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supports your dtoice. 
It's no secret that the faster you can design your AS!Cs, the faster you can get your 

products to market. Which is why Fujitsu lets you decide which design tools to use. Then we 
provide you with all the on-site support you need to breeze through not only product develop­
ment but also product verification. 

· As your ASIC partner, we've got what it takes to help you turn a good idea into a great 
new product. 

If you choose a popular engineering workstation , for example, we'll support you 
all the way. With libraries, convertors, test vector editor and a powerful, menu-driven 
file-management program called FAME (Fujitsu ASIC Management Environment) that boosts 
productivity by 300%. 

If, on the other hand, you're using computers running third-party software, we'll 
support you there too. Our support goes even further with ViewCAD'." A complete set of easy-to­
use tools that gives you a choice. Use ViewCAD for on-site verification or as a complete, 
stand-alone ASIC engineering workstation. 

ViewCAD supports your entire design cycle. From schematic capture and logic design 
rule checking to test data entry, simulation, analysis and data conversion. All running 
on your favorite industry-standard UNIX"-based platforms. And all from Fujitsu. 

ViewCAD puts years of ASIC experience under your belt. Experience that has led to 
more than 10,000 successful designs. And made Fujitsu the world's leading ASIC supplier. 

ViewCAD's design methodology helps you shorten your product development 
cycle. Because it catches more design errors earlier in the process. Its powerful design 
capabilities and X Windows™ software lets you easily handle the overwhelming complexities 
of high-density !Cs. Even our 100,000 gates and beyond. 

With ViewCAD, you get the benefit of a powerful simulator that provides you with 
virtual mainframe compatibility. Including a simulation-to-silicon correlation of over 99.9%. 

What's more, you can integrate ViewCAD with third-party tools for interactive 
design verification. 

Which ensures the integrity of your design and reduces design verification and 
modification time. So your circuit is closer to silicon than ever before. And you're closer to market. 

But supporting your design tool decision is only part of the story. As your ASIC 
partner, we expand your design team, providing you with fully staffed and equipped 
technical resource centers, coast to coast. 

Each able to train your engineers and provide twenty-four hour design suites, 
so you can work whenever inspiration strikes. You also get ASIC sales and marketing 
support to help you smooth out all the administrative wrinkles. 

So no matter what your decision, you can count on Fujitsu to support it. Which, 
after all , is everything an ASIC partner should be. 

FUJITSU 

FUJITSU MICROELECTRONICS, INC. 
Integrated Circuits Division 

3545 North First St , San Jose, CA 95134-1804. (800) 642-7616 

Everything an ASIC partner should be. 
L'NIX is a registered trademark of Bell Lahoratories./X Wind°"' is a trademark of the M=chuset~ Institute ofTechnol"K)l /Viell(;AI) is a trademark of Fuji~ Microelectromcs. Inc 
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More than a work­
station, Ziatech's 

new ZT 7000 
provides an . 

innovative solut10n 
for many levels ?' 
factory automat/On. 

Multi· Talented 
The ZT 1000 can operate as a cell controller, a low cost PLC, and as a 
stand-alone control/el It can perform these tasks simultaneously with 
add-in intelligent control processor cards. 

Trustworthy 
The ZT !000 is based on the STD Bus, designed for reliabiltty under harsh 
industrial conditions. 

Compatible 
The ZT 1000 runs IBM PC software on Ziatech 's PC-compatible single 
board computers, which feature IBM PC DOS and Ziatech's industrial 
BIOS in EPROM 

Well-Connected 
The ZT 1000 comes with industrial networking options fully supported 
by Ziatech. 

Ruggedly Handsome 
The ZT !ODO is tough enough for the factory flool Its }j " anodized front 
panel meets NEMA 4112 standards for protection from water, dirt, dust 
and non-corrosive liqwds. 

Friendly 
The ZT !ODO is designed for easy operation by non-technical personnel. 

In Good Company 
Zia tech also offers integrated systems for rack-mounting as well as a 
wide selection of STD and GPIB board-level products. 

IBM PC DDS is a trademark of International Business Machines. CIRCLE NO. 100 

Easy to Get 
to Know 

For a free ZT ! 000 brochure, 
including specifications, 

configuration guide and price 
list, call Ziatech today. 
805-541-0488 

Corporate Headquarters 
3433 Roberto Court 

San Luis Obispo, California 93401 USA 
ITT Telex 4992316 •FAX 1805) 541 -5088 

Telephone (805) 541 -0488 



System3000 

To be the best UNIVERSAL 
PROGRAMMER, you 've got to set 
some pretty high standards. 

Stag's Systems 3000 gives you 
standard features found in no .&.. 
other Universal Programmer. .... 

Slngle Programming Station 
The System 3000 is designed to pro­
gram PROMS, PLD's and Microcom­
puters in every known technology. The 
technology includes NMOS, CMOS, 
ECL, Fuse Link, AIM, DEAP and 
lsoplanar-Z. Surface mount devices 
can be programmed on an op~ 
SMD chip-station. ~· 

Users can easily install the innovative 
'Smart' Card to update new Device 
Support Libraries in seconds. 

WORK WITH 
THE BEST 

Built-In CRT ' Stand-Alone or Computer 
The Syste~ 3000 incorporates its _ Operation 
own CRT display and keyboard - All stand-alone functions are 
allowing it to be used as a powerful operational under remote 
stand-alone programmer. On-screen control using either a mainframe 
f"!lenus and prompts allow device selec- or a personal computer. 
t1on and all system operation functions 
to be easily executed. Instant Update Using a Memory 
The System 3000 also gives you full- Carf'.I . 
screen editing of both memory and A unique f~atur~ of .the System 3000 1s 
logic data including test vectors. Light th'.'lt all de~1ce libraries an~ program-
pen operation and custom Z-packs for ming algorithms are contained on a 
life cycle testing and other specialized ~emery Card that can be chang~d 
functions set the System 3000 apart instantly by !he user as new de~1ces 
from any other Universal Programmer. b.ecome available. Data access 1s con­

Interface Flexlblllty 
Four separate user interface ports, in­
cluding two RS232C's, an IEEE 488 
and a Handler Port, give the System 
3000 unrivaled flexibility for com­
municating with peripheral equipment. 

Stag Microsystems Inc. 
1600 Wyatt Drive, Santa Clara, CA 95054 
Tel: (408) 988-1118 FAX#: (408) 988-1232 

Stag Microsystems Inc. 
3 Northern Boulevard, Amherst, NH 03031 
Tel : (603) 673-4380 FAX#: (603) 673-1915 
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siderably faster than floppy disk-based 
systems. 

Approved by Chip 
Manufacturers 
Semiconductor manufacturers ' approval 
of our programming algorithms assures 
the user of the highest yield and 
device reliability. 
Call us today for more information or a 
demonstration and find out how easy 
Universal Programming can be. 

s~og 
Soph1st1cated systems for the discerning engineer 



The idea behind our GPIB software 
was discovered by a 3-year-old. 
~® 

~~ With WaveTest~ you 
can build the most 
complex GPIB test 
programs, using the 
simplest of methods. 

~ !"-~ Because WaveTest 
o'f' · writes all the 

S programming code for you. 

~ •. 
It even prepares the documenta­
tion , complete with flow charts. 

You simply stack one block on 
top of another. 

A block could be a data 
gathering operation, a FOR .. . NEXT 
loop or branching decision. 

In other words, each block is the 
equivalent of many lines of code. 
Only you don't have to write it! 

A block can also represent one 
of your instruments at a certain 
output, or taking a measurement. 
More than 100 makes and models 
of instruments are provided, and 
you can always add more. 

WaveTest runs under Microsoft® 
Windows, so rearranging a test or 
adding steps is child's play. Just 
use the mouse to point at the 
blocks, pick them up and put 
them where you want. The code is 
automatically rewritten. 

© Copyright 1989 Wavetek Corporation I WaveTest is a registered trademark of Wavetek Corporation I Microsoft is a registered trademark of Microsoft Corporation 
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Since you won't have to 
spend months figuring out GPIB 
command strings and writing 
code, you 'll be able to spend your 
time developing better tests-or 
better products! 

There are other software 
programs out there to control 
instruments, but when it comes to 
writing a test program, they just 
don't stack up to WaveTest. 

Call us today at (619) 279-2200 
and we'll prove it to you. 

WAVETEK 
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DC/DC Converter Solution 
for ISDN Designers 

Get efficient power conversion for ISDN emergency operation 
in the power-down state! 

The Si9105 high-voltage switchmode regulator's low (0.SmA 
max.) supply current reduces power consumption. And its wide 
input voltage range (10-120 V) means you can design with fewer 
SMPS components. 

Convert 40 V down to 5 V with 60% efficiency in the light load 
condition to meet the CCITT 25mW maximum limit. And still 
get 85% efficiency at full load. 

1.430 

Restricted Conditions 

TE drawing power from 
PS 1 Designated TE 

Active State 380 mW max. 

Deactive State 25 mW max. 

The Si9105 Switchmode 
Regulator consumes only 
5 mW of your CC/TT J.430 
power budget-leaving 
another SmWforother 
SMPS components and 
delivering JS mW to output 
for line activity detection 
and retention of the 
terminal endpoint 
identifier (TEI). 

For ISDN designs that meet the CCITT standard 
dial our toll-free hot line now! Call 1-800-554-5565, 
Ext. 944 for your Si9105 Design Kit including free sample. 

2201 Laurelwood Road, Santa Clara, CA 95054 © 1989 Siliconix inc. 

Siliconix' 
new5mW 
Switchmode 
Regulator. 
The only 
monolithic 
IC that meets 
CCITT 
power-down 
standards. 

EDN April 13, 1989 
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On the cover: IEEE software packages 
featuring instrument function panels let 
you use simple English commands to 
set or change instrument controls. The 
software then automatically generates 
IEEE-488 control programs. See pg 142. 
(Photo courtesy Wavetek Corp) 

WBPA J\BP II 
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SPECIAL REPORT 

IEEE-488 test and 
measurement software 

142 

Instrument function panels and automatic code generation are 
making it easy for the new or infrequent user to write IEEE-488 
control programs.-Doug Conner, Regional Editor 

DESIGN FEATURES 
Designer' s guide to dynamic RAMs-Part 2 157 

To tap the full potential of a dynamic RAM (DRAM), you must 
tailor your memory-system architecture for the DRAM you've cho­
sen. This article examines your architectural options in designing 
a memory system.-Ronald Wawrzynek, Texas Instruments 

Following simple rules lets 17 1 
embedded systems work with µ.P emulators 

You can get a lot of mileage from a µP emulator, but finding 
that your system crashes when you connect the emulator is frus­
trating. Observe some simple rules at the outset of a new design 
to forestall crashes and speed debugging.-Arnold S Berger, 
Hewlett-Packard 

Stimulus-response tests 
are easy with an 8-bit µ.P 

181 

Despite its association with large and costly test systems, stimu­
lus-response testing is actually simple and straightforward. You 
can build a low-cost stimulus-response tester around an 8-bit µP 
and easily adapt it to a remarkably wide variety of tasks. 
-Paul D Gracie, Microdoctors Inc 

Use a logic an alyzer to 
debug real-time software 

193 

Cleaning up real-time operating bugs requires real-time monitor­
ing and analysis, for which the best tool is still the logic analyzer. 
However, to use a logic analyzer effectively, you need to under­
stand the special triggering requirements that multiprocessing pre­
sents.-Ken Marti, Tektronix Inc Continued on page 7 
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FLUKE AND PHILIPS - THE GLOBAL ALLIANCE IN T ES T & M E AS U R E MENT 

IFLUKEI ====® 

6 

Finally! The one thing 
you've always wanted in a 

low--cost logic analyzer: 
No restraint. 

The Philips PM 3655. It's the first 
true 100 MHz logic analyzer for under 
$10,0001 That means it comes with 
a feature no other low-cost analyzer 
in the world can offer you: Freedom 
to use 1000/o of its capability 1000/o 
of the time. 

UNRESTRAINED PERFORMANCE 

• High-speed timing and state analysis: 
Get full 100 MHz synchronous and 
asynchronous sampling on up to 96 chan­
nels. And never again sacrifice width for 
speed. 

• Deep memory: 2K memory depth per chan­
nel lets you measure complex data flows­
with no loss of width, speed or glitch cap­
turing potential. 

• GLITCH mode: 5 ns glitch capture at 
100 MHz on ill! channels. Again, without 
forfeiting speed, width or depth. 

• Flexible triggering plus Trace: Powerful, 
multi-level triggerword sequence, range rec­
ognition and four clock qualifiers help you 
find and display exactly the data you're 
looking for. 

• Expandability: Add 24-channel modules 
any time for 24, 48, 72 or 96 channel 
configurations. 

• Broad support: Choose from a wide range 
of disassemblers and dedicated personality 
modules. 
SIMPLE OPERATION PLUS PC 

• Immediate familiarity: All this capability and 
so easy to use-menu-driven operation; 
extensive user-defined labeling; and stan­
dard PC-style keyboard interface. 

• Plus full MS-DOS-based PC: Adds ver­
satility and value without compromising 
logic analysis. On-line disk storage for 
measurement data and instrument set-ups. 

CIRCLE NO 75 

PHILIPS 

Expansion slots for extra memory, modem 
or other PC options. 
UNRESTRAINED SUPPORT 

