3 & 4 
November 10 & 11 

For additional information on the seminar of 
your choice and for hotel details call the number 
below. 

Registration Fee of $125 per person also 
includes comprehensive literature packet 
(copies of presentation, technical product 
information, and more): continental breakfasts, 
luncheons, and dinner with keynote speaker. 
Seating is limited, so don't delay! 

Register today for the 
Siemens ISDN seminar nearest you: 
CALL 1·800·227·1817 Ext.96 
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VACREClets you design more electrical 
The petfonnance of VACREL gives you the added 
design freedom you need when using sutface-mount 
technology (SMT), the state of the art in printed wiring 
board and printed wiring assembly design. 

Du Pont VACREL photopolymer film solder 
masks totally encapsulate fine-line circuits with a 
tough, uniform, high-resolution photopolymer film 
that provides excellent dielectric, mechanical, and 
electrical protection. 

Because VACREL is uniformly thick, it consis
tently covers without skips, pinholes, or voids in a 
single pass-unlike screened or photoimageable 
liquid systems. 

Tighter designs, better use of real estate. 
Tighter designs are possible due to accurate 

image registration and reproduction with masks of 
VACREL, even on large panels having two or more 

VACREL photopolymer film solder mask (left). Total encapsulation means less 
damage in assembly, greater reliability in use, and reduced potential for field failures. 

Screen-printed solder mask (right) may leave voids, pinholes, and incomplete 
encapsulation. 

circuit lines between pads and as little as 0.13-mm 
(5-mil) spacing between conductors. VACREL helps 
lower per-function cost by allowing more functions 
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Photograph is 13.47 times original size. 

functions into less real estate at less cost. 
per board, with high first-pass assembly yields, less 
solder bridging, fewer retests and rejects, and less 
potential for field failures. Lower incoming inspection 
costs are possible, thanks to the accuracy of VACREL. 

Accurate component location aids SMT design. 
For surface mounting, VACREL goes beyond 

tighter designs and maximized real-estate utilization. It 
tents via holes to prevent solder wicking, bridging, 
and shorting. Components may be placed directly 
over tented via holes, with virtually no chance of 
contamination from the other side. 

Because VACREL is photoimaged, a precisely 
shaped "well" for solder paste can be created, even 

with closely spaced pads, to ensure proper placement 
and alignment of components. VACREL is compati
ble with wave, vapor-phase, and infrared soldering 
systems. 

Send for VACREL design and productivity package. 
Send today for more information on designing 

printed wiring boards with VACREL. Write to Du Pont 
Company, Room G51085, Wilmington, DE 19801. 
Or call 800-527-2601, Extension 311 
VACREL photopolymer film solder 
mask is made only by Du Pont 
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SMT connectors can present you with a number of design 
considerations and tradeoffs that don't occur in through-hole ~ 
designs. By understanding the different solder techniques ~ ~ 
and physical configurations of SMT connectors, you can ~ J~" 
choose the right SMT connectors to maximize the con- KEEPING AMERICA 
nections' reliability yet minimize space on your board. COMPETITIVE 
JD Mosley, Regional Editor 

Converting your through-hole pc-board designs to 
surface-mount-technology (SMT) designs can give 
you a number of advantages. For one thing, it does 
away with the expense of creating plated through
holes in pc boards. The absence of these holes and 
the pads that would normally surround them in
creases the available surface area on both sides of the 
pc board and permits closer spacing of leads and 
components. You can often shrink the required board 
space for an SMT version of a circuit to less than half 
the area needed for a through-hole version. 

Besides being smaller, SMT boards are easier to 
route, because they don't require you to dodge 
plated holes, and they let you wire their internal 
planes more densely. The increased density can 
result in fewer wiring layers. Your design may still 
require vias; however, vias are much smaller than 
plated through-holes-you can route as many as 
seven 0.005-in. traces between 0.020-in. vias on 
0.100-in. centers. 

With the advantages of SMT come a number of 
tradeoffs, however. For one thing, connectors are the 
most difficult components to adapt to surface-mount 
technology. Because they're deprived of leads that 
anchor and stabilize, connectors with surface-mount 
solder joints can withstand only a fraction of the 
mechanical and thermal stresses that through-hole 
connectors can tolerate (Table 1). According to one 
estimate, a through-hole joint provides 15 to 20 times 
the mechanical strength of an SMT joint (Ref 1). 
Further, when you convert your designs from 
through-hole pc boards, which usually have the 
standard 100-mil spacing, to surface-mount circuits, 
which often have tighter centers, the SMT boards' 
shorter leads and traces may significantly alter im
pedance and timing specs. To make matters worse, 
SMT connectors lack standards: Manufacturers offer 
contact centers on spacings of various sizes, such as 
25, 33, 50, and 100 mils. 

Furthermore, making the transition from 
through-hole to SMT connectors includes not only 
the expense of learning new design techniques, but 
also the cost of converting from a wave-soldering 
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Preformed solder inlays mounted around each pin on these 
connectors from 3M allow the simultaneous reflow and bonding of 
the connectors' solder tails and surf ace-mount components during 
IR or vapor-phase reflow soldering. The vendor claims this 
scheme combines the speed and economy of reflow soldering with 
the bond strength of through-hole connector mounting. 

process to a reflow-soldering process. Although it's 
possible to wave-solder an SMT circuit, particularly 
in circuits that use both through-hole and SMT 
devices, the selection of SMT components that can 
withstand exposure to a 260°C wave of molten solder 
is limited. 

Connectors are particularly ill suited for such 
exposure. Female terminals tend to fill with solder, 
and many connectors are too tall to pass successfully 
through the solder wave on the bottom of a pc board. 
What's more, solder has a tendency to coat pins, 
ruining them for mating. 

To solve these problems, you can use one of several 
reflow-soldering techniques. Vapor-phase reflow sol
dering, for example, limits the maximum solder 
temperature to 215°C, provides uniform heating, 
and employs a nonoxidizing atmosphere. However, 
the technique also exposes the entire component to 
this temperature for as long as two minutes. Conven
tional housing materials can't withstand such heat, 
so you have to use components made from special 
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Connectors with surface-mount solder joints 
can withstand only a fraction of the me
chanical and thermal stresses that through
hole connectors can tolerate. 

high-temperature plastics, which may exhibit brittle
ness. Further, vapor-phase equipment and materials 
are more costly than the equipment and materials used 
in other soldering processes. 

Infrared (IR) reflow is less expensive than vapor
phase reflow, but it can cause uneven heating of the 
components and the board, both of which can absorb IR 
energy at varying rates. If you use IR reflow, there
fore , you must develop temperature profiles for each 
device on the board. 

The least expensive reflow process is conductive-belt 
reflow. To use this technique, you place a pc board (with 
components on only one side) onto a heat-conductive 
belt that passes over a hot plate. Conductive-belt reflow 
is slow and is limited to use with lightweight substrates; 
it's used primarily with ceramic substrates. 

One significant benefit offered by the vapor-phase 
and IR reflow-solder techniques is that they let you use 
all six sides of a pc board-an important consideration 
when you're positioning connectors. Placing a connector 
on the edge of the pc board lets you eliminate the 

Two posts act as positive mechanical hold·downs, providing added 
mechanical stability on these D-subminiature pc-board headers 
from AMP. The connectors are available as pin or socket headers, 
and you can use them with automatic-insertion equipment. 
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TABLE 1-COMPARISON OF THROUGH
MOUNT AND SMT SOLDER JOINTS 

THROUGH-MOUNT SURFACE-MOUNT 
PARAMETER SOLDER JOINTS SOLDER JOINTS 

SOLDER VOLUME 0.00038 IN.3 0.00004 IN .3 
SOLDER.JOINT 0.040 IN .2 0.0071 IN .2 

SURFACE AREA 
PULL STRENGTH > 20 LBS 4 TO 8 LBS 

(COURTESY DU PONT CONNECTOR SYSTEMS) 

solder-joint damage caused by sideways forces against 
the connector. 

The soldering technique is only one of your design 
considerations. Your connector choice may also depend 
on the shape of the leads you're able to use. Generally 
speaking, you'll probably choose a J-shaped lead, a butt 
joint, or a gull- or L-shaped lead. Modified versions of 

Floating contact legs ensure positive contact of Du Pont's sitrface
rnounted horizontal card connectors, even when you mount them on 
an uneven pc board. You can order either single- or double-row 
configurations and 0.38- or 0. 76- µm plating thicknesses. 

Many manufacturers offer leaded·chip-carrier sockets-such as 
th is modular J2 -pin socket frorn Methode Electronics-in both 
through-hole and surf ace-mount styles. 
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TABLE 2-FORCES ACTING ON 
INDIVIDUAL CONTACTS 

FORCE GRAMS OUNCES 

INSERTION FORCE-
PI N INTO TYPICAL RECEPTACLE 275 (MAX) 9.625(MAX) 

WITHDRAWAL FORCE-
PIN FROM TYPICAL RECEPTACLE 200 (MAX) 7.000 (MAX) 

FORCE TO PEEL OFF SOLDER TAIL-
VERTICAL DIRECTION 900 (M IN) 31.50 (M IN) 

FORCE TO SHEAR OFF CONTACT-
HORIZONTAL DIRECTION 1800 (MI N) 63.00 (M IN) 

(COURTESY DU PONT CONNECTOR SYSTEMS) 

these basic shapes abound; manufacturers are testing a 
variety of shapes for pull strength and pliancy. 

Oddly enough, butt joints present greater resistance 
to pulling force than do J- or L-shaped leads. In tests 
performed by AMP, a butt joint with two solder fillets 
withstood more than 5 lbs of pulling force. L-shaped 
leads withstood just over 4 lbs of vertical force, and 
J-shaped leads resisted 4 lbs. On the J leads, heel fillets 
provided virtually all the joint strength measured: 
With or without a toe fillet, the J-lead pulled free at 4 
lbs of force. 

Pliancy, however, is often more important than pull 
strength. Pliant leads ease the stress generated by 
thermal shock and mechanical forces. As long as a joint 
is strong enough to withstand the forces associated 
with mating and unmating (see Table 2), a low-strength 
joint with a pliant lead can tolerate more vibration and 
shock than can a higher-strength joint with a rigid lead. 
Butt joints are inherently less pliant than J- or L
shaped leads. The longer and more flexible the lead, the 

Integrating backplane and 110 connectors, the Consyse intercon
nect system from Fujitsu consists of a surface-mount socket and a 
pliant pin header for joining a daughter board with a mother 
board. 
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more pliancy it offers, and the smaller the chance that 
the solder joint will crack. 

Solder-joint cracking is a key concern in SMT-board 
design. Vibration and thermal cycling can propagate 
tiny cracks along the lead, resulting in contact failure. 
One solution to this problem is to use floating terminals. 
Under circumstances that would normally result in 
cracking, floating terminals can increase the life. of 
solder joints. For example, if you have to contend with a 
long connector or a flexible pc board, you can ensure the 
coplanarity of the leads by using a connector whose 
contacts float in the housing cavity. Leads with floating 
contacts maintain contact in spite of vibration, heat 
expansion, and board flexing; thus, they are preferable 
for board-to-board connections. Du Pont makes connec
tors with floating contact legs in single- or double-row 
configurations and 0.38- or 0. 76-µm plating thick
nesses. 

SMT connectors that sandwich a card edge can 
provide I/O connections at lead densities reaching 40 
leads/in. Teradyne's VHSICon line of high-density con
nectors includes such a model. Offered in configurations 
having 100 to 400 contacts on centers ranging from 50 to 
25 mils, these connectors are suitable for use with 
flexible circuit modules that are 0.150 to 0.350 in. thick. 

By placing connectors on both the front and back of a 
center plane or by using stacking connectors to stack 
the board in piggyback fashion, you can shorten com-

Suitable for use with controlled-impedance backpanels, Augatl 
Elfab's 6-row Double Din connector boasts a mere 0.070-in. variation 
in the length of its conductor paths. Offering a density of 60 contacts 
per linear inch, this connector provides 200 to 300 individually 
replaceable contacts that are available in a variety of lengths and 
plating options. 
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Although ifs possible to wave-solder an 
SMT circuit) the selection of SMT compo
nents that can withstand a 260° C wave of 
molten solder is limited. 

munication paths between boards, increase wiring effi
ciency, minimize the overall package, and lower costs. 
Teledyne Kinetics manufactures a line of surface-mount 
pc-board stacking connectors using what the company 
calls "pressure contacts," which deflect slightly, provid
ing concentrated contact force to the pads on the 
surface of the pc board. These connectors use a screw 
fastener to hold down the device and secure the parallel 
boards. 

Another way to increase the life of solder joints is to 
use a hold-down mechanism or strain relief. Such de
vices protect the solder joints by absorbing the forces 

associated with connector insertion and withdrawal. 
Furthermore, hold-downs can allow automatic-place
ment equipment to position the connector more accu
rately, and they keep the connector in place during the 
reflow process. They can also help overcome TCE 
(thermal coefficient of expansion) mismatch, which can 
occur in the solder joints of SMT connectors that are 
wave soldered. You can choose from a variety of devices 
for anchoring surface-mount connectors to the pc board 
(Table 3). 

Other devices can help connectors that mate two pc 
boards resist undesirable forces. For example, you can 

REPRESENTATIVE SURFACE-MOUNT CONNECTORS 

CONNECTOR 
MANUFACTURER MODEL TYPE 

ADVANCED 1586-XX PLCC ADAPTER 
INTERCONNECTIONS 

AMP MOD IV VERTICAL 
RECEPTACLE 

AMPLIMITE D-SUBMIN-
IATURE 

HPT PLCC SOCKET 

GOLD/GOLD PLCC SOCKET 

MODULAR PC BOARD 110 
JACK 

DIPLOMATE DIP SOCKET 
SL 

MATE-N- HEADER 
LOK 

AUGAT/ELFAB 4-ROW BOX BOARD TO 
BOARD 

DOUBLE· BOARD TO 
DIN BOARD 

FUJITSU CONSYSE BACKPLANE 
1/0 

ITT CANNON D-SUB D-SUBMIN-
IATURE 

G60 DIN 
EUROCARD 

LCS PLCC SOCKET 

METHODE 213 SERIES PLCC SOCKET 

500/501 BOARD TO 
BOARD 

NEPENTHE IC61 SOCKET 

TELEDYNE SURFACE STACKING 
KINETICS STACK 

TERADYNE VHSICON HIGH-DENSITY 

3M DHT 3500 LOW-PROFILE 

2-0068-05405 PLCC SOCKET 

NOTES: 
N/A=NOT AVAILABLE 
PLCC=PLASTIC LEADED CHIP CARRIER 
PWB= PRINTED WIRING BOARD 
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PWB CONTACT 
NUMBER OF CENTERS 
CONTACTS (IN.) 

20 TO 124 0.100 

10 TO 64 0.100 

9 TO 37 0.054 

20 TO 84 0.050 

20 TO 84 0.050 

2 TO 8 0.050 

14 TO 40 0.100 

4 0.200 

200 TO 300 0.050 

200 TO 300 0.050 

256 0.100 

9 TO 25 0.104 

32 TO 96 0.100 

44 TO 84 0.100 

28 TO 84 0.050 

25 TO 50 0.050 OR 0.100 

32 0.050 

10 TO 64 0.050 TO 0.100 

100 TO 400 0.050 

2TO 72 0.100 

68 0.100 

CONTACT CURRENT 
RESISTANCE INSERTION WITHDRAWAL RATING 

(fl) FORCE FORCE (A) PRICE 

0.005 2.50Z 1.50Z 1 $15 

0.012 9.00Z 1.50Z 1.5 $3.54 
(25 MILLION) 

O.Q15 120Z 0.75 oz 2 $3 
(MAX) (M IN) (10 MILLION) 

0.012 N/A N/A N/A $2.24 
(10,000) 

0.025 N/A N/A N/A $3.52 
(10,000) 

0.020 2 LBS 20 LBS (M IN) 1.9 $0.50 
(MAX) (100 MILLION) 

0.020 N/A N/A 1 $1.26 
(28-CONTACT 

SIZE) 
0.025 5 LBS 1 LB (MIN) 5 $0.43 

(MAX) (25,000) 

O.Q15 1.80Z 1.00Z 3 $0.09/MATED 
PAIR 

O.Q15 1.80Z 1.00Z 3 $0.17/MATED 
PAIR 

0.030 10 LBS 6.6 LBS (MIN) 1 $0.35/ 
(MAX) CONTACT 

0.050 120Z 180Z 3 $3.70 
(25-LINE SIZE) 

O.Q1 5 5.50Z 20Z 3 $4.50 
(96-LINE SIZE) 

0.030 N/A N/A 1 $4 
(84-LINE SIZE) 

O.Q15 8 OZ (MAX) 2 oz 3 $0.035/ 
CONTACT 

0.005 0 0 2 $6 (OEM QTY) 

30 (MAX) 4 LBS 1.5 LBS N/A $5.88 (250) 
(MAX) (MIN) 

0.050 0 0 4(MAX) $1.30 TO $34 

O.Q1 5 2.25 oz 3.5 OZ (MIN) 3 $70 TO $1509 
(MAX) 

N/A NIA NIA 3 FROM $1.40 
(1000) 

0.010 NIA N/A N/A $6.78 (100) 
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We wouldn't want them to. 

At ITT Cannon, our best 
solutions come from a strong 
working relationship with 
our customers. As your project 
partner, we customize our 
interconnect designs to fit 
your specific needs - unlike 
some companies who merely 
modify existing connectors 
for a quick answer. 

When Cannon engineers 
get involved with your proj
ect early on, the collective 
exchange creates better ideas 
and in turn, better products. 

That's why strategic part· 
nerships are pretty important 
in our book. 

Not only with our 
customers, but among our 
own engineers worldwide. 
In fact, our North American 
divisions regularly exchange 
data with our Cannon counter· 
parts in Europe and Asia, 
creating an international net· 
work of information available 
to all our customers, multi· 
national or local. 

Strategic partnerships. 
Customized solutions. Part 
of the new story at Cannon. 

Talk to us. 

Worldwide Headquarters 
10550 Jalbert Ave. 
Fountain Valley, CA 92 708 
Or call (714) 964·7400 

ITT CANNON 
We're making progress. 

Not excuses. 

CIRCLE NO 61 



Vapor-phase reflaw soldering limits the 
maximum solder temperature to 215° c) 
provides uniform heating) and employs a 
nonoxidizing atmosphere. 

obtain mechanical ejectors that release connectors with 
a minimum of force, mechanical card guides that ensure 
the planarity of boards joined at right angles, and tip-in 
mechanisms that ensure the accurate location of paral
lel-board connectors. You can also protect SMT connec
tors from force by using two connectors, one on each 
side of a parallel daughter board. 

If you have a complex connector problem, you can use 
computer analysis to perform 2- and 3-dimensional 
finite-element modeling. Finite-element modeling pro
grams (available from CAD vendors) let you precisely 
define the solder interconnections that best comple
ment the connector geometries, lead/board interaction, 
lead platings, housing materials, and environmental 
factors that will affect your circuit. 

Regardless of the soldering process or lead design 
you select, you must always make provisions for visual 
inspection of the joint. Although connector housings 
that rest squarely upon the pc board may greatly 
stabilize the connector against twisting loads, they may 
prove to be a disadvantage if they prevent you from 
easily identifying poor solder joints. L-shaped leads 
offer the best shape for solder-joint inspection and 
repair, and they also have greater pull strength. Gull-

wing leads add increased pliancy to the benefits of the 
L shape. J-shaped leads, however, occupy less board 
space. EDN 

Manufacturer's box begins on pg 150 
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Article Interest Quotient (Circle One) 
H igh 497 Medium 498 Low 499 

TABLE 3-VARIOUS STRAIN RELIEFS FOR SMT BOARDS 

* ~ ~g ~~ ~ g ~ $ ®= ~ 
HEAT-

NUT AND METAL PLASTIC PRESS HEAT STAKE PRESS-FIT BOTTOM TWO-
BOLT RIVET CLIP CLIP FIT STAKE INSERT INSERT UP PIECE 

ALIGNMENT DURING ASSEMBLY • • • • • 
COMPRESSES LEADS TO BOARD • • • • • • • • 
PREVENTS BOARD BOW • • • • • • • 
PREVENTS ROCKING • • • • • • • • 
PREVENTS UNMATING STRESS • • • • • • • • 
PERMITS THERMAL EXPANSION • • • • • • • 
0.100:t:0.003-IN. HOLE • • • • • • • • • 
MOUNTING EARS REQUIRED • • • 
EASILY REPAIRABLE • • • • • • • 
WEAKENED BY HEAT • • • 
NONINDUCTIVE • • • • • • • 
SUITABLE FOR HAND ASSEMBLY • • • • • • 
AUTOMATION POTENTIAL • • • • • • 
ASSEMBLY TOOLING NEEDED • • 
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Augat offers the answer fOr putting 
a square peg into a round hole. 
New Densepak"' adaptors 

bridge the gap between existing 
technologies and emerging ones. 

expense of new multi-layer surface 
mount or through-hole boards 
upfront. And still be able to use user

friendly packaging 
panels for prototyping 
designs. 

Augat Densepak 
adaptors enable you to 
plug the new, highly 
advanced, irregular geom
etry IC components
surface mount, pin grid, 
fine line chip carrier pack
aging and many others
into existing circuit 
boards. For modifying, 
upgrading or developing 
new applications. 

DENSEPAK adaptors design uses no 
more than 25% board space than the 
actual chip by muting the traces under 
the chip. 

All the possibili
ties are outlined in our 
new Engineering Data
book: the only compre
hensive data source 
available on how to 
adapt new components 
to old boards. Free for 

With Densepak adaptors, you can 
evaluate circuit performance easily and 
economically. You can prototype how
ever you like and incorporate the latest, 
most sophisticated packaging into your 
designs. Now. Without going to the 

U.S. and /11tematio11a/ Patents lssued. 

EDN October 1, 1987 

the asking. Send 
in the coupon or call our 
literature depart
ment at (617) 
222-2202. 

Densepak 
adaptors. 

CIRCLE NO 62 

Your bridge to the future, now. From the 
people who know where you want to go. 
Augat. Innovation that works. 
,-----------

1 

I'm ready to use tomorrow's technology 
today. Send me a copy of your new Engi-

1 neering Databook showing how Densepak 
I adaptors can make it possible. EDN1001s1 

I Name ___________ _ 
Title ___________ _ 

I Company __________ _ 

I Street Address ________ _ 

I City State __ _ 
I Zip Telephone _____ _ 
I Mail to: Augat, Inc. Interconnection Compo-

nents Division, 33 Perry Avenue, Attleboro, 
MA 02703 (617) 222-2202. 

TWX: 710 391 0644 

rm7n INTERCONNECTION 
~ COMPONENTS 
Quality and Innovation 
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Manufacturers of surface-mount connectors 
For more information on surface-mount connectors, contact the following manufacturers directly or circle the 
appropriate numbers on the Information Retrieval Service card. 

Adva nced Interconnections 
5 E nergy Way 
West War wick, RI 02893 
(401) 823-5200 
TWX 910-240-3454 
Ci rcle No 650 

Ai rborn Inc 
4321 Airborn Dr 
Addison, TX 75001 
(214) 931-3200 
TLX 794200 
Circle No 651 

Allied Amphenol Products 
4300 Commerce Ct 
Lisle, IL 60532 
(3 12) 983-3500 
Circle No 652 

Alpha Products Inc 
5740 Corsa Ave 
Westlake Village, CA 91362 
(2 13) 889-9304 
Circle No 653 

Amla n Inc 
97 Thornwoocl Rd 
Stamford , CT 06903 
(203) 322-1913 
TLX 643647 
Circle No 654 

AMP Inc 
Eisenhower Blvd 
Harrisburg, PA 17105 
(717) 564-0100 
Circle No 655 

Aptronics Corp 
Box 270 
Mentor , OH 44060 
(216) 354-9239 
TWX 910-997-2743 
Circle No 656 

Aries E lectronics Inc 
Box 130 
F renchtown, NJ 08825 
(201) 996-6841 
Circle No 657 

Augat Inc 
Components Div 
Box 779 
At tleboro, MA 02703 
(617) 222-2202 
TWX 710-391-0644 
Ci rcle No 658 

Auto/Swage Prods 
726 River Rel 
Shelton, CT 06484 
(203) 929-1401 
Circle No 659 

Belden Inc 
2000 S Batavia Ave 
Geneva, IL 60134 
(312) 232-8900 
Circle No 660 

Bevmar Industries 
1 J ohn Clarke Rd 
Aquiclneck Industrial Park 
Middletown, RI 02840 
(401 ) 849-4803 
Ci rcle No 661 

Bice-Vero Electronics Inc 
40 Lindeman Dr 
Trumbull , CT 066l! 
(203) 288-8001 
Circle No 662 

Burndy Corp 
Richards Ave 
Norwalk , CT 06852 
(203) 838-4444 
Circle No 663 

Carrot Components Corp 
750 W Ventura Blvd 
Camarillo, CA 93010 
(805) 484-0540 
TWX 910-336-1237 
Circle No 664 

Conductive Rubber Technology 
1235 Coast Village Rel 
Santa Barbara, CA 93108 
(805) 969-5805 
TLX 658305 
Ci rcl e No 665 

Connector Corp 
6025 N Keystone Ave 
Chicago, IL 60646 
(312) 539-3108 
TWX 910-221-6059 
Circle No 666 

CTS Fabri-Tek Connector Inc 
9210 Science Center Dr 
New Hope, MN 55428 
(612) 533-3533 
Ci rcle No 667 

Da le E lectronics Inc 
E Highway 50 
Yankton, SD 57078 
(605) 665-9301 
Circle No 668 

Deutsh Engineered Connecting Devices 
Municipal Airpm·t 
Banning, CA 92220 
(714) 849-7822 
Circle No 669 

Du Pont Connector Systems 
30 Hunter Lane 
Camp Hill , PA 17011 
(717) 975-2000 
Ci rcle No 670 

EBM Industries Inc 
525 New Britain Ave 
Unionville, CT 06085 
(203) 674-1515 
TWX 710-423-8723 
Ci rcle No 671 

E by Co 
2751 Southampton Rd 
Philadelph ia, PA 19154 
(215) 969-4200 
TWX 71 0-670-0452 
Circle No 672 

Edac Inc 
20 Rails icle Rd 
Don Mills, Toronto 
M3A IA4, Canada 
(4 16) 445-2292 
TWX 610-492-1 398 
Ci rcle No 673 

Elco Cor p 
Connector Div 
Huntingdon Industr ial Park 
Huntingdon, PA 16652 
(814) 643-0700 
Circle No 674 

E lectrovert Inc 
4fi6 Main St 
New Rochelle, NY 10801 
(914) 633-0222 
Circle No 675 

E lfa b Corp 
1097 Yates 
Lewisville, TX 75067 
(214) 221-8776 
(800) 527-0753 
Circle No 676 

Fuj itsu Component of America 
3320 Scott Blvd 
Santa Clara , CA 95054 
(408) 562-1000 
Circle No 677 

Genera l Sta ple-Autosplice Div 
59-12 37th Ave 
Woodsi<1 e. NY JJ377 
(212) 429-0500 
TLX 420902 
Circle No 678 

GT E Prod ucts Corp 
Connector Products Operation 
Box 29 
Titusville, PA 16354 
(814) 589-7071 
Ci rcle No 679 

Hughes Aircra ft Co 
Connecting Devices Div 
17150 Von Karman Ave 
Irvine, CA 92714 
(714) 660-5788 
Ci rcle No 680 

Hypertronics Corp 
16 Brent Dr 
Hudson, MA 01749 
( 61 7) 568-0451 
TLX 951152 
Ci rcle No 681 

Interconics 
610 B1·emer Tower 
St Paul , MN 55101 
(612) 228-6512 
Circle No 682 

In terconnection Technology Inc 
5542 Buckingham D1· 
Huntington Beach, CA 92649 
(714) 891 -5305 
Circle No 683 

International E lectronic Research Corp 
135 W Magnolia Blvd 
13urbank , CA 91502 
(2 13) 849-2481 
Circle No 684 

ITT Cannon 
Box 8040 
Fountain Valley, CA 92708 
(71 4) 964-7400 
Circle No 685 

J S Termina l Corp of America 
1380 Brummel Ave 
E lk Grove Village, IL 60007 
(312) 956-7715 
TLX 210015 
Circle No 686 

Kel-Am Inc 
23685 Birtcher Dr 
Suite A 
El Toro , CA 92630 
(800) 223-2001 
Circle No 687 

Kyocera International Inc 
Industrial Ceramics Div 
8611 Balboa Ave 
San Diego, CA 92123 
(619) 576-2600 
Circle No 688 

LEMO USA Inc 
Box 11006 
Santa Rosa, CA 95406 
(707) 578-88l! 
Circle No 689 

Masterite Industries 
2841 Lomita Blvd 
Torrance, CA 90505 
(213) 775-3471 
Circle No 690 

Methode E lectronics Inc 
Connector Div 
7447 W Wilson Ave 
Chicago, IL 60656 
(312) 867-9600 
Ci rcle No 691 

Midla nd-Ross Corp 
Electronic Connector Div 
l Alewife Pl 
Cambridge, MA 02140 
(617) 491-5400 
Circle No 692 

Milton Ross 
511 2nd St Pike 
Southampton , PA 18966 
(215) 355-0200 
Ci rcle No 693 

Molex Inc 
2222 Wellington Ct 
Lisle, IL 60532 
(312) 969-4550 
Ci rcle No 694 

Mouser E lectronics 
11433 Woodside Ave 
Santee, CA 92071 
(619) 449-2222 
Circle No 695 

NEC E lectronics Inc 
401 Ellis St 
Mountain View, CA 94039 
(4 15) 960-6000 
Circle No 696 

Nepenthe/Yama ichi 
2471 E Bayshore 
Suite 520 
Palo Alto, CA 94303 
(415) 856-9;'!32 
TWX 910-373-2060 
Circle No 697 

Continued on pg 152 
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IF YOU'RE 
WASTING TIME 

LOOKING FOR THE 
BROADEST LINE OF 

SMD® PASSIVES, 

CUT IT OUT! 
•••••••••••••••••••••••••• 
• Mail to: Mepco/ Centralab, Inc., Attn : Corp. Advertising 
• 2001 W. Blue Heron Blvd. , Riviera Beach, FL 33404. 

• Mail this coupon today to requ est your personal copy of the new Mepco / Centralab 
Surface-Mount Device Catalog, containing important design, performance and speci-

• tying data on America's broadest line of SM D® passive components: 

• 
• Tantalum and monolithic ceramic chip capacitors Name • 
• A luminum electrolytic capacitors ---------------

• • Thick -film and precision metal -film resistors Title • 
• Power resistors 

II • High -performance trimmers Company II 
• Or ask for our valuable data book on leaded resistors Dept./ Div. • 

and capacitors. Address / MS 

• Please send me these specification guides: City • 
• D 1987 Surface-Mount Device Catalog • 

D Resistor / Capacitor Data Book State / Zip 

• EDN100187 • 

.............. = .............. ~ .... ~ .. ~--~----~~~~c~~ : 
THE ACTIVE LEADER IN PASSIVE COMPONENTS 

' SMD is a service mark of North American Philips Corporation . 

CIRCLE NO 63 
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Manufacturers of surface-mount connectors (Continued) 
Pandui t Corp 
Electl'Onics Gl'Oup 
17301 Ridgeland Ave 
Tinley Park, IL 60477 
(312) 532-1800 
Circle No 698 

PCK Elastomer ics Inc 
333 Byberry Rd 
Hatbol'O, PA 19040 
(215) 672-0787 
TWX 510-665-6822 
Circle No 699 

P recision Connector Designs lnc 
5 Lowell Ave 
Winchester, MA 01890 
(617) 721-1280 
Circle No 700 

Robinson Nugent Inc 
800 E 8th St 
New Albany, IN 47150 
(812) 945-0211 
Circle No 701 

Samtec Inc 
Box 1147 
810 Progress Blvd 
New Albany, JN 47150 
(812) 944-6733 
TLX 333918 
Circle No 702 

Security Plasti cs Inc 
14427 NW 60th Ave 
Miami, FL 33014 
(305) 823-5440 
Circle No 703 

Shin-Etsu Polymer America Inc 
1181 N Fourth St 
San Jose, CA 95112 
(408) 947-0:m 
TLX 408-947-1332 
Circle No 704 

Siecor Corp 
GlO Siecor Park 
Hickory, NC 28603 
(704) 324-0070 
Circle No 705 

SI Industries, Connector ))iv 
15251 Roosevelt Blvd 
Clearwater, FL 33520 
(813) 536-5933 
Circle No 706 

Si-Tac Connectors Inc 
Building 209 
15251 Roosevelt Blvd 
Clearwater, FL 33520 
(813) 536-5933 
TLX 808730 
Circle No 707 

Souriau Inc 
25158 A venue Stanford 
Valencia, CA 91355 
(805) 257-4830 
TWX 910-336-1553 
Ci rcle No 708 

Taiwan's No. 1 
in Membrane 
Switches 
Our main product lines are membrane 
keyboard switches, name p lates and 
flexible PC board. Consistent qua lity, 
punctural delivery and reasonable 
prices qualify us to be your reliable 
supplier of these products in. Asia . 
For full information, contact us today 

Manufacturer & ExportE:r 

ANE 

No. 2-1. Lane 67. Hsinshu Rd . . Hsin Chuan 

Taipei Hsien. Taiwan. R.O .C . 
Tel : (02) 9060444. 9036471 
Telex: 29768 MARSTWN 
Attn: TAl-TRONIC 
Fax: 886-2-901793 1 

3M Electronics Products Div 
Box 2963 
Austin , TX 78769 
(512) 8:34-6563 
Circle No 709 

T&B/Ansley Electron ics Div 
920 Route 202 
Raritan, NJ 08869 
(201) 469-4000 
Circle No 710 

Teledyne Kinetics 
410 S Cedros 
Solana Beach, CA 92075 
(619) 755-1181 
TWX 910-322-1135 
Circle No 711 

Teradyne Connection Systems Inc 
44 Simon St 
Nashua, NH 03060 
(603) 889-5156 
TWX 710-228-1431 
Circle No 71 2 

Thomas & Betts Corp 
920 Rte 202 
Raritan, NJ 08869 
(20 I ) 469-4000 
Circle No 71 3 

152 CIRCLE NO 24 

Vernitron Corp 
Beau P1·oducts Div 
Box IO 
Laconia, NH 03247 
(603) 524-5101 
Circle No 714 

Viking Connectors Inc 
21001 Nordhoff St 
Chatsworth, CA 91311 
(818) 341-4330 
TWX 910-494-2094 
Circle No 715 

WECO Electrical Connectors Inc 
Trimex Bldg 
Rte 11 
Mooers, NY 12958 
(518) 298-4810 
TLX 05821840 
Circle No 716 

We lls Electronics Inc 
1701 S Main St 
South Bend, IN 46613 
(219) 287-5941 
TLX 258325 
Circle No 717 

Winchester Electronics 
Main St and Hillside 
Oakville, CT 06799 
(203) 755-5000 
Circle No 718 

EDN October 1, 1987 



S urface mount technology 
has assumed a strategic role in 
electronics. 

To survive in the marketplace , 
more and more products need the 
cost savings, space efficiency and 
high performance of the surface 
mounted designs you're creating 
today . 

When your circuits call 
for surface mounted trimming 
potentiometers and resistor 
networks, the answer is Bourns. 
Survival gear. 

Customerized Technology : 
The Bourns Advantage 

Bourns-more than any other 
resistive component manufacturer
has taken surface mount technology 
and optimized it to your manufac-

NEWSMD 
catalog with easy
to-use selection 
guide available 
now. Call (714) 
781-5050 or the 
local office for 
your FREE COPY! 

SMD 

turing processes. We call it 
" customerized technology" and it 
means that you can be sure our 
components will work smoothly 
with your onsertion equipment; that 
it will stand up to the new-and 
hotter-SMD soldering techniques ; 
and, that they will survive vigorous 
boardwashing. Customerized 
technology means that before we 

design our product we even 
take into consideration how 

you test the board. 

There' s No Equivalent 
Today you can select from 

more than 15 styles from Bourns 
Trimpot including the new 3304, 
the first 4mm model that's both 
SMD compatible and automation 
friendly . 

Bourns has also developed an 
extensive line of surface mount 
resistor networks . Included in the 
line are both molded PCC, SOIC, 
and now SOJ styles in standard 
JEDEC packages . All in all , nobody 
serves up SMD technology in so 
many ways. 

Bourns always makes the extra 
effort. There 's no equivalent. 

BOURNS TRIMPOT 
BOURNS NETWORKS 

After 40 years, there's still no equivalent. 

Bourns. Inc. , 1200 Columbia Avenue, Riverside, California 92507 ; (714) 781·5050: TLX : 676·423: TWX: 910·332·1252: FAX: 714·781 ·5700. European Headquarlers: Zugerstrasse 
74. 6340 Baar. Switzerland: 042·333333: TLX : 868722: FAX: 042·319017. Benelux: 070·874400: TLX : 32023. France: 01·40033604 : FAX: 01 ·4003361 4. Germany: 071 1·22930; 
FAX: 07 11 ·291568. Ireland: 021 -357001 ; FAX: 021-357443 United Kingdom: 0276·692392 : FAX: 0276-691037 Asia Pacif ic Headq11arters: 1401 Citicorp Centre. 14th Floor. 
18 Wh11f1eld Road, Hong Kong : (852) 5-70217 1: TLX · 82953 BAPHK HX; FAX: 852·5-664341 : CBL· BOURNSASPA HONGKONG. Singapore: (65) 339-3331 : FAX: (65) 339·1116. 

COPYRIGHT© 1967, BOURNS, INC. 3187 CIRCLE NO 83 



Now your automated system 
won't lose its grip 
when holes go out of style. 
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We've made our major through
hole connector fami lies available in 
styles for robotic application. 