Count on a one-year warranty and all the 
application and service assistance you'll 
ever need. From Fluke-the people who 
believe that extraordinary technology 
deserves extraordinary support. 
TEST THE DIFFERENCE 
Call Fluke today at 800-44-FLUKE 
ext. n. And look into a logic analyzer 
that unleashes your potential instead of 
tying your hands . 

~~~~e~~~~MJHi&\>. Ir(; . P 0 Box C0090, MIS 250C, 

U.S.: 206·356·5400 CANAOA: 416·890·7600 
OTHER COUNTRIES: 206·356·5500 

© Copyright 1988 John Fluke Mlg. Co., Inc. 
All nghts reserved. Ad No. 0581-P3655 

PM 3655 • 100 MHz - LOGIC ANALYZER 

IFLUKEI ====® EDN April 13, 1989 



Continued from page 5 

Graphing software packages enable to­
day's small computers to plot almost 
any numerical information (pg 53). 

ED N magazine 
now offers 

Express ~equest, 
a convemcnt way 

to retrieve product 
information by 
phone. See the 
Reader Service 

Card in the front 
for details on how 

to use th is free 
service. 

Exg_ress11 111lll 
Request ., 
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TECHNOLOGY UPDATE 
Graphing-software packages: 53 
Draw your graphs on printers and plotters 

Today's small computers, when combined with a pen plotter, 
an ink-jet printer, or even a dot-matrix printer, let you plot almost 
any numerical information.-.Jon Titus, Editor 

Dual-port static RAMs: 83 
Specialized memories ease communications 

Although they make up only a small fraction of the hundreds of 
millions of RAMs produced each year, dual-port static RAMs 
(SRAMs) are becoming increasingly important for solving difficult 
interface problems.-Dave Pryce, Associate Editor 

Design choices let you 
optimize Nubus access 

101 

To take full advantage of the Nubus's features-which include 
a 32-bit backplane with multiprocessing capability, multiplexed ad­
dress and data lines, and a 10-MHz clock-you can either design 
your own boards, adapt existing boards to the Nubus backplane, 
or purchase one of the many Nubus-compatible boards currently 
available.-.J D Mosley, Regional Editor 

PRODUCT UPDATE 
VXI Bus enhancement 
32-bit Ethernet controller chip 
Software-development tool 
Software-modeling simulator 
Color LCD panel 
Prototyping board kits 

DESIGN IDEAS 

119 
123 
126 
128 
130 
132 

NPN replaces PNP pass transistor 209 
Variable slew-rate filter tames noise 210 
386SX interfaces with IBM PC/ AT chip set 212 
C string comparer handles abbreviations 214 
500-kHz switcher produces -5V 216 

Continud on page 9 

Cahners Publishing Company, A Division of Reed Publishing USA D Specialized Business 
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D Electronics & Computers D Interior Design D Printing D Publishing D Industrial Research 
& Technology D Health Care D and Entertainment. Specialized Consumer Magazines: 
D American Baby D and Modern Bride. 
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When historians write the history of computing, the above five words may well 
deserve a chapter of their own. 

With them, LSI Logic becomes the first company to provide an integrated 
design methodology for combining ASIC and RISC technologies. 

Using our new approach, manufacturers can produce systems that are smaller. 
More powerful. More flexible. More reliable. And less expensive. Than ever before. 

Computers that can be personalized to perform specific functions. 
And that can be changed as quickly as markets change. 

LSI Logic Across The Board. 
It's more than just a clever title. It's the beginning of a whole new chapter. 

© 1989 LSI Logic Corporation 
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LSI 
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ThatSwhy 
Mentor Gra~hics 
lets you combine 
ASIC and board 
circuitry in a 
single simulation 
Trouble in ASIC paradise. 

The big day has arrived. 
Your first gate array is back from the foundry. 

With high expectations, you plug it into your 
board and power up. 

It doesn't work. 
Don't feel alone. Over 50% of ASICs aren't 

operational when first installed in their target 
system. Even though 95 % pass their foundry 
tests with flying colors. 
An immediate solution. 

Mentor Graphics shifts these even odds 
heavily in your favor with our QuickSim™ logic 
simulator, which lets you simulate both your 
ASIC and board circuitry in a single run. 

With QuickSim, you not only track 
the internal operations of your ASIC 
circuitry, but also its transactions 
with the system at large. If there's a 
problem, you see precisely where it's 
located, either inside or outside 
your ASIC. All in a single, interac­
tive simulation environment, 
where you can view and graphi­
cally "probe" the circuitry created 
by our NETED™ schematic editor. 

ful the component modeling libraries, the 
greater the design capability. It 's as simple as 
that. 

By this simple, yet decisive measure, Mentor 
Graphics brings you unequaled design capabil­
ity. While other EDA vendors scurry to produce 
their own ASIC libraries (with little guarantee of 
accuracy), more ASIC vendors put their libraries 
on Mentor Graphics workstations than any 
other. And in most cases, we're the first work­
station supported, which means you have the 
first shot at exploiting new chip technologies. 

With Mentor Graphics, you get a breadth of 
LSI and VLSI component models, both hardware 
and software based. All of which can be mixed 
with ASICs in a single simulation that cuts your 
run time to an absolute minimum. 
To be continued. 

So much for the present. We're already devel­
oping new EDA tools for systems design that will 
extend to every dimension of electronic product 
development. From high-level systems descrip­
tions to CASE. It's what our customers expect. 
It's what we'll deliver. 

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). 

Check out our libraries. ~ 
Library support is an ideal ~~ 

benchmarktogaugethetrue ~~~ llllllllilllll 
worth of an electronic ~ll!!JJH~ 
design automation system. .'k//11//JJJ'/'1,,;~~ 
The more diverse and plenti- ~..-

EDN April 13, 1989 
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. ' - - - _.. ........ .. ~..,, ..... . .., 
MOS PAL 
Device 
. ~ . . . 

> 

We have 8 CMOS PAL® chips. That 
totals up to 8 million different ways to 
program your logic. Quite enough of a 
choice to meet your most exacting low 
power logic needs. From universal PAL 
architectures to zero stand~by power PAL 
devices. You can have the system you 
want without compromise. And without 
costly delays. 

Our all~purpose CMOS architec~ 
tures give flexibility without draining pre~ 
cious power The 24~pin industry standard 

12 

PALC22Vl0 uses just 90mA-even when 
it's running at 25ns. 

lf_you liked us in bipolar: you 
should see us in CMOS. 

We have five CMOS ZPAL™ devices 
based on familiar bipolar architectures. 
You can use them in battery powered and 
low duty~cycle applications. And they use 
virtually no power when in stand~by Two 
versions are electrically erasable. You 
can get the functions you're used to and 
you can change your design as fast as 

EDN April 13, 1989 



you change your mind. 
What did you expect from the 

people who invented PAL devices? 
The largest and most experienced 

Field Application Engineer force is as 
close as your phone all during your design~ 
in process. 

Our TestPro™ Centers give you 
access to superior testing and program~ 
ming support. Just call your AMO sales 
office for the center nearest you. 

And we've kept the classic PALASM® 

software up to date with our parts and 
your needs. 

Most important. you can get your 
hands on our parts. They're all in high 
volume supplies. 

Call (800) 222~9323. It's hard enough 
to get what you want in life without pass~ 
ing up 8,000,000 more chances. 

Advanced Micro Devices ~ 
Nlonolithia Memories IFJJI 

901 Thompson Place. PO Box 3453. Sunnyvale. CA 94088. 

PAL and PALASM are registered trademarks. Test Pro and ZPAL are trademarks of Advanced Micro Devices. Inc.© 1989 Advanced Micro Devices. Jnc 
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Over twice the speed, 

~EC 

If your design involves binary image processing, you can drive it 

straight to the winner's circle with NECs Advanced Compression/ 

Expansion Engine (ACEE). 

Higher speed. 

The CMOS ACEE gives you more than twice the speed of con­

ventional devices: 0.34 sec for compression and 0.54 sec for 

expansion of 1,728 x 2,376 bits of binary data with MMR coding. 

Greater functionality. 

By integrating pipelined code/decode hardware, CPU and 

OMA controller all on a single chip, our high-performance engine 

streamlines your design while boosting performance. The CPU 

handles enlarge/shrink, bit boundary processing and multi-tasking 

routines such as simultaneous transmit/receive. And a sophisticat­

ed command structure assures easy interface with the host. 

Put your image storage system, facsimile or PC-FAX on the fast­

track to success with NECs Advanced Compression/Expansion 

Engine. For full details, call NEC today. 

For fast answers, call us at: ________ _ 

CaC Computers and Communications 

USA Tel :l-800-632-3531. TWX:910 -379-6985. 
W Germany Tel :0211-650302. Telex:B589960. 
The Netherlands Tel:040-445-845. Telex :51923. 

Sweden Tel :OB -753-6020. Telex:13839. 
France Tel :l-3946-9617. Telex:699499. 
Italy Tel :02-6709108. Telex :315355. 
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maximum functionality. 

\ 
\ 

\ 
\ 
\ 

NEC's Advanced 
Compression/Expansion 

Engine. 
\~~~~~~~~~~~~~~ 

ACEE features 
D High speed: 0.34 sec (compression) 

and 0.54 sec (expansion) for 1,728 x 
2,376 bits with MMR coding-A4-size 
CCITT standard test charts No. 1- 8. 

D 3 coding systems: MH, MR, MMR­
compatible with G3 and G4 facsimiles. 

D Max w indow size: 32K-pixel wide x 
64K-pixel high . 

UK Tel :0908·691133. Telex :B26791. Singapore Tel:4819881. Telex :39726. 
Australia Tel:OJ-267 ·6355. Telex:38343. Hong Kong Tel :J-755-9008. Telex:54561. 

Taiwan Tel :02·522·4192. Telex:22372. 
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D Bit boundary processing. 
D Multi-tasking: time-division multiplex 

operations include code 
conversion between 
G3 (MH, MR) and 
G4 (MMR). 

D Packages: 64-pin 
shrink DIP; 68-pin PLCC. 

NEC 
15 
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Now, within just 7 working days, AUGAT 
will ship you a backplane or card cage in 
any size you need, from 3 through 21 slots. 
This isn't simply a promise - it's AUGAT's 
GUARANTEE* ... 

0 r you pay 20% less! 
Our no-nonsense 7-Day VME Program 

includes both J1 and J2 backplanes. It even 
includes our new high-performance mono­
lithic backplanes, too. Only AUGAT has the 
production capability to guarantee 7-day 
shipment on such a broad selection of 
backplanes. Now you can plan on the 
arrival of your VME packaging hardware 
with no fear of delaying your critical devel­
opment schedule. 

In addition, AUGAT has greatly ex­
panded its entire VME line to include more 

standard products ... including new VME 
power chassis complete with backplane, 
fully harnessed power supply, cooling , card 
cage and optional enclosure. AUGAT also 
has the engineering talent and experience 
to handle your customized VME packaging 
needs. 

Send for a copy of our newVME catalog 
today ... because when ti me is of the essence 
in locating quality VME products with full 
engineering support, your surest source is 
AUG AT! 

* AUGAT GUARANTEES to ship backplanes and/or 
card cage kits in any size (from 3 through 21 
slots) in 7 working days from date of approved 
credit - or you pay 20% less! (limit: 3 pieces per 
part number) 

For answers or orders 

1-800-999·9YME 

AUGAT INC., INTERCONNECTION PRODUCTS GROUP 

tWire-Wrap is a registered trademark of Gardner-Denver 
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"We're getting to 
market late because 
prototype revisions 

are killing us." 

EDN April 13, 1989 

''At HP we faced the same 
problem. So we developed 
electronic design automa­
tion tools that we use to get 
designs right before we build 
expensive prototypes." 

We haven't made prototype revisions 
a thing of the past ... yet. But HP's 
Electronic Design Automation 
(EDA) tools can catch most prob­
lems while designs are still in their 
infancy. Where you can fix them 
faster. At less cost. 

As part of DesignCenter, HP's EDA 
tools handle the spectrum of tech­
nology for systems design. From 
digital to analog and microwave. 
In designs with ASICs, hybrids 
and PCBs ... even microprocessors. 
From design capture and simula­
tion to layout and enclosure design. 
All the resources you need to make 
sure designs are right before you 
commit to prototypes. 

Once you've built prototypes, HP 
supports you with the industry's fin­
est test and measurement equipment. 
Along with the links to integrate 
design and prototype test. 

But it's not just a question of 
choosing the right tools. It's also the 
right company. You want a company 
that's fully committed to support. 
When you need it. Where you need it. 
A partner you know you can trust 
in electronic design automation. 
That's HP. 

Find out how HP EDA tools and 
support can put you on the com­
petitive track. Call 1-800-752-0900, 
Ext. C215, and ask for your FREE 
EDA "Tool Kit'.' 

''Let's start a dialogue . .. " 

F//89 HEWLETT 
~~ PACKARD 
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AND 
STOPS HERE 
PMI's free Precision Decisions 
selector guide disk eliminates the 
search of your entire library for the 
analog or data conversion IC essen­
tial to your design. 

All you need is the disk, an IBM©­
compatible PC, and DOS. With 
PMI's unique program, input your IC 
design specs or current part number 
and the disk does the searching. 
Once the optimum device has been 
identified for you, (operational 
amplifier, data converter, matched 
transistor, voltage reference, voltage 
comparator, sample-and-hold 
amplifier, analog switch, or multi­
plexer) refer directly to the appropri­
ate data sheet in PMI's 1300 page full 
line catalog for complete design 
curves and specifications on the part . 

Precision Decisions also features 
pricing, Mil/ Aero and SSM Audio 
product listings, new product guide, 
sales office listing, and part number­
ing system. Free quarterly updates 
ensure you have current information 
available. 

20 

PMI offers the latest design 
tools to make your job easier. Call us 
and find out the other ways we can 
help you. 

To receive your free copy of Precision 
Decisions, call 800-843-1515 or 
complete and mail the coupon below. 
Your next search for an analog IC 
will start and stop with PMI. 

IPMI) 
Precision Monolithics, Inc. 
A Bourns Company 

1500 Space Park Drive 
P.O. Box 58020 
Santa Clara, California 95052-8020 

-----------------------, 
IF1ease send me a free copy of Precision Decisions I 
I Name: ' 
I TW~ I 
I Company: I 
I Address: I 
I Phone Number: I 
I Check boxes that apply: I 
I D I would like to recieve free quarterly updates of Precision Decisions I 
L D Also send me PMI 's full line catalog EDN041389_J 
-----------------------

ALTAMONTE SPRINGS: (407) 260-9780. ATLANTA: (404) 263-7995, BOSTON: (508) 794·0026, CHICAGO: (312) 250-0808, 
DALLAS: (214) 690-3495, DENVER: (303) 792-9595, DETROIT: (313) 227-2190, LOS ANGELES: (818) 886-6881 , 
MILPITAS: (408) 942-8060, ORANGE COUNTY: (714) 637-9602, PHILADELPHIA: (215) 953-1070 
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NEWS BREAIZS 
EDITED BY JOANNE DE OLIVEIRA 

LOW-COST FUNCTIONAL TESTER OFFERS MIXED-SIGNAL TESTING 
To produce the Tes tar System 4000 desktop functional tester, Proteus Corp (Little­

ton, CO, (303) 795-5944) blended a Compaq personal computer, an 18-slot VME Bus 
rack, an assortment of standard test cards and power supplies, and a custom test 
head, then added a large amount of software to the PC. The test system employs 
guided-probe troubleshooting and shows the operator where to place the test probe 
by using the PC's graphics to paint a realistic picture of the circuit board under 
test. The tester employs Pascal for its test-programming language and includes sev­
eral utility programs to help you generate, debug, and run functional tests. Yet 
another utility program allows you to create graphic images of the circuit boards. 
In operation, the tester verifies what it can from the circuit board's connectors. 
Next, it guides the operator to the suspect circuit nodes by superimposing a large 
arrow on the displayed image of the board; the arrow points to the device pin or 
lead in question. Because the system employs modular test cards, you can tailor the 
capabilities of the Testar System 4000 to your specific test needs. Prices start at 
$50,000.-Steven H Leibson 

VENDOR UNVEILS BOTH RISC- AND CISC-BASED WORKSTATIONS 
Two months after a rival workstation vendor surprised almost everyone by making 

sweeping changes to its workstation product family, Sun Microsystems (Mountain 
View, CA, (415) 960-1300) parried the attack by making some changes of its own. 
In a move that could be interpreted either as hedging its bets or as serving both 
sides of the market, Sun announced both SPARC RISC-based workstations and 68030 
CISC-based workstations. The SPARCstation 1 is a low-end workstation that provides 
10 MIPS and l.5M flops; it costs less than $10,000. The higher-end SPARCstation 300 
Series uses a 25-MHz SPARC CPU to perform 15 MIPS and 2 .5M flops ; it costs under 
$30,000. Optional graphics upgrades let you use the workstations for 3-D modeling 
applications. The SPARCserver 330 is an entry-level server for a multiuser configura­
t ion. You can configure the 330 with as much as l .3G bytes of disk memory and 40M 
bytes of main memory. 

Sun offered some rays of hope for 68030 fans, too. The Sun-3/80 delivers 3 MIPS 
and 0 .15M flops with 4M bytes of memory and as much as 200M bytes of internal 
disk space. Its price starts at less than $7000. The 3/470 performs 7 MIPS and 0.8M 
flops and costs as little as $35,000. Like their RISC-based cousins, the Sun-3 worksta­
tions offer optional graphics upgrades. Further, the Sun 3/480 servers support 14.3G 
bytes of disk storage and 128M bytes of main memory in a network system. 
- Michael C Markowitz 

TOUCHSCREEN SENSES FINGER PRESSURE AND POSITION 
Conventional resistive, capacitive, and infrared touchscreens sense finger position 

only. Unlike those conventional models, the Z-Touch touchscreen from Transparent 
Devices Inc (Westlake Village, CA, (805) 497-8500) senses pressure as well. Finger 
pressure on a resistive touchscreen causes a film coated with transparent vertical 
conducting traces to touch a film directly behind it that is coated with transparent 
horizontal conducting traces. Scanning electronics convert the signals from the 
horizontal and vertical traces to an x-y position. The Z-Touch screen has a third film, 
and its electronics can sense when the pressure is strong enough to press the first 
two films into the third. (Surface-acoustic-wave (SAW) touchscreens can also detect 
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NEWS BREAIZS 
finger pressure, but when two fingers press the screen simultaneously, the screen 
electronics gives the x-y position as the average of the two positions.) To activate 

I 

the third screen, the Z-Touch requires finger pressure that's about four times the 
pressure required for two screens. For example, if normal pressure on the screen 
is 25g, you need to apply lOOg to activate the third layer. The manufacturer claims 
the screen's life is at least 6 million cycles. A 7-in. diagonal touchscreen costs 
$130 .-Margery Conner 

SOFTWARE PE!U'ORMS ELECTRICAL PAB AJllETEB. EXTRACTION 
Valid Logic Systems' (San Jose, CA, (408) 432-9400) Allegro Release 3.0 lets you 

study the potential transmission-line effects that can affect your pc boards-before 
the boards go to manufacturing. The interactive electrical-parameter calculator ob­
tains measurements of expected circuit behavior such as impedance, propagation 
delay, capacitance, inductance, and resistance. When you know these values, you 
can modify your design to achieve the signal behavior you need. 

Additional enhancements to Allegro include two design-rule checks (DRCs), one 
by component height and one by net group. With these DRCs, you can specify a 
maximum component height to prevent potential interference that might result 
from the placement of large components, and you can create net classes for variably 
spaced line-to-line DRCs. The Allegro 3.0 runs on the Sun-3, the Sun-4, and DEC 
VAXstations and DECstations. The upgrade is available at no cost to current users 
who have maintenance contracts; otherwise, it costs between $20,000 and $50,000, 
depending on the configuration.-Michael C Markowitz 

:MULTIPLEXERS BOOST PE!U'OBMANCB OF MULTIUSER SYS'l'EJllS 
Systech Corp (San Diego, CA, (619) 453-8970) now offers a second generation of its 

Unplug family of multiplexer products. The multiplexer family includes host adapt­
ers that occupy a single VME Bus or Multibus slot in the host computer. Eight- and 
16-channel cluster controllers connect to the host via a single coaxial cable, and 
they can interface as many as 255 RS-232C devices to a system. (The first generation 
of products could serve 128 serial devices from a single host adapter.) The HPS-6200 
Series host adapters range in price from $1765 to $2210 (100), and the HPS-7000 
line of cluster controllers costs $858 to $1045 (100). The new family of products 
also includes the HPS-6236 and 6237 16-channel VME Bus multiplexer cards (the 
6237 includes a parallel port). The bus-resident multiplexers cost $1185 and $1260 
(100), respectively. The company achieved the new price/performance levels by de­
signing and using a custom 8-channel UART IC called an Octart. The multiplexer 
family will be available in the second quarter .-Maury Wright 

STD BUS CARD MONITORS EVENTS ON 24 LINES WITHOUT POLLING 
The ZT8846 event-sense interface, an STD Bus card from Ziatech Corp (San Luis 

Obispo, CA, (805) 541-0488) lets you monitor events on 24 lines. The board takes 
advantage of the STD Bus's capability of supporting cascaded interrupt controllers, 
a feature that's not available on the IBM PC bus. Each of the 24 lines can generate 
a unique interrupt vector by using a single hardware-interrupt line. These inter­
rupts quickly signal an STD Bus processor of events or changes in status without 
wasting processor time on polling. The board can generate interrupts on high transi­
tions, low transitions, or both. You can individually enable or disable interrupts 
in software. The card costs $495.-Doug Conner 
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TMC2310 Runs 
1024-Point FFf in 0.5ms 

Here's the FFT runner you need to 
win the race. It's the TMC2310 - the 
first single-chip FFT controller to be 
this fast and simple to use. 

hnagine all of these capabilities on 
one chip: Arithmetic functions, FFT 
coefficients ("twiddle factors"), even 
built-in addres.s generation. That's why 
the TMC2310 runs forward or inverse 
transfonnations, or multiple equal­
length FFTs totalling 1024 points, in 
just 0.5ms. Or a complex radix-2 
butterfly in only lOOns. The TMC2310 
executes other functions just as quickly, 
including FIR filtering and vector 
operations. Even data windowing is 
included without impact on either 
perfonnance or price. 

Better still, no development system 
is required. The TMC2310 jumps into 
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action with just two 13-bit control 
words. It's so simple. No complex, 
bit-slice, microcode-intensive building 
blocks. No chip sets to contend 
with either. 

You can qualify for a FREE sample. 
Just tell us about your application 
and we'll send you a TMC2310 to 
run in your system. You can build a 
complete spectrum analyzer with the 
TMC2310, our new 12-bit ADC 
(THC1200Series), our10Cl012 DAC 
and external data and window 
memories. Be a winner. Try the 
TMC2310. Available now in 88-pin 
plastic pin grid array (PPGA) from 
TRW LSI Products or your nearest 
Hall-Mark or Hamilton/ Avnet location. 

TRW I.SI Products - Bringing the worlds 
of Data Acquisition and DSP together. 

CIRCLE NO 134 

TRW ISI Products Inc. 
P.O. Box 2472, La Jolla, CA 92038 
619.457. 1000 

In Europe, phone: 
TRW LSI Products Inc. 
Munich, 089.7103.11 5; 
Guildford (U.K ), 0483.302364 

In the Orient, phone: 
Hong Kong, Tektron, 3.880629; 
Tokyo, Dia Semicon, 3.487.0386, 

Teksel, 3.461.5 121 ; 
Taipei, Se'J Union, 2.751.2062; 
Seoul, M.S., 2.553.090 I; 
Singapore, Se-=ax, 65.747.6155; 
Austrnlia, Email, 61 3.544.8244 

TRW LSI Products Inc. 
"TI!w loc., 1988- 712A03688 TMC2310 
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NEWS BREAIZS: INTERNATIONAL 

MODEMS CONFORM TO LATEST CCITT ERROB.-COB.B.ECTION STANDARDS 
The Sprint-24QB and -96QB asynchronous dial-up modems from Mayze Systems Ltd 

(Swindon, UK, FAX 0793-511683) comply with the V42 standard, which is the latest 
error-correction standard from the CCITT. V42 is expected to become the dominant 
form of error correction for modems. It also implements all the requirements of the 
V42-bis data-compression standard. The modems also include the MNP-5 error correc­
t ion scheme, which makes them compatible with a wide range of equipment. The 
Sprint-24QB modem, which costs £595, has V21, V22, V22-bis, and V23 operating 
modes; it transmits and receives data at rates between 300 and 2400 bps. The Sprint-
96QB, which sells for £1295, offers the same modes plus a V32, 9600-bps mode. Both 
modems feature automatic baud-rate detection, 12 prestored modem setups, five 
different dialing methods, and password-secured data protection. They are available 
as stand-alone units or as plug-in cards for the company's Network-16 distributed 
network-management system.-Peter Harold 

8 1/•·IN., ERASABLE OPTICAL DISK DB.IVE STORES 644M BYTES 
Developed by Hitachi Ltd (Tokyo, Japan) in cooperation with NTT, the OD112-l 

5%-in., rewritable, optical disk drive employs magneto-optic recording to store 644M 
bytes on an ISO-compatible disk cartridge. The drive features a 75-msec average 
access time and can transfer data at a 925k-byte/sec rate in burst mode to its compan­
ion formatter/contr oller, the OD112S. The formatter/controller board communicates 
with a host system through its SCSI port, and it can transfer data to the host at a 
burst rate of l.5M bytes/sec. Both the drive and the formatter/controller board are 
available in the US from Hitachi America Ltd (San Bruno, CA, (415) 872-1902); the 
pair costs $5000 in sample quantities.- Steven H Leibson 

SINGLE-EVB.OCAB.D PC SUITS INDUSTRIAL APPLICATIONS 
The ECPC single-board computer from DSP Design (London, UK, FAX 01-482-1779) 

provides you with IBM PC compatibility on a single-Eurocard pc board. The ECPC is 
compatible with the IBM PC at both the BIOS and the hardware-register level. Based 
on the NEC V40 µP , the board includes a disk controller for 3 1

/2- or 5%-in. floppy-disk 
drives; an RS-2320 (serial) port; a Centronics (parallel) port; keyboard- and sound­
output interfaces; and a graphics controller that provides CGA, monochrome, or 
Hercules-compatible graphics. As an alternative to booting MS-DOS from disk, you 
can configure the board to boot the operating system from an onboard 128k-byte 
ROM disk. The board can stand alone, or you can implement system expansion via 
its STE Bus interface. The computer is constructed from CMOS devices and operates 
from a single 5V supply. A version with an extended temperature range is available. 
The board costs from £450 to £ll50, depending on its configuration.-Peter Harold 
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de to 3GHz 
• less than 1dB insertion loss over entire passband 
• greater than 40dB stopband rejection 
• 5 section , 30dB per octave roll-off 
• VSWR less than 1.7 (typ) 
• over 100 models, immediate deiivery 
• meets MIL-STD-202 

from 

$11.45 
finding new ways ... 

setting higher standards 

r;;:1 Mini-Circuits 
A D1v1 s1on of Sc1en t1f1c Components Corporat ion 

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

• rugged hermetically sealed package (0.4 x 0.8 x 0.4 in .) 
• BNC, Type N, SMA available 

LOW PASS Model *LP- 10.7 21.4 30 50 70 100 150 200 300 450 550 600 750 850 1000 
Min. Pass Band (MHz) DC to 10. 7 22 32 48 60 98 140 190 270 400 520 580 700 780 900 
Max, 20dB Stop Frequency (MHz) 19 32 47 70 90 147 210 290 410 580 750 840 1000 1100 1340 
Prices (ea.): Qty. (1-9) P $11.45, B $32.95, N $35.95, S $34.95 

HIGH PASS Model *HP- 50 100 150 200 250 300 400 500 600 700 800 900 1000 

Pass Band (MHz) 
start, max. 41 90 133 185 225 290 395 500 600 700 780 910 1000 

end, min. 200 400 600 800 1200 1200 1600 1600 1600 1800 2000 2100 2200 
Min. 20dB Stop Fr uenc MHz eq y ( ) 26 55 95 116 150 190 290 365 460 520 570 660 720 

Prices (ea.) : Qty. (1-9) P $14.95, B $36.95, N $39.95, S $38.95 

*Prefix P for pins. B for BNC, N for Type N, S for SMA example: PLP-10.7 C1ai REV. E 
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Amplifier Arsenal 
50KHz-2000MHz, Low Noise 250mW output Gain Controlled tram $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 Qty. (1-9) 
(min.) dBm(typ) dB(typ) Ea. 

ZFL-500 0.05-500 20 +9 5.3 69.95 
ZFL-500LN 0.1-500 24 +5 2.9 79.95 
ZFL-750 0.2-750 18 +9 6.0 74.95 
ZFL-1000 0.1-1000 17 +9 6.0 79.95 
ZFL-1000G* 10-1000 17 +3 12.0 199.00 
ZFL-1000H 10-1000 28 +20 5.0 219.00 
ZFL-500HLN 10-50 19 +16 3.8 99.95 
ZFL-1000LN 0.1-1000 20 +3 2.9 89.95 
ZFL-1000VH 10-1000 20 +25 4.5 229.00 
ZFL-2000 10-2000 20 +17** 7.0 219.00 
* 30dB gain control **+15dBm below lOOOMHz 

finding new ways 
setting higher standards 

r::J Mini•C.l,[~JdniJOI 
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.F 

EDN April 13, 1989 CIRCLE NO 137 27 



I _J L__ .-."- --~--_: __ ·c· 
1r--~ 

TM 

THE BEST 5M" DISK DRIVES AVAILABLE. 
Performance Second to None 

The WREN family of 5%" disk drives delivers 
the highest performance available today For 
example, the WREN RUNNER™ has an average 
seek of only 10.7 ms. And all WREN products use 
a patented balanced straight-arm actuator. This 
reduced-mass design, unique to WREN, results 
in precision read/write head positioning and 
faster seek times. 
A Lasting Quality 

WREN drives feature a 40,000 hour MTBF, 
lower power consumption, special shock mounts, 
lifetime internal HDA environmental control, 
automatic actuator restraint and a dedicated head 
landing zone. It all adds up to years oftrouble­
free operation. 
Introducing WREN VII 

We've made the fastest, most reliable 5%" 
disk drives better than ever. The new WREN VII 
has a capacity of 1200 Mbytes and is available 
with the SCSI interface. What's more, it uses 
IMPRIMIS ZBR™ variable track capacity recording. 
ZBR offers higher capacity, performance and 
reliability than standard recording techniques. 
We've Made a Commitment to You 

Our commitment to you is the same as our 
commitment to ourselves: To be the best. We're 
fulfilling it by building the most advanced, high 
performance, high quality, 5%" rigid disk drives 
in the world. And we're backing them with top­
notch service and support. It's a commitment to 
quality that goes into every WREN drive, from 
50MB to 1200MB. 

Get the High Performance Edge . . . 
WREN disk drives from lmprimis 

Performance to Match Your Needs 
Capacity Avg. Transfer 

Model (Mbytes) Interface Seek Rate 
(UF) / (F) (ms) (MHz) 

WREN VII 1200/1050 *SCSI 16.0 15-23 

WREN VI 766/676 *SCSI 15.5 15 
766/676 ESDI 15.5 15 
383/338 *SCSI 15.0 18-20 
383/338 ESDI 16.0 15 

WRENVIH/H 383/338 AT 16.0 15 
274/242 AT 16.0 15 
164/145 AT 16.0 15 
702/613 *SCSI 16.5 12-16 

WRENV 385/339 *SCSI 10.7 15-16 
442/390 ESDI 16.0 10 
383/338 ESDI 14.5 10 

WRENVH/H 209/183 *SCSI 18.0 9-15 

WREN IV 376/330 *SCSI 17.5 10-15 
350/307 *SCSI 16.5 9-15 

WREN III 182/160 *SCSI 16.5 10 
182/160 ESDI 16.5 10 

WREN IIIH/H 106/94 *SCSI 18.0 10 
106/94 ESDI 18.0 10 
135/115 RLL 28.0 7.5 
96/80 ST506 28.0 5 

WREN II 86/71 ST506 28.0 5 
85/71 ST506 28.0 5 
86/71 ESDI 28.0 5 
81/74 AT 28.0 7.5 
74/65 AT 28.0 7.5 

WRENIIH/H 77/65 RLL 28.0 7.5 
51/41 ST506 28.0 5 

H/H = HalfHeight Models. (UF) = Unformatted Capacity. (F) = Fbnnatted 
Capacity at 512 Bytes/Sector. All WREN Disk Drives have 40,000 hours 
MTBF. •Apple Mac compatible interface avai lable. 

For the authorized distributor nearest you call: 

Arrow Electronics: 1-800-777-ARROW 
Anthem Electronics: 

Northwest Region 
Central Region 
Eastern Region 
Southwest Region 

1-800-395-3502 
1-800-395-3517 
1-800-395-3511 
1-800-395-3501 
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If yottre testing complex boards, 
You're facing one of test engineering's toughest 
challenges. VLSI boards like this one. But with a 
Teradyne L200 board tester on your side, complex 
test problems can be conquered quickly. 

30 

Stay in front ofVLSI/VHSIC advances. 
Start with the most advanced hardware for analog 
and digital testing. An L200 fires functional test pat­
terns at 40 MHz rates. At up to 1152 test channels. 
Top speed is 80 MHz. That's 4 to 8 times faster than 
any competitor can deliver. 

And the L200 hits test signal timing precisely. 
With up to 32 timing sets for drive phases and test 
windows. Its 250 ps programming resolution with 
zero dead time puts signal edges right where you 
want them. 
Divide and conquer. 
VLSI/VHSIC boards demand large, complex test 
programs. But the L200's distributed computer 
architecture simplifies matters. 

Testing is controlled by a VAX computer. It sends 
tasks to specialized processors for rapid deployment 
of analog, digital, and memory tests. 

EDN April 13, 1989 



here's a simple plan of attack. 
Programmers will appreciate clustered VAX 

workstations. Graphics, like waveforms and shmoo 
plots. make heavy debug and analysis light work. 
Simulation and other tactics. 

High-powered software tools tailor L200 test 
development to modem design techniques and test 

strategies. 
Precisely the 

n...-~_,.._.i---.w;.-;;...,....,--......,.--i caliber of 
tools you 

•••Mll!ll~'1J'1V~~~[ln~s l need to get 
576 10 MHz ± l ns tests up and 

L200 VLSI boo rd test systems ore the performance leaders. running fast. 

Take our LASAR simulator. It works closely with 
the L200 for both cluster and board-level testing. 
LASAR accurately predicts VLSI circuit responses 
and reports test program fault coverage. 

Significantly, LASAR simull.ltes L200 charac-

VAX is a trademark of Digital Equipment Corp. 

EDN April 13, 1989 
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toElantec, 
video design engineers 
are no lopger worried 
about going in the red. 

With its true color 
accuracy, Elantec 
has the video industry 
seeing red. 

Bright red. Like 
never before possible 
with an IC. 

Just like we're extending possi­
bilities in a variety of applications. 
From disk drives and LANs, to ATE, 
instrumentation and more. 

One of the products that makes 
Elantec red-hot for video equipment 
is our SOMHz EL2020 video ampli­
fier. It cuts differential phase error 
below 0.02? And reduces differential 
gain error to 0.02% or less. 

That means truly superior video characteristics. 
Plus you get powerful cable-driving capability. All with less 

cost and less space than previous broadcast-quality solutions. 
For all high-performance applications, look to the full family • 

of Elantec high-speed analog products. Including everything 
from amplifiers and buffers, to pin drivers, comparators and 
transistor arrays. Each backed by the industry's only two-for- • 
one guarantee. Elantec, analog that's ahead of the times. 

Free Selection Guide. For a copy of Elantec's Selection 
Guide, circle the bingo number or write Elantec. -·~n,••r 

Make it a red letter day for your designs. __. ... 1 &5• 
HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS 

Elantec: 1996 Tarob Court. Milpitas. CA 950]5. Telephone: (408) 9.tS- 1323. Fax: (408) 945-9305 © 1989 Elantec 
Euro pean Sales: 87 Jermyn Street. London, SW1Y6JD. England. Tel: 44-1 -839-3841, Telex: 917835, Fax : 44-1-930-0751 
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SIGNALS & NOISE 
Error magnifies 
the ENIAC 
The article "The microprocessor's 
first two decades: The way it was" 
by James F Donohue, which ap­
peared in EDN's Special Microproc­
essor Issue (October 27, 1988, pg 
18), requires a correction to set the 
record straight. Way back when, 
someone made an error in dimen­
sions that has been promulgated by 
numerous uninformed writers, in­
cluding James Donohue. He states 
that "the first electronic computer, 
the fabled ENIAC, ... filled 3000 
cubic feet." 

The statement contains not one 
but two major errors. Normally, 
the error appears as "3000 square 
feet"; however, your article errs in 
the magnitude as well as the units. 
The statement should read "1500 
square feet." To clarify the issue 
properly, the computer system was 
in a room containing approximately 
1800 square feet; the computer it­
self occupied 1500 square feet. The 
ENIAC was, of course, at the BRL 
(Ballistic Research Laboratory), 
where this computer-generated let­
ter is being prepared. In fact, my 
office is in the very spot where the 
1800 square feet is (I've personally 
measured it at least once). 

I would very much appreciate 
seeing a correction published in 
EDN so the proper figures will be 
seen by all, once and for all! One 
doesn't need an ENIAC or a Cray 
(we have the latter now as well as 
a small portion of the former) to 
get the numbers correct. 
Michael B Danish 
Ballistic Research Laboratory 
Aberdeen Proving Ground, MD 

Setting the record 
straight on CP/M 
I enjoyed your Special Microproces­
sor Issue (October 27, 1988). The 
issue brought back memories of the 
"early days," but it also included 
an error that I have seen repeated 

EDN April 13, 1989 

" DON'T BE A PUSSYCAT! TAKE THE 
BULL BY THE HORNS! GET TOUGH! 

LOOK HIM STRAIGHT IN THE EYE AND 
DISAGREE!-JUST DON'T TELL HIM I 

SAID SO." 

in numerous books, magazines, and 
even a computer trivia game. In the 
article "The microprocessor's first 
two decades: The way it was" (pg 
18), James Donohue states on pg 
25 that Gary Kildall wrote a disk­
based operating system and called 
it CP/M (Control Program/Micro­
computers). The "M" did not stand 
for "Microcomputers," it stood for 
"Monitor." And "Monitor" didn't 
mean a CRT or "the tube." 

Recall that in the early days, one 
had to be wealthy (or a fanatic) to 
own a floppy-disk drive, more than 
8k bytes of RAM, or a CRT. The 
pioneers instead used old teletype 
equipment for data entry and dis­
play, and paper tape or cassette re­
corders for mass storage. Kildall in­
cluded a program with his system 
that used very little memory, yet 
allowed the user to perform very 
elementary functions (clear mem­
ory, load paper tape, etc), because 
most users did not have floppy-disk­
based systems. This program was 
called the "monitor." 

For the sake of technical and his­
torical accuracy, let's set the record 
straight: The "M" in CP/M means 
"Monitor." 
Jerome Johnston 
Applications Engineer 
Crystal Semiconductor 
Austin, TX 

Starts with D 
The article "The microprocessor's 
first two decades: The way it was" 
(EDN's Special Microprocessor Is­
sue, October 27, 1988, pg 18) erro­
neously stated that Digital Equip­
ment Corp had teamed with Mo­
torola to develop a 100-MIPS ECL 
version of the 88000 RISC proces­
sor. In fact, it's Data General that 
has joined with Motorola to create 
the processor. Data General has 
agreed with Motorola to build a 
family of products using the CMOS 
88000 RISC processor, and the two 
companies will jointly develop the 
high-end ECL version, which they 
expect to have by 1991. Data Gen­
eral will design the ECL chip; Mo­
torola will manufacture and market 
it. The ECL chip will be fully com­
patible with the CMOS 88000 chip. 

Design Idea correction 
If some EDN readers found my De­
sign Idea "Single MACD performs 
IIR filtering" (EDN, October 13, 
1988, pg 248) a bit confusing, they 
have my sympathy. The second 
page of Listing 3, starting with line 
0056, was printed at the bottom of 
Listing 2. The text contains numer­
ous references to FBVEC, but 
there's no such symbol in any of the 
listings! 

For the benefit of anyone who 
hasn't by now either figured this 
all out from the comments in the 
listings, or dismissed it as a Hallow­
een trick, an excerpt or two from 
my original manuscript would be in 
order. Most of the gremlins got into 
the second paragraph. I present 
here the original: 

"To use a single MACD loop, the 
feedback value must be the filter 
output. The two delay vectors may 
be concatenated in either order; the 
coefficients are stored in reverse or­
der of the corresponding vector ele­
ments, since the vector is addressed 
in reverse order because of the 
DMOV operation in the MACD. 
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With INPVEC first as shown, the 
first word in FBKVEC gets over­
written by the DMOV of the last 
word of INPVEC and gets rewrit­
ten after the MACD loop. Likewise 
the word at the beginning of 
INPVEC, which is overwritten by 
the last execution of the MACD, 
gets rewritten next call with the 
new input sample." 

The first paragraph on pg 252 
should describe a constraint on the 
feedback coefficient scaling, not the 
feedback vector (FBKVEC) scal­
ing. The original reads: 

"There is no inherent need to 
scale FBKVEC and IN PVEC iden­
tically. Only the feedback coeffi­
cients are constrained to scale fac­
tors which can be shifted with avail­
able P modes and output shifts to 
keep the total shift from FBKVEC 
back to itself zero. " 

Two other, less confusing, errors 
also appeared. The word "bit" was 

added after "ARP" in the first para­
graph. The ARP (Auxiliary Regis­
ter Pointer) has three bits. Finally, 
the last paragraph contains a sen­
tence that begins: "Note also that 
the routine executes the low-order 
filter section in reverse order 
. . . . " The word "section" should 

be plural; that is, the last filter sec­
tion is executed first. 
Richard H N eubert 
M iltope North 
Springfield , VT 

Wish granted 
In response to David Cockerell's 
"µP/memory wish list" in the Sig­
nals & Noise column of ED N's Octo­
ber 13, 1988, issue (pg 33), David 
need only look to National Semicon­
ductor's Series 32000 family of 32-
bi t microprocessors . Both the 
NS32532 and the NS32332 micro­
processors feature dynamic bus siz-

ing, which lets the CPU accommo­
date 8-, 16-, or 32-bit-wide buses. 

The company also offers a trio of 
dynamic-RAM (DRAM) controllers, 
the DP8420A/21A/22A, that make 
interfacing to DRAM as easy as in­
terfacing to static RAM. These de­
vices are software programmable to 
work with all popular microproces­
sor families. 
Jeffrey Goldberg 
Series 32000 Applications Engineer 
National Semiconductor 
Santa Clara, CA 

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. 

ASurfaceMountBreakthrough! 
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First True Surface Mount 
Wrrewouncls. Low ospect 
rotio for eosy handling ond 
stoble mount ing. No tipping or 
rolling. Field proven for high 
speed outomotic placement. 

Wraparound Terminals . Hot solder dipped 
copper provides moximum solder bond oreo, 
promotes efficient heot tronsfer ond eliminotes 
need for machine orientotion. 

DaleWSC 
Wirewound Resistors 

Now you can have al I 
the.advantages of wirewc:iund I I 

1 
i\\ 

resistance 1n a space-saving 1 1 II Ii 

1 
package. Dale's WSC is totally ' 
compatible with standard surface 
mounting techniques. It eliminates the 
slowdowns and compromises of products 
merely adapted for surface mounting. 
You get a true SMD - designed from the board up 
to combine fast, economical assembly with low 
values, low TC's, close tolerances and high power-to­
size ratios. It's the breakthrough you expect from the 
industry leader in resistance technology. Call your Dale 
Representative or Dale Electronics, Inc., 1122 23rd Street, 
Columbus, NE 68601. Phone (402) 564-3131 . 

CIRCLE NO 1 

Precis ion in Minimum Space. Relioble wirewound 
element in molded housing. Occupies up to 30% 
less spoce th an comporoble oxiol leod res istor. 

SPECIFICATIONS 

WSC-1 = 1-wott, O.ll1 - 2.38K!1 
WSC-2 = 2-wotts, .005!1 - 10.4K!1 
Tolerances: ± .05% to ± 5% 
TC/R: ± 20, 50, 90 PPMl°C 
Dimensions: 
WSC-1 = .250L x .150W x .llOH and 
WSC-2 = .445L x .275W x .162H. 
Tope and Reel Packaging: 
WSC-1 = 16mm and WSC-2 = 24mm 
NOTE: WSC-1 = .112 x .337 

(std. chip) footprint. 

(§) 
Dale Makes Your Basics Better 
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SCRAMs are Static CMOS Random 
Access Memories from Performance 
Semiconductor. At 15ns address access 
time these 64K's and 16K's are the 
world's fastest. SCRAMs are manufac-
tured in Performance's six inch class 1 
fabrication facility using PACE II 0.7 
micron gate length technology which has 
set the standard for memory speed. 

There is immediate availability of 
15ns 64K and 1 BK bit SCRAMs 
compatible with JEDEC standard pinouts. 
Also available from stock are 17, 20 
and 25ns speed versions . 

CIRCLE NO 49 

15NS SCRAM PRODUCT GUIDE 

PART CON FIG. SPEED AVAIL 
P4C164 BK x 8 15ns NOW 
P4C188 16K x 4 15ns NOW 
P4C198 16K x 4 15ns NOW 
P4C19BA 16K x 4 15ns NOW 
P4C1982 16K x 4 15ns NOW 
P4C1981 16K x 4 15ns NOW 
P4C168 4K x 4 15ns NOW 
P4C169 4K x 4 15ns NOW 
P4C170 4K x 4 15ns NOW 
P4C1682 4K x 4 15ns NOW 
P4C1681 4K x4 15ns NOW 
P4C1 16 2K x 8 15ns NOW 

FAST, COOL, & AFFORDABLE 
For further information or to order 15ns 
SCRAMs call or write: 
Performance Semiconductor 
610 E. Weddell Drive, 
Sunnyvale, CA 94089 
Telephone: 408 734· 9000 

~~!!!'!'!!c'!~f: 



Why one hour 
here saves a week 

anywhere else. 
NOW WITH FASTER 
µP SUPPORT. 
The DAS 9200 Digital 
Analysis System: 
Why poke around for 
the problem when you 
can attack it on all 
sides at once, with the 
world's most powerful 
accumulation of digi­
tal troubleshooting 
tools? Now we've 
boosted DAS 9200 
capabilities even further 
with Release 2 hard­
ware and software . . . 

support. 

including a 
new high­

speed micro­
processor 
interface 
that pushes 
the edge 
of both 
RISC and 

CISC micro 

We now offer 33 MHz 
support for the 68030; 
33 MHz for the 68020; 
25 MHz for the 88100; 
and 25 MHz for the 
80386-with the capac­
ity for even greater 
speeds built-in. 

128K 
PER CHANNEL 
With the 92A90D 
acquisition module, you 
get about 128 times the 
memory depth of most 
analyzers. All DAS 
acquisition cards fea­
ture comprehensive 
triggering, plus selec­
tive data suppression, 
conditional branching, 
performance analysis, 
and much more. 

CHANNELS 
The DAS 9200's tightly­
coupled architecture 
allows you to "weld" 
cards together to act as 
a single, wider card, 
or as individual clusters 
of modules that can 
trigger and arm each 
other, then display 
information as from a 
single unit. Maximum 

AT ONCE 

You may not need 
this kind of integration 
capacity today. But you 
can evolve into it, look­
ing at the interactions of 
all hardware and soft­
ware components at 

Split screen display of data acquired simultaneously from 
two microprocessors. The cursors can be locked to scroll in 
parallel , highlighting data nearest to the same point in time. 

configuration: ==r1::===================================:cl 
540 acquisition 
channels or 
1008 stimulus 
channels. 

Copyright © 1989 Tektronix. Inc . All rights reserved Printed 1n U.S.A. LM-732 



once, with true time­
correlation of all data. 

Monitor the integra­
tion of dedicated 1/0 
processors relative to 
the Main CPU. Test 
communications links 

between processors. 
Display disassembly 
activity together with 
high-resolution timing 
information to relate 
logic problems relative 
to specific events. 

I/ J--J 
For applications requir­
ing nanosecond edge 
resolution, the 92HS8 
High-Speed Timing 
Module gives you 2 GHz 
bandwidth and a 500 
ps sample interval , 
supported by a < 1 pf 
input capacitance 
probe that eliminates 
common-mode noise 
and circuit loading. The 
92HS8 also welds 
together to serve wide, 
parallel applications 
with no width/speed 
tradeoffs. 

(Above) A/D data / 
captured and displayed 
using Graph 
Format. 
(Left) Software 
Performance 
Analysis 
display 
shows the 
distribution 
of execution 
times. 

EDN April 13, 1989 
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• 
One new asked-for 
option is the 92LAN 
card, allowing the DAS 
to act a network node 
for efficient file transfer. 

Add in its new 
8 MB memory for fast 
response, new 40 MB 
hard disk, standard, 
and an assortment of 
software enhance­
ments, and you see 
that the DAS not only 
started in a league by 
itself. It's staying there. 

To find out more 
about the DAS 9200, 
contact your Tek 
representative, or call 
1-800-245-2036. In 
Oregon, 231 -1220. 

MORE TO COME 

COtlllM rTTEO TO EXCELLEM'.:E 
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Oki helps you achieve faster, easier 
DSP application development with a 
complete portfolio of support tools. 

Oki Semiconductor meets your DSP needs by 
bringing you the best price/performance available, 
with our MSM6992 and MSM699210 DSP devices. 
We also offer powerful hardware and software support 
tools at various price points to speed and simplify 
your DSP application development. 

A full set of powerful DSP support tools 

.,.. Software Simulator-the SIM92 simulates all 
internal operations of the MSM6992/10 devices, 
allowing you to test routines without hardware. It 
utilizes the emulator command set and offers 
advanced options such as a dump-restart facility, 
efficiency parameters, and histograms. 

.,.. High-Level Language-the OSL92 programs 
as a subset ofC and speeds DSP software 
development, with one line of OSL92 code equivalent 
to six lines of assembly code. Specifically tailored 
for the 6992 architecture, it exhibits remarkable 
performance when compared to hand-assembled 
code, with efficiencies of up to 95%. 

.,.. Emulators-Oki offers a choice of stand-alone 
in-circuit emulators for real-time emulation, with the 
EMU92 and EMU92L. 

.,.. Software Libraries of User Routines-these 
libraries contain many of the most commonly used 
routines in DSP programming. 

.,.. Development System-the PSP92 permits real­
time processing of analog signals through separate 
"digital" and "analog" PC-AT cards. It also allows 
for sophisticated 16-color EGA-compatible graphics. 

The best DSP 
choice 

Oki's full 
complement of DSP 
supports tools have 
the power to help 
you get your product 
to market faster. 
And Oki makes them 
easy to use. They 
are all PC-based, 
fully documented 

and use the same debugger language. So if you are 
evaluating DSPs for a new design, make the smart 
choice. Oki gives you the devices and the support to 
streamline your DSP application development. 

,---------------------------
! Streamline DSP with Oki EDN0

41389 

I 0 Please send me your new brochure 
I Keys to faster, easier DSP application development 
I containing detailed technical data/specs on Oki's MSM6992/10 
I DSP devices and complete portfolio ofDSP support tools . 

I 0 Please call, we have immediate needs. 

I 
I Name Business Phone 

I I Title 

I eompany 

I Street Address 
I 
I City State Zip Code 

I Mail coupon to: 

I Marketing Communications, Oki Semiconductor, 785 N. Mary 
Avenue, Sunnyvale, CA 94086. Or call (408) 720-1900. L __________________________ _ 

OKI 
SEMICONDUCTOR 
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IF YOU WRITE IN C, THEN 
YOU SHOUID DEBUG INC 

Supported Processors: 

8051 Family 
68HC11 . 64180/Z180 
ZSO 68000 Family 
6809 8085 

Now supporting the 68o20 
and the 8096/196 £unily 
and offering Software 
Performance Analysis for 
all units! 

~un l,l;hrkM.i.11011~ L~ r~ tM , ~n M1cro:w..,tem~. Inc IBM 
L" re)( TM , lntt'mal1onal Bu.sine-.. .. Machine.. Inc. Unix 1., 

rel( TM , Bdl l .. ahor.uorie .... Inc 

IHMll 

The ultimate in time savings is 
obtained when you debug your 
code in the same language it was 
written. Code development is accel­
erated as constant program print­
outs are no longer necessary. All 
displays of your program, including 
the real-time trace buffer, are in the 
form you specify, with options for 
Source only, Source and assembly or 
assembly only. Use your favorite C or 
PL/M compiler with our emulat ion 
system and SourceGate'" to enhance 
productivity of your engineering 
department. If you are working with 
different microprocessors, 
SourceGate provides the same inter­
face for each, so learning curves are 
almost nonexistent when switching 
between projects or processors. 

HMI enhances this software 
capability with the most advanced 
line of in-circuit emulators on the 
market today. SourceGate runs on all 
IBM PC family computers, Sun \\brk­
stations and many Unix systems. 

For complete details, contact: 
Huntsville Microsystems, Inc. 
P.O. Box 12415, 4040 South Memorial ~rl<way, Huntsville, AL 35802 
(205) 881-6005 TWX: 510-600-8258 FAX 205-882-6701 

CIRCLE NO 2 

CALENDAR 

Modern Electronic Packaging 
(seminar), Baltimore, MD. Technol­
ogy Seminars Inc, Box 487, Luther­
ville, MD 21093. (301) 269-4102. 
April 18 to 20. 

12th Annual IEEE Design for Tes­
tability Workshop, Vail, CO. T W 
Williams, IEEE Subcommittee on 
DFT, IBM Corp, Box 1900, Boul­
der, CO 80302. April 18 to 21. 

DOD-STD-2167 A/2168 (seminar), 
Orlando, FL. David Maibor Associ­
ates, Box 846, Needham Heights, 
MA 02194. (617) 449-6554. April 24 
to 25. 

American Power Conference, Chi­
cago, IL. Robert W Porter, Illinois 
Institute of Technology, Chicago, 
IL 60616. (312) 567-3202. April 24 
to 26. 

The Computer-Aided Software 
Engineering Symposium (CASES), 
Boston, MA. Elizabeth C Barnaby, 
Digital Consulting Inc, 6 Windsor 
St, Andover, MA 01810. (508) 475-
6990. April 24 to 26. 

Advanced Microprocessor Trou­
bleshooting Techniques (seminar), 
Dayton, OH. Micro Systems Insti­
tute, 73 Institute Rd, Garnett, KS 
66032. (913) 898-4695. April 25 
to 27. 

Local Area Networks: Implemen­
tation and Configuration (short 
course), College Park, MD. Univer­

--...iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiliiiiiiiliiiiiiiliiiiiiiliiiiiiiliiiiiiiliiiiiiiliiiiiiiliiiiiiiliiiiiiiliiiiiiiliiiiiiiiiiii~ sity of Maryland University College 
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DID YOU KNOW? 
EDN serves 

electronic engineers and 
engineering managers in more than 

100 countries worldwide. 

Center for Professional Develop­
ment, University Blvd at Adelphi 
Rd, College Park, MD 20742. (301) 
985-7122. May 2 to 4. 

Improved Reliability Through En­
vironmental Stress Screening 
(seminar), Milwaukee, WI. John T 
Snedeker, Center for Continuing 
Engineering Education, University 
of Wisconsin-Milwaukee, 929 N 
Sixth St, Milwaukee, WI 53203. 
(414) 227-3120. May 3 to 5. 
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Believe it. This 68000 SBC 
Runs on Only 70mA! 

Yes, you read it right: a single five volt power 
supply and only 70mA is all that's needed to 
power this 3U Eurocard Single Board 
Computer. And no, we didn't compromise 
features to get there. See for yourself: 16/32-bit 
68HCOOO processor at 8 or 10 MHz, two 
RS-232 serial ports, 20 parallel 1/0 lines, two 
16-bit timers, a clock/calendar, and even a 
4 channel 8-bit Analog to Digital converter. 
Need more 1/0? The board's standard G-64 
bus interface makes it fully expandable to 
one of the largest selections of 1/0 modules 
in the industry. 

What's more, the board comes with the 
highest level of software support: Real-time 
multi-tasking operating system, driver library 
for all the resources on board, and a selection 
of inexpensive PC hosted cross development 
systems. With those kind of tools and six 
JEDEC sockets for up to 512K of EPROM 

and 256K of RAM, you are now only limited 
by your imagination. 

The truth is, no other single board 
computer is easier to integrate into remote 
data acquisition systems, portable instruments, 
and other solar, battery or even hamster 
powered applications. Extended temperature 
range is a standard option. 

" You 'l l love the price too" 

So don't wait. 
Give GESPAC a call 
to receive your free 
data sheet and our 
free catalog with 
over 200 microsystem 
components & software. 

Call Toll Free 
1-800-4-GESPAC 
or call (602) 962-5559. 

USA-CANADA FRANCE INTERNATIONAL 
3, Chemin des Aulx 
CH-1228 Geneva 
Tel. (022) 713 400 
Fax. (022) 713 834 

_-:.-:....-.. ~~--_-_ .. ::.1_=1:===::.1 .... -1a r= 
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50 West Hoover Ave. 
Mesa, Arizona 85210 
Tel. (602) 962-5559 
Fa·x. (602) 962-5750 

CIRCLE NO 59 

Z. I. des Playes 
83500 La Seyne 
Tel. 94 30 34 34 
Fax. 94 06 30 56 
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Team player 
Make Mizar's dual-ported 68030 CPU 
your multiprocessing MVP. 

You're sure to score with Mizar's MZ 7130, the VME 
microcomputer with major league features. Combining 
68030 power and true dual-ported memory, the MZ 7130 
wins the multiprocessing pennant. All for a price that won't 
send you into the dugout. 

Rely on the MZ 7130 for functionality: a 68030 MPU at up 
to 25 MHz, four MB of dual-ported DRAM with parity, 16K 
cache, up to one MB of EPROM, two RS-232 serial ports, 
SCSI, mailbox interrupts, and time-of-day clock. 

Draft from options such as a 68882 FPP, up to one MB of 
SRAM, a VSB interface, and Ethernet'~ 

Build your real-time application around Mizar's team 
player, the MZ 7130. Call today. 1-800-635-0200. 

Mizar. The shortest distance between concept and reality 

MIZAR 
1419 Dunn Drive • Carrollton , TX 75006 • (214) 446-2664 

Ethernet is a trademark of Xero:x Corp. C1989, Mizar, Inc. 

CALENDAR 
Fiber Optics in Local Communi­
cations (seminar), Cincinnati, OH. 
Raycom Systems Inc, 6395 Gunpark 
Dr, Boulder, CO 80301. (800) 288-
1620. May 9. 

Modern Electronic Packaging 
(seminar), Chicago, IL. Technology 
Seminars Inc, Box 487, Lutherville, 
MD 21093. (301) 269-4102. May 10 
to 12. 

International Symposium on 
Measurement Technology and In­
telligent Instruments, Wuhan, 
Hubei Province, People's Republic 
of China. Dr. Shawn Buckley, Coch­
lea Corp, 985 Timothy Dr, San 
Jose, CA 95133. (408) 920-2650. 
May 15 to 17. 

Custom Integrated Circuits Con­
ference, San Diego, CA. Marc Har­
tranft, Cypress Semiconductor, 
3901 N First St, San Jose , CA 
95134. (408) 943-2681. May 15 to 18. 

Hands-On Unix for Programmers 
(short course), Seattle, WA. Spe­
cialized Systems Consultants Inc, 
Box 55549, Seattle, WA 98155. 
(206) 527-3385. May 17 to 19. 

CASE Benchmarks: A Seminar 
Comparing Leading CASE Tools, 
Toronto, Ontario, Canada. Digital 
Consulting Inc, 6 Windsor St, An­
dover, MA 01810. (508) 470-3880. 
June 5 to 7. 

CIRCLE NO 3 
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DID YOU KNOW? 
Half of all EDN's 

articles are staff-written. 

vices (seminar), Portland, OR. Mi­
cro Systems Institute, 73 Institute 
Rd, Garnett, KS 66032. (913) 898-
4695. June 13 to 16. 

ATE & Instrumentation Confer­
ence East, Boston, MA. MG Expo­
sitions Group, 1050 Commonwealth 
Ave, Boston, MA 02215. (800) 223-
7126; in MA, (617) 232-3976. June 
19 to 22. 
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with new UniLab 8620 analyzer-emulator. 
• 64Kbytes from hard disk in 5 seconds. 
That's moving. But today you've got to be fast 
just to stay in the race for better micro­
processor designs. 
• The secret is a new, high-speed parallel 
interface: the Orion bus. Which zips data 
between your PC /AT and the 8620 analyzer­
emulator, breaking the RS-232 bottleneck. 
• The 8620 with 0-bus gives you complete 
program diagnosis - and solutions - in real 
time. For more than 150 different micro­
processors. Using the same command set 
environment. 
• A generous 2730 trace-cycle buffer with 
selective filtering lets you cut through the 
clutter and display just the traces you wish. 
And you get lµsec resolution in program 
time measurement. Plus continuous InSight 
monitoring of your 
program's key 
functions as they 
are performed. 

EDN April 13, 1989 

lnSight Display. lnSight blends analyzer­
emulator techniques to give you continuous, 
real time monitoring of key processorfunctions. 
And still services user interrupts. It displays 
changing register contents, 1/0 lines, ports, 
user-defined memory windows. With your 
own labels. 

• On top of that, you get UniLab's trade-
mark ability to debug by symptom, not just by 
breakpoint and single step. And, to help 
you complete the job on time, on the spot, a 
stimulus generator and EPROM programmer 
are included. 
• Ease of use, another Orion trademark, 
is also built in. So you have all the familiar 
features and formats you're used to working 
with. It doesn't matter if your project is a 
single chip controller or complex 16-bit 
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Analyzer Triggers. Commonly used triggers 
can be selected quickly from a list of standard 
and user-defined triggers. 

microprocessor, the 8620 is the top price/ 
performance analyzer-emulator that does it 
all. At just $4380. With processor Personality 
Paks typically $550 each. 
• UniLab 8620. Fast-lane debugging that 
gets you to market quicker. 

Call toll-free: 800/ 245-8500. 
In CA: 415 / 361-8883 

IN S TRUMENTS 

702 Marshall St., Redwood City, CA 94063 
TLX 530942 FAX 415/ 361-8970 
Computer Integrated Instrumentation 
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You TuOUGHT YOU'D HAVE IT MADE IN lHE 

© 1989, Harris Corporation 
386SX is a trademark of Intel Corporation. 

• 

Get the performance you need 

• 

from the Harris 80C286. 
With Harris, you get what you 

expect from the 80C286: speed, low 
power, reliable operation and fast delivery. 

Our 80C286 provides the extra performance 
you need (details are in our Application Note 111). 
For example, at 16MHz, our 80C286 can outper­
form the 80386SX by up to 25% when executing 
8086 and 80286 code - the industry's largest base 
of installed software. At 20MHz, there's no com­
parison - there is no 20MHz 80386SX. 

And that's another key to processor selection 
-a growth path for the future. Our 80C286 offers 



SHADE BY DESIGNING AROUND 1HE 386SX:M 

You EXPECTED MORE. 

1
.#M -
---
----., . ---

you a wide performance range - from 12.SMHz to 
l 6MHz through 20MHz and on to 25MHz - so 
you can migrate simply and smoothly when you 
want additional throughput. And it's available 
today, not in six or twelve months. 

For top performance and re­
duced system cost, move to the 
fastest 286 yet - the Harris 
80C286. 

~ 1- =-- · -

! 
. .=;.. - ;=a 

-~ · :· · - ___ -.:::..= 

Another measure of performance is durability 
- running faster longer. The low-power CMOS 
design of the 80C286 does just that. No over­
heating. No reduced ambient temperature 
specification. No fans or heat sinks. Just reliable, 
long-term, high-performance operation. 

So hang on to your hardware and software 
investment. Send for our technical information 
outlining all the 80C286's performance advantages. 

Call 1-800-4-HARRIS, 
Ext. 1290. In Canada: 1-800-344-
2444, Ext. 1290. 

. -
~ · ~ -

m HARRIS \ILi SEMICONDUCTOR 

HARRIS · RCA · GE · INTERSIL 
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lOns 
CYM1461, 512K x 8 

SRAMModule 

2Sns 
CYM1611, 
16Kx 16 

, SRAM Module 

2Sns 
CYM1821, 16K x 32 

SRAMModule 

Make a quick 
killing in real 
estate. 

Introducing our new high density, highest 
performance Multichip Modules. 

Available now in a variety of SRAM config­
urations. Or choose custom. We'll work with 
you on defining mechanical and electrical 
requirements, as well as solve design, test and 
assembly issues. 

Either way, we deliver fast, tested CMOS 
SRAM modules that can save you a fortune in 
real estate, design, and manufacturing, while 
speeding up system performance. 

Our new, Cypress data book has one of the 
world's fastest multiple listings. Call today. 
It's free. 

Multichip Hotline: 
1-800-952-6300* 
Ask for Dept. C41 

2Sns 
CYM1621, 64K x 16 

SRAMModule 

*1-800-387-7599 In Canada. (3212-672-2220 In Europe. 'f!l 1989 Cypress 
Semiconductor, 3901 North First Street. San Jose. CA 95134. Phone: 14081 
943-2666, Tulex 821032 CYPRESS SNJUD, 1WX 910-997-0753. 



EDITORIAL 

Free the Mario Brothers 

Jesse H Neal 
Editorial Achievement Awards 
1987, 1981 (2), 1978 (2), 
1977, 1976, 1975 
American Society of 
Business Press Editors Award 
1988, 1983, 1981 
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Suppose for a minute that an electronics company sets out to capture a 
large share of the small-computer market. To do so, it designs and builds 
a computer that is superior to anything else available. The company's 
share of the market grows, but software suppliers find that the computer's 
architecture prevents them from independently developing programs for 
the computer. 

In order to sell their programs, the software suppliers must first submit 
the programs to the computer manufacturer, which accepts them or rejects 
them. If the manufacturer accepts a program, it extracts an exclusive 
license from the software developer, manufactures the program itself, and 
finally sells it back to the developer. Only then can the software developer 
put the program on the market. 

If the situation above seems implausible to you, you haven't kept up 
with the new video games. Nintendo of America, a manufacturer of popular 
video games such as Contra and the Super Mario Brothers, has been using 
just such a strategy to lock up about 80% of the video-game market in the 
US. Until recently, Nintendo has controlled 100% of the add-in market 
for compatible game cartridges. Nintendo exerts control by incorporating 
a proprietary lock-out chip that prevents the use of "unauthorized com­
puter software" in the game unit. 

By applying reverse-engineering techniques, Atari Games Corp and 
Tengen Inc recently came up with a method that obviates the Nintendo 
security chip, and they began to market games for the Nintendo system 
without first obtaining Nintendo's approval. Atari Games also filed an 
antitrust suit against Nintendo. Instead of meeting the competition head­
on, Nintendo countersued, claiming, among other things, that a patent 
covers the lock-out chip. 

Nintendo also claims that the lock-out chip promotes quality software­
which only Nintendo may judge-while simultaneously preventing an over­
supply of game cartridges, which Nintendo also controls. Keep in mind 
that in Japan, Nintendo's games don't require a lock-out chip, because, 
according to Tengen, Nintendo already claims 90% of the Japanese video­
game market. Why spend money on an extra chip when you own the 
market? 

Clearly, Nintendo's efforts seem to be aimed at securing control of the 
US video-game market. Despite the institution of the patent-which was 
intended to protect inventors' rights, not to confer a monopoly on any one 
company-the use of technology to protect markets and establish a monop­
oly hurts suppliers, hurts customers, and hurts the electronics industry. 
Years ago, the courts told large computer companies that they couldn't 
force buyers to purchase bundled hardware and software from one source. 
Likewise, copier companies were told that they couldn't force customers 
to buy supplies from only one source. Nintendo should take a close look 
at those lessons, and use technology to compete, not to monopolize. 

I~ . 
~~ U Editor 
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Hitachi~ HMCS400 
Series of CMOS Microcontrollers 
The intelligent answer for small system control problems 
The raccoon has a remarkable ability to thrive in 
any type of environment. His sheer intelligence and 
ingenuity let him adapt to whatever circumstances 
he may find, and prosper with only minimal 
resources at hand. 

Resourcefulness also characterizes Hitachi's 
HMCS400 series of CMOS microcontrollers. These 
sophisticated devices are optimized for real-time 
control tasks and include a great number of 
peripheral functions on-chip. 

This new generation of 4-bit micros is a far 
cry from the old 4- or 8-bit designs you're used to. 
They execute efficient 10-bit instructions in as little 
as 0.89JAs, and include powerful on-chip peripherals 
such as large EPROMs, LCD and vacuum fluorescent 
drives, and multiple serial interfaces. 

For example, our new HD4074408 has an SK 
one-time-programmable EPROM, a 512 x 4 bit RAM, 
58 1/0 lines, comparator inputs, PWM timer outputs 
and serial interfaces-all in a plastic package. Future 
devices will include AI D converters, phase locked­
loop circuitry, DTMF generators, and much more. 

Most importantly, Hitachi's ZTATTM technology 
gives you Zero Turn-Around Time. The on-board 
one-time user-programmable EPROM eliminates the 
need to wait three or four months for mask ROM 
devices. The very day you finish development, ZTAT 
gets you into production. And, you can implement 
software changes immediately, to stay one step ahead 
of everyone else. 

Put all of Hitachi's HMCS400 series resources to 
work for you: Ceramic windowed devices for deve-



lopment, ZTAT devices for pilot and small-scale 
production, and mask ROM devices for large-scale 
production. And, a full complement of development 
support tools is available for use with IBM-PC*, 
DEC VAX*, and Hitachi systems. 

Plus, when you consider all the on-chip 
integration, you also get the lowest-cost solution for 
your design. The packaging is one of the reasons 
why ZTAT only costs slightly more than mask ROM 
microcontrollers, and is a lot cheaper than ceramic 
reprogrammable devices.--

Clearly, Hitachi's HMCS400 series is right for a 
broad range of today's small systems applications in 
automotive, consumer, handheld instrumentation, 
telecom, and industrial products. 

There's no need to wait. Hitachi is delivering 
the 4-bit all-CMOS HMCS400 series right now-

including EPROM-on-chip ZTAT devices. For more 
information, call your local Hitachi Sales 
Representative or Distributor Sales Office today. 

Literature Fast Action: For product 
literature only, CALL TOLL FREE, 1-800-842-9000, 
Ext. 6809. Ask for literature number #SB-106. 
*IBM-PC and DEC VAX are trademarks of International Business Machines 
Corporation and Digital Equipment Corporation, respectively. 

Hitachi America, Ltd. 
Semiconductor & l.C. Division 
Hitachi Plaza 
2000 Sierra Point Parkway, Brisbane, CA 94005 
Telephone 415/ 589-8300 

@HITACHI" 



~ National 
~ Semiconductor 

Is this the wayyour 16-bit 
controller company does business? 
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THE HPC FAMILY 
NOTHING ELSE GNES YOU 

THE SAME DEGREE OF 
FLEXIBILI1Y AND CHOICE. 

If you've been confronted 
with a "take it or leave it- that's all 
you need" attitude on the part of 
your 16-bit controller vendor, we 
suggest you take a new look at 
National's HPC'" family Because for 
today's complex designs in infor­
mation control, including printers, 
faxes, scanners, data storage and 
communications, you need a choice 
of optimized solutions that fulfill 
all your requirements. 

Specifically, you probably 
need more in the way of intelli­
gence, connectivity, interface and 
data handling.And much less in 
overall system costs. The HPC family 
more than measures up to these 
considerations. Let's look at just 
how well. 

MAKE THE 
INTELLIGENT CHOICE. 

Multiple functions mean 
multiple benefits. Including much 
faster context switching and inter­
rupt response, due to our compact 
54-instruction set. And higher 
system performance, because of 
our fast 30MHz clock rate, 67-ns 
instruction cycle, and 16-bit mem­
ory mapped architecture. And our 
ANSI-standard C compiler is just 
one way the HPC family can lower 
engineering costs, and speed 
your time to market. 

© 1989 ational Semiconductor Corporation 

HPC is a trademark and Tape Pak is a registered trademark of National 
Semiconductor Corporation. 
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Call National 
HPC PRODUCT FAMILY SUMMARY 

16-bit Memory 
Part# Timers UPI 110 ROM RAM Features 

HPC16003" B Yes 32 0 256 4 ICRs 
HPC16004 B Yes 32 0 512 4 ICRs 
HPC16064 B Yes 52 16K 512 4 ICRs 
HPC160B3" B Yes 52 BK 256 4 ICRs 
HPC16104 B Yes 32 0 512 B CH AID 
HPC16164 B Yes 52 16K 512 BCHA/D 
HPC16400 4 No 52 0 256 2 HDLC &4 OMA 
HPC160B3MH B Yes 52 BK UV 256 UV Emulator 

Slandard features: Walchdog, Synchronous Serial Peripheral 
lnlertace, Uniform Memory Address Space. UART. 32X16-bit 
divide, 16X16-bil mu Iii ply. and available as standard cell. 
DEVELOPMENT TOOLS: 

PC-based development system 
Relocatable C compiler. linker and symbolic debugger 

ICRs =Input Capture Registers 
HDLC = High-Level Data Link Control 
'MIL-STD 883C 

Another 

PUT THROUGHPUT AT 
THE TOP OF THE LISf. 

Thanks to our on-and-off 
chip uniform memory mapped 
peripherals, all data manipulation 
can be accomplished on any mem­
ory location, regardless of whether 
it's part of an external device, or 
on the HPC itself. Which can be 
very important in ISON, SCSI and 
IAN applications. 

ASK ABOUT O UR 
NEW COMMUNICATIONS 

CONTROLLER. 

is packaging, For data communica-
and specifically, tions, and especially for those 
our unique fea- •IJBfl applications requiring prc tocol 
ture called Tape Pak~ As the latest conversion, we offer the newest 
generation in VLSI packaging, member of our HPC family: the 
TapePak gives you a wide variety of HPC16400. It's a complete solution, 
industry-standard, high-density, supported by a full library of appli-
high-leadcount options.When you cation-specific software.With two 
put it all together, then throw in full-duplex HOLC channels, driven 
eight timers and up to 11 addressing by 4-channel OMA, plus one full-
modes, you can easily see why duplex programmable UART chan-
members of the HPC family are nel for rate adaption, the HPC16400 
considered smart cookies indeed. is completely optimized for TE, 

TA, and line-card applications. 
OPT FOR INTERFACE 
AND CONNECTIVIlY 

The HPC family has more 
on-chip integration, and increased 
I/0. And that can mean a lot more 
capacity to manage system functions. 

. It can also mean a lot less, when 
it comes to reducing board space 
and chip count. In addition, our 
Universal Peripheral Interface (UPI) 
allows you to partition your system, 
by using the HPC as a peripheral 
to a host processor for high-end 
applications. 

CIRCLE NO 58 

CALL AND FIND OUT MORE. 

To get a free brochure on our 
full HPC family, call us today at 
800-825-5805, ext. 100. Once you 
discover how we do business, you'll 
agree that when it comes to 16-bit 
controllers, there's only one 
company of choice: National. 

~National 
~ Semiconductor 
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Grayhill Statistical Process Cantral 
malies DIP switch quality 
a reality, nal a slogan 

Is y_gur DIP switch supplier being measured by SPC? 

Grayhill DIP Switches are tested every step of 
the way in the manufacturing process. If initial 
contact resistance varies from control limits, the 
problem is immediately diagnosed and cured. 

This machine automatically tests every DIP 
switch for actuation force. We get reliable ppm 
data and you get reliable DIP Switches. 

52 

The industry's reliance on Grayhill leader­
ship has received another boost with the 
implementation of SPC manufacturing tech­
niques to our DIP switch lines. (Note: SPC 
data not yet available for all configurations.) 

In-line measurements are control-charted. 
Variations are identified to maintain pro­
cesses within controlled limits. Only accept­
able product comes off the Grayhill line and 
onto yours! 

If your DIP switch supplier can't give you 
parts per million data, you should be talking 
to Grayhill. We offer you the widest choice 
of DIP switch actuators, stations, and 
circuitries, including MIDIP'" machine­
insertable switches. Prices are competitive. 
but we offer features as standard that are 
extras elsewhere. 

Grayhill DIP switches, as well as rotary and 
pushbutton switches, keyboards, solid state 
relays and 1/0 modules, are available from 
authorized distributors world-wide and are 
described in detail in EEM. 

Ask us for your FREE copy of Engineering 
Catalog #1 with detailed DIP switch speci­
fications ... and call now for full details on 
SPC DIP switches. 

Variable data is entered electronically at production 
sites and transmitted to the Grayhill mainframe 
to track performance and compile reports. 

~""M':fll 
561 Hillgrove Avenue, P.O. Box 10373 
LaGrange, Illinois 60525-0373 USA 
Phone: (312) 354-1040 FAX: (312) 354-2820 
TLX or TWX: 190254 GRAYHILL LAGE 
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TECHNOLOGY UPDATE 

Your computer 
can plot anything 

you can plot by 
hand-usually 

much better and 
faster. 

Jon Titus, 
Editor 

EDN April 13, 1989 

GRAPHING-SOFTWARE PACKAGES 

Draw your gra hs on 
printers and p otters 

T
hrow away your graph paper, 
pens, and press-on letters. 
Today's small computers , 
when combined with a pen 
plotter, an ink-jet printer, or 

even a dot-matrix printer, let you plot 
almost any numerical information. 
Whether you plot simple 2-D x-y 
information or require sophisticated sur­
face plots with hidden lines, there are 
software packages that can do the job 
for you. In fact , you can choose from 
two main types of graphing software­
stand-alone packages and add-in graph­
ing routines. The stand-alone packages 
let you plot graphs from data that you've 
collected and saved on paper or on a 
disk. The add-in routines come in handy 
when you're developing a computer 
program that requires 
graphing capabilities. 

stand-alone graphing-software packages 
work the same way; they let you take 
information from a source-usually a 
disk file-and then plot the data as a 
graph. You can display the information 
on your computer's monitor, or you can 
create a hard copy on a dot-matrix or 
laser printer. The packages also control 
a variety of plotters (Table 1). The 
graphing-software packages control too 
many types of printers and plotters to 
list in a table. Peruse each supplier's 
data sheets to find out what devices each 
software package controls. 

Put graphs in reports 
Most of the stand-alone packages also 

let you store a graphic image of your 
plot on disk. By storing an image, rather 

The selection of avail­
able graphing software 
reflects the popularity of 
their respective host 
computers. It's no sur­
prise that the IBM PC 
family and its compatible 
clones lead the pack for 
general-purpose engi­
neering work. Thus, all 
but one of the stand­
alone graphing packages 
run on IBM PC family or 
compatible computers. 
Several of the stand­
alone packages also run 
on Apple Computer's line 
of Macintosh computers 
or on popular worksta­
tions. 

In general, all the 

A typical 3-D cowr graph shows how communication satellites cover 
various portions of the Earth's surface. It takes time and effort to 
learn how to create complex graphs such as this. (Courtesy 3-D 
Visions) 
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Graphing-software packages 

than numerical data, you can incor­
porate your graph directly into a 
manual or a document when you're 
working with a word processor. 
You don't need to get a hard copy 
of your graph and then paste it into 
the final version of the text. Check 
your word processor's manual to de­
termine which graphics-file formats 
it accepts. 

Obviously, your graphs require 
information-the results of your ex­
periments, tests, etc. The packages 
obtain data from several different 
sources. All of the stand-alone pro­
grams let your computer read data 
from external files that arise from 
data-acquisition programs, spread­
sheets, or even other computer pro­
grams. All the programs also let 
you enter data from your keyboard. 

You'll find that each of the pro­
grams provides an internal data edi-

tor, which lets you examine your 
information in traditional columnar 
form. If you're already familiar with 
spreadsheet programs, you'll 
quickly navigate your way through 
such editor programs. In most 
cases, the editors aren't fancy, but 
they do let you remove useless 
data, add new data, modify values, 
and so on. 

An editor also comes in handy 
when you need to graph a few val­
ues that you've jotted on scrap pa­
per. You start the program, type 
in the information, and create a 
graph. The editor lets you put your 
typed-in data into a disk file for 
later use. 

Dump useless data 
A good data editor also lets you 

remove large blocks of information 
from your data file. For example, 

if you're acquiring a transient signal 
by using an AID-converter board, 
much of what's in your file may be 
useless baseline-voltage values. 
The ability to plot the acquired sig­
nal quickly lets you locate the tran­
sient among all the baseline data. 
You can then use the editor to re­
move the baseline information so 
the resulting graph shows the tran­
sient without the extraneous 
points. (If this application is typical 
of what you'll be doing, you may 
want the ability to quickly plot 
every second, fifth, or tenth data 
point so you can see what you have 
in your file.) 

Data editors run the gamut from 
simple to complex. The basic edi­
tors in PCPlot and Graphstar re­
quire about five pages of instruc­
tions to explain how they work. At 
the complex end of the spectrum 

TABLE 1-STAND-ALONE GRAPHING-SOFTWARE PACKAGES 
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COMPANY PRODUCT PRICE 

BINARY ENGINEERING TECH*GRAPH*PAD (3.1) $395 

j_ BV ENGINEERING PCPLOT (3.25) $125 

EDMOND SOFTWARE SEGS (2.0) $195 

GOLDEN SOFTWARE GRAPHER (1.77) $199 

SURFER' (4.01) $499 

MIHALISIN TEMPLEGRAPH• (3.2) $395 

REBUS DEVELOPMENT PARAMETER-MANAGER PLUS (3.0) $595 

SCIENTIFIC SOFTWARE GRAPHSTAR (2.0) $99 
SOWTION 

SYSTAT SYGRAPH (1 .0) FROM 
$495 

3-0 VISIONS GRAFTOOL (2.0) $495 

KEY: 
ASCII = STANDARD NUMERIC FORMAT IN ASCII CHARACTER SET 
CGM • COMPUTER GRAPHICS METAFILE FORMAT 
DBF = DBASE DATABASE FILE FORMAT 
DIF = DATA INTERCHANGE FORMAT 
DMPL = HOUSTON INSTRUMENTS COMMAND-SET FILE 
DXF = AUlOCAD DATA FILE FORMAT 
EPS = ENCAPSULATED POSTSCRIPT FILE FORMAT 
GEM = DIGITAL RESEARCH GRAPHICS FILE FORMAT 
GKS = GRAPHIC KERNEL SYSTEM 
HPGL = HEWLETI-PACKARD GRAPHICS-LANGUAGE FILE FORMAT 

DATA EXPORT 
HOST COMPUTER MAXIMUM DATA SET FORMATS 

IBM PC, APOLLO 3000/4000, 32,000 DATA PAIRS ASCII. PIC 
DEC VAXSTATION 

IBM PC, MACINTOSH 1000 POINTS/FILE ASCII 

IBM PC FAMILY 11 COLUMNSx ASCII 
7500 POINTS 

IBM PC FAMILY 32,000 POINTS NONE 

IBM PC FAMILY 16,000 POINTS (SEE NOTES) 

IBM PC-AT OR 80386 2048 POINTS ASCII 
COMPATIBLES (SEE TEXT) (SEE NOTES) 

MACINTOSH FAMILY 32,767 POINTS/ ASCII 
VARIABLE 

IBM PC FAMILY 2100 POINTS ASCII 

IBM PC FAMILY 2000 POINTS WKS, DBF, 
MACINTOSH FAMILY DIF, ASCII 

(SEE TEXT) 

IBM PC FAMILY 14,400 POINTS DIF, ASCII 
(SEE TEXT) 

PCX = PC-PAINTBRUSH BIT-MAPPED FILE FORMAT 
PIC = LOTUS GRAPHING FILE FORMAT 
TKF = TEKTRONIX GRAPHICS FILE FORMAT 
WKS = STANDARD LOTUS 1-2-3 (1A) FILE FORMAT 
WK1 = STANDARD LOTUS 1-2-3 (2.0) FILE FORMAT 

AS = AUTOMATIC SCALING 
MS = MANUAL SCALING 
R = ROTATE 
Z = ZOOM 

EDN April 13, 1989 
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lies the editor in Sygraph; it comes 
with a 114-page manual. 

As you review the specifications 
for the stand-alone packages, you 
should also pay attention to how 
many values the editor can handle. 
For example, the Graphstar editor 
lets you work on a maximum of 200 
values at a time. Sygraph's editor, 
on the other hand, can handle as 
many as 256 variables simultane­
ously. If the editors that you evalu­
ate don't suit your needs, keep in 
mind that most programs let you 
exchange information with popular 
spreadsheet programs. 

P rograms off er variety 
Like their editors, the stand­

alone graphing packages cover the 
spectrum from simple to complex. 
If you need only a few x-y or loga­
rithmic (log-log and semilog) graphs 

GRAPHIC EXPORT 
FORMATS 

or if you routinely plot the same 
types of simple graphs, the pack­
ages priced below $200 will meet 
your needs. Thus, graphs and plots 
for your notebook or for internal en­
gineering reports will be easy to 
produce with either PCPlot or 
Graphstar. 

The PCPlot package provides a 
simple data editor and produces 
plots with as many as 1000 points. 
Unlike the other stand-alone graph­
ing programs, PCPlot needs your 
computer's internal screen-print or 
screen-dump utility program to pro­
duce graphs on your printer. BV 
Engineering can supply such a util­
ity. BV Engineering also offers 
PDP, a PCPlot-like program that 
puts graphic information on plot­
ters. The company supplies drivers 
for many plotters. Unfortunately, 
BV Engineering's programs don't 

GRAPH 
GRAPH TYPES MANIPULATIONS 

HPGL, PIC 2-D, POLAR, LOG AS, MS 

NONE 2-D, BAR, LOG, ERROR BAR AS. MS 

HPGL, PIC 2-D, BAR, LOG AS, MS, R 

PIC, DXF, POSTSCRIPT 2-D, LOG AS, MS 

HPGL, PIC, DXF, POSTSCRIPT3 2-D, 3-D, BAR, SURFACE, CONTOUR AS, MS, R, Z 

CGM, HPGL 2-D, POLAR, BAR, LOG AS, MS, R,Z 

PIC 2-D, LOG AS, MS, Z 

NONE 2-D, LOG AS. MS 

CGM 2-D, 3-D, POLAR, BAR, LOG, AS, MS, R, Z 
SURFACE, CONTOUR 

HPGL 2-D, 3-D, POLAR, BAR, LOG, AS, MS, R,Z 
SURFACE, SPHERICAL, SMITH, 

CONTOUR 

NOTES: 
1. SURFER CAN PUT EXTERNAL ARRAYS IN THE USER'S PROGRAMS. 
2. TEMPLEGRAPH EDITOR HANDLES AS MANY AS 10 GRAPHS AND AS MANY AS 

2048 POINTS PER GRAPH. 
3. POSTSCRIPT IS A STANDARD FORMAT FOR LASER PRINTER FILES. 
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let you store graphic images in files 
for later use. 

If you need to plot more than 
1000 points, consider Graphstar, 
which plots as many as 2100 points. 
However, remember that its editor 
has an upper boundary of 200 data 
points. Don't try to edit a longer 
file; Graphstar truncates your data 
to the first 200 values. That may 
be a difficult limit to adapt to if 
you're doing complex engineering 
work. Unlike PCPlot, Graphstar 
controls dot-matrix printers as well 
as plotters that accept HPGL com­
mands. However, when plotting on 
a dot-matrix printer, Graphstar has 
a painfully long printing time. 

Editors, printing speeds, and file 
limits are important specifications 
to consider when you evaluate 
graphing software. There's another 
factor you should watch out for, too: 
missing values. First, though, you 
have to know what a missing value 
is. Assume that you're measuring 
current through a circuit as you ap­
ply voltages in 0.1 V steps. If you 
take 55 readings from 0.1 to 5.5V 
and graph them, any graphing 
package can handle the job. If you 
can't take a reading at one or more 
of the voltage steps and those volt­
ages are still listed in your table 
or spreadsheet, you have what are 
called missing values: 

3.3V L67A 
3.4V L69A 
3.5V 
3.6V L78A 
3.7V 

Typically, a business-type 
spreadsheet program plots missing 
values as zeros. For the data above, 
the current plot goes from 1.69 to 
OV and back up to 1.78V. Such a 
graph is useless. 

Graphing programs should auto­
matically treat missing values as 
though they don't exist. Thus, for 
the data above, the graphing pro-
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gram should ignore the 3.5 and 3. 7V 
points. Unfortunately, both PCPlot 
and Graphstar treat missing values 
as zeros. If a program can't ignore 
missing values, you'll have to use 
the editor to remove them. That's 
an annoyance you may wish to live 
without. 

Add more capabilities 
Edmond's Scientific & Engineer­

ing Graphic System (SEGS) and 
Golden Software's Grapher form 
the next tier of graphing packages. 
Both furnish standard x-y and log 
graphs and support many printers 
and plotters. The packages give you 
a large choice of line widths and a 
variety of letter and number sizes 
for legends. 

If your information requires a bit 
of preprocessing before you can plot 
it, consider the SEGS program. 
This program includes 19 mathe­
matical operations that let you 
scale, offset, or otherwise manipu­
late your file prior to plotting. Keep 
in mind, however, that the spread-
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Combining a 3-D surface plot and a 2-D contour map 
lets you show the same information two ways. Most of 
the sophisticated stand-alone graphing packages let you 
produce this type of effect . You can also overlay two 
graphs to produce a similar combination of 2- and 3-D 
effects. (Courtesy Systat) 

sheet accepts only numerical data. 
It's up to you to keep track of the 
headings for the various columns of 
figures you're working on. The pro­
gram does keep track of axis infor­
mation and labels for you. (Edmond 
expects to announce an enhanced 
version of SEGS around the time 
this article appears.) 

Sometimes, a nice neat plot of 
your data may not be enough to tell 
you what you're looking at. So, both 
SEGS and Grapher let you fit your 
data to a curve. If a linear fit is all 
you need, SEGS plots the best 
straight-line fit through your data. 
When you need a closer approxima­
tion, Grapher lets you choose from 
six types of curve-fitting opera­
tions: linear, log, power, exponen­
tial, cubic-spline, and polynomial. 
Grapher also gives you the coeffi­
cients for the curve-fitting equa­
tion. 

These days, engineers don't live 
by IBM PCs alone. If you're a 
Macintosh user, Rebus Develop­
ment's Parameter Manager Plus 

software may meet your plotting 
needs. However, paying $595 for a 
program that draws only x-y and 
log graphs may be difficult to justify 
unless you also use the software's 
statistical, data-management, and 
other sophisticated capabilities. 
Among the extra features is the 
ability to handle complex numbers. 

Parameter Manager Plus handles 
missing data in two ways. The first 
option lets the program skip over 
the missing values and continue 
plotting the next set of complete 
data values. If you choose the sec­
ond option instead, the software 
makes a linear approximation of the 
missing data and inserts it in the 
graph. 

Also, unlike most other graphing 
software, Parameter Manager Plus 
lets you scroll through large graphs 
and strip charts (charts that con­
tinue from one piece of paper to an­
other). In fact, you can plot a graph 
that is 400x400 in.-slightly over 
lOM on a side. 

If you need more than standard 