We've given them solid 
support, with feeder and 
positioning systems and Lhe 
appropriate packaging. 

And we've designed 
everything-from the top of the 
feeders to the positioning data on 
the connector bodies-so that in 
almost every case the tooling you 
need now is the same tooling you 'II 
need for surface-mount work 
later on. 

Many popular AMP con
nector families are avail
able in styles suitable for 
robotic handling. In 
addition, board-mounted 
connectors such as our 
AMPLIMITE receptacles 
have special snap-in 
reten tion features. 

It's a simple idea, and it makes 
sense. With the resources and 
experience of AMP behind it, it 
makes practical sense. 

And it makes robotics 
practical, right now. Because you 
can do today's job knowing your 
tooling will still be in style for 
tomorrow's. And with AMP you 
can always count on available 
products, on-time delivery, and 
continued full support-from early 

AMP and AMPLI M ITE are trademarks uf AM P lncorporal ed 

design to service on the line. 
We also offer a vast selection 

of surface-mount products, when 
you're ready for them. Plus 
everything it takes to make surface 
mounting a practical idea. 

The nice parL is that most of it 
will be reassuringly familiar to you. 

Call (717) 780-4400 and ask for 
the Robotics Information Desk. 
AMP Incorporated, Harrisburg, 
PA 17105-3608. 

AIVI P Interconnecting ideas 
CIRCLE NO 84 

Packaging, feeders and 
positioning systems from 
AMP support robotic 
application of conven
tional products today, 
surface-mount products 
tomorrow, with little or 
no retooling. 



Large, angled marking 
surfaces for easy labeling 

and readability. 

Coding system protects 
against misconnection, --+-t--------4--+--+----+-~-+-1-

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 connectors 
have set standards all over the 

for machine and process 
control circuit boards. 

Our new design 
makes it quick and easy 
to install and repair wir
ing at the factory and in 

ing mechanism for a 
secure connection. 

world in electrical and 
electronic connection 
systems.Now our design 
engineers have come up 
with another brilliant 

the field without 
expensive tools. mlll!!!""...,.,_,,.~ 

The glass-filled 
polyester insulating 
material of BLA/SLA 
connectors is non-burn
ing (UL94V-0) and heat 
and humidity resistaIJ_t 
to maintain pin-to-pin 

solution. Our compact Vibration -proof clamp 

BLA/SLA S design for easy wire new ystem installation and removal. 
Cl Weidmuller. lnc. 1987 

P:ttents Pending 
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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 connector. 
All without loss of poles. 

Non -burning, heat 
and humidity-resistant 

insulating material. 

Available in 2 to 24-pin 
vertical and horizontal 

+---+---configurations_ 

Captive screws. 

2 to 24-pole modules strain relief covers, 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. 

app. l.icatiOnS re- Optional mechanical Callorwriteformore 
mounting provides • _ _c • bo t th qmnng even additionalstability. lluormabon a u e 

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 come In with strain relief 

mentary mechanical w ldmiil r ~ 
mounting blocks and You can't make a better connection. ™ 

Write Weidmuller, Inc., 821 Southlake Boulevard, Richmond, Virginia 23236. Phone (804) 794-2877. Telex: 828376. 
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MICRO-LOGIC ll~M 
The CAE tool with a 10,000·gate 

digital simul9t1r for your PC. 
(@~, h) 
\c -~i v 

Spectrum Software's MICRO-WGIC 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 11, 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. 
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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 104 

• 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 Spectrum Sofiware. 
Hercules is a registered trademark 
of Hercules Computer Technology 
IBM ~ a registered trademark 
of JntemationaJ Business Machines, Inc. 
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Use of graphs eases 
transformer selection 

for linear supplies 

Engineers generally use simple rules of 
thumb when selecting transformers for lin
ear power supplies. These rules of thumb 
aren)t universally applicable) however) and 
blindly using them may cause you to select 
a less-than-optimal transformer-and thus 
a less-than-optimal supply. 

Thomas G Lock, Case Western Reserve 
University 

If you're designing a linear power supply that will use a 
transformer operating at full rated load with a load
regulation factor of 0.9, traditional rules of thumb for 
selecting the transformer will suffice. For other applica
tions, these rules won't necessarily be sufficient. You 
can account for varying power-supply operating param
eters for all operating conditions by expressing the 
equations in the box, "Circuit models yield design 
equations," in the form of easy-to-use graphs. These 
equations are derived from simple models of common 
power-supply topologies (Fig 1). 

Modeling power supplies' behavior involves some 
simplifying assumptions. The models used to produce 
the graphs in this article assume that you can ignore 
the effects of temperature and mains-voltage varia
tions; assume that diodes conduct abruptly, have a 
constant forward-voltage drop, and have a negligible 
series resistance; and assume that the filter capacitors 
have a negligible equivalent series resistance and such a 
large capacitance that the ripple voltage (the ac voltage 
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le 

LOAD 

(a) 

lo 

le 

LOAD 

Fig I-For each linear-power-supply topology-half-wave (a,) 
full-wave bridge (b,) and fu ll-wave center-tap ( c)-you can use Figs 
2 through 6 to determine the important circuit parameters necessary 
for component selection. 
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The transformer makers) rules don)t state 
where the numbers come from or whether 
they are applicable to all operating condi
tions. 

across the capacitor) is also negligible. The models don't 
ignore the internal impedance of the transformer, how
ever , because it's too important. 

Although this article uses many first-order approxi
mations to describe power-supply operation, the design 
rules and graph derivations are accurate models of real 
power supplies and are much more accurate for a wide 
range of designs than are the rules of thumb. Table 1 
shows the transformer makers' simple rules of thumb 
for selecting a transformer for a lA power supply with 
capacitive filtering. Depending on whether you're using 
a half-wave, full-wave bridge, or full-wave center-tap 
rectifier, you'll need a 2.4, 1.8, or l.2A transformer. 
Although the numbers are right, the rules don't state 
where the numbers come from or whether they are 
applicable under all operating conditions. In fact , they 
aren't. 

To understand why, you may at this point want to 
refer to the equations derived in the box. A transform
er's specified voltage V 8 , specified current Is, and 
load-regulation factor F x are all constant characteris
tics of the transformer. The conduction angle 8, de 
output voltage V 0 , de output current Io, peak diode 
forward current h, rms transformer current h , and 
rms capacitor current le are all variables that depend 

TABLE 1-RULES OF THUMB FOR 
TRANSFORMER SELECTION 

TRANSFORMER/RECTIFIER FILTER REQUIRED RMS 
TYPE TYPE SECONDARY RATING 

HALF-WAVE 
FULL-WAVE BRIDGE 
FULL-WAVE CENTER-TAP 

CAPACITOR 2.4x DC CURRENT 
CAPACITOR 1.8 x DC CURRENT 
CAPACITOR 1.2x DC CUR RENT 

TABLE 2 - RULES OF THUMB VERIFIED 

TO OBTAIN: MULTIPLY TRANSFORMER-TYPE FACTOR: BY: 

HALF-WAVE FULL-WAVE BRIDGE FULL-WAVE CENTER-TAP 

Fx 0.90 0.90 0.90 -
h 2.39 1.81 1.19 lo 

Vo 1.24 0.62 vs ·· 

IF 7.16 4.12 3.58 lo 

lo 1.00 1.00 1.00 lo 

le 2.17 1.51 1.31 lo 

· v 0 = (1.32xVs)-(2 x VF) 

••AFTER MULTIPLICATION. SUBTRACT VF FOR EXACT RESULT. 

lo/ls 

Fig 2-This graph of Ir/l s vs 10115 shows the points where each mrve 
crosses the l rll s=l line. These points represent the maximum allowa
ble transformer load. 
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5.0 r----.--.-,--- ....----,---.--,...---.--,-- -.-----, 

U[ FJ~ 
: : t+--~-+-----+---+----+----!--"-t---4-1-----1---~ 

~3.0 ~~ 
2

.

5

t "~~,_El'-~f,._~f ~-;H:._~i~~~~~~~~~~E3 2.0 ~ BR 

1.5 
CT ..... ... .................... .... .. ........ 

1.0 

0.5 t-----+- -+--+--1+--+-+--l--+-,......-+--+--+----l 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

lo/ls 

Fig 3-This graph aids in transformer selection. l s is the transform
er maker's maximum specified transformer current. 

EDN October 1, 1987 



on how much power the supply actually delivers. 
The maximum allowable power dissipation in the 

transformer occurs when Ir=Is-when the transform
er's rms current under load equals the manufacturer's 
rated maximum current. Plugging this condition into 
Eqs 2, 4, and 6 in the box generates Table 2's list of 
relationships for a transformer dissipating its maximum 
allowable power. (Table 2 expresses current in terms of 
I0 because engineers generally think of a power supply 
in terms of its output current.) 

Rules verified in one instance 
These results verify the transformer makers' rules of 

thumb: A lA supply using a half-wave rectifier requires 
a 2.39A transformer; a lA supply with a full-wave
bridge rectifier requires a l.81A transformer; and a lA 
supply with a full-wave center-tap rectifier requires a 
l.19A transformer. As stated earlier, though, these 
results are only valid for the transformer under full load 
and with a load-regulation factor of 0.9. 

Fig 2 plots Ir/Is vs Io/Is for the three topologies; HW 
stands for half-wave, BR stands for full-wave bridge, 
and CT stands for full-wave center-tap. The graph 
shows the points where each curve crosses the Ir/Is= 1 
line. These points represent the maximum allowable 
transformer load. The X-axis coordinates of these maxi
mum-load points are simply the reciprocals of the 2.39, 
1.81, and 1.19 factors in Table 1. Operating to the right 
of these points would overload the transformer. 

Figs 3 through 6 are similar graphs; they plot Ir, V 0 , 

Ir, and le with respect to 10/Is. All the graphs assume 
that the transformer's load-regulation factor Fx is 0.9. 

l 
~ BR 

I ~~H~W::tl-t---t---t---J--J____J ~ ....., 

1.5~ Fx!0.9 

I -,....._,.__ 
~ 1.0 f---+--l--+----1+--+-l-+--+---+-=="'"l-...... d:-_i:----l 
~ I -----., 

> + 
~ CT 

0. 5 1---+---+--+-------j+---+---+--+--~:--+--+--+--+------I 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
lo/ls 

Fig 4-After selecting your transformer, you can use this graph to 
predict your power supply's output voltage. (VF· is the rectifier's 
forward-voltage drop). 
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For more precise results, use the exact value of F x for 
the transformer you are using and replot the graphs 
from the equations in the box. 

The graphs may indicate some unexpected results. A 
simple example will serve as an illustration. For a lA 
power supply with a lOA transformer and a half-wave 
rectifier, Io/Is=O.l. The graphs indicate that the capac
itor rms current will be 2.875A, the transformer rms 
current will be 3.05A, and the diode peak forward 
current will be 11.6A. Assuming a diode forward
voltage drop of lV, a lOV transformer will provide a de 
output voltage of 13.5V. 

To fully comprehend how to use the graphs, consider 
a more realistic example: a 3A, 20V power supply 
suitable for regulation to 15V. First, you have to decide 

Text continued on pg 164 

F,Io.9 

~6 t=tcs:==tt'......~::tt=~ct--=x:=t=$:::~~ 
- t--+....BR 

t~~~~=t~11~r:rs:::::t::~C~T =f==1;;~ 3 .... .. . •. •.••••••..• •. •.• ........ .....•. • ..•• . 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
lo/ls 

Fig 5--This graph predicts the forward current that your rectifier 
diode will have to handle. 

4.5 1---+--+--+----<f---+---<T--+---t--+---+--< 

Fx~0. 9 

BR 
1.5 ..... . . ... . ... . .. .. .. . CT 
1.0 l---+---+--+-------j+---+---+--+--+-.....-+--+--+---+-----1 

0.5 t---+---+--+----<+---+--t--+---l-'t---t-t--t---t----1 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.9 1.0 

lo/ls 

Fig 6-Using this graph will ensure proper sizing of your power 
supply's output-filter capacitor. 
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Circuit models yield design equations 
To model a real transformer, you can use an ideal 
voltage source V Msin(t) in series with an internal 
impedance Rx. In the case of a center-tap trans
former, half of the voltage and half of the imped
ance appear on each half of the secondary wind
ing. With tlie transformer connected to a load, 
the current flowing through Rx causes a voltage 
drop across Rx and reduces the transformer's ter
minal voltage. 

Transformer makers specify a transformer's 
rms voltage (V 8) and rms current (18). The ratio 
of Vs to the open-circuit voltage, typically 0.8 to 
0.9, is the transformer's load-regulation factor 
(Fx). 

The transformer equations for Fx, Rx, and Ps 
(power) are 

F = V2V s = specified rms voltage 
x V M open-circuit rms voltage 

Rx = (VM/\/2)-V& = (1__:_ 1)Vs = (1-Fx)VM/\/2 
ls . Fx ls Is 

Ps = I8
2 Rx= (ix,-1 )xvsxis. 

Equivalent circuits 
Now consider the equivalent circuit of a simple 

half-wave power supply (Fig la in the accompany
ing article). Engineers often assume that the fil
ter capacitor charges to V M at the peak of the 
rectifier output, as Fig Aa purports to show. This 
assumption is invalid, because current flowing 
through the transformer produces a voltage drop 
across Rx, which reduces the transformer's termi
nal voltage. If the transformer's terminal voltage 
is reduced, the filter capacitor cannot charge to 
VM. 

In the alternative model in Fig Ab, current 
only flows when the transformer's output voltage 
exceeds the supply's output voltage (plus the for
ward-voltage drop of the series diode). Nonethe
less, assume that the capacitor is so large that the 
change in voltage across it during this conduction 
interval is negligible. Because V 0 and VF are both 
constants, the transformer's terminal voltage is 
clamped at V 0+ VF· During the entire time 
O<t<2n, a constant current I0= V 0/R1, flows 
through the load. 

Based on the conduction angle, o, and the 
transformer's Vs, Is, and Fx, you can calculate 
the following circuit parameters: the de filter out-
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put voltage (V 0), the de filter output current (!0), 
the peak diode forward current (IF), therms 
transformer current (IT), and the rms filter capac
itor current Oc). You can generally read the peak 
diode forward voltage VF from the diode's data 
sheet if you know h. 

First, the transformer voltage at which the rec
tifier begins to conduct is 

Or, in terms of the de filter output voltage, 

v _ V2sin(o)V V 
o - Fx s- F· 

The peak diode current occurs when the volt
age across the transformer's internal impedance is 
at its maximum-which equals the maximum sine
wave voltage minus the transformer's terminal 
voltage: 

I _ VM-(V0+VF) _ \/2[1-sin(o)] I (l) 
F - Rx - 1-Fx X S· 

The instantaneous transformer current, Ix, dur
ing conduction is 

Integrating the instantaneous current and di
viding by the period yields the average trans
former current: 

average current 

Because the average voltage across the capacitor 
is constant, the average current through the ca
pacitor must be zero. Therefore, the average 
transformer current must be equal to 10 . Solving 
for this equation yields 

I 
_ 2cos(8)+(28-7T)sin(o) 

1 0 - X S· 
7r(l-Fx)Y2 

Plugging the instantaneous current into the 
standard rms integral equation gives 
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rms current = ~LTix2 xdt 

= Ii_ ("-0 (VMsin(t)-(Vo+VF)) 2 xdt, V 21T Jo Rx 

which yields 

Although the average current through the filter 
capacitor is zero, the capacitor does charge and 
discharge. Its rms current is 

le = YhL 10
2. 

The equations for full-wave bridge and full
wave center-tap rectifier circuits are simple ex
tensions of the half-wave rectifier equations. Con
sider the full-wave bridge power-supply 
equivalent circuit first (Fig lb in the accompany
ing article). There are two differences between 
the full-wave bridge and the half-wave circuits: 

(a) 

CONDUCTION 

(b) 

The full-wave bridge supply can have two diode 
forward-voltage drops at any time, and the period 
of the transformer current is 'IT instead of 2'!T. 

These differences result in the following equa
tions for the full-wave bridge rectifier circuit: 

1 = \12[1-sin(8)]xl 
F 1-Fx s 

1 = \12[2cos(8) + (28 -1T )sin(8)]x 1, 
0 1T(l-Fx) s 

Next, consider the equivalent circuit for a full
wave center-tap power supply (Fig le in the ac
companying article). There are four differences 
between the full-wave center-tap and half-wave 
circuits: The peak transformer voltage is V M/2, 
the transformer impedance in each leg is Rx/2, 
the period of the current charging the capacitor is 
'IT instead of 2'1T, and h is defined as the current 
flowing through one leg of the transformer, re
sulting in two paths of current through the recti
fier diodes to the filter capacitor. 

These differences result in the following equa
tions for the full-wave center-tap rectifier circuit: 

VMsin(8)/2 =Vo+ VF 

V _ sin(8)V -V 
o - Fx\12 s F 

1 
_ \12[1-sin(8)] 

1 F - IF Xs - x 

1 
_ V2[2cos(8 )+(28 -1T )sin(8 )] 

1 o - 1T (1 _ F x) x s 

(3) 

(5) 

Fig A-You are incorrect if you assume that the filter capacitor 1 1 1 3 
chargestoVMatthe peakoftherectifier output as Aa shows. Ab's h = l-Fx 1T [(1T-28)[2+sin2(8)]-2sin(28)]Xls (6) 
correct model of fi lter-capacitor operation shows current flowing 
only when the transformer's output voltage exceeds the supply's 
output voltage (plus the f orward-voltage drop of the series 
diode). le = Y2li- lo2• 
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which topology to use. Supposing you use a full-wave 
bridge rectifier, you can see by looking at Fig 3 that you 
need at least a 5.4A transformer. Fig 4 indicates that 
the transformer should be rated at about 16. 7V (assum
ing 1 V diode forward-voltage drops). If you use a 
full-wave center-tap rectifier, you need a 3.6A, 33.9V 
transformer. 

In this case, the center-tap rectifier circuit is the 
topology of choice because o{ the availability of a stock 
4A, 36V transformer (Stancor P-8673). Going back to 
the graphs armed with this transformer's parameters, 
you can see that lofls=O. 75 (indicated by a dotted line in 
Fig 3). Fig 3 also indicates that the transformer rms 
current will be 3. 7 A. Fig 4 predicts a de output voltage 
of 21.8V, resulting in the voltage regulator dissipating 
20.4W. Fig 5 shows that the diodes must be rated for a 
repetitive peak forward current of 11.lA, and Fig 6 
indicates that the filter capacitor must be able to 
withstand an rms current of 4.2A. 

You should be aware of one other salient parameter 
when choosing a transformer. When the power supply 
is first turned on, the voltage across the filter capacitor 
is zero, momentarily short-circuiting the transformer . 
This short circuit causes the entire peak voltage of the 
transformer to be dropped across the transformer's 
internal resistance because of the large current flowing 
through the rectifier into the capacitor's effective 
ground. The rectifier diodes must be able to withstand 
this momentary surge of current (diode manufacturers 
specify it as lrsM). Using Eqs 1, 3, and 5 from the box, 
you can calculate IrsM for a half-wave, full-wave bridge, 
and full-wave center-tap circuit, respectively. For the 
example in the previous paragraph, lrsM =56.6A. EDN 
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Have you ever imagined life 
without 'Itiad transformers? 

Quite simply, life without 'Thad would be a bit 
prehistoric. After all, doesn't every new electronic 
product idea or improvement require a state-of-the-art 
transformer design? Of course, and specifying anyone 
other than 'Thad may set you back. 

lriad's optimum transformer designs are ideal for 
nearly every application you have, providing high 
quality and delivering superior on-the-job performance. 
We even offer technical assistance in the form of the 
best engineers and designers in the electronics industry. 

You see, we're your problem-solving partner. You 
can trust lriad to realize your vision . Use another 
transformer and you may just be re-inventing -. 
the wheel. y 

Call or write lriad today for our free - . 
lransformers, Inductors and Power Supplies 
Catalog - 305 North Briant Street, 
Huntington, IN 46750, 219-356-7100, 
TWX 810-333-1532. 

'Thad gets wound up in your ideas 

M Mag_neTek 
maif-Utrad 

EDN October 1, 1987 CIRCLE NO 105 165 



YOUR SEARCH IS OVER! 

Speed, support and satis
faction. That's the HILEVEL 

approach to meeting your 
microcode development systems 
needs, without compromise. 

Microprogram development 
and debug is fast and easy, 
thanks to highly-productive 
software development tools com
bined with the most powerful 
hardware available. We back 
each system with unmatched 
service and support, and the 
longest warranty in the industry. 

• Guaranteed Access Time at 
Target Side of Pod. 

• Most Powerful Logic 
Analyzer, with Exclusive 
Trace Waveform Display. 

• Most Advanced Macro-Meta 
Assembler in the Industry. 

• Toll-Free Applications 
Assistance. 

• Memory Board Exchange 
Credit. 

And, we'll demonstrate an 
ease-of-use that invites 
comparison with any other 
system on the market. 

Avoid compromises. 
Demand the finest. Call today. 

DIAL TOLL FREE: 
1-800-HILEVEL 
In California, call 
1-800-752-5215 

TECH N 0 L 0 G Y, INC. 
18902 Bardeen, Irvine, CA 92715 • Phone: (714) 752-5215 • TELEX 655316 • TELEFAX (714) 752-0724 
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Array-processing 
languages now suit 

personal-computer users 

Array-processing languages have made 
many programming or calculating jobs eas
ier on mainframes. The streamlined ap
proach of these languages is now an option 
for PC users as well. And though some 
limitations exist) you)ll find they can oper
ate in general on a par with their main
frame cousins. 

Avram Tetewsky, Charles Stark Draper Lab Inc 

For some time, scientists, engineers, and programmers 
have enjoyed the simplicity and flexibility of array
processing language& such as Control-C on mainframe 
computers. For solving statistical, digital-signal-proc
essing, classical-control, state-space-control, and esti
mation-related problems, these specialized languages 
are more suitable than the more traditional languages 

The opinions in the article are the author's and don't 
necessarily reflect the views of Charles Stark Draper 
Lab Inc. 
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such as C, Pascal, Ada, and Fortran. Array-processing 
languages are now available for PC users as well. 
Matlab, from The Mathworks (Sherborn, MA), for 
example, performs as well as its mainframe equivalents 
with very few exceptions. 

Although traditional languages can be very flexible, 
they burden users with mundane tasks when handling 
arrays. You must declare, allocate, and keep track of 
data pointers for each array used in a program. In 
addition, you must design DO or FOR loops when 
manipulating these data structures or when calling 
complex numerical and graphic subroutines. An array
processing language can relieve you of these tasks 
because they automatically recognize matrix expres
sions and let you manipulate matrices without having to 
write explicit loops. 

A language for processing arrays should also allow 
you to write your own utilities. Some products give you 
precanned utilities and clever graphics but no means for 
inserting your own utilities or independently control
ling program flow to solve problems. A good array
processing language, like Matlab, integrates general 
mathematics, special-purpose subroutine libraries, and 
graphics with the flexibility for writing your own 
routines. Matlab's array-processing syntax grew out of 
the public-domain language Moler-MATLAB. This syn
tax (such as "*, . *, etc ... ") has been expanded to 
include the extensive Linpack (Linear Algebra) and 
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Although traditional languages are very 
flexible) the user is burdened with mun
dane tasks when handling arrays. 

Eispack (Eigenvalue) subroutine libraries available to 
the public domain by the Department of Energy. 
Control theory, graphics, and 1/0 formatting packages 
have also been added. Other application libraries are 
currently being developed , and user-group libraries are 
now available. 

Matlab combines a flexible set of scientific utilities, 
easy graphics, and good debugging capabilities with a 
readable syntax for solving complex problems. It is 
presently available to run on an IBM PC. Even though 
this computer is limited to 640k bytes of RAM by 
PC-DOS, the package can solve many nontrivial prob
lems. For problems requiring more memory space, 
Matlab is now available for Sun and VAX computers and 
will be available for the Macintosh soon. 

No loops needed 
APL, Speakeasy, Minitab, IDL, Dataplot, SAS/IML, 

R/S 1, Asyst, MLAB, Gauss, Control-C, and Matlab are 
all array-processing languages. Basically, these lan
guages can perform mathematical operations on matri
ces without doing loop-type manipulations. Thus they 
treat scalars and vectors as 1x1 and N x 1 matrices, 
respectively. 

Consider the simple problem of creating the sum of a 
50-Hz and a 120-Hz sine wave. Let the summation occur 
within a time period from 0.0 to 5.0 sec, with intervals 
of 0.001 sec. Using a traditional language, you must 
first calculate the size of the array, (in this case, 1000 
storage units are needed per second of simulation). 
Next, you have to design loops to access this data. 
Using Fortran 77 as an example: 

C ... allocate arrays 
REAL X(5000), T(5000), PI 
PARAMETER (Pl =3.14159) 

C ... set up loops to calculate data 
DO 100 I=l ,5000 

T(l) = FLOAT(l-1)•0.001 
X(I) = SIN(2.0•P1*50.0•T(l)) + 

& SIN(2.0•P1*120.0•T(l)) 
0100 CONTINUE 
C . . . call some plot routine and pass in the T 

and X vectors. 

The Fortran code creates two arrays (X and T) that 
you can use in a routine to plot the required summation. 
The program requires laborious array allocation and 
dimensioning, along with a DO loop to fill the arrays 
with data. Although many languages, such as C, Ada, 
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and Pascal, allow dynamic allocation of arrays and 
pointers, this feature doesn't relieve the basic tedium at 
all. 

Now consider the same problem using an array
processing language such as Moler-Matlab, a public
domain precursor to Matlab, Gauss, Control-C, Matrix
X, and other commercial packages (Ref 1). The 
required code for the program is 

t = 0:0.001 :5; % A vector of the appropriate size is 
% created and initialized from 0 to 5 
% in 0.001 increments. 

x = sin(2•pi•50•t) + sin(2•pi•l20•t); 
% x will be created as needed. Because 
% is a vector, x will be a vector and 
loop 
% operations are always implied when 
% ever vector or matrices are used. 

plot(t,x), title(' a quick plot '),xtitle(' time '), 
ytitle(' volts '); 

% quick and easy graphics. 
% Note that Matlab is case-sensitive, 
% thus you can have a mix of upper 
and 
% lowercase variable names. 

The first statement creates an array that contains a 
vector spanning the 5-sec period in 0.001-sec intervals. 
The next statement uses this array and automatically 
creates another array containing the summation values 
at each interval. You then plot one array against the 
other by typing a simple plot statement. 

But array-processing languages go even further. 
They can do matrix mathematics so that a "*" multiplies 
matrices and performs dot products. A "/" or a "¢" 
computes the left and right matrix inverses, respective
ly. That is, you can use a"/" to solve underdetermined 
interpolation problems where there are more equations 
than unknowns. Obversely you can use a "¢" to solve 
overdetermined smoothing problems (in a least-square 
sense), where there are fewer equations than un
knowns. A " ' " performs transpose (or conjugate 
transpose) operations. 

Linear algebra does not, however, define all the types 
of operation-for example , a spreadsheet operation, 
where the contents of one column (or vector) are 
multiplied by another column (element by element) and 
stored in a third column. The following Fortran pro
gram shows how you might use a traditional language 
to create two vectors of data and perform element-by-
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element multiplications, such as those found in the dot 
product. 

c 

1000 

c 

2000 
c 

c 

3000 
c 

REAL DX, MAXX, Xl(lOOO), X2(1000) 
REAL Yl , Y2(1000), Y3 
INTEGER N 

MAXX = 10 
DX = 0.1 
N = (MAXX/DX) + 1 
. . . create some dummy data 
DO 1000 I = l ,N 

Xl(I) = FLOAT(!- I)• DX 
X2(1) = FLOAT(! - I)• DX 

CONTINUE 
DO 2000 I = l ,N 
.. . element by element operation 

Y2(1) = Xl(l )• X2(1) 
CONTINUE 
. . . initialize accumulator for 
dot product 
Yl = 0 
DO 3000 I = l,N 
.. . dot product 

Yl = Yl + Xl(l)•X2(1) 
CONTINUE 
... store the 4th element of Yl in Y3 
Y3 = Yl(4) 

In Matlab, the same operation becomes 

DX = 0.1; 
MAX_X= 10; 
Xl = [O:DX:MAX _X]; % 
X2 = [O:DX:MAX_X]; % two vectors with some dummy data. 
Yl = Xl •X2; % Yl is a scalar equal to Xl 

Y2 

Y3 = Y2(4); 

% dot product X2 
% Y; 2 is a vector, each element is 
% the element by element product of 
% Xl and X2 
% the 4th element of Y3. 

Modern languages, such as Ada, include operator
and function-overloading options. Overloading allows 
operators (such as "+, - , * , or /") and subprograms 
(such as user-created functions or subroutines) to ma
nipulate data differently depending on the number of 
arguments in the statement. Matlab also includes func
tion- and operator-overloading options. For example, 

plot(y) 
plot(x,y) 
plot(xl ,yl, x2,y2 . . . ) 

% plot y versus an integer subscript 
% plot y versus x 
% plot yl versus xl, y2 versus x2, etc. 

With overloading, you can group functions with a 
common purpose under one name without having to 
create many special function names for each case. 
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The element-by-element as well as the matrix and 
vector capabilities of Matlab let you readily express any 
problem within the syntax of this array-processing 
language. Coupled with the technique of operator and 
function overloading, an array-processing language can 
make your code simple to create, simple to read , and 
fast. 

Dynamic resizing simplifies processing 
Some problems in digital signal processing require 

data arrays to be expanded or contracted. For example, 
when working with fast Fourier transforms (FFTs), 
vectors must be expanded out to be even powers of 2, 
and, in some cases, include zero padding to suppress 
time-domain aliasing. With Matlab, the expansion can 
be automatic, and it is also easy to reshrink the data 
after all processing is done. For example, 

n = length(x); 

x= FFT(x); 

. .. other processing 

x= IFFT(x); 

x= [x(l :n), [ ] ]; 

% compute the size of x so that it can 
% be restored to its original 
% dimension. 
% the FFT is programmed to 
% automatically increases x until it's 
% length is a power of 2. 

% calculate inverse FFT. 
% contract x. 
% x is replaced by its first n 
% elements and a zero length vector. 

Matlab and Control-C (for VAX from Systems Con
trol Technology, Palo Alto , CA) are very evenly 
matched. Table 1 compares the instruction sets of the 
two programs. One significant difference between Con
trol-C and Matlab is that Control-C can convert contin
uous functions to discrete data with a delay (c2dt); 
Matlab can do this but without a delay (c2d). However, 
Matlab has an another conditional operator (elseif) and 
includes find and search index functions, which Control
C doesn't. 

Although you can write your own subprograms, most 
users want to build programs using off-the-shelf tools. 
Therefore, you may want to consider other array
processing languages, such as Gauss (for the PC and 
available from Aptech Systems Inc, Kent, WA), for 
your application. If you use complex variables, control 
theory, and digital signal processing extensively, or if 
you need to be able to move your program between 
different computer and operating systems, you might 
want to choose Matlab. On the other hand, you might 
choose Gauss if you don't need extensive, complex 
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Array-processing languages can perform 
mathematical operations on matrices with
out loop-type manipulations. 

variable operations but do need advanced statistical 
software; the ability to handle large data sets (with fast 
I/0); and linkage with some Fortran, C, or assembly 
object modules. For problems that exceed the 640k-byte 
memory imposed by PC-DOS, you can buy Sun or VAX 
versions of Matlab. 

If you are doing simulation problems that use ordi
nary differential equations, you must be able to express 
these equations in state-space form. Otherwise Matlab, 
Gauss, and Control-C cannot handle them. Also if you 
are doing nonlinear or multirate digital simulations, 
consider a PC or a mainframe version of ACSL (A 
Computer Simulation Language), Simnon (Simulate 
Non-Linear Systems), or Matrix-X. The PC and VAX 
versions of Matlab and Control-C offer links to ACSL. 

EDN 
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TABLE 1-MATLAB ON PC VS CONTROL-C ON VAX 

MATLAB- PC CONTROL-C-VAX MATLAB- PC CONTROL-C-VAX 

FUNCTION DESCRIPTION COMPARISON FUNCTION DESCRIPTION COMPARISON 

GENERAL: ELEMENT BY ELEMENT y 
help HELP FACILITY y MULTIPLICATION 

case sen ALLOW FOR VARIABLES n . / .. \ RIGHT AND LEFT y 
WITH UPPER AND DIVISION 

LOWER CASE NAMES ELEMENT BY ELEMENT 
BEING UNIQUE 

.,, 
POWER 

who LIST ALL VARIABLES IN y TRANSPOSE y 
USE 

RELATION AND LOGICAL OPERATORS: 
size REPORT BACK THE ROW y <.<=.>.> = y 

AND COLUMN 
EQUALITY AND DIMENSIONS -- . - = = = < > 

INEQUALITY 
length REPORT BACK THE 

&, : .- AND,OR,NOT LENGTH OF A VECTOR no compounds 

AC LOCAL ABORT AY CONTROL FLOW: 
if,elseif, CONDITIONALS no elseif 

clear CLEAR WORKSPACE 
else.end CONDITIONALS y 

quit TERMINATE PROGRAM exit 
for.while, LOOP CONTROL y 

MATRIX OPERATORS: 
break EXIT LOOP +.- .. MATRIX ADD, SUBTRACT, exit 

MULTIPILY return SUBPROGRAM RETURN y 

/. \ RIGHT AND LEFT y pause y 
INVERSE SPECIAL SYMBOLS: 

A MATRIX POWER ASSIGNMENT y 

CONJUGATE y (] FORM VECTOR OR y 
TRANSPOSE MATRIX 

ARRAY OPERATORS: () ARITHMATIC y 
+,- ADD. SUBTRACT y PRECEDENCE 
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TABLE 1-MATLAB ON PC vs CONTROL-C ON VAX (Continued) 

MATLAB- PC CONTROL-C- VAX 

FUNCTION DESCRIPTION COMPARISON 

DECIMAL POINT y 

CONTINUE STATEMENT y 
TO NEXT LINE 

SEPARATE ARGUMENTS y 

SUPPRESS OUTPUT, OR y 
END ROWS 

% COMMENTS II 

SUBSCRIPTING, VECTOR y 
GENERATION 

EXECUTE AN $ 
OPERATING SYSTEM 

COMMAND 

MATRIX CONDITIONING: 
cond CONDITION NUMBERS y 

2-NORM 

det DETERMINANT y 

norm (1,2,F AND INF NORMS y 

rcond CONDITION ESTIMATE y 

DECOMPOSITIONS AND FACTORIZATIONS: 
chol CHO LESKY y 

FACTORIZATION 

eig GENERALIZED EIGEN- y 
VALUES AND VECTORS 

hess HESSENBERG FORM y 

inv INVERSE y 

lu GAUSS FACTORS y 

null NULL SPACE y 

orth ORTHOGONALIZATION y 

pinv PSEUDO INVERSE y 

qr ORTHOGONAL- y 
TRIANGULAR 

DECOMPOSITION 

qz OZ ALGORITHM y 

rref REDUCED ROW y 
ECHELON FORM 

schur SCHUR DECOMPOSITION y 

svd SINGULAR VALUE y 
DECOMP 

MISC MATRIX FUNCTIONS: 
ex pm MATRIX EXPONENTIAL y 

logm MATRIX LOG y 

sqrtm MATRIX SQUARE ROOT y 

funm ARBITRARY MATRIX y 
FUNCTIONS 

poly CHARACTERISTIC y 
POLYNOMIAL 

kron KRONECKER TENSOR y 
PRODUCT 

POLYNOMIALS: 
roots y 

polyval POLYNOMINAL y 
EVALUATION 

conv MULTIPLICATION OF y 
POLY 
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MATLAB- PC CONTROL-C-VAX 

FUNCTION DESCRIPTION COMPARISON 

SIGNAL PROCESSING: 
conv CONVOLUTION y 

cov COVARIANCE y 

dft DISCRETE FOURIER y 
TRANSFORM 

fft ,fft2 , 1AND2D FFTs y 

ifft,ifft2 1AND2D FFTs 

!design DESIGN FILTER y 

filter DIRECT FILTER y 
IMPLEMENTATION 

freq FREQUENCY RESPONSE y 

xcorr CROSS CORRELATION y 
FUNCTION 

COLUMN-WISE DATA ANALYSIS: 
max, min 

mean ,std 

sort 

sum 

prod 

cumsum 

cum prod 

di ff 

hist 

table1 

any 

all 

find 

SPECIAL VALUES: 
eps 

ans 

pi ,inf 

NaN 

clock 

nargin, 
nargout 

1/0: 
format 

fprintf 

sprintf 

input 

keyboard 

MAX AND MIN OF y 
MATRICES 

MEAN AND STANDARD y 
DEVIATION 

y 

y 

y 

y 

y 

y 

y 

y 

n 

n 

EXTRACT INDEX BASED n 
ON LOGICAL 

EXPRESSIONS , 

FLOATING POINT y 
PRECISION 

LAST TEMPORARY y 
RESULT 

y 

NOT A NUMBER n 

WALL CLOCK TIME y 

# OF INPUT OUTPUT y 
ARGUMENTS 

SET FORMAT PRECISION y 

C ROUTINE FPRINTF SAVE -options 
(LIKE A FORTRAN 

FORMAT) 

C ROUTINE NUMBER TO n 
STRING 

GET NUMBER FROM y 
KEYBOARD 

VERSION OF INPUT FOR y 
SUBPROGRAM 

Listing continued on pg 172 
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TABLE 1- MATLAB ON PC vs CONTROL-CON VAX (Continued) 

MATLAB-PC CONTROL-C-VAX MATLAB-PC CONTROL-C- VAX 

FUNCTION DESCRIPTION COMPARISON FUNCTION DESCRIPTION COMPARISON 

PROGRAMMING: UTI LITY MATRICES: 
.m FILE EXTENSION FOR .ctrl diag DIAGONAL MATRICES y 

USER WRITTEN 
SUBPROGRAMS. 

eye IDENTITY MATRICES y 

global LIKE FORTRAN COMMON ones CONSTANT MATRICES y 

exist CHECK IF VARIABLE y rand RANDOM MATRIX y 

EXITS logspace LOG SPACED VECTORS y 

eval ALLOW FUNCTIONS TO y magic MAGIC SQUARE y 
BE PASSED AS 

tril ,triu LOWER AND UPPER 
ARGUMENTS 

y 
TRIANGULAR PARTITION 

GRAPHICS: 
plot y toeplitz TOEPLITZ MATRIX y 

log log y rsf2csf REAL-SCHUR TO y 
COMPLEX 

semilogx,semilogy y 
CONTROL THEORY: 

polar y ss2tf,tf2ss STATE-SPACE TO y 

mesh 3D SURFACE y TRANSFER FUNCTION 

meshdom CREATE THE XY DOMAIN y ss2zp,stf2zp STATE-SPACE TO POLES y 

FOR 3D PLOT AND ZEROS 

grid ADD GRID LINES y zp2tf ,zp2ss POLE-ZERO TO y 

title,xlabel,ylabel y TRANSFER FUNCTION 
OR STATE-SPACE 

axis ALLOW AUTO OF FIXED y c2d ,d2c CONVERT BETWEEN 
SCALE. 

y 
CONTINUOUS AND 

hold HOLD SCREEN ON PLOT y DISCRETE WITH 

shg RESHOW GRAPHICS ZERO-ORDER-HOLD 

SCREEN append.connect , SPLICE BLOCK y 

cla ,clg CLEAR TEXT, CLEAR y parallel .series DIAGRAMS 

GRAPHICS impulse,setp IMPULSE AND STEP y 

home HOME CURSOR y RESPONSE 

print GET HARDCOPY y lsim CONTINUOUS SIMULA- y 
TION TO ARBITRARY 

gpp GENERIC PRINT VIA y INPUTS 
DRIVERS 

misc GREEK, SYMBOLS, AND 
dimpulse,dstep y 

y 
LARGE FONTS dlsim DISCRETE SIMULATIONS y 

PROGRAM INTERFACE: filter SINGLE-INPUT-SINGLE- y 

Save, Load SAVE AND LOAD DATA TO y OUTPUT z:TRANSFORM 

DISK FILES SIMULATION 

diary DIARY OF SESSION y bode, Nyquist, PLOTTING y 

edit INVOKE YOUR FAVORITE 
dbode,freq 

y 
EDITOR lqr,lqre LINEAR QUADRATIC y 

ACLS LINK TO A COMPUTER y 
GAUSSIAN REGULATORS 

AND ESTIMATORS 
SIMULATION LANGUAGE 

ELEMENTARY MATH FUNCTIONS: 
dlqr,dlqre DISCRETE LOR AND y 

LORE 
abs y 

sqrt 
place POLE PLACEMENT y 

y 

real 
rlocus ROOT-LOCUS y 

y 

imag 
damp DAMPING FACTORS AND y 

y RESONANCE 
conj y margin GAIN AND PHASE y 
round y MARGINS 

fix y ctrb,obsv CONTROL AND y 

floor y OBSERVABILITY 

cell y !zero TRANSMISSION ZEROS y 

sign y fixphase UNWRAP PHASE FOR y 
BODE PLOTS. 

rem y 
ord2 GENERATE A,B,C,D FOR y 

sin ,cos,tan y 2ND ORDER SYSTEM 

asin,acos,atan ,atan2 y rlc CONTINUOUS RIGATTI y 

sinh ,cosh,tanh y RESIDUALS 

exp,log ,log10 y dric DISCRETE RIGATTI y 

bessel y 
RESIDUALS 

rat RATIONAL 
abcdcheck CHECK CONSISTENCY y 

y 
APPROXIMATION nargcheck CHECK NUMBER OF .m y 

FILE ARGUMENTS 
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Get on board with 
AutoCAD® 2.6. 