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Foreign exchange. 
It started as a simple purchase of a box 

lunch on a Shibuya side street. And ended by 
yielding some expert travel advice from an 
unexpected source. 

That's Tokyo. By way ofUnited. 
United can get you to Tokyo from 

all across this country. With friendly skies 
service that provides the best in international 
travel: fine food, fine wine, and attention to 
the fine details. 

Because we know, like you, that the little 
joys along the side streets can make the fast 
track a lot easier. 

United. Rededicated to giving you the 
service you deserve. 

Come fly the friendly skies. 
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A laserprinter produces high-quality graphs that are ready for you to use in reports and 
manuals. Many graphing packages let you transfer such images directly to your word 
processor. (Courtesy Binary Engineering) 

x-y and log graphs, the five high­
end graphing packages in Table 1-
those costing over $200--may suit 
your application. In this group, 
you'll find packages that produce 
polar plots as well as surface and 
3-D plots. Two packages, 
Tech*Graph*Pad and Temple­
graph, add polar plotting to the 
usual repertoire of x-y and logarith­
mic capabilities, and Surfer lets you 
plot 3-D surfaces. The remaining 
two high-end packages, Sygraph 
and Graftool, have both polar and 
3-D capabilities. 

When you investigate these five 
high-end packages, you move be­
yond the realm of the slim user's 
manual into the world of slip-case 
binders. That jump usually signifies 
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a change from simple to complex 
software, too. 

However, you're in for a sur­
prise: Binary Engineering's 
Tech*Graph*Pad isn't complex at 
all. In fact, using it is almost intui­
tive. Kevin Shea, Binary Engineer­
ing's president, expects that most 
people won't read the manual-at 
least not at first. Even so, you 
should have the program running 
and plotting graphs in half an hour. 

Tech*Graph*Pad's menus let you 
maneuver from setting to setting 
with ease; you hardly use the func­
tion keys at all. You simply select 
the options and functions you want 
and type in legends, disk-file 
names, and other information. If 
you're looking for software that can 

complement the suite of software 
tools running on your workstation, 
take heart. Tech*Graph*Pad runs 
on several types of Sun Microsys­
tems and Digital Equipment Corpo­
ration (DEC) workstations. The 
workstation-based programs re­
quire an MS-DOS-emulation pack­
age. 

It's academic 
Templegraph-a program that 

arose from work at Temple Univer­
sity in Philadelphia, PA-also runs 
on Sun Microsystems and Hewlett­
Packard workstations. Although 
the first sheet in the Templegraph 
instruction notebook says, "Don't 
let the size of this manual fool 
you ... ," it can be intimidating, nev­
ertheless. Fortunately, the pro­
gram incorporates a clear tree-like 
structure of menus that let you se­
lect options and operations by 
pressing the function keys on your 
PC's keyboard. 

The only drawback to the func­
tion-key selection technique is that 
the keys take on new meanings as 
you switch from menu to menu. If 
you plan to plot many graphs, day 
after day, Templegraph can do the 
job. You'll need time, however, to 
become familiar with the menus and 
their actions. On the positive side, 
each time you select an operation, 
Templegraph lets you see what it 
does to your graph. 

The two remaining graphing 
packages, Sygraph and Graftool, 
provide the widest variety of graph­
ing features. Both packages handle 
standard x-y, log, 3-D, polar, and 
surface plots. In addition, Graftool 
lets you create spherical-coordinate 
graphs and plot complex values on 
a Smith chart. The program doesn't 
accept the values in the form 3 + i5. 
You must supply the complex val­
ues in pairs: a real part (3) and an 
imaginary part (5), which the pro­
gram plots as 3 + i5. 

Although the Sygraph software 
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SIEMENS 

Perfectly Balanced CMOS AID Converters 
In the eternal balancing act between speed, 
accuracy and cost-effectiveness, nothing 
comes closer to perfection than the Siemens 
family of ND converters. 

With speeds as fast as 13µs, and a total 
unadjusted error of only ± 0.5 LSB over the 
entire temperature range, they're at the top of 
their class in performance. And when it comes 
to balancing costs, their flexibility and up­
gradability put them in a class by themselves. 

Take our 12-bit SDA 0812. It's self-calibrating, 
so you can eliminate those time-consuming, 
labor-hungry trimming parts. It's fast (17µs). 
It also has a four-channel input multiplexer 
and 12-bit data output in a 2-byte format. Put it 

TYPE BITS SPEED ACCURACY" TEMP RANGE FEATURES 

SDA0812 12 17µs ±0.SLSB -40°C/+85°C Self-calibrating 

SDA0810 10 15µs ±0.SLSB -40°C/+125°C Software-upgrade of 8-btt 
to 10-btt systems 

SDA0808 8 13µs ±0.SLSB -40°C/+125°C Faster and more accurate 
than the industry standard 

'Total Unadjusted Error (TUE) over entire temperature range 

all together and it's a perfectly balanced choice 
for your high-performance applications. 

For an ideal balance between low and 
medium resolution requirements, our SDA 0808 
and SDA 0810 both feature an 8-channel input 
multiplexer and are 100o/o pin-compatible with 
the ADC 0808 converters. In fact, you can even 

upgrade from 8- to 10-bit resolution by simply 
changing parts and adding a few lines of 
source code. 

Find out more by calling 408-980-4500, 
ext. 4577. Or write Siemens Components, Inc., 
Consumer ICs, 2191 Laurelwood Road, 
Santa Clara, CA 95054-1514. 

Let us help you get your ND 
design back in balance. 

Siemens ... Practical 
Solutions By Design. 
Distributors: Advent Electronics, Inc., Almo 
Electronics, Hall-Mark, Insight Electronics, 
Marshall, Summit, Western 
Microtechnology. 

Cl 1989 Siemens Components, Inc. M15A002 
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seems to offer the largest variety 
of graphs, it requires the most docu­
mentation. The main technical man­
ual consists of more than 900 pages. 
The three other manuals, which 
cover the command references, the 
program installation, and the edi­
tor, contain 250 pages in all. 
Sygraph is a lot like a graph-pro­
gramming language. You type in 
command lines to open files, plot 
information, change legends, and 
perform other operations. Instead 
of typing in one command at a time, 
you can put a string of commands 
into a submit file that Sygraph runs 
in sequence to create graphs. 

Besides running on IBM PCs and 
compatible computers, the Sygraph 
program runs on DEC VAX/VMS 
computers and on computers from 
Data General and NCR. You can 
use the program on Macintosh com­
puters, but to do so, you must buy 
the Systat statistics program , 

which includes Sygraph and costs 
$595. 

If you need a variety of graphs 
and you'd rather keep an eye on 
your graphs than on your program­
ming syntax, Graftool may be for 
you. Like many of the other pack­
ages , Graftool uses a series of 
menus that let you select operations 
and graphing procedures. Menus 
appear on the left side of your dis­
play screen; the graphs take up the 
remaining area. Before you can get 
Graftool up and running, you'll need 
a copy of MS-DOS V3.0 or higher. 
The other MS-DOS-based programs 
covered so far can operate on V2. 0 
or V2.l. 

Zoom in to see new data 
When running Graftool, you can 

conveniently zoom and pan--0pera­
tions that require a bit of explana­
tion. Panning lets you move around 
on a graph so you can locate points 

of interest that are off the display 
area, move them into the viewing 
area, and examine them. Essen­
tially, you move a small viewing 
window-your display screen­
across the graph. Once you have a 
portion of the graph in view, you 
can zoom in on it, magnifying it. 
Because Graftool stores all values 
to 64-bit accuracy, it can zoom by 
as many as 15 orders of magnitude 
(1Xl015

). 

In addition to moving around on 
a graph, you can view many graphs 
simultaneously. Obviously, there is 
a limit to what you'll be able to see 
if you try to fit 16 graphs on your 
display. No matter how many 
graphs you have on the screen, 
though, Graftool lets you handle as 
many as 4096 x 4096 data points in 
each graph. However, you'll run out 
of memory at about 14,400 data 
points. 

Most of the graphing packages 

TABLE 2-ADD-IN GRAPHING-SOFTWARE PACKAGES 

IMPORT 
FROM DATA 

COMPLEX EXTERNAL EXPORT 
COMPANY PRODUCT PRICE HOST COMPUTER LANGUAGES VAWES FILES FORMATS 

CHIRP TECHNICAL VID & DIG (2.0) $140 IBM PC FAMILY BASIC, PASCAL, YES NO NONE 
SERVICES C, FORTRAN 

CRESCENT SOFTWARE GRAPHPAK PROFESSIONAL $149 IBM PC FAMILY QUICK BASIC NO YES PCX 
(2.04) TURBO BASIC 

HEARTLAND SOFTWARE HGRAPH (4.2) $119 IBM PC FAMILY, VAX, BASIC, PASCAL, YES NO NONE 
SUN WORKSTATIONS C, FORTRAN, 

MODULA-2 

MICROCOMPATIBLES GRAFMATIC $135 IBM PC FAM ILY FORTRAN NO NO NONE 
(SEE TEXT) 

MICROPLOT SYSTEMS MICR0-10 (1 .2) $129 IBM PC FAMILY BASIC, YES YES ASCII 
FORTRAN, C 

NUMERICAL ALGORITHMS PC GRAPHICS LIBRARY $595 (SEE TEXT) FORTRAN YES YES ASCII 
GROUP (MARK-2) 

PLOTWORKS PLOT88 (18) $299 IBM PC FAMILY PASCAL, NO YES NONE 
FORTAN, C 

QUINN-CURTIS SCIENCE & ENGINEERING $79.95 IBM PC FAMILY PASCAL, C YES NO NONE 
TOOLS (6.1) 

SCIENTIFIC ENDEAVORS GRAPHIC (4.1) $395 IBM PC FAMILY c NO NO NONE 

60 EDN April 13, 1989 



TECHNOLOGY UPDATE 

presented in Table 1 also provide 
mathematical operations. The inex­
pensive packages let you do a few 
operations such as curve fitting, 
and the more complex and expen­
sive programs provide for Fourier 
transforms, statistical functions, fil­
tering, and other data-manipulation 
operations. In the future, you'll see 
companies integrate more and more 
mathematical operations into 
graphing-software packages. Like­
wise, companies that supply mathe­
matical- and analysis-software 
packages will add more graphing 
capabilities. Eventually, it will be 
difficult to distinguish between the 
two packages. 

There is already a top-down 
movement underway to integrate 
graphing software into many appli­
cations packages. Many data-acqui­
sition software packages now in­
clude sophisticated graphing soft­
ware-probably under license from 

GRAPHIC 

one or more of the vendors listed 
in Table 1. Today, Binary Engi­
neering is working with National 
Instruments (Austin, TX) to incor­
porate Tech *Graph *Pad in Na­
tional's data-acquisition software. 
Because graphing is a part of the 
data-acquisition, -analysis , and 
-presentation chain, the days of 
stand-alone graphing-software 
packages may be numbered. (Very 
specialized graphing packages will 
always be available, but they'll fit 
into narrow markets.) 

Many vendors are taking a bot­
tom-up approach to adding graph­
ing capabilities to software. Many 
companies are offering ready-made 
libraries and collections of add-in 
routines that perform primitive as 
well as sophisticated graphing 
tasks. Right now, you can add 
graphing routines to your Fortran, 
Pascal, Basic, C, and Modula-2 pro­
grams. A representative sample of 

EXPORT GRAPH DATA LICENSING 
FORMATS GRAPH TYPES MANIPULATIONS PROCESSING REQUIREMENTS 

HPGL 2-D, 3-D, POLAR, AS, MS, R, Z NO NONE 
BAR, LOG, SURFACE, 
SPHERICAL, SMITH, 

CONTOUR 

PCX 2-D, 3-D, BAR, LOG, AS, MS NO NONE 
SURFACE 

CGM, EPS, 2-D, 3-D, POLAR, MS,R YES NONE 
HPGL BAR, LOG, SURFACE, 

CONTOUR 

PACKED FILE 2-D, 3-D, BAR, LOG , AS, MS, R YES PERMISSION 
SURFACE, 

WATERFALL 

TEKTRONIX 2-D, BAR, SURFACE, AS, MS, R NO NONE 
LOG 

EPS, HPGL, BAR, SURFACE, AS, MS YES REQUIRED 
GKS SPHERICAL, LOG, 

CONTOUR 

HPGL, DMPL 2-D, 3-D, SURFACE, AS, MS YES PERMISSION 
LOG, CONTOUR 

HPGL 2-D, 3-D, BAR, LOG, AS, MS, Z YES NONE 
CONTOUR 

HPGL, TKF, 2-D, 3-D, POLAR, AS, MS, R, Z YES REQUIRED 
PIC, GEM, BAR, LOG, SURFACE, 

POSTSCRIPT CONTOUR, SMITH 
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nine suppliers' products appears in 
Table 2. 

Unlike the stand-alone graphing­
software packages that perform 
within a rigid set of graphing speci­
fications, the add-in routines give 
you a great deal of flexibility in dis­
playing graphical data. These rou­
tines have their own limitations, 
but you can combine the routines 
to do many things that the stand­
alone packages can't. For example, 
if you need to place a special legend 
or logo on top of your graph, you'll 
probably find a routine that can add 
it for you. If such a routine doesn't 
exist, you may be able to combine 
several routines to produce the de­
sired result. 

Likewise, if you need a special 
data-processing routine such as a 
deconvolution, you can work on that 
algorithm and then call your add-in 
plotting routine to show the results. 
Other add-in routines add axes, leg­
ends, and tick marks. You concen­
trate on what you want the pro­
gram to do with the data, and the 
prewritten graphing routines dis­
play the data for you. 

Don't let the packages' graphing­
routine label mislead you. Many of 
the packages not only draw complex 
and sophisticated graphs, but also 
offer numerical-analysis routines. 
Heartland's Hgraph and Microcom­
patibles' Grafmatic let you perform 
a cubic-spline fit of your data. At 
the other extreme, Quinn-Curtis' 
Science and Engineering Tools for 
Pascal supplies almost as many ad­
vanced mathematics routines as it 
does graphing routines. If you're 
working on a math-intensive pro­
gram, the Quinn-Curtis package 
could save you from having to buy 
a math-function library. 

Produce graphic files 
In general, these add-in routines 

get data from arrays that you've set 
up in your program and produce the 
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results on a plotter or printer. Sev­
eral of the programs have the abil­
ity to obtain data from bit-mapped 
graphics files and spreadsheet files. 
Some can also put the results into 
files for later use. All of the routines 
produce some form of graphic­
output file that you can use to con­
trol a printer or plotter when you 
need a hard copy of your informa­
tion. 

Before you select a group of add­
in routines, do your homework. 
Typically, you need to know if the 
routines do what you want them to. 
That statement sounds obvious, but 
it means that you have to know ex­
actly what your program is sup­
posed to accomplish. You also need 
to know how the routines work, 
how you go about using them, and 
what you need to get them up and 
running. 

First, always ask for a complete 
list of the routines that are avail­
able. Some suppliers send a repre­
sentative list of routines and sev­
eral complex graphs that illustrate 
the power of the software. There 
may be no relationship between the 
graphs and the list of routines, so 
you don't know whether the sup­
plier used one routine or 50-plus 
routines to draw such plots. 

Second, examine the manuals 
that come with the software to de­
termine how the individual routines 
work. Beware of manuals that are 
devoid of examples and sample pro­
grams. Several manuals that accom­
pany the routines listed in Table 2 
are good examples of what you 
should look for. The manual for the 
Microcompatibles Grafmatic li­
brary, for example, supplies details 
of each routine and information 
about the routine's restrictions. 
Each description also includes a re­
alistic example of how to use the 
routine and a detailed explanation 
of the routine's effects or results. 
In addition, the manual contains a 
50-page section of sample programs 

62 

v 
0 
L 
T 
A 
G 
E 

( 
v 
0 
l 
t 
s 
) 

VOLTAGE EXPERIMENT; Run 12-8 

TIME !msec> 

A graph from a dot-matrix printer is sufficient for many needs. In this example, the 
Graphstar software automatically scaled the axes to accommodate the datar--a noisy sine 
wave with an increasing bias. 

that use the routines. 
The manual for Heartland's 

Hgraph software is also easy to fol­
low. The manual's first part shows 
you how to set up the programs and 
how to start producing graphs. The 
authors use a sample Pascal pro­
gram to illustrate each new con­
cept. Don't worry if you're not a 
Pascal programmer; the logic in 
each program is clear and evident. 
Also, Heartland supplies routine 
packages for many popular lan­
guages that you can run on several 
different computer systems. If 
graphing routines are new to you, 
the Hgraph package might be a 
good place to start your education. 

Microcompatibles and Heartland 
aren't alone in offering helpful docu­
mentation. Scientific Endeavors, 
Plotworks, and Quinn-Curtis also 

offer good materials. The Scientific 
Endeavors manual for the Graphic 
set of routines stands out because 
it contains an index of topics and a 
separate index of functions. 

Make a shopping list 
After you purchase a library of 

graphing procedures and subrou­
tines, you may need to purchase 
several other items. For example, 
if you're going to use the Plot88 
add-in routines, a math coprocessor 
chip is mandatory. If your particu­
lar compiler can take advantage of 
a math chip, adding one to your 
computer can be a good investment. 
Scientific Endeavors reports a nine­
fold improvement in processing 
speed when a math chip handles a 
typical routine that makes 600 trig­
function calls. 
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MICRO-LOGIC ll~M 
The CAE tool with a 10,000·gate 

digital simul9mr for your PC. 
r~1, n 

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

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

Timing Simulator 

The program provides you with a toirnotch 
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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fklpe 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. 

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

CIRCLE NO 56 

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

Schematic Editor 

------------ -- -- - - - -- - --- ---- '- - --·- - -==="5 ="' ~~"== ""=== = = 
1021 S. Wolfe Road, Dept. E 
Sunnyvale, CA 94087 
(408) 738-4387 

MICRO· LOGIC II is a registered trademark 
or Spectrum Software. 

Hercules ~ a registered trademark 
or Hercules Computer Technology 
IBM is a registered trademark 
of International Business Machines, Inc. 
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Of course, you need a compiler, 
too. Whether you use a QuickBasic, 
TurboPascal, or Lattice-C compiler, 
you can't use the routines without 
the basic language package you use 
to program your computer system. 
Also on the software side, if you 
purchase Chirp's VID & DIG li­
brary, you need Microsoft's Fortran 
library. Even if you program in 
QuickBasic, the Fortran library is 
a must. Chirp wrote many of its 
routines in Fortran, and many of 
those routines must link with the 
Fortran library's programs. 

Fresnel Integrals 
C(z) = J ;cos(!rrt 2)dl 

S(z) = J ;sin(!rrt2 )dt ;3 

Cornu 's Spiral While you're making out your 
shopping list, you may need to add 
an assembler that's compatible with 
your host computer. If you plan to 
use the Graphic routines from Sci-

Legends and formulas spruce up a graph, and most of the graphing packages and routines 
let you position them as you like. However, not all graphing software lets you produce 
symbols such as the integral sign. (Courtesy Scientific Endeavors) 
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For more information ... 

To obtain more detailed information on the stand-alone and add-in graphing-software packages described in this article, 
contact the following manufacturers directly, circle the appropriate number on the Information Retrieval Service card, 
or use EDN's Express Request service. 

Binary Engineering Inc 
400 Fifth Ave 
Waltham, MA 02154 
(617) 290-5900 
FAX 617-890-1340 
Circle No 700 

BV Engineering 
2023 Chicago Ave, Suite B-13 
Riverside, CA 92507 
(714) 781-0252 
TWX 650-308-9864 
Circle No 701 

Chirp Technical Services 
Box 551 
Del Mar, CA 92014 
(619) 632-9510 
Circle No 702 

Crescent Software Inc 
11 Grandview Ave 
Stamford, CT 06905 
(203) 846-2500 
Circle No 703 

Edmond Software Inc 
United Founders Tower 
5900 Mosteller Dr, Suite 1124 
Oklahoma City, OK 73112 
(405) 842-0558 
Circle No 704 

Golden Software Inc 
Box 281 
807 Fourteenth St 
Golden, CO 80401 
(303) 279-1021 
(800) 333-1021 
FAX 303-279-0909 
Circle No 705 

Heartland Software Inc 
234 S Franklin 
Ames, IA 50010 
(515) 292-8216 
Circle No 706 

Microcompatibles Inc 
301 Prelude Dr 
Silver Spring, MD 20901 
(301) 593-0683 
Circle No 707 

Mihalisin Associates 
600 Honey Run Rd 
Ambler, PA 19002 
(215) 646-3814 
Circle No 708 

Numerical Algorithms Group 
1101 31st St, Suite 100 
Downers Grove, IL 60515 
(312) 971-2337 
FAX 312-971-2706 
Circle No 709 

Plotworks Inc 
16440 Eagles Crest Rd 
Ramona, CA 92065 
(619) 457-5090 
FAX 619-457-0946 
Circle No 710 

Quinn-Curtis 
1191 Chestnut St, Unit 2-5 
Newton, MA 02164 
(617) 965-5660 
FAX 617-965-7117 
Circle No 711 

Rebus Development Corp 
2330 B Walsh Ave 
Santa Clara, CA 95051 
(408) 727-0110 
(800) 247-4994 (CA) 
(800) 654-5157 
Circle No 712 

Scientific Endeavors Corp 
508 N Kentucky St 
Kingston, TN 37763 
(615) 3764146 
Circle No 713 

Scientific Software Solutions 
Box 956 
Valley Forge, PA 19482 
(215) 269-0198 
Circle No 714 

Systat Inc 
1800 Sherman Ave 
Evanston, IL 60201 
(312) 864-5670 
FAX 312-492-3567 
Circle No 715 

3-D Visions Inc 
1520 23rd St 
Manhattan Beach, CA 90266 
(213) 831-4671 
Circle No 716 
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The Intel Recommended 
Cache Design In 5 Chips 

Now you can replace 27 ICs 
with only 5 chips using our new 
CacheRAM™, the 
IDT 71586. You can 
save two-thirds of 
your board space 
and reduce power 
consumption by a 
third. The IDT 71586 
makes the ideal 2-set 
associative, 32 K byte 
cache. Optimized for 
Intel's 82385 cache controller, 
the IDT 71586 matches 25 MHz 
lntel80386™ designs with its 
35 ns access time. 
Big Savings In Board 
Space 

With on-board address latches 
and byte enables, the IDT 71586 
eliminates extra transceivers and 
latches in your design. Each 
CacheRAM's 8 K byte capacity 
replaces four 2 K byte SRAMs and 
lets you save at least 4 square 
inches of critical board space. All 

because it's designed specifically 
for high-speed 386™ /82385 
caches. Fewer chips also means 
lower power requirements­
typically less than 1.5 watts for 

32 K bytes of data 
storage. 

Speed Upgrades 
For33MHz 
Processors 

Forget about cache 
redesigns when CPU 
clocks speed up to 
33MHz. The IDT 71586 

has been designed to provide a 
clean upgrade path to higher 
speed microprocessors. Just 
plug in the 25ns version of the 
IDT 71586 and take advantage of 
the 30 percent added performance. 

You Can Count On Us 
Discover how our CacheRAM 

can give your system a 
performance edge. Call your IDT 
distributor for immediate delivery. 
For more information, including 
pricing, call our toll-free hotline: 
800-544-SRAM. 

CacheRAM Is a trademark of Integrated Device Technology. 
lntel80386™ and 386™ are trademarks of Intel Corp. 

CIRCLE NO 57 

Ask for your free copy of our 
1989 IDT Data Book Supplement 
that's loaded with up-to-date 
information on all our high 
performance CMOS products. It 
has the information you need 
about SRAMs; Fl FOs; Dual-Ports; 
RISC Processors; BiCMOS ECL-
1/0 RAMs; CMOS FCT/FCTA 
Logic; Modules and more. 

When cost-effective petformance counts 

~dt 

Integrated 
Device lechnology 

3236 Scott Blvd. 
P.O. Box 58015 
Santa Clara, CA 95052-8015 
Tel. (408) 492-8225 
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MuLTIPLE OUTPUT 

• 350 to 1500 Watts 
• 3 to 15 Outputs 

-slNGLE OUTPUT 

• 400 to 3000 Watts in 5# x 8H 
Standard Package 

• 155,000 Hrs. Demonstrated 
MTBF 

F Hot Plug-In 
~ULT TOLERANT 

(N+ 1) POWER SYSTEMS 

• Two to Six Supplies 
• Expandable, 300to1800 Watts 
• Internal Isolation Diodes (Option) 

POWERTEC 
The Power in Power Supplies 

20550 Nordhoff Street Chatsworth, CA 91311 
(818) 882-0004 • FAX (818) 998-4225 

CIRCLE NO 4 
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TECHNOLOGY UPDATE 
Graphing-software packages 

entific Endeavors, an assembler is 
mandatory. 

To get paper copies of the infor­
mation you print on your com­
puter's display with Graphmatic, 
you also need Plotmatic and Print­
matic, which cost $135 each. Both 
libraries supply graphing and con­
trolling software for a suite of 
graphics printers and plotters that 
operate with HPGL files. If you 
plan to sell a program that incorpo­
rates the graphing routines, Nu­
merical Algorithms Group and 
Scientific Endeavors require li­
censes. Depending on your applica­
tion, you may have to pay a license 
fee or a royalty. 

Beware of errors 
While you're shopping for your 

software library, be sure to ask how 
the programs handle errors. Be­
cause you're the one doing the pro­
gramming, you must pay careful at­
tention to how the add-in routines 
catch and signal error conditions-if 
they do. Software bugs in your own 
software are tough enough to track 
down, but when they occur because 
of a problem in someone else's soft­
ware, they can be nightmarish. 

The graphing routines should 
come to you free of problems. How­
ever, errors can occur, particularly 
if you send a routine information it 
can't handle or understand. The 
routine should catch such errors 
that occur during run time and re­
port them in an orderly fashion. Un­
fortunately, all of the graphing­
routine libraries in Table 2 give 
such errors only passing mention­
if they mention them at all. 

The Plot88 manual illustrates the 
problem of error detection. Al­
though the manual provides a 3-
page list of error codes and mes­
sages, you can't tell in which rou­
tines the errors occur. Even if you 

can locate a corresponding routine, 
the directions for the routine don't 
give a clue about where an error 
message or code appears. 

The Graphic routines suffer from 
a similar problem. The manual tells 
you only that there are three levels 
of error trapping and that error 
messages are put in a file, 
GRAPHIC.ERR. It would be help­
ful to know what the messages are, 
what they mean, and where they 
appear in the program. It seems to 
be your responsibility to check the 
error file each time you run the pro­
gram to be sure that it is free of 
errors. 

The Quinn-Curtis routines for 
Turbo Pascal 4.0 and 5.0 provide 
some error-detecting operations. 
For example, the asynchronous­
communication routines furnish the 
error codes that the manual de­
scribes. However, you have to look 
through the manual procedure by 
procedure to determine which rou­
tines supply any error-detecting 
steps. Few of the add-in routines 
in any of the libraries we examined 
do any internal error checking. 

EDN 

Article Interest Quotient 
(Circle One) 

High 518 Medium 519 Low 520 
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THE 

Fantastic FIFOs· 
~ SaiiiSiing. 

Parallel processing? Large networks? 
At 25 ns!I weve got all the speed you could wish for. 

E
dership tech­

ology. That's what 
amsung is known 

for as one of the 
manufacturing 

giants of the world. 
And it is what we 
are known for as, 
increasingly, we deliver 
the next generation 
in electronics perfor­
mance enhancements. 

New fast static 
RAMs in 256K at the 
highest speeds avail­
able. A new DRAM 
Controller that 
improves the perfor­
mance of even RISC 
systems.1-megDRAMs 
at 70 ns. A brand-new 
microprocessor periph­
eral family that is the 
fastest made. 

And above all, our 
new x9 CMOS FIFOs. 

We call these blaz­
ingly speedy per­
formers The Fantastic 

THE FASTEST FIFOs MADE. 

/'art Type Org. Speeds 

FIFOs, because at 25 
ns they are simply the 
fastest made by anyone. 

And they're going 
to make FIFOs a reality 
in new applications. 

They'll do this not 
just because they are 
so fast, but because 
they're very readily 
available and cost­
effective even for high­
volume applications. 

In areas like net -
works with a great 
many nodes, and even 
in mini-supercomput­
ers with a great many 
processors, FIFOs are 
a cost-sensitive area 
because of the number 
of them required. 

Our new products 
will not only let you 
use FIFOs in these 
areas. They'll give 
you the speed that's 
mandatory. Speed no 
one else can offer. 

Packages Available 

KM 75CO IA 512x 9 25, 15, 50, 28-pi11 OJI' Now 
65, 80 115 12-pi11 l'L CC 

KM 75C02 A 1Kx9 25, 35, 50, 28 -pi11011' Now 
65, 80 115 12-pi11 l'L CC 

Samsung's Fantastic 
FIFOs are performers 
that will permanently 
change the way FIFOs 
are used. Request a 
data sheet and pricing 
information today 
and start taking advan­
tage of the fastest 
parts made. 



S 
amsung's 1- and 
4-megDRAM 
Controller is 
a performance­
boosting monster. 

We call it the System 
Accelerator because 
that's just what it does. 

If you're attracted 
to speed, you're going 
to want to design it in. 

The System Acceler­
ator interfaces to all 
ma1or microprocessors 
-including RISC 
processors, 286/386, 
and 68020/30. 

The System Accel­
erator supports the 
fa stest access modes 
of the newest DRAMs. 
And it radically re­
duces parts count and 
engineering effort 
compared to PAL-based 
designs. 

But above all, it 
effectively increases 
the speed of your 
memory array-g1vmg 
you performance 
exceeding 50 ns from 
80 ns DRAMs::- And 
making for similar 
gains in D RAMs of 
other speeds. 
•system def1£•11dcnt. 

Our 1- and 4-meg DRAM 
Controller is a System Accelerator'"' 

that gives you 

50ns 
PERFORMANCE FROM 

80nsDRAMs. 
80 Effective access 

time with 
70 System Accelerator 

60 

/_,,,.... ............... 
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I 
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I 

~t-5~0 ~60~70~8-0~10-0 ~120 
DRAM access time specification 

Samsung's System Accelerator 
enhances perfor111ance dramatically 
with DRAMs of all speeds. 

As well as boosting 
the performance 
you can get from the 
DRAMs you're already 
using, the System 
Accelerator can save 
you money by letting 
you use slower D RAMs 
-and getting the speed 
from them that you're 
currently using faster 
ones to achieve. 

The System Acceler­
ator is available in 
two versions. One has 
an externally program­
mable register and is 

used for prototyping 
and moderate-volume 
applications. The other 
version is the only 
DRAM controller avail­
able anywhere with 

RAMs Supported 

256K, I MB 

Package 

68-pin PLCC 

84-pin l'LCC 

a mask-programmed 
register. It eliminates 
still more components. 

The register is used 
to accommodate system 
variables such as 
pre-charge times and 
refresh timing. 

We offer quick turn­
around on the masked 
version of the System 
Accelerator, and we have 
the externally program­
mable version available 
in quantity now. 

Request data sheets, 
application notes, 
and information on 
ordering our DRAM 
Controller Design Kit 
today. Then get started 
designing-in speed. 

_@. --



DESIGNING-IN 
the System Accelerator is easy when 

vou use our 
./ 

68020/30 
AND 

design, with cache, has 
resulted in a 35% 
improvement in mem­
ory performance. And 
at the same time, has 
cut costs substantially 
by permitting removal 
of 35 PC motherboard 
components. 

Speeding up 

powerful CPUs, SYSTEM DESIGN GUIDES. The speedy 68020 
Samsung's DRAM and 68030 processors 
Controller signif- c----------~------------1 have large appetites for 
icantly improves of major computer is accessed instead-all fast DRAMs-100 ns 

performance. No pro- manufacturers in the with total transparency and faster. 
cessor, even RISC first two months of to the user. The DRAM Con-
processors, can access introduction. Interleaving alone troller's interleaving 
main memory faster Another reason for creates significant features, which cut 
than the speeds of our this is ease of design. performance improve- access cycle time in 
DRAM Controller. If you have our 68020/ ments. half, make it consider-

As a result, market 30 and 286/386 ably easier to satisfy 
acceptance has been design guides, you'll Boosting 2861386 the requirements 
rapid-with designs see that we've already performance and of these speed-hungry 
in process at a number done most of the work cutting parts count. processors. 

for you. The DRAM Con-

Interleaving is the key. 
Among the features 

that help the DRAM 
Controller boost perfor­
mance is interleaving, 
illustrated in the 
diagram below. 

httt•rleaving with two DRAM banks. 

The part's interleav­
ing features cut cycle 
time in half, by allow­
ing your processor 
to access exclusively 
DRAM banks that can 
go immediately to work 
-because they aren't 
in precharge. Whenever 
a bank starts to pre­
charge, another bank 

troller directly inter­
faces with 286/386 
processors, either 
with or without cache 
memory. 

In either case, 
designers are typically 
able both to improve 
performance and 
cut costs. 

One customer eliminated each of 
the shaded components from his 386 
motherboard by using the Samsung 
DRAM controller. 

Complete 
Design Guides. 

The System Accel­
erator is an easy part 
to design-in-partic­
ularly if you have our 
System Design Guides. 
These describe actual 
systems based on the 
68020 and the 286. 
And they provide detail 
on numerous features 
not discussed here, 
which simplify and 
reduce the design cycle. 

Request yours today! 



MICROPROCESSOR PERIPHERALS 

Samsung introduces a broad CMOS family. 
THE INDUSTRY'S FASTEST 

Microprocessor Per~herals. 
Which means fast 808612861386 CPUs no longer have to be chained 

down by peripherals that are slow. 

amsung's exten - CMOS MICROPROCESSOR Besides being fast, 
PERJPHERALS FROM SAMSUNG 

sive new line of our peripherals are in 
Part Speed Available CMOS, which means rmcroprocessor 
KS5JC80 I, 3 Mbytel Now 

peripherals is the SCS I sec. they're low in power Interface 

highest-perfor- KS82CJ7A 5,8, Now dissipation and will 
mance industry-stan-

OMA JOMhz 
keep your designs Controller 

dard family made by KS82C50A 8, 10 Mhz Now cool. And unlike most UART 

anyone. KS82C52 8, 10 Mhz Now peripherals, they're 
We offer these 

Serial 
available through the Controller 

CMOS parts with top 
fnterface 

entire line in PLCC KS82C54A 8, 10 Mhz Now 

speeds of 10 Mhz, 12 Interval Timer surface mount packag-
KS82C55A 8, 10 Mhz Now 

Mhz, and even 16 Mhz. Programmable ing, in addition to DIP. 
Which means that, 

Peripheral 
Of particular note is Interface 

fmally, there's a place KS82C59A 8, IOMhz Now our 82C37 DMA Con-Interrupt 

where you can get peri- Controller troller, which at 10 
KS82C84A 8, 10 Mhz Now 

pherals that won't Clock Mhz is the fastest made. 
Generator 

slow down your fast KS82C88 8, 10 Mhz Now Also: our 53C80 SCSI 
CPU like some giant Bus Controller Interface, and our 

KS82C284 10, 12, Now 
weight attached at the 80286 Clock 16Mhz blow-the-doors-off, 

Generator 

ankles. But will, in- KS82C288 10, 12, Now performance-boosting 
stead, let it run the way 80286 Bus 16 Mhz 1- and 4-Mb DRAM Controller 

it was meant to-fast. KS82C289 10, 12, Now Controller, discussed 80286 16Mhz 

What makes this all Bus Arbiter elsewhere in this issue 
the more important is 

KS68C45S 4,6 Mhz Now 
and affectionately CRT Controller 

that you can get as KS84C21/22 25 Mhz Now known as the System DRAM 

many of these high- Controller Accelerator. 
performance parts as 

KS85C30 6,8, May 
Microprocessor sec IOMhz 

you want because peripherals from 
we're a high-volume Samsung. Designed 
supplier, and we have not to slow your CPU 
these parts ready for down-but to let it run 
immediate delivery in at the speeds it was 
quantity. meant to. 

Request a data book 
and application notes 



At Samsung, we operate advanced facilities 
in both the United States and Korea. 

Samsung Semiconductor's U.S. R6'D and waler· 
fabrication facilities are ••tensive. They 

represent a firm commitment to providing optimum 
service, timely delivery, and e•cellent channels 
of communication for our U.S. customers. Among 
the product lines we now produce in U.S. facilities 
are CMOS Programmable Logic, FIFOs, and fast 
SRAMs. Worldwide, we run a total of eight R6'D 
and manufacturing facilities. Among them, one 
particular showpiece is our Class I, 6" waler facility 
in Kiheung, Korea, dedicated to DRAM technology. 
With fully automated manufacturing, it is among 
the largest semiconductor plants ever built. 



In programnzable logic, Samsung's volume production brings 

Low Power 
WELL 

Within Reach. 
And there's every reason for you to design it in. 

D
esigning-in 
Samsung's CMOS 
Programmable 
Logic family, 
CPL',M is a decision 

that makes supremely 
good sense. 

Not just because 
CPL reduces power 
dissipation 70% com­
pared to bipolar PALs~ 

But because CPL 
is the first viable 
low-power alternative 
to them. 

CPL is viable both 
because we're offering 
it in volume. And 
because we're making it 
affordable-comparable 
in cost to bipolar parts. 

What we're doing, 
in other words, is taking 
CMOS Programmable 
Logic, once and for all, 
out of its high-priced 
niche. To make low 
power a reality. And 
make compact systems 
more feasible than ever. 

CPL r£•duces power d issipation up 
to 701+11 com/Ja red to bipol,n PA Ls. 

180 

~ 1 00~ _ .... ll.1/flhwt" 

HO l~llV 

60 ---

40 ~(('(20/ 
20 

10 20 10 
Frequency (AIHo) 

Key: 
- 8 Outputs switchmg, 

e,1ch 011tp11 t loaded with SOpF 
- - - 8 Outputs switching, no load 

Besides giving you 
a head start on reduc­
ing power consump­
tion in new designs, 
Samsung CPL will let 
you cut your power 
consumption up to 
70% in your existing 

THE CPL PARTS 

Cl'I . 20 Cl'L 24 Flexi/1/e 
n ut/mt 
.\r!,1croceJI 

C/'U 6L8 C PUO L /0 C l'l.22V /OI 

C l'L/ 6 R4 C l'L20L8 C l'L 16V82 

Cl'U 6R6 C l'l.20R 4 C l'l.20V82 

Cl'l.16 /1. 8 C l'UO R6 

Cl'UOR 8 

S{Ji'l'd <>/JI 10ns: 20 ns, 2) ns, JS" ns 
l101l'er opiums (frc mux): l )mA, 70111A 

designs, by directly 
replacing your bipolar 
PALs. With no new 
development tools. 
And with no redesign. 

And there's another 
critical advantage. 
Unlike bipolar PALs, 
Samsung's CPL devices 
are UV-erasable.Which 
is how we give you 
parts 100% tested to 
programming, AC, and 
DC parameters before 
shipping- for 100% 
programming yields 
and greater reliability. 

CPL-low in power, 
100% tested, and 
produced in volume 
by a manufacturing 
giant- is here to stay. 
Request a data book 
and information on 
our CPL Starter Kit 
(described on the facing 
page) now. And get 
started with this 
winning technology 
right away. 



Y
ou can develop 

a CPL design 
with existing PAL 
development tools. 
Or you can do 

it with the convenient 
new Samsung CPL 
Starter Kit. 

The Starter Kit in­
cludes a newly updated 
software package based 
on the industry-stan­
dard CUPL:M the most 
powerful high-level 
language for designing 
programmable logic. 
And it includes CPL20, 

OUR NEW 

CPL Starter Kit 
Lets You Start Prototyping 

IMMEDIATELY. 

CPL24, and our new 
CPL22Vl0, CPL16V8, 
and CPL20V8 samples 
-all of which are sup­
ported by the software. 

Since CPL devices 
are reprogrammable, 
this means the Starter 
Kit includes every­
thing you'll need to 
prototype and debug 
your design. 

You'll be doing 
that in short order. 
The CUPL software, 
developed by Logical 
Devices, Inc., includes 
comprehensive docu­
mentation. It runs on 
any IBM PC/XT/AT 
or compatible system. 
And it lets you choose 
from a variety of 
options for entering 
your design-including 
truth tables, state dia­
grams and ASM flow 
charts (for describing 
sequential designs), and 
high-level equations. 

The complete 
Starter Kit contents: 
• CPL20, CPL24, 
CPL22V10, CPL16V8, 
and CPL20V8 samples. 
• A CPL data book. 
• A manual for the 
CUPL software. 
• A Programmable 
Logic User Guide 
(PLUG) diskette, which 
lets you browse inter­
actively through the 
workings of program­
mable logic. 
• "My First PAL 
Design:' a booklet 
that leads you step by 
step through program­
mable logic design. 

At just $150, 
Samsung's CPL Starter 
Kit is a bargain. Request 
ordering information 
today and get started 
designing-in low 
power. 



THE MOST RELIABLE 

Battery-Backed SRAMs 
AREN'T 

SRAMs at All. 
They're Samsung's remarkable 

line of CMOS EEPROMs. 

{ 
/ 

J~ ----= 
VIHICH WOULD /OU CHOOSE.? -,...-

SAMSUNG CMOS AND NMOS EEPROMs. 

Part Type Org. Speeds Features Technology Pinout Availability 

KM28C64 8Kx8 200,250ns Data Polling, CMOS 28-pin DIP From 
32-byte 32-pin PLCC stock 
Page Mode, 
Low Power, 
5 ms (max) 
write time 

8Kx8 200,250ns Same as CMOS 28-pin DIP From 
above with 
ready/busy 

32-pin PLCC stock 

on Pin 1 

2Kx8 150,200, 32-byte CMOS 24 -pin DIP From 
250ns Page Mode, 32-pin PLCC stock 

Low Power, 
2 ms (max) 
write time 

2Kx8 150,200, Same CMOS 28-pin D IP From 
250ns as above 32-pin PLCC stock 

2Kx8 250,300, Wms (max) NMOS 24 -pin From 
350ns write time stock 

2Kx8 250,300, Ready/Busy, NMOS 28-pin From 
350ns Wms (max) stock 

write time 

KM93C06/7 16x16 250Khz Serial 110 CMOS 8-pin DIP Now 
withselt 8-pin 
timed cock 50SOIC 
option 

KM93C46 64x16 250Khz Serial 110 CMOS 8-pin DIP Now 
with timer 8-pin 50 SOlC 

I
t goes without say­
ing that EEPROMs 
are going to be 
more reliable than 
devices such as 

SRAMs, which use 
batteries to retain data 
during power loss. 

For the simple rea­
son that EEPROMs 
don't require these 
batteries. 

What doesn't go 
without saying, though, 
is that this makes 
EEPROMs a better 
choice than battery­
backed SRAMs in 
many applications. 

Because of the rela­
tive costs, designers 
haven't used EEPROMs 
where conventional 
thinking calls for 
SRAMs-despite relia­
bility improvements. 

But those relative 
costs are changing. 

Today, SRAMs cost 
more than they once 
did. And Samsung's 
EEPROMs, in fact, now 
compare favorably 
m pnce. 

Even in CMOS. And 
even though their relia­
bility is far greater than 
requirements call for. 

All of which means 
that if reliability is 
what you want, there's 
every reason to start 
using these parts-
and making your next 
battery-backed SRAMs, 
Samsung EEPROMs. 

Robotics, industrial 
control, instrumen­
tation, and communica­
tions are additional 
applications we excel at. 

We offer an unus­
ually fast 32-byte page 
mode, with write times 
down to 5 ms/page in 
the 64K chip, and 2 ms/ 
page in the 16K chip. 

Most important 
of all, they're available 
in quantity from stock, 
so you avoid escalat­
ing lead times as well 
as high prices. 

EEPROM perfor­
mance, reliability, 
and availability. To 
learn more about them, 



INTRODUCING 

256K Fast SRAMs. 
At 25 ns, they are in fad as fast 

as you can get. 

amsung's exper­
tise with double­
layer metal tech­
nology lets us 
become masters 

of one of the toughest 
areas of all. 

Fabulously speedy 
static RAMs. 

Right now we're 
introducing fast 
statics in the exciting 
new 256K density 
at 25 ns speeds. 

Speeds as fast 
as you can find any­
where. Available in all 
three organizations. 

SAMSUNG'S SPEEDY 256K STATICS 

Part Type Organization Packaging Available 

KM64257 64Kx4 DI/~ SO] Now 

KM61257 256Kxl DIP.SO] June 

KM68257 32Kx8 DIP JQ'89 

We produce them 
in all industry stan­
dard packages, and 
they're manufactured 
in 1.2 micron CMOS 
technology. 

Along with our 
Fantastic FIFOs;M our 
performance boosting 
DRAM Controller, 
and our 70 ns DRAMs, 
these static RAMs 
will help take you to 
the frontiers of 
performance. 

Request data sheets 
today. 



DRAMS 
SAMSUNG 

DRAMS 
Now scorch at 70 nanoseconds. 

E 
xtending our package formats. 
memory leader- They are exception-
ship, Samsung ally low in power 
now offers new, consumption, thanks 
lightning-quick to our internally 

70ns1-meg DRAMs. developed CMOS 
And good news : technology. And they 

they are 0 ,Jt_ ~ve been 
easier Gt] 0 proven 
to get , extre-
your 1 mely 
hands on ~ reliable-
than YOU [Sa 111s11ng now offers l -111eg DRAMsj as Our 
may think. Ill 70 ns, 80 ns, and 100 ns speeds. reliability 

Like the rest of our reports show. 
DRAMs, our 1-meg Please contact us 
parts are available today for information 
in all popular plastic and data sheets. 

TH E SAMSUNG DRAMs 

/lc1rt Type Organ. Features 

KM4 1CIOOO IMx l fast Page mode 

KM 41 CIOO I IM xl Nibble 111ode 

KM4 1Cl002 IMx l Static 
Column mode 

KA144C256 256Kx4 hzs/ Page mode 

KA14K258 256Kx4 Static 
Column mode 

KM41256 2561'x l Page mode 

KM41257 256Kx l Nibble 111ode 

Kf\141464 64Kx4 Page mode 

KM41 64 64Kx l /'age mode 

1Available mid-year. 
-' T,1pe cm d reel mid-yeur. 

Speeds Packages Available 

70,80, 0 11;z1r, 1 Now 
100, 120 SOJ2 

70,80, D11~ z 11; 1 2Q'89 
100, 120 50] 2 

70,80, DIP, Z IP, l Now 
100, 120 50]2 

80, 100, D11; Z IP,l Now 
120 50] 2 

80, IOO, D11; Z IP,l 2Q'89 
120 50] 2 

100, 120, J)JP, Z IP, Now 
150 l'LCC 

100, 120, DIP, Z11~ Now 
150 PL CC 

100, 120, J)JP, Z IP, Now 
150 l'LCC 

100, 120, DIP, Z11; Now 
150 l'LCC 

r----------------------------------~ I To receive Jree dal:a and ol:her lil:eral:ure I 
I on Samsung products, simply check the items you want and return to Product Marketing Dept., I 
I Samsung Semiconductor Inc., 3725 No. First St., San Jose, CA 95134-1708. Or call this number : I 
I 1-800-669-5400 I 
I Or 408-434-5400 I 
I I 
I FIFOs M4 CMOS Programmable Name I 
I D Data sheet Logic LI I 
I D Pricing D Data book Title I 

D ill for111atioll Oil the 

I DRAM Controller Pl CPL Starter Kit I 
D Data book Company 

I D illfo r111ation O il the EEPROM s ~12 I 
I DRAM Co11troller D Reliability report Address I 

Design Kit D Data book 
I D 68020130 System City State Zip I 

Design Guide Fast SRAMs Kl ( ) I D 2861386 System D Data sheets ~--~----------------- I 
I Design G uide Telephone I 

DRAMs ~ 11 

I Microprocessor D Data sheets I 
I Peripherals PJ c8 5 5 G I 

D Data book AM UN I Semiconductor I 
~ c1;•t=t~l-~n~s;;:=r~a;;:;'~·='~'';;11~t~c~~;;r=rt~11=1r~\=lt:. \=,,~,,~~a;;e~k:o==e~ . .I 
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OMPUTER LECTRONICS & 

TECHNOLOGY TOURS 
~ 
'"SUMMER FAR EAST COMPUTER TOUR 

June 1-10, 1989 

Visit: 
SEOUL and TAIPEI 
Featuring: 
•KOREA ELECTRONICS PARTS & EQUIPMENT SHOW 

~ •TAIWAN COMPUTER SHOW 

~~OUTH AMERICA ELECTRONICS/COMPUTER TOUR 
September 23 to October 3, 1989 

Visit: 
BRAZIL and ARGENTINA 
Featuring: 

, •BRAZIL COMPUTER SHOW 
~ •BUSINESS MEETING IN ARGENTINA 

~'lJCTOBER FAR EAST ELECTRONICS/COMPUTER TOUR 
October 8-21, 1989 

Visit: 
SEOUL, TAIPEI, HONG KONG, OSAKA 
Optional : Bangkok, Singapore, China 
Featuring: 
•KOREA ELECTRONICS SHOW 
•TAIPEI INTERNATIONAL ELECTRONICS SHOW 
•HONG KONG ELECTRONICS FAIR 
•JAPAN ELECTRONICS SHOW 

CALL, WRITE OR FAX FOR MORE INFORMATION I am interested in : _ Summer Computer Tour 
EDN041389 

South America Electronics Tour October Far East Electronics Tour 
COMMERCE TOURS INTERNATIONAL, INC. 

870 Market Street, Suite 920 
San Francisco, CA 94102 

Tel: (415) 433-3072 
Tix: 278124 CTI UR 
Fax: (415) 433-2820 

Company ------------------------
Tit I e 
------------------------------~ 

City __________________ ~. State ____ Zip _____ _ 

TEL: TLX: FAX: ----------- --------- ---------
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The Casio fx-7000G $89.95. It's the 
world's first programmable scientific 
calculator with a graphic display. It can 
give form to your figures, instantly draw­
ing graphs that depict your formulas 
and calculations. 

With a screen 
measuring 16 charac­
ters by 8 lines, the 
fx-7000G can display 
enough information 
for some of your big­
gest ideas. And you 
can store graphs and 
formulas, then bring 
them back for an 
instant replay. 

IA A 18 8 C
9 

; Abs ~ - . -,,cuc:D~ 3 ::;:J ~ ) J andlgjK orl!!!JL 

i811 . 
iii iii ii ii 
t!JIU!JP ll!!!lla;zlO ltlt!LlJpzlR PollJ!.il 

Dn ) •• II fl ~oow x 

iiiid Ran• • " • -· . . Z ( ) S....CE 

• y 

• 
With its 422 step memory and 193 

functions- including linear regression, 
standard deviation and computer 
math- the fx-?OOOG lets you perform 
computer functions, without acquiring 

computer knowledge or incurring 
computer costs. 

For additional capa­
bilities, there's the 
fx-7500G ($109.95). It 
has a larger memory 
capacity, with 195 
functions, 4,006 mem­
ory steps, instant graph 
enlargement or reduction 
feature, plus a convenient 

horizontal folding format. 

If you need even more power, 
our fx-8000G ($11 9.95) techs you 
even higher, with 1,446 memory 
steps and 225 functions. And when 
hooked up with our optional FA-80 
interface, it works with most parallel 
dot matrix printers or plotters in­
cluding Casio's own models. 

If you have any doubts as to 
who's the leader in high-tech calcu­
lators, just pick up an fx-7000G, 
fx-7500G or fx-8000G and draw 
your own conclusions. 

CASIO@ 
Where miracles never cease 

CIRCLE NO 105 

Casio, Inc. Consumer Products Division: 570 Mt Pleasant Avenue, Dover, NJ 07801 
Casio Canada Ltd., 2100 Ellesmere Road , Suite 240, Scarborough, Ontario M1H387 



cess. 

At 15 nsec, Our SRAMs you pay a power penalty. Their ad-
vanced CMOS technology runs as 

Really Tear Up The '&a.ck. low as 340 mW in active mode, 
If you've been wondering where to and 25 mW in standby. Plus they 
find fast SRAMs lately, we _ feature proprietary Auto 
have good news for you. "~ · ~"" Powerdown TM circuitry 
Now you can look to ~ .;::::-~ and 2 volt data 
Logic Devices-the _ ~ ,,,... • _ ,,...,_ . retention, 
logical choice. ' ~., . ...- -~ making 

Our new family ~ them ideal 
ofCMOSSRAMsgives ~~..._~ _ ,_____. .#" forbattery 
you more options for high- ~ - backup operation. 
end applications, where you And since these 
have to match fast CPU speeds. parts are plug-compatible with 
They're available in speed catego- industry-standard SRAMs, you 
ries from 15 to 45 nsec. So even have a clear upgrade path to 
your high-performance RISC and higher performance. We've rewed 
32-bit micro designs can forget up production for delivery today, 
about wait states. on all popular organizations, in-

Because these parts just plain eluding 64Kx 1, 16Kx 4 and 8Kx 8 
haul access. But without making -in a variety of package types. 
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For full details, call us today 
toll free at (800) 851-0767; in 
California, (800) 233-2518. 
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ORGAN. SPECIAL FEATURES MAXt,.,.ns , .. ,. 8EPK) 11 

•••• COllK) 11 

4Kx4' COllK)W/OE 11 

•••• SEP VO TIWlllPIWR1I! 11 

•••• SEPl.'011- 11 
21<xr COMK)W/OE IO 

&4Kx1 SEP l/O 15 

16Kx4 COM l/O 1 CHI' ENABLE 20 

1eKx4 COM VO 2 CHIP ENABLES + OE 20 

16Kx4 COM l/O 1 CHIP ENABLE + OE 20 

16Kx4 SEP l/O TRANSP/WRITE 20 

16Kx4 SEP VO HI IMP/WRITE 20 

8Kx8 COM VO 2 CHIP ENABLES + OE 25 

' PRELIMINARY 

Or write: Logic Devices, Inc. , 628 
East Evelyn Avenue, Sunnyvale, 
CA 94086; Telex 172387. 

- ----- ........_~-~ - - -- --- -- --- --- ----~~-~ 

__ ,..... __ 
DEVICES INCORPORATED 
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TECHNOLOGY UPDATE 

The popularity of 
dual-port static 

RAMs is on the 
rise. These devices 

greatly simplify 
shared-memory 

implementations. 

Dave Pryce, 
Associate Editor 

EDN April 13, 1989 

DUAL-PORT STATIC RAMs 

Specialized memories 
• • ease commumcattons 

A
lthough they make up only a 
small fraction of the hun­
dreds of millions of RAMs 
produced each year, dual­
port static RAMs (SRAMs) 

are becoming increasingly important for 
solving difficult interface problems. 
Compared with the ubiquitous single­
port dynamic RAMs (DRAMs) used in 
conventional memory applications and 
the dual-port dynamic RAMs (VRAMs) 
used in video graphics applications, 
dual-port static RAMs are less familiar 
to designers. They're a 
valuable addition to 
your computer-equip­
ment design arsenal, 
however, because they 
provide a simple way to 
untangle such snags as 
arbitration problems in 
shared-memory sys ­
tems. 

typical application in which three dual­
port SRAMs interface a host CPU to 
another CPU, a DSP, and an 110 con­
troller. Because of the unique capa­
bilities of dual-port chips, you can use 
the same memory for both working stor­
age and communication between two de­
vices, thus avoiding the need for special 
data-communication hardware. 

Dual-port SRAMs provide a faster 
and less complex alternative to conven­
tional single-port RAMs, which have in­
herent speed limitations because of their 

Unlike dual-port dy­
namic RAMs (VRAMs), 
which are serial on one 
side and parallel on 
the other, dual-port 
SRAMs have parallel 
ports on both sides. 
These parallel ports let 
you use dual-port 
SRAMs for local mem­
ory that is shared be­
tween two systems, 
such as two CPUs, or 
for communications and 
real-time DSP applica­
tions that require asyn­
chronous communica­
tion between two de­
vices at the same time. 

IOIJJllllf ID' Ill 1mn D[DI Ill :m 1111111111 

Fig 1 illustrates a 

[b I I c:£J 
This 2k x 8-bit dual-port static-RAM chip from Cypress Semiconduc­
tor is available in a 48-pin plastic DIP, ceramic DIP, or leadless chip 
carrier (LCCJ. 
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MICREL DELMRS S 
POWER TO RUN THE WORLD. 
With the new high voltage 
MPD8020 CMOS/DMOS/Bipolar 
semi-custom array. 

Now you can use Micrel's MPD8020 to manage 
and deliver controlled smart power anywhere for real 
world work. 

Run and control motors, switch regulators, drive 
lamps, power displays, control relays and solenoid drivers, 
run printers and so much more where you're putting big 
electrical energy to work running the world. 

This extraordinary array, which can be tailored to 
your exact needs in just 45 to 60 working days, combines 
CMOS analog circuits, TTUCMOS compatible high speed 
CMOS logic, and high voltage DMOS power drive circuits 
in one monolithic IC. 

For Switched Mode Power Supplies. 
25 to 100 Volts. Small size, up to lMHz switch­
ing. Full and half H-bridge configurations. 
DMOS FETS source/sink. "Bulletproof circuits" 
provide overcurrent, overvoltage and over­

temperature protection. 

El 
For Military Avionics. 
80 Volts peak, 28 Volts operating (more than 
50% derated), capable of meeting MIL SPEC 
704. Use for mil spec displays, pin diode drivers, 
lamp drivers, compact actuator controls, relay 

drivers, fly-by-wire controls. Wide environmental tolerance. 
High MTBF. Lightweight, and small size. 

For Telecommunications. 
48 Volts for the central office. VLSI to reduce 
circuit board real estate. A perfect choice for 
card cages and subscriber sets. Shrink the 
size, increase features and reliability. 

For Computer Peripherals, Office 
Equipment, and Industrial Controls. 
24 Volts operating, 100 Volt peak allows > 50% 
derating for ruggedness. From FAX to friction. 
16 solenoid drivers on a single chip. High effi­

ciency and low development cost. 5V to 15V controls high 
current and or high voltage. Customize your VO. High side 
driver improves safety. Half, full or 3-phase H-bridge con­
figurations are great for HVAC control, machine driver 
control, and robotics. 

II 
For Medical Equipment. 
80 to 100 Volts. High voltage for feedback and 
physiological needs. Semi-custom array cuts 
costs, lowers size, reduces parts count, 
increases features, and improves reliability. 

Sixteen Page Data Sheet Yours For the Asking. 
For your copy and other information, please address Micrel 
Semiconductor, 560 Oakmead Parkway, Sunnyvale, CA 
94086. Phone (408) 245-2500. FAX (408) 245-4175. 

I~ i n1 c1 ~~11 - 11-1 _ 1_1_1_ t ._ LL(_:=1'-- 1 
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TECHNOLOGY UPDATE 
Dual-port static RAMs 

need for multiplexed read/write (R/ 
W) access. Dual-port SRAMs allow 
two independent devices to have 
simultaneous R/W access to the 
same memory. The devices commu­
nicate with each other by passing 
data through the common memory. 

Although the market for dual­
port SRAMs is growing at a rate 
of over 30% a year, its total dollar 
value is small. The market for these 
chips is estimated to be only $15 
million in 1989 and $20 million in 
1990. Consequently, only a handful 
of vendors currently serve this 
niche market. Integrated Device 
Technology (IDT) is probably the 
leading supplier, with at least eight 
different products . Other major 
players include Cypress Semicon­
ductor, Fujitsu Microelectronics, 
Sharp Microelectronics, Vitelic 
Corp, and VLSI Technology. 

Dual-port SRAMs are available 
in speed ratings from 35 to 120 nsec. 
At least one supplier (Cypress 
Semiconductor) expects to an­
nounce 25-nsec versions by mid­
year. The densities of currently 
available chips range from 8k to 
128k bits. Chip organizations range 
from lk x 8 to 16k x 8 bits and 
2k x 16 to 8k x 16 bits. By mid-1989, 

DATA L 
DATA 
1/0 

CPU 
OR ADDRESS 

1/0 DEVICE 
" L.: ' 

L 
ADDRESS 

R/W DECODE 

BUSY, INTERRUPT, 
SEMAPHORE 

HOST CPU 

r--- ---, r--- ---, r--- ---, 
I DUAL-PORT I I SAAM i I DUAL-PORT : 

I SAAM I 
I DUAL-PORT I 
I SAAM I 

L--- ----J L--- ----.J L--- ----J 

CPU DSP 
PROCESSOR 

110 
CONTROLLER 

Fig 1-Because dual-port SRAMs provide a shared memory, you can use them as a 
communications interface between a host CPU and other processors and controllers. 

Integrated Device Technology ex­
pects to introduce lk x 8-bit and 
2k x 8-bit 4-port SRAMs, which are 
even more versatile than their dual­
port siblings. 

In a unique departure from the 
typical architecture, VLSI Technol­
ogy has created a dual-port SRAM 
that is organized as lk x 16 and 
2k x 8 bits. According to VLSI 

DUAL- PORT MEMORY 

1 1 
DUAL-PORT 

RAM 
MEMORY 

CELLS 

' 
CONTROL LOGIC 

Technology, its VT16DP8 chip is 
the industry's first single-chip solu­
tion to the problem of transferring 
data between systems having dis­
similar word sizes. The chip allows 
simultaneous reads and/or writes 
from either the 16-bit or the 8-bit 
port. The 16-bit port has the ability 
to read or write in either word or 
byte mode. 

R DATA 
DATA 
1/0 

CPU 
ADDRESS OR 

1/0 DEVICE 

R " R" 

ADDRESS 
DECODE R/W 

BUSY, INTERRUPT. 
SEMAPHORE 

Fig 2--Typical of a dual-port SRAM's architecture, this block diagram of a chip from Integrated Device Technology shows two sets of 
address, data, and read/write control signals, each of which accesses the same set of memory cells . 
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L SELECT 
(DECODED 

L SIDE 
WRITE DRIVERS 

ADDRESS) --1t--t.---\....!..-' 

w 
z 
::::; 
I-­
iii 
~ 
;§ 
....J 

L SIDE 

RAM CELL 
LATCH 

R SIDE 
WRITE DRIVERS 

R SELECT 
(DECODED 

'--''-J-~.-t---t-- ADDRESS) 

RD 

R SIDE 
READ DRIVERS READ DRIVERS 

Fig ~&th the Land the R select lines of this dual-port RAM cell can independently 
and simultaneously select the cell for readout. Moreover, either side can write data into the 
cell. Arbitration logic resolves any conflict that occurs when both sides try to write data to 
the same cell at the same time. 

same memory location simultane­
ously. Some dual-port chips include 
semaphore logic, which aids in soft­
ware-oriented arbitration. 

The memory cell for a dual-port 
SRAM is a true dual-access cell. 
This cell has two independent and 
separate address-select lines and 

data-bit lines that have access to 
the RAM cell latch (Fig 3). The L 
and R select lines can independ­
ently and simultaneously select the 
cell for readout. Moreover, either 
side can write data into the cell. 
Arbitration logic (not shown in Fig 
3) resolves any conflict that occurs 
when both sides try to write data 
into the cell at the same time. 

Arbitration logic is the key 
As mentioned, dual-port SRAMs 

use one or more types of arbitration 
logic-interrupt, busy, and sema­
phore logic-to resolve conflicts. 
Some chips provide all three forms 
of logic. 

Interrupt logic provides signaling 
between two processors that share 
a common memory. A common form 
of signaling is for one processor to 
cause an interrupt on the other 
processor. In this way, the receiv­
ing processor is informed of a com­
munication without having to check 
for it continually. 

Busy logic resolves any conflict 
that occurs when both ports of the 
dual-port chip attempt to access the 

As you would expect, prices for 
dual-port SRAMs vary widely, de­
pending on density, speed, packag­
ing, and grade (commercial or mili­
tary). Some typical prices (in quan­
tities of 100) for commercial-grade 
parts in the fastest available speed 
rating (usually 35 nsec) are: lk x 8 
bits, $28; 2k x 8 bits, $46; 4k x 8 
bits, $60; and 2k x 16 bits, $103. 

The previously mentioned 
VT16DP8 from VLSI Technology is 
a 70-nsec device that sells for $52.50 
(1000). At the low end of the price 
range, Fujitsu has a relatively slow 
(90-nsec) 2k x 8-bit device that sells 
for $12 (1000). 

TABLE 1-REPRESENTATIVE DUAL-PORT SRAMs 

The basic architecture of a dual­
port SRAM includes two sets of ad­
dress, data, and control lines (Fig 
2). Each set of lines (left and right) 
can independently and simultane­
ously access any word in the mem­
ory, even when both sides are ac­
cessing the same memory location 
at the same time. 

Built-in arbitration (in the form 
of interrupt logic and busy logic) re­
solves any conflict in memory access 
when both the left and the right 
sides try to read or write to the 
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MANUFACTURER 

CYPRESS 
SEMICONDUCTOR 

INTEGRATED 
DEVICE 
TECHNOLOGY 

FWITSU 
MICROELECTRONICS 

SHARP 
MICROELECTRONICS 

VITELIC CORP 

VLSI TECHNOLOGY 

SIZE 
(BITS) 

. 1kx8 

2kx 8 

1 x 8 

2kx8 

4kx8 

8kx8 

16kx8 

2kx16 

4kx16 

8kx16 

2kx8 

2kx8 

4kx8 

2kx 8 

2kx8 
AND 
1kx16 

2kx8 

ARBITRATION LOGIC SPEED RANGE 
INTERRUPT BUSY SEMAPHORE (NSEC) 

• • 35 TO 55 

• • 35 TO 55 

• • 35 TO 100 

• • • 35 TO 100 

• 35 TO 70 

• • • 35 TO 70 

• • • 35 TO 70 

• 45 TO 90 

• • • 30 TO 70 

• • • 30 TO 70 

• • 90 TO 120 

• ~ 35 TO 55 

• • 35 TO 55 

• 55 TO 90 

• • 70 

• • 30 TO 45 
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ANOTHER GREAT OFFER FROM 
THE EMPLOYEE-OWNERS* OF AVIS, INC. 

• 
rive 

*Employees at all corporate locations. © 1989 Wizard Co, Inc. 

The employee-owners of Avis, Inc. 
want you to experience the elegance 
of a Cadillac Sedan de Ville or similar 
luxury-group car at a very economical 
rate. With SuperValue Rates and fast 

$49 a day. Cadillac 
Sedan de Ville. 
100 miles/day 

included. 30¢/mile there­
after. Optional Collision 
Damage Waiver $9/day in 
Cal ., $10.95-$12.95/day 
elsewhere. Rate not 
available in metro N.Y, 
N.Y state, and Illinois. 

service, we're trying 
harder than ever to give 
you what you want in a 
rental car. 

To get this low rate, 
here are some things 
you should know. 
The rate is available at 
select U.S. corporate 
and participating 
licensee locations. 

It is nondiscountable and may 
change without notice. These cars 
are subject to availability. Blackout 
periods and additional seasonal 
charges may apply. There is no 
refueling charge if you return your 
tank full. There's a $5-$10/rental 
charge for additional drivers (no extra 
charge in Cal.). Renters under 25 pay 
$5-$10 extra/day where applicable. 
Cars must be returned to renting 
location. Local taxes and Personal 
Accident Insurance, Personal Effects 
Protection and Additional Liability 
Insurance are extra. 

To drive this elegant bargain, call 
Avis at 1-800-331-1212 or your 
travel consultant. 

--------. ® 

AVIS 
We're trying harder than ever.sM 

EDN April 13, 1989 CIRCLE NO 108 

Avis features GM cars. Cadillac Sedan de Ville. 
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Dual-port static RAMs 

same address at the same time. 
Such a situation can arise when one 
port is trying to read the same data 
that the other port is writing, or 
when both ports attempt to write 
to the same word at the same time. 

Semaphore logic provides a set 
of token-passing flags that supports 
the block allocation of memory. Al­
though block allocation of memory 
is a software technique, it can bene­
fit from this hardware support. The 
semaphore logic connects to exter­
nal pins, and the internal flags indi­
cate which CPU has permission to 
use a block of memory. 

Many applications for dual-port 
SRAMs require greater memory 
depth and/or width than a single 
chip can provide. In these cases, us­
ing two or more chips is the only 
answer. 

You can expand the depth of 
dual-port SRAMs with little 
trouble. For example, four 2k x 8-
bit chips make an 8k x 8-bit mem­
ory. You can also expand the width 
of dual-port SRAMs, but you must 
be careful how you do it. Although, 
for example, two 2k x 8-bit chips 
make a 2k x 16-bit memory , you 
can't simply connect the chips to 
each other. 

Because several hardware arbi-

ADDRESS LINES 
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RiW ---+----If---. 

!-- WRITE 
DELAY 

LEFT P ORT 

D ATA ( 
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RIGH T PORT 

A ) DAT. 
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Fig 4-0ne solution to the system-deadlock problem that occurs when you expand dual­
port SRAMs in width is to use master/slave chip combinations. If the master chip activates 
the Busy function, the slave chip internally disables the write signal of the losing side, 
thus making only one side accessible. 

trators are active at the same time, 
expanding the memory width can 
create a problem. Although you can 
provide selective arbitration by 
adding external logic to the chip­
enable pins of additional dual-port 

I WRITE I DELAY 

ARBITRATION 
DELAY 

chips, a better solution is to use 
master/slave chips in combination. 

In master/slave combinations, the 
master chip has complete control 
over the slave chip and decides 
which side has complete access to 
a particular memory location at a 
given time (Fig 4). Unlike a master 
dual-port chip, a slave chip uses its 
Busy pin as an input rather than 
an output. Thus, if the master chip 
activates the Busy function, the 
slave chip internally disables the 
write signal of the losing side, mak­
ing only one side accessible. 

Fig ~When expanding dual-port SRAMs in width, you must make the slave chip wait 
to write until after the busy input at the slave has settled. This write delay is required only 
in width-expanded systems that use slave chips, not in single-chip or depth-expanded systems 
where only one chip is active at a time. 

When expanding dual-port 
SRAMs in width, you must make 
the slave chips wait to write until 
after the Busy input at the slave 
has settled. Otherwise, the slave 
chips may begin writing while the 
busy signal is settling. This condi­
tion is true for systems using con­
ventional dual-port chips with ex­
ternal slave logic as well as for sys-
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terns using slave chips. 
Fig 5 shows how to accomplish 

the needed delay in the slave chip's 
writing: You delay the write enable 
to the slave by the arbitration time 
of the master chip. This write delay 
is only needed in width-expanded 
systems that use slave chips, not 
in single-chip systems or depth­
expanded systems where only one 
chip is active at a time. 

For a clear and detailed explana­
tion of SRAM timing requirements, 
as well as arbitration schemes, ex­
pansion methods, and other infor­
mation on the workings of SRAMs, 
you can consult two excellent appli­
cation notes from IDT (Refs 1 and 
2). Much of the technical content 
of this overview of dual-port 
SRAMs is based on information con­
tained in these notes. Complete 
technical information on SRAMs is 
somewhat scarce because of the 
relatively small number of SRAM 
manufacturers, so these two notes 
are especially valuable sources of 
information. 

The availability of true dual-port 
memory chips lets you implement 
high-speed communication between 

components of computer-based sys­
tems while avoiding many of the 
problems associated with earlier 
systems that provide direct mem­
ory access. 

Because of the speed and versa­
tility of dual-port SRAMs, you can 
expect these chips to appear as 
standard components in a variety 
of applications, from computers, 
disk controllers, and modems to 
copiers, printers, and mobile tele­
phones. EDN 
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For more information on the dual-port SRAMs discussed in this article, 
contact the following manufacturers directly, circle the appropriate numbers 
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Cypress Semiconductor 
3901 North First St 
San Jose, CA 95134 
(408) 943-2600 
Circle No 717 

Fujitsu Microelectronics 
3545 North First St 
San Jose , CA 95134 
(408) 432-9044 
Circle No 718 

Integrated Device Technology 
Box 58015 
Santa Clara, CA 95052 
(408) 727-6116 
Circle No 719 

EDN April 13, 1989 

Sharp Microelectronics 
Sharp Plaza 
Mahwah, NJ 07430 
(201) 529-8757 
Circle No 720 

Vitelic Corp 
3910 North First St 
San Jose, CA 95134 
( 408) 433-6000 
Circle No 721 

VLSI Technology 
1109 McKay Dr 
San Jose, CA 95131 
( 408) 942-1810 
Circle No 722 

What's Missing 
on this LCD? 

(answers below) 

Windows! 

"' 5v. C MO S 

C<J325 

.. ·-::· c:' _ ..... ~ 
CY32 5 

If you peeked at the answers, then you 
know it's Motion. In the actual LCD 
every one of the windows is in motion. 
Think for a minute how you would 
make six or seven unique motions 
simultaneously with the low level 
LCD controllers that you have seen. 
No way! Now think what your instru­
ment or new systems could do with 
dynamic text and graphics. Tests show 
that programmers can achieve anima­
ted presentations in only hours using 
the CY325. 

The CY325 LCD 
Windows 

Controller Chip 
Jets you: specify any of 

250 built-in windows, or cre­
ate your own with a single 

command; manage text and graphics 
with automatic cursor control; wrap 
or scroll text with window relative 
pixel plotting and clipping; read an 
ND and write the waveform into the 
window; drive up to 6 I/O pins with 
logic waves, or use the 'soft-key' fea­
ture of the CY325 for menu manage­
ment. Only $75 each ($20/1000] 

Answer: 
Motion ts missing in each of the win­
dows. Text actually scrolls up in the 
top left window above, and .. . 

Logic ~aves 1~ 11~ I flow right -,_____ 
to left. }=== 

Boy and 
girl wink, 
smile, and 
flirt. 

Counter 
counts and 
sine wave 
advances. 

Pseudo 
random 
patterns 
change. 

LJLJ"' ~-_0 _/ ·--.__ 

··._....,,:· \ 

.... ~I ·-J , , -JE 
:I ' ' -JE 

•• __ • I ·:IE 

The next move is yours . . . 

Call today for information on the 
CY325 LCD Windows Controller Chip 
or Fax your address to (415] 726-3003. 

Cybernetic Micro Systems 
Box 3000 • San Gregorio. CA 94074 
[415) 726-3000 • Telex: 910-350-5842 
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Some desigQeIB 
alreBdy take encl 

very seriously. 

EDN April 13, 1989 

If you don't, maybe you should look at the enclosure 
system that can add superior quality and protection to 
your ideas. 

For example, are you insisting on the right solutions 
from your "packaging" supplier concerning: unique 
aesthetics, unlimited flexibility, perfect (100%) cost 
efficiency at the highest quality levels? 

Do you get engineered solutions for thermal dynamic 
conditions, EMl/RFI shielding or any national or 
international approval? 

You will get it all from RITTAL. 
If you aren't already famil iar with RITIAL, take just a 

minute and give us a call at 1-800-637-4425. We'll send 
you our full-line handbook of enclosure systems and 
intelligent components. It's free , but the information 
could change your mind about the importance of 
enclosures ... forever. 

Take your design all the way to perfection ... 
switch to RITTAL. 

1-800-637-4425 

RITTAL Corporation 
P.O. Box 1284 
3100 Upper Vcl lley Pike 
Springfield. OH 45504 
Phone: (513) 399-0500 
Fax: (513) 390-5599 
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Our new 256Kxl and 64Kx4 Mighty Memory 
CMOS SRAMs are ready to take on your heavy­
weight advanced architecture design projects. 

Perfect for high performance applications 
such as 
Military 1750, 
DSP,AW, and 
other 32 bit 
micro designs, 

our Mighty Memories are available now in DIP and 
LCC. Both devices feature speeds to 35ns in 
standard and low power versions, MIL-STD-883 
Class B screened. 

EDI is also listed as an approved source on 
256Kxl and 64Kx4 DESC-SMD drawings. 

High density. High speed. Low power The new 
Mighty Memory 256K Static RAMs from EDI, the 
high performance military Static RAM leader 

~EDI EDl's fast new 256K CMOS Static RAMs, 
available now in 256Kx1 and 64Kx4 with 
JEDEC standard pinouts, DIP and LCC. 

CIRCLE NO 114 The future . •• today. 
ELECTRONIC DESIGNS INC. 42 South Street. Hopkinton, MA 01748, USA, (508) 435-2341, TFX: (508) 4356302, TELEX 948004 
ELECTRONIC DESIGNS EUROPE, Shelley House. The Avenue. Lightwater, Surrey GUIB SRF, United Kingdom, Phone: 0276 72637 TELEX 858325 



"Half our business is rush . This week, 
every week. We never know what 
we're going to design or modify. 
So fast reaction time is critical for us. 

"That 's where the Board Maker 
comes in. It lets us react with 
finished circuit board designs in 
hours instead of days And that 
makes us very competitive. 

"The ability to make 
more changes in a 
given time frame. 
If you send out for etched boards, 
there is a tendency to make do with 
what you thought you needed. But 
with the Board Maker, you are spurred 
to make boards perfect- make little 
fixes here and there- because you 
can do it without waiting . 

"A short cycle 
from brain to hardware. 
With this machine, you get the 
finished prototype in front of you 
while the design is still fresh in 
your brain . Then you can polish 
the design-before your idea has 
turned to tapioca. 

EDN April 13, 1989 

"Runs seven hours a day, 
five days a week. 
The Board Maker is also a good small 
lot product ion tool. We run it all 
week long, making boards from a 
half-inch square up to six inches by 
eleven. Most are single-sided. 

"Changes during 
production runs? 
No problem. 
Somet imes we have to substitute 
components. Or make short run 
specials for customers. With the 
BoardMaker, we just make the 
change and keep going . 

"An affordable system. 
The cost is very affordable. And 
we're very happy avoiding the 
astronomical costs involved when we 
sent things out on a rush basis (and 
st ill forgot about half of what we 
were going to dol." 

See Us at Electro New York Booth #2848 

CIRCLE NO 116 

Three Board Maker models 
make single- and double· sided 
boards for prototyping or 
small production runs. cost Is much 
less than first-generation 
machines; milling speed is faster. 
For information, call 415 883·1717 
or mall the reader card. or send 
$12.95 for an all-features demo on 
VHS cassette. 
Instant Board Circuits 
20A Pamaron Way 
Novato. CA 94949 

Instant Board Circuits 
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THE SIMPSON 560 MENU DRIVEN MULTIMETER. 

SOMETHING NEW ON 
THE MENU. 

From microvolt transducer meas­
urements to high voltage work, 
Simpson's new Professional 
Series Model 560 Digital Multi­
meter is designed to quickly give 
the answers you need-without 
elaborate signal conditioning. 
Diagnostic functions such as 
MIN/MAX Hold and Peak Hold 
let you find and display transient 
amplitudes, while the bar graph 
continues to monitor the incom­
ing signal. Programmable data 
logging on any range or function 
and a built-in 500 KHz frequency 

Simpson Professional Series 
products are made in USA 

counter, further expand the 
acquisition capabilities of the 
Simpson 560. 
What's more, it's now possible 
to speed up routine tests-saving 
only the measurements of inter­
est-because the 560 offers real-

~i---~~~~ 
....... i ilJ..-..ii..ji i 

time comparison to stored test 
limits. Permanent records of the 
captured data can be generated 
by computers or printers connect­
ed to the optional interfaces 
(Centronics, RS-232 or /EEE-488) . 
Displayed menus make it quick 
and easy to set the measure­
ment parameters. And ultra-fast 
autoranging inputs instantly 
calculate the proper scale. 
Order from our menu. The 
Simpson 560 Menu Driven 
DMM. You'll agree that it's 
done quite tastefully. 

Simpson Electric Company 853 Dundee Ave, Elgin. Illinois 60120-3090 312/697-2260 FAX: 312/697-227 2 
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... like you've never 
seen them before . 

. . . a time-domain view of a frequency-agile signal (left) reveals little useful information. 
The new modulation-domain view on the nght clearly shows the hopping sequence, settling 
times, and channel frequencies . 

. . . no quantitative data is available from the time-domain view of a radar chirp on the 
left. However, the frequency vs time display of this single-shot event clearly shows 
chirp linearity and frequency 

... a time-domain view of jitter shows only that the jittered data's edge is constantly 
changing with respect to the clock. In the modulation domain , the jitter magnitude 
and periodic content are clear. 



HP introduces the Illodulation doillain. 
Totally new measurement con­
cepts are rare. The oscilloscope 
was one. It brought the time 
domain to voltage measurements. 
Spectrum analysis, which added 
the frequency domain, was 
another. Now, there's a break­
through that puts you in the 
modulation domain. Dynamic 
frequency and time interval 
analysis. 

The new HP 5371A Frequency 
and Time Interval Analyzer gives 
you entirely new ways to view 
dynamic signals. Views that 
simplify and speed analysis of 
transient signals, modulation , 
and frequency stability As well 
as time transients, jitter, and 
timing relationships between 
signals. If you' re designing equip­
ment for communications, radar, 
mass storage, data processing, 
and ATE, the HP 5371A gives you 
new insights for faster trouble­
shooting and characterization. 

... agile radio 
measurements 

that were impossible 
until now. 

Say goodbye to static back-to­
back and "golden unit" testing 
that's been costing you time 
and money without delivering 
the quantitative measurements 
you need. 

Complete characterization of 
hopping radio transmitters is 
easy for the HP 5371A Its 
dynamic single-shot capability 
captures hopping sequence, 
carrier frequencies, and modu­
lation. Then it displays signals 
in a frequency vs time plot for 
quantitative measurements of 
overshoot and settling time 
(valuable for VCO signals too) . 
You can also examine FM details. 
And, histogram displays give a 
clear picture of channel usage. 

H ra~(!fp 
characterization in a snap. 
Because the HP 5371A captures 
single-shot events and performs 
fast statistical computations, you 
can simply and inexpensively 
characterize pulse parameters 
that affect target resolution , 
range, and accuracy. 

There's no easier way to 
analyze chirp linearity or phase 
coding than the direct measure­
ments of frequency vs time in 
the modulation domain . And 
histogram plots of pulsewidth 
jitter and pulse repetition fre­
quency give you quantitative 
and reliable measures of system 
performance. Expensive and 
cumbersome delay line discrim­
inators are eliminated ... forever. 

• • • • • 
· ~.-..-~"'""ii.....-.w--

See the back page for more information. 
Call 1-800-752-0900, Ext. 215U, or mail the reply card 
for additional product information and a FREE videotape. 

The HP 5371A's statistical 
analysis and histogram capability, 
combined with time-variation 
plots, give you a valuable new 
tool for quantifying the affects of 
jitter and wander in digital com­
munications, data storage, and 
computer systems. 

Histogram displays and statis­
tics of frequency or time interval 
show you quickly whether jitter 
effects are Gaussian or systematic. 
These results reveal valuable 
information leading to the pre­
diction of bit error rate. And 
modulation domain displays 
give you a useful view of jitter 
periodicity. An FFT of this data 
gives you a jitter spectrum . With 
the HP 5371A, you can trouble­
shoot faster and get better 
characterization of timing jitter 
than ever before. 

HEWLETT 
PACKARD 



The HP 5371A ... your 
window to the modulation domain. 
As significant a development as 
the scope or spectrum analyzer, 
the new HP 5371A Frequency and 
Time Interval Analyzer is the first 
commercially available instrument 
to make continuous frequency 
measurements and display frequency 
vs time directly. It's sure to become 
a basic tool in every R&D lab. 

Performance to match 
your measurement needs. 
• de to 500 MHz (500 MHz bandwidth 

at microwave frequencies) 
• 2 GHz to 18 GHz capability 

available with the HP 5364A 

• up to 10 million measurements per 
second 

• 1 ns minimum pulsewidth 
• 150 ps single-shot resolution, 1 ps 

repetitive resolution 

• 2 mV trigger level resolution 

Powerful arming and triggering 
for measurement control. 
• Holdoff by time, events or signal edge 

• Sample by time, events or edge 

• Arm on any of three input channels: 
External , A, or B 

A choice of measurement 
modes and analyses. 
• Frequency, period, phase and time 

interval 

• Positive or negative pulsewidth , duty 
cycle 

• Rise time, fall time 
• Time variation , event timing, histo­

grams, statistics, limit test 

£ Copyright 1988 HewlP.tt-Packa rd Co 

Plus accessories 
and HP-IB compatibility 
Of course you can combine the HP 
5371A with other test instruments 
and computers via the HP-IB for 
enhanced capability. It will also 
drive HP printers and plotters 
directly for hard-copy records. And 
a variety of accessories and options 
are available to match your 
specific application 

Get there faster 
in the modulation domain 
Like its predecessors - scopes and 
spectrum analyzers - the frequency 
and time interval analyzer is sure 
to give designers greater insight 
into system problems, and provide 
dramatic savings in product devel­
opment and manufacturing. That's 
the best reason yet to explore the 
modulation domain. So mail the 
attached reply card today. Or, 
better yet, call 1-800-752-0900, 
Ext. 215U. Now, it's up to you 

F//gl HEWLETT 
~~ PACKARD 
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Macro performance 
• • • ma Inlcro size 
Signetics 83/87C751 
microcontroller-the performance 
of an 80C51 packed into a 24-pin 
skinny DIP or SMD 28-pin PLCC. 
Designed around the 80CS 1 architecture, our new 
83187C751 s let you use your existing instruction set 
and code to gain the enonnous benefits of a smaller 
package at a smaller price. 

A lot of guts in a little package. Its 16 MHz operation 
means you don't have to sacrifice perfonnance. You'll 
appreciate the convenience of EPROMs in UV or OTP. 
Coupled with the flexibility of an I2C serial bus port. And 
the efficiency of an 8-bit architecture backed by a complete 
Signetics development system. 

Think of it. Increase the power of your 4-bit applications. 
Or replace your logic blocks. Or lighten your handheld 
designs. All while decreasing system costs. 

Call us for a free '751 Microcontroller Infonnation 
Packet at (800) 227-1817, ext. 991D. For surface mount 
requirements and military product availability, contact 
your local Signetics sales office. 

CIRCLE NO 65 

One standard. 0 defects. 

Signetics 
a division of Nonh American Philips Corporation 

PHILIPS 
©Copyright 1988 North American Philips Corporation 
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THE WESTCOR STAKPAK™. NEW 
GENERATION 250 TO 1200 WATT 
SINGLE OR MULTIPLE OUTPUT OFF­
LINE SWITCHER. 3.2 X 5.5 X 11.4 INCH 
CASE. FAN-COOLED. 

Stack the odds in your favor by design­
ing-in Westcor's 6 watt/cubic inch high 
power megahertz switcher. Capitalizing on 
patented and proven megahenz module 
technology and innovative thermal man­
agement techniques, the StakPak provides 
up to 1200 watts of power at 50°C with 1 to 
8 isolated and fully regulated outputs. 

For existing designs the StakPak's small 
size and low profile allow system enhance­
ment without mechanical redesign. Simply 
replace your open frame switcher with up 
to 1200 watts of StakPak power or replace 
your "box switcher" with 2 StakPaks and 
realize up to twice the power without 
losing additional space. StakPak power 
factor correction provides 850 watts of 
output power from a standard 115 VAC 
wall outlet. In new designs, more space can 
be devoted to functionality or the system 
can be downsized. 

REDEFINED 
The StakPak's 8 module output section 

can be facto1y configured in virtually an 
infinite number of voltage, current and 
power combinations. Special models 
providing between 250 to 1200 watts and 
outputs from 2 to 95 VDC are available. 

Other features include outstanding elec­
trical performance; UL, CSA, VDE safety 
agency approval (in process); variable 
speed fan option for low ambient noise 
enviroments and 3 phase or DC input op­
tions. Indeed. with unprecedented power 
density, versatility and new features , the 
StakPak redefines power packaging. Please 
contact Westcor for a data sheet, pricing 
and additional information. 

STANDARD 1200 WATT STAKPAK MODELS 
(110/220 VAC input) 
Model Output Voltage (VDC) and Maximum Current 

(amperes) per Channel 
=I =2 =3 .:A =5 

Single Output 
SPl -1801 2@ 240 
SPl-1802 5 @240 

Total output power may not exceed SPl -1803 12 @ 100 
SP l-1804 15@80 1200 watts for any model, single 

or multiple output. Lower power 
SPl -1805 24@50 StakPak models are ava ilable. 
SPl -1806 28@42 Please contact the fac1ory. 
SPl -1807 48@25 

Dual Output 
SP2-1801 2@ 120 5@ 120 
SPZ-1802 5@ 120 5@ 120 
SP2-1803 5@ 120 12@66 
SP2-180-1 12@66 12@66 
SP2-1805 15@ 53 15@ 53 

Triple Output 
SP3- 180 1 5@ 180 12 @ 16 12 @ 16 
51'3- 1802 5@ 150 12 @33 12 @ 16 
SP3- 1803 5@ 180 15@ 13 15@ 13 
SP3- 1804 5@ 150 15@26 15@ 13 

Quad Output 
SP4- 1801 5@ 150 12@ 16 12@ 16 5@30 
SP4- 1802 5@ 150 15@ 13 15 @ 13 5@30 
SP4- 1803 5@ 150 12@ 16 12 @ 16 24@8 
51'4- 1804 5@ 150 15 @ 13 15 @ 13 24@8 

Five Output 
51'5-1801 5@ 120 12@ 16 12@ 16 5@30 24@8 
SP5-1802 5@ 120 15@ 13 15@ 13 5@30 24@8 

WESTCOR CORPORATION • 485-100 Alberto Way • Los Gatos, CA 95032 • (408) 395-7050 • FAX (408) 395-1518 

Westcor is a subsidiary of 0~c'!!£.9.f! 
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TECHN OLOGY UPDATE 

You can design a 
reliable Nubus in­
terface as long as 

you observe good 
design practices 
and keep some 

caveats in mind. 

JD Mosley, 
Regional Editor 

EDN April 13, 1989 

Design choices let you 
optimize Nubus access 

T
o take full advantage of the 
Nubus's features-which in­
clude a 32-bit backplane with 
multiprocessing capability, 
multiplexed address and data 

lines, and a 10-MHz clock-you can 
either design your own boards, adapt 
existing boards to the Nubus backplane, 
or purchase one of the many Nubus­
compatible boards currently available. 
If you choose to modify existing boards 
or design new boards and integrate 
them into a Nubus system such as the 
Macintosh II, you must adhere to spe­
cific design practices. You can detour 
the pitfalls of interface design by heed­
ing some specific tips from the design 
veterans of the Nu­
Group-the Nubus Man­
ufacturers and Users 
Group. By avoiding any 
tempting design short­
cuts, you'll supply end 
users with a Nubus inter­
face that is free of po­
tential problems and, ul­
timately, extend your 
system's life in the 
market. 

graphical addressing scheme to identify 
boards connected to the bus and provide 
automatic system configuration. Each of 
the 16 available" slots in the Nubus 
backplane has a unique identity and a 
specific 16M-byte address space, which 
is referred to as a slot space. 

The board determines its slot location 
by sampling the four bus signals that 
provide the code. A configuration ROM 
located on each board lets the com­
puter's initialization software dynami­
cally detect each board's resources when 
you power up your system. 

According to the preliminary IEEE-
1196 specification, the Nubus's fair­
arbitration technique ensures that all 

The major attraction of 
the Nubus design is its 
simplicity: It can identify 
expansion boards (also 
called modules) as soon 
as they are plugged into 
the bus. End users don't 
need to set DIP switches 
or use jumpers when 
adding boards or recon­
figuring the computer 
system. 

The N ubus uses a geo-

Many manufacturers now offer Nubus computers. The Explorer 
II , for example, is a Texas Instruments Nubiis-based machine that 
uses triple-size (11.024x14.437-in. ' ) Nubus expansion boards rather 
than the PC-size (4.0x12.875-in. ' ) boards used in the Macintosh II . 
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The Portable 
Digital Audio 

DAC 

Our new 
PCM60P lets 

designers 
improve the 

performance of 
low-power, portable 

digital audio 
systems without 

spending a lot of 
money. Ifs a 

complete 16-bit 
CMOS D/ A converter 

in a small package 
for a small price. It 

takes serial BTC 
inputs and provides 

single- or dual­
channel outputs. 

Cheap Trillsl 
PCM60P's dyna­

mic performance 
is better than 

many DACs cost­
ing three or four 
times as much. 
Total Harmonic 

Distortion + 
Noise is 100% 

tested and 
guaranteed. 

Consider 
these 

features: 

ACOM 

Your LEFT 

'---~--t--0 y COii 

PCMeOP THO + N vs FREOl£NCY 

-10d8 H-+-H+-++irtt-t-+ttt-Hrttt 

-;iQd8 t-+--t+tt--+-t-ttt-t-tttr-t-t"tt1 

-50dB t-+--t+tt--+-t-ttt-t-tttr-t-t"tt1 

-71ldll t-+--t+tt--+-t-ttt-t-+illr-t-t"tt1 

- ~·~"~-+--1-ttj 
110d8 L....J._LI..J..l.....J......W..LI...-'----'--'-"'-'-'....U 

10Hz 100Hz 1kHz 10kHz 100kHz 

• THD+N, -86dB max 
• Dynamic range, 96dB 
• 4X oversampling 

capability 
• Compact 24-lead 

plastic SOIC package 
• Of+ 70° C specified 

temp range 
• $14* 

Dual 
GI itch-Free 
Outputs 
Choose one- or two­
channel output modes 
with no external 
deglitching required. 
PCM60P has its own 
internal reference, too. 
The output range is 
±2.8Vp-p. Channel-to­
channel mismatch is 
less than 1%, and idle 
channel signal-to-noise 
is 88dB (20-20kHz). 

DCOll 

Single 
+5VSupply 
PCM60P needs only a 
+5V supply, ideal for 
battery-operated and 
other low power 
applications. Power 
dissipation is a cool 
50mWmax. 

Ask your sales rep for 
details and samples, or 
ca 11 1-800-548-6132 tol 1-
free for more information. 
Burr-Brown Corp., 
P.O. Box 11400, 
Tucson, AZ. 85734. 

·u.s. pfices only. S(X}-999 quantities. 

I II I 
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TECHNOLOGY UPDATE 
Nubus interface options 

boards have equal access to the bus. 
The Nubus uses an algorithm to 
eliminate the possibility that a low­