Computer-aided design. 
Until recently, 

it conjured up images 
of massive, room-sized 
computers and engi
neers in white lab coats. 

But a few years 
ago, AutoCAD" changed 
all that. With a soft
ware package that 
turned the per
sonal computer 
on your desk 

into an easy-to-use elec
tronic drawing board. 

For everything from 
PC boards to shopping 
centers. Tooling to top
ographical plans. 
Technical illustra
tions. Facilities 
layouts. 

Even #4-6-4 
Hudson 
model railroad trains. 

Now AutoCAD is even better. 

Introducing AutoCAD 2.6 
Of course, the newest version of 

AutoCAD still has all the features that 
made the original the industry standard. 
Accuracy, Power, and Versatility. 

But now, there are improvements all 
down the line. 

Like AutoCAD 3D Level 2 which allows 
you to generate lines and faces at any 
angle on a drawing, not just on or parallel 
to the X-Y plane. 

Or associative dimensioning which 
automatically updates dimensions after 
you've stretched, scaled, or rotated 
an object. 

And transparent PAN, VIEW, and 
ZOOM, which you can use while another 
command is in progress. 

The result? A powerful electronic 
drawing tool that lets you concentrate on 
the drawing, and not on the electronics. 

Feel Comfortable at the Controls 
Never used a computer before? 

AutoCAD's easy-to-use menus guide you 
from action to action. You can even create 
your own menus. And use an on-line 
"HELP" command if you get stuck. 

Drawing Courtesy of Little Engines, Inc. 

Save hours of drafting time. 
Draw frequently used diagrams just once 

and re-enter where needed. 

What if you have second thoughts, or 
make a mistake? AutoCAD's new, sweeping 
UNDO capability lets you erase what 
you've done-so you have total freedom to 
draw and experiment. 

There are also enhanced customiza
tion features. Support for over 30 different 
microcomputers (as well as several 32-bit 
UNIX-based systems). Even support for the 
new IGES standard, to let you easily and 
accurately translate drawings between 
AutoCAD and most other CAD systems. 

[ILJl][ILJLJULJLJ 

All of which combine to make the new 
AutoCAD fit more neatly and comfortably 
than ever into the way you're used to 
working. 

How to Get on Board 
For a demonstration of AutoCAD 2.6, 

or any of our other products, call or write 
us for the name of the dealer nearest you. 

Call us too if you want the location and 
telephone number of your nearest 
Authorized AutoCAD Training Center. 

We'll make sure you get headed down 
the right track. 

~ 
_AUTO CAD" 

AUTODESK, INC. 
2320 MARINSHIP WAY 
SAUSALITO, CA 94965 

(800) 445-5415 

TELEX 275946 ACAD UD 
COMPUSERVE GO ADESK 

CIRCLE NO 107 
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When Howard Schiffman out
grew his IBM PC AT,® he had two 
alternatives: 

Come up with $6000 for a 
brand new 386 system. 

Or spend $2000 for an Intel 
Inboard™ 386 system. 

I 

' 

As you might suspect, he chose 
the Intel Inboard 386. And got 
the full power of a 386 system. 
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Without compromising one bit 
on reliability. And with the extra 
$4000, he put a mahogany hot 
tub on his deck. 

How can we give you the same 
for so much less? Simple. If you 
have an IBM PCAT or compatible, 
you already own 2/3 of a 386 
system. And when you install an 
Inboard 386, you get the rest of it. 

Besides the price, how do 
they compare? According to a 
recen~ InfoWorld 
product review, 
"Inboard has the 
best computing 
speed of all 
micro systems 
we have tested to date;' including . 
all other 386 systems. 

The reason Inboard is so fast 
is because of its zero wait state 
cache and 32 bit memory.To give 
you even greater performance, 
there's also a special socket for . 
the 80387-16 math coprocessor. 

Software compatibility is 
unsurpassed as well. According 
to PC Week, "The Inboard 386 
proved perfectly compatible with 
a standard IBM PC AT and every 
software product we tested:' Its 
compatible with advanced soft
ware, too, including 386 control 
software for multitasking. And 
a number of developers are 
already using Inboard to create 
OS/ 2® applications. 

Of course, you're probably 
wondering if a $2000 system can 
be as reliable as a $6000 one. 
Absolutely. Because it's built by 
the same company that designed 
the 80386 microprocessor. And 
backed by a five-year warranty. 

If you still need more infor
mation on which system is best, 

call us at (800) 538-3373. Or 
contact your local dealer. 

And then take a hot bath.When 
your workload is too much to 
handle, it's the best way we know 
to unwind. 
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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 intel ligent new 
SAB 82258 co-processor and SAB 82257 low cost version. They 
provide an uncommon combination of advanced functions: 

Normal channels 4 4 

Multiplexer channels 32 

"On-the-fly" operation NO 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 
Microtechnology. 

Siemens ... 

Western Region 
Orange, CA 
(714) 385-1274 

Cupertino, CA 
(408) 725-3586 

your partner for the future. 
1987 Siemens Compcnents. Inc. 
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Digital potentiometer 
brings µP-based control 

to audio systems 

From rotary volume and tone controls to 
the sliders on an equalizer) the control of 
most audio systems is still primarily me
chanical. But this situation is changing as 
µP-based systems employing digitally con
trolled potentiometers find increasing use in 
audio designs. 

Jeff Randall, Xicor Inc 

Designs incorporating mechanical potentiometers are 
still found in the majority of audio applications. For 
example, at the heart of most volume and tone controls 
on car stereos is a rotary potentiometer. Digitally 
controlled potentiometers, however, now offer a more 
reliable alternative together with the option for pro
gramming various settings. Although automated con
trol of potentiometers can be a challenge, it's clear that 
the µP-type control of audio functions is, in many 
applications, desirable. 

Typical volume controls generally contain a simple 
potentiometer and resistor circuits (Fig 1). In this 
design, the potentiometer controls the signal to a 
fixed-gain amplifier section. Because the human ear's 
sensitivity to changes in volume is logarithmic in na
ture, a potentiometer used as a volume control is likely 
to have a logarithmic taper. Tone controls can vary 
from simple potentiometer and capacitor circui~s to 
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complex active filters. The Baxandall filter network has 
been the workhorse of the audio industry for years. 
This design (Fig 2) utilizes two linear-taper potentiom
eters to control the gain of an active filter. The potenti
ometers replace a portion of the input resistance and 
the feedback resistance. By moving the position of the 
wipers, you can vary the amount of boost and cut for 
both the bass and treble frequencies. 

Graphic equalizers, which typically contain a group of 
seven bandpass filters, are one of the fastest growing 
modes of audio control. Each filter has a potentiometer 
that controls the gain to a particular bandpass section. 
The potentiometers generally appear as sliders on the 
face of the equalizer. Fig 3 shows a typical graphic
equalizer schematic. Equalizers compensate for the 
imperfections of a listening environment by boosting or 
cutting the audio gain at specific frequencies. 

Vw 

AUDIO-TAPER 
POTENTIOMETER 

Vo 

Fig /-Volume controls are usually simple potentiometer and 
resistor circuits. In this circuit, the potentiometer controls the signal 
level to a fi xed-gain amplifier. 
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Although a challenge) microprocessor con
trol of audio functions is more desirable in 
many applications than mechanical potenti
ometers. 

By using a spectrum analyzer and a pink-noise gener
ator, you can customize the response of an audio system 
for a particular room or concert hall. You do this by 
feeding a desired response to the system-a pink-noise 
signal-that is generally flat across the audio band, 
with some attenuation at higher frequencies. You then 
adjust the equalizer until the system output closely 
matches the pink-noise input as displayed on the spec
trum analyzer. 

This process of matching a system to a room is often 
referred to as environmental calibration. It requires 
the listener to read the display of the spectrum analyzer 
and manually adj ust the potentiometers (sliders) of the 
equalizer. 

Primarily used for industrial-control applications, 
motorized potentiometers offer a relatively straightfor
ward approach to building simple audio control circuits. 
In these devices, a de reference voltage or a digital 
signal, either of which represents the position of the 
motor, is introduced into a small motor that is linked to 
a rotary potentiometer. The numerous drawbacks to 
this type of system include noise caused by the motor 
assembly and the increased space and power require
ments of placing a motor on an audio pc board. 

At the cost of greater complexity, you can use DIA 
converters to control and manipulate analog-circuit 
functions. These converters are frequently the choice 
for high-fidelity digital audio controls because of their 
precision, but for the analog-circuit designer, they can 
be a little intimidating. One method (Fig 4) uses first an 
AID converter to sample the input signal , then a 
microprocessor to further manipulate the signal, and 

V1N R1 

c, c, 

Rs 

Fig 2-The Baxandall filter circuit is common ly found in high
qnality audio systems. Potentiometers control the gain of an active 
jilter to boost or cut either bass or treble ji·equencies. 
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lastly a DIA converter. Although the results can be 
good, it's a complex and somewhat unfamiliar approach 
for the analog designer. 

An array of resistors with a wiper tap that is digitally 
selectable offers many advantages of the microproces
sor world without the complexity of DIA conversion. 
Such circuits are referred to as digitally controlled 
potentiometers. Logic circuits, counters, and memory 
circuits are often combined with resistor arrays to 
accomplish an approximation of potentiometer control. 
Recently, a few manufacturers have introduced devices 
that incorporate many of these functions in a single 
circuit. Some examples are Xicor's X9MME, Toshiba's 
TC9169AP, and National's LMC835. The Toshiba and 
National parts incorporate features that lend them
selves well to audio designs, but are not specifically 
intended for general-purpose potentiometer replace
ment. 

INPUT 

OUTPUT 

BAND 

2 
___ 1 __ _ 

l
e, 
Ro --- ---

L1 
--- ---

3 

4 

5 

6 

2R v1 

Ro 

Fi.q 3-1 n a .Qraphic equalizer, each filter has its own potentiometer 
lo control the gain to a particular bandpass section. The potentiome
ters normally appear as sliders on the face of the equalizer. 
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Xicor's X9MME (Fig 5), on the other hand , combines 
a single 99-position potentiometer with 3-line digital 
control. In addition to the internal counter circuitry for 
wiper positioning, the device incorporates nonvolatile 
memory to retain the wiper position. The X9MME is a 
digitally controlled replacement for a mechanical poten
t iometer . Because of its conventional 3-terminal poten
tiometer design, it integrates easily into existing ana
log designs. 

Circuit illustrates digital control 
The Baxandall tone-control circuit commonly used in 

high-quality audio systems provides a good example of 
how to use digitally controlled potentiometers. In this 
circuit, the Xicor X9MME replaces the conventional 
mechanical potentiometers normally used for adjusting 
the bass and treble frequencies. 

The tone-control circuit , its frequency response, and 

INC 8 Vee 
UD 

INC 

U/D 2 7 cs 
X9MME 

cs 

VH 3 6 VL 

Vss 4 5 Vw 

VH = HIGH TERMINAL OF POTENTIOMETER 
Vw= WIPER TERMINAL OF POTENTIOMETER 
VL = LOW TERMINAL OF POTENTIOMETER 
Vss= GROUND 
Vee = SYSTEM POWER 
U/D = UP/DOWN CONTROL 
INC= WIPER-MOVEMENT CONTROL 
CS= CHIP SELECT FOR WIPER 

MOVEMENT/STORAGE 

cs INC 
-

U/D MODE 

L \__ H WIPER UP 

L ""\_ L WIPER DOWN 

.f H x STORE WIPER POSITION 

Vee 

GND 

7-BIT 
COUNTER 

NONVOLATILE 
MEMORY 

PROGRAMMING 
CONTROL AND 

POWER-ON 
DETECT 

8 

Fi.g 4-0ne method of controlling analog-circuit functions is with 
AID and DIA converters using a microprocessor interface. Although 
it's eff ective, th is method is complex and costly. 

the equations for gain and filter frequencies are shown 
in Fig 6. This circuit uses digital potentiometers to 
control the gain of two active filters. The low-frequency 
(bass) filter includes resistors R1 and R2 and capacitors 
C1s. The maximum gain of this section is at low frequen
cies, where the capacitors are essentially open circuits. 

WIPER 
POSITION 1 OF 100 
DECODE 

TRANSFER 
LOGIC 

ARRAY 

.---+--- VH 

VL 

Vw 

Fi.g 5--Digitally controlled potentiometers, such as the X9MME from Xicor, offer an alternative solution for microprocessor control of 
signal levels without the need for AID and DIA converters. The X9MME co11lbines a 99-position potentiometer with internal counter circuitry 
for wiper position control, and a nonvolatile memory that retains the wiper's position. ft provides a conventional 3-terminal design that easily 
i11tegrates into conventional designs. 
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The high-frequency (treble) filter includes resistors R3 

and R4 and capacitor C3• The maximum gain of this 
section is at high frequencies , where the capacitor is 
essentially a short circuit. 

With the addition of another potentiometer at the 
output of the Baxandall network, the circuit becomes a 
single channel of an audio preamplifier. It contains 
three potentiometers that control volume, treble, and 
bass. These potentiometers might appear on the face of 
a home or car stereo, for example, as knobs that the 
operator would adjust by hand to control and shape the 
sound reaching the amplifier and speakers. 

Except for the digital control lines and the 5V power 
for the X9MME, the complete circuit is shown in Fig 7. 
X9MMEs replace R2, R4, and R6• Note that this replace
ment does not alter the analog design considerations. 
Because R2 and R4 are both linear-taper pots , the 
X9MME, which is also a linear-taper pot, provides a 
direct replacement. R6 is an audio-taper potentiometer, 
the type normally used for volume control. By placing a 
small resistor from the wiper terminal to the low 
terminal on any linear potentiometer (Fig 8), you can 
approximate an audio taper. In this case, a resistor of 
one-tenth the total potentiometer resistance provides a 
close approximation of an audio potentiometer (Ref 1). 
Excluding the power-amplifier stage, this circuit is 
designed to have a gain of 1 across the entire audio 
range, with the potential for a boost or cut of 20 dB at 
the frequencies that you select. 

The Fig 7 design is intended for car-stereo applica
tions. It should therefore operate from a single-ended, 
12V supply and adapt well to speakers that are com
monly used in autos. Considering the limited bass 
response of most car speakers, the frequency of the 
bass boost or cut should not be so low that the speakers 
cannot reproduce the sound. In the design shown here, 
there's 20 dB of boost or cut at 100 Hz (bass) and 10 kHz 
(treble). The available resistor values for the X9MME 
are 10 kD (X9103), 50 kD (X9503), and 100 kD (X9104). 

Note that you must alter the design somewhat when 
you insert the X9MME into the circuit. The X9MME's 
internal voltage generators, which are used to operate 
internal switches as well as to store information in the 
device's nonvolatile memory, produce a high-frequency 
noise. The principal noise frequencies begin at approxi
mately 150 kHz, and although this noise is beyond the 
audio range, it can still be a source of problems in the 
circuit. For this reason, the design incorporates capaci
tors around the X9MME to filter out any noise that 
might interfere with the circuit's operation. 
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C1 

(a) 

z 
< OdBt---+---r~~~~~~-4.---lf------j 

" 

1/Ave 

Fl 

(b) 

Fl= -
1
-

27T R2C1 

1 
Fla = 27T R1C1 

R2 
Ave = 1 +A, 

Fla 
log F 

FHa = 
1 

27T (R1 + R3 + 2Rs) C3 

Avr = 1 + 2Rs + R1 
R3 

Fig 6--The Baxandall tone-control circuit (a), its frequency re
sponse (b), and the equations for gain and fi lter-frequencies are 
shown above. Maximum gain of the low-frequency section (R ,, R,, 
and C,) occurs at frequencies where the capacitors are essentially 
open circuits. Maximum gain of the high-frequency section (RJ, R j, 
and C,) occurs at frequencies where the capacitor is essentially a 
short circuit. 

The digital control lines of the X9MME are INC 
(increment), CS (chip select), and U/D (up/down). CS 
allows you to move the wiper and also to store the wiper 
position in nonvolatile memory. When you return CS 
high, a store operation commences. The U/D function 
determines the direction of the wiper movement, and 
the INC function initiates the movement on the falling 
edge of the timing pulse. 

When initially designing with the X9MME, it may be 
helpful to assemble a simple switch system for control
ling the devices. In Fig 9's circuit, a 555 timer supplies 
a slow clock pulse to the increment pin of each X9MME 
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through a momentary switch. Pull-up resistors connect 
to each digital line, and grounding switches connect to 
the U/D and CS pins. To move the wiper up, you set the 
CS pin to ground, the U/D pin at 5V, and pulse the INC 
pin with the clock. Each step of the clock produces a 1 % 
change in the wiper position. 

This initial procedure lets you separate the analog 
portion of the design from the digital. Once the circuit 
is functioning adequately, with the switch network 
controlling the X9MMEs, the microprocessor interface 
is relatively simple to implement. 

Simplifying the µP interface 
With three devices on the board, the system requires 

nine control lines. To simplify the interface to an 8-bit 
microprocessor, you should connect the INC lines for all 
three devices to the same pin. The pin configuration for 
interface with the 6502 microprocessor system is 

100k 

0.22 µF 100k 

~PUT I t----../'o/\/'o-------t 

1
0.2 µF 

An array of digitally selectable resistors 
offers many advantages of the µP world 
without the complexity of D I A conversion. 

A7 A6 A5 A4 A3 A2 A1 Ao 
-- - -

N!C INC CS1 U/D1 CS2 U/D2 CS3 U/D3 

#1 =Volume 
#2 = Bass 
#3 = Treble 

To move the wiper of a given potentiometer, you 
should bring that potentiometer's CS pin low, force the 
U/D pin for the appropriate potentiometer either high 
or low (depending on the direction of wiper movement), 
and then toggle the INC pin. For example, to increase 
the volume you should alternate the following two 
patterns to the port connected to the control lines of the 
preamplifier circuit: 

N/C 
1 
1 

INC 
0 
1 

CS1 
0 
0 

4 

U/D1 
1 
1 

CS2 
1 
1 

I 0.01 µF 

U/D2 
1 
1 

CS3 
1 
1 

U/D3 
1 
1 

R3 
1k 

C3 

0.015 µF~ 

3 is 6 

I 0.2 µF 

NOTES: 
1. R,= 50 kfl (ARBITRARILY CHOSEN , X9503). THE VALUE CHOSEN IS 

AVAILABLE IN THE X9MME SERIES AND IS REPRESENTATIVE OF A TYPICAL 
DESIGN VALUE . 

2. Ave = 1+R1 /R,_ FOR 20 dB OF BOOST ( x 10) IN THE BASS SECTION OF 
THE CIRCUIT, R, = R2/9= 5.6 kfl . MAXIMUM BOOST IS OBTAINED WITH THE 
WIPER OF THE BASS POTENTIOMETER ALL THE WAY TO THE INPUT SIDE . 

3. FL = 100 Hz, FLe = 1 kHz . C1 = 1/2JIFLeR1 = 1/(6.28)(1000)(5600)= 2.84 x 10- 8F. 
HERE, THE FORMULAS FOR THE CUTOFF FREQUENCIES OF THE ACTIVE 
FILTERS ARE BROKEN DOWN TO DETERMINE THE ELEMENT VALUES TO 
USE . 

4. Rs = 2.2 kfl (ARBITRARILY CHOSEN). 
5. Avr =1+(R1+2Rs/R3)= 10, R3 = (R1+2Rs)/9 = 1.1 kf1 (USE1 kf1). HERE . THE 

MAXIMUM TREBLE GAIN IS CALCULATED IN A SIMILAR FASHION TO THE 
MAXIMUM BASS GAIN . 

6. C3= 1/2rlFHR3 = 1/(6.28)(10000)( 1000) = 1.6 x 10- 8F. 
7. R• 2' 10(R3+R1+2Rs)= 110 kf1 (USE 100k f1) . 
8. R5 = 10 kf1 (ARBITRARILY CHOSEN). 

R• 
100k 

(X9104) I 0.001 µ~F-----

R& 3 

1 Ok --
5
---...---. 

(X9103) 
6 

1k 

81! 

8 

2.?k 

I 0.1µF 

Fig 7-ln tlzis circuit, X9MMEs replace the conventional potentiometers (R,, RJ, and R,) of Fig 6 without any alteration of the analog design 
considerations. Because R, and RJ are both linear-taper potentiometers, the X9MME provides a direct replacement. The volume control (R,) 
requires a 1-k fl shunt resistor from its wiper to ground to simulate an andio taper. 
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A 3-terminal potentiometer that provides 
99 positions) 3-line digital control) and an 
internal counter integrates easily into exist
ing designs. 

Note that at this point you have selected CS, set U/D 
to 1, and toggled INC to increase the volume. You can 
alter the bass and treble settings in a similar manner. 

The microprocessor system used in this design con
sists of a 6502-based keyboard monitor. The controlling 
program scans the keyboard for the ASCII character 
that transfers control to the specified subroutine. For a 
given input, the subroutine selects the appropriate 
potentiometer and toggles the INC pin 10 times before 
returning to the controlling program. 

An example program for adjusting the volume, bass, 
or treble is 

LDX #00 
0333 LDA 0006 

STA AOOO 
JSR ED2C 
LDA 0007 
STA AOOO 
JSR ED2C 
INX 
CPX 0008 
BNE 0333 
RTS 

Load counter with zero 
Load accumulator with first 
pattern. 
Output pattern. 
5mS wait 
Load 2nd Pattern 

Compare counter to 10 

In addition to the adjustment subroutines, you can 
also call up an initialization subroutine. This subroutine 
resets the volume control to zero and the bass and 
treble controls to the 50% point. You would normally 
use this routine only during the installation of the 
system. 

The first section of this one-time initialization pro
gram sets all the potentiometers to zero. 

LDX #00 
0111 LDA 0000 

STA AOOO 
JSR ED2C 
LDA 0001 
STA AOOO 
JSR ED2C 
INX 
CPX 0008 
BNE 0111 

Load counter with zero 
Load accumulator with first 
pattern (80h) 
Output pattern. 
5mS wait 
Load 2nd Pattern (COh) 

Compare counter to 100 

The next section of the program sets the bass and 
treble potentiometers to 50% and returns control to the 
controlling routine. 
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LDX #00 
012C LDA 0003 

STA AOOO 
JSR ED2C 
LDA 0004 
STA AOOO 
JSR ED2C 
INX 
CPX 0005 
BNE 0333 
RTS 

cw 

R 

v,. 

Load counter with zero 
Load accumulator with first 
pattern (B5h) 
Output pattern. 
5mS wait 
Load 2nd Pattern (F5h) 

Compare counter to 50 

VouT 

ccw-------' 

(•) 

1.0 

0.9 

0 .8 

0.7 

0.6 

z 
~ 
~ 0.5 
0 

> 

0.4 

0.3 

0.2 

0.1 

(b) (FULL CCW) 

0.1 

NOTE: 

FOR AUDIO TAPER , 
USE R,= R/10 

0.2 0 .3 0.4 0.5 0 .6 0 .7 0.8 0.9 1.0 

WIPER TRAVEL (FULL CW) 

Fig 8---A shu11t-resi.stor from the wiper of the potentiometer to 
ground (a) can simulate various logarithmic tapers when used with a 
linear pot. The graph (b) plots the resulting curves as a function of 
the resistor ratios. 
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New Precision Pulse Generator 

Four Channels, 5 ps Resolution, 
and GPIB Interface ... Price: $2995 

TIMING IS EVERYTHING 
Your critical timing problems are 
over. No more worries about drift 
jitter, or control. The DG535 Preci
sion Pulse Generator has four 
delay channels (two pulse out
puts), each with a 1000 second 
range and 5 ps resolution. The 
four independent delays specify 
two variable-width pulse outputs. 
With only 50 p s jitter and accu
racy down to 1 ppm (option 03), 
the instrument can handle the 
most demanding applications. 
The internal trigger may be pro
grammed from 0.001 Hz to 1.000 
MHz. or operated in single-shot or 
burst modes. Output levels are 
continuously adjustable or may 
b e set to TTL, NIM or ECL levels. 
High impedance or 50 Ohm 
loads can be driven with a slew 
rate of 1 V /ns. Optional rear panel 
outputs generate pulses to 15 volts. 

PllAHCK 
Optllas 
c.e. 1422 
91019 Eviy Cedex 
60.71.40.63, n.x 600019 

GEllMAHY 
Spectroscopy Instruments 
Carl Benz Strasse 11 
D-8031 Gllchlng 
0 8105/ 50ll. n.x 523862 

EASY TO USE 
The delay and output levels for 
each channel may be entered 
numerica lly or mod ified by cur
sor keys on the b acklit LCD dis
play Delays may be linked to
gether so that as one moves, the 
other follows. Up to nine instru
ment settings may b e stored in 
nonvolatile RAM for later recall. 
and, of course, a ll of the instru
ment's functions m a y b e con 
trolled via the GPIB interface. 

A GENERATION AHEAD 
The DG535's precision, accura cy; 
range, and versatility make it the 
solution to all your timing needs, 
at a price that will meet your 
budget. Call us today for more 
information. 

JAPAN 

FEATURES AND PERFORMANCE 

• Four Delay Outputs 

•Two Variable-Width Outputs 

• Times from O to 1000 sec. 

• 5 ps Resolution 

• 50 ps rms Jitter 

• 1 ppm Accuracy (Option 03) 

• Internal or External 
Timebase 

• Internal, External, Single-Shot, 
or Burst Mode Triggers 

• Frequency Synthesized 
Rate Generator 

• Variable, TTL, NIM, and 
ECLOutputs 

• Optional ± 40 Volt Outputs 

• GPIB Computer Interface 

UNJTED KINGDOM 
Tokyo Instruments 
Koizumi Building 
6-10·13-403 Nishikasai 
F.dogawa-ku. Tokyo 134 
03 (686) 47ll. n.x 13264636 

"Seki and Company 
1·2-6, Nihonbashl Nlngyocho 
Chuo-ku. Tokyo 103 
03(669)4121.n.x124419 

Lambda Photometrics 
Lambda House, Battord MW 
Harpenden, Harts AL5 SBZ 
05827164334. n.x 825889 

Speirs Robertson 
Mollver House, 
O<IkleyRoad 
Bromham, Bedtoid 
02302/ 3410, n.x 825633 

Stanford Research Systems 
460 California Avenue, Palo Alto, California 94306, (415) 324-3790, Telex 706891 SRS UD 
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With digitally controlled potentiometers) 
the gain or frequency response of a circuit 
is quickly alterable via microprocessor com
mands. 

The Fig 9 circuit using the X9MME digital potenti
ometers operates much like many sophisticated home 
stereo systems, except that all controls are digital 
switches-in this case, a keyboard. The only moving 
parts are in the switches, and the entire system is 
relatively free from the problems of vibration or jarring 
-potential hazards in all mechanical potentiometer 
systems. 

0.1 µF 10k 

< 100k 

_J 

LM555C 

.., 
?' 2M 
< 

+--

I 0.1 µF 

INC 
~ 

0 uP 

( ~OOW' 

~ 

T 
~ 

B 
~ 

v ....,. 

Keys 1 through 6 on the keyboard represent the 
up/down controls for the circuit. By depressing Key 1, 
the volume increases by 10 steps. Key 2 decreases the 
volume in the same manner. Similarly, Key 3 is treble 
up, Key 4 is treble down, Key 5 is bass up, and Key 6 is 
bass down. The key for the letter I calls the initializa
tion routine. Keep in mind that beyond allowing control 
of step size, and the auto-zero or initialize function, this 

~ 
< < 

INC Vee ~ 
t--

U/D VOLUME cs 
X9103 

- 10k t--
Vss 

r- t--

. 
~ 

~ 
~ 

( ~ ;> 

INC Vee ~ 
t--

U/D Cs 
BASS 
X9503 - 50k ~ 

f 1-----' 

. 

~ ~ 

> < 
INC Vee 

!----' 

U/D Cs 
TREBLE 

X9104 
----; 100k 1-----' 

Vss r t--

. 

Fi.q 9-This breadboard circuit iises a 555 tirner to snpply a slow clock-pulse to the increment pin of each X9MME through a rnomentary 
switch. Pull-up resistors connect to each digital line, and grounding switches connect to the up/down and chip-select pins. Each step of the 
clock produces a 1 % change in the wiper position. 
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Let us build 
your first 

PCB Prototype. 
FREE~ 

That's right, and up to five copies. An 
exclusive offer from the industry leader. 

Who qualifies? Anyone. Anyone, that 
is, who places an order for our PCB 
WorkSystem~ the complete printed 
circuit board development system that 
takes you from schematic capture 
through physical layout. We'll also give 
you free help from a qualified Tektronix 
Design Center. It's the kind of support 
you've come to expect from Tektronix. 

It's all part of Tektronix Aided 
Engineering, an integrated software 
approach addressing each area of 
your product development cycle. 

So use the handy coupon or call 
us today at 800-TEK-WIDE, ext. 1594, 
to get all the details on your free PCB 
prototype manufactured at our class 
''A" MRP certified plant in Forest Grove, 
Oregon. Hurry, this offer can't 
last forever. 

WorkSystem is a trademark of Tektronix, Inc. 

*Place an order for our PCB 
WorkSystem now through 
December 18, 1987. and we will 
provide you with facilities, computers 
and consulting supix>rt to help you 
develop an approved printed circuit 
board design before you accept 
delivery of the WorkSystem. Up to 5 
copies of your first unstuffed board will 
be manufactured. Subsequent boards 
do not have to be manufactured at our 
PCB facility. All board designs must 
have prior Tektronix approval and there 
will be a per day fee for cancelled 
purchase orders. 

Yes. I want a Free 
PCB Prototype. 
Send more information. 

Name 

Title 

Company 

Address 

Phone 

Tektronix/GAE Systems Division, PO. Box 4600. MS 94/520, 
Beaverton, OR 97076. Or call 800/TEK-WIDE ext. 1594. 

COMMITTED TO EXCELLENCE EDN100187 
...___ _____________ _.______ - -- -- -- - - - - -
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Nonvolatile memory can be important in 
once-only-calibration circuits. 

system really does not take advantage of the versatility 
of microprocessor control. 

The system performs nearly identically to the same 
circuit with mechanical potentiometers. The X9MME is 
quiet to -65 dB below a 1 V signal, which is considered 
a fair performance for normal audio-quality devices. For 
audiophile quality, this number should be closer to 
-120 dB, but in car-stereo or communications-equip
ment applications, the device works adequately. 

Aside from the obvious advantage of a lack of moving 
parts, the most useful additional feature of this design 
is probably the choice of step size in the adjustment of 
the controls. The 10 steps per adjustment is an easy 
value with which to work. 

Advanced circuit design and digital control are sim
ply extensions of these design principles. By using 
digitally controlled potentiometers, the gain of the 
entire circuit, or the boost and cut of a given frequency 
range, can be quickly altered via microprocessor com
mands. Once the microprocessor assumes control, any 
parameter of the analog circuit that is controllable by a 
potentiometer is available to the programmer. 

For example, with microprocessor control, you can 
easily automate the combination of the graphic equaliz
er and the spectrum analyzer discussed earlier. By 
controlling the position of the potentiometers that 
control the gain of the individual equalizer bands, you 
can calibrate the system's frequency response to any 
room or listening environment. 

In one scenario, the operator presses a calibration 
button on the equalizing circuit, activating a pink-noise 
generator that in turn sends a short burst of sound to 
the system. The spectrum analyzer in the system then 
decides which frequencies require adjustment and 
changes the positions on the appropriate potentiome
ters, thus calibrating the system. It's not necessary to 
adjust any mechnical sliders, and no separate (and 
expensive) spectrum analyzer is required. Moreover, a 
relatively unsophisticated user can now accurately cali
brate the system. 

A simpler version of an automatic-calibration circuit 
might also prove useful in car stereos as a once-only 
installation adjustment. The installer pushes a calibra
tion button on the back of the unit to adjust a compensa
tion circuit separate from the main tone controls. The 
settings would then remain in the nonvolatile memory 
of the digital potentiometers until the system was 
upgraded or installed into another car. Thus it would be 
possible to calibrate the same unit for different speak
ers, different amplifiers, and different auto interiors. 
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The Xicor X9MME is a general-purpose device. Al
though well suited for audio applications, it may be 
even better for other analog applications. Its 99-step 
resolution across its range exceeds any normal require
ments in most audio applications. For auto-zero and 
balancing circuits, however, this resolution is in
valuable. 

The device's nonvolatile memory, although of limited 
interest in applications where the user may not want to 
retain the previous potentiometer settings, could be 
quite important in a once-only calibration circuit where 
it is desirable to retain the factory settings. In a TV 
cable decoder, for example, mechanical potentiometers 
abound. In that application, the use of nonvolatile 
digital potentiometers could eliminate the constant 
headaches of having to make adjustments because of 
jarred equipment or tampering. EDN 
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DESIGN IDEAS 
EDITED BY TARLTON FLEMING 

Synchronous divider replaces Ix clock line 

Mike J Shah 
Webcrafters Inc, Madison, WI 

A serial-transmission data link based on a 1 x clock can 
obviously transmit a higher data rate than one using a 
16 x clock. Both types of systems, however, must syn
chronize the clock and data signals, which may require 
a clock line separate from the data line. The Fig 1 
circuit eliminates the clock line and yet provides the 
USART with a 1 x clock signal synchronized to the data 
stream. 

Positive transitions in the 57.6-kHz clock signal (out
put of IC30) enable IC, to sample each data bit at its 
midpoint. To generate and synchronize this clock signal 
to the data input, XOR gates IC3A, IC3B, and IC3c form 
an edge detector that produces a positive pulse follow
ing each positive or negative transition of the data 
signal (waveform A). These pulses repeatedly clear 
counter IC4A to zero, and the local oscillator (fosc) 
continually clocks the counter. Because the oscillator 
frequency (921.6 kHz) is 16 X the data's baud rate, the 
counter's 1Q0 output (a count-of-8 event) occurs at the 
midpoint of each data bit. 