priority board might never obtain 
access to the bus. According to the 
fair-arbitration scheme, boards 
plugged into slots with high identifi­
cation numbers are given priority 
in the arbitration contest. The bus 
uses four dedicated arbitration lines 
and distributed arbitration logic. 
Two cycles after the start of an arbi­
tration contest between boards, the 
arbitration lines transfer access to 
the next bus owner. In contrast to 
the priority-ranking arbitration 
scheme used in the Micro Channel, 
this equal-access scheme can't be 
overridden. 

In addition to noting the Nubus's 
simplicity, the P-1196 specification 
states that the Nubus is optimized 
for 32-bit transfers and multiproces­
sor operation. The bus can address 
as much as 4G bytes of memory and 
can perform 32-bit data transfers at 
20M bytes/sec and block transfers 
at 371/2M bytes/sec. Its minimum 
transaction time is 200 nsec. Data 
transfers can include 32-bit words, 
16-bit half words, byte transfers, 
and block transfers of as many as 
16 words. 

Beware of design errors 

To ensure that your interface will 
perform in accordance with the out­
lined specifications, you must ap­
proach the design task with caution. 
First on the list of pitfalls that you 
must watch out for is failing to ver­
ify that the board can decode atten­
tion cycles. The P-1196 spec de­
scribes four types of attention cy­
cles: attention-null; attention-re­
source-lock; and two currently un­
defined, reserved attention 
cycles. 

The attention-null cycle initiates 
a new arbitration cycle and indi­
cates the end of a locked-resource 
transfer sequence. The attention­
resource-lock cycle blocks a local 

EDN April 13, 1989 

Sporting sockets for three daughter boards, the MacAdios II lets you convert your Macin­
tosh II to a laborat0171 computer system; this board records 25,000 samples/sec on one 
channel while sendng the plot to the Macintosh's screen. 

µP 's access to the slave module~ 
data resources, thereby preventing 
a local µP and the bus master from 
modifying data simultaneously. If 
you neglect to ensure that a module 
can decode attention cycles, either 
the board won't be capable of lock­
ing its resources or the module may 
incorrectly identify the attention 
cycle as a start cycle and misuse 
the address released during a lock 
cycle. 

Problems can also occur if you 

Off-the-shelf chip-set interfaces for the 
Nubus, such as these developed by Texas In­
struments, can dramatically reduce your in­
terface design cycle, but may diminish your 
application's performance. 

"cheat" on the sample and assert 
clock edges. The Nubus's 10-MHz 
·clock provides a 75-nsec unasserted 
(high signal) and a 25-nsec asserted 
(low signal) duty cycle. This asym­
metrical duty cycle prevents bus­
skew problems by providing 25 nsec 
between the sample and driving 
edges and by allowing 75 nsec for 
propagation and setup. The bus sig­
nals typically change on the rising 
edge, and the bus master samples 
on the falling edge. However, if you 
"cheat" and use the same logic cir­
cuit to decode both the sample edge 
and the assert edge, an error may 
occur and result in misread data. 

You must also make sure that the 
bus owner always drives the ac­
knowledge (ACK) signal high at the 
encl of each data transfer. Because 
bus arbitration occurs in parallel 
with the Nubus's data transactions, 
as soon as one bus master completes 
its transaction, a new master imme­
diately assumes control of the bus. 
This arbitration technique lets the 
Nubus use the bus bandwidth effi­
ciently. If poor design techniques 
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TECHNOLOGY UPDATE 
Nubus interface options 

prevent the bus master from driv­
ing the ACK signal high at the end 
of the data transfer, the termina­
tion resistor will eventually make 
the ACK signal go high. 

If the backplane is sparsely popu­
lated, you may be able to depend 
on the natural tendency of the ACK 
line to go high on its own, thereby 
reducing the logic requirements for 
the bus master. However, the 
greater the number of cards 
plugged into the backplane, the 
greater the contention for bus own­
ership and the more critical timing 
becomes. If the ACK line doesn't 
go high quickly enough, the boards 
accessing data on the bus may wind 
up reading the data twice. 

When the backplane is packed 
with many boards, you must also 
consider loading violations. The 
specification permits a maximum of 
18 pF of capacitive loading per 
board for backplanes containing 16 
boards. Violating these loading 
specifications can cause a serious 
design problem, because the 18-pF 
limit includes etches and connec­
tors. Multiple onboard drivers also 
add capacitance. The best way to 
avoid overloading the bus is to mini­
mize the trace lengths and exercise 
caution in selecting drivers and re­
ceivers. 

Weak drivers create havoc 
A less common, but equally 

treacherous design error is the use 
of weak drivers, such as low-power 
Schottky (LS) diodes. Although the 
spec defines a 24-mA de output 
drive current, which is well within 
the capability of an LS device, the 
ac drive spec is 80 mA. The circuit 
may operate with a backplane that 
has few boards, but in a fully loaded 
system with 16 modules, the LS 
drivers may not be able to drive 
the required 15-nsec setup time. 
Using advanced Schottky (AS) de­
vices will prevent this problem. 

If you're designing a Nubus inter-
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The Nubus is designed to expedite parallel processing among multiple µPs. Levco's Trans­
Link is an example of an application that taps the bus's full potential. 

face for the Macintosh II, which of­
fers only six slots for expansion 
boards, you many be tempted to use 
the LS devices because the com­
puter can't hold a fully loaded sys­
tem. However, at least one com­
pany, Second Wave, sells an expan­
sion chassis that adds eight addi­
tional slots to the computer's stan­
dard capacity. The Expanse II is a 
$2295 chassis that includes Nubus 
interface cards, a cable assembly, 
a 130W power supply, a cooling fan, 
and the hardware to support three 
internal SCSI devices. Without the 
interface boards, the chassis costs 
$1595. For $2295, the company of­
fers a 4-slot, Nubus expansion chas­
sis for the Macintosh SE/30 com­
puter. 

If you assume that your board 
will be used only in a 6-slot Macin­
tosh II system, you also subject the 
board to the problem of incomplete 
address decoding. Boards designed 
according to the Macintosh II's pa­
rameters can decode only six 24-bit, 
16M-byte slot addresses. However, 
when developing the Macintosh II, 
Apple Corp went beyond the typical 
P-1196 Nubus spec by including a 
super-slot space. This slot provides 
an additional 256M bytes per slot. 
In addition, although the Macintosh 

II currently uses a 24-bit address­
ing mode, the company may up­
grade the computer to a full-fledged 
32-bit machine in the future. If you 
limit your cards to the Macintosh 
II's present design, rather than de­
signing to the full parameters of the 
Nubus spec, you'll shorten your 
boards' market life. 

Also note that Apple isn't the 
only manufacturer selling a Nubus 
computer. Texas Instruments mar­
kets a $49,900 Nubus-based LISP 
workstation called the Explorer II 
and a $39,995 multiuser, Unix­
based Nubus mainframe called the 
System 1500. These computers use 
the triple-height (11.024 x 14.437-
in2) expansion boards that were 
originally defined in the Nubus 
spec. TI also sells the $14,995 mi­
croExplorer computer, which is ac­
tually a Macintosh II with a LISP 
coprocessor board plugged into it. 

The final design fau x pas in­
volves data-integrity problems. 
Such errors will occur if you don't 
include logic circuitry that will 
drive the Start line high after an 
attention cycle. Data-integrity 
problems also arise when the circuit 
fails to drive the transfer-mode 
(TM) lines high during block trans­
fers. 
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The easiest way to interface a 
board you've modified for the 
Nubus is to use a prepackaged 
Nubus interface chip set, such as 
Tl's ACT2440 controller IC and 
BCT2420 tranceiver IC. These 
chips contain the embedded logic 
necessary to implement the N ubus 
protocol; they replace as many as 
45 discrete logic devices. As a re­
sult, they give you as much as 66% 
more pc-board space, which you can 
use to add more functions and on-

I' 

board memory to your module. The 
ACT2440 sells for $24, and the 
BCT2420 costs $13.33 (1000). You 
need two BCT2420 ICs per inter­
face . 

These off-the-shelf interface chip 
sets ensure conformity with the P-
1196 spec and can greatly shorten 
your design cycle. However, many 
board manufacturers allege that 
you can't take full advantage of the 
Nubus's performance when you use 
the TI chip set because it introduces 
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a wait state. TI could have mm1-
mized this delay by using bipolar 
instead of CMOS technology. The 
tight 2A Nubus power constraints, 
however, precluded such a choice. 

If your high-speed application 
can't tolerate the 20-nsec propaga­
tion delay introduced by the TI chip 
set, you can create your own dis­
crete interface by using 71/2-nsec 
PALs. Another alternative is to 
make the Nubus interface part of 
a kernel in an ASIC chip that also 
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This flowchart illustrates the signal-driving responsibilities of a bus owner. Each block represents one Nubus clock period. 
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NETWORK NEWS 
SPECIAL REPORT. 

4SR-7 103R3( V2) 

SPRAGUE The new full line of Sprague surface mount resistor, capacitor and R-C networks 
enables you to meet all of your design and delivery SMD requirements. For exam-

SURE., A ~cE MOUNT pie, Series 800C SORN® Small Qutline Resistor 
~ Networks reduce board space up to 75% as well as 

assure lower placement 

NETWORKS So~' ,.-V TIME ~osts, improved reliabil-1...J l' .L 1ty, and top performance. 

AND SB~CE PROBLEMS 
Type806CCAPSTRATE® 
Small Outline Capacitor.Net-

• works are the first featunng 
Sprague Multilythics® technology for integrating passive components in monolithic ceramic circuit structures. All Sprague 
networks are manufactured under computerized SPC control. Packaged in industry standard, small-outline, gull-wing 
molded cases, these networks can be supplied in anti-static plastic tubes or on embossed conductive tape and reel. In addi­
tion, Sprague.offers a comprehensive custom network capability at competitive prices. For our new Thick-Film Products 
Catalog RN-126A, write to Technical Literature Service, Sprague Electric Company, 
P.O. Box 9102, Mansfield, MA 02048-9102. For applications assistance, call our 
Thick-Film Products Hot Line in Nashua, NH at (603) 883-9774. 
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includes a portion of the module's 
logic. 

The TI chip set not only intro­
duces a wait state, but also lacks 
direct support for Nubus master 
block transfers. Therefore, you 
must use external logic to allow 
your module to read and write block 
data. 

One benefit of block mode is that 
it doubles the data-transfer speed. 
In addition, the data bursts lower 
the bus bandwidth consumption, re­
sulting in less bus arbitration. How­
ever, Apple didn't design a block 
mode for the Macintosh II, and the 
external logic needed for block data 
transfer requires the fastest and 
most expensive FIFO memories 
available. 

Nubus boards ready for action 
To bypass many of the headaches 

associated with designing your own 
interface, you can choose from a va­
riety of Nubus-compatible boards. 
Mercury Computer Systems, for 
example, offers a processor card 
that integrates bus-master and 
block-mode capabilities in one 
board. This single-slot processor 
card, which was introduced at 
Siggraph '88 (Atlanta, GA) , fea­
tures 20M-flops and 10-MIPS per­
formance. When coupled with a 
module that has similar data-trans­
fer specs, the MC3200NU can 

By implementing block-mode data transfers on a bus-master board, Mercury Computer 
Systems' MC-3200NU coprocessor board can reach 20M .fl,ops in a Macintosh II. 

transfer data at a rate of 30M bps 
in block mode. This transfer rate 
lets you perform computation-in­
tensive vector and scalar opera­
tions, such as those used in simulat­
ing, modeling, signal processing, 
image processing, and Postscript 
manipulating. The card's nonblock 
transfer rate can reach lOM bps. 
Also, the card can transfer data to 
and from the Macintosh II's mem­
ory at a rate of approximately 5M 
bps. With 2M bytes of memory, the 

MC3200NU sells for $10,000; the 
Fortran and C software develop­
ment package costs $8500. 

Another high-performance copro­
cessor board for the Macintosh II 
is Yarc Systems' NuSuper module. 
Sporting a 25-MHz Am29000 RISC 
µP and offering an optional 
Am29027 floating-point coproces­
sor, the NuSuper module features 
a peak 25 MIPs, more than 25,000 
Dhrystones, and 3M Linpack per­
formance. The $4000 NuSuper 

Avoid Nubus design errors 
According to Gerry Laws, Chairman of the NuGroup 
(Tustin, CA, (714) 669-1201, FAX 714-669-9105), the 
most common design errors made by developers of 
Nubus interfaces include: 
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• Neglecting to make sure the board can decode 
attention cycles, 

• Cheating on the sample or assertion edges, 
• Failing to ensure that the bus owner drives 

the acknowledge signal high at the end of a 
data transfer, and 

• Violating loading specs. 

Other potential design errors include: 
• Using weak drivers, 
• Designing for a 6-slot board instead of a 16-slot 

board, 
• Failing to drive TM 0/1 high during block 

transfers, 
• Neglecting to decode the address completely, 

and 
• Not driving the start line high after an atten­

tion cycle. 
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Versatility is essential when you need fast deliv­
ery of liquid-crystal displays that meet your 
exact specifications. 

a wide selection of standard and custom designs in 
sizes ranging from a few to over 600 
square centimeters. 

That's why at Philips, we developed quick 
reflexes along with our LCD production 
strength. Today, we can respond to your need 
for virtually any LCD cells or complete mod­ LTA 

As the need for LCDs to display text and 
l'"""~!!!!!'r graphics evolves, our engineers respond 
__ _,.._with custom patterns, 7-segment digits, 

dot matrices, bar graphs, pointers, sym­
ules more efficiently than anyone else 
in the world. 

LCDs are the fastest growing 
display technology for automobiles, 
instrumentation, computers and 
communications. So we offer them in 

Amperex® 
OPTOELECTRONIC PRODUCTS GROUP 

PHILIPS ~ 
CIRCLE NO 81 ~ 

bols, fixed text, positive or negative 
imaging, illumination modes and 
other sophisticated configura­
tions. Just call or write us for a jump 
on delivery and your copy of the 
Philips LCD brochure. 

Amperex Electronic Company, A Division of North American Philips Corporation 
George Washington Highway, Smithfield, RI 02917 (401) 232-0500 

In Canada: Philips Electronics Ltd., 601 Milner Ave., Scarborough, Ontario M1B 1MB (416) 292-5161 



TECHNOLOGY UPDATE 
N ubus interface options 

board operates in parallel with the 
host µP and offers transparent 
background computations. A C 
compiler is now available for the 
board, and a Fortran compiler will 
probably surface during the second 
quarter of this year. 

Wire-wrap your design 
Creative Solutions also offers an 

alternative to designing your own 
interface for the Nubus. The ven­
dor's Nubus Hurdler is an inter­
rupt-driven Nubus slave interface 
on a Macintosh II card with an 894-
pin wire-wrap area. Selling for 
$279, the Hurdler includes a slot­
declaration ROM, as required by 
the P-1196 spec. It also comes with 
three 16-bit counter/timers, a soft­
ware driver, and application notes. 
For $199, you can purchase an in­
terface that lets you connect the 
Ma,cintosh II to a Centronics 
printer, or, for $349, you can buy 
an interface that lets you plug the 
Hurdler into an IBM PC bus. 

If you're interested in performing 
high-speed parallel processing on 
your Macintosh II , consider Levco's 
TransLink board. It lets you tap the 
RISC (reduced-instruction-set com­
puter) technology of an Inmos 
Transputer. The starter kit , which 
sells for $2597, includes a Trans­
Link board with lM byte of RAM, 
an assembler, and C. You can pur­
chase the Occam II Transputer pro­
gramming language and a 
Transputer development system for 
$1200. 

Several Nubus boards, such as 
National Instruments' NB-MI0-
16X 16-bit AID converter, are suit­
able for data-acquisition applica­
tions. The 42-µsec version costs 
$1695; the 18-µsec board sells for 
$1895 and offers· a guaranteed data 
rate of 55 samples/sec. For $1195, 
you can buy a 12-bit NB-MI0-16 
multifunction board. 

National Instruments also pro-
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Many Nubus-board manufacturers have developed software elements that ease the develop­
ment process. National Instruments' NB LabDriver, f or instance, provides a graphical 
interface that simplifies the task of building customized data-acquisition processes. 

vides software support with its $295 
NB-LabDriver software and $1995 
Lab View instrumentation software 
package, which comes with a free 
library of virtual instruments that 
you can use with the board. 
LabDriver also includes a language­
interface library for Lightspeed 
Pascal and a HyperTalk interface 
with Hypercard stacks. Lab View 
provides a graphical programming 
platform that has analysis and gra­
phical-presentation tools, with 
which you can rapidly develop pro­
grams to acquire , control, process, 
and display signal information. 

GW Instruments offers six 
Macintosh II data acquisition 
boards, including the MacAdios II. 
This card simultaneously records 
one channel at 25,000 samples/sec 
and sends the plot to the Macin­
tosh's monitor screen. Its 5-µsec 
AID converter has a throughput 
specification of 142,000 samples/sec_ 
A 12-bit AID converter, two 12-bit 
analog output channels, eight digi­
tal I/O channels, three counter/ 

timer channels, and three AID trig­
ger modes come with the $1490 
board. 

You can plug three daughter 
boards into the MacAdios II to ex­
pand its capabilities with antiali­
asing filters, a time stamper, and 
as many as 96 additional analog in­
puts. The daughter boards range in 
price from $65 for the Protoboard 
to $1425 for the 1-channel, 12-bit 
AID converter with an 833-kHz 
maximum sampling rate. For $190 
you can purchase TurboDrivers , 
which you can access from seven 

. languages, including C, Pascal, For­
tran, and QuickBasic. 

Strawberry Tree Computers of­
fers a line of eight Macintosh data­
acquisition boards, including the 12-
bi t , 8-line AID plug-in board 
(ACSE-12-8) for the Macintosh SE 
and the 16-bit, 16-line board 
(ACM2-16-16) for the Macintosh II. 
The ACSE-12-8 sells for $595, and 
the ACM2-16-16 costs $1845. The 
boards offer self-calibration and 
self-diagnostic capabilities and fea-
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Cursors To Cure 
Measurement Curses. 

Beckman Industrial 
Introduces The Series 9000. 

~~ed, Accura9', Performance 
And Value. 

Presenting a new family of quality 
oscilloscopes with professional features. 
Choose from six models with frequency 
ranges of 20, 40 and 60MHz. 

Five of six models feature two 
independently-adjustable time bases. ,_,Buil.; · t~- ~~~..-...., 
in intensity modulation allows you • ::::::::;:;~~ 

Independent cursors and 
on-screen readouts make 
waveform measurements 
fast and accurate. 

to select a small section of a main 
waveform for closer examination. 
This feature is ideal for measuring 
pulse rise times or checking sync pulse 
amplitudes in composite video signals. . -L~:iiiiiijill1~ 
Cursors And On-Screen Readouts.~ "==::::... 

Model 9204, 40MHz, llliiii\iii•·--Two sets of independent cursors are On-Screen CRT Readout 
Model 9104, 40MHz, featured on Models 9202 and 9204. Simply 

position the cursors on the waveform and 
you instantly have accurate on-screen 
numeric readouts of amplitude, time, 
frequency, duty cycle and phase shift. A 
separate frequency counter is unnecessary. 
Interpolation is eliminated. You save time. 
Improve accuracy. 

Solid Desifil 
The Series 9000 features a low­

profile cabinet, logically grouped controls, 
camera-mount CRT berel and graticule 
illumination for waveform photography. 
Most models feature a three year warranty. 

The Series 9000 Oscilloscope. Only 
from Beckman Industrial. Finally, the 
affordable cure for measurement curses. 

© 1989 Beckman Industrial Corporation 
Specifications Subject To Change Without Notice. 

2 Channel, Dual Sweep (A & B). 

FEATURES 
Max Freguenc~ 60MHz 40MHz 40MHz 
ln~ut Channels 3 2 2 
Dual Swee~ (A & 8) • • • 
CRT Readout • 
Cursor Readout • 
Switchable 2 2 2 X1/REF/X10 Probes 
Warranty 3 year 3 year 3 year 
Price $1,290 $950 $1,095 

Beckman Industrial'" 

Beckman Industrial Corporation 
Instrumentation Products Division 
A Subsidiary of Emerson Electric Company 
3883 Ruffin Road, San Diego, CA 92123-1898 
(619) 495-3200 • FAX (619) 268-0172 • TLX 249031 
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ture a data speed of 2500 to 20,000 
samples/sec. The Analog Connec­
tion WorkBench application soft­
ware, which costs $495, provides an 
object-oriented graphical interface 
that lets you easily develop pro­
grams for your data-acquisition and 
-control applications. 

Whether you'll use these Nubus­
compatible expansion boards or de­
sign your own Nubus interface de­
pends largely on your application 
and your design goals. If, for exam­
ple, your work involves mainly 
data-acquisition applications, buy­
ing an expansion board may be the 
simplest solution. However, if your 
applications are more varied and 
complex, you may not be able to 
find a ready-to-use Nubus board 
that meets your needs. If the de­
mand for Nubus computers should 
increase dramatically in the near fu­
ture, you may have even more de­
sign and product options to choose 
from, which will greatly simplify 
your interfacing task. At present, 
though, it's too early to tell whether 
that demand will increase signifi­
cantly. EDN 

References 

If you're designing for the Macin­
tosh II and you want to be able to 
plug IEEE-488 data into a Macin­
tosh-based application such as a 
spreadsheet, you can use IOtech's 
MacII488 card and MacDriver488 
driver software for Basic, Pascal, 
C, and other languages. Selling for 
$595, the MacII488 comes with a 
desk-accessory program called 
MacDA488, which lets users plug 
IEEE-488 data directly into your 
spreadsheet. The board transfers 
data at speeds as fast as 600k 
bytes/sec. 

THERE'S AN ART TO ESTABLISHING 
BUSINESS ROOTS IN TOKYO. 

To establish a strong rapport 
with your Tokyo contacts 
takes time, patience, insight 
and more time. A country 
that considers a 300 year­
old bonsai tree an art form 
takes a little time to 
understand. 

EXCHANGING MEISHI 
(business cards) is an 
important formality in 
establishing a relation­
ship. You go first, with a bow 
or handshake,and then, your 
card, presented Japanese 
side up to assist with 

1. Nubus-A Simple 32-bit Backplane 
Bus, P-1196 Specification, Draft 2.0, 
December 15, 1986. 

2. Harvey, Audrey, "Simple circuitry 
connects plug-in cards to Nubus," Elec­
tronic Design , February 18, 1988, 
pg 97. 

3. Marshall, Trevor and Jim Potter, 
"How the Macintosh II Nubus Works ," 
Byte, Second 1988 Mac Special Edition , 
December 1988, pg Mac 39. 

Article Interest Quotient 
(Circle One) 

High 515 Medium 516 Low 517 

pronunciation and cases 
where English capabilities 
are limited. Study the card 
you receive, repeating the 
surname, the first name on 
the card, to be sure you 
have the right pronunciation. 
Treat cards with the respect 
you would bestow upon 
their owners. 

WHERE TO GET YOUR 
BASIC BURGERS 
There 's a Hard Rock 
Cafe in Tokyo if you 
have the wild craving 
for fries, and the 

quality of the ham­
burgers is superb. 

DO IT YOUR WAY 
The nightclub can be 

more important than a 
meeting, so you'll probably 
be invited to one. The hot­
test thing is "Kara-oke:· Music 
and images play on a video 
system and you sing along 
into a microphone. Do not 
decline an invitation to sing 
or you'll be rejecting your 
host. Most songs are Japan­
ese, but don't panic-"My 
Way" is always available . 0 z LOOK TO US~ NORTl-IWEST AIRLINES 
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For more information ... 
For more information on the Nubus products discussed in this article, contact the following manufacturers directly, 
circle the appropriate numbers on the Information Retrieval Service card, or use EDN's Express Request service. 

Apple Computer Inc 
20525 Mariani Ave 
Cupertino, CA 95014 
(408) 996-1010 
Circle No 625 

Creative Solutions Inc 
4701 Randolph Rd, Suite 12 
Rockville, MD 20852 
(301) 984-0262 
Circle No 626 

GW Instruments 
35 Medford St 
Somerville, MA 02143 
(617) 625-4096 
FAX 617-625-1322 
Circle No 627 

So before you go, dig 
out some of your old 
records and practice up. 

NORTHWEST NOTES. In 
addition to nearly 60 
flights a week to Tokyo from 
over 200 U.S. cities, a spa­
cious Executive Class, a First 
Class with all the luxury 
and comfort you deserve­
we give you something no 
other U.S. airline can offer 
-the knowledge, insight 
and information that come 
after 40 years of helping 
people do business in Asia . 

IO tech 
25971 Cannon Rd 
Cleveland, OH 44146 
(216) 439-4091 
FAX 216-439-4093 
Circle No 628 

Lev co 
6181 Cornerstone Court East 
Suite 101 
San Diego, CA 92121 
(619) 457-2011 
FAX 619-457-2325 
Circle No 629 

Mercury Computer System 
600 Suffolk St 
Lowell, MA 01854 
(617) 458-3100 
FAX 617-458-9580 
Circle No 630 

National Instruments 
12109 Technology Blvd 
Austin, TX 78727 
(512) 250-9119 
FAX 512-250-0382 
Circle No 631 

Second Wave, Inc 
9430 Research Blvd 
Echelon II, Suite 260 
Austin, TX 78759-6541 
(512) 343-9661 
FAX 512-343-0923 
Circle No 632 

Strawberry Tree Computers Inc 
160 South Wolfe Rd 
Sunnyvale, CA 94086 
( 408) 736-3083 
TWX 650-317-2834 
Circle No 633 

Texas Instruments Inc 
Data Systems Group 
Box 181153 DSG-179 
Austin, TX 78718 
(800) 527-3500 
Circle No 634 

Yarc Systems 
5655 Linero Canyon Rd, Suite 721 
Westlake Village, CA 91362 
(818) 889-4388 
FAX 818-889-2658 
Circle No 635 

NORTHWEST ASIA SERIES . 
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INTRODUCING TEK'S 
20 GHZ, MULTICHANNEL 

COMPREHENSIVE 
MEASUREMENT SYSTEM. 

Imagine characterizing 
GaAs, ECL, or high-speed 
TTL circuits with 1 pico­
second repeatability and 
.D1 picosecond sample 
interval. 

Or acquiring not one or 
two, but up to 68 channels of 
waveform data simultaneously. 
Allundermanualorprogram 
control. 

Imagine reducing propaga­
tion delay measurements to the 
push of a button. Or perform­
ing single-ended TDR and­
for the first time-true differ-

ential TOR, with unprecedented 
accuracy. 

Nothing else lets you 
wall< at the leading edge 
with so much confidence. 
The new Tektronix 11800 Series 
makes previously difficult 
measurements routine. Even if 
you use it infrequently, you' II 
find its operation straight­
forward and unforgettable. 

Measurement readouts on 
the 11800 Series are continu­
ous- not just misleading 
"snapshots." Mean and stan­
dard d<Niation statistics on 
each measurement give you a 
true picture of measurement 
integrity. 

With its maximum 136 
acquisition channels, complete 
programmability, extensive on­
board waveform processing 
and unparalleled accuracy, the 
11800 Series is the clear choice 
for designers and engineers 
working at the leading 
edge of technology. 

When theres no room 
for enor, count on Tetr. 
For more information on these 
and other Tek scopes, contact 
your local Tek sa.les represen­
tative, or ca.111-800-835-9433, 
X170. 
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The VME Volksclosure. 
$995. Ready to Run. 

Finally. The economies of mass production catch up 
with VME and Multibus II enclosures. 

Introducing the Volksclosure, Electronic Solutions' 
economy model enclosure with turbo performance. All 
you do is add cards and peripherals for a complete, 

You do get a choice between two multiple-output power 
supplies: 190 Watts with 19A at + 5Vor 270 Watts with 
30A at + 5V. You can also choose a J2 backplane for VM E 
extended addressing or iLBX II for a Multibus II system. 

Most important, while the Volksclosure costs less, you 
attractive desktop computer. 

With the Volksclosure (also known 
as our Model One) everything comes 
standard six VME or Multibus II slots, 
space for three half-height 51/4 " disk 
drives, and a high-performance 
six-layer backplane all in a highly 
tooled enclosure with our handsome 
front panel that hides those ugly 
connectors and cables. 

We 'II FAX you the facts 
Want the latest data in a hurry? Nothing is faster 
than Electronic Solutions' new " FAX the FACTS " 
program. 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 

don't get less. It fully reflects Electronic 
Solutions' commitment to quality and 
performance. For example, ~1" y 13• 
it meets UL and CSA ~~.j)<\ 
safety standards and f5 J.;: 
FCC Class A EM l/RFI G , t., 
specs to the letter. •.t .R,: t-~ 

The New Volksclosure. How 
to get a lot more mileage from your 
packaging budget. Call right now 
for complete details. 

6790 Flanders Drive , San Diego, CA 92121 · (619) 452-9333 Telex ll(TWX): 910-335-1169 

Call Toll Free: (800)854-7086 In Cal if: (800)772-7086 
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PRODUCT UPDATE 

VXI Bus enhancement accommodates physical 
instruments and multiple mainframes 
The MXIbus (pronounced MIX-ee­
bus) is an enhancement of the VXI 
Bus, which is well known among 
system developers for its high­
performance, instrument-on-a-card 
architecture. MXIbus lets you 
daisy-chain and multidrop main­
frames full of card-bound instru­
ments, and even lets you add full­
size physical instruments and PCs 
to your VXI Bus system. 

MXIbus-an acronym for 
Multisystem eXtension Interface 
bus-provides a 32-bit, multimas­
ter, frame-to-frame interface that 
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lets a single VXI Bus resource man­
ager configure your entire multi­
frame system. It provides word­
serial drivers and utilities that let 
the resource manager identify all 
the devices in the system, manage 
the system's self tests, configure 
the A24 and A32 address maps, es­
tablish the initial system hierarchy 
for multimaster arbitration, and in­
itialize normal system operation. It 
also defines a method for extending 
TTL triggers, VME interrupts , 
CLKlO, and SYSFAIL across mul­
tiple frames. 

MXI BUS 

7\ 

v 
MXI BUS BUS-
REOUESTOR 
CIRCUITRY 

Incorporating a backplane-bus­
on-a-cable design, the MXIbus as­
signs VXI Bus logical addresses to 
the physical devices connected to 
the bus. Its multidrop parallel bus 
architecture provides a way to cou­
ple a VXI Bus tightly to external 
industry-standard personal comput­
ers, such as the IBM PC/ AT, PS/2, 
Macintosh, and EISAbus machines, 
and to instruments that will never 
physically fit on a VXI module. 
With the MXIbus and a PC, a VXI 
Bus system developer can use in­
dustry-standard software to speed 
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IBM PC/AT BUS 

Providing an operational link among mu/Jipl.e VXI Bus mainfmmes, phym.cal instruments, arid the IBM PC/AT /ms, Nati.anal Instruments' 
MXIbus lets you control as many as 256 devices in a multidrop, parallel-bus architecture. 
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Data 
Acquisition 

Beyond 
lOMIPS 

Data Acquisition Processor"' 

Onboard intelligence 
for IBM PC/XT I AT /386 

The DAP 2400™ is a complete data 
acquisition and control system on a 
single IBM PC card . The OAP 2400 
features 2 processors: a 16 MHz 
80C 186 for control processing and a 
20 MHz DSP56001 for digital signal 
processing . 

• Sustained digital signal processing 
of 10 MIPS 

• FFT and FIR filtering without 
programming 

• Acquires analog and digital inputs 
to 235 ,000 samples per second 

• Buffers and processes input data as 
required 

• Updates analog or digital outputs to 
250,000 values per second 

• Performs 1,024 point complex FFT 
in under 10 milliseconds 

• Executes FIR filters in less than 200 
nanoseconds per tap 

• More than I 00 commands without 
programming 

• Commands include : Average , 
Scale, Peak Detection , Range 
Detection , Logic , Integration , 
Differentiation , Thermocouple 
Linearization , Closed Loop Control 
(PID, PWM), Event Detection , 
Auto-Range (to 102 dB) 

• Custom commands may be written 
inC 

• Full documentation $30 
• DAP 2400 from $2395 
• Other DAP"' models from $995 

M cROSTAR 

L ABORATORIES"' J 
(206) 881-4286 
2863 152 Ave. N.E. 
Redmond, WA 98052 
Fax (206) 881·5494 
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PRODUCT UPDATE 

development tasks. 
By mapping together portions of 

each device's address space and in­
terlocking the internal hardware 
bus cycles of the devices linked to 
the bus, MXIbus accommodates 8-, 
16-, and 32-bit data transfers, block­
mode transfer for sustained data 
rates approaching 20M bytes/sec, 
and inseparable read-modify-write 
operations. The 62-pin MXIbus con­
nector encompasses 49 active sig­
nals (including 32 multiplexed ad­
dress and data lines with parity), 
address modifiers for multiple ad­
dress spaces, single-level multimas­
ter prioritized bus arbitration, in­
terrupt capability, bus-error han­
dling of timeouts and deadlock con­
ditions, and handshake lines for 
asynchronous operation. 

Because MXIbus doesn't specify 
what you can attach to it, it is more 
of a general-purpose bus than the 
instrument-specific GPIB. Thus, 
you can tap the data flow from high­
speed input devices such as optical 
scanners without facing the bottle­
neck posed by protocol-laden links. 

Each MXIbus interface has ad­
dress-window circuitry that moni­
tors both the internal local address 
lines and the MXIbus lines. This cir­
cuitry detects the occurrence of an 
internal bus cycle that maps out to 
the MXIbus; it also detects when a 
MXIbus cycle's address is mapping 
into the internal system. The inter­
face interlocks the local bus cycle 
to the MXIbus and initiates a 
MXIbus cycle to the specified ad­
dress. Optional address-page regis­
ters permit the address windows to 
occupy only a small portion of the 
local address space. You can move 
the address windows to access the 
full MXIbus 32-bit address space by 
changing the page register values. 

The MXIbus does not, however, 
accommodate system architectures 
in which nodes are connected in a 
ring. Neither does it extend the 
VXI Bus' Analog Summing Bus, 
the Local Bus, CLKlOO, SYNClOO, 
ECL triggers , or Star triggers. 

And, although National Instru­
ments has distributed a proposed 
specification for its MXIbus among 
the members of the VXI Bus con­
sortium, no formal recognition has 
yet occurred. 

To support the proposed MXIbus 
standard, the company has intro­
duced the MXI-VXI and AT-MXI 
interfaces. The $1995 MXI-VXI 
board is a C-size VXI module with 
slot 0 capability. You can connect 
as many as 32 VXI mainframes to 
operate as a single VXI system 
with 512 slots and a common ad­
dress map. A 2-meter MXIbus cable 
costs $300. 

The $995 AT-MXI board links an 
IBM PC/ AT to one or more VXI 
Bus mainframes via the MXIbus. 
The PC/ AT treats each VXI Bus 
chassis and its internal instrument 
cards as though they were plugged 
directly into the backplane of the 
PC/AT. The chassis communicate 
via VXI protocols. The AT-MXI in­
terface handles the bus cycle trans­
lations, performs shared-memory 
data transfers, and includes VXI 
Bus Resource Manager software 
and VXI word-serial device drivers. 
Although embedded PCs-on-a­
board are currently available for 
the VXI Bus, you may find the com­
bination of an AT-MXI board and 
your own PC to be a more cost­
effective and versatile solution. 

-J DMosley 
National Instruments, 12109 

Technology Blvd, Austin, TX 
78727-6204. Phone (512) 250-9119. 
FAX (512) 250-0382. TLX 756737. 
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Designing with 40-pin ~ parts just got a whole lot easier. 
Introducing the Z86E2J;· Zilog 's CMOS one-time pro­

grammable microcontroller for the entire Z8 family. It's the 
form , fit and function part you need for all Z8 designs and 
short production runs. 

. "' . erintegration. 
Zilog is sup . ber jefJe1s ofintegrat!'»' That 
As tbe aemand f~ '1pproacb to A~~'.f:;,ugb 

grows, t~ £'::perintegratioton:~ r~pWly growip·ng 
flBIJ)a/)JT•.,...,.: i1og baSiJeVe r- oaucts(ASS s), 
supei:ifltegrati!"', ~ specific stanttartl_P" its (CBICs" ), 

fiafnilyof appl;catiOflll-baSe" integratedbacirt~ve bee" com-
_,.,.. r....-.1111 as ce _,,cells t 1:rntionS· """',....,--- Iring cores a,... fi :pecific aPP ,.,.. 
ubicb are~ afad enhanced orp:rts. In fact, tbe 

re not custom top use tbe same 
~~andCB~<':,5/f;::c()des you 're 

.uiecture a, ... 
arw• with. risk than 

aireadY wor:CJ1es mean a tot ies;0 reJJI estate is 
ASSPs a es are elimina~«:°· 8:upling enhances 

ASICs. NRE cba~ And on-sdiCO" mean to your 
sigrli~ntly red "rmnli wbattbat ~n -to-mar/let. 
~-all PB!f'!"""nce. rr.•tS and your time 
~ '6jficieflCY, your""" 

The compatibili ty. 
The Z8 OTP plugs right into your final production board. 

It fits with all 40-pin parts, whether they're NMOS or CMOS. 
And you can get the package you need. An 8K OTPP ROM in 
a 40-pin DIP or 44-pin PLCC package. 
The fu nctions. 

Use the Z8 OTP however it best suits your situation. It lets 
you write, debug or verify code. It gives you perfect fit , form 
and function. And it lets you avoid having to resort to a design 
proto-pack , with its required external EPROM, for short-run 
production applications. 
The performance. 

You get everything you'd expect from a Z8 OTP. 256 bytes 
of RAM, for one thing. An 8K OTP PROM, for another. Then 
there's the full duplex UART and the 32110 lines. And the ability 
to address I 12K bytes of external memory. Plus all the overall 
performance advantages of CMOS and Superintegration:· 
The reliability. 

The Z8 OTP comes to you with Zilog's proven quality and 
reliability built in . Off the shelf. At a highly competitive price. 
Find out more about the Z8 OTP, or any of Zilog's growing 
family of Superintegration products. Contact your local Zilog 
sales office or your authorized distributor today. Zilog, Inc., 
210 Hacienda Ave., Campbell , CA 9500~ ( 408) 370-8000. 

Right product. Right price. Right away. Zilog 
ZILOG SALES OFFICES' CA (408) 370-8120. (714) 838·7800. (818) 70Hl60. CO (303) 494-2901. FL (813) 181·2133. GA (404)913-8500. IL (.I ll ) 117-8080. MA (617) l7.l -42ll. MN (61l) 831-7611. 
NJ (201) 288-3737. OH (216) 447-1480. PA (211) 61)-0230. TX (214) 987-9987. CANADA Toromo (416) 673-0634. ENGLAND Maidenhead (44) (618) .19200. W. GERMANY Munich (49) (89) 612 -6046. 
JAPAN Tokyo (81) nJ 587·0128. HONG KONG Kowloon (852) (3) 723-8979. TAIWAN (886) (l) 741-3125. SINGAPORE 61-l31711S. DISTIUBUTOJIS, U.S. Anlhem Electric. Bell Indus .. Hall -Mark Elec. . 
JAN De\•ices. Inc. , Lionex Corp .. Schweber Elec., Western Microtech. CANADA t"u1ure Elec., SEMAO, LATIN AMERICA Argentina-Ye!.-( I) 46-2211 , Brazil-Oi~ibyte(Oll) 241-.\6 11 . Mexico-Semiconductores 
Profesionales (I) 1.\6-1.112. 
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uads could lift due to a steep 
bulge on the board. 

Highly localized bulge in this 
component. 

~ large, nat bulge from three well 
defined heat sources. 

Thermally induced failures? 
See them easily with Holographic NDT 
A powerful solution 
In seconds anyone can produce an 
image of minute deformations and 
view them as they evolve. Newport's 
holographic systems provide the 
power of holographic interferometry, 
with push button ease. 

Interpretation is easy 
The crisp lines on the PC board 
form a topographic map of its 
deformations, with the elevation 
between successive contour lines 
being precisely 10 micro inches. Our 
system allows you to resolve tightly 
spaced contours even on variable 
contrast objects like this PC board, so 
you never miss a detail. 

714/965-5406 
Newport Corporation 
18235 Mt. Baldy Circle 
Fountain Valley, CA 92708 
Europe: Newport GmbH, Ph. 06151-26116 
U.K.: Newport Ltd., Ph. 05827-69995 
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Failure identification 
Failures are easily understood when 
you can watch the board or compo­
nent deform during its power-up 
cycle. As the board heats up, closely 
spaced fringes indicate large board or 
component deformation, which can 
indicate too much heat, or perhaps 
excessive stress on the leads of a 
high reliability component. 

Easy operation 
Operation is simple and easy: the 
system is completely electronic, and 
it takes only 10 seconds from expo­
sure to viewing. 

CIRCLE NO 74 

Call us and we'll be happy to discuss 
the solution to your problem. 

The HC-1034 
Holographic system 
is a completely 
enclosed, self­
contained, stand­
alone unit. This 
and other systems 
are featured in our 
catalog. Call for 
your free copy 
today. 

©1988 Newport Corporation 
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PRODUCT UPDATE 

32-bit Ethernet controller chip 
maintains layer-management statistics 
Although a latecomer to the LAN­
controller market, the 92C28 Eth­
ernet controller chip promises to de­
liver unusually high system per­
formance through its 32-bit inter­
facing capability. The $35 (5000) de­
vice can operate as a local bus mas­
ter or as a slave to a host µP, and 
it maintains a full complement of 
network statistics as defined by the 
IEEE-802.3 layer-management 
draft specification. In addition, the 
company created the device using 
design rules that are compatible 
with its 1.5-µm ASIC fabrication 
process and can therefore develop 
alternative versions of the control­
ler for interested customers. 

Internally, the 92C28 employs a 
16-bit architecture, which is appar­
ent from the device's 16-bit address 
and data ports. You can connect the 

IC to a host µP as a slave device, 
using either a memory-mapped or 
an VO-mapped interface-the chip 
has control pins for both interface 
types. The VO-mapped interface al­
lows a low-cost, low-performance 
approach to LAN node design that 
uses the host CPU's memory 
for transmit and receive buffers. 
The memory-mapped interfacing 
scheme allows you to attach local 
memory to the LAN controller so 
that it can automatically manage its 
own buffers, thus achieving some­
what higher performance. The chip 
can also share its buffer memory 
with a µP through a DMA request/ 
acknowledge protocol. 

Through multiplexing, you can 
adapt the 92C28's 16-bit data bus 
to a 32-bit system. You must add 
external latches and transceivers to 
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hold the incoming and outgoing 32-
bit data words because the control­
ler can only transfer 16 bits/clock 
cycle. However, the controller gen­
erates all necessary latch strobes 
and transceiver enables to ease this 
design approach. 

This 32-bit interface not only im­
proves the match between the LAN 
controller and a 32-bit µP, but it 
also boosts system performance by 
raising the maximum data-transfer 
rate to 20M bytes/sec, a 50% in­
crease over the rate obtainable with 
the chip's 16-bit mode. You may not 
need this additional bandwidth to 
service a lOM-bps Ethernet LAN, 
but the higher transfer rate can free 
the µP's bus for other processing 
chores not related to network 
traffic. 

The Ethernet controller's 32-bit 

ADDRESS-
RECOGNITION 

UNIT 

I 
RECEIVER SHIFT 

REGISTER, 
SINGLE-ERROR 

DETECTOR, 
CRCCHECKER 

I 
TRANSCEIVER 

PORT 

c RECEI VE 
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Although it has a 16-bit architecture intemnlly, the 92C28 Ethernet controller can operote in both 16-/Jit and 32-/Jit sysfffms. 
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DYNAMIC MEMORY TIMER 
• Triggered by a Single MREO Pulse 
• Rising-edge Triggered 
• TTL Interfaced 
• 14 Pins DIP 
• Generates All Timing Pulses for 

DRAM Memory Board 
Precise and Stable Timing 

Clifton, New Jersey 07013 
(201) 773-2299 • FAX (201) 773-9672 
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"MATHCAD IS THE 
BEST THING TO HAPPEN 

TO THE ENGINEER 
SINCE THE 

POCKET PROTECTOR." 
- PC Magazine 

For problems involving engineering calculations or scientific analysis, 
the answer is MathCAD0 

MathCAD is the only PC-based software package specifically designed to 
give technical professionals the freedom to follow their own scientific intuition. 
You decide how to solve the problem - MathCAD does the " grunt work." 

• Ends tedious programming and debugging. 
• Displays instant answers as you change variables. 
• Generates quick plots to help you view results. 

MathCAD includes such built-in features as: 
• Matrix operations • Automatic unit conversions 
· Simultaneous equation solver •Greek character set 
• Real and complex numbers • Fast Fourier Transform 
• Dynamic error flagging and much more 

To find out what MathCAD can do for you, call us today for a f ree demo 
disk: 1·800-MathCAD (in MA, 617-577-1017). Or write to MathSoft, Inc., 
One Kendall Square, Cambridge, Massachusetts 02139. 

Requires IBM0 PC or compatible, 
51 2KB RAM , g raphics card. Math Soft 

i::+ v' -=xl+o 
Software Tllt fur Calculating Mrns 
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mode provides yet another advan­
tage: It supports 256k bytes of 
buff er RAM compared with only 
128k bytes for the 16-bit mode. You 
may need this additional storage for 
very active LAN devices such as 
file servers. For packet transmis­
sions, the controller employs a 
chained, dual-buffer scheme, and 
for incoming packets, the chip em­
ploys a ring buffer. You program 
the addresses of the various buff er 
areas through six pointer registers 
in the controller . 

The 92C28 maintains several net­
work performance statistics in on­
chi p registers. The registered 
transmission statistics include the 
number of frames transmitted prop­
erly, the number of single- and mul­
tiple-collision frames, the number of 
octets transmitted properly, the 
number of deferred transmissions, 
and the number of multicast and 
broadcast frames transmitted prop­
erly. Registered receive statistics 
include the number of properly re­
ceived frames and octets and the 
number of properly received multi­
cast and broadcast frames. In addi­
tion, the chip records several other 
error statistics relating to the trans­
mitting and receiving of packets. 

Maintenance of network statistics 
at each LAN node can potentially 
help a network manager achieve 
maximum throughput and reliabil­
ity in an Ethernet LAN, provided 
designers make the statistics acces­
sible when designing node equip­
ment. The 92C28's statistics regis­
ters implement the functions listed 
in the IEEE-802.3 layer-manage­
ment draft specification, thus en­
couraging you to integrate layer­
management functions in your Eth­
ernet designs.-Steven H Leibson 

NCR Corp, Microelectronics Div, 
2001 Danfield Ct, Fort Collins, CO 
80525. Phone (800) 334-5454. FAX 
303-226-9556 
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Our AMI PM sample service 
works fast! Sample requests 
received in the AM go out 
the same afternoon ... re­
quests received in the PM go 
out the next morning! 

When it comes to 
SUDDEN SERrlCE 
Samiec really~ 
a different breed 
of cat! 

Need interconnect samples 
to complete a spec? 

Our "sudden samples" 
go out within 24 hours! 

We know you 're busy. You can't 
wait weeks for a sample of the socket 
or connector you need right now. 
That's why our AM / PM sample ser­
vice ships your samples in 24 hours 
instead of the usual 2 weeks. 

At Samtec everything you need­
samples, catalogs, quotations, engi­
neering data, shipment dates-are all 
handled with energy and personal in­
terest in solving your problems. When 
it comes to SUDDEN SERVICE Samtec 
really is a different breed of cat! 

New Interconnect Guide plus Enlarged 
100-page Catalog. Guide is va lu a bl e 
reference for latest interconnect applica­
tions. New catalog has even more Samtec 
interconnects and specifi­
cations for easy ordering. 
Get yours today! 

EUROPEAN SAllTEC, Ltd., 35 Deerdvkes View, 
HEADOUARrERS: wastfield, Cumbemauld, Scotland G68 9HN 

Phone: 02367 39292 FAX: 2367 27113 TUC: 778168 

SERVICE 
WORLDWIDE SAMTEc, INC, P.Q Box 1147, 810 E BM:I., 

HEADQUARl'ERS: New Albany, tt.f 47150 USA Phone: 944-8i'33 
lWX: 81o-&44MOlll TU<: 33M1S • 81t-948-6047 

DIP sockets, capacitor 
sockets, adaptor plugs. 

.025 " sq. terminal strips, 
single / double row, shrouded. 
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PRODUCT UPDATE 

Development tool simplifies the creation 
of user interfaces for real-time systems 
The Rave (Real-time Audio/Video 
Environment) software-develop­
ment tool simplifies the design of 
human interfaces for real-time ap­
plications such as those for process­
control systems. The development 
tool is an extension of the OS-9 real­
time operating system and allows 
you to combine audio, video, com­
puter-generated graphics, and cus­
tomizable menus in creating a user 
interface. 

You can use Rave to create inter­
faces for real-time systems that 
nontechnical operators intuitively 
understand. Furthermore, you can 
develop a custom audio/video user 
interface without writing a single 
line of code. 

Three software packages make 
up the Rave development tool: the 
Graphics File Manager, the Graph­
ics Support Library, and the Pres­
entation Editor. The Graphics File 
Manager provides the audio, video, 
and input drivers needed to support 
the run-time user interface. For ex­
ample, the input drivers provide 
support for a standard keyboard, a 
keyboard customized for a specific 
application, and pointing devices 
such as a mouse, digitizing pad, or 
touch screen. The video driver sup­
ports a monitor and provides draw­
ing and block copy primitives. 

The Graphics Support Library 
builds on the Graphics File Man­
ager and includes the menus, con­
trols, and indicators employed in a 
user interface. For example, con­
trols are objects on the display that 
mimic the behavior of switches or 
slidebars. Likewise, indicators 
mimic the behavior of devices such 
as meters, LEDs, and strip-chart 
recorders. The Graphics Support 
Library includes a number of stan­
dard controls and indicators, and 
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A sample screen of a typical user interface demonstrates the intuitive visual effect that 
Rave-based applications project. 

you can also build custom controls 
and indicators. 

You use the menu-driven Presen­
tation Editor to actually develop a 
user interface. The keyboard and 
the mouse let you interact with the 
Presentation Editor, thereby creat­
ing the user interface based on the 
controls, indicators, and menus sup­
ported by the Graphics Support Li­
brary. You can input audio to the 
Presentation Editor directly from a 
microphone or from a disk. You can 
use a camera to capture the video 
or build it from graphics primitives. 
A paintbrush facility allows you to 
modify computer-generated or real­
world video images. 

Currently, Rave supports a 
frame-grabber board, an audio I/O 
board, and a speech chip, but you 
can easily add support for any 
audio/visual product by developing 
drivers for the Graphics File Man­
ager. You can also expect a number 

of CPU-board manufacturers that 
currently support the OS-9 operat­
ing system to support the Rave ex­
tension as well. 

The three partitions of Rave are 
separately priced: Graphics File 
Manager, $300; Graphics Support 
Library, $175; Presentation Editor, 
$995. You may only need a single 
copy of the Presentation Editor to 
develop products, but you may also 
need to ship a copy of the run-time 
Graphics File Manager or the 
Graphics Support Library with each 
system you ship. All the units are 
scheduled for release in mid-May. 

- Maury Wright 
Microware Systems Corp, 1900 

NW 114th St, Des Moines, IA 
50322. Phone (515) 224-1929. TWX 
910-520-2535. FAX 515-224-1352. 
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Put a damper on vibration 
with 3M Scotchdamp™ 
Vibration Control Systems. 
It's a fact of science. As materials 
become lighter, they are increasingly 
prone to the disruptive effects of 
vibration. Now there's a solution that 
makes life a lot easier for today's design 
engineers-Scotchdamp Vibration 
Control Systems. 

Custom designed to your exact 
specifications, these systems combine 
energy dissipating polymers with other 
key materials to solve specific vibration 
problems. For example, stainless steel 
dampers, now being used on hard disk 
drive suspension assemblies, virtually 
eliminate vibration and thereby reduce 
data errors. 

If you're designing electro­
mechanical devices of any kind, 
Scotchdamp Vibration Control Systems 

can help you eliminate troublesome 
vibrations. Team up with 3M, a world 

leader in vibration control materials, to 
increase your customers' satisfaction­

and yours-through vibration-free 
product performance. Circle the reader 

service number or write: 3M Industrial 
Specialties Division, Building 

220-7W-04, 3M Center, St. Paul, MN 
55144-1000. Better yet, call 

(612) 733-7411 today. 



PRODUCT UPDATE 

Software-modeling capability allows 
you to ''emulate'' your system designs 

You can now simulate your system 
designs, using Mentor Graphic's 
QuickSim simulator in conjunction 
with SmartModel Windows, a be­
havioral software-modeling capabil­
ity. SmartModel Windows can actu­
ally look inside the registers of the 
models of processors, peripherals, 
PLDs, and memories during simula­
tion. This capability lets you build, 
simulate, emulate, and debug the 
system before you prototype your 
designs. 

Emulation has always been a use­
ful technique for evaluating your 
designs involving µPs. You could 
use an emulator to debug both the 
hardware and software of your sys­
tem designs by single-stepping 
through the program and examin­
ing the data in registers internal to 
the µP . When you finished the proc­
ess, you'd just replace the emulator 
with the actual microprocessor. But 
you could only do this at the hard­
ware level. 

SmartModel Windows provides 
internal register visibility for some 
Motorola processors and peripher­
als, including the MC680XO family, 
the MC68230, MC68440, MC68442, 
MC68452, MC68851, MC68881, and 
the MC68HC11. You can also use 
SmartModel Windows for PLDs 
from AMD/MMI, Altera, Lattice, 
and Texas Instruments. By July, 
the vendor is planning to provide 
SmartModel Windows for a range 
of Intel devices, and by the end of 
the year, for most devices in its 
SmartModel library that have inter­
nal registers. 

SmartModel Windows is tightly 
coupled with the simulator's user 
interface, thereby letting you work 
with the SmartModel's internal reg­
isters exactly as with the external 
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You can single-step your hardware design through your '{JTOgram and examine the registers 
at each step. Here, SmartModel Windows models emulate a system controlled by an 
MC68020 µ.P and containing an MC68230 parallel interface/timer. They're shown with the 
Motorola chips' internal-register values that are available for examination. 

nets of the design. If the simulator 
supports SmartModel Windows, 
you can single-step, set breakpoints 
on internal-register states, or set 
internal-register values. In addition 
to Mentor's QuickSim, the vendor 
is working to couple SmartModel 
Windows with HP's Electronic De­
sign System. 

You can get SmartModel Win­
dows as an option to the vendor's 
1-year subscription service for the 
SmartModel library of more than 
4000 devices. Subscribers receive 
quarterly updates containing all 
new models and, if you order the 
SmartModel Windows option, you 
will receive the Windows capability 
for each new set of devices as they 
are released. The SmartModel's 
subscription service is $7900 per 

workstation, and the SmartModel 
Windows option costs an additional 
$4000.-Michael C Markowitz 

Logic Automation Inc, 19500 NW 
Gibbs Dr, Beaverton, OR 97075. 
Phone (503) 690-6900. FAX 503-
690-6906. 
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16-BitCMOS 
· crocontrollers. 

More nctions 
and More Memory 

• p. 
Now 

-

From · tsubishi. 
32K bytes EPROM or ROM. 2K 

bytes RAM. Two UARTs, with on­
board baud rate generator. 8-bit, 
8-channel AD converter. Eight 
multi-function 16-bit timers that 
operate in five modes (timer, event­
counter, one-shot, pulse-period and 
pulse-width), and pulse-width modu­
lation. 12-bit watchdog timer. Inter­
rupt controller. 68 independently 
programmable 1/0 ports. All on-chip. 

Plus, linear access for 16 mega-

IBM is a registered trademark of International Business 
Machines Carporation. 
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bytes external memory. Powerful 
instruction set optimized for high­
performance operation. High effi­
ciency hardware multiply and divide 
instructions. And, configurable for 
8- or 16-bit external operation. All 
in low power, 1.3 µm silicon-gate 
CMOS technology. All part of a 
broad 16-bit MCU product line. 
IBM~-PC based development and 

software support tools. Plus, masked 
ROM, ROM-less and OTP ROM 

versions and prototyping adapters. 
All available now from Mitsubishi. 

Driven by your applications, we put 
more on-chip and give you more 
choices, so you can reduce system 
component count, save board space, 
lower overall design costs and get 
products to market fast For more 
information call now. (408) 730-5900 
Ext 2106. 1050 E. Arques Avenue, 
Sunnyvale, CA 94086. 

' MITSUBISHI 
;... ELECTRONICS 

Applications-Driven Microcontrollers 



PRODUCT UPDATE 

Color LCD panel uses TFT technology 
to achieve high contrast and sharpness 
Reproduced here, the color trans­
parency cannot do justice to the 
brightness, contrast, sharpness, 
and vibrancy of the company's TFT 
(thin-film transistor), 6.3-in., 8-
color LCD display. You really have 
to view the actual display to appre­
ciate its visual impact. 

Using amorphous silicon TFTs in 
an active-matrix arrangement, each 
pixel in the display is driven by its 
own transistor. Individual red, 
blue, and green color filters over 
each pixel make the 8-color opera­
tion possible. Deleting the color fil­
ters yields a high-resolution mono­
chrome display having all the ad­
vantages of TFT technology. Both 
the color and monochrome displays 
typically employ a fluorescent back­
light. 

Although the interface circuitry 
for the TFT display is multiplexed, 
when examined at the individual 
pixel level the display actually is 
statically driven by the individual 
TFT drive circuits. This arrange­
ment preserves the simplicity of de­
signing in a multiplexed display and 
eliminates the resolution vs con­
trast tradeoff normally associated 
with other LCD technologies. 

The thin-film transistors are 
FETs. The drain leads of the FETs 
are connected to form column­
selecting terminals; the gate leads 
are connected to form row-selecting 
terminals. When the display selects 
a particular pair of row-column ter­
minals, that individual FET turns 
on, activating the LCD pixel con­
nected to that FET's source lead. 
Compared with previous LCD tech­
nologies, this configuration pro­
vides higher resolution, improved 
brightness and viewing angle, and 
significantly improved contrast and 
speed. 

The extremely sharp image qual-
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Active-matrix TFT tech11JJ/ogy enables thiB LCD panel w reproduce eight co/ms that have 
high contrast and 640 x (200 x 3) pixels of resolution. 

ity of TFT technology results from 
the fact that when the display is 
passing light, the light passes 
straight through without any defo­
cusing on the pixel edges. By con­
trast, other active displays such as 
CRTs and emissive flat panels ap­
pear less sharp because the emitted 
light travels in several directions si­
multaneously, resulting in an ap­
parent defocusing of the image. 

Although this LCD panel is quite 
expensive ($700 in OEM quanti­
ties), it has some impressive specifi­
cations. The effective display area 
is 96 x 128 mm. The resolution is 
640 x (200 x 3) pixels for color and 
640 x 600 pixels for monochrome, 
totaling 384,000 pixels. The con­
trast ratio is very high at 40:1. The 
viewing angle of ± 45° lets you see 
what's on the screen without having 
to look at it head on, and the dis-

play's 40-msec response time is suit­
able for mouse-driven applications. 
The LCD panel operates from 5 and 
25V supplies, and power consump­
tion is only 5W with backlight and 
l.5W without backlight. 

Though the display's present high 
cost precludes its use in most low­
end applications, other applications 
such as medical instrumentation, 
avionics, and high-end portable 
computers would likely benefit from 
the use of a compact, low-power, 
full-color display. And, as produc­
tion yields improve and costs go 
down, you'll likely find these dis­
plays among lower-cost consumer 
products.-Dave Pryce 

Hitachi America Ltd, Electron 
Tube Division, 300 N Martingale 
Rd , Suite 600, Schaumburg, IL 
60173. Phone (312) 517-1144. 
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SIEMENS 

Surface moun 
technology in 

varistors ... 
new dimension. 

Introducing Siemens surface 
mount Metal Oxide Varistors ... 
our newest generation of surface 
mount innovation. 

symmetrical in shape - whic 
mean your production line 
moves faster and smoother 
becau e there's no need for 
orientation. 

Call 1-800-222-2203 x4546 for 
immediate design or delivery 
information. Or return the coupon 
for our new data sheets. 

/ 
/ 

Siemens pioneered surface 
mount technology, and we've 
never stopped directing its 
destiny. That's why our new 
varistors do more than provide 
the many advantages of surface 
mounting (such as reducing 
harmful effects of ESD) - they 
give you renowned Siemens 
quality and flexibility. For 
example, Siemens varistors are 

Siemens high quality surface 
mount varistors are available 
with voltage ratings from 4 to 
300V Ac (5.5 to 385V DC) and 
complf with IEC Standard 38~ . 
Each is a breakthrough of s all 
proportions with big advantages 
for you. 
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UW.12011 ......... OR FAX 12011489-6911 

FIRST RIGHT ANGLE SURFACE 
MOUNT L.E.D. OFFERS SPACE 
ECONOMY AND EASY 
VISIBILITY. 
Industrial Devices, Inc . (IOI) 
6200 Series Right-Angle LED 
for surface mount assembly. 
Subminiature series is 6mm 
high and withstands tempera­
tures of near-IR or vapor phase 
reflow. Available in red , green 
and yellow high-brightness, 
low (2mA) current, 5V (built-in 
resistor) and 5V low current 
models. Contact Industrial De­
vices , Inc ., 260 Railroad Ave­
nue, Hackensack, New Jersey 
07601; (201) 489-8989, FAX 
(201) 489-6911. 
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1~ Industrial Devices, Inc .• Hackensack, NJ 07601 -..IJI Telephone: 1101I489-8989 
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PRODUCT UPDATE 

Prototyping board kits 
include a RISC-like µP 
The two EVQT960 µP-board kits 
provide designers with a low-cost 
way to evaluate or prototype prod­
ucts based on the company's 32-bit, 
20-MHz 80960KB RISC-like proces­
sor. The kits include working CPU 
boards, schematics, programmable 
logic equations, and a software­
debug monitor. The CPU boards in­
clude an onboard prototyping area 
and a connector that you can use 
to add more circuits off board. 

The 80960KB currently tops the 
company's embedded-controller 
product line. The µP includes an in­
tegrated floating-point unit, in­
struction and operand caches, and 
an on-chip interrupt controller. The 
processor also supports a burst 
mode for fetching instructions and 
data, and the boards included in the 
prototyping kit employ interleaved 
memory to support the burst mode. 

You can choose from kits with 
slightly different 80960KB-based 
boards. The EVQT960F20 kit costs 
$1960 and includes 128k bytes of 
zero-wait-state static RAM and 
128k bytes of flash EPROM in­
stalled on the CPU board. The 
board included in the $960 
EVQT960E20 kit hosts 128k bytes 
of 2-wait-state static RAM and 
sockets for 128k bytes of EPROM. 
The boards include a programmable 
wait-state generator that allows 
you to model different memory­
subsystem architectures. 

Other board features include an 
RS-232C port and eight DMA chan­
nels. You power the boards with 
any standard IBM or compatible 
personal-computer power supply. 
The prototyping area of the boards 
has complete access to the CPU 
core-system buses and signals. 

The boards come with the public­
domain Nindy debug monitor 
stored in EPROM. Nindy provides 

The 20-MHz 80960KB-based CPU boards i~ 
eluded in the EVQT960EIF evaluation and 
prototyping kits allow designers to quickly 
develop hardware and software based on the 
new RISC-like embedded controller. 

features such as code execution at 
a specific address, five instruction 
traces, two hardware breakpoints, 
display/modify registers, display/ 
modify memory, code disassembly, 
and code/data download via the RS-
232C port. 

You can communicate with Nindy 
from a host computer that has a ter­
minal-emulation program and an 
XModem file-transfer facility. Intel 
also offers the ASM-960 assembly­
language software package, the iC-
960 C language software package, 
and the ICE-960 in-circuit emulator 
for use with the prototyping kits. 

The kits include IBM PC-compat­
ible 1.2M-byte floppy disks that 
contain a schematic data base of the 
CPU board, PLA equations, the 
CPU-board parts list, and source 
code for the Nindy debug monitor. 
You also receive an EVQT960 us­
ers' manual and power-supply ca­
bles in the kit. You can expect ship­
ments of the kits by mid-year. 

-Maury Wright 
Intel Corp, Dept 9P01, 3065 Bow­

ers Ave, Santa Clara, CA 95052. 
Phone (800) 548-4725. FAX 408-
765-2633. 
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A 100 MHz Digitizing Oscilloscope for $3,465. The HP 54501A. 
• 100 MHz bandwidth 
• Four channels 
• 8-bit vertical resolution 
• Instant hardcopy output 
•Full HP-IB programmability 
• Automatic measurements 

It's no typo! $3,465. Call for 
the FREE video and see the best 
price/performance, portable, 
digitizing oscilloscope on the 

EDN April 13, 1989 

market. See the power of glitch, 
dropout and TV triggering, mea­
surement limit test and dual 
timebase windowing. The HP 
54501A outperforms analog 
oscilloscopes and delivers extra 
capabilities found only in expen­
sive digitizing oscilloscopes. 
See the ease and versatility 
of the HP 54501A on videotape. 

CIRCLE NO 143 

Call HP now: 
1-800-752-0900. 
Ask for extension 216D for your 
free video, or to order. 

F/j~ HEWLETT 
~~ PACKARD 
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READERS' CHOICE 
Of all the new products covered in EDN's October 13, 1988, 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, use EDN's Express Request 
service, or refer to the indicated pages in our October 13, 1988, issue. 

FAX SOFTWARE 
CAD-Fax is a communications 
package that consists of menu­
driven software and a half-size fax 
modem card that plugs into IBM 
PCs, PS/2s, and compatibles 
(pg 311). 
GammaLink. 
Circle No 604 

_. IMAGE SCANNER 
The RS320 desktop scanner is capable of scanning 
sheets, cards, or books at resolutions ranging from 60 
to 360 dpi, and can scan a letter-size document at 18 
sec/page with 300-dpi resolution (pg 266). 
Ricoh Corp. 
Circle No 602 
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<11111 DIGITAL AUDIO ADC 
The CSZ5126 is a monolithic stereo 
AID converter for use in digital 
audio applications. The chip fea­
tures 16-bit resolution and has a 92-
dB dynamic range (pg 296). 
Crystal Semiconductor Corp. 
Circle No 601 

_. HANDHELD DMMs 
The models 83, 85, and 87 meters are environmentally 
sealed, handheld units with 3%-digit (4000-count) liq­
uid-crystal displays (pg 301). 
John Fluke Mfg Co Inc. 
Circle No 605 
Philips Test and Measurement. 
Circle No 606 

KEYPAD LEGENDS 
This legend label system is avail­
able for the company's Series 89 
keypads. The labels are available in 
sheet form with numbers, letters, 
symbols, and standard key inscrip­
tions (pg 281). 
Grayhill Inc. 
Circle No 603 
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How Versatec helped change 
your picture of the world. 

If you've got a plotting problem, chances are 
the company that can solve it is the one with the 
longest history of doing just that. That's why we'd 
like you to reflect on the rather long history of 
Versatec. Because our past might just have an II 
impact on your future. 

1969. The revolution begins. 
Woodstock, miniskirts and those amazing 

Mets. In technology, it was a year filled with 
excitement. A man on the moon. The jumbo jet 
and Concorde. The artificial heart. 

But there was another event that almost went 
unnoticed. One that would change forever the way · 
engineers worked. Versatec was formed. And a little while 
later, we introduced the first 11-inch electrostatic plotter. 

While crude by current standards, our first plotter 
started a revolution in engineering productivity that's still 

going strong today, 20 years and 50,000 
systems later. 

In fact, today there are more 
Versatec electrostatic 

plotters in more 
places through­

out the world 
than all other 

brands 
combined. 

1973. The 
plot widens. 

Watergate 
hearings. 

Rabies vaccine. 
Supermarket scanners. 

Color copiers. And a new 
development in engineering that 

would change the world-computer aided design. 
Automotive, architectural, aeronautical and electrical 

engineers were clamoring for vastly wider plots than 
anything ever seen be~ore. 

~· 
uc--~- ~ 

Versatec responded with a whole new 
line of wide carriage plotters. In widths from 
20 to a whopping 72 inches. Plus the ability 
to print on paper or vellum in clear or matte 
finishes. A little later we'd add 200 ppi 
resolution, the first RS-232 and direct CRT 
interfaces, first 1/0 multiplexer, minicomputer 
graphics software, universal graphics software 
and a few dozen other innovations. 

1976. Supplies meet demand. 
While R2D2, C3PO and the space shuttle were 

cavorting in space, Versatec announced something 
a little more down-to-earth. Our very own supplies 
research group. Dedicated to making sure that our 
electrographic supplies are as advanced as our plotters, 
these folks are now responsible for over 50 patents 
covering a wide range of papers, films, toners and other 
supplies. And our warehouses in the U.S., Canada and 
Europe can ship our supplies at a moment's notice. 

1982. The color purple (and green and blue 
and yellow). 

disk cameras 
were getting 
lots of atten­
tion, we were 
giving serious 
attention to R&D. 
And especially 
to customers who 
needed more 
dimension in their 
plots. 

The result was 
the world's first electrostatic color plotter. Then we carried 
that technology even further with second-generation 
systems in 24, 36, and 44 inch formats. Followed by high 
resolution thermal plotters in color. And another long 
list of firsts, including a random element processor, plot 
server, color plotting software, color toners and media. 

1988. Drawing some fine Jines. 
We shouldn't have to tell you what 

happened in the world last year. 
But we would like to 
remind you of one 
important event in the 
world of plotting. We 
introduced the first wide 
format laser plotter-the 
Model 8836. This 
remarkable machine 
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but cook your lunch. It plots at a 
sizzling one inch per second with 400 ppi resolution, in D 
and E sizes. Then it cuts, rolls and tapes each plot and 
drops it into a bin. The architects went nuts. And the CAD 
guys danced with joy. 

There's no time like the present. 
As you can tell by now, we've been listening and 

responding to customers for 20 years. And lately we've 
been hearing a lot about size, performance and cost. 

So we went to work on something entirely new. 
And the results are truly amazing. It's called the 8500 
series. A new generation of plotters with half the size, 
more performance and far less cost than any other 

electrostatic plotters ever made. Plus the 
greatest range of connectivity solutions and 
software compatibility available anywhere. 
These new machines have reduced 
plotting time from over an hour to under 
two minutes. 

How to learn from history. 
The important lesson from our long 

history is simple. Whenever you need a 
solution to almost any plotting problem, 
you can count on Versatec for the answer. 

No other company has the experience, 

range of products, 
technical resources and seNice 
and support. And no other company is as dedicated 
to its customers. 

It's been that way for 20 years. And we're making 
sure it stays that way 
for the next 20. 

So find out what 
Versatec can do for 
you. Call us at our 
toll-free number now: 
(800) 538-6477; 
in California, 
(800) 341-6060. And 
discover a whole 
new world of plotting 
solutions. 

Versatec Inc. 
2710 Walsh Avenue, Santa Clara. CA 95051 
Xerox 1s a trademark of Xerox Corporation. 
Map was produced on a Versatec electrostatic color plotter by Ten Time, Denver, CO. 
q;' 1989 Versatec Inc. 
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No matter what 
frequencies you work, 
you want everything 
in your connectors 
that engineering can 
deliver. 

From AMP, that's a great deal. 
Our entire line delivers the advanced 

design and controlled, precision 

manufacturing you 
need for top per­
formance, and top 
productivity. That 
kind of engineering 
care is why our "old 

standards" -from dual-crimp BNCs on 

' ats 

up-consistently exhibit Mil­
equivalent electrical characteristics. 
And you can enhance performance even 
further with a choice of 50 ohm or 
75 ohm versions. 

Our product offerings cover the 
spectrum, pushing performance on out 

-



your sine? 

to 26 GHz. And they do 
it time after time, with 
unbeatable consistency. fl. 
All the while saving I' • 

you time-on the 
line or in the field-with 
proven crimp/seal technology. 

--' -

And with AMP, you get 
the broadest selection 
available anywhere, in 

every range. From cable 
to bulkhead and panel, right 

down to the board-and now 
including custom and semi-custom 
high-speed coax and transmission 

cable assemblies. And our field and 

production tooling is second to none 
in dependable, repeatable terminations. 

Call 1-800-522-6752 for technical 
literature on AMP RF connectors, or for 
the name of your local AMP Distributor. 
AMP Incorporated, Harrisburg, PA 
17105-3608. 

AIVI P Interconnecting ideas 
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EON SPECIAL REPORT 

IEEE-488 test and 

By worki11g with instrument function panels, you can automatically generate programs for test and measurement instruments. (Photo 
courtesy National Instruments) 
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measurement 
software 
Instrument function panels and automatic 
code generation are making it easy for the 
new or infrequent user to write IEEE-488 
control programs. 

Doug Conner, Regional Editor 

W riting IEEE-488 control and data-acquisi­
tion programs can be slow work if you use 
low-level IEEE-488 commands. Most users 

must study the instrument operating manuals carefully 
and become fluent in the IEEE-488 low-level instruc­
tions for each instrument before writing even the sim­
plest control program. But some software vendors have 
made life easier by providing software packages with 
instrument-specific function panels and automatic code 
generation. Many of these packages also include sophis­
ticated analysis capabilities and graphical presentation 
of the results. 

An instrument function panel is a menu screen that 
uses simple English commands to set or change instru­
ment controls. These function panels let you program 
an instrument without learning new commands. If 
you're familiar enough with an instrument to operate 
it in its stand-alone mode using the front panel, you 
should be able to control its operation using an instru­
ment function panel. 

Program instruments in plain English 
Some IEEE-488 software packages offer menu­

driven control of instruments, but these menus contain 
IEEE-488 commands, not plain English commands. 
For instrument function panels, the IEEE-488 com­
mands have been translated into language that would 
be obvious to an instrument user, not just an IEEE-488 
programmer. For example, the function panels for a 
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Windowing is a common feature of many 
JEEE-488 software packages. PC! software 
from Gould lets you adjust instrument set­
tings while you view outputs. 
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Instrument function panels let you control 
instruments as easily as you could by using 
the instrument's front panel. 

Instrument function panels , such as th is one ji·om Hewlell ­
Packard's ITC, let yon control instmm ents nsing IEEE -488 soft­
ware as easily as you conld by using the i nstrument's front panel. 
As you adjust the panel settings , the high-level source code, HP 
Basic in th is case, is automatically generated lo form yonr control 
progra111. 

digital storage oscilloscope typically have menus for 
triggering, timebase, channel settings, and measure­
ments. Within these menus you can set any function 
that can be set on the digital storage oscilloscope's 
front panel. A pop-up menu often backs each function 
and lets you know what your options are. Thus, you 
don't need to remember the exact wording used for 
each command. 

Instrument function panels also act as checklists to 
help you make sure that the instrument is in the de­
sired state. You can quickly scan the function panels 
to see that all settings are correct, just as you would 
scan the front panel on an oscilloscope to confirm 
proper instrument settings. 

As you change instrument settings on the function 
panels, you can use an interactive mode for instrument 
control while you develop your program. As you 
change function-panel settings, the new settings are 
sent to the instrument over the IEEE-488 bus. At the 
same time, a program generator within the software 
package generates the high-level-language source code 
to perform these instrument control functions. This 
high-level-language source code, usually a version of 
Basic or C, is your IEEE-488 test program. 

One attractive feature of function panels and auto­
matic code generation is that you don't have to give 
up any flexibility in instrument control: You can still 
use low-level IEEE-488 commands. In most cases, you 
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won't need this flexibility; but it's there when you 
need to optimize code for speed, debug a hardware 
problem, or do any other fine tuning. 

At least one software package, Interactive Test Gen­
erator (ITG) from Hewlett-Packard , tries to keep your 
automatically generated code fast. ITG uses what HP 
calls incremental-state programming to avoid wasting 
time on unnecessary instrument commands. ITG tracks 
the current instrument state and issues only the com­
mands necessary to reach the next state. Incremental­
state programming saves time not only by omitting 
the transmission of unnecessary commands but also 
by avoiding the time it takes the hardware to execute 
those commands. 

Instrument function panels combined with automatic 
code generation can help you develop IEEE-488 con­
trol programs quickly and easily, especially if you're 
a novice or an infrequent user. There are, however, 
some catches. 

You'll need a function-panel software driver for each 
instrument you want to program. These drivers con­
tain instrument-specific menus and the information 
needed to translate the menu selections into high-level 
code. Every software product using function panels 
and automatic code generation offers a library of instru­
ment drivers. None of these libraries is large enough 
to cover all the instruments you might be using, so the 
software vendors also provide the information you need 
to build your own instrument drivers. 

Powerful analysis capabilities are incliul,ed in many IEEE-488 
software packages. By using the waveform processor of Asystant 
GPIB frorn Asyst , you can interactively view and analyze wave­
form s. The five windows at the top keep an ongoing record of the 
results. 
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Writing your own instrument drivers is a time­
consuming task. You'll spend lots of time with the 
instrument's operating manual, but you'll only have 
to do it once. Some products, such as Wavetek's 
WaveTest and Gould's Personal Computer Instruments 
(PCI) software, include dedicated function-panel­
generation software. These generators help, but build­
ing your own instrument drivers is still time consum­
ing-otherwise software vendors would offer larger in­
strument libraries. 

Beware of slow windows 
Another potential drawback of function panels and 

other menu-driven methods of instrument control is 
that the programming speed might seem slow to the 
experienced user. Depending on the software and the 
computer used, changing function panels or windows 
to access different functions on an instrument can be 
slow. When it takes more than a few seconds to change 
function-panel displays, you might wish there were a 
way to bypass the menus. 

Proponents of command-driven software claim that 
once you've spent some time with the software and 
hardware-less than you would spend to program your 
own instrument driver-you could be writing com­
mand-driven programs. And you'd be able to do it 
faster than you could by moving a mouse and waiting 
for windows to change. Command-driven software 

Virtual instruments are created on the Apple Macintosh using 
Lab View from National Instruments. The lower-right window shows 
how the blocks are connected to form the virtual instrument. The 
upper-left window contains the controls for adjusting the input and 
displays the graphic results. This setup lets you rrwdify settings 
and immediately see the results. 
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This instrument function panel is one of several that you can use 
to control a digital storage oscilloscope. Lab Windows from National 
Instruments automatically generates Basic or C code in the lower 
window to match your instrumentjunction-panel settings. 

might speed up development in cases involving a large 
number of instruments or instruments with complex 
setups. But the difficulty of keeping track of all the 
instrument settings would probably lead you to use 
function panels or some manual method, if only to keep 
track of instrument states. 

Whether instrument control is through function pan­
els or is command driven, frequent or standard setups 
can often be named and saved. These setups can be 
recalled and used later, thus saving time and simplify­
ing programming. 

Tektronix's EZ-Test III uses another approach for 
controlling instruments. With EZ-Test III, you set up 
instrument front panels manually by using an instru­
ment's stand-alone controls. When you have it set up 
correctly, EZ-Test III queries the instrument for all 
the settings and stores the actual setup. This method 
avoids instrument programming issues, at least as far 
as instrument control is concerned. In order to use 
EZ-Test III, it must be possible to query an instrument 
for its state. All of Tektronix's digitizing instruments 
and many, but not all, instruments from other vendors 
can be queried. 

Instrument control is only one of the tasks you nor­
mally need from IEEE-488 software packages. Trans­
ferring data, analyzing it, and presenting the results 
is the complete job. 

After you have the instruments set in the desired 
state, the next step in using IEEE-488 software is 
data transfer. Some software packages, such as 
Wavetest and PCI, provide a menu-driven solution 
with automatic code generation. Other software pack­
ages let you write the code in a high-level language 
to fill or dump arrays of data. Automatic code genera­
tion for this step is not critical-especially if you feel 
comfortable writing code-because this step entails lit­
tle if any instrument-specific code. 

Once you have transferred the data from the instru­
ment into the computer, you typically have access to 
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Function panels save you from having to 
learn low-level IEEE-488 commands for in­
strument control. 

any data that would be available on the instrument in 
stand-alone operation. This information may be all you 
need if you're using an IEEE-488 setup only for data 
logging or to speed up tests you could perform manu­
ally. But another reason for using IEEE-488 software 
is to perform analysis beyond the capabilities of the 
stand-alone instruments. 

For example, if one of the instruments you are con­
trolling is a digital oscilloscope, you might have direct 
access to pulse parameter information like rise time, 
fall time, pulse width, amplitude, and frequency. But 
if your digital oscilloscope doesn't support these func­
tions, you can still obtain them by using software pack­
ages with analysis capabilities. 

Keep in mind, however, that any processing the in­
strument performs on the data will usually be faster 

than transferring the data over the IEEE-488 bus to 
the computer and then using software to analyze the 
data. 

Use the same software for analysis 
Table 1 lists some of the analysis capabilities found 

within IEEE-488 software packages. The table is only 
a rough guide for these analytical functions-you'll find 
quite a bit of variation in the capabilities of different 
packages in filtering, statistics, curve-fitting, and array 
operations. 

Some of the functions available in analysis packages 
are convenience functions-routines you could easily 
write yourself. For example, array operations let you 
perform mathematical operations on entire arrays 
without the need to write loops to alter each element 

TABLE 1-REPRESENTATIVE IEEE-488 SOFTWARE PACKAGES 

OUT· DEBUGGING 
INSTRUMENT CONTROL ANALYSIS CAPABILITIES PUT AIDS 
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MANUFACTURER PRODUCT :E u LL z_ <CJ en < en LL u u:: () 3': 0.. CJ m en !!! 
ASYST ASYST 3.0 ... N/A N/A ... ... ... ,,. ,,. ... ,,. ... ... ,,. ,,. 

ASYSTANT GPIB ... N/A N/A ,,. ... ,,. ... ,,. ... ... ... ,,. ,,. ,,. 
DSP DEVELOPMENT DADiSP WORKSHEET ... 24 N/A ,,. ,,. ,,. v" v" v" v" v" 

GOULD PCI v" 25 BASIC ... 0 0 0 0 v" v" v" 

HEWLETT-PACKARD ITG v" 32 HP BASIC ,,. 0 0 0 0 0 0 0 0 v" 0 v" ,,. v" v" 

LABORATORY NOTEBOOK GPIB v" N/A v" ,,. v" ... v" v" v" v" 

TECHNOLOGIES 

NATIONAL INSTRUMENTS LABWINDOWS v" 55 BASIC, C ... v" v" 0 0 0 0 0 0 v" v" v" v" v" 

LABVIEW v" 100 G v" v" ... v" v" v" v" v" v" v" v" v" 

MEASURE v" N/A N/A v" v" v" v" v" 

PHILIPS/FWKE TEST TEAM v" 25 BASIC, C v" ,,. ... 0 0 0 0 0 0 v" ,,. v" ... v" 

SUMMATION TEST WINDOWS 3.1 v" 200 TEST BASIC v" v" v" v" v" v" v" 

TEKTRONIX E2-TEST Ill ... N/A N/A v" v" v" v" v" v" v" v" 

GURU II ,,. N/A N/A v" v" v" v" 

WAVETEK WAVETEST 2.5 v" 75 BASIC v" ... v" v" v" v" 

v"=FEATURE 0=0PTION N/A=NOT APPLICABLE 
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in the array. Other functions , such as curve fitting and 
fi ltering, are more complex, and writing them would 
be a major programming exercise for most users. 

Of course, you can take the data acquired by any 
IEEE-488 software package, write it to a file, and use 
another software package to perform analysis on the 
data. But having the analysis capability in the same 
package as your control and data-acquisition capabili­
ties means one less package to learn and can also save 
you time. 

If the software package operates as a virtual instru­
ment, such as National Instruments' Lab View, data 
can be taken, analyzed, and presented in one continu­
ous process. A virtual instrument is an instrument cre­
ated in software although it requires a real instrument 
to take the raw data. For example, the voltage-vs-time 

COMPUTERS 
\ 

SUPPORTED PRICE NOTES 

IBM PC/XT/AT, IBM PS/2 $2095 

IBM PC/XT/AT, IBM PS/2 $695 

IBM PC/XT/AT, DEC, HP, $795-
SUN, MASSCOMP $4995 

IBM PC/XT/AT $5395- $9595 INCLUDES ALL 
$9595 OPTIONS 

HP 9000 SERIES 200/300, $1490 WORKSTATION IS REQUIRED 
HP VECTRA, IBM PC/AT FOR FUNCTION PANELS 

IBM PC/XT/AT, APPLE MAC $995 

IBM PC/XT/AT $495 

APPLE MACINTOSH $1995 

IBM PC/XT/AT $495 REQUIRES LOTUS 1-2-3 OR 
LOTUS SYMPHONY 

IBM PC/XT/AT $1515 

IBM PC/AT $3300 

IBM PC/AT $1795 

IBM PC/XT/AT $495 

IBM PC/AT $3990 
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data taken by a digital oscilloscope can be processed 
in software to give you the results of a virtual spectrum 
analyzer. If you're using separate software packages, 
you're usually forced to operate in a batch-process 
mode. In this mode, the IEEE-488 software acquires 
and stores the data, and then a separate analysis pack­
age processes it. 

Integrated analysis is more efficient 
Batch processing of data is often acceptable in stan­

dardized test applications. In these cases, you may 
just be recording the results of tests and, perhaps, 
some test statistics. However, in any type of testing 
or design where the action you perform next depends 
on the results of the previous tests, you'll often save 
time by using an IEEE-488 software package with 
integrated analysis functions. 

For example, in a design situation, you may need 
to design a filter circuit to remove some uncharacter­
ized noise from a waveform. Digitizing the waveform, 
examining the power spectrum of the noise , and devel­
oping a suitable filter in software before designing the 
filter circuit might help you design the right circuit 
without trial and error. Performing all these functions 