57.6k BAUD 

IC 2 

1489 
LINE RECEIVER 

DATA 
INPUTU----i 

RxD 
3 

Axe 

25 ..r 

This approach to clock recovery at the data link's 
receive end has the advantages of simplicity and instan
taneous response compared with the use of PLLs or 
phase-encoding schemes like biphase, FM, or modified 
FM. Most data transmitters and receivers include a 
crystal-controlled clock generator, from which you can 
usually derive fosc- Because such generators offer 0.1 % 
or better accuracy and stability, the Fig 1 circuit need 
only provide phase synchronization. 

The line receiver (IC2) should have hysteresis so that 
its output (waveform A) can provide the sharp transi
tions needed by the edge-detector circuit. The detector 
circuit's output pulse widths t 0 and tn' should be less 
than the period of f08c, but wider than the minimum 
required by the counter's Clear input. 

As shown, counters IC4A and IC4B enable data recep
tion and transmission by dividing the data period by 16. 
(This division factor results in a midbit quantization 
jitter of ± 1h the fosc period, or 1116 of a data bit.) 
Division by 8 is the minimum recommended. EDN 

To Vote For This Design, Circle No 748 

IC, 
8251A 
USART 

(1 x MODE) 

5V 

lk 

'fxc 

J2 ' 

DATA 
TxD 1-1-9--0 ouTPUT 

Ul 
10. 10e 10c 100 

'k74LS393 

20A 20e 20c 200 

'1274LS393 

CLEAR 
1-1 BIT-J IC4A 

fosc o---------l----------41--------l----~ 
921 .6 kHz 

' REMOVE J2 FOR USARTs THAT SAMPLE RxD 
AT THE FALLING EDGES OF Axe . 

c, I 1000 pF 

~ A~~ 
B_r~ 

--1 f--to -1 l-- to 
c_f"G~ 

to < to· 

CLEAR 

lf-o/'6-
---+-I ~ JITTER = 1/ 16 BIT 

Fig I-By using synchronized dividers and a free-running local oscillator, this USART circuit operates in the 1 x clock mode withmd 
requiring a separate clock line. 
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DESIGN IDEAS 

Fortran program calculates op-amp noise 

James S Taylor values and such op-amp noise parameters as noise
voltage and noise-current densities (Listing 2). (For 
those parameters, use a frequency well above the op 
amp's noise-corner frequency-I kHz, for example.) 

James S Taylor & Associates, Fairborn , OH 

Calculating the input-referred noise of an op-amp cir
cuit isn't difficult, but making this calculation for sever
al different op amps, over different bandwidths and for 
different circuit configurations, can become a chore. 
Listing I is a Microsoft Fortran program that simplifies 
this task. It computes the total input-referred noise for 
an op-amp circuit (based on the test circuit of Fig I), is 
flexible enough to handle a range of options, and runs 
on IBM PCs and compatibles. 

Listing 2 also includes an example of Listing l's 
output for the OP-27A op amp. The program presents 
the data inputs and the output on your CRT screen for 
verification before printing. Boltzmann's constant and 
the absolute temperature are listed in separate data 
statements, so you can easily modify the program to 
calculate the resistor's thermal noise at different tem
peratures. EDN 

The program prompts you for the external resistor 

Eour 
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To Vote For This Design, Circle No 750 
Fig I-The program of Listing I calculates the total circuit noise 
referred to th e input of the op amp for this noninverting-gain 
c011.fignration. 
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LISTING 1-CALCULATION OF OP-AMP NOISE 

Mi crosort FORTRAN77 V3.3l Auqust 1985 
NOI SE .fOR 

3 C THF SOLJRCFS OF NOISE IN AN OP-AMP CIRCUIT ARE: 
4 c 
5 c 
t) c 
7 c 
8 c 
'J c 

IO C 
I I C 
12 
l 3 
14 
l'i 
16 
I 7 

& 

I. 
2. 
3. 
4. 
') . 

THFRMAL NOISE IN lHE SOURCE RESISTANCE SEEN BY THE + INPUT 
THERMAL NOISE IN fHE SOURCE RESISTANCE SEEN BY THE - INPUT 
NOISf CURRE NT THROUGH THE SOURCE RESISTANCE AT THE + INPUT 
NOISE CURRENT THROUGH THE SOURCE RESISTANCE AT THE - INPUT 
lNlfRNAL OP-AMP NOI SE WHI CH APPEARS AS A VOLTAGE ACROSS THE 
DIFFERENTIAL INPUT 

REAL*4 IWN. 
M6. 
NEW. 
OP AMP 

K. LBW, 
NRSP, NRSN 
AGAIN 

NE. NJ• NIN, NIP, NOI SE , 

LOG I CAL 
CHARACTER*8 
CHARACTER *! 
DATA 

ANSWER 
KI J.38E-23 /, T I 300.0 / , NEW I .TRUE. / 

IH C OPEN FILES 
l'J OPEN (UNIT I. FILE= 'CON') 
20 OPEN CUNIT = 2 , FILE= 'CON') 
2 1 C GET INPUT 
22 1000 WRITE Cl. I)'', CHAR(27) . 'r', '2', 'J' 
23 
24 c 
25 
2G 

IF (NfWl fHEN 
THE OP-AMP ID IS USED FOR LABELLING THE PRINTOUT 

WR I TE CI, 2) 
READ CZ. JI OPAMP 
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SPEC! Fl CATIONS 

de to 2000 MHz 
amplifier series 

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

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

MHz 100 1000 2000 Min . PWR. dB Ea. Qty. 
MHz MHz MHz (note) dBm 

MAR-1 DC-1000 18.5 15.5 13.0 0 5.0 0.99 (100) 
MAR-2 DC-2000 13 12.5 11 8.5 +3 6.5 1.50 (25) 
MAR-3 DC-2000 13 12.5 10.5 8.0 +80 6.0 1.70 (25) 
MAR-4 DC-1000 8.2 8.0 7.0 +11 7.0 1.90 (25) 
MAR-6 DC-2000 20 16 11 9 0 2.8 1.29 (25) 
MAR-7 DC-2000 13.5 12.5 10.5 8.5 +3 50 1.90 (25) 
MAR-8 DC-1000 33 23 19 +10 3.5 2.20 (25) 

in the MAR-series offer up to 33 dB gain, 0 to 
+ 11 dBm output, noise figure as low as 2.SdB, 
and up to DC-2000MHz bandwidth. 

NOTE. Minimum gain at highest trequency point and over lull temperature range 
'MAR-8, Input/Output Impedance 1s not 50ohms. see data sheet 
Stable for source /load impedance VSWR less than 3 1 

• ldB Gatn Compression 
o +4dBm t to 2 GHz 

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

A1so, for your design convenience, Mini-Circuits 
offers chip coupling capacitors at 12 cents each.t 

Size Tolerance 
(mils) 
80x50 5% 
80 x 50 10% 

120 x 60 10% 

Temperature 
Characteristic 

NPO 
X7R 
X?R only $59.95 t Minimum Oroer 50 per Value 

f1nd1ng new ways 
setting higher standards 

r;;:1 Mini~Coir.~my,jcl~ 
PO. Box 350166, Brooklyn. New York 11 235-0003 (718) 934-4500 

Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 

CIRCLE NO 125 

Value 

tO, 22, 47. 68, 100, 470, 680, 100 pf 
2200, 4700, 6800, 10,000 pf 
.022, .047 .068, lµf 

C l 13- Rev D 



D L i nc# I 
27 c 
28 
2') 
30 c 
3 1 
32 
n c 
34 
3'> 
36 
37 c 
38 
J'J 
40 c 
41 c 
42 
43 
44 
4 S c 
46 
47 
4ti c 
4') 
r)u 

~) J l 
'>/ 
'>_i 
'> 4 \ 
'"I'"> 

/ ) ( , I 

'i 7 
r)H 

')<_J c 
r,u 
b l 
(,2 
b3 
() 4 L 
be> 
(,6 
b7 
68 
t)l) 

70 
71 L 
7 c_ 
7J 
74 L ,., 
76 
n 
7tJ 
7 'J 

tJO 
tJ I 
8<'. 
83 c 
fl 4 
8'> 
86 
87 
88 
8':! 
'}(J 

'JI 
'J2 
'}3 
'J 4 
')') 

<Jt> 

'} 7 

'JH l . 
I.JI) 

J UO 
I U I 
l lJ <' 

190 

DESIGN IDEAS 

LISTING 1- CALCULATION OF OP-AMP NOISE (Continued) 

7 Mi ~ rosoft FORTRAN 77 V3 . 3 1 Auqust 1985 
FCE = VOLT AGE NOI SE CORNER FREQUENCY 

WR ITE ( I. 4) 
READ (2 , 5) FCE 

FCI = CURRENT NOI SE CORNER FREQUENCY 
WR ITE ( I, 6> 
RE A[J (2 . ')) FC I 

EWN = NUISE. VOLTAGE OE NS I rY, F » FCE 
WRl1 E ( I. 7 ) 
READ <2 , 5 ) EWN 
EWN = EWN 

IWN = NOISE CURRENT DENS I TY , F >> FCI 
WR I TE ( I. 8 ) 
RE AD C 2, S) I WI~ 

l HE NEXl L IN E CORRECTS FOR A TRADIT IONA L ERROR IN THE WAY 
NOISE CURRENT DE NS I TY IS SPEC I F IED 

I WN = I WN • SQRT ( 2. ) 
NEW = . FAL SE. 

ENDIF 
RSP = SOU RCE RESIST ANCE AT THE ~OS J TIVE INPUT 

WR! l E ( I. 9 ) 
RE AD ( 2 . 5 I RSP 

RG = RES IST AN CE TO GROLI NU AT THE NEGAT I VE IN PUT 
WR I TE ( I • I 0 > 
RE AD (2 . S> RG 

Rf = FEU18ACK RFS ISlANlf TO Fout AT THE NEGAT I VE INPUT 
WR!) E (I. I I> 
RF AD (I . '> > Rr 

h:'. .N = f:.UUIVALf Nl SULIRU Rf'.,ISTA NLf AT THE NEGAT I VE INPU T 
i~SN = Rt~ • RF I !Rt,+ RF> 

H ~ I llW[',1 fRECJUENCY ur INTE.h:f~;l 

WR 11 F ( I • I 2) 
READ <2 . '>> FL. 

FH = HIGHfS -1 fR[UUE NC.Y Uf ! NH.REST 
WRI IE ( I. I j ) 

RF AD ( 2 . S) FH 
BW = FH - FL 
I tlW = LUG (r H I FL) 

CALCULA r INUI VI DU AL NO ISE CO MPONENT S 
NRSP = ~QR1( 4. U • K • T • RSP • BW> • I . OE'J 
NRSN = suR r r 4 .U . K . T . RSN. BW) • l. OE. 9 
NE. = f WN • SORTCFCf • LB W + 8 Wl 
NI = IWN • SQRf ( FCI • LtlW + BW> 
NIP = RSP • NJ I JOUO. 
NI N = RS N • NI I 1000 . 

CA LCULATE THE TOTAL NOISE . ROU NDE D TO THE NEAREST NANOVOLT 
NOISE= JN T(~JR r(NRSP ** 2 + NRS N*• ? + NI P"" 2 + NJN** 2 + NE"* 2)) 
Nb = NO I St • 6. 0 

U I S ~l . AY THE. RESULTS 
WRl lE ( I , 14 ) OJ"A MP . Fct .. IC !, t.WN, JWN 
WR I TE I I • I '>) NRSP 
Wf~ IT E. ( I • I b) NRS N 
WF< I fl ( I , I I) NE 
WRI TE I I , 18) NI 
WR I fE ( I , I 9 ) NI P 
WRITE ( I . 20> NIN 
WRI TE (I . 2 1 ) NOI SE , N6 

PR IN T THt RESU L T ~, . IF REQUESTE D 
WRI TE (l , 22> 
Rf AD <?, I ) AN SWER 
IF (< AN SWE.R .EQ . 'Y') .OR. ( AN SWER . EQ. ' y')) THEN 

OPE N ( UNI T= 3 , FILE= 'PRN') 
WRI TE (3 , 14) Ul-'A MP , FCF . . FCI , EWN, IWN 
WR I TE ( 3 . I')) NRSP 
WRIT f ( 3 . I 6 l NRSN 
WR I TE ( 3, I 7) NE 
WRITE (J , 18) NI 
WRITE (3 , l ':i) NI P 
WR I TE ( 3 • 2 0) N I N 
WR I TE C 3 • 2 I ) NO I SE , N(, 
CLO~.E < 3) 

END IF 
A~,K IF ANUT Ht R CA L CUL A f I ON I c; REQU IRED 

WR I rF I I , 23) 
READ ( 2 . I > ANSWER 
IF I ( AN SWtR .tQ. 'Y') . UR . (A NSWER . EQ. ' y')) THEN 

Al~A IN = . TRUE. 
Listing continued on pg 192 
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TTL remote 

Expanded 
track sequence 

on one card 

selection 

Universal 
power supply 
(1201240V. 
47-440Hz) 

,< 1 " f •, • '!:~1.·' 

Introducing the Honeywell Model !Ole-an enhanced version of the rugged Model IOI that 
has proven its reliability in a wide range of applications over many years . 

The new features of the Model !Ole give you the greatest possible assurance of data accuracy 
by augmenting the many qualities of its predecessor. 

Qualities like preamble recording with a "known" signal; microprocessor-controlled auto 
test for calibration verification at the speed you select; total system control via a direct-access panel ; 
gentle tape handling; 5-year/5000-hour unprorated warranty on the ferrite heads ; field services 
and a worldwide parts network unsurpassed for more than 30 years. 

For more details , contact Darrell Petersen , Honeywell Test Instruments Division , Box 5227, 
Denver, CO 80217-5227. (303) 773-4835. 

Together, we can find the answers. 

Honeywell © 1987 Honeywel l Inc. 
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I 117 
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1 111 I 
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I I'' 
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I JR 
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J {' (I 

17 1 
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I d 
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DESIGN IDEAS 
LISTING 1- CALCULATION OF OP-AMP NOISE (Continued) 

I 
7 Mi c r oso f t FORT RAN /7 V 3 . 3 1 Augu s t 1985 

WR I TE < I. 2 4 l 
REAU ( 2 , , I ANSWER 
If < <AN ~>WH< .fCI . ' Y' l . OR . IAN ~,WF R .FO. ' y ' l) NEW 

t LS t-
A1 ,A IN ~ . f Al '>l . 

r Ni l It-
1 f IAl.,A JN l I.JU TU IULJl.1 

I 1. IJ'.::> t· ! If ' A~HJ UJ Ak l)ll I 

Wf-< I 11· I I . I l 
1· LlJ'>I I l l 

LLU~) F (?I 
t"URMA l ~) rA TE MEN rs 

I FORMA T <'.i Al \l 
I'. FORMA T < ' E. NT F R T HE 0 1·, AMP TYF' E.: '\ ) 
3 FOR MAT <At)) 

. TRUE. 

4 FOf.IMA ·1 ( ' f. NIE R ltif VOLTAGE. NOI SE COR Nt.R FREQUENCY. Hz : ' \ ) 
') FORMAT (FH.41 
b F Ul-<MA 'f (. ,_,, r f f.I r Hf- l .Uf.IRF Nl NO I SE CORN ER FREQUENCY . Hz : • \) 
7 FOR MAl (' EN TF f.I THE NOI SE VOL TAGE DENS I TY . 11V I sqrt(Hzl: ' \ ) 
tJ FUf<MA I < ' ENf F f.l l HI:. NUI SE lUf.IRfNl lJ ENS ll Y . p A / sqrt<Hz ) : '\ ) 
'J f" UkMA T <' f-: MI Ek SUUkLf l~t. S J S TANCE AT lHE + INPUT . o hms : ' \ ) 

Ill fUt<MA f <' L Nftf.I f.lf ~) J S IANLE lU bf.IULJN[J A·l THE - INPUT. o hms : '\ ) 
11 t-llkMAI < ' t-.Nlf.k k t .S l "> TAN( .f" TU f"ri ut A T )H f: - INPIJf , o t)rns : '\) 
Ii f Ul-< MAi I ' l:.Nlf k THE lUW FREUUtN( Y L I Ml l . Hz : ' \ ) 
l j f (Jh:MA 'I (. t-.N IE k "I HI- HI GH FR F.UUE NCY LI M! r. Hz : '\ ) 
14 f Uf.IMAT (/ ' UP- Amµ t y p e : A8 / 

& Vo I tCJo e n o i s e; corn e r f r e que n cy : ' • F 7 . 2 , Hz ' / 
& l .u r rent noise co r n e 1 f r e q u ency :'. F 7. 2 , Hz ' / 
& No i s e v o ll. d o e d e n s i ty : F l l .4. nV / sqrt (Hz )' / 
& No i se c u rren t d ensi t y : F 17 .4, pA / s qrt(Hzl' / ) 

1•; FORMAT(' l hc rnkil noise fr o m k s (+) = Fll. 2 , nV') 
lb FOf-I MA T (' T l1 e rin1'l no i ~e fro m Rs ( - ) = Fll . 2 . nV') 
I 7 FOf.IMA T ( ' Op - Amp noi se v o I t<iqe = FI 5 . 2 , nV') 
18 FORMA T (' Op - Amp no i s e c ur rent = F I S . 2 . p A'l 
I Y FORMA T ( ' No i se c urre n t • Rs (+ ) F l4. 2 . nV') 
2 0 FORMAT (' No i se c urr ent • Rs ( - ) F l4. 2 , nV' / l 
2 1 FORMAT (' TOTAi NOI SF = F8. 2 , nV RMS ,', F ':i . 2 , nV P- P'/) 
22 FURMA T <' l ' f.llNl lHESF RE SULT S ? ' \ ) 
2-J FORMA r <' WOULD YOU I I KE TO CAL CULATE NO I SE AGA 1 N? '\) 
2 4 FORMA T ( ' WOULD YOU l lK F. TO SPE C IF Y A D IFFERENT OP AMP? ' \ ) 

F ND 

LISTING 2- INPUT PROMPTS AND SAMPLE OUTPUT 
,: ~i i t k ·1 HE OP AMP fYf-' t- : OP - ? 7 A 
E Nlt R I Hf VCJ L. l AC,f:. N( J I ,:, f l ORNl:.h: f 1-<EUUf NC. Y. H= : .' . I 
ENTt.F"i THI:. CllRl<tMI NOI SE CORNtR r RE: U l l t~ll L H.: : 14 1J . ll 
f. N llR Hlf N(Jf 0,F VOi lAGE flfN ', J TY . riv I "" l (r1 .-) : 1.ll 
t. N ft-R lrll:. Nll) '-> !- CLJRf.ltN r DEN S I fY. r>A I ';< JI r ( H..: I: lJ . 4 
FNHR '>ULIRlf f.IF ', ISlANtl Al Hlf ~ IN~'ll f . u l1m ~. : ILIU(lll. U 
tN r tk h:t ' >l 'J TANl.L 10 LRUUNO Af l l H. - I NPU T . 0 11111··, : 1r1u1J.11 
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These High-Rel SRA Ms offer you all these benefits: 
• IOO ns access time at 25°C 
• Low standby current: 1 mA typical 
• Full Mil temperature range 
• 32Kx8 organization 
• 28 Terrninal OIL Package 
• Screened to Mil-Std-883 Class B.* So they're perfect for 

use in a wide range of military systems.And, as you'd 
expect from the leaders in High-Rel CMOS, we have a 
full line ofSRAMs, including64K(8Kx8) and 16K(2Kx8). 

Tops in Rad-Hard RAMs, too. 
If you need rad-hardness, remember that we offer I K, 4 K 

and 16KCMOS/ SOSRAMsaswell. 
Our Rad Hard 16Kxl CMOS/ SOS RAM has an access 

time of 125 ns at 25°C and is available for immediate delivery 
to Class S type specifications. 

CMOS/ SOS is the ideal technology for rad-hard applica
tions because: 

• It's latch-up free under transient radiation 
• It's highly tolerant to single-event upset caused by radia-

tion (typically 2xl0-9 errors/ bit/ day) 
• It has total dose tolerance from IOOKRADs to "MEGARAD." 

We know, because we invented CMOS/ SOS. 
So whatever your needs in SRAMs, aim high, and call the 

Top Guns today. For additional inforrnation, call toll-free 
800-443-7364, extension 20. Or contact 

• 

your local GE Solid State sales office or 
distributor. *Rev. C. Parnb•Taph 1.2.2 

" GE Solid tate 
GE/ RCA/lntersil Semiconductors 
These three leading brands are now one lead1ng-Bdge company. 
Together, we have the resources-and the commitment -
to help you conquer new worlds. 

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. 
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V /I converter has zero IB error 

Roberto Burani and Giovanni Stocchino 
FA'l'ME SpA, Rome, Italy 

In a conventional (simplified) voltage-to-current con
verter (Fig 1), I E= v, N/Rr, and l c= IE- IB. Because 
IB= l 1::/(l+l3), the output current is affected by changes 
in 13 , which varies with IE, VouT, and temperature. The 
voltage-controlled current source of Fig 2 overcomes 
this drawback by eliminating the output transistor's 
base current as a source of error. (For earlier voltage
to-current circuits, see EDN, September 15, 1983, pg 
227, and January 10, 1985, pg 290). 

Notice that the output device in Fig 2 (a composite of 
Qt and the optocoupler's output phototransistor) has 
only two de terminals, so le and 11:: are identical at low 
frequencies . Output current, then, is proportional to 
current flowing in the optocoupler's LED. The output 
device contributes only a negligible error due to cur
rent leakage (about 1 pA/V), which is caused by finite 
isolation resistance in the package. 

lc - louT 

Vou1 

Fig I- In tlziJJ JJ implified VII cu11verter, 101 .,. eqnu/;; VJNIR,. mi11u;; 111 , 

which vurie;; with I;; , Vu1•1 , u11d te111µemt 11re. 

-12V 

10k 

12V 

Rp 0 SW 
205 (LOW TC) 

R3 

270 

a, 
2N2218A 

R, 
1k 

o, 
1N4148 

To identify potential sources of error, consider the 
expression for output current: 

where Vos is the op amp's input offset voltage, IB and 
10:; are the op amp's respective input bias and offset 
currents, luA1rn is the optocoupler's dark current, and 
lorr is the cutoff current for transistor Q2• Resistors R5 

and R6 extend the output-current range by reducing 
luARK and Ion· to a few nanoamperes. 

The maximum deviation ( d) of output current from 
the ideal (VIN/Rr) is 

I 
v,N Vos l u 

d = Ic- -J=-+-+ Ios. 
R" Rr 2 

You can control the major sources of error (Vos and 
dVoJdT) by selecting a suitable op amp. (As intended, 
the quantity d contains no error contributions from the 
output device.) 

For the circuit of Fig 2, a single programming 
resistor (identified as R1,) provides an output-current 
range of about six decades. (Note that this resistor's TC 
is also a potential source of error; it dissipates 125 mW 
when VIN=5V. ) The maximum deviation is typically 50 
nA- that is, 0.0002% of full scale. EDN 
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Rs 
47k 

Rs 
10k 
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02 
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Fig 2- ThiJJ vultage-co11trulled current i;ource u:ses a11 uplucuuµ ler ( JC) lo eliminate a11 errurfuund i11 //lure cu11ve11tiu1tal circuits and which 
i;; ca11sed by the u11 lp11t lnw ;; i;;lur';; base c11rre11l . 
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Circuit monitors system's power supply 

David Wilson 
Fairchild Industrial Products, 
Winston-Salem, NC 

Industrial systems that include µPs or µCs are increas
ingly prone to immobilization due to a low-voltage 
condition, a glitch in the supply voltage, or an outright 
failure of the power supply. Fig l's circuit, unlike most 
voltage-supervisor ICs, can handle all three of these 
problems. 

Following detection of an aberration in the supply 
voltage, the circuit salvages program execution by 

D1 
1N4448 

~ R, 
1k 

,, ~ 02 
INPUT 0.1 µ F MPS2907 

0 I C2 
L_1L_ 0.1 µF 

R, 
47k 

activating the Reset line. IC1 handles the conditions of 
power-up and low supply voltage, and the circuit's 
external components enable detection of abnormal op
eration by the CPU. Software problems and thermal 
effects, for example, can affect the CPU. 

During power-up, IC1 asserts the active Reset and 
Reset signals until the supply voltage attains its nomi
nal value. An internal current source and capacitor C4 

provide a time delay ( t 0 =1. 3 x 104 x C4), which ensures a 
proper reset before the reset lines become inactive. 
(For this circuit, to=28 msec.) Similarly, if the supply 
voltage dips low during normal operation, the reset 

SV 

+ 

sv 

Cs 

sv 

R• 
47k 

7 8 0.1 µF 

SENSE Vee I 
C3 

1.0 µF 

Cr 

IC1 
TL7705A 

(Tl) 

c. GND 
2.2 µF I 4 

5 

6 RESET 
-----0 

REF 
1 

Cs 10.1 µF 

Fig I-Combi11ing a supply-supervisor chip (IC,) with an external watchdog circnit provides protection.for a µP syste111. The circuit issues a 
system reset iu resp011se to a CPU 111aljimction, a glitch. a low-voltage condition, or a failure of the power supply . 

INPUT 

c, 

PIN 2 
OF IC1 

RESET 

L 

- -- ------ -- -- -- -- -- --Vr-- ------to----1.,~I 

---------

Fig 2-The waveforms of Fig I's wa.tchdog circuit show that a signal .fi·om the CPU (connected to the Input) prevents a system reset by 
repeatedly jerking the pin 2 voltage away .fi·om IC,'s Vr switching thr~shold. A malfunctioning CPU will allow the voltage lo reach the 
threshold, producing a reset. 
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Chinon's design engineers have a serious 
commitment to produce the most technologically 
advanced products that the mind of man can 
imagine. 

That commitment has created subsystems, 
peripherals and components that could change the 
way we think about computers-and change the 
way computers are used . 

The Scanner and the CD-ROM unib 
pictured here are the types of products that 
continua ll y move the leading edge forward . The 
Scanner could change the way business worb by 
making true OCR technology more affordable and 
easier to use than ever before. The unique scanning 
head design means that the document to be 
scanned remains fixed , unlike other scanners that 

can only accept a single sheet fed through the unit. 
It is also extremely compact and lightweight, and is 
designed to set new standards of cost-effectiveness. 

CD-ROMS can provide users with access to 
databases that, only a few years ago, were possible 
on ly with a mainframe system . 

Technology is still moving as fast as the best 
minds can advance it. At Chinon, our commitment 
to that progress keeps our producb at the very 
forefront of the leading edge. We're bringing the 
future of computing to the needs of today. 

CHI NON 
Chi non America, Inc. , 6374 A11Lona Circle 
Lm Angele>, CA 90045 (213) 216-7611 ~AX · (213) 2 16-7646 
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DESIGN IDEAS 
lines become active until the voltage returns to normal 
and the delay time expires. 

In addition, the circuit includes a watchdog function 
that activates a reset condition when the CPU exhibits 
abnormal operation. Once you connect a selectable CPU 
signal to the circuit's Input, C, differentiates the signal, 
producing alternate negative and positive pulses. Each 
positive pulse causes transistor Qi to turn on and 
discharge C2, which turns on transistor Qz. 

Capacitor C3 discharges as Q2 turns on, pulling pin 2 
of IC1 high. The R2C2 time constant ensures that C3 
discharges completely before Qz turns off. C3 immedi
ately begins to recharge, driving the voltage at pin 2 
toward the IC's internal switching threshold Vr (Fig 2). 
Unless the CPU signal toggles in time (within an 
interval defined by tpe R3C:i time constant), the pin 2 
voltage activates a reset by crossing the V r threshold. 
(Diode D, helps hold Qz on while the reset signal is 
active.) Thus, the minimum frequency f for the Input 
signal is 

f=---_1 __ 

R3C3ln( ~crJ 

Because V r isn't a tightly controlled parameter and 
can range from 0. 6 to 2V, f can vary from 4. 7 to 11 Hz 
(when V cc =5V) . You must ensure, then, that the 
selected CPU signal exceeds 11 Hz. (You can choose a 
signal that comes from a CPU output and that toggles 
with each execution of a particular subroutine , for 
example.) The duty cycle is unimportant. 

IC, senses the pin 7 supply voltage at a threshold of 
4.55V typ. Other ICs have different thresholds: 
TL7709A, 7.6V; TL7712A, 10.8V; and TL7715A, 
13.5V. EDN 
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Low-power circuit splits supply voltage 

John A Haase 
Colorado State University, Fort Collins, CO 

The simple circuit of Fig la can convert a single supply 
voltage (a battery, for example) into a bipolar supply. 
Sense resistors R1 and R2 establish relative magnitudes 
for the resulting positive and negative voltages. Their 
rail-to-rail value, of course, equals V su PPLY· R4 and R5 

represent the load impedances. 
For example, equal-value sense resistors produce 

·112 V s uPPLY across each of the load resistors R4 and R5• 

The op amp maintains these equal voltages by sinking 
or sourcing current through R3; the op amp's action is 
equivalent to that of variable conductances G, and G2 in 
shunt with each load resistor (Fig lb). 

Choose a value for R3 such that the largest voltage 
across it (the greatest load-current mismatch) won't 
exceed the op amp's output-voltage capability for the 
application. You can add a buffer amplifier at the op 
amp's output to provide greater load currents. If you 
need bypass capacitors across the load resistors as well, 
connect a capacitor (dashed lines) to ensure that the 
amplifier remains stable. EDN 
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(a) 

+ 

A, 

VsuPPLY 

-: 
As 

(b) 

Fig 1-This circuit (a) splits a single supply into a bipolar supply 
and regulates the resulting voltages according to the relative magni
tudes of R , aud R!. The action of the op amp is equivalent to that of 
the variable conductances across each load resistor (b). 
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MIL SPEC• HIGH RELIABILITY 

THE ARNOLD CONCEPT. .. MULTI OUTPUTS FROM STANDARD MODULES. 
SAVE TIME ... SAVE SPACE ... SAVE COSTS ... REDUCE RISK. 

CONFIGURE-YOUR
OWN IN 5 EASY 
STEPS. 

Arnold 's unique concept lets 
you choose outputs, input 
and case size from prede
signed standard modules. 1 
to 10 outputs are available in 
a single encapsulated case 
with either AC or DC input. 
There are hundreds of possi
ble configurations 
and we provide 
a 5-step guide 
that makes it 
easy to 
choose. 

PROVEN 
PERFORMANCE & 
RELIABILITY. 
It's the no risk alternative to 
customs. Standardized mod
ular designs ensure reliability 
and reduce the chance 
of failure inherent in 
custom circuits and 
packages. 

EDN October 1, 1987 

Arnold has over 30 years of 
high rel power supply experi
ence, and our designs have 
been field proven in hun

dreds of tough, high
reliability Defense 
and Aerospace 

Electronic applica
tions. We meet many 

provisions of MIL-STD-810D, 
MIL-E-5400 and 
MIL-E-16400. 

MINIATURE 
SIZE. 
We're 50% to 75% smaller 
than other switching sup
plies. Our miniature pack
ages with their 
unique narrow foot- ~ 
print provide more I 
power (up to 400 r 
watts) in less : ' 
space. 

Your power 
supply require
ments won't "box" 
you in! 

LOWER 
PROGRAM COST 

WITHOUT NRE. 

There's no additional charge 
for unique output voltage 
combinations. Non-recurring 
engineering and qualification 
expenses of custom designs 
are avoided. Our standard 
modules provide lower cost 
for production quantities too. 

QUICK DELIVERY. 

you get delivery of your cus
tom tailored power supply 
in 8 to 12 weeks. 

IT'S ALL IN 
OUR CATALOG ... 

Tables, specs, drawings and 
"fill-in-the-blanks" work · 
sheet with step-by-step 
instructions. Just phone us 
and ask for it ... 

---
~-~ 

1• .~!!I 
-·-----

Because our standard sub- toll free 1-800-421-8181 
modules are "off-the-shelf" (in California 805/484-4221). 

ARNOLD MAGNETICS CORPORATION 
4000 Via Pescador 

Camarillo, California 93010-5049 
Phone: (805) 484-4221 

TWX 910-343-6468 
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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, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton , MA 02158 

I hereby submit my Design Ideas entry. 
Name _______________ _ 

Title __________ Phone ____ _ 

Company ______________ _ 

Division (if any) ____________ _ 

Street _______________ _ 

City ______ State ___ 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 July 9, 1987, issue is 
entitled " Square-wave oscillator spans de to 20 MHz," 
submitted by Michael Jachowski of Precis ion 
Monolithics Inc (Santa Clara, CA). 

Ultra-Speed Memory: 

CAPTURE 640 MB 
IN 3.2 SECONDS 
Cluster units to 80 GB 
From Dataram: high-speed data acquisition and 
management for signal/image processing, logic 
analysis, AI, other advanced applications. 

• FAST: 200 MB/sec bidirectional 
• FLEXIBLE: up to 8 I/O ports 
•ADAPTABLE: interfaces for VAX, MicroVAX, 

Gould, Star, Numerix, VME, and others 
• EXPANDABLE: 8-640 MB/ unit 

FOR BROCHURE: 
Circle the Reader Response 
Number, or contact us 
directly for fastest response. 

CIRCLE NO 27 

MULTI-LAYER 
PROTOTYPES 
FAST. 
with .005" 
lines and spaces. 
The best CNC production drill
ing and routing equipment in 
the business coupled with top 
quality personnel mean POI 
can bu ild incredibly precise 
multi-layered prototypes. With our SMOBC techniques you 
can design boards with .005" lines and spaces and still be 
assured of quality prototypes. And delivery in one week. 
POI does it. Consistently! Because we specialize in proto
types. Call or write for details and pricing. 

Precision 
Diversified 
Industries, Inc. 
15285 Minnetonka Boulevard 
Minnetonka, Minnesota 55345 
(612) 935-8825 

CIRCLE NO 28 
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NEW PRODUCTS 
COMPONENTS & POWER SUPPLIES 

SIGNAL CONDITIONER 

• Features direct transducer inter-
face 

• ±0.005% rnax nonlinearity 

The 1B32 hybrid signal conditioner 
offers offset voltage and gain drifts 
of ±2 µ V and ±6 ppm/°C max, 
respectively. It also features a non
linearity of ±0.005% max and a 
common-mode rejection of 140 dB 
min. The unit consists of a lowpass 
filter, an adjustable transducer exci
tation source, and a chopper-based 

THYRISTORS 

• Handle nonrepetitive peak cur
rents to IOOA 

• Optirnized for ac rnotor control, 
resonant converters 

The BTS59 and BTR59 Series 15A 
GTO thyristors handle peak nonre
petitive currents as high as lOOA. 
The BTS59 devices are optimized 
for ac motor-control applications 
operating at frequencies as high as 
2.5 kHz; the BTR59 devices are de
signed for use in resonant convert
ers operating above 20 kHz. The 
BTS59 Series comprises three de
vices with voltage ratings of 850, 
1000, and 1200V; all these devices 
have a fall time of 250 nsec. The 

202 

amplifier. Pin-strappable standard 
gains of 333.3V/V and 500V/V for 2 
m V /V and 3 m V /V, respectively, are 
available. The integral 3-pole filter 
offers a 60-dB/decade roll-off higher 
than 4 Hz. The input noise (0.1 to 10 
Hz) equals 1 µ V p-p. The operating 
range equals -25 to +85 °C. $52 
(100). Delivery, four to six weeks 
ARO. 

Analog Devices, Literature Cen
ter, 70 Shawmut Rd, Canton, MA 
02021. Phone (617) 461-3643. 

Circle No 351 

BTR59 Series currently comprises 
two devices with voltage ratings of 
800 and 1300V; both have a circuit 
commutation turn-off time of 1 µsec. 
Both series have a maximum con
trollable anode current of 50A. The 
thyristors are packaged in SOT-93 
encapsulations. Around $5. 

Philips, Elcoma Div, Box 523, 

5600 AM Eindhoven, The Nether
lands. Phone (040) 757005. TLX 
51573. 

Circle No 352 
Amperex Electronic Corp, 

George Washington Hwy, Smith
field, RI 02917. Phone (401) 232-
0500. 

Circle No 353 

DATA CONVERTER 

• Full-duplex cornrnunications on 
a single cable 

• Requires no external power 
source 

By altering the standard data sig
nals, the Model 61 RS-232C-to-coax 
converter provides full-duplex com
munication on a single coaxial cable. 
It is packaged in a DB-25 cover and 
requires no external power source. 
The device provides full-duplex op
eration for Transmit Data and Re
ceive Data at rates ranging to 9600 
baud over distances of 2500 ft. It has 
a DTE/DCE (data-terminal equip
ment/data-communications equip
ment) switch that allows you to re
verse pins 2 and 3 of the interface, 
as required, by the host port. The 
Model 61 comes equipped with a 
standard BNC connector for the co
axial cable and a male or female 
DB-25 RS-232C connector. $60 
(100). 

Telebyte Technology Inc, 270 E 
Pulaski Rd, Greenlawn, NY 11740. 
Phone (800) 835-3298; in NY, (516) 
423-3232. 

Circle No 354 

EDN October 1, 1987 



I 

I 

I 

10 
I 

I 

I 

I 

I 

I 

I 

I 

I 

10 
I 

I 

I 

I 

I 

I 

I 

I 

I 

i o 
I 

I 

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 applications 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.lµF 

~ 

The L TC1090 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 1JLS 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 L TC1090 data sheet. Figure 1 
shows a typical application which includes circuitry to syn
chronize sampling to an external sample clock, fs. 

B·Channel Data Acquisition System with Digital Filter 

The circuit of Figure 1 contains an LTC1090 providing multi
plexing, sample and hold, AID conversion and data transfer 
to the microcontroller (MCU). An MC68HC05C4 is used as the 
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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 L TC1090. This configures the L TC1090 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. Af · 
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 dig ital 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 O(n) + 5505 x D(n -1) + 7824 x O(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, le= 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.?kHz 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 LTC1090 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 1MHz 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 1µs Jt is also pos
sible to make a gated measurement of the height of a pulse 
as narrow as 1µs to 0.1 % accuracy. 

For L TC1090 literature call 800-637-5545. For help with 
an application call (408) 432-1900, Ext. 361. 

Linear Technology Corporation 
1630 McCarthy Boulevard ~..,,...-Llntf\Q 
Milpitas, CA 95035-7487 ~' TECHNOLoov 

I 

I 
0 1 

I 

I 

I 

I 

I 

I 

I 

I 

I 

0 1 
I 

I 

I 

I 

I 

I 

I 

o i 
I 

I 



COMPONENTS & POWER SUPPLIES 

TRANSFORMER 

• Meets FCC Part 68 require-
ments 

• Return loss equals 14 dB min 

Produced to meet the requirements 
of FCC Part 68, the TA-40-01 tele
phone-coupling transformer is suit
able for data/voice applications. It 
handles as much as 90 mA of unbal
anced de current and has operating 
levels of -45to+10 dBm. Using the 
level at 1.8 kHz as a reference, it has 
a frequency response of +0.2 to -1 
dB from 500 to 3500 Hz, and +0.2 to 
-2 dB from 300 to 3500 Hz. Over a 
500- to 1800-Hz range, the primary 
impedance match equals 
6000±20%. The minimum return 
loss is 14 dB. $3. 70 (100). 

Dale Electronics Inc, 2064 12th 
Ave, Columbus NE 68601. Phone 
(602) 665-9301. 

±10% (X7R), and ±20% (Z5U). The 
working voltages span 50 to 200V 
de. The lead material is 24-AWG 
tinned copper-clad steel. The unit 
comes taped and reeled, per EIA 
RS-296E, to accommodate automat
ic-insertion equipment. $0. 028 
(1000) in production volume quanti
ties. Delivery, 10 weeks ARO. 

Mepco/Centralab Inc, 7158 Mer
chant Ave , El Paso, TX 79915. 
Phone (915) 779-3961. 

Circle No 356 POWER SUPPLIES 

• 

MIXERS 

• Designed for stripline assem
blies 

• 2- to 26-GHz bandwidths 

• Feature an input EM! filter 
• Have 20-msec holdup time 

The Pony Series switching power 
supplies come in 14 models that de
liver 15 to 30W. The supplies are 
enclosed units and are UL recog
nized and CSA certified. All models 
feature an input EMI filter, a 115V 
ac input voltage rating, built-in 
overvoltage protection, and a typi
cal efficiency of 65%. The line regu
lation, from low to high line , is 0.4%; 
the load regulation (from no load to 
full load) is 1 %. All models provide a 
minimum holdup time of 20 msec. 
$24.90 (1000). 

Circle No 355 The DMR and DMRH double-bal-
Computer Products Inc, 2900 

Gateway Dr, Pompano Beach, FL 
33069. Phone (305) 974-5500. TWX 
510-956-3098. 

CAPACITOR 

• Accommodates bypass and coup
ling applications 

• 10-pF to 1-µF capacitance-value 
range 

The Mono-Axial capacitor is avail
able in industry dielectrics of Class I 
(COG or NPO), Class II (X7R), and 
Class III (Z5U). The latter two are 
typically used for bypass and coup
ling applications. The capacitance 
value ranges from 10 pF to 1 µF in 
standard tolerances of ±5% (COG), 

EDN October 1, 1987 

anced mixers are housed in pack
ages designed to drop into stripline 
microwave assemblies. They are 
also available with removable SMA 
connectors that simplify testing. 
The DMR units cover octave and 
multioctave LO/RF (local oscillator/ 
radio frequency) bandwidths as 
wide as 2 to 26 GHz, having IF 
ranges of de to 500 MHz. The 
DMRH mixers feature a 1- to 
10-GHz IF range and offer LO/RF 
coverage of 4 to 18 GHz. Option H, 
which requires 13- to 16-dBm LO 
injection rather than the standard 
10 dBm, is available on a total of 
nine mixer models. $575 to $1075 
with option H. 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 357 

Circle No 358 

BACKPLANES 

• Feature multilayer construction 
• Offer various power options 

These VSB (VME subsystem bus) 
backplanes are available in 3-, 4-, 5-, 
and 6-slot versions. They feature a 
multilayer, rigid laminated con
struction (with full ground and 
power planes) that minimizes signal 
interference. They connect to the J2 
32-bit extension backplane via a lat
eral-coupling technique. The lateral 
coupler maintains the integrity of 
the connectors' center row of con
tacts across the VSB and J2 back
plane interface. The backplanes are 
available with various power-input 
options. The 3- and 4-slot versions 
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COMPONENTS & POWER SUPPLIES 

have AMP connectors. The 5- and 
6-slot models have the manufactur
er's 50A studs and AMP connectors. 
$238 for a 6-slot version. 

Hybricon Corp, Box 149, Ayer, 
MA 01432. Phone (617) 772-5422. 
TWX 710-347-0654. 

Circle No 359 

POWER SUPPLIES 
• 25W power outputs 
• 1500V dielectric strength 

The X and Y desktop linear power 
supplies provide 25W of output 
power and are available in single
and multiple-output versions. The 
standard values are 5, 12, and 24V 
de. The supplies offer input voltage 
ranges of 105 to 130V ac and 220 to 
240V ac. Their dielectric strength is 
1500V, and they operate over 0 to 
40°C. The output regulation is 5%. 
The supplies are designed to UL, 
CSA, and VDE standards and fea-

ture short-circuit protection. The 
housings are made of durable fire
retardant plastic. $40 (100). 

Jerome Industries Corp, 730 Di
vision St, Elizabeth, NJ 07201. 
Phone (201) 353-5700. TLX 132001. 

Circle No 360 

POWER MOSFETs 
• Designed for high-voltage appli

cations 
• Continuous current rating to 

8.lA 

Designed for high-voltage applica
tions, these power MOSFETs are 

Turn Good 
Ideas Into 
Good Articles 
With EDN's FREE Writer's Guide! 

Would you iike 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. 

available in two package styles. The 
IRFAE50, IRFAF50, and IRFAG50 
are housed in the T0-3 packages 
and are rated at 800, 900, and 
lOOOV, respectively. The similarly 
rated IRFPE50, IRFPF50, and 
IRFPG50 are housed in plastic 
T0-3P packages. On-resistance 
measures 1.2, 1.6, and 2fl for the 
800, 900, and lOOOV units, respec
tively. Continuous-current ratings 
range from 5.25 to 8. lA for the T0-3 
packages and 5. 75 to 8. lA for the 
T0-3P-packaged units. $11 to $14 
(1000). Delivery, 10 weeks ARO. 

International Rectifier, 233 
Kansas St, El Segundo, CA 90245. 
Phone (213) 607-8837. 

Circle No 361 

You don't need the skills and experience 
of a professional 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. 

skills you already have. Plus, it takes you step
by-step through the editorial procedures neces
sary to turn your ideas into polished, profes
sional articles. 
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Our new writer's guide takes the mystery 
and intimidation out of writing for a publica
tion. It shows you how to write for EDN using 

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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COMPONENTS & POWER SUPPLIES 

POWER SUPPLY 

• Designed specifically for hard
disk drives 

• Features 50W main-output rat-
ing 

Designed specifically for hard-disk
drive applications, the quad-output 
SQV350 350W switching supply 
provides power for two 8-in. drives 
or as many as eight 5%-in. drives. 
The unit features a 5V main-output 
rating of lOA. One of the three 
auxiliary outputs is rated for 12 or 
24V at 16A pk to accommodate ini
tial turn-on/spin-up loads. The re-

maining two outputs are rated at 5A 
e~ch with 7 A peak loads. The sup
ply features built-in overload and 
overvoltage protection and remote 
sense capability. $251 (100). Deliv
ery, three to six weeks ARO. 

Switching Systems Internation
a l, 500 Porter Way, Placentia, CA 
92670. Phone (714) 996-0909. 

Circle No 362 

KEYBOARDS 

• Combine full-travel and snap-
action keys 

• Virtually im,pervious to EM! 

Using no adhesives of any kind, 
these custom military keyboards 
combine full-travel typewriter-style 
keys and snap-action function keys 
in a single housing. The units can be 
radiation hardened and are totally 
submersible and Tempest compati
ble. Both the individual key compo
nents are sealed and shielded so 

that they're virtually impervious to 
moisture, dust, and EMI. The key
boards are available with or without 
interface electronics, enclosures, 
bezels, facep lates, trackballs, joy 
sticks, displays, and other I/O op
tions. From $1000 (100). 

IEE Inc, Planar Products Div, 
7740 Lemona Ave, Van Nuys, CA 
91405. Phone (818) 787-0311. TLX 
4720556. 

Circle No 363 

SEE WHAT A 
DIFFERENCE 

CMOS MAKES! 

A n1.: .. ii;nLT\ Guidl' ro: 

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 
\, 1,.1rnrnt 111 1-.DN ,\\ ~~1.in.: 

---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 '11 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) 
0 $6. 95 UPS 0 $10. 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. 
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NEW PRODUCTS 

DISPLAY DRIVER 
• 90V-output capability 
• 0.1- to 1-mA constant-current 

outpiits 

The Si9559 column driver suits de, 
flat-panel displays such as the elec
troluminescent (EL) and gas-plasma 
types. Like the company's ac-dis
play drivers, the Si9559 has 90V 
push-pull outputs. In addition, each 
output features a constant-current 
pullup that you can adjust from 0.1 
to 1.0 mA. These pullups help con
trol power dissipation and maintain 
uniform luminance in the display. 
The 32-channel device offers guar
anteed operation and ±10% con-

RAM CONTROLLER 
• Addresses 64M bytes 
• Has adjustable control-signal 

pulse widths 

The DP8522 video RAM controller/ 
driver can address and drive a 
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stant-current matching over the 40 
to 90V supply range; thus, the chip 
remains compatible with an aging 
EL panel as the panel's light-emis
sion-threshold voltage increases. 
The device also includes a pin that 
controls data flow through the shift 
register (left or right). This feature 
lets you install the chip for use on 
either side of the display panel. The 
device comes in a 44-pin plastic, 
J-lead, surface-mount package. 
$10.95 (100). Delivery, eight to 10 
weeks ARO. 

Sil iconix Inc, 2201 Laurelwood 
Rd, Santa Clara, CA 95054. Phone 
(800) 554-5565, ext 1400. 

Circle No 364 

4M-bit video RAM array as large as 
64M bytes. The video RAM control
ler, which is part of the company's 
advanced-graphics chip set, lets you 
choose memory components that 
best fit your system's requirements. 
The CMOS chip's control signals 

have adjustable pulse widths. This 
feature allows you to adjust the con
troller/processor interface to accom
modate clock signals that span a 
wide range and exceed 20 MHz. The 
programmable chip supports dual
port video RAMs, and it allows dual 
access to the same memory bank by 
a second graphics controller, a 
CPU, a LAN, or a DMA controller. 
Additional features that enhance 
speed include programmable t1:A11 
(row-address hold) and tcAs (column
address setup), and support of 
memory interleaving, which elimi
nates RAS (row-address strobe) re
charge time. The DP8522 comes in a 
68- or 84-pin plastic chip carrier. $28 
(1000). 

National Semiconductor Corp, 
Box 58090, Santa Clara, CA 95052. 
Phone (408) 749-7431. TLX 346353. 

Circle No 365 

CMOS CONTROLLER 
• Two independent full-duplex 

channels 
• Supports direct memory access 

The VL85C30 is a CMOS serial
communications controller suitable 
for use with nonmultiplexed buses. 
Compatible with the industry-stan
dard NMOS 8530, the chip includes 
two independent full-duplex chan
nels, as well as a 14-bit byte counter 
and 19-bit-wide FIFO array that 
permit operation with a DMA con
troller. The device has facilities for 
modem controls in both channels . 
Further, it handles asynchronous 
formats, synchronous byte-oriented 
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Lost chips. Sliding chips. 
Adhesive oozing onto solder pads. 
Just a few of the SM T problems 
often blamed on the placement 
machine but, in fact, they're usu
ally caused by adhesive failure. 
It's time to stick it to your old 

High green s1reng1h \Von't migra1e when Comrolled viscosi1v 
prevems skewing and healed. Assures good e/imina1es s1ringing ~nd 

lombs1oning. soldering res11/1s. comaminarion. 

adhesive-and cure production 
problems-with Chipbonder™ 
adhesive from Loctite. 

Loctite Chipbonder adhes
ive gives you higher dot height and 

faster curing to keep chips in 
place. It won't string during dis
pensing and won't flow during 
soldering - so parts and pads stay 
clean. And its controlled strength 
makes chip replacement easy. 

Get the high performance 
adhesive designed for high per
formance assembly. Loctite 
Chipbonder adhesive. Call 
us today for immediate 
assistance or for our free 
"Solutions to Process 
Problems" brochure. 
(203) 246-1223. 

Airless packaging ends do1 inconsis1ency. One year shelf life 
al roo111 te111pera1ure. Packages for major machines. 

IL@<CTITE 
Chipbonder Adhesive 

© 1987 Loctite Corporation, Newington , CT 06111 Loctite Canada , Inc .. Mississauga, Ontario L4W 2S3. Ch1pbonder is a trademark and Loctite is a registered trademark of Loctite Corporation. 
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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/UNIX/UL TRIX 
POP-1 1 • UNIX/TNIX/VENIX 
68000 UNIX System V 

PC,XT ,AT • MS-DOS 
PowerNode • UTX/32 
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UNIX: TM of AT&T Bell Labs 
VAX , VMS, PDP-11, ULTRIX 
TM of 019 . 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 30 

INTEGRATED CIRCUITS 

protocols such as IBM Bisync, and 
synchronous bit-oriented protocols 
such as IBM HDLC (high-level data
link control) and IBM SDLC (syn
chronous data-link control). It sup
ports DMA and serial-data-transfer 
applications, such as those on cas
sette, diskette, and tape drives. The 
device is housed in a 40-pin plastic 
or ceramic DIP, or a 44-pin plastic 
leaded chip carrier. In an 8- or 
10-MHz version, $19 (500). 

VLSI Technology, 10220 S 5lst 
St, Phoenix, AZ 85044. Phone (602) 
893-8574. 

Circle No 368 

MOTOR DRIVER 

• Drives bipolar stepper motors 
with currents to 1.5A 

• Works with unstabilized motor-
supply voltages to 45V 

The TEA3718 stepper-motor driver 
IC controls the current in one wind
ing of a bipolar stepper motor. The 
device provides facilities for half and 
full stepping, and it can control the 
motor-winding current over 5 mA to 
l.5A from 10 to 45V supplies. It's 
suitable for use with unstabilized 
motor supplies. You can select the 
output current level in steps, or you 
can vary it continuously. Output
protection diodes are integrated in 
the output stage, and the driver has 
thermal-overload protection and an 
alarm output. Its control input is LS 
TTL compatible. The device is avail
able in a DIP or a Powerpack pack
age. The Powerpack device has a 
maximum output current of l.5A; 
from a 40V supply, it dissipates 
1.2W when delivering 0.5A, 1.5W 
when delivering 0.8A. $2.10 (1000). 

Thomson Semiconducteurs, 45 
Ave de !'Europe, 78140 Velizy, 
France. Phone (1) 39469719. TLX 
204780. 

Circle No 366 
Thomson Components-Mostek 

Corp, 1310 Electronics Dr, 
Carrollton, TX 75006. Phone (214) 
466-6000. TLX 730643. 

Circle No 367 

MONOLITHIC IA 

• Software-programmable gains 
• 0.01% max linearity error 

The AD526 is a single-ended, mono
lithic, programmable-gain instru
mentation amplifier (IA) that pro
vides gains of 1, 2, 4, 8, and 16. You 
can obtain additional gains of 32, 64, 
and 128 by cascading two AD526s. 
No external components are re
quired. The FET-input stage pro
vides a 150-pA max input bias cur
rent; the max input Vos is as low as 
0.25 m V (C grade). Laser trimming 
provides 0.01 % gain error for gains 
1, 2, and 4, and 0.02% gain error for 
gains 8 and 16. The linearity error is 
0.01 % max for all gains across the 
operating temperature range. The 
slew rate is 4 VI µsec at low gains or 
18V/µsec at higher gains. The set
tling time to within 0.01% is 2.1 to 
4.1 µsec, depending on gain . The 
device is available in a 16-pin plastic 
or side-brazed ceramic DIP. Plastic 
J and K grades, $5.25 and $7.05, 
respectively, (100). 

Analog Devices Inc, Box 9106, 
Norwood, MA 02062. Phone (617) 
329-4700. TWX 710-394-6577. 

Circle No 369 

16-BIT µP 

• Multiple register banks ease bot
tleneck 

• Register and memory storage in 
a 1 k-byte RAM 

Suitable for application in industrial 
equipment control and office auto
mation, the HD641016 16-bit µP has 
a RAM-based architecture that 
joins register and memory storage 
in a lk-byte array. The chip's multi
ple programmable register banks 
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e can helP. you 
make a colCI call 
on 8900 Chinese 
electronl•CS otherbenefits 

• Special page rates for advertisers in 
Electronic Business and participants 
in Internepcon China in Beijing, April 
19-24, 1988 • companies 

One of the toughest things about doing 
business in the People's Republic of 
China is reaching the key people with 
buying inf1uence. But now Cahners 
Publishing Co. can help. 

In April 1988, Cahners-the leading 
U.S. publisher of specialized business 
magazines-and the Ministry of 
Electronics Industry will jointly publish 
the first annual Chinese-language 
edition of Electronic Business. 

Ours will be the only business magazine 
in China exclusively for managers of 
electronics companies. 

Like Electronic Business in the United 
States, we'll focus on business informa
tion, market research, manufacturing 
trends, new technologies and manage
ment profiles. 

The Ministry of Electronics has selected 
8,900 state-run companies in China to 
receive the magazine. One copy will 
be mailed to the top administrator of 
each factory, one copy to the chief 
engineer- for a total circulation of 
17,800 high-level managers. 

Electronic 
Business 

CHINESE EDITION 

• Readership response cards, translated 
and processed for one full year after 
date of publication 
• Bonus distribution of 2,200 at 
lnternepcon China 
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For more information on advertising rates and circulation, contact Allen S. Furst, Publisher, Electronic Business Magazine's Chinese Edition, 
Cahners Publishing Co., 275 Washington St., Newton, Mass. 02158 (6i7) 964-3030, x255 211 
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(sixteen 32-bit registers) alleviate 
the context-switch bottleneck en
countered during subroutine jumps 
and during switching between in
terrupts. In response to an inter
rupt, the µP can execute a bank
switch instruction in less than 1 
µsec. It also features a lk-byte 
RAM that's used for general-pur
pose CPU registers and for high
speed data memory; a 4-channel 
DMA controller; a 16-bit, 2-channel 
timer; a 2-channel ASCI interface; 
an interrupt controller with 22 in
ternal interrupt sources; a memory
access controller; and a clock gener
ator. Intended for running 
C-language programs, the 
HD641016 is supported by a real
time in-circuit emulator and a com
plete development and debug sys
tem. It comes in an 84-pin PLCC or 
plastic pin-grid array. $75 for a sam
ple. The IC will be available in the 
first quarter of 1988. 

Hitachi America Ltd, 2210 
O'Toole Ave, San Jose, CA 95131. 
Phone (408) 435-8300. TLX 171581. 

Circle No 370 

ANALOG I/O PORT 

• Monolithic CMOS chip 
• Contains a TIH amp, ADC, 

DAG, V REF, and buffer 

The AD7569 combines an 8-bit AID 
converter, an 8-bit DIA converter, a 
track/hold amplifier, a buffer ampli
fier, and a l.25V bandgap reference 
on a monolithic chip that combines 
CMOS and bipolar transistors. The 
AID converter converts in 2 µsec 
max with ± %LSB accuracy; the 
DIA converter's voltage output set
tles within ± %LSB in 1 µsec max. 
The device's data sheet specifies all 

212 

ac and de parameters. These param
eters include a total unadjusted 
error of ±2 LSB max, a min 44-dB 
S/N ratio, and a typical intermodu
lation distortion of 55 dB (DI A) and 
60 dB (AID). A single command gen
erates the S/H signal and initiates 
the conversion. The bus-access time 
is 75 nsec; the write pulse width is 
less than 80 nsec. The device con
sumes less than 60 mW and operates 
on a 5V supply (or, to handle bipolar 
signals, it can operate on ±5V sup
plies). Specified for the commercial, 
industrial, and military tempera
ture ranges, the chip comes in a 
24-pin plastic or ceramic DIP or a 
28-pin LCC or PLCC. From $6 
(100). 

Analog Devices Inc, Literature 
Center, 70 Shawmut Rd, Canton, 
MA 02021. Phone (617) 935-5565. 
TWX 710-394-6577. 

Circle No 371 

DUAL-PORT RAM 

• 2k-bytex8-bit CMOS device 
• 55-nsec access time 

The V61C32 is a CMOS, dual-port 
static RAM that can provide asyn
chronous, simultaneous access to 
different memory locations without 
wait states. The device allows inde
pendent, asynchronous access to a 
common memory by two µPs, or 
access by a µP and a data bus to a 
common cache or buffer memory. 
Its power-down standby mode re
duces the supply current to 100 µA 
max, and a battery-backup mode 
allows the chip to retain data when 
the power supply is as low as 2V. 
Different versions of the product are 
graded for 55-nsec, 70-nsec, and 90-
nsec access times and for operation 
over the commercial, industrial, and 
military temperature ranges. The 
device comes in a 48-pin plastic or 
ceramic DIP or a 52-pin PLCC. 
From $18.90 (100). 

Vitelic Corp, 3910 N First St, 
San Jose, CA 95134. Phone (408) 
433-6000. TLX 3719461. 

Circle No 372 

WIDEBAND AMPLIFIER 

• 4000Vlµsec slew rate 
• 150-MHz full-power bandwidth 

The WAOl is a hybrid transim
pedance amplifier that comes in an 
8-pin T0-3 package. The amplifier is 
suitable for use as a video amplifier, 
flash-converter buffer, or sample/ 
hold stage. Its 400-mA output cur
rent allows the amplifier to drive a 
100-pF load at 4000V/µsec. Its full
power bandwidth is 150 MHz. The 
device includes a 1.5-kO feedback 
resistor that sets the internal trans
impedance gain at l.5V/mA. In ad
dition, the premium-grade version 
(the WAOlA) specs a 5-m V Vos, 
25-µ V/°C V 0 .,,, drift, and a 10-µA 
noninverting input bias current. 
WAOl, $107.20; WAOlA, $139.40 
(100). Delivery, eight weeks ARO 
(100). 

Apex Microtechnology Corp, 
5980 N Shannon Rd, Tucson, AZ 
85741. Phone (800) 421-1865. 

Circle No 373 

FLASH CONVERTER 

• Has a guaranteed clock frequen
cy of30 MHz 

• Consumes less than 600 mW of 
power 

The SP97308E is an 8-bit flash AID 
converter optimized for use in low
power, high-quality video systems, 
such as studio equipment and di
rect-broadcast satellite or high-res
olution TV systems. The converter 
has a guaranteed clock frequency of 
30 MHz, yet consumes less than 600 
mW. Its typical differential and in
tegral linearity is ±112 LSB, and 
the device maintains full accuracy to 
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Amplifier Arsenal 
50KHz-2000MHz, Low Noise 100mW output Gain Controlled trom $69.95 

Our ZFL-2000 miniature wideband amplifier hit a bulls-eye 
when we introduced it last year. Now we've added more 
models to offer you a competitive edge in the continuing 
battle for systems improvement. 

The ZFL-2000, flat from 10 to 2000MHz, delivers +17dBm 
output and is priced at only $219. 

Need more output? Our ZFL-1 OOOH, flat from 10 to 
1000MHz, delivers +20dBm output. 

Is low noise a critical factor: Our ZFL-500LN and 1000LN 
boast a 2.9dB NF. 

Variable gain important? Our ZFL-1000G, flat from 10 to 
1000MHz, delivers +3dBm output with 30dB gain control while 
maintaining constant input/output impedance. 

Searching for a high-quality, low-cost amplifier? Our 
ZFL-500 flat from 50KHz to 500MHz, delivers +10dBm output 
for the unbelievable low price of only $69.95. Need to go 
higher in frequency? Consider the ZFL-750, from 0.2 to 
750MHz, for only $7 4.95. Or the $79.95 ZFL-1000, spanning 
0.1 to 1000 MHz. 

One week delivery .. one year guarantee. 

SPECIFICATIONS 

MODEL FREQUENCY GAIN. dB MAX. POWER NF PRICE $ 
MHz OUTPUT 

(min.) dBm(typ) dB(typ) Ea. Qty. 

ZFL-500 0.05-500 20 +9 5.3 69.95 1-24 
ZFL-500LN 0.1-500 24 +5 2.9 79.95 1-24 
ZFL-750 0.2-750 18 +9 6.0 74.95 1-24 
ZFL-1000 0.1-1000 17 +9 6.0 79.95 1-24 

ZFL-1 OOOG* 10-1000 17 +3 12.0 199.00 1-9 
ZFL-1000H 10-1000 28 +20 5.0 219.00 1-9 
ZFL-1 OOOLN 0.1-1000 20 +3 2.9 89.95 1-24 
ZFL-2000 10-2000 20 +17** 7.0 219.00 1-9 

* 30dB gain control **+15dBm below lOOOMHz 

finding new ways 
setting higher standards 

t:J Mini-~0~0,r.~o~n~~! 
P.O. Box 350166. Brooklyn . New York 11235-0003 (718) 934-4500 

Fax (718) 332-4661 Domestic and International Telexes : 6852844 or 620156 

C101 REV.C 

EDN October 1, 1987 CIRCLE NO 69 213 



its Nyquist frequency limit. The 
converter features latched ECL
compatible outputs and an on-chip 
bandgap reference. The SP97308E 
comes in an 18-lead ceramic DIP and 
operates over -40 to +85°C. £25.26 
(1000). 

Plessey Semiconductors Ltd, 
Cheney Manor, Swindon, Wiltshire 
SN2 2QW, UK. Phone (0793) 36251. 
TLX 449637. 

Circle No 374 
Plessey Semiconductors, 9 Par

ker, Irvine, CA 92718. Phone (714) 
472-0303. 

Circle No 375 

8-BIT CMOS DAC 

• Performs 2- and 4-quadrant 
multiplication 

• Has input latches 

The TLC7524 8-bit CMOS DI A con
verter is pin compatible with similar 
products from Analog Devices, 
PMI, and Micro Power Systems, but 
can respond directly to fast control 
signals from the TMS320 family of 
DSP chips. The device includes an 
inverted R-2R ladder, analog 
switches, and input latches. For 
most applications, you must add an 
external op amp and a voltage refer
ence. The device can perform 2- and 
4-quadrant multiplication, which is 
useful for gain-setting and signal
control applications. Precision fabri
cation gives the converter a max 
linearity error of % LSB without 
the need for thin-film resistors or 
laser trimming. The converter's set
tling time is 100 nsec and its propa
gation delay is 80 nsec. It also fea
tures single-supply operation (5 to 
15V), TTL and CMOS compatibility 
when used with a 5V supply, and 
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monotonicity over the operating 
temperature range. The converter 
comes in a 16-pin DIP or an SO 
(small outline) package. Commercial 
version, $3.26; industrial version, 
$3. 75 (100). 

Texas Instruments Inc, Box 
809066, Dallas, TX 75380. Phone 
(800) 232-3200, ext 700. 

Circle No 376 

SMPS IC 

• Output optimized for symmetri
cal MOSFET switching 

• Includes an on-chip frequency 
generator 

The TDA-4918 and -4919 are switch
mode power-supply control ICs for 
push-pull and single-ended driver 
outputs, respectively. Their output 
stages are optimized for driving 
MOSFET power transistors, sink
ing a current of lA to turn the 
MOSFET off, and sourcing 300 mA 
to turn it on. This asymmetrical 
drive current helps to match the 
turn-off and turn-on times of the 
MOSFET, so that the MOSFET 
switching is symmetrical, even at 
clock frequencies as high as 200 
kHz. ,The ICs have an integral fre
quency generator that operates to 
frequencies as high as 300 kHz. In 
addition, the ICs have three on-chip 
comparators that monitor the sup
ply's output for overvoltage and 
undervoltage conditions and provide 
dynamic current limiting. The ICs 
also provide soft-start facilities. The 
maximum supply current to the de
vices in standby mode is 2 mA. The 
TDA4918 comes in an 18-pin DIP; 
the TDA4919 is housed in a S0-20L 

surface-mount package. $2.50 
(1000). 

Siemens AG, Zentralstelle for In
formation, Postfach 103, 8000 Mu
nich 1, West Germany. Phone (089) 
2340. TLX 5210025. 

Circle No 377 
Siemens Components Inc, 2191 

Laurelwood Rd, Santa Clara, CA 
95054. Phone (408) 980-4500. 

Circle No 378 

XOR PALs 

• 5-member family 
• Eight product terms per output 

The AmPAL20XRPXX family of 
five exclusive-OR (XOR) program
mable-array logic (PAL) devices of
fers more speed and power options 
than do comparable 24-pin industry
standard products. Among the 
AmPAL devices are a part that 
specs a 20-nsec propagation delay, a 
30-MHz operating frequency, and 
l.05W power dissipation; a part that 
specs a 30-nsec propagation delay, a 
22.2-MHz operating frequency, and 
900-m W power dissipation; and half
power ( 450 mW) versions that spec 
30- and 40-nsec propagation delays. 
The parts can execute counter, com
parator, and parity-checking func
tions in computers and peripheral 
systems. The output combinations 
include four registered and six com
binatorial, six registered and four 
combinatorial, eight registered and 
two combinatorial, and 10 regis
tered outputs. Each device features 
programmable polarity and eight 
product terms per output; one de
vice has 22 inputs. Software sup
port for the devices includes the 
ABEL, CUPL, and AmCUPL pro
grams. The 24-pin devices come in 
plastic, ceramic, and surface-mount 
packages. In plastic packages, the 
20-nsec version sells for $9 and the 
30-nsec version costs $7 (100). 

Advanced Micro Devices Inc , 
Box 3453, Sunnyvale, CA 94088. 
Phone (408) 732-2400. 

Circle No 415 
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> 100,000 Cycles. < Milliohms. 0°/o Failures. 

0 ' 
Kilocycles 500 

Conventional 
MIL-C-55302 
connectors 

1000 

Hypertroni s KA Series with Hypertac 

25,000 50,000 100,000 

Low-force contacts for MIL-C-55302 qualified connectors, still going strong after 100,000 
connect/disconnect cycles, should be good news for high life-cycle appl ications. 

Electrical repeatability that improves with use; edging down from 5 milliohms contact 
resistance and levelling off at 3, may be even better for add-on memory, firmware, por
table disk drives, tempest systems and other low-resistance requirements. But what if you 
need it all? 

HYPERTAC®: Inserting pin into hyperboloid sleeve. 

D 0 ~ 
You've got it. Our KA Series connectors, with patented Hypertac· contacts, set new parameters for low force, long life 
and low resistance ... plus high reliability vs. shock and vibration. We've tested them beyond 5K cycles-but customers 
have already recorded 80K in actual use, plus tests that were abandoned after 150K and 500K-all with a failure rate of 
zero percent. 

The OPLd KA Series includes crimp, PC board, solder cup and wire wrap terminations, plus float for rack & panel 
mounting, with 17to160 contacts. End the connector compromise by calling 1-800-225-9228. 
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HYPERTRONICS CORPORATION 
"New Horizons in Connectors" 

16 Brent Drive, Hudson, MA 01749 (617) 568-0451 Telex 951152 FAX 617-568-0680 
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NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

GRAPHICS ADAPTER 

• 640X480-pixel resolution with 
two and 16 colors 

• Compatible with EGA, CGA, 
MDA, and Hercules 

The VGA Extra is a plug-in board 
for the IBM PS/2 Model 30, as well 
as the IBM PC, PC/XT, and PC/AT. 
The adapter is compatible with all 
modes of IBM's Video Graphics 
ARRAY (VGA) standard . It pro
vides VGA resolutions of 320x200 
pixels with 256 simultaneous colors, 
as well as 640x480 pixels with two 
and 16 colors. All colors are avail
able from a palette of more than 
256,000 colors. The board also offers 

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

640x480 pixels in 16 shades of gray; CGA, the MDA, and Hercules 
320x200 pixels in 64 shades of gray; Graphics, the device provides a 132-
and high-quality 720x400 pixels (a column display with high-quality 
9x16 character cell). Besides being text (an 8x14 character cell) in 
fully compatible with the EGA, the spreadsheet and terminal-emulation 

COUNTERffIMER 

• Six independent counters and 
timers for the BitBus 

• 16 bits of digital outpid 

The dDCM345 is a Bitbus-compati
ble board for control applications 
requiring a counter/timer module. 
Each of its six independent counters 
and six independent timers contains 
16 bits. It has 16 bits of digital 
output organized as 2 bytes and 24 
bits of digital input organized as 3 
bytes that provide bit and byte ac
cesses to the I/O channel. Three 

16-bit modes of operation along with 
BCD and binary configurations. 
The commands can also read and 
write the board's preset and cur
rent count values. $575. 

Datem Ltd, 148 Colonnade Rd, 
N epean, Ontario, Canada K2E 7R4. 
Phone (613) 225-5919. TLX 0533864. 
FAX (613) 225-5996. 

Circle No 391 

2400-BPS MODEM 

• Stores 10 telephone numbers for 
automatic dialing 

• Has automatic answer and is 
Hayes compatible 

The Practical Modem 2400 SA is a 
2400-bps stand-alone modem that is 
fully Hayes compatible. It can store 
as many as 10 telephone numbers 
for automatic dialing and has fea
tures such as an automatic answer 

independent 28-pin JEDEC sockets mode, echoplexer, speaker volume, 
can support as many as 96k bytes of and half- or full-duplex operation. 
RAM or EPROM. The timer/count- You select the number of times the 
er commands can control 8- and phones rings before the modem an-

21G 

applications. $495. 
STB Systems Inc, 1651 N 

Glenville, Suite 210, Richardson, 
TX 75081. Phone (214) 234-8750. 

Circle No 390 

- - - - - -

swers. The dial features include 
Touch Tone or pulse; programmable 
pause interval; and originate call 
from answer mode. It meets the 
CCITT standards for 2400-bps oper
ation , the Bell 212A for 1200-bps, 
and the Bell 103 for 300-bps opera
tion. It operates with the Hayes 
command set, which allows a com
puter or terminal to control the 
modem using communication soft
ware through an RS-232C interface. 
The modem measures 10.5x5.5x 1.3 
in. and is designed to fit under a 
telephone. $239. 

Practical Peripherals, 31245 La 
Baya Dr, Westlake Village, CA 
91362. Phone (818) 991-8200. TWX 
910-336-5431. 

Circle No 392 
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"EDN NEWS DRIVES 
RIGHT TO THE HEART 

OF OUR MARKET." 
Denise Piscitello 
Advertising Manager 
Industrial Electronic Engineers, Inc. 

Denny Piscitello handles advertising for IEE's 
growing number of display products. Back in May 
1986, she advertised in EDN News for the first time. 

But not for the last. 
That's because EDN News gets Denny Piscitello 
results. As she says, "We've enjoyed high response 
from all the ads we've run in EDN News, regardless 
of the product advertised. 
"Now," she continues, "we find out that with a total 
of 423 inquiries, we're one of the top ten inquiry· 
pullers in the entire newspaper!" 

Says Piscitello, "This tells me 
that the all-important reader
ship factor for EDN News is 
very high. EDN News will 
remain a valuable part of 
IEE's advertising team, just 
as EDN magazine has for 
more than 25 years." 

Advertising in EDN News works for 
Industrial Electronic Engineers. It can work for you. 

EDN 
NEWS 

Where Advertising Works 



MADE IN THE U.S.A. 
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Write or call for your copy of the GORDOS THICK 
FILM HYBRID CAPABILITIES BROCHURE. 

GORDOS 

Advanced thick film power hybrid 
circuits feature SM components 
and high power density. 
Combine the unique experience in high current 
power devices, and the thorough understanding 
of thermal management with total in-house 
thick film capability, featuring surface mount 
components . .. and you have a superior source 
for your custom thick film hybrid circuit 
requirements . .. GORDOS! 

We've developed and use this total capability 
and technology to miniaturize our own line of 
power 1/0 modules and solid state controls ... 
with full testing right on site, including 
temperature, cycling, and dynamic burn-in . 
So you know we maintain an uncompromising 
standard of quality. 

And now, it's all available to accomplish your 
customized needs for combinations of high and 
low current elements on the same substrate 
for specialized applications, plant automation, 
telecommunications, automotive, control and 
test instrumentation. 

Gordos will shorten the time between concept 
and final product, because we have the 
technology, experience, in-house facilities 
and total commitment to fulfill customers' needs. 
Talk to a Gordos Sales Engineer. 

GORDO$ ARKANSAS 
1000 North Second Street , Rogers , Arkansas 72756 
(800) 643-3500 • (501) 636-5000 
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COMPUTERS & PERIPHERALS 

ETHERNET ADAPTER 

• Links the IBM PS/2 50, 60, and 
80 to a LAN 

• Network control performed in a 
custom ASIC chip 

The NICps/2 is a card designed for 
the microchannel architecture used 
in the IBM PS/2 Models 50, 60, and 
80 computers. It allows these com
puters to use an Ethernet LAN. 
The network interface controller 
uses an ASIC chip developed to fully 
exploit the computer architecture. 
The chip uses shared memory to 
maximize the speed of data trans
fers between the card's onboard 
RAM and the computer. No manual 
switches are needed because you 
can set port settings, memory loca
tions, and interrupt levels by using 
the IBM programmable option se
lect (POS) software and the soft
ware on the card. The board has a 
registered ID number from IBM. 
$495. 

Ungermann-Bass Inc, 3900 
Freedom Circle, Santa Clara, CA 
95052. Phone (408) 496-0111. 

Circle No 393 

IEEE BOARD 

• Connects the IBM PC to the 
IEEE-488 bus 

• Addresses 4M bytes of memory 
on one card 

The 4x488 board plugs into the 
IBM PC, PC/XT, PC/AT, or com
patibles and has an RS-232C port, a 
parallel port, and an IEEE-488 in
terface. The board has a user-con
figurable space for 256k-bytes or 
IM-byte of dynamic RAM, expand
able to 4M bytes of onboard memo
ry. Further memory extensions of 

EON October 1, 1987 

4M, SM, 12M, or 16M bytes are 
possible with other boards, break
ing the 640k-byte DOS barrier. The 
RS-232C port is user-configurable 
for DTE (data terminal equipment) 
or DCE (data communications 
equipment) operation, and the par
allel port is an IBM-compatible Cen
tronics-type port. The board fea
tures no-switch installation, 
configuration, and testing. The soft
ware assigns conventional or ex
tended memory in 128k-byte incre
ments. Memory-management 
software implements the Lotus/ 

VLSI MOTOROLA 
VT20C68/69 MCM6268 

20ns 25ns 
Comparing VLSI's VT20C68/69 
to Motorola's MCM6268 4Kx4 
SRAM is like comparing the 
beauty and the beast. 

For one thing, our SRAM is 
20% faster. 

Intel/Microsoft expanded-memory 
specification. The board can also 
emulate Tektronix and Hewlett
Packard controllers. With no memo
ry, $795; with lM bytes of memory, 
$995. 

Capitol Equipment Corp, 99 S 
Bedford St #107, Burlington, MA 
01803. Phone (617) 273-1818. 

Circle No 394 

VME BUS BOARD 

• Software support of the IBM 
PC/AT on the VME Bus 

• PC/AT bus is accessible thrmtgh 
the P2 connector 

The VME-0286AT is a single dual
high Eurocard for the VME Bus 
that is software compatible with the 
IBM PC/AT. It runs MS-DOS while 
providing access to VME Bus resi
dent boards. It has standard serial, 
parallel, and keyboard ports and can 
accept an optional daughter board 

And, as if that isn't enough, 
the VT20C68 offers automatic 
power down and you can get the 
VT20C69 with 12 ns chip select. 

Call 1-800-872-6753 for more 
information. Or talk to Arrow 
or Schweber. 

We have a hunch you're really 
going to like our SRAMs. 

• VLSI TECHNOLOGY, INC. 
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fl) hi 
1-800-328-3448 

Get greater packaging density in a smaller 
area by combining surface mount technology 
with flexible circuit technology. 

Get greater reliability too. Extensive 
environmental testing indicates that flexible 
circuit substrates prevent thermally fractured 
solder joints. 

Now flexible circuits with surface mount 
density can be part of your designs. Just a 
phone call can put Sheldahl's integrated 
capability to work for you. And we can do 
the whole job. Cost-Effective Design ... Flexible 
Circuit Manufacture ... Surface Mount Assembly. 

Northfield Circuit Division Nashua Circuit Division Cirtel Circuit Division Cirpack Design 
Northfield, Minnesota 55057 P.O. Box 888 • 100 Northeastern Blvd. P.O. Box 16429 • 2302 Barranca Road P.O. Box 16429•16692 Hale Avenue 
507/663-8000 •TWX: 910-565-2180 Nashua, New Hampshire 03061 Irvine, California 92714 Irvine, California 92714 

603/883-5541 •Telex: 94-0340 714/660-1510 •TWX: 310-371-7556 714/660-0541 •TWX: 310-371-7556 
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COMPUTERS & PERIPHERALS 

for enhanced color and monochrome 
graphics. The board contains the 
following features: a Pl VME Bus 
Interface, A24/D16; a P2 IBM 
PC/AT bus interface; a 10-MHz 
80286 µP; an 80287 coprocessor 
socket; a IM-byte dynamic RAM 
dual-ported between the VME Bus 
and the 80286; and a socketed ROM 
BIOS (basic I/O system). By making 
the PC/ AT bus accessible through 
the 96-pin P2 connector, a series of 
compatible support functions can be 
used. $2200. 

Logical Design Group Inc, 6301 
Chapel Hill Rd, Raleigh, NC 27607. 
Phone (919) 851-1101. 

Circle No 395 
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DIGITAL READOUT 

• Stackable readouts operate with 
linear shaft encoders 

• Functions and values selected 
with a joystick 

The Model LUlO digital readout is a 
stackable unit designed for use with 
Sony's Magnescale linear shaft en
coders. It includes an amplifier for 

EON October 1, 1987 

the encoder's magnetic head. When 
used to measure the multiaxis table 
displacement of metal-working ma
chines, a primary unit serves as a 
power master, which distributes 
power to the auxiliary units stacked 
on top. The unit's µP has three 
days' battery back-up that prevents 
loss of displayed and preset values. 
You use a joystick to preset values. 
By pressing the joystick in four dif
ferent directions, one of the seven 
segment digits can be erased, se
lected, incremented, or decre
mented. When all seven digits are 
preset, the values are stored in 
memory. The resolution is switch
selectable from 0.0005 mm to 0.01 
mm in four steps. The unit is 
equipped with four audible alarms. 
Primary unit, $816; each auxiliary 
unit, $262. 

National Machine Systems, 137 
Bristol Lane, Orange, CA 92665. 

RAM DISK 

• As many as 512k bytes of porta
ble mass storage 

• Compatible with HP-IL control
lers 

The HP-IL RAM disk is a portable 
mass-storage device available in 
sizes of 128k, 256k, and 512k bytes. 
The RAM disk measures 
l.2x3.8x5. 7 in. and stores data 

Phone (714) 921-0630. electronically without any moving 
Circle No 396 parts. Powered by a 9V battery, it is 

ER 
NOINMOS. 

VLSI INMOS VT20C68 offers automatic power 
down and the VT20C69 offers 

VT20C68/69 IMSl423 

20ns 25ns 
INMOS' IMS1423 4Kx4 SRAM 
is no match for VLSI's new socket 
snatchers. 

Our VT20C68/69 SRAMs are 
5 ns faster. 

And, as if that isn't enough, the 

12 ns chip select. 
Call 1-800-872-6753 for more 

information. Or talk to Arrow or 
Sch weber. 

Because the only. thing you're 
going to gather with INMOS 
SRAMs is dust. 

• VLSI TECHNOLOGY, INC. 

CIRCLE NO 32 
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EON REPRINTS 
You asked for it! 

A DeSigner's 
Guide to: • Volume I 

Innovative 
Linear Circuits 
As featured m EON Magazine BV Jim 

Wiliams 

A Designer's Guide to Linear 
Circuits- VOLUME I 
This original, 186-page collection by 
Jim Williams offers a wealth of analog 
design information. It includes practi
cal and efficient ways to use op amps, 
comparators, data converters, and 
other analog res, and discusses the 
theories behind all the design tech
niques presented. 

The Latest from the Best! 

~~\ 
....-A-Designer-. --.5-~ Volume II 

Guide to: 

Innovative 
Linear Cirruits 
As featured 1n EON Magazine By Jim 

Williams 

A Designer's Guide to Innovative 
Linear Circuits-VOLUME II 
The reader response to Volume r was 
so positive, that we're offering Jim 
Williams' latest analog design articles 
-from 1983to1986-in an all-new 
Volume IL An even bigger collection 
than before, Volume II is still written 
in the language of working engineers, 
but now covers the newest and more 
complex circuits and systems you 
asked for! 266 pages. 

You can buy the volumes separately, or as a set. Either way, you'll have all the 
latest information on the most sophisticated linear res ... from Jim Williams, 
one of the country's foremost linear-circuit designers. 

CMOSICs 

-EDN 
A Designer's Guide to CMOS ICs 
CMOS is fast becoming the chosen 
technology for developing integrated 
circuits. That's because CMOS !Cs 
are able to implement ultra-complex 
system-level functions on a chip! Now 
you can meet the special challenges 
posed by this new breed of res with 
A Designer's Guide to CMOS !Cs. You'll 
learn the advanced design and fab
rication techniques required . Plus 
the latest linear and digital CMOS 
res available. 

A Designer's Guide to Semicustom 
Integrated Circuits 
Learn how to design a semicustom IC 
with A Designer's Guide to Semicustom 
Integrated Circuits. Based on EDN's 
own design experience, this nine
chapter booklet outlines the complete 
procedure used to design, fabricate, 
and test EON 1, a chip with a 1200 
equivalent-gate complexity. You'll not 
only learn the steps to take when 
creating !Cs, but also the design /cost 
analyses and vendor-interface methods 
that lead to successful semicustom 
chips. 

·-------------------------------------------------------· Mail coupon to : 
EON Reprints / EDN Magazi11e • Cahners Building • 275 Washington Street 
• Newton, MA 02158-1630 

Please send the fo llowing Designer's Guide(s): 

__ copies of A Designer's Guide to CMOS !Cs 
D $ 6.95 UPS D $10.95 non USA 

__ copies of A Designer's Guide to Semicustom Integrated Circuits 
D $ 6. 95 UPS D $10. 95 non USA 

__ copies of A Designer's Guide to Innovative Linear Circuits 
. Vol. I D $14.95 UPS D $19.95 non USA 

Vol. II D $18.95 UPS D $23.95 non USA 

__ copies of the combined set of A Designer's Guide to Innovative 
Linear Circuits Volume r 'and Volume II 

D $29.95 UPS D $39.95 non USA 

Checl.. nr monev order made out to EON REPRINTS must accompany each 
nrdl'r. No coo: Mass. residents add 5% s,1 Jes tax . 

Please print clearly. This is your mailing label. 

NAME ----------------

TITLE --------------

COMPANY ____________ _ 

ADDRESS _ ___________ _ 

CITY _________ _ 

STATE __ _ ZIP ______ _ 

EDN100187 



COMPUTERS & PERJPHERALS 

compatible with the following 
HP-IL controllers: HP-41, HP-71, 
HP-75, HP-110, HP Portable Plus, 
and an IBM PC or compatible with 
an HP-IL card installed. Multiple 
RAM disks (as many as 30 drives) 
can be used on the HP-IL Loop. The 
command set is compatible with the 
HP 82161A digital cassette drive. 
An optional RS-232C interface uses 
a DB-9 connector to emulate the HP 
82164A HP-IL/RS-232C interface. 
It can transfer data at rates as high 
as 19.2k baud and supports XON/ 
XOFF and ENQ/ACK transfers. 
From $345 (128k-bytes) to $895 
(5I2k-bytes). 

Corvallis MicroTechnology Inc, 
895 NW Grant Ave, Corvallis, OR 
97330. Phone (503) 752-5456. 

Circle No 397 

PROCESSOR BOARD 

• Provides 16-bit features for STD 
Bus 

• Operates with OS-9/68K opera-
ting system 

The CPU-69K8 is a processor board 
that gives you a I6-bit upgrade on 
the STD Bus. The board operates 
with the OS/968K real-time operat
ing system from Microware (Des 
Moines, IA). It features a IO-MHz 
68008 µP with a I M-byte linear 
addressing space and a 6890I multi
function peripheral chip. The board 
has a programmable serial port, an 
8-bit parallel port, two multimode 
timers, and a battery-backed real
time clock. Three sockets provide 
space for as many as I92k-bytes of 
onboard memory. You can obtain 
battery backing for the static RAM 
as an option. The board can handle 
both polled and vectored interrupts. 

EDN October 1, 1987 

The OS-9/68K real-time operating 
system is available for software de
velopment. CPU-68K8, $37I (100); 
OS-9 software package (including a 
C compiler), $600. 

XYZ Electronics Inc, Box 322, 
Indianapolis, IN 46236. Phone (3I 7) 
335-2I28. 
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RAM BOARD 

• 16M bytes of CMOS static RAM 
• Can be formatted as single or 

paged memory blocks 

The COSMOS-I6 is a double
Eurocard VME Bus memory board 
that provides as much as I6M bytes 
of CMOS static RAM with battery 
backup. To achieve this memory ca
pacity, the board uses extensive 
surface-mount technology, and a 
piggybacked board assembly. It 
still only occupies one VME Bus slot 
width. The board's read access time 
(specified from the VME bus ad-

VLSI IDT 
VT20C18 IDT6116 

20ns 30ns 
The IDT6116 2Kx8 SRAM didn't 
even know what hit it. But we do. 

VLSI's VT20C18. 
Our access time is a third faster. 

dress setup time) is 100 nsec. You 
can configure the board as a contig
uous I6M-byte memory block on any 
I6M-byte address boundary, or as 
sixteen IM-byte pages on IM-byte 
boundaries. In addition, you can 
protect individual blocks from write 
access, supervisor access, or all bus 
accesses, by using front panel 
switches, hardwire jumpers on the 
board's P2 connector, or software 
programmable control registers. 
The board's VME Bus (Rev C) in
terface supports I6- or 32-bit data 
transfers, and I6-, 24-, or 32-bit ad
dressing. The VME Bus interface 

Our output enable is almost 50% 
faster. And we even offer you a 
PDIP package with a decoupling 
capacitor right on the chip. 

Call 1-800-872-6753 for more 
information. Or talk to Arrow or 
Sch weber. 

And let 1.0.T SRAMs R.l.P. 

• VLSI TECHNOLOGY, INC. 

CIRCLE NO 33 
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also supports unaligned transfers 
and address pipelining operations. 
The 16M-byte board costs around 
£8000. It is also available depopu
lated to 2M or 9M bytes. 

TEXT CONVERTER 

• Converts text to speech 
• Works on software that sends 

ASCII code to printer 

Europel Systems Ltd, 5 Vo-Tee 
Centre, Hambridge Lane, New
bury, Berks RG14 5TN, UK. Phone 
(0635) 31074. TLX 848507. 

The Smart Speaker is a text-to
speech converter that connects to 
any computer having a standard 
parallel or serial port. It works with 
any software that puts out ASCII 
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FOR THE LARGEST SELECTION AND HIGHEST 
RELIABILITY IN LEADLESS DIODES 

No one can match Philips reliability in 
glass hermetic SMD technology. 15ppm 
quality. Or 999,985 perfect packages per 
million. No mean feat, considering no one 
makes a wider selection, either. 

Quality in any quantity, combined with 
the convenience of one-call sourcing. Call 
today for a complete brochure. Amperex 
Electronic Corporation, Discrete Semi
conductor Business Unit, George Wash
ington Highway, Smithfield, RI 02917 
(401) 232-0500. In Canada: Philips Elec
tronics Ltd., 601 Milner Avenue, Scar
borough, Ontario M1B 1M8, (416) 292-5161. 
PHILIPS: THE SOURCE FOR ALL YOUR SMD NEEDS. 

SMD~ 
TECHNOLOGY 
CIRCLE NO 34 

code to drive a printer. Because it 
can share the printer port via a 
built-in switch, it doesn't require an 
additional I/O port. The product 
converts ASCII text to speech and 
speaks it out through a built-in 
speaker. Numbers and text sepa
rated by spaces or periods are 
spelled out. The text-to-speech algo
rithm accepts data in formats that 
printers accept so that no special 
software is required. The converter 
can drive an external amplifier, 
VCR, audio tape recorder, or phone 
answering system. An external 
speaker can also be connected. It is 
available with a parallel-printer 
cable and power supply for $229.95. 

Swisscomp Inc, 5312 56th St, 
Tampa, FL 33610. Phone (813) 628-
0906. TLX 517399. 
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CONTROLLER BOARD 

• Provides IBM PC-compatibility 
for Superplot 80 

• Supports software for Houston 
Instrument plotters 

The TAC-385 is a controller board 
for the IBM PC, PC/XT, PC/AT, 
and compatibles that provides turn
key operation of the company's 
Superplot 80 thermal printer/plot
ter. It is a full-length board that 
provides a bridge between existing 
graphics software and the Super
plot 80. It supports software for 
Houston Instrument or HPGL plot
ters. The board can do vector-to
raster graphics and can store graph
ics data on a first-in, first-out basis. 
It can print multipage plots as long 
as 163 in. Controller board and 
Superplot 80 printer/plotter, $2400. 

Gulton Industries Inc, Graphic 
Instruments Div, Gulton Industrial 
Park, East Greenwich, RI 02818. 
Phone (800) 332-3202; in RI, (401) 
884-6800. TWX 710-387-1500. 

Circle No 408 
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NEW PRODUCTS 
TEST & MEASUREMENT INSTRUMENTS 

DIGITIZING PLUG-IN 
• Digitizes at 200M samples/sec 
• Performs waveform analysis 

The 4180 digitizing plug-in for the 
vendor's 4094 digital oscilloscope 
provides simultaneous 8-bit digit
izing at 200M samples/sec. You can 
install two 4180s in a 4094 main
frame; the plug-ins feed a 16k-sam
ple/channel max sample memory. 
The digitizer can perform waveform 
analysis, including FFTs. Delivery, 
four months. $7900. 

Nicolet, Test Instruments Div, 
Box 4288, Madison, WI 53711. 
Phone (608) 273-5008. 

Circle No 379 

HANDHELD SCOPE 
• Functions as digital oscillo-

scope, DMM, and counter 
• Is autoranging in all modes 

The Scout SCOl is a handheld, mul
tipurpose instrument. As a scope, it 
has two input channels with 20M
sample/sec, 7-bit digitizers backed 
by 256-byte sample memories. The 
25-oz, battery-powered instrument 
measures 10x4xl.5 in., and its 
3x3-in. LCD has a 128x128-pixel 
resolution. It also works as a 7-MHz 
frequency counter and as a dual
channel DMM. The device is auto-
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ranging in all measurement modes 
and can perform simple waveform 
analysis on captured traces. $1995. 

Dolch American Instruments 
Inc, 2029 O'Toole Ave, San Jose, CA 
95131. Phone (408) 435-1881. 
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MULTIBUS II DEVELOPER 
• Development systems handle six 

to 12 users 
• Comes with real-time operating 

system 

Two models of a Multibus II devel
opment/execution system called the 
Multibus II Modules Development 
Platform use 80386 µPs and come 
with the vendor's iRMX 286 real
time operating system. Model I sup
ports six users and comes with one 
CPU board, 4M bytes of onboard 
RAM, an 80M-byte Winchester 
drive, a 60M-byte streaming tape 
drive, a l.2M-byte floppy-disk 
drive, and a 6-port terminal control
ler. Model II supports six additional 
users and provides a second CPU 
board, hard disk, and terminal con
troller. Similar versions are avail
able that run Unix V.3. System 
software includes the 80286 assem-

bler, an editor, system-builder utili~ 
ties, and the firm's proprietary 
high-level language, PL/M 286. 
Model I, $37,000; Model II, $45,000. 

Intel Corp, Literature Dept 
W385, Box 58065, Santa Clara, CA 
95052. Phone (800) 548-4725. 

Circle No 381 

GANG PROGRAMMER 
• Accommodates BM-bit EPROMs/ 

EEPROMs in set, gang mode 
• Can be upgraded to program 

PLDs, biploar devices 

The Model 8606 EPROM/EEPROM 
programmer has eight sockets and 
accommodates byte-wide and 16-bit 
word-wide devices. It can program 
in gang or set mode and handles 
devices with lk- to 8M-bit capaci
ties. You can use the programmer as 
a stand-alone unit or operate it by 
remote control. Internal data RAM 
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When top vehicle performance is crucial ... 

count on reliable KEMET® capacitors! 
Nothing counts more than reliability in emergency vehicle ser
vices. Lives depend on it. That 's why many designers of critical 
systems choose KEMET capacitors. You '11 find them 
everywhere. In two-way radio communications. In engine
controlling on-board computers and climate control systems. In 
the rugged portable medical equipment which monitors and 
treats victims during an accident's most crucial time. 

From high-reliability systems to everyday electronics, you '11 
find KEMET capacitors on the job. The choice is yours: solid 
tantalums, ceramics and precision film capacitors. In CV values 
for the whole range: commercial to industrial to MIL-grades. For 
fast service, not fast-talk, call your nearest KEMET sales office. 

Sales Offices RDd Distributors Worldwide 
In U.S.A: (803) 963-6348; Telex 57-0496. 
In Europe: 41-22-396512; Telex 845-911302. 

KEM ET ®E/e;/;~~i~~7C~~e~~~it~;;
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is 4M bits and is battery backed. 
You can upgrade the device to a 
Model 8608 PLD and bipolar-device 
programmer. The vendor provides 
free software updates for three 
years. $2500. 

Sherman Pirkle Inc, 782 Massa
chusetts Ave, Lexington, MA 
02173. Phone (617) 861-6688. 
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PROGRAMMER/ADAPTER 

• PLD-programmer adapter 
handles EPROMs 

• Replaces PLD adapter 

An EPROM adapter for the Model 
60A PLD programmer enables the 
unit to accommodate 120 EPROM 
types. It supports 28-pin EPROMs. 
The plug-in adapter replaces which
ever PLD adapter you have installed 
in your programmer. You can make 
EPROM updates by changing 
PROMs in the unit. Model 60A with 
EPROM adapter, $2495. The adapt
er is also available separately. 

Data 110 Corp, Box 97046, Red
mond, WA 98073. Phone (206) 881-
6444. TLX 152167. 
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64180 µP EMULATOR 

• Has 4k-sample trace buffer 
• Runs at clock speeds to 8 MHz 

with no wait states 

The Ice-Engine/m-64180 emulates 
the 64180 µP, an enchq,nced Z80-like 
single-chip µP. The emulator runs 
at clock speeds to 8 MHz with no 
wait states and features a pair of 
32k-byte RAM banks .that are map
pable over the chip's. lM-byte ad
dress space. It has :a 4k-sample 

228 

" 

trace buffer, 99 breakpoints, and 
one range breakpoint. $3495. 

Ziltek Corp, 1651 E Edinger 
Ave, Santa Ana, CA 92705. Phone 
(714) 541-2931. 
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NETWORK ANALYZER 

• Covers the 10-MHz to 40-GHz 
frequency range 

• Prints out test results without 
controller 

The 561 network analyzer measures 
the transmission, return loss, and 
power of RF and microwave compo
nents over a frequency range from 
10 MHz to 18 GHz, 26.5 GHz, or 40 
GHz (depending on the model) with
out a controller. Its dynamic range 
is -55 to + 16 dBm, and its noise 
floor is -62 dBm typ. The measure
ment resolution is 0.005 dB. The 
analyzer has a buffer memory that 
allows tests to proceed while previ
ously taken data prints out. You 
need to normalize the instrument 
only once for a given setup. The unit 
can average repeated measure
ments, and it provides seven on
screen cursors. $7900. Delivery, 90 
days ARO. 

Wiltron Co, 490 Jarvis Dr, Mor
gan Hill , CA 95037. Phone (408) 
778-2000. 
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POWER METER 

• Covers the 50-MHz to 26.5-GHz 
frequency range 

• Requires only one sensor 

The ML4803A microwave power 
meter covers the frequency range 
from 50 MHz to 26.5 GHz and has a 

dynamic range of -70 to -20 dBm. 
You need only one sensor diode for 
these ranges. The instrument reads 
out in W, dBm, or dB in absolute or 
differential modes. The front panel 
features both an LED display and 
an analog meter. The instrument 
has a built-in, 50-MHz calibration 
source. An IEEE-488 interface is 
standard. ML4803A, $2825. Sen
sors: amorphous, $550 to $1200; 
diode, $840 to $1315; millimeter 
waveband, $1900 to $6600. 

Anritsu America Inc, 15 Thorn
ton Rd, Oakland, NJ 07436. Phone 
(800) 255-7234; in NJ, (201) 337-
1111. 
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EMI FINDER 

• Analyzer and near-field probe 
combo find EM/ hot spots 

• Probes alone suit any RF ana-
lyzer 

The HP 8590A option H51 RF spec
trum analyzer and the HP 11945A 
close-field probe set help engineers 
find EMI hot spots during EMC 
testing. The optional analyzer dis
plays magnetic-field strength in 
dBµA/m. The analyzer compensates 
for the probe's antenna factors. You 
can store as many as three traces in 
the analyzer's memory to see if you 
are decreasing the EMI of the unit 
under test. The probe set comprises 
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See us at: 
Taipei International Electronics 
Show. Oct. 6-12 . 1987 (Booth I 171) 
Comdex Fall Las Vegas. 
Nov. 2-6. I 987 (Booth B338l 
CEBIT, 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 FC/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 93 

Taiwan Liton Electronic Co., Ltd. 
12th Fl., 25 Tunhwa S. Rd Taipei, Taiwan, ROC 

Tel: 102) 771-432!/8 Fax: 886-2-751-1962 
Tix: 24514/20211 TWUTON 

*IBM PC/AT and PCIXT are trademarks of the International Business Machines Corp. 
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a 9-kHz to 30-MHz probe and a 
30-MHz to 1-GHz probe. The pas
sive probes work with any RF ana
lyzer and have type-N connectors. 
You can power the probes from an 
RF source for EMI susceptability 
testing. HP 8509A option H51, 
$10,250; HP 11945A, $1110. 

Hewlett-Packard Co, Inquiries 
Manager, 1820 Embarcadero Rd, 
Palo Alto, CA 94303. Phone local 
office. 
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FADE SIMULATOR 

• Tests one channel without taking 
link down 

• Has IEEE-488 interface 

The TElOOO portable, multipath 
fade simulator for microwave-com
munications testing checks digital 
radios for multipath-distortion ef
fects. It injects this distortion into 
the IF section of the receiver. You 

can manipulate both notch depth 
and frequency manually or under 
program control, and you can record 
these values once you've attained 
the appropriate bit-error rate. You 
can plot results with an interpath 
delay as long as 25 nsec, and you can 
test specific channels without tak
ing the entire microwave link off 
line. The unit is programmable over 
the IEEE-488 bus and weighs 45 
lbs. $32,500. 

Tekelec, 26540 Agoura Rd, Cala
basas, CA 91302. Phone (800) 835-
3532; in CA and AK, (818) 880-5656. 
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DIGITAL SCOPE 

• Digitizes input signals 
• Displays analog waveforms 

The 1604 4-channel hybrid analog/ 
digital oscilloscope has two 20M
sample/sec digitizers that feed indi
vidual !Ok-sample memories. The 

I I 

CERAMIC 
CHIP CAPACITORS 
ON TAPE & REEL 

Multi-Layer Ceramic Capacitor Chips packaged in 8 mm 
tape on reel for automatic placement in surface mounted 
applications. Available in NPO/COG and BX/X7R 
dielectrics, with voltage ratings of 50 volts. Three of the 
most popular standard chip sizes with values ranging 
from 1.0 pf to 0.1 mfd. 

scope can also show 20-MHz analog 
waveforms in real time. The memo
ry depth and digitizing speed de
pend on the number of channels the 
digitizers have to service. A glitch
capture feature logs 50-nsec 
glitches, and the instrument's maxi
mum time resolution is 50 nsec/div. 
You can delay triggering until as 
many as 16k events have been 
counted. An optional keypad and 
plug-in nonvolatile memory enable 
the instrument to perform elemen
tary signal processing. Plug-in 
memories can store as many as 50 
waveforms. The scope has an auto
matic-setup button, as well as an 
IEEE-488 interface bus and two 
RS-232C ports. $5590. 

Gould Inc, Test and Measure
ment, 3631 Perkins Ave, Cleveland, 
OH 44114. Phone (216) 361-3315. 
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MATSUO ELECTRONICS 

2220 SCREEN LAND DRIVE. BURBANK . CALIFORNIA 91505 
(818) 848-4465 TWX 910-498-2735 

2134 Main Street, Suite 200 !714) 969-2491 
Huntington Beach FAX (714) 960-6492 
California 92648 TWX (910) 596-1828 

CIRCLE NO 35 
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"OUR THIRD-PAGE ADS IN 
EDN MAGAZINE AND EDN NEWS 

PULL BETTER THAN 
OUR OTHER ADS ELSEWHERE." 

Chuck Altschul can say that with authority. 

As vice president of marketing at Modutec Inc., a 
manufacturer of analog and digital panel meters, he 
has set up a lead tracking system with Inquiry 
Technology of Rhode Island. The system tells him 
precisely which ads work best. 

"It's right there in black and white: 18% of our leads 
come from EDN magazine and EDN News, and the 
highest percentage of sales also comes from them. 

"In fact, our Big-Little™ DPM 
production has increased ten
fold. Much of the increase is 
attributable to our consistent 
advertising program in the two 
publications." 

Chuck Altschul recognizes the 
power of EDN magazine and 
EDN News. "Based on what 
we're seeing, we'll expand 
the size of our ads in up
coming issues." 

Advertising in EDN magazine and 
EDN News works for Modutec Inc. 

It can work for you. 

EDN 
Where Advertising Works 

Charles E. Altschul 
Vice President, Marketing 
Modutec Inc. 



NEW PRODUCTS 
CAE & SOFTWARE DEVEW PMENT IDOLS 

PROJECT PLANNER 
• Generates critical-path and 

Gantt charts 
• Calculates cost breakdowns 

· Project: Vision Level 2 is an en
hanced version of the vendor's proj
ect-planning software package, 
which runs on IBM PCs and com
patible computers. This package's 
resource- and cost-scheduling capa
bilities complement the time and 
activity functions of the earlier ver
sion. Using a spreadsheet-style in
terface, you can allocate resources 
(people, equipment, and materials) 
to all of the simultaneous or sequen
tial tasks that constitute a complete 
project. You can assign precedence 
to each task and specify the rela
tionships between tasks. The pro- . 
gram identifies tasks that, if de
layed, would slow down the whole 
project, as well as tasks whose start 
and finish dates are more flexible. 
Five levels of scrutiny allow you to 
survey the overall situation or to 
focus on two or three individual 

C CODE GENERATOR 
• Translates applications from da

tabase language to C 
• Lets you search multiple data

bases 

Quic-PRO 5 is a software-develop
ment package that provides a 
fourth-generation database lan
guage, an applications generator, a 
query language, a report generator, 
a C translator, a C compiler, and a 
file handler. You develop your data
base applications with the aid of the 
event-driven interpretive database 
language and the applications gen
erator; these modules include more 
than 100 high-level commands and a 
screen painter. The query language 
lets you access multiple databases in 
any relation. It also provides logical 
selection of items to be matched and 
retrieved; provides totals and subto-

tasks. You can display a Gantt chart 
showing how your time, material, 
and money use varies with each 
task; a built-in text editor lets you 
document each activity in detail. 
You can also export project informa
tion to other spreadsheet and data
base programs for further pro
cessing. To run the program, you 
need an IBM PC or compatible com-

tals of selected items; gives highest, 
lowest, and average values of se
lected items; and lets you format 
and print mailing labels. The report 
generator provides extensive sort
ing and formatting capabilities for 
special reports and has 255 accumu
lators that you can use for totals and 
subtotals. The C translator converts 
100% of the development-language 
code to C source code and creates a 
batch file that permits compiling 
and linking of complete application 
programs without operator inter
vention. The C compiler provides all 
Kernighan and Ritchie features of 
the language, as well as the exten
sions specified by the proposed 
ANSI standard. The single-user 
version operates on any hard-disk 
system that has at at least 512k 
bytes of RAM and that runs 
PC-DOS, MS-DOS, or Concurrent 

puter with at least 256k bytes of 
RAM, a Hercules or IBM graphics 
adapter (CGA or EGA), and an 
Epson FX-80, FX-100, or equiva
lent printer. $349. 

Inmax Corp, 200 W Thomas, 
Suite 110, Seattle, WA 98119. Phone 
(800) 922-7774; in WA, (800) 648-
7775. 
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PC-DOS. The multiuser version op
erates on systems that run Novell 
Netware, IBM PC Network, Con
current PC-DOS, or MUCDOS. Sin
gle-user version, $199.95; multiuser 
version, $600. 

QNE International, 136 Granite 
Hill Ct, Langhorne, PA 19047. 
Phone (215) 968-5966. 
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IMAGING SOFTWARE 
• Processes color images at 

768 x 575-pixel resolution 
• Operates in a VME Bus envi

ronment 

In conjunction with the company's 
range of VME Bus frame-grabber/ 
frame-store boards, you can use the 
VCS software package to develop 
programs for image processing. You 
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can use the software in two modes: 
You can either enter simple 3-letter 
mnemonics t hat execute image
processing algorit hms, or you can 
develop a program from the library 
of image-processing functions sup
plied with the package. The library 
currently contains over 150 image
processing functions, including edge 
detection, object and character rec
ognition, fil tering and convolution , 
and histogramming. You can either 
incorporate your own rout ines in the 
library or call t hem as external rou
tines. £3000. 

P rimagraphics Ltd, Melbourn 
Science Park , Melbour n , Royston, 
Her ts SGS 6EJ, UK. Phone (0763) 
62041. TLX 817932. 
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REAL-TIME OS 

• Can run 100 application tasks 
• Offers as many as 4095 enve-

lopes for message passing 

Version 2. 0 of the AMX Multitask
ing E xecutive is a real-time, multi
t asking operating system for sys
tems based on t he 8086, 80186, and 
80286 µPs. Its message-passing fa
cility provides each task with four 
mailboxes in which the task receives 
messages from other tasks. A task 
does not have to issue a system call 
in order to receive a message. With 
the wait/wake feature, you can sus
pend a task un t il another task, 
timer procedure, or interrupt han
dler issues a request to wake the 
task again. Using the event manag
er , you can suspend a t ask to wait 
for a combination of events signaled 
by flags. The operating system pro
vides 127 flag groups, each of which 
contains 16 flags, and you can define 
the events of interest in a group. 
The resource manager allocates sys
tem resources to tasks and ensures 
that only t he task t hat currently 
owns a resource can release it. The 
semaphore manager provides a gen
er al-purpose count ing semaphore 
with priority queuing and t imeout . 
The buffer manager allows you to 
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allocate multiple pools of fixed-size 
buffers; the number of pools is lim
ited only by the amount of memory 
available . The memory manager 
controls the dynamic allocation of 
blocks of memory to particular 
tasks. The PC supervisor provides 
an interface to the I/O devices of the 
host PC, PC/XT, PC/AT, or compat
ible machine. 

You can configure the operating 
system in several ways: as a linked 
system, which provides the smallest 
size and fastest execution; as a posi
tion-independ ent ROM image that 
you can place anywhere in your 
memory map; and as a resident sys
tem module in which all system 
modules are linked with the set of 
application tasks that the system 
will serve. $2195. 

Kadak Products Ltd, 206-1847 W 
Broadway, Vancouver, British Co
lumbia V6J 1 Y5, Canada. Phone 
(604) 734-2796. TLX 0455670. 
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IC DESIGN TOOL 

• Lets you desigu IC architecture 
• Antornatically compacts chip 

ValidCompose is the first tool in the 
vendor's product line to be entirely 
driven by design rules. It runs on 
Sun 3 workstations and on DEC's 
VAXstation. You begin the design 
process by cr eating a functional 
schematic in which the cells to be 
used appear as boxes that define the 
cells' relative shapes and sizes and 
their connection points. You then 
use the program's editing features 

CUT ~I ~~~~!b'!~:;our 
~ coating exP.enses 

Col A"'JI NG you may find that off-site custom n. parylene coating can help cut costs. 

COSTS' •Consider the advantages: 
eliminates contamination, 
pollution, disposal problems and 

WITH expenses 
• reduces labor and need for 

space/equipment 
nA DVLENEI. • provides unmatched coating 1-f"'\l'-1 performance 

1-800-554-1697 

Parylene coating equipment 
and application engineering 
assistance also available. 

Copyright 0 1986 Nova Tran Corporation 

• preserves board repairability, 
improves reliability 
Contact Nova Tran for a closer 

look at parylene conformal coating. 
Qualified to Mil l-46058C 

Coating Centers: 
New Hampshire Wisconsin 
Indiana California 

MNOVATRAN 
~ CORPORATION. 

100 DEPOSITION DRIVE 
CLEAR LAKE, WISCONSIN 54005 
715/ 263-2333 / TELEX 29-0220 

• Subsidiary of Union Carbide Corporation 
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to opt imize the cell placement. To 
minimize wire lengths, the program 
performs automatic pair and port 
swapping, as well as automatic rota
tion and mirroring of cells. It also 
provides both automatic and inter
active r outing. The program per
forms placement and routing ac
cording to design rules that you 
specify, by means of the editor, on 

the original schematic. You can 
identify critical paths and specify 
wider widths for individual wires 
than the design rules call for. Dur
ing floor planning, t he program 
groups cells with critical intercon
nections and alerts you to the occur
rence of critical paths that are too 
long. Once the program has per
formed the initial cell placement, it 
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TO YOUR NEEDS 

COST-EFFECTIVE THICK FILM TECHNOLOGY 
IN-HOUSE IC CAPABILITIES 
FULL SERVICE DESIGN AND LAYOUT 
COMPLETE FUNCTIONS IN LESS REAL ESTATE 
FAST TURNAROUND TIME FOR PROTOTYPES 
PACKAGING ALTERNATIVES 
SURFACE MOUNT ASSEMBLY OR BONDING 
BY CHIP AND WIRE 

Aptek Microsystem's application-oriented 
engineering group is ready to custom fit an 
innovative approach to cost-reducing your 
product. Our skill in designing and producing 
thick film hybrids and custom or semi-custom 
LSI circuitry can produce the solution best 
suited for your application. 

Call our staff to discuss a tailored design 
fitted to meet your needs. Our experience 
ensures an important edge in quality. 

trP ·, • .,, cap,,, 
.11'i-K apte~ tl1>i.._ 

~ aptek apte~ ~ 
:~lek aptek apltl 
"'- ~tek aptek ~ 'Ir. aptelc oPI" ''•k Cl,, ,,,. . 

aptek microsystems 
700 N.W. 12th Avenue, Deerfield Beach, FL 33442 
(305)421 -8450- FAX(305)421 -8044- TLX 441020 

CIRCLE NO 37 

automatically compacts the chip into 
the smallest possible space, while 
observing the design rules. $20,000. 

Valid Logic Syst ems, 2820 Or
chard Parkway, San Jose, CA 
95134. Phone (408) 432-9400. TLX 
3719004. 

Circle No 413 

EGA/VGA BIOS 

• Offers full VGA compatibility on 
an IBM PS/2 system 

• With an EGA chip set, provides 
rrwst VGA f eatures 

The vendor offers three versions of 
the EGA/VGA BIOS. The 
EGA+ Autoemulation version, in 
combination with the 82C435/436 
EGA chip set from Chips and Tech
nologies (Milpitas, CA), provides 
100% hardware and software com
patibility with the IBM EGA card, 
but operates at twice the speed. The 
autoemulation feature adjusts auto
matically to the display modes re
quired by applications software. 
The second version adds VGA-reso
lution graphics modes, which in
clude 640x480 pixels in 2 or 16 col
ors; 360 x400 pixels in 16-color 
alphanumeric mode; and 720x400 
pixels alphanumeric in both 16-color 
and monochrome mode . This ver
sion also has a 16X8-pixel character 
set with a 16 x 9-pixel update set, 
and some VGA BIOS-compatible 
calls. It can operate with an NEC 
multisync and compatible monitor 
and can generate an IBM Enhanced 
Color Display, an IBM Color Dis
play, an IBM Monochrome Display, 
or similar displays. The third ver
sion is a fully compatible VGA BIOS 
that you can load into RAM to r un 
the video system of an IBM PS/2-50 
machine; when new chip sets ar e 
available for VGA, this BIOS is de
signed to work with t hem. OEM 
license, from $10,000. 

Interlink Business Network 
Corp, 2700 E Imperial Hwy, Build
ing A, Brea, CA 92621. Phone (714) 
579-0693. TLX 753197. 

Circle No 414 
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This advertising is for new and current products. 

Please circle Reader Service number 
for additional information from manufacturers. 

$95 8751 PROGRAMMER 
UPA8751 converts any programmer into an 8751 
programmer. Production programming of 8751 sis 
fast and cheap with your gang programmer and one 
or more UPA8751 s. Use the UPA8751 to copy pro
tect your code by programming the 8751 security bit. 

Price $95 UPS Ground shipping included. 

Logical Systems also provides development tools 
and services. We carry Simulators and Cross
Assemblers . For information call or write: 

Logical Systems 
6184 Teall Station 

Syracuse, NY 13217 USA 
(315) 478-0722 Telex: 6973150 EJB 

CIRCLE NO 325 

2-3W MINIATURE REGULATED, 
SINGLE & DUAL OUTPUT 

DC/DC CONVERTERS, E SERIES 
• 3W Max. Output @75°C •Efficiency 60%, Typ . 

Ambient • ± 0.3% Line/Load 
• Single & Dual Output Regulation 

Models • Short Circuit Protection 
• Miniature Size: 1" x 2" • 15mV P-P Output Ripple 

x 0.350" & Noise 
• Internal Pi Filter • 5 Sided Shielding 
• 100M Ohms @500VDC • 5 Input Voltage Ranges 

Isolation • 5 Output Voltage Ranges 
Prices from $49.00 ea. (1-9) , Delivery stock to 2 wks. 
ARO. 

CONVERSION DEVICES, INC. 
101 Tosca Drive. Stoughton, MA 02072 

Tel. 617-341-3266, TLX 920014 

CIRCLE NO 328 

WARP 

10 
SPEED 

CIRCLE NO 326 

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 

PCADr" is a trademark of Personal CAD Systems, Inc. 

CIRCLE NO 329 

CMOS CONTROL 
COMPUTER 

SBS-1000 has turbo speed , 20K industrial BASIC. 
Runs 5 times faster than BASIC-52 systems. All 
CMOS with ZBO CPU, EPROM /EEPROM program
mer, 96K static RAM , 2 RS-232C serial ports , 32 
lines digital 1/0, 4 channels-12 bit AI D, battery 
backed calendar clock, keypad and display ports , 
expansion port, autorun mode, interrupts handled 
by BASIC, industrial quality, SV and stand alone 
operation . From $396 in 100s. 

For Immediate Response: 303-426-8540 
6510 W. 91 st Ave. 0 OCTAGON SYSTEMS 

CORPORATION Westminster, CO 80030 

CIRCLE NO 327 

TODD Switchers = Safety in Numbers 

UL 478; CSA 22.2; IEC 380; VOE 0806 

• Multi-Output-160 to 700 watts 
• Single-Output- 150 to 520 watts , 5 to 48 volts 
• 31 % Smaller Packages-Up to 4 watts/inJ 
• More Than 100,000 Hours MTBF, per MIL-HDBK-217D 
• Single PC Board; Surface Mount Components 
• ... and more. 

From Industrial Controls to Telecom Systems-or any 
computer-based system, TODD Switching Power Supplies 
can give your OEM Products a competitive edge . Call 
1-800-223-TODD, (516) 231-3366. or write: 

TODD 
PRODUCTS CORP. 

50 Emjay Blvd., Brentwood, NY 11717 

CIRCLE NO 330 
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E, all your telecom 
equipment design needs: 
•Call Progress Tone Detectors & Generator 

CMOS detectors for telephone system tones 
(dial tone, ringback, busy, special information); 
CMOS generator for standard call progress 
tones. 

• DTMF Receivers 
High quality receivers for all applications. 

•MF Receivers & Generator 
CCITT R1 & R2 receivers; CMOS generator IC. 

•DC Signal/Ing Products 
Line sense relay; Dial pulse counter & hook 
status monitor IC; Binary input pulse dialer IC. 

iCEL"'CDNE* 
1080H 20th Ave. NE, Kirkland , WA 98033, (206) 827·9626 

1-800-426-3926 
CIRCLE NO 331 

Flow 
Charting II+ 
The New Plus 
for Fast 
Flowcharting 

FLOW CHARTING 
is new! It's now 

Flow Charting II+, with more speed 
+ more functions + more printing options; 
• I 0 text fonts: 26 shapes: • Line mode can stop 
at a shape: • Backspace key can erase a line to 
its origin: • Free text entry anywhere, or select auto
centering: • Vertical or horizontal printing: one 
chart or multiple charts. 

Used by Fairchild, Bechtel and more than 
500 other rrajor corporations. Edit quickly 
and accurately - even major edits - with 
Flow Charting II+, the Specialist. 
See y our retail store or call: 

PATTON & PATTON 
Software Corporation 

800/672-3470, ext. 897 California 
800/ 538-8157, ext. 897 National 
408/629-5044 International) 

CIRCLE NO 334 

PGA & LCC PROTOTYPE 

TEST ADAPTORS - VLSI 

ISDN "S" INTERFACE 
TRANSFORMERS 

AIE Magnetics introduces a new line of coupl
ing transformers designed for the Integrated 
Services Digital Network and for virtually any 
application that requires high-speed digital 
transmission - including key phones, ter
minals, work stations or computers. These 
units meet the specifications of the CCITI 
1 .430 Recommendation and support the 
2B + D channels at a total line rate of 144 kbps 
to 192 kbps. 

AIE Magnetics, 2801 77nd Street, North 
St . Petersburg , FL 33710. 813/347-2181 . 

CIRCLE NO 332 

SILICONE RUBBER PADS 
FLEXIBLE PRINTED CIRCUIT 

O.E.M. KEYBOARD ASSEMBLIES 

ENCOUNTERS 
PRODUCTS CORP. 
6/F .. Diamond Mansion,20, 

Hsing An St. Taipei, Taiwan, R.0.C. 

Tel: 10215031876 14 linesl I 

Telex: 26267 ENCOUNTS 

Fax: 886- 2 -5029391 
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Z8000* MULTIBUS* BOARDS 

Single Board Solutions has specialized in 
Z8000-based SBCs for over five years. In 
addition to our own MB8000IMBx8000 line, we 
have recently acquired the technology for 
several other Z8000-based boards previously 
manufactured by AMO and Central Data Corp. 
We are producing boards 100% compatible 
with the following models: 96/4116A, 96/4126, 
CD2111116 , CD21/1126 , and CD21/1801 
(B1034) . * 
If you have an existing or anticipated use for 
Z8000-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 333 

Don't Burn, Shoot, or Blow ... 
Program with the EP-1 

EPROM PROGRAMMER 

• Free PCDOS software or RS-232 to any computer. 
• Reads, Prog rams, and copies over 250 EPROM's 

and EEPR OM's from AMO, Intel, SEEQ, Tl , Fuji tsu, 
Hitachi , Toshiba, and 21 others. 

• 2716-27512, 27011, 25XX, 28XX, 87XX, 687XX, 
Including CMOS and -A suffix. 

• Programs 87C51 , 8749, 8741A, 8742 and other 
microcontrollers with optional heads. 

• Splits 16- and 32-bit files . 
• Generates and checks checksums. 
• Batch mode operation works wi th 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 Haddington, #190 I Dept. E1 

Houston, Texas 77043 
(800) 225-2102 (713) 461 -9430 Telex: 1561477 

CIRCLE NO 336 

• For PC XT/AT o r 
compati b les 
• Ro utines, se
quences and 
termino logy 

• sim ilar to H P-85 
Ironwood 's line of VLSI prototype adaptors CMOS 80C88 SINGLE BOARD · • Won' t 'nang up ' 
allowprototypingofdevicesfrom24pin(video STD BUS COMPUTER bus during use 
RAM ZIP), Shrink DIP, to 240 pin PGA, PIP Features the 16-bit 8088 with 8087 coprocessor • BASICA, as-
families 80X86 and 680XO along with many socket and 1 Mbyte addressing, On-board functions sembly language, 
other patterns. Annotated test adaptors for include 2 JEDEC 28-pin memory sockets for up to Microsoft & Latt ice C and compiled 

128K bytes of RAM. EPROM, or EEPROM. Includes I b l 
68010, 68020, 80186, 80386. All gold Machin- one Rs-232/Rs-422 serial port, 8259A interrupt con- basic support packages avai a e 
ed pins I most wirewrap panel patterns. troller, 3 16-bit counter/timers, SBX connector, and Need additional information on pricing, 
Customs - quick turnaround. Watchdog timer. Avai lable in NMOS/TTL or CMOS volume discount>, or 1cchnical information! 

IRONWOOD ELECTRONICS, INC from Call us toll free at <800> 227-73'17 
P.O . BOX 21-151 WinSystems, Inc. bbl In Ohio (216) 349-3444 . 

PO Box 121361 
ST. PAUL, MN 55121 Arlington , TX 76012 b200 ~OM Cenier Rd . · Sui te C2J 

(612) 431-7025 8171274-7553 El.ECTROnlCS Solon, OH 44139 

CIRCLE NO 337 CIRCLE NO 338 CIRCLE NO 339 
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NEW BOOK 

Properties of Mercury 
Cadmium Telluride $195.oo 

This handbook provides authorltadve date 
for the moet useful properdes of cadmium 
tellurlde (CdTe) and for the solid soludons 
formed by subsdtudon of mercury for cad
mium. In addldon to physical electronic and 
opdcal properdes, the book covers many 
device-related aspects and contains sec· 
dons on defects, diffusion, band structure, 
surfaces and other properdes. 

( llJll!I!;) 
ORDERS TO: 

INSPEC Dept/ IEEE Service Center 
445 Hoes Lane, P.O . Box 1331, 
Piscataway, NJ 08855-1331 
Tel: (201) 981-0060 ext. 382 

All major credit cards and telephone orders accepted 

CIRCLE NO 340 

6800-Family Development Software 
Combine our software and your editor for a powerful develop
ment system. Our C-Compilers feature a complete implemen
tation (excluding bit fields) of the language as described by 
Kemigan & Ritchie and yields 30-70% shorter code than other 
compilers. Our Motorola-compatible Assemblers feature 
macros and conditional assembly. Linker and Terminal 
Emulator are included. Wintek Corporation , 1801 
South St., Lafayette, IN 47904. (800) 742-6809 or 
(317) 742-8428. 

CIRCLE NO 343 

MTW2805S - MINIATURE 
DC-DC CONVERTER- 30 WATTS 

Integrated Circuits Inc. announces the MTW2805S, the latest 
complement to their line of high efficiency, thick film hybrid, DC
DC Converters . 

Measuring only 1.95"x 1.35"x0.50" the hermetically sealed 
MTW2805S generates a fully isolated +5VDC/6amp. output over 
the input rate of 19-40 voe from -55"C to +85"C with 82% 
efficiency (typ.) Other features include short circuit protection, 
remote load voltage sensing , internal 1/0 ripple filters , an inhibit 
function and optional environmental screening 
$420/100 stock. For additional information, contact: 

INTEGRATED CIRCUITS INCORPORATED 
10301 Wi llows Road, Redmond, WA 98052 

Telephone (206) 882-3100 
FAX (206) 882-1990 TWX 910-443-2302 

CIRCLE NO 346 
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the TREN OS ETIER 
Affordable Data Acquisition and Trending 
for PC/XT/AT computers. 

* 16 channel, 12 bit + sign * +5 to -5 volt input * 4 kHz throughput 
* includes full featured acquisition and 

trending software: • fully configurable 
• ASCII file initialization or online 
setup • online trending 
• waveform sample • disk save • dot 
matrix printout • online preprocessing 
(subtract, linearization, etc.) • built in 
utilities (max, min, delta t, integrate, 
etc.) • display scaling and more 

* assembly functions included 
* low power CMOS circuitry 

* * Just plug in and run * * 
* * No programming required * * 

$1695.00 value 

Introductory offer 
ONLY $749.00 

datrend inc., 102 - 841 O Ontario St. 
Vancouver, B.C. Canada V5X 456 

(604) 946-9356 

CIRCLE NO 341 

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 
ft~ 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 344 

"D" SIZE PWTIER 
$2295°0 

RETAIL 

51595°0 

INTRODUCTORY 
OFFER 

• Repeatability .001" 
• Speed at 7" Per Second 
• Vacuum Paper Hold Down 
• High Resolution Circles: Suitable for 

PCB Artwork 

(415) 490-8380 ZERICOIV 

4423 ENTERPRISE ST. • FREMONT, CA 94538 

OMEGA 'S BOOK OF BOOKS 
OMEGA 'S Encyclopedia of Scientific and Technological Books is 
a one-stop ordering source for books from the major science and 
technology publishers of the world . This catalog gives information 
on over 12,000 books from 14 publishers covering 16 subject 
categories including all engineering disciplines, the sciences , 
math, engineering computer software, and computer science. For 
easy reference, books are " recommended ". and noted as " new". 
Others are grouped into mini-libraries for easy ordering. All books 
can be ordered by calling an 800 number or by using the book's 
easy-to-use order form. Most major credit cards are honored. 
Circle reader service number or write today to: 

OMEGA ENGINEERING 
One Omega Drive , P.O. Box 4047 

Stamford, Connecticut 06907 

CIRCLE NO 342 

Test Instrumentation and Tools: This new edition contains 
everything for the well-equipped instrument technician , 
engineer and scientist. Complete tool kits , oscilloscopes, 
multimeters, computer cabling, and electronic assembly tools 
are only some of the new products highlighted within this 136 
page full color handbook. 
Call or write TODAY for more information! 

Contact: 
OMEGA ENGINEERING, INC. 
AN OMEGA Group Company 
One Omega Drive 
P.O. Box 4047 
Stamford. CT 06907 
Telephone: (203) 359-7613 
Telex: 996404 

CIRCLE NO 345 

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 AND 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 347 CIRCLE NO 348 
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VME ASYNC COMM CONTROLLER 
16 Async RS-232C Serial 1/0 Ports . 
10MHz 68000 CPU . . .... . . . . 
512KB RAM, 256KB Dual-Ported ........... . 
Intelligent Terminal 1/0 Firmware . 
Up to 38.4K Baud per Channel . 
Up to 9600 Baud on all 16 Channels .. 
UNIX System V Device Driver . 
Multibus-I or VME Bus Interface .. 

TADPOLE TECHNOLOGY INC. 
6747-K Sierra Court 
Dublin CA 94568 
(415) 828-7676 

Smart instrumentation runs its own high 
level language with built in 8 MHz micro
computer. Isolated from bus ground to 
1000 V. High speed 12 bit A/D with user 
definable signal conditioning for each 
channel. Heavy duty 8 CH 13 bit D/A. 8 
CH relay and 128 CH solid state multi
plexers. User customizable module too. 
Both 280 and Ziatech 8088 STD DOS 
compatible . 

MILLER TECHNOLOGY, INC. 
647 N. Santa Cruz Ave. 
Los Gatos, CA 95030 

(408) 395-2032 
CIRCLE NO 752 

C CROSS-COMPILERS 
• Field-proven bug-free software 

• Runs on VAX, Sun, PC/AT 

• Includes compiler and optimizer, 
relocating assembler, 
linker/librarian, run-time C 
library, and various utilities 

Quality switches "1 cm ~ 
with built-in '''"'""-w''' 
dependable protection 
Switch/Circuit breaker combination 
Single or Double Pole• Snap Action 
High quality, long ltte, low cost combination unit 
saves you money by eliminating individual 
~:t~,y~~~~?reaker or fuse and light. ~ 
mount and wire only 
one component. 
High reliability of 
25,000 cycles at 
rated load. Current 
ratings from 0.1A to 
16A at 250 VAC. Both 
double and single 
pole units fit same 
small SJze panel cut 
out for single pole 
snap-in mounting. 
Variety of handle 
colors and styles. 

(l~..g CIRCUIT BREAKERS 
7400 N CRONAME ROAD CHICAGO IL 60648 • (312 ) 647-8303 

UNIVERSAL EPROM PROGRAMMER $495!! 
• Built in timer eraser option ; foam pad area 
• Menu selection; No personality modules 
• User friendly softw; Complete help menu 
• Directtech. support; Full 1 yr. warranty 
• Stand alone duplication & verify 
• Quick pulse alogrithm: 27256 under 60 sec 
• All 24/28 pins to 27011 & CMOS E(E)PROMS 
• 8741 , 2, 4, 8, SH , 9, 9H , 51 , 52, 55 & Other 
•Auto baud RS232 to 19.2k; Free PC Drivers 
• Ofset/split Hex, Binary, Intel & Motorola 8, 16 & 

32 bit files; Kits from $95! Visa & MC 
B&C Microsystems 

SOURCE 
CODE 

REGISTERS 

355 West Olive Avenue 
Sunnyvale, CA 94086 
Phone: (408) 730-5511 
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TRACE 

HISTO 
GRAPH 

FLOW 
GRAPH 

d I CE-51 0 11\') $
195 

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 
11-------'4----- of power and 

energy. The 
~----- 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. 

iniilsofl 

P.O. BOX 6607 
San Pedro, CA 90734-6607 
Tele: (213) 833-0710 
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IMS• _.... 
CHIP ~ 

RESISTORS ~~~· 
SURFACE 
MOUNT 

1% T o i . RC 1206 in S toc k 

Wrap Around Terminations 
with Nickel Barrier 

24 H o u r D e li ve ry O u r S p ec ia lty 

401-683-9700 
International Manufacturing Serv. 

50 Schoo lho use Lane. Port smo uth . RI 02871 
Fax : 401-683-557 1 

INSTRUMENT PAIR FOR 
IC IN-CIRCUIT TESTING 

8051 Debugger with In-Circuit-Element M-5700C Logic Scanmaster includes universal logic 
The CY-805 1 in-circuit element replaces the 8051 and com- state indicator, logic pulser and clip, automatic bad 
municates with your IBM-PC over COMl. The powerful level detector, auto-ranging DVM , pin to pin push-
dynamic user interface provides source code and symbolic button interface of the signal to scope, counter, etc . 
debugging with easy access to all 8051 spaces. Live keyboard, M-150 Digital Comparator compares known good IC 
Global Symbol Monitor, 'C' support. Histogram generated to OUT in-circuit. This instrument combination offers 
during reduced speed execution. Lowest cost, most powerful f 

t--.. JT,.nrSystems Jnc 805 1 design support. Mil spec and CMOS versions available. as!, accurate process to troubleshoot digital ICs to 
J . .,uy., , • @j component level. Price $1,695.00 

P.O. Box 3095 • Everett, WA. 98203 Cybernetic Micro Systems, Inc. Information Scan Technology 
(206) 258-1163 Box 3000 • San Gregorio. CA 94074 • USA 487 Gianni Street, Santa Clara CA 95054 

'-------------.--------' (415) 726-3000 • Telex : 910-350-5642 (408)988-1908 
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• 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 

CIRCLE NOn6 

Filter designs active filters up to order 30. Bessel , 
Butterworth, Chebyshev, Allpass ; High , Low Band
pass and Bandstop. Fully menu driven , Filter 
designs, plots, and selects component values for any 
filter in seconds. LSAP analyzes linear systems 
producing Bode, Nyquist , Impulse, Step Response 
and Root-Locus plots. Micro-CSMP simulates con
trol and servo SY.Siems with full support for non
linear behavior. Filter is $900, LSAP is $450, Micro
CSM P is $900 for the I BM PC. 

California Scientific Software 
1159 North Catalina Ave, Pasadena. CA 91104 

(818) 798-1201 

CIRCLE NO ng 

IBM COMPATIBLE RS232 EASl-DISK 
3V2-SV2" FLOPPY DATA STORAGE & 

TRANSFER SYSTEM 

~' 

Information Transfer to/from Non IBM Compatible Systems 
to/from IBM & Compatibles: (Over RS-232 or 488 Interface). 

• Reads & Writes MS DOS Disks 
• RS-232/488 1/0 
• Rugged Portable Package/battery option 
•ASCII or Full Binary Operation 
• Baud Rate 110 to 38.4K Baud 
• Automatic Data Verification 
• Price $895 in Singles-OEM Qtys. Less. 

28 other systems with storage from 100K to 35 megabytes. 

ANALOG & DIGITAL PERIPHERALS, INC. 
815 Diana Drive Troy, Ohio 45373 
513/339-2241 TWX 810/450-2685 
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R5·422 
Communications Board 

•For IBM-PC/AT/XT and 
compatibles 

•Dual RS-422/RS-485 interface 
•Differential drivers to 4000 ft. 

Ii\ Fast Delivery 

'i.1 QUA TECH, INC. 
478 E. Exchange St. Akron OH 44304 

(216) 434-3154 TLX: 5101012726 

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. se lect 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 accepted. 

ACNAP-

Wintek Corp. 
1801 South St., Lafayette . IN 47904 
(800) 742-6809 or (317) 742-8428 

CIRCLE NO 780 

AffORDABll 
ENGINEERING 

SOFTWARE 
PC/ MSDOS- Macintosh -CP/ M 

$125-00 LCFIL - $95.00 

Glide Through PCB Design. 
TangoPCB ··Create the toughest board designs 
with powerfu l layout software that's a snap to use. 
Function-rich Tango-PCB supports eight layers, I mil 
grid, OrCAD'" or Schema·· netlist input, print/plot/ 
photoplot output, and more. 

TangoRoufe ··Get impressive completion rates 
and remarkable speed with Tango-Route, a four layer, 
eleven pass autorouter. Just $495 each. 
For IBM PC/XT/AT/PS2 . Compare features and you'll buy 
Tango. Or try full-function Demo Package, just $10. 
Order toll-free: 800 433-7801. VISA/MC. Thirty-day 
money back guarantee. 
ACCEL Technologies, 7358 Trade St., San Diego, CA 92121 

CIRCLE NO n8 

PAP-01 ~~:o,::;:y~~~'m~~~0·24pin , $369 
8PP·01 B1PoltM" PROM Programmer MMI, NS, Tl, $379 

Sig. 16-20Pin 
EPP-01 EPROMProg .. 275 12, 275 13,271000· 24-4-0pm: $195 

1 Gold Socket Uplo8 Avai lable 
48P-01 MicroComputerProg 8741 (A), 8742, 8748, 8749: $249 

1 Gold Socket. Up to8 Avai labte 
CLK-6000A GangProg:2716-27512 CMOS, NMOS A-TYPES $149 

1 Gold Socket. Up to 12Available 

DMT-01 ~R~~J~;rr~L,CMOS SeatchUnknownlC: $249 

SCC-5128 StwidAlone Prog . 8 S()d(et, LCD Display, Keyboiwd, $1195 
RS232. Many Features, Complete Wtrtstation 

EU-156 Eraser: All Metal, Industrial High Volume Design $395 
150ChipCapacity, Fast Eraser, Timer 

ME-1 MiniEraser: FoamLiner, Oigita1Tlmer, 9ChipCap. $149 
5-1 O min Erase Time 

Other Product.• Avalfable 

Southern Computer Corporation 
141 West W1euca Road Su11e 300 B At anta Georgia 30342 3219 

Can't Watt? Call Now• 

(404) 252-3340 

CIRCLE NO 781 

HSC-9160 Graphic CRT Terminal Card 
Variable resolution to 640 by 300 dots, multiple and 
downloadable character fonts . Two serial ports pro
grammable to 38.4K baud, RS-232 and TTUCMOS 
levels. Enhanced ANSI X3.64 control sequences. 
Configurable from host, on card switches or from 
keyboard . Composite or separate video and an IBM 
PC compatible keyboard input. The 100 by 160mm 
card requires 5V only. $235/ea, quantity discounts 
and cable assembles available. 

Engineering Ill - ] Heritage Systems Corp. 
llillill P.O. Box 10588 

Pmfessional Softwa<e (714) 781-0252 Greensboro, NC 27404 
2200 '""""""""-'"''• "'""......,.·CAQ2501 u.sA T£lfX.J08Q664 (919) 274-4818. Telex via WUI 6503057397 

CIRCLE NO 783 CIRCLE NO 784 

Product Mart, call Joanne Dorian, 212/463-6415 
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IEEE-488 

PC/XT/AT 

GP-18, HP-18 CONTROL FROM YOUR PC. 

• Control instruments and peripherals . 
•Supports BASIC. C, FORTRAN, and Pascal. 
• Use with ASYST'" Lotus Measure '" 
• Fast and easy-to-use. Thousands sold. 
• Hardware and software - $395 complete. 

Capital Equipment Corp. 
99 South Bedford St. 
Burlington, MA. 01803 

Call today (617) 273-1818 

CIRCLE NO 785 

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 

TL Industries, Inc. Toledo, OH 43619 
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Call Now- Toll Free 1-800-227-8144 

CIRCLE NO 788 

SAMTEC OFFERS NEW HIGH DENSITY 
.025" SQ. CONNECTORS 

New HOM and HOF series connectors meet 
specs for Eurostyle Inverse DIN connectors. 
Motherboard connectors have phosphor bronze 
.025" sq . pins , either solder or wrap-pin . 
Daughterboard has tuning fork style low insertion 
force contacts of phosphor bronze selectively 
gold plated over tin. Bodies are glass filled 
polyester rated UL 94-VO. Both male and female 
versions mate with competitive connectors of 
same type. Delivery from stock . Contact: 

Samtec, Inc., 
P_Q. Box 1147. New Albany. IN 47150_ 

Phone: (812) 944-6733. FAX: (812) 948-5047 

CIRCLE NO 791 

To advertise in 

CROSS-16 META • ASSEMBLER 

• Table based 8116 bit cross assembler. 

• Uses manufacturer's assembly mnemonics 

• Tables & Example Source files are included for ALL 
of th~ following processor families 

1S02 
65S16 
6S11 
8051 
COPSOO 

3S70 
6S01 
6SOOO 
SOS5 
SUPERS 

641SO 
6S05 
7000 
SOS6 
ZS 

6502 
6S09 
S04S 
S096 
zso 

• Users may modify or create new tables for 
add1t1onal processors 

• Produces listing, symbol table, and 8116 bit binary, 
Intel and Motorola hexcode. 

• 5" 0500 for PC MS-DOS 2 0 or greater 

$ 99,95 us s 139,95 CON 

• Portable C sourcecode 1s available 

Worldwide shipping (AIRMAIL) & handling included Cfed1t 
Caid ciders !$139 95 CON) please specify Card nurnbe1 , 
name on card and expny date 

Universal Cross-Assemblers 
~O Box 3S4 Bedfo•d. N S 

Canada B4A 2X3 

CIRCLE NO 786 

SOFTWARE 
VERSION CONTROL 

The POLYTRON Version Control System (PVCS) provides precise 
& flexible configuration managemenl for Sottware Development 

projects on Personal Computers and PC LANs. including: 

• Storage and retrieval of multiple revisions of source code. 

• Maintenance ol separate lines of development using branching. 
• Merging of simultaneous changes. 

• Modules can be reviewed by their own revision number, system 
version number, or specified date. 

• Efficient disk storage. PVCS uses a very intelligent difference 
detection technique that minimizes the amount of disk space 
required to store a new version. 

Personal PVCS - Offers most ot the powe, 
and flexibility of Corporate PVCS. 

Corporate PVCS - Offers features 10 
maintain source code of very large and complex 
projects lha1 may involve multiple programmers. 

Network PVCS - Ex1ends Corporate Pl/CS 
for use on Networks. File locking and security levels 
can be tailored for each project. CaJl (503) 64!>-1150 
for pricing on Licenses lor more than 5 Stations. 

$149 

$395 

$1000 
Requires DOS 2.0 or higher. Compatible with the IBM PC, XT, AT 
and other MS-DOS PCs. Works with ANY Language. 

TO ORDER: VISNMC 1-800-547-4000. 
Dept. No. 322. Oregon and outside US call (503) 645-1150. 

Send Checks, P.O.s to: POLYTRON Corporation, 
1815 NW 169th Place. Suite 2110. Dept 322, Beaverton, OR 97006. 

CIRCLE NO 789 

EPROM PROGRAMMER 
Model EP-2B-87 with RS-232, MS-DOS or 
CP/M software _ Programs 2708, 2716, 
TMS2716, 2732, 2732A, 2532, 2764, 2764A, 
27C64, 27128, 27256, 27512, 27513, 2564, 
MCM68764 EPROMs; 2816A, EEPROMs; 
8751 , 38E70 MPLJ _ Intel , Motorola, and 
Tektronix formats. Stand alone copy, edit, 17 
RS-232 commands_ $395 for BK byte buffer. 
Personality modules $18 to $36. 

Optimal Technology 
Earlysville, VA 22936 

804-973-5482 

DISPRO' DIGITAL FILTER DESIGN 
SOFTWARE FOR IBM'" PC, -XT, -AT AND COMPATIBLES 

The DISPRO family of digital filler design and evaluation sottware 
provides the broadest range of capabilities al affordable prices. 

• Complete filter type coverage: select from standard llR and 
FIA forms. or FIA with arbitrary magnitude response shapes. 

• Full user control: no hidden decisions. Allows exhaustive 
explora11on of performance vs complexity tradeolfs 

• Coemc1ent formats 32·b1t floating point, 2 to 24 b11 integer. 
Calculate and plot frequency response data for any wordlength 

• Superior graphics total user control over plothng scales 
Single-key 1n111at1on of hardcopy output ol any graphics screen. 

OISPRO v1 .5 - The complele system: llR & FIR 
design, time and freQuency domam analysis and evalua
tmn Full modelling of llR filter operation m f1xed-pomt 
anthmet1c. with spectral analysis of input and output 
Available m modular form 
ARBITFIR/PM - Creale arb1lrary passband and stop
band shapes for eQutnpple linear-phase FIR designs. Ac
cepts numencal as well as analytical shape specilicallons. 

ARBITFIR/FSW - The techniques of frequency 
samphng and window design are combined with a high 
l"'el of graphics llexib1hly lo develop complelely arbllrary 
magnitude response shapes for hnear-phase FIR filters 

CODEGEN/320 - lnlertace with DISPRD filler 
design files to generate source code for the TMS320 family 
ol DSP processors. 

SIGNIX Corporation 

$295 
TO 

$1150 

$295 

$345 

$95 

19 Pelham Island Road. Wa~and . MA 01778 (617)358-5955 
DISPRO sotrware the choice of DSP des'flners worl<Mtde since 1983 

Reqwes DOS 3 x 256K memory CGA or EGA graphics 8087 Qpt10nal 
' O!SPRO •5 a reg•Jlefed t•Hlema•~ C! Slgnu COfl)Oflt+o<i 

CIRCLE NO 787 

Introduce 
new products 
and literature 

• Build 
awareness in 

the marketplace 
• Supplement 

your advertising 
campaign 

• 
EON Product Mart 

CIRCLE NO 790 

~
• TAIWAN ZETATRONIC 

A FULL RANGE OF 
• • 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 IUMPER: OPEN & COLSE TYPE 4 mlm & 6 m/m 
HEIGHT TYPE 

TAIWAN ZETATRONIC INDUSTRIAL CO .. LTD. 
50 , 431 LANE. HUA CHEN ROAD, HSIN CHUAN CITY. 
TAIPEI HSIEN. TAIWAN R 0 C 
TElEX 33537 ZETACO FAX NO 886 2 9963841 

TEL NO 886 2 9919816 

CIRCLE NO 792 CIRCLE NO 793 

Product Mart, call Joanne Dorian, 212/463-6415 
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App notes discuss 
waveform digitizing 
Application notes AN-2017, Princi
ples of Digital Waveform Recording 
and AN-2018, Digital Signal Pro
cessing, provide an overview of 
waveform digitizing and analysis. 
The two papers fill 28 pages of text, 
diagrams, and illustrations. They 
address such topics as fundamentals 
of ADC technology, understanding 
digitizer specifications, digitizer ap
plications, digital signal processing, 
and computer-aided-test system de
sign. 

LeCroy, 700 S Main St, Spring 
Valley, NY 10977. 

Circle No 401 

Report addresses use 
of laser for graphics 
The 8-pg white paper, Lasers in 
Graphic Arts, discusses laser tech
nology as a bridge between typo
graphic output, and hardware and 
software · used for publishing. The 
report deals with three graphics
arts applications: image setting, 
scanning, and printing. 

Compugraphic Corp, Literature 
Div, 65 Industrial Way, Wilming
ton, MA 01887. 

Circle No 402 

Brochure discusses 
traveling-wave tubes 
This brochure covers the vendor's 
line of microwave tubes and amplifi
ers for manufacturers of communi
cations and military products. It de-

EDN October 1, 1987 

LITERATURE 

scribes products for military 
electronic counter measures (ECM) 
and radar, for stationary and mobile 
transmitters, for transmitter ampli
fiers in up-link ground stations of 
satellite TV and direct broadcasting 
systems, and for point-to-point sat
ellite transmission of business data. 
The 20-pg booklet includes a section 
on product safety. 

Stantel Components Inc, 636 
Remington Rd, Schaumburg, IL 
60173. 

Circle No 403 

Booklet presents 
high-reliability products 
Meeting the Challenge of Hi-Rel, a 
38-pg brochure for the military mar
ket, contains an extensive QPL 
(quality products list), a compilation 
of high-reliability process offerings, 
and a glossary. Other sections in-

elude die and wafer ordering infor
mation and a summary of applica
tion notes. 

Intersil Inc, 10600 Ridgeview Ct, 
Cupertino, CA 95014. 

Circle No 404 

Guide lists 
graphics hardware 
The TMS34010 Third Party Guide 
provides information about products 
using the TMS34010 graphics sys
tem processor. More than 50 compa
nies describe their TMS34010-based 
products, which include IBM PC 
add-in boards, electronic publishing 
systems, and image-processing sys
tems. The book serves as a resource 
for high-performance graphics hard
ware and identifies software devel
opers that have operating environ
ments , development tools , and 
applications for the TMS34010. 

Texas Instruments, Semiconduc
tor Group (SC-754), Box 809066, 
Dallas, TX 75380. 

Circle No 405 

Data sheet for 
surface-mount repair 
A 2-pg data sheet describes the ven
dor's SRM-100 surface-mount re
work and repair system. The publi
cation details how the system works 
and how it utilizes the proprietary 
programmable matrix heater. It 
also highlights the system's features 
and benefits, which include elimi-
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nating the need for expensive tool
ing to handle different surface
mount-device configurations. The 
data sheet's reverse side lists gener
al, control-system, vision-system, 
utility, and physical specifications of 
the product. 

SRTechnologies Inc, Pond Lane, 
Concord, MA 01742. 

Circle No 406 

Newsletter contains 
CAD/CAL"1 information 
Published continuously since 1981, 
the Computer Aided Design Report 
newsletter covers computer-aided 
design and manufacturing topics. 
The May and June issues provide a 
comparison of personal-computer 
CAD software from three Fortune 
500 firms and software from two 
smaller companies. The results 
shows that buying software from 
major manufacturers won't neces
sarily be the best solution for your 

u= 

LITERATURE 

particular needs. Copies of both is
sues are available for $23. An annu
al subscription costs $138. 

CAD/CAM Publishing Inc, 841 
Turquoise St, Suite D, San Diego, 
CA 92109. 

INQUIRE DIRECT 

App note deals with 
signal measurement 
Application Note No 59 describes 
channel-associated signaling meas
urements on pulse-code-modulation 
(PCM) systems. It covers primary
and secondary-order PCM systems 
operating at 2048k and 2448k bps, 
and it includes making measure
ments in traffic and detecting errors 
in the line code and in 2048k-bps 
frame-alignment words. A diagram 
illustrates the frame and multiframe 
structure of a 2048k-bps digital 
stream according to CCITT recom
mendation G704. Other subjects in
clude signaling on PCM systems, 

·- -·--

the 2388A measurements channel 
number and signaling state, mea
surement configurations with illus
trations, and local monitoring. 

Marconi Instruments, 3 Pearl 
Ct, Allendale, NJ 07401. 

Circle No 407 

EDNINFO 
CARDS 

The Fastest, 
Most Cost-Effective Way 
to Generate Sales Leads! 

..... 

DE FOUND ELECTRONIC CORP. 
For further information, 
contact Lauren Fox, 

;;~ ... ..... 
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No. 1, Lane 70, Chung Hsiao E. Rd., Sec. 6 
Taipei, Taiwan, ROC 
P. 0. Box 8·87, Taipei, Taiwan, ROC 
Tel: (02) 763-3722 Fax: 886·2·763-6475 

CIRCLE NO 38 

EDN Info Cards Manager, 
at (203) 328-2580. 
*Numbers represent actual 
responses 
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Paul Hughett of Hughett Research (Palo Alto, CA): 
Consulting takes a lot of assertiveness. 

The frustrating 
and fine art 

of independent 
consulting 

EDN October 1, 1987 

PROFESSIONAL ISSUES 

Deborah Asbrand, Associate Editor 

P aul Hughett's consulting business started out 
well enough. He found a client company that 
needed his computer-graphics expertise, and 

he signed a one-year contract that provided him with 
full-time work. At the year's end, the client still 
needed him, so Hughett stayed on. The one-year 
pact eventually stretched into two and a half years. 

When the job finally ended, Hughett began a 
campaign to drum up new business for his consulting 
practice. He made cold sales calls on potential clients 
and offered his services to companies that had run 
newspaper advertisements for engineers. Six 
months later, he hadn't obtained enough contracts to 
support himself financially. "What I was doing 
wasn't working, despite the fact that I had all these 
technical skills," Hughett remembers. "I was having 
a good deal of trouble getting meetings with people, 
never mind getting business from them." 

Hughett had come up against a hard fact of con
sulting: Technical skills don't sell themselves. Many 
engineers go into consulting expecting the opportun
ity to at last design in a hassle-free environment. 
Instead, what they find is that design is often the 
easy part of maintaining a consulting practice. The 
hard part-and the part that occupies the greatest 
portion of their time-is acquiring the business 
acumen and salesmanship needed to manage a small, 
client-oriented business. 

There are no statistics on the number of engineers 
in private consulting. Membership in two organiza
tions, the Professional and Technical Consultants 
Association and the American Consulting Engineers 
Council, remains steady. The Independent Comput
er Consultants Association, however, grew rapidly 
earlier this year, jumping from 1800 members in 
December 1986 to 2400 in July. Executive director 
Jack Christensen attributes the increase to a new 
tax law that changes the criteria by which indepen
dent technical consultants qualify for tax benefits, 
and consultants' resulting need to belong to an 
organization that can convey information on the new 
laws. 

Consulting appeals to engineers for many reasons. 
Some engineers long to escape the multiple layers of 
management and the endless procedures that prevail 
in large companies. "The amount of bureaucratic 
procedure and the time I spent coping with the 
bureaucratic requests were an annoyance," says Na
than Sokal, a consultant since 1965. "Some people 
can let those things roll off their backs, but it wasn't 
as easy for me." 
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Others want more varied work 
than most permanent jobs allow. "I 
wanted to choose what I could do 
and to work with a variety of proj
ects-things one typically can't do 
as an employee," says Guy Scharf, 
owner of Software Architects in 
Mountain View, CA, which special
izes in office automation and soft
ware development. Scharf spent 
many years debating whether to 
open his own business before finally 
deciding to do so in 1981. "I either 
had to go out and do it, or give up 
the dream," he recalls. 

Other engineers give consulting 
less forethought, deciding to give it 
a try when the opportunity presents 
itself. When a local company offered 
her a consulting job, Lynn 
Silberman of JL Software Systems 
in Portola Valley, CA, wasn't sure 
that she wanted to give up the secu
rity of corporate employment. She 
turned down the offer, but when a 
second opportunity arose, it piqued 
her curiosity and she accepted it. 

Despite their varied reasons for 

The skills that 
consultants need most 
are not necessarily the 

ones they developed 
working in . . 
engineering 

environments. 

hanging out a shingle, engineers' 
perceptions of consulting are re
markably uniform. They describe 
consulting as fraught with frustra
tions, financial insecurity, and long 
hours. Moreover, the skills that they 
need most in consulting-salesman
ship, marketing savvy, and general 
business know-how-are not neces
sarily the ones they develop work
ing in engineering environments. 

First on any consultant's list of 
things to do is cultivate clients, and 
doing so requires many engineers to 
undo the problem-solving skills that 

they were taught. "Engineering 
thinking is mainly analytical," says 
Arlen Burger, formerly a salesman 
and sales consultant and now a sen
ior consultant with Robert Blake 
Associates (Santa Clara, CA), an 
out-placement company. "But when 
you're persuading someone to buy 
your product or your expertise, 
there are a lot of intangibles. The 
intangible, emotional characteris
tics of decision-making drive engi
neers crazy." 

Burger estimates that as many as 
40% of the engineers he counsels 
consider becoming consultants. 
Eighty percent of the engineers 
who enter consulting return to per
manent corporate employment, 
Burger estimates, and he cites poor 
salesmanship as the reason. 

Building a practice requires an 
active sales and marketing effort. 
For example, few companies adver
tise for consultants. And consul
tants who run advertisements in the 
hopes of attracting potential clients 
usually come up empty-handed. 

Nathan Sokal of 
Design Automation: 
Repeat clients are the 
crux of a consulting 
practice. 



"The only response I got was from 
another consultant who wanted to 
know if I'd gotten any response," 
says Dennis Paull of Paull Associ
ates in Los Altos, CA. 

Like Hughett, other consultants 
have unsuccessfully tried to offer 
their consulting services to compa
nies that ran help-wanted ads for 
permanent, full-time engineers. "If 
they run a help-wanted ad, they 
don't really want someone part
time," says Hughett. Promoting his 
services to personnel departments 
proved to be another "worthless" 
undertaking, he says. 

The best way to create a profit
able business, consultants maintain, 
is to use industry contacts. In rare 
cases, a word-of-mouth campaign is 
enough to acquire business. But 
most consultants point to cold sales 
calls as an equally important-if 
dreaded-method for building a 
practice. 

"You don't have to learn to love 
selling, but you do have to be able to 
do it and not be unhappy about it," 
says Sokal. Joel Becker, an indepen
dent consultant specializing in an
tenna design , agrees with Sokal. 
Becker says that after nine years of 
consulting, he still isn't used to 
sales. "I don't think I ever will be," 
he adds. "Basically, you have to 
learn to take a rebuff and not take it 
personally." 

Selling yourself 
Making cold calls, says Marty Mc

Grath, "was about the hardest thing 
I ever did. After you get a few turn 
downs, you start feeling that maybe 
you don't have anything to offer." 
Maintaining self-confidence is cru
cial for a newcomer to consulting, 
says McGrath, who credits the sales 
experience he gained in an earlier 
real-estate job with helping him to 
get his consulting practice started in 
1981. 

Through trial and error, though, 
most consultants are able to formu
late a sales pitch that meets with 
some measure of success. "I ask 
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Gu.I/ Scharf of Software Architects: " / either had· to go out and do i t, or give itp the dream." 

potential clients what they're look
ing for and then figure out how to 
fill those needs," says Hughett, who 
sought to refine his selling tech
niques by hiring Burger as a sales 
consultant. "Then I say 'When do 
we start working on this?' It takes a 
lot of assertiveness." 

McGrath tailors his sales strategy 
to appeal to the needs of companies 
in Silicon Valley, where he's oper
ated his consulting practice, Mc
Grath Technical Services, for the 
past six years. "In Silicon Valley, 
the average engineering turnover is 

two years. An engineer who leaves 
after two years often has just two 
weeks to document the work he's 
been doing. Usually, it just doesn't 
get done. I point out that I know I'll 
be gone in six months, so I'll have 
the documentation done." 

In addition to sales calls, consul
tants find lots of other innovative 
ways to market themselves. 
Hughett, for example, attends con
ferences to stay up to date technical
ly and "to stand around and talk to 
people at the coffee break. I get 
more useful information that way 
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than by listening to the papers." 
Scharf recently began distribut

ing a 10-pg newsletter to about 100 
clients and potential clients. The 
newsletter, which includes technical 
information on Scharf's office-auto
mation and software-development 
specialties, costs $150 to produce 
each month. Yet Scharf considers 
the money well spent: The two is
sues that he's published to date have 
already produced two business 
leads. 

Role playing 
Securing a contract, though, is 

just the beginning of a consultant's 
work. In many cases, technical con
sultants perform a variety of roles 
for their clients: technical expert, 
mediator, and nursemaid. "There's 
a wide spectrum of personalities 
working for your clients," says 
Sokal. "You have to work with these 
people without offending them or 
making them feel anxious about the 
presence of a consultant. You have 
to be able to tell them something 
that might be unpleasant news, but 
present it to them in such a way that 
they get the technical content, with
out the emotional load." 

What's more, consultants often 
must practice diplomacy in a variety 
of uncomfortable situations. They 
might carry the burden of being 
hired to solve a problem that has 
stymied the client's engineers. A 
consultant might also find himself 
hired to substitute for an engineer 
who's quit suddenly or been fired. 
One consultant remembers having 
been hired to replace a chief engi
neer who had died unexpectedly. 
Without the assistance of the engi
neer who worked on the product, 
the consultant takes on the addition
al role of detective as he tries to 
retrace the project's progression. 

All of these circumstances lead to 
tense working environments. "You 
walk into the situation, and people 
are under a lot of stress; they've 
been having a lot of problems," says 
McGrath. "You have to prove your-
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self every time. You walk out of one 
job and you might be a hero. You 
walk into a new job, and they say 'So 
you're a consultant, huh? See if you 
can solve this."' 

Indeed, the ability to handle very 
demanding jobs and to work 
smoothly with people is critical be
cause repeat business and positive 
references are the crux of a consult-

"You have to work 
with people without 
offending them or 
making them feel 
anxious about the 

presence of a 
consultant." 

ing practice. "You can't afford to be 
in business if you have to sell every 
job individually," advises Sokal, 
who now has six engineers working 
for his practice, Design Automation 
Inc, in Lexington, MA. Consultants 
say that most of their work is done 
for clients they've worked for previ
ously, or for companies that clients 
have referred to them. 

No matter how well-developed a 
consultant's network of contacts is, 
he or she is still vulnerable to the 
boom-and-bust cycle that is part of 
independent work. Dips in the econ
omy produce soft consulting mar-

kets, but, ironically, consultants can 
also encounter lean times as a result 
of success: If business projects occu
py all their time, they have no 
chance to seek new business. 

Most seek to avoid the business 
roller coaster as much as possible by 
splitting their time between seeking 
new projects and working actively 
on existing ones. Most consultants 
bill 20 to 25 hours each week to their 
clients and devote the rest of their 
time to maintaining the practice 
through sales and marketing ef
forts, bookkeeping, and general 
paperwork. 

Financial and other rewards 
Consulting salaries vary. Most 

say consulting isn't a financial wind
fall, but allows them to equal or 
better the income they had as em
ployees. "You have to enjoy doing it 
and have to feel it's better than 
working for someone else," says 
Hughett. "It takes too much grunt 
work and running around and tak
ing risks. Money alone can't moti
vate people to do that." Scharf's 
advice is more stern. "Unless you 
feel irresistibly drawn to running 
your own business, don't bother 
starting a practice." 

Lean times prompt some consul
tants to toy with the idea of return
ing to regular corporate employ
ment, which would provide them 
with some protection against eco
nomic fluctuations. "There was a 
time last year when I was very low 

For more information ... 
You can obtain information on independent consulting from the following 
organizations. 

Professional and Techn ical 
Consultants Association (PATCA) 
1330 S Bascom Drive 
Suite D 
San Jose, CA 95128 
(408) 287-8703 

Independent Computer 
Consu I tan ts Association 
Box 27412 
St Louis, MO 63141 
(800) 438-4222 or 
(314) 997-4633 

American Consulting Engineers Council 
1015 15th St NW 
Washington, DC 20005 
(202) 347-7474 
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in money and had had a contract fall 
out from under me," Hughett says. 
"I had to think: Did I want to stay a 
consultant and be poor, or go back 
to industry and have less fun but 
make more money? I decided I en
joyed consulting enough to stick 
with it." 

In addition to the security of per
manent work, some consultants also 
miss the ready supply of colleagues 
with whom to swap ideas. "If you're 
working with other engineers, you 
can kick ideas around. That type of 
discussion is useful in problem solv
ing," says McGrath. "In consulting, 
you don't have colleagues just down 
the hall." McGrath has a foolproof, if 
costly, solution to this problem: "I 
call people that I know and ask them 
if I can buy them lunch. I get a 100% 
response." 

So with all of the drawbacks to 
consulting, why does anyone stay in 
the field? For one thing, consultants 
choose the engineering projects 
they work on, so the work tends to 
be more interesting than what they 
were assigned as corporate employ
ees. "I've never attempted to peg a 
real specialty in the way that's gen
erally advised," says Scharf, who 
prefers to work on a variety of 
technologies. 

The learning curve for consul
tants is high. "I thought you had to 
be an expert and know it all, but 
that's not the case," says Silberman. 
"As long as you know something 
about the application, you can learn 
the rest of it." 

Some consultants say they'd 
never return to corporate employ
ment. "I'd never consider anything 
other than being in business for 
myself," says Becker. "I like being 
my own boss. I know why I do 
things; I was mystified by the deci
sions of some of the larger compa
nies I worked for." EDN 
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Maxconn's Bracket-mounted 
0-subs Snap In 

for Fast, Easy Insertions 
Smooth landing. With 

no circli ng overhead to wait 
for screw insertions or 
tightening. That's the 
advantage of Maxconn 

Bracket-mounted * D-sub 
connectors. Thei r snap-in 
grounding brackets eliminate 
the need for screws. Instead, 
you get top-notch electrical 
and mechanical retention 
along with quick, simple 
snap-in mounting. 

These 0 -subs come in 
9- to 37-pin sizes in a variety 
of mounting styles to suit 
your requirements, including 
both long and short 
footprints. Our high-density 
0 -subs enable 15 pins to fit in 
a 9-pin shell or 25 pins to fit 
in a 15-pin shell. 

Call Maxconn today for 
the D-sub choice that makes 
board insertions a snap. 

=::~:: : Maxconn 
- :: ~ ::: I N C 0 R P 0 R ATE D 

·Patent number 042,385 

Cable and Connector Products 
far Telecommunications 
and Computer Systems 
1855 O'Toole Ave .. Dl02 
San Jose, CA 95131 
(408) 435-8666 In CA 
(800) 942-6446 0Jts1de CA 
FAX 408-435-0861 
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TECHNOLOGY 
Compaq Computer Corporation is one of the world's 
leading manufacturers of high performance, industry
standard personal computers for professional use. We 
are experiencing unprecedented growth through 
sales of the broadest line of desktop and portable 
business personal computers on the market. 

Our outlook for the future continues to be very op
timistic. While many facets have contributed to our 
success in the last 5 years, one clearly stands out-the 
extraordinary team of professionals who work here. 
Because of our employee's experience and commit
ment, Compaq will continue to provide an unparallel
ed heritage and success record. And with this success 
will come a broad range of challenging and exciting 
career opportunties for those individuals wishing to 
play a major role in our success in Houston. 

We are currently seeking Engineers wih Surface Mount 
Technology experience in the following areas: 

• Design Engineering 
• Sustaining Engineering 
• Reliability Engineering 
• Quality Engineering 
• Manufacturing Engineering 

A BS in Electrical Engineering or Mechanical Engineer
ing with 3 or more years experience in a high volume 
manufacturing environment required. If you desire to 
be part of a stimulating and dynamic environment 
where dedication and team spirit are essential, you 
belong at Compaq. 

The Compaq success story continues with our 
facilities. Our new complex offers 150 acres of a cam
pus environment 20 miles Northwest of Houston, pro
viding easy access to all the amenities of a leading in
ternational city, yet isolated enough in its scenic set
ting to avoid the associated hustle and bustle. Our 
location is also very accessible to many recreational 
opportunities and a wide variety of very affordable 
housing. 

Compaq offers stock options and relocation 
assistance in addition to a salary philosophy that is sen
sitive to employee achievement. For immediate con
sideration, please send your resume to: Compaq 
Computer Corporation, Dept. EDN101-TH, P.O. Box 
692000, Houston, Texas 77269-2000. Compaq is an 
affirmative action employer m/f/h/v. 

QIHIPAQ 4! 
ft@!Jij}/jJl!!J/l@/j} ft@lilffJ@&J:iJJl/J@/jj} 

CAREER OPPORTUNITIES 

19 8 7 Editorial Calendar and Planning 
Guide 

Issue 
Date 

Recruitment EDN 
Deadline Editorial Emph asis 

Oct . 29 Oct. 8 Com puters & Peripherals; 
ICs & Semiconductors; 
Wescon ' 8 7 Product 

EON News 

Preview 
---------------- Closing, Oct. 15 

ov. 12 Oct. 22 Mailing, ov. 5 Wescon '8 7 Show Issue; 
!Cs; Computers & 
Peripherals 

---------------- Closing' Oct. 29 
Nov. 26 Nov. 5 Mailing, Nov. 19 Microprocessor Technology 

Report & Direcrory ; Analog 
JCs; Sensors & Transducers 

---------------- Closing, Nov. 12 

Dec. IO Nov. 19 Mailing, Dec. 3 Product Showcase-Volume I; 
ICs and Semiconductors; 
Software 

---------------- Closing, Nov. 26 

Dec. 24 Dec. 3 Product Showcase-Volume 
II ; Computers & Peripherals ; 
li-st & Measuremenc 
lnsrrumems 

Call today for information. 

Mailing, Dec. 17 

East Coast Janet 0. Penn (201) 228-8610 
West Coast Dan Brink (714) 851-9422 
National Roberta Renard (201) 228-8602 

EDN 
First in Reodership Among Design 

EngineeB and Engineei ing 
Managers in Electronics 
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Three 
ways to explore 
Western's 
'Ci · · ation 
Western Digital Corporation. Some 15 years ago, a universal asyn

chronous receiver/tyransmitter chip heralded the dawn of Western Digital's 
technology. Since then our horizons have widened to include a diversity of 
storage management and communications controllers and onhanced peripheral 
products based on advanced semiconductor technology. We've also grown to 
include two highly significant subsidiaries: 

Faraday Electronics, Inc. gets to the heart of technology with logic devices 
and chipsets that support computer Central Processing Units (CPUs). In 
this systems and solutions-oriented environment, you'll be at the very center 
of discover. 

Paradise Systems, Inc. Everything looks better in Paradise because this 
video technology company produces devices and boards that bring greater 
control a11d clarity to computer display screens. If Paradise is your choice, 
a colorful. full-focus future will be the reward. 

Current and on-going 
career opportunities 

exist for talented 
professionals with successful 

backgrounds in any one 
of these areas : 

Together, we have virtually all the makings a growing market 
requires to develop sophisticated IBM compatibles. And to
gether, we present young professional's with a future of promise 
-and choice-as we explore technology's frontiers. But our 
growth is more than a matter of technology. It's also a matter 
of spirit. A unique working culture that provides you immediate 
responsibility and constant challenge. 

• Engineering 
• Manufactucing 
• Marketing 
• Sales 

'lfestern Digital Corporation offers competitive salaries and a 
full benefits program. Talented individuals are invited to write: 
Mr. Dennis Dohner, Western Digital Corporation, Professional 
Employment, Dept. TP, 17900 Van Karman Avenue, Irvine, 
CA 92714. We are an equal opportunity employer. 

WESTERN DIGITAL 
Growing With You 
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VLSI Imaging 
Device Research 
GE Research & 
Development Center 

GE designing 
new solid state 
imagers ... 

for exciting 
applications ... 

in unmatched 
research 
facilities 
and location 

Whom to 
Contact... 

The Challenge-Developing advanced designs 
that push the limits of resolution and performance of 
VLSI solid state imaging devices, developing new 
circuit techniques for high resolution imagers (mil
lions of picture elements) with high sensitivity, (oper
ate in " normal room " lighting.) Applications range 
from robot eyes to space vehicle guidance. 

Opportunities exist for highly motivated individuals 
with EE/Physics background (advanced degree 
preferred) and interest in : 
• Solid State Device Physics 
• Analog Circuit Design, Analysis, and Test 
• Low Noise Solid State Circuit Techniques 
• Video Signal Processing 

Experience in lmager Design/Physics is preferred . 

The facilities offer opportunity to work with inter
disciplinary teams and are located in an area that 
offers a wealth of recreational , cultural, and histori
cal attractions. A few hours ' drive gives you easy ac
cess to Boston, New York, Montreal , Lake George, 
and Saratoga. 

Compensation , benefits (including relocation as
sistance) , and career prospects are excellent. Please 
send resume, indicating specialization , to: Mr. Neff 
T. Dietrich , University Relations and Recruiting , 
Ref. 72K, GE Research and Development Center, 
P.O. Box 8, Schenectady, NY 12301 . 

• An Equal Opportunity Employer 

EDN October 1, 1987 



EON October 1, 1987 

Right now at GTE Government Sys
tems, we're creating powerful sys
tems solutions to prepare America 
for a new decade of defense chal
lenges. Now you can contribute to 
our efforts and take on a lead role in 
programs of national importance. 
Using Ada* as the basis for large
scale systems development, we are 
designing and developing next
generation architecture for digital 
voice and information processing 
applications. Our systems integrate 
many technologies: LAN communi
cations, distributed data base man
agement, SIGINT, distributed com
puter securit}t, high availability sys
tem configuration, speech signal 
processing, and storage migration 
over magnetic and optical media. 
Make an impact on our vision of 
electronic defense for the 21st cen
tury. Join us now as one of the 
following: 
PROGRAM MANAGERS 
Your responsibilities will include 
controlling and managing the 
development of large subsystems -
from generating proposals to en
suring the highest level of cost, 
schedule, and technical per
formance at every stage of, the sys
tem lifecycle. You will also play an 
important role in customer presenta
tions and briefings. 
To qualify, you must demonstrate a 
broad perspective on system engi
neering and program management. 
Your background must include a 
BS/MS in an engineering field and 
8-10 years experience with distri
buted systems, high-performance 
processing systems, fiber optics, 
distributed computer architecture 
applications, and mass storage. 
Familiarity with milestone planning, 
C/SCSC, and system-level reviews 
as well as DOD SIGINT experience 
are essential. You must also under
stand the DOD acquisition cycle, 
and have at least two years program 
management experience on small 
programs ($5-$1 OM). 
BUSINESS DEVELOPMENT 
SPECIALISTS 
In your pursuit of new opportunities 
within the defense and intelligence 
markets, you will have a hands-on 

role in marketing, customer briefings 
and demonstrations, performing 
market analysis and planning, and 
forecasting revenue and B&P 
requirements. You will also analyze 
and refine requirements, develop 
technical solutions to customer 
problems, respond to RFPs, and 
write and negotiate proposals. 
A solid SIGINT background along 
with thorough understanding of the 
DOD acquisition cycle, requirements 
process, and costing are required. 
You must also have a BS/MS in 
engineering, or equivalent; 8-1 O 
years system design emphasizing 
signal collection or processing; and 
prior program management and 
system development experience 
within the intelligence community. 
Knowledge of these technologies is 
a must: artificial intelligence, voice 
processing, system and software 
engineering, distributed and high
performance computing systems, 
workstations, data base engineering. 
All candidates must have the 
appropriate background to work 
with the defense and intelligence 
community. 
Participate in programs that will 
guide us through the 1990s and 
beyond .. . now at GTE. We provide 
competitive compensation and an 
excellent benefits package, includ~ 
ing educational assistance, a stock 
purchase plan, a tax-deferred sav
ings plan, and much more. For 
immediate consideration, please 
send your resume in confidence to: 
GTE GOVERNMENT SYSTEMS 
CORPORATION 
Washington Operations 
1700 Research Boulevard 
Suite200NA 
Rockville, MD 20850 
An equal opportunity employer. 
U.S. citizenship required. 
*Ada is a reg istered trademark of the U.S. Government Ada 
Joint Program Office. 

[Cj i=t Government 
Systems 
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Digital has it no-w. 
A strategic 
opportunity 
with DECwest. 
Digital's Western Engineering 
Group, just outside of Seattle, is 
definitely the right place. And 
now's the perfect time ... Ifyou're a 
seasoned strategist interested in 
incomparable opportunity for 
innovation. 

We have the kind of atmosphere 
that makes such things possible. 
An environment that's entrepre
neurial, energized. Yet with the 
commitment and resources that 
only a success like Digital can 
provide. 

So take a look at the position. And 
if you have the expertise we're 
after, let's talk strategy. 

Diagnostic 
Supervisor 

We need a strategist to develop 
and maintain a fault management 
plan for our next generation com
puting system. You'll lead the stra
tegy and implementation in such 
areas as: fault insertion, hardware 
repair level tests and manufactur
ing tests using current symptom 
directed diagnostic techniques. 
You'll supervise a small diagnostic 
development group and influence 
and interface with other engineer
ing groups. 

This is a key position, requiring 
hands-on project lead experience 
and a working knowledge of hard
ware logic design approaches. Five 
years of experience, including test 
or diagnosis, programming, and 

high level language and assembly 
required. Knowledge ofVAX/ 
VMS· , Pascal or C a plus. A BSEE or 
equivalent degree/ experience 
preferred. 

For consideration, please send 
your resume to: L. Taylor, Man
ager, Dept. 1001-'7820, DECwest 
Engineering Group, Digital 
Equipment Corporation, 14475 
NE 24th, Bellevue, WA 98007. 
Proof of legal right to work in the 
U.S. is required. 

We are an affirmative action 
employer. 

"Trademark of Digital Equipment Corporation 

TECHNICAL WRITERS 
PUBLICATIONS ENGS 

ELECTRICAL 
DESIGN 

ENGINEERS WE HAVE BUILT 
A REPUTATION ... 

NATIONAL OPENINGS 
HARDWARE - COMMERCIAL COMPANIES: 

Telex Computer Products, Inc., one of 
America's leading manufacturers of infor
mation systems and communications 
equipment, with sales approaching one 
billion dollars, is looking for engineers who 
have demonstrated technical leadership 
ability in the conception, planning, design , 
development and introduction to manufac
turing of complex microprocessorcontroll· 
ed logic which includes video generation 
for keyboard/display terminals. Re
quirements include a BS in Computer 
and/or Electrical Engineering and 3-7 
years experience in 3270, ASC II or SYS 
36/38 keyboard/display terminal develop
ment. Must have a solid understanding of 
Hardware/Software tradeoffs. 

Corporate Directions is a search & 
recruiting firm, building relationships, not 
just with our client-companies, but with 
our candidates as well. Experience writing technical manuals (main!, install , operation, etc.) 

• digital computer systems ......... to 34K 
• CAD systems ..................................... low 40's 
• telecommunication eqip (modems, PBX, telephony) ........ to 38K 
• CPU documentation ..................... low 40's 

SOFTWARE - COMMERCIAL COMPANIES: 
Experience writing sw documents to technical & non-technical audiences 

• C/UNIX documentation ................ mid 40's 
• CAD systems .............. low 40's 
• computer systems (application, end user manuals) . . .... to 40K 
• computer systems (operating systems, compilers) .......... to 40K 
• software specifications .................. to 40K 

DEFENSE/MILITARY CORPORATIONS: 
• electron ic warfare or communication systems . . ... to 40K 
• avionics/aircraft systems . . . . . ............ to 38K 
• test procedures & plans (QA test documents) to 36K 
• software specifications (i.e. MIL-M-2167) . . .. to 40K 
• Army New Look . . ...... to 36K 

Please call Michael Dunn (collect) at 609-424-8600, or send resume to : 

• 

JUDGEINC 
1930 East Route 70 

Suite B-10 
Cherry Hill , NJ 08003 

All positions are DIRECT CAREER OPPORTUNITIES with all fees and 
interviewing expenses paid by client companies. 
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Your expertise can place you with a com
pany who is meeting today's technological 
demands and preparing for the future 
through innovations. 

For prompt consideration , please forward 
your resume including salary history/re
quirements in confidence to : Manager of 
Staffing and Development, Dept. EON 
10/1 , TELEX COMPUTER PRODUCTS, 
INC. , 3301 Terminal Drive, Raleigh, NC 
27604. Equal Opportunity Employer 
M/F/H/V. 

TELEX. h TELEX COMPUTER PRODUCTS INC 4 

Engineering professionals come to us 
because we can offer them individual 
choices ; both professionally and 
geographically. 

We have fee-paid openings, nationwide 
for degreed. experienced engineers in all 
disciplines. 

Send resume in confidence to : 

CORPORATE DIRECTIONS 
124 W. Ori~n #F-10 
Tempe, AZ 85283 

(602) 730·1677 

We have built a reputation based on honesty, 
discretion. and professionalism. 

E 
First in Readership Among Design 

Engineers ond Engineering 
MonPgen in Electronics 
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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. 

EDN 
275 Washington St 
Newton, MA 02158 
(617) 964-3030 
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VLSI AUTOMATIC-TEST-EQUIPMENT REGIONAL BREAKDOWN 

us 
$1099M 

(65%) 

1986 
$1.698 

1992 
$3.378 

(SOURCE: ELECTRONIC TREND PUBLICATIONS) 

VLSI ATE becomes 
a critical issue 
The cost of testing is exploding, 
according to Electronic Trend Pub
lications (Saratoga, CA). The ex
panding use of VLSI devices and 
board-level products is pushing the 
cost contribution of testing, which 
historically has ranged from 5 to 
10% of total device cost, to 45% of 
that cost and beyond. ETP con
cludes that design-to-test and built
in test techniques will be a crucial 
concern for the remainder of the 
decade. 

Nearly $1. 7 billion went into de
vice and pc-board automatic test 
equipment in 1986. This consider
able sum can be attributed to the 
growing volume and complexity of 
the components themselves. By 
1992, forecasters suggest, the mar
ket for automatic test equipment 
worldwide will reach $3.37 billion. 
In 1986, 58% of VLSI ATE expenses 
was devoted to device testing, 
whereas the remaining 42% went to 
board testing. 

To stay competitive, electronic
equipment manufacturers must de
velop relevant strategies for compo
nent and board testing. This 
revamping is important not only to 
reduce the individual testing costs 
and problems but to carve out long
er-term integrated factory-automa
tion programs. 

In addition to higher speeds and 
increased device complexity (and 
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consequently increased board and 
system complexity), built-in tests at 
the device level are becoming a more 
important consideration. A tighter 
linking among CAD, CAE, and CAT 
is also a noteworthy trend, as is a 
shift from the traditional shared
resource tester architecture to a 
structure centered on the tester
per-pin technique. ETP also empha
sizes how new fixturing techniques 
at the pc-board level, which are de
signed to accommodate surface
mount devices and reduced lead 
spacing, are changing automatic
testing strategies. The use of hard
ware device models at the pc-board 
test level is another factor worth 
considering. 

Other trends that equipment 
manufacturers should keep in mind 
include the increasing number of 
built-in pc-board, product, and serv
ice-level tests, as well as board, 
product, and system-level testabili
ty interfaces. Furthermore, remote 
troubleshooting in the field and the 
use of machine vision at the prod
uct-test stage have both increased. 
The use of free-flowing production 
methods is becoming extensive as 
well. 

The market-research firm has de
veloped some guidelines for formu
lating a strategy that encompasses 
these trends and changes. First, it's 
important to select and use auto
matic test equipment that yields 
better productivity , ensures high 

product quality, and incurs the low
est possible test costs. Achieving a 
workable balance among these fac
tors is, of course, the greatest chal
lenge. Second, it's important to re
member that technological and 
economic tradeoffs should be made 
during product design rather than 
later. Third, manufacturers must 
consider the impact of CAD, CAE, 
and CAM strategies on ATE. 

Signal-generator market 
to top $775M by 1993 
The market for signal generators, 
which in 1983 totaled $232.5 million, 
should exceed $362 milllion this 
year, according to the Market Intel
ligence Research Co - (Mountain 
View, CA). Moreover, the research 
organization forecasts that by 1993 
the total will more than double to 
reach $777.5 million. 

For its study, MIRC defined sig
nal generators as all primary sourc
es-analog or digital-for test sig
nals. Used primarily by the 
military, the communications indus
try, and the computer and semicon
ductor industry, they are prevalent 
both at production sites and in de
sign and development labs. Their 
applications include the testing of 
communications receivers, the test
ing of components in the communi
cations industry, simulations for 
testing electronic warfare, and logic 
testing of digital components and 
products. 

MIRC observes that, with more . 
than 200 vendors selling signal gen
erators, the products in general con
tinue to be upgraded and improved. 
Although the signal-generator mar
ket experienced the effects of the 
overall slowdown in test-and-mea
surement purchases over the past 
few years, this market has outper
formed other test-and-measurement 
segments because of its large base 
in the communications industry. 
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de ta 4.66Hz ... $32~ 

f1nd1ng new ways 

Tough enough to pass stringent MIL-STD-202 
tests, useable from de to 6GHz operation, and smaller than 

most RF switches, Mini-Circuits' hermetically-sealed 
KSW-2-46 offers a new, unexplored horizon of applications. 

Unlike pin diode switches that become ineffective below 
1 MHz, this GaAs switch can operate down to de with control 

voltage as low as -5V, at a blinding 2ns switching speed. 

Despite its extremely tiny size, only 0.185 by 0.185 by 0.06 in., 
the KSW-2-46 provides 50dB isolation (considerably higher 
than many larger units) and insertion loss of only 1 dB. The 

surface-mount unit can be soldered to pc boards using conventional 
assembly techniques. The KSW-2-46, priced at only $32.95, 

is yet another example of components from Mini-Circuits 
with unbeatable price I performance. 

Switch fast ... to Mini-Circuits' KSW-2-46 

SPECIFICATIONS 
FREQ. RANGE dc-4.6 GHz 
INSERT. LOSS (db) typ max 

dc-200MHz 0.9 1.1 
200-1 OOOMHz 1.0 1.3 

1-4.6GHz 1.3 1.7 
ISOLATION (dB) typ min 

dc-200MHz 60 50 
200-1 OOOMHz 45 40 

1-4.6GHz 30 23 
VSWR (typ) 1.3·1 

SW. SPEED (nsec) 
rise or fall time 2(typ) 

MAX RF INPUT (dBm) 
up to 500MHz +17 
above 500MHz +27 

setting higher standards CONTROL VOLT. -8Von, OVoff 

r;;;I MiniA~.~~.~,~~.!!0~ 
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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OPER/STOR TEMP. 
PRICE 

-50 to + 100°C 
$32.95 (1-24) 
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THE FIRST 
PROGRAMMER WITH A 

SINGLE SITE FOR EVERY DEVICE. 
NEW UNISITE 40 HANDLES LEADING· 
EDGE DEVICES WITH SPEED AND EASE. 
Now you can program and test the 
latest programmable devices and 
packages, fast and accurately - all in 
a single site. The first true universal 
pin drivers support any device of a 
given package type in the same site. 
The UniSite™ 40's single DIP socket 
handles any device up to 40 pins, 
including PLDs, PROMs, IFLs, 
FPLAs, EPROMs, EEPROMs, and 
microcontrollers. The same site 
accommodates the most popular 
PLCCs and SO packages. A 16-bit 
processor, coupled with custom ICs 
and high-speed RAM, set new speed 
records for programming and testing . 

TIMELY ACCESS TO TOMORROW'S 
DEVICES. With universal pin driver 
electronics hardware, device-specific 
instructions can be loaded from one 

3 Yi" micro-diskette. When new 
devices are introduced, you simply 
load a new master diskette, and the 
UniSite 40 is quickly updated . 

MENUS MAKE PROGRAMMING EASY. 
Use your cursor to select any func
tion. Menus prompt you step-by-step 
and HELP messages assist you 

Oat. 1/0 Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 881 6444 / Telex 15-2167 
f'.uture Net 9310 Topanga Canyon Boulevard, Chatsworth, CA 91311-5728 ia18l 700-0691/Telex 910-494-2681 
Data 1/0 Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1V2 i416) 678-0761~Telex 06968133 
Data 1/ 0 Europe World Trade Center, Straw1nskylaan 633, 1077 XX Amsterdam, The Netherlands (20) 622866 / Telex 16616 OATlO NL 
Datm 1/ 0 Japan Sum11omose1me1 H1gash1sh1nba3h1 Bldg., SF, 2-1-7, Higash1-Shinbash1, M1nato-ku, Tokyo 105, Japan 

!03) 432-6991/Telex 2522685 DATAIO J 
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throughout operation . A built-in listing 
of devices speeds part selection . The 
Uni Site 40 can even save your most 
frequently used parameters for instant 
recall. 

SHORTCUTS SPEED SETUP. More fre
quent users can bypass menus and 
zoom directly to specific operations by 
selecting key commands. Special 
software commands, like the ones in 
our OuickCopy™ mode, are also 
available to streamline your program
mer operation. 

DESIGN FREEDOM FOR TOMORROW. 
Call today and get the design freedom 
only the Uni Site 40 can provide. 

1-800-247-5700 
Dept. 803 



The most 
compatible 

surface-mount 
power devices 

ever made 

HEXFET 
Compare. You 'll find no other power 

SMDs so closely matched in features and 
capabilities. Together, our HEXFET power 

MOSFETs, Schottkys and ultra-fast recovery 
diodes will transform your design ideas into 

real-world performers. 
Look at the options: Schottky and ultra-fast 

diodes in D-PAKs, 1-PAKs and SOT-89s. The 
same for N and P-channel HEXFETs. In all , 

almost 100 different SMD part numbers 
made to precise manufacturing standards. 

This means top quality. Top reliability. 
Top performance. And a unique combina

tion that makes us the price-competitive 
leader in complementary surface-mount 

power devices. 
Your choices? N-channel HEXFETs up 

to 200V. and 15A, with Rds (on) as low as 
0.10 Ohms; P-channels to - 200V, - 9.9A, 
and 0.28 Ohms. Schottkys to 100V, and 6A; 
Ultra-fast recovery diodes to 400V. 6A, with 

maximum trr to 30ns at rated current. 
See them all listed in our new 1987 catalog . 

Write , or call (213) 607-8842 . Today. 

JUNCTK>N TEMPERATURE "C 

Unprecedented power dissipation 
In a small package 

·t 
I • 

t 
I 

Number 1 in International 
power MOSFETs I IC~R I Rectifier 
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CIRCLE NO 132 
Power MOSFETs • CMOS Power ICs • Commercial/Custom Power Packages • Schottkys 

Rectifier Diodes • Thyristors (SCRs) • Diode Bridges • Molded Circuits • Assemblies 