with one software package will save you time . 

Don't forget about presentation of results 
A well-integrated software package doesn't stop at 

analysis; it also provides for the flexible presentation 
of the results. You'll find lots of variation in the data­
presentation capabilities of software packages. Some 
packages have virtually no such capabilities and as­
sume that you'll be using another software package. 
Packages that do provide plotting vary in their sophis­
tication. Some provide autoscaling, labels, and loga­
rithmic plots with user variables such as color, data­
point identifiers, and line type. Others are more lim­
ited. 

IEEE-488 software packages also differ in their soft­
ware-debugging capabilities; it's important to consider 
your needs for the type of software you're using. If 
you're programming primarily or exclusively in a high­
level language, there are lots of opportunities for pro­
gramming errors to creep in. In this case, it's a good 
idea to have plenty of debugging capabilities in the 
software. 

If you're using menus and automatically generated 
code, you're less likely to need sophisticated debugging 
capabilities. But unless your programs are short and 
simple, it's helpful to have some way to set break-
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As you adjust instrument-function-panel set­
tings, the software automatically generates 
high-level source code to form your control 
program. 

points, single step, or perform source-code tracing. 
With these capabilities, you can make sure that the 
program is doing what you want it to. 

Some of the IEEE-488 software packages include 
features not mentioned in Table 1. For example, 
WaveTest lets you write programs using either func­
tion blocks in what Wavetek calls the icon window or 
flow charts in the flow-chart window. You can develop 
your program using either method, and the software 
will automatically generate your program using the 
other method. The software also keeps both programs 
up to date as you make changes and automatically 
generates the test program in Basic. 

One benefit of this method is that your program is 
automatically documented with a flow chart that stays 
current as you make program changes. By using 
WaveTest's menus, you can completely develop a Basic 
test program without writing one line of Basic code. 
But if the need arises, you can write part or all of the 
test program directly in Basic. 

WaveTest has no analysis capabilities other than the 
math functions available in Basic. If you need more 
advanced analytical capabilities or graphics output, 
you'll need to pass the data files to other software 
packages. 

PCI also offers complete function panels or menus 
and automatic code generation in Basic for all phases 
of program development. You can perform instrument 
control, data acquisition, analysis, and graphical pres­
entation. An optional analysis package integrates 
cleanly into the basic package. Although it's not the 
most complete analysis package available, it's adequate 
for many applications. 

A software package with excellent analytical capa­
bilities is Asyst 3.0 from Asyst Technologies. This soft­
ware product offers integrated data acquisition, analy­
sis, and graphical presentation. Asyst 3.0 is command 
driven rather than menu driven, and you can use it 
to build custom commands, menus, and application pro­
grams. 

Asystant GPIB, another product from Asyst Tech­
nologies, is a menu-driven software package for IEEE-
488 use. Although menu-driven, the menus are not 
function panels but menus of IEEE-488 commands. 
Asystant GPIB also has good analytical capabilities. 

Another software package with excellent analytical 
capabilities is the DADiSP worksheet from DSP Devel­
opment Corp. DADiSP is an integrated data-acquisi­
tion, analysis, and graphical-presentation software 
product. This command-driven software package offers 
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Instrument function panels, such as this one from Summation's 
TestWindows, let you save and recall commonly used setups , 

an instrument-command library, but not in the form 
of function panels. 

Lab Windows from National Instruments offers in­
strument function panels and automatic code genera­
tion. Although you'll have to write some high-level­
language code for your test programs, you shouldn't 
have to write any low-level IEEE-488 control com­
mands. You can write code in either Microsoft Quick­
Basic or Microsoft C. 

At $495, Lab Windows is the least expensive package 
offering instrument function panels, automatic code 
generation, some analytical capabilities, and a graphics 
library for screen output and plotting. Add the optional 
advanced analysis package at $895, and you get power­
ful analysis capabilities. Lab Windows also provides an 
excellent set of debugging tools, such as breakpoints, 
source-code level tracing, and variable displays that 
show the contents of all currently defined variables. 

The Lab View software package, another product 
from National Instruments, is based on the idea of 
building virtual instruments to process data. As you 
develop programs, you build your own library of virtual 
instruments that you can use for future applications. 
Lab View uses its own programming language called 
"G." You can write an application program by graphi­
cally connecting virtual instruments that act on the 
data. This graphical representation of connected instru­
ments also documents what the program does, at least 
at the top level. 

Measure is yet another IEEE-488 software product 
from National Instruments. Measure is designed for 
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15ns access speed. 
Of course, it takes more 

than a single innovation to 
make SGS-THOMSON the FIFO 
performance leader. 

C.Onsider our MK4505, the 
first FIFO to support two inde­
pendent, asynchronous free­
running clock inputs. With 
blazing 15ns access speed and 
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40MHz serial 1/0 rate, not many 
FIFOs can outrun it. If any. 

Our unique MK4505M/S 
Master/Slave concept gives you 
unbeatable speed, space sav­
ings, plus a full complement 
of status flags and easy depth/ 
width expansion with no 
additional logic. 

More horsepower 
to come. 

SGS-THOMSON will soon 
introduce a whole new family 
of FIFOs in X9 architecture five 
densities: 512, lK, 2K, 4K and 
8K x 9. With 25ns access speed, 
each one has the capability to 
put your design on the fast track. 

Outrun your 
own competition. 

Race ahead with 
SGS-THOMSON. We back you 

CIRCLE NO 161 

with a combination of options 
and features that leave the com­
petition in the dust-surface 
mount packaging, CMOS RAM­
based BiPORT™ architecture, 
military and industrial grades 
and more. Plus, you can get 
them off the shelf or from a 
nationwide network that includes 
6 of the top ten distributors. 
Send for our free FIFO Applica­
tion Notes and Memory Book. 
They'll show you how to get on 
the fast track quick. C.Ontact: 
SGS-THOMSON Microelectronics, 
1000 E. Bell Road, Phoenix, 
AZ 85022. 602/867-6259. 

r== SCS·THOMSON .. """!I ~0©00@~[1,~©'ll'OO@~O©~ 
BiPORT is a trademark ofSGS-lliOMSON Microelectronics. 
©1989 SGS-lliOMSON Microelectronics, Inc. 
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TIMING PROBLEMS 
CAN KILL 

YOUR DESIGN ... 
STOP THESE CRIMES 

WITH OUR 
DESIGN 

DELAY DETECTIVES. 

THE CRIME 
•••••• 

Timing violations, signal transmission line 
losses, and clock skew in your PC board 
or ASIC can kill your design. They can rob 
your circuits' efficiency and cause product 
release delays, effectively stealing revenue 
from your company. 

THE SOLUTION 
•••••• 

Quad Design's team of products provide 
accurate data early in the design process. 
You can arrest t iming problems before 
t hey cost you time and money. 

:~p .. ;;·1~ 
::_ ... ::.,_,,_. -~.... ;____:=~:=~~ 

·:-.:_,: ':.. .:.:: .· - -...... ~ ,,,. ,. -·'" ... ,. . 
TLC Wave Form Display MOTIVE Timing Diagram 

MOTIVE, the MOdular Timing VErifier, 
analyzes circuit timing over the full range of 
manufacturing tolerances in minutes, 
without test vectors. 

PDQ, t he Preroute Delay Quantifier, pro­
vides interactive placement and instant 
t iming analysis. 

TLC, the Transmission Line Calculator, 
thoroughly analyzes physical data from 
your router and detects transmission delay 
and distortion. 

~QUAD 
~I DESIGN 
" W here there 's a crime there should be a MOTIVE" 

QUAD DESIGN TECHNOLOGY, INC. 
1385 Del Norte Rd., Camarillo, CA 93010 
Tel: 805/988-8 250 FAX: 805/988-8259 

CIRCLE NO 10 
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Manufacturers of IEEE-488 
software packages 

For more information on IEEE-488 test and measure­
ment software packages, such as those described in 
this article, contact the following manufacturers di­
rectly, circle the appropriate numbers on the Informa­
tion Retrieval Service card, or use EDN's Express 
Request service. 

Asyst Software Technologies Inc 
100 Corporate Woods 
Rochester, NY 14623 
(716) 272-0070 
FAX 716-272-0073 
Circle No 650 

DSP Development Corp 
One Kendall Square 
Cambridge, MA 02139 
(617) 577-1133 
FAX 617-494-1394 
Circle No 651 

Gould Inc, T&M 
Recording Systems Div 
3631 Perkins Ave 
Cleveland, Ohio 44114 
(216) 361-3315 
FAX 216-881-4256 
Circle No 652 

Hewlett-Packard Co 
Box 10301 
Palo Alto, CA 94303 
Phone local office 
Circle No 653 

Laboratory Technologies Corp 
400 Research Dr 
Wilmington, MA 01887 
(508) 657-5400 
FAX 508-658-9972 
Circle No 654 

National Instruments Corp 
12109 Technology Blvd 
Austin, TX 78727 
(512) 250-9119 
FAX 512-250-0382 
Circle No 655 

Philips Test and Measuring 
Instruments 
BldgHKF 
5600 MD, Eindhoven 
The Netherlands 
Phone local office 
Circle No 656 
In the US: 
John Fluke Mfg Co Inc 
Box C9090, MS 250C 
Everett, WA 98206 
(800) 443-5853 
TLX 185102 
Circle No 657 

Summation Inc 
11335 NE !22nd Way 
Kirkland, WA 98034 
(206) 823-8688 
FAX 206-823-7994 
Circle No 658 

Tektronix Inc 
Box 1700 
Beaverton, OR 97077 
(503) 627-7111 
TLX 151754 
Circle No 659 

Wavetek San Diego Inc 
9045 Balboa Ave 
San Diego, CA 92123 
(619) 279-2200 
TWX 910-335-2007 
Circle No 660 

those who want to use Lotus 1-2-3 or Lotus Symphony 
for data analysis. 

Test engineers don't often use IEEE-488 software 
to make sets of routine measurements when evaluating 
electronic designs and products. One reason is that 
many engineers think they would spend more time 
learning the software and writing the program than 
they would taking the data manually. Instrument func­
tion panels and automatic code generation are changing 
this perception. And if you need to perform additional 
analysis on data after acquiring it, you have even more 
reason to consider using IEEE-488 software to auto­
mate your work. - EDN 

Article Interest Quotient (Circle One) 
H igh 491 Medium 492 Low 493 
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Model 
ATE 15-25M 

Model 
ATE 6-25M 

Model 
ATE 100-1M 

146-1668 

Model 
ATE 6-100M 

Kepco unipolar linear programmable power supplies 
Kepco ATE Power Managers are unipolar linear programmable power supplies ; offering full external 

control over both voltage and current, with automatic crossover. Panel-mounted meters 
monitor both channels. Front panel LEDs (and optically isolated flags accessible through the user 

port) show which channel is in charge. Local control is by panel-mounted 10-turn rheostats. 

OUTPUT EFFECTS VOLTAGE MOOE OUTPUT EFFECTS CURRENT MOOE OFFSETS 1 • 1 

INFLUENCE QUANTITY Typ Max . Typ Max. .6.E10 .6.1, 

SOURCE VOLTAGE (min .-max.) : < 0.0005% E max. 0.001 % E max . max. < 1 µ.V < 1 nA 

LOAD (no load-full load) : < 0.001 % E, max . 0.002% E max. 

TIME (8-hour drift) : <0 .005% E max. 0.01% E max . < 20 µ.V < 1 nA 

TEMPERATURE, per °C : <0 .005% E max . 0.01 % E max . < 20 µ.V < 2 nA 

RIPPLE and NOISE '" rms : <0 .1 mV 0.3 mV 

(Slow Mode) p-p: '" <1 mV 3 mV 

RIPPLE and NOISE'" rms : <1 mV 3 mV 

(Fast Mode) p-p : "' < 10 mv 30 mv 

INPUT: User Selectable 104, 115, 208 , 250V a-c 47-65Hz single phase 

11> For models with output current rating of 50A and higher. the load effect is 2 mA typical and 5 mA maximum. In slow mode, the 
leakage current through the output capaci tor adds approximately 0-6 mA to the current mode load effect. 

12> One terminal must be grounded for this measurement, or 
connected so that common mode current does not flow through the 
load or, in current mode, through the current-sensing resistor. 

13) Peak-to-peak ripple is measured over a 20 Hz to 10 MHz bandwidth . 
1• > Uncommitted ampli fier offsets. 

ftKEPCO. 
- THE POWER SUPPLIER '" 



ATE MODELS• QUARTER• HALF• THREE-QUARTER• FULL RACK 

ACCESSORY FOR RACK MOUNTING: RA 37 

0-C OUTPUT OUT PUT IMPED AN CE VOLT AGE MOOE OUTPUT IMPEDANCE CU RRENT MODE 

~ 
MODH RAN GE SER IES SERIES INOUCTANCE(3J SHUNT(2) SHUNT CAPACIT AN CE (4) 

VOLTS AMPS RESISTANCE SLOW FAST RE SISTAtl CE SLOW FAST 

ATE 6-5M 0-6 0-5 24 µll 0.5 µH 5 µH 12 kll 1,000 µF 1 µF 

bT ~ 
ATE 15-3M 0-15 0-3 100 µll 0.5 µH 5 µH 30 kll 450 µF 0.4 µF 

0-55°C No Derating ATE 25-2M 0-25 0- 2 250 µll 1 µH 10 µH 50 kll 250 µF 0.25 µF 

ATE 36-1.5M 0-36 0-1 5 480 µll 1 µH 10 µH 72 kll 200 µF 0.2 µF 

ATE 55-1 M 0-55 0- 1 1.1 mil 2 µH 20 µH 110 kll 150 µF 0.15 µF 

ATE 75-0.? M 0-75 0-0.7 2.15 mil 2 µH 20 µH 150 kll 110 µF 0.1 µF 

ATE 100-0.5M 0-100 0-0 .5 4 mil 4 µH 40 µH 200 kll 50 µF 0.05 µF 

ATE 150-0.3M 0-150 0-0 .3 10 mil 4 µH 40 µH 300 kll 55 µF 0.02 µF 

Size : 57/32'" H x 45/:Ji' W x 171/a" 0 (132.6mm H x 105.6mm W x 435.0mm 0)111 Net Weight: 14 lbs. (6.4 kg .) 

0-C OUTPUT OU TPUT IMPEDAN CE VOLTAGE MOOE OUTPUT IMPEDANCE CU RREN T MODE 

jJ_~ 
MODEL RANGE SE RIES SERIES INDUCTANCE SHU NT(2) SHUNT CAPACIT ANCE 

VOLTS AMPS RESISTANCE SLOW FAST RESISTANCE SLOW FAST 

ATE 6- 10M 0-6 0- 10 11 µll 0.5 µH 5 µH 11 kll 1,800 µF 2 µF T 7 
ATE 15-6M 0- 15 0-6 50 µll 0.5 µH 5 µH 30 kll 1000 µF 0.8 µF 

0-55°C No Derating ATE 25-4M 0-25 0- 4 125 µll 1 µH 10 µH 50 kll 500 µF 0.5 µF 

ATE 36-3M 0- 36 0-3 240 µll 1 µH 10 µH 72 kll 350 µF 0.4 µF • . 
ATE 55- 1M 0-55 0- 2 0.55 mil 2 µH 20 µH 110 kll 200 µF 0.3 µF 

: ATE 75- 1.5M 0-75 0- 1.5 1 mil 2 µH 20 µH 150 kll 110 µF 0.2 µF 

ATE 100-1M 0-100 0- 1 2 mil 4 µH 40 µH 200 kll 80 µF 0. 1 µF 

ATE 150-0.?M 0- 150 0-0.7 4 mil 4 µH 40 µH 300 kll 55 µF 0.04 µF 

Size : 57132" H x 45132" W x 171/a" 0 (132.6mm H x 105.6mm W x 435.0mm 0)111 Net Weight : 17 lbs. (7.7 kg.) 

ACCESSORY FOR RACK MOUNTING: RA 37 

0-C OUTPUT OUTPUT IMPEDAN CE VOLTAGE MOOE OUT PUT IMPEDANCE CURREN T MODE 
MODEL RANGE SE RIES SERIES INDUCTANCE SHUNT(2) SHUNT CAPACITANCE 

VOLTS AM PS RESISTANCE SLOW FAST RESISTANCE SLOW FAST 

ATE &-25M 0-6 0-25 4.8 µ1l 0.5 µ.H 5µ.H 12 kn 11 ,000 µ.F 5 µ.F 

ATE 1&-15M 0-15 0-15 20 µ1l 0.5µ.H 5µ.H 30 kn 5,800 µ.F 2 µ.F 

ATE 2&-10M 0-25 0-10 50 µ1l 1 µ.H 10µ.H 50 kn 2,900 µ.F 1.25 µ.F 

ATE 3&-8M 0-36 0-8 90 µ1l 1 µ.H 10 µ.H 72 kn 2,400 µ.F 1 µ.F 

AlE 5&-5M 0-55 0-5 0.22 mn 2 µ.H 20µ.H 110 kn 1,400 µ.F 0.75 µ.F 

ATE 7&-3M 0-75 0-3 0.5 mfl 2 µ.H 20 µ.H 150 kn 850 µ.F 0.5 µ.F 

ATE 100-2.5M 0-100 0-2.5 o.8 mn 4 µ.H 40µ.H 200 kn 375 µ.F 0.25 µ.F 

ATE 150-1 .5M 0-150 0-1 .5 2 mfl 4 µ.H 40µ.H 300 kn 275 µ.F 0.1 µF 

ATE 32&-0.8M 0-325 0-0 .8 8.1 mfl 100 µ.H 1 mH 650 kn 180 µ.F 0.01 µ.F 

Size : 57/32" H x 811132" W x 179,54" 0 (132.6mm H x 211 .9mm W x 435.4mm 0 )111 Net Weight : 35 lbs. (15.9 kg .) 

ACCESSORY FOR RACK MOUNTING : RA 37 

0-C OUTPUT OUTPUT IMPEDANCE VOLT AGE MOOE OUTPU T IMPEDANCE CURREN T MOOE 
MODEL RANGE SE FIES SERIES INDUCTANCE SHUNT(2) SHUNT CAPAC ITANCE 

VOLTS AMPS RESISTANCE SLOW FAST RESISTANCE SLOW FAST 

ATE 6- 50M 0-6 0- 50 2.4 µll 0.5 µH 5 µH 12 kll 12 ,000 µF 10 µF 
ATE 15-25M 0- 15 0- 25 12 µll 0.5 µH 5 µH 30 kll 8,000 µF 4 µF 

0-55°C No Derating ATE 25-20M 0- 25 0- 20 25 µll 1 µH 10 µH 50 kll 5,800 µF 2.5 µF 

ATE 36- 15M 0- 36 0- 15 48 µll 1 µH 10 µH 72 kll 4,900 µF 2 µF 
ATE 55- 10M 0-55 0- 10 0.11 mil 2 µH 20 µH 110 kll 2,900 µF 1.5 µF 
ATE 75-8M 0- 75 0- 8 0.19 mil 2 µH 20 µH 150 kll 1,200 µF 1 µF 

ATE 100- 5M 0- 100 0- 5 0.4 mil 4 µH 40 µH 200 kll 600 µF 0.5 µF 

ATE 150- 3.5M 0- 150 0- 3.5 0.86 mil 4 µH 40 µH 300 kll 440 µF 0.2 µF 

Size : 57/32" H x 1211132· W x 179/54" 0 (132.6mm H x 318.3mm W x 435.4mm 0)111 Net Weight : 43 lbs. (19.5 kg .) 

The full rack model is supplied with brackets for direct mounting in a standard 19-inch rack . 

0-C OUTPUT OUTPUT IMPEDAN CE VOLT AGE MOOE OUTPUT IMPEDAN CE CURREN T MOOE 
MODEL RANGE SERIES SER IES INDUCTANCE SHUNT (2) SHUNT CAPACIT ANCE 

VOLTS AMPS RES ISTANCE SLOW FAST RESISTANCE SLOW FAST 

ATE 6- 100M 0-6 0- 100 1 .2 µll 0.5 µH 5 µH 12 kll 22 ,000 µF 15 µF 
ATE 15-50M 0- 15 0-50 6 µll 0.5 µH 5 µH 30 kll 12 ,000 µF 6 µF 

ATE 25-40M 0- 25 0- 40 12 .5 µll 1 µH 10 µH 50 kll 11 .000 µF 4 µF 

ATE 36-30M 0-36 0- 30 24 µll 1 µH 10 µH 72 kll 9,500 µF 3 µF 

ATE 55-20M 0- 55 0- 20 55 µll 2 µH 20 µH 110 kll 5,200 µF 2.25 µF 

ATE 75- 15M 0- 75. 0- 15 0.1 mil 2 µH 20 µH 150 kll 3,400 µF 1 .5 µF 

ATE 100- 10M 0- 100 0- 10 0.2 mil 4 µH 40 µH 200 kll 1,200 µF 0.75 µF 

ATE 150- 7M 0- 150 0- 7 0.42 mil 4 µH 40 µH 300 kll 1 ,050 µF 0.3 µF 

Size : 631/32" H x 161/2'' W x 201/54" 0 (177.0mm H x 419.lmm W x 508.4mm 0)111 Net Weight : 87 lbs. (39.5 kg .) 

<•!Add 21/2'' (63.Smm) for connector protrusion. !2!Based on 0.5 mA load effect in FAST mode. 
(3JFor determining dynamic impedance in Voltage mode. (4) For determining dynamic impedance in current mode. 

For complete specifications send for Power Manager Catalog 146-1570 Data subject to change without notice. ©1989 KEPCD, INC. Li tho in U.S.A. 

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





Ready! Focus! Fire! 

We did. And we nailed the target. Now, Brooktree is 

What's Hot in Image Digitizing. 

We turned our D/A expertise inside out and devel· 

oped the A/D front end that just might fuel the next big 

wave in PC and workstation demand. Simply put, 

we make it easy, economical and smart to add 

image capture capability to your system. Now. 

Our focus on imaging has created a team 

of highly integrated devices, here today, 

awaiting your command. 

Start with our iTim flash 8-bit AID converter. It pro­

vides the base technology for our two new Image Digi· 

applications. 

Flexible architectures are the key. Take filtering­

your favorite subject, right? We make it easy for you to use 

the right filter for your application, and place it anywhere 

in the signal path. Use multiple filters or a single fil· 

ter-it's up to you. 

At the back end, the programmable DACs give 

you complete control over your image. Video levels 
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TheDland.digitize 0.7v to 1.2v video signals, 

and on-chip DACs allows adjustment of the top/bottom of 

the AID reference ladder. So contrast enhancement or 

adjustment for different or nonstandard video levels are 

easily done under MPU control. 



TheUis the monolithic CMOS single-channel, 8-

bit device with the features you need. Four input video 

sources. Sync detection with TTL compatible sync output. 

DC restoration. Programmable gain/offset. 256x8 

lookup table RAM for gamma correction 

removal, contrast enhancement or thresholding 

and a standard MPU interface. 

applications. It provides for extensive MPU control and 

supports two video sources. All in an 84-pin PLCC. 
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to capture and display 8-bits each of RGB. 

Like 

we said, 
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integrated. 
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dynamic RAMs 
Part 2 

Tailor memory-system 
architecture for 

your chosen D 

To tap the full potential of a dynamic RAM (DRAM), 
you must tailor your memory-system architecture for 
the DRAM you've chosen. This article, part 2 of a 
4-part series, examines your architectural options in 
designing a memory system. Part 1 reviewed the funda­
mentals of DRAM s and how to choose them; parts 3 
and 4 will focus on DRAM controllers and DRAM­
board layout. 

Ronald Wawrzynek, Texas Instruments 

When you design a dynamic-RAM (DRAM) system, 
you must choose its architecture carefully. The archi­
tecture affects the system's memory-access speed, cost, 
and power consumption, and it may influence your se­
lection of a DRAM. In creating the system, you can 
choose from a number of architectural options, each 
involving certain tracleoffs. To come up with the opti­
mal architecture for your application, examine the op­
tions and their concomitant tradeoffs carefully before 
making your choice. 

First, however, it's useful to know a little about how 
DRAM systems are organized. Because most µPs ma­
nipulate bytes, it's convenient to arrange a DRAM 
system as byte-wide blocks. You can easily accomplish 
this memory structure by accessing eight N x 1-bit 
DRAMs in parallel. Microprocessors that operate on 
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multiple-byte units-such as 16- and 32-bit µPs­
access data by addressing either multiple blocks or 
multiple rows within a block. 

Because today's µPs can access more than the N 
locations indigenous to today's N x 1 DRAMs, design­
ers typically build large memory structures in sections, 
or "banks." A memory bank is usually as wide as the 
CPU's data path and as long as the DRAM's capacity 
(N). For example, memory systems with 8-bit µPs are 
built with N x 8-bit banks, and systems with 32-bit 
µPs use N x 32-bit banks. However, the most conven­
ient structure for a 16-bit µP with an 8-bit data path, 
such as the 8088 CPU, is one with N x 8-bit banks. 

All of the DRAMs within a bank have a common 
Row Address Strobe signal, which the DRAM control­
ler supplies via the RAS line. Essentially, the DRAM 
controller uses the RAS line as a bank-select signal. 
Most DRAM controllers include four independent RAS 
output drivers for driving four separate memory banks. 

There are occasions when the system's CPU desires 
access to selected bytes within a memory bank. For 
example, a 32-bit µP may need 16-bit data for an inter­
nal array computation. Because the bytes may not lie 
on a 32-bit boundary, the CPU must be able to select 
each byte individually. You can configure the DRAM 
controller to access a byte by issuing either separate 
CAS or separate WRITE lines to the individual blocks 
within a bank (Fig 1). Whether you use a separate 
CAS or a separate WRITE line often depends on the 
access mode available for the DRAM. 
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------- ONE32-BIT BANK-----------.. 

TO DRAM J 
CONTROLLER 1 4.L. 

~ CASO ~ CASO I+- CASO ~ CASO 
'-+I RASO '-+I RASO 4 RASO '-+I RASO 

~ ~ ·~ ·~ WO W1 W1 W3 
AD D a AD D a AD D a AD D a 

T032-BIT J 
CPU 1 

TO DRAM J 
CONTROLLER 1 

4 :L 

8 8 8 8 8 8 8 8 

32 

32 
-, 

INDIVIDUAL WRrTE LINES. COMMON CAS LINES 

------ ONE 32-BIT BANK-----------

~ 
CASO ~ CAS1 ~ CAS2 ~ CAS3 
RASO '-+I RASO '-+I RASO '-+I RASO 

·~ 
w ~ w ~ w 

·~ 
w 

AD D a AD D Q AD D a AD D a 

Fig 1-The two most common methods for 
accessing data in a memory bank with mul­
tiple bytes is either to use a common GAS 
line and separate WRITE lines for each 
block (a), or to use a common WRITE line 
and separate GAS lines for each block (b). 

T032-BIT J 
CPU 1 

DRAM architectures fall into two basic groups: the 
byte-oriented-GAS and the bank-oriented-GAS ar­
rangements. Figs 2 through 8 illustrate some of your 
architectural options for constructing a DRAM system 
with these two arrangements. (Note that the figures 
don't show all of the control signal lines; they show 
only the lines necessary to exemplify the different ways 
of interfacing some popular CPU families to DRAMs.) 

The byte-oriented-GAS arrangement, shown in Fig 
2, interfaces an Intel 16-bit 8086 µP to a 512k-byte 
memory bank. Because the µP has a 16-bit data path, 
the memory bank is organized as two 256k-byte blocks 
labeled "even" and "odd." The even block stores the 

1 ~ 
8 8 8 8 8 8 8 8 

32 

32 
, 

lower byte (D0 to D7) and the odd block stores the 
upper byte (D8 to D15) of a 16-bit data word. The DRAM 
controller has two independent CAS lines for accessing 
either the even or the odd byte. The µP accesses the 
even block (or byte) on even address boundaries (1, 
2, 4, ... ) and the odd block (or byte) on odd address 
boundaries (1, 3, 5, . .. ). 

The DRAM controller uses the A0 line and the BHE 
(Byte High Enable) line from the µP to decide whether 
to transfer a high byte, a low byte , or the entire 16-bit 
word. Address lines A1 to A18 provide the 18 addresses 
required to access the 256k-byte memory space. The 
controller must internally generate the separate row 

EVEN ODD 

DRAM / / 
CONTROLLER 8 8 

Fig 2-The byte-oriented-GAS arrange­
ment employs separate GAS lines for each 
byte in a memory bank and a common 
WRITE line. Because the 8086 µ.P has a 
multiplexed address and data bus, an exter­
nal 3-state buffer is necessary to prevent bus 
conflicts. 
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In the bank-oriented-GAS arrangement) 
the two blocks in a 16-bit bank have a com­
mon CAS line) but independent WRITE 
lines. 

and column addresses for each block. Because the 8086 
µP has a 16-bit multiplexed address/bus, the upper 
four address lines (A16 to A19) are address-only lines 
and are shown separately in the diagram. The lower 
16 address lines <Ao to A15) must connect to a 3-state 
buffer, which implements a bidirectional data bus. 
When the CPU is ready to read data, and valid data 
is available at the DRAM's Q outputs, the DRAM con­
troller issues an enable signal (OE) to the 3-state 
buffer. 

Both blocks in the men:iory bank share the same 
RAS and WRITE lines. During a write cycle, the con­
troller issues a RAS and a WRITE command to both 
blocks. However, it issues a CAS command only to the 
even or the odd block when writing a byte. When 
writing a word, it issues the CAS command to both 
blocks. The DRAM controller uses the µP's A19 address 
line as a chip-select line. By connecting the inverted 
A19 address line to the chip-select pin on an identical 
DRAM controller that's supervising another 512k-byte 
bank, you can expand the memory capacity to the lM­
byte address limit of the 8086 µP. 

CPU's construction affects memory design 
The byte-oriented-CAS arrangement for interfacing 

a Motorola 16-bit 68000 µP to a 512k-byte DRAM bank 
would be slightly different (Fig 3). The memory bank 
is still grouped into two 256k-byte blocks (labeled "up­
per" and "lower"), because the 68000 also has a 16-bit 
data path. However , the 68000 doesn't have an A0 

address line for selecting the upper or lower block. 
Instead, the µP decodes the Ao address internally and 
generates an upper data signal (UDS) and a lower 
data signal (LDS), which the DRAM controller uses 
for byte selection. In addition, the 68000 incorporates 
separate address and data lines. 

In this system, as in the 8086 memory system, the 
DRAM controller generates separate GAS lines for 
each block and common RAS and WRITE lines. The 
DRAM controller uses address lines A1 to A18 from the 
CPU to generate the row and column addresses for 
each block. Because the 68000 has a 16M-byte address 
limit, the design connects address lines A19 to A23 to a 
1-of-32 decoder for generating 32 chip-select lines. In 
this manner, you can expand the memory in 512k-byte 
increments by duplicating the DRAM bank and control­
ler and connecting the chip-select pin for each control­
ler to one of the 32 decoder-output lines. 

The 3-state buffer shown in the diagram is necessary 
only when you employ a delayed-write cycle. As Part 
1 of this article (EDN, March 30, 1989, pg 155) ex­
plains, the delayed-write cycle briefly enables the 
DRAM's output buffers, which can cause a bus conflict 
unless there's an external buffer. The external buffer 
is not necessary when you employ an early-write cycle, 
so you can connect the DRAM's D and Q pins, thus 
effecting a bidirectional data bus. 

You can also interface the system CPU to the DRAM 
by using a bank-oriented-CAS architecture. Fig 4 
shows a 68000 CPU that communicates with two mem-

UPPER LOWER 
DRAM 

CONTROLLER 

Fig 3-The byte-oriented-GAS arrange­
ment for the 68000 CPU differs slightly from 
the arrangement for the 8086 µP . Because 
the 68000 µP has a separate address and 
data bus, you require an external 3-state 
buffer only when employing a delayed-write 
cycle. 
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A memory bank is usually as wide as the 
CPU)s data path and as long as the 
DRAM)s capacity. 

ory banks. In this arrangement, a single DRAM con­
troller generates separate CAS and RAS lines for each 
bank. Both of the control lines are common to both 
bytes in each bank. In the bank-oriented-CAS architec­
ture, unlike the byte-oriented-CAS scheme, the lower 
bytes and the upper bytes of the two banks share 
respective WRITE signals. 

The bank-oriented-CAS arrangement requires a bidi­
rectional buffer that has two byte-enable control lines 
and resides in the data path between the CPU and the 
system memory. Because the CPU is capable of writing 
byte-wide data, the DRAM controller must separately 
enable each byte in the bidirectional buffer. Without 
separate enable lines, it is possible to incur bus conflicts 
when writing a byte to memory, because the output 
buffers for the alternate block turn on when the con­
troller drives the common RAS and CAS lines low. 

Both the byte-oriented-CAS and the bank-oriented­
CAS arrangements can be employed in a variety of 
ways. For example, many high-speed memory systems 
use a bank-interleave architecture to eliminate CPU 

ROW AND COLUMN 
ADDRESS 

RASO 

CASO 

68000 CPU w (1:0> 

wait states. This concept organizes successive memory 
locations into different memory banks. When the CPU 
reads data from successive locations, the controller ac­
cesses the next bank while the DRAMs in the previ­
ously accessed bank execute a precharge operation. 
Because this architecture effectively makes the pre­
charge period transparent, the ta(R) (the delay time 
after the falling edge of the RAS line and before valid 
data appears at the DRAM output) determines the 
read cycle time. However, successive reads from the 
same memory bank must wait for the precharge period 
to elapse before the controller can access the bank. 

Fig 5 illustrates a bank-interleave structure that in­
terfaces four 512k-byte memory banks to a 68000 CPU 
by using a bank-oriented-CAS arrangement. The con­
troller selects one of the banks by decoding the CPU's 
A1 and A2 address lines. The CPU's address lines A3 

through A20 identify the individual locations within 
each block of memory. During a read operation, the 
DRAM controller keeps a record of the bank that's 
currently being accessed in order to compare it with 
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16 

Fig 4-ln the bank-oriented-GAS arrangement, each bank has a common GAS line, but a separat.e WRITE line for each byt.e within the 
bank. Because the arrangement must be able to access individual bytes, the DRAM controller must separately enable each byt.e in a 
bidirectional buff er. 
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the next bank request. If successive bank requests are 
the same, the DRAM controller must wait for the pre­
charge period to elapse before initiating the next read 
cycle. 

Because a µP generally accesses successive locations 
in memory when executing a program, the average 
read-access time for a memory with a bank-interleave 
structure is typically ta(R) seconds. DRAMs' ta(R) 
specifications typically range between 100 and 250 
nsec, although 80-nsec DRAMs are ayailable. 

Fig 6 shows a byte-oriented-CAS arrangement for 
an interleaved memory architecture. What differenti­
ates this arrangement from the bank-oriented-CAS 
scheme is the way in which the CAS and WRITE lines 
are interconnected. In the byte-oriented-CAS arrange­
ment, one WRITE line is common to all of the blocks. 
Two CAS lines enable either the lower or the upper 
block of memory. The interleaved memory architecture 
is ineffective for DRAMs with cyclic access modes such 
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J_ -

68000 CPU CAS(3:0) 
4 

ROW AND COLUMN 
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UDS t--1 
LOS 1-----j 
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H OEO 
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as nibble mode, byte mode, and serial mode. Such 
DRAMs access sequential locations that are internal 
to the DRAMs, a scheme that defeats the purpose of 
interleaved memory banks. 

Static-column-access mode is fast 
The static-column-access mode not only assumes that 

the CPU accesses data sequentially but also that it 
accesses data within one row most of the time. The 
static-column architecture is a nonoverlapping struc­
ture in which the lower and upper boundaries of succes­
sive banks are adjacent. The memory is organized in 
a bank-oriented-CAS arrangement, which enables the 
mode to cross boundaries when accessing columns for 
a particular row address. 

To initiate a static-column read-access cycle, the con­
troller drives the RAS and CAS lines low. If the con­
troller detects that the next read is from the same 
row, it maintains a low on the RAS and CAS lines and 
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Fig 5-lnterleaving four memory banks in a bank-oriented-GAS arrangement requires a controller with four independent RAS and GAS 
lines, each driving separate banks. In addition, the controller needs two WRITE lines-one for the lower byte and one for the upper byte. 
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The DRAM controller uses the RAS line 
as a bank-select signal. 

issues the next column address. This operation elimi­
nates the delays that the CAS line and the precharge 
time incur. If the next memory read is not from the 
same row, the controller must return both the RAS 
line and the CAS line high before beginning a new 
read cycle. 

Fig 7 shows a 2-bank memory system employing a 
static-column architecture. The DRAM controller uses 
the UDS and LDS signals from the 68000 µP to select 
distinct bytes within a bank. In addition, address lines 
A1 through A18 select the individual locations within 
the block, and address A19 functions as a bank-select 
line. 

The static-column mode not only requires separate 
WRITE lines for each byte within a bank, but also 
requires that the WRITE lines for each bank be inde­
pendent. The DRAM controller, shown in Fig 7, directs 
the two WRITE lines to either Bank 0 or Bank 1 by 
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using the bank-enable lines (BANKO or BANKl) to 
control an external multiplexer. 

When the CPU is crossing bank boundaries to access 
data, it's possible for the CAS lines for both banks to 
remain low during static-column access. In this case, 
the DRAM output drivers for each bank are continu­
ously enabled, so external 3-state buffers are neces­
sary. To prevent bus crashes, the controller enables 
only the external buff er for the currently accessed bank 
by using the BANKO and BANKl lines. 

Page-mode access is similar to static-column-mode 
access except that the controller returns the CAS line 
high after each data transfer. Therefore, you can incor­
porate the bank-oriented-GAS architecture shown in 
Fig 7 in a page-mode design without the output 3-state 
buffers. 

In sum, you must decide early in the design cycle 
whether to use a byte-oriented-GAS or a bank-
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Fig f>-An interleaved memory connected in a byte-oriented-GAS arrangement requires a RAS line for each bank in the memory system. 
The controller accesses the lower and upper bytes with separate GAS lines, but uses a common WRITE line. 
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In the byte-oriented-GAS arrangement) the 
two blocks in a 16-bit bank have a common 
WRITE line but independent CAS lines. 

· oriented-CAS arrangement. Your decision will be influ­
enced by the type of DRAM the design employs as 
well as by the complexity of the DRAM-support cir­
cuitry. 

The byte-oriented-CAS arrangement is perhaps the 
most popular, because it generally requires less sup­
port circuitry, such as external 3-state buffers. In addi­
tion, the arrangement lets you easily implement RAS­
only refresh, the most common refresh method. How­
ever, the byte-oriented-CAS defers to the bank­
oriented-CAS arrangement for systems that use other 
refresh methods or advanced access modes such as 
static-column-mode access . Static-column-mode 
DRAMs virtually require a bank-oriented-CAS ar­
rangement. To take advantage of these DRAMs' fast 
access times, you must have the entire memory bank 
turned on and waiting for the next column address. 

Generally, your choice of whether to use a byte­
oriented-CAS scheme or a bank-oriented-CAS arrange­
ment will happen by default; it'll follow naturally from 
your choice of a refresh method and an access mode 

ROW AND COLUMN 
ADDRESS 

RASO 
-
CASO 

68000 CPU 

JMUX~ -
W(1 :0) --,2 

b2 -
BANKO 

l UDS BANK1 

LOS 

A1-A1a BANK-110 

A ,, 

w 

RAS1 
-
CAS1 

DIR 

OEO 1---

OE1 t--i 

DRAM 
CONTROLLER 

L-_. DIR 

OE 

-'-

for your system. Once you've made those choices, the 
orientation you'll prefer for the CAS line will usually 
be obvious. EDN 
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Fig 7-To use static-column-access mode, y<YU must put each bank in the memory system into a bank-oriented-GAS configuration. 
However, y<YU must muliplex the WRITE lines between the memory banks by using bank-select lines (BANKO and BANK1). 
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That was then. 

The Fluke 8000A Multimeter. An instant winner with engineers 
all over the world, this was the first voltmeter to combine high 
quality performance with a low price. It featured Fluke's first 
LED display, as well as our first large-scale custom inte­
grated circuit. Within one year, it outsold all other voltmeters 
in the world. 
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FL U KE A ND PHI L IP S - THE GLOBAL ALL I ANCE IN TEST & MEAS U REMENT 

FLUKE 

Today, Fluke continues 
to lead the world in 
multimeter technology, 
with an impressive 
selection of world- class 
meters. Choose from 
over 42 different 
models-in handheld, 
benchtop, and system 
configurations, with 
multiple features and 
functions, 3112 to 7112 
digits of resolution, 
and basic de accura­
cies to 0.001 %. 

Fluke83 

• 
ISOOW 

Fluke87 

Ftuke8S 

~1 

· . . . -.. -
•:i ·' .. 

PHILIPS 

Fluke's newest meters, the 80 
Series, add theJearures ef 
many dedicated instruments 
to leading edge DMM design, 
bringing new meaning to the 
term mulaineter. These 3¥1-
digjt, 4000 count meters 
q/jer II Junctions, 40 
ranges. and basic de accu­
racy toO. J %. Uniquefearures 
include Input Alert."' M1i1 
Max Averl{ge recording, Min 
Max A/err,"' and proteca·ve 
holster with Flex-Stand"' 

(Left to Right) Fluke 77 low-cost DMM. Fluke 23 Jndusm'al DMM. PM27!8 true-n/IS DMM. Fluke 27 Ruggedized DMM. Fluke 8060A true-n/IS Precision DMM. 

8920A 3!1.1 digit Wideband 'fhJe RMS AC 
Mulaineter with autoranging, db and rear 

panel linear analog output. 

PM2S2S SY.I digit Bench/System 
Multimeter with 0. 0296 basic de 

accurary,.frequenry, nine, temperature 
dB and recording. 

80SOA 4 !I.I digit Bench/ Fbnable Mulaineter 
with o. 0396 basic de accuracy, true n11S ac, 

dB and re/aa·ve. 

8840 Sen'es SY.I digit Bench/System 
Mulaineters with 0. 00396 basic de 

accuracy, ohms accuracy to 0. 00896. 

"'O; o~-
- . 

• lj_., 

l!ll!!i!I • 
37 3 !1.1 digit Bench/Fbrcab/e Mulaineter with 
0.1 96 basic de accuracy, 7buch Hold;' Mini 

Max rewrding and relaa·ve. 

PM2S3S 6 !I.I digit System Mulainecer with 
0. 002S96 basic di: accuracy, up to JOO 

readings per second. 1£££-488. 

8S06A 7!1.1 digit Thermal RMS System Mulaineter with 0.00196 basic de 
accuracy, SOO readings per secona. 

8S20A SY.I digit Bench/System Mulaineter with O.OOS96 basic de accuracy, 
burst memory and math capabilia'es. 
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Now fluke has 291 

And one challenge for e1 
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The Fluke and Philips product line 
includes 299 instruments and hardware 
products, 36 software packages and 319 
accessories. We also have a challenge for 
you. See if you can pass this test: 
1. I would evaluate test and measurement 
equipment from a new supplier that 
offered better performance and value. 
D True D False 
2.1 am aware that Fluke now sells, serv­
ices and supports Philips test and meas­
urement equipment in North America. 
D True D False 
3. I don't buy out of habit, or because the 
salesman bought me a terrific lunch. 
D True D False 
If you answered true to these three ques­
tions, you 're ready for our challenge: Try 
something new. Take a look at the Fluke 
and Philips products you may not have 
considered before. You'll find them in 
the new Fluke catalog, along with all the 
technical data you'll need to make an 
intelligent comparison, before you buy. 
Call your local Fluke sales office, or 
1-800-44-FLUKE for your free 
catalog, today. 
Go ahead. We can meet the challenge. 
Can you? 

FREE Fluke and Philips Catalog 

Oscilloscopes Mulnineters 
Signal Generators Logic Ana/yzers 
Counters! Tliners Calibrators/Standards 
Board Testers Data Acquisition 
Thennomerers Operator Interfaces 
Ploffers !jystems 
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U.S.: 206·356-5400 Canada: 416·890-7600 
Other Countries: 206 J56-5500 

© Ccpyright 1988 John Fluke Mfg. Cc., Inc. All rights 
reserved. Ad no. 1081-CORP. 
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Trap tricky hardware and software bugs, precisely. 
Powerful debug commands aren't 
worth much if they're too difficult to 
use. We've designed the SA98 to 
trap bugs based on simple, well 
defined, and detailed commands. 

Quick Change Artistry 
No more running up and down com­
mand trees to change or modify an 
emulator condition. Change com­
mands without stopping the emulator. 
Define in-depth breakpoints. Call up 
help menus and files as you need 
them. And you can go from 8- to 
32-bit microprocessors quickly. 

You Set the Rules 
Define your own soft keys and 
macro commands. With the PC/AT 

Available for Rent through 
U.S. Instrument Rentals, Inc. 
1-800-874-7123 

or XT function keys configured for 
emulation functions, you can type in 
and modify commands directly. 

Powerful Commands 
The SA98 command structure is so 
powerful and precise, comparing it 
to other systems is tough on them. 
Let the power of the SA98 trap your 
toughest problems and break out of 
conventional traps. 

More Than Expected 
Call for a demonstration, and see 
how good a trap it really is. You'll 
see fast, well defined solutions. 
Call Toll-Free Today 
1-800-824-9294 (U.S.) 
1-800-824-6706 (CA) 

Sopl~ems. 
Dedicated to MDS/ICE Support 

U.S. & European Headquarters: 
Sophia Systems 
~Kifer Road 
Santa Claill, CA 95051 (408) 733-1571 
Corporate Headquarter&: 
Sophia Systems Co., Ltd. 
NS Bldg. BF 
2-4-1 Nishishinjuku, Shinjuku-ku 
Tukyo 160 03-348-7000 
©1988 Sophia Systems 
Sophia Systems is a registered trademark of 
Sophia Systems Co., Ltd . 
ICE is a registered trademark of Intel Corporation. 
MDS is a registered trademark of 
Mohawk Data Science Corporation. 
IBM PC/Kr and XT are registered trademarks 
of International Business Machines Corporation. 



Design Feature 

Following simple rules 
lets embedded systems 

worl( with µP emulators 

You can get a lot of mileage from a µP 
emulator) but finding that your system 
crashes when you connect the emulator is 
frustrating. Observing some simple rules at 
the outset of a new design can forestall 
crashes) speed debugging) and let you use 
emulators in test and service. 

Arnold S Berger, Hewlett-Packard Co 

Microprocessor emulators are invaluable tools in the 
design, production, and maintenance of systems that 
contain embedded processors. Emulators are poten­
tially useful not only in software design-where an 
emulator can run "out of circuit" by using its internal 
emulation memory-but also in software/hardware in­
tegration and even in test and maintenance. However, 
many engineers find that, despite their promise of im­
proved productivity, emulators work well only in 
highly specialized tasks. 

One reason for this state of affairs is that designers 
of µP-based systems often create products without giv­
ing any special consideration to the needs of emulation. 
The designers of µP emulators try to make their prod­
ucts affect the operation of the system under test as 
little as possible, both mechanically and electrically. 
But there are many things that digital design engineers 
can, and in some cases must, do to make their designs 
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"friendlier" to emulators. 
Almost every advertisement for emulators and de­

velopment systems shows a single printed-circuit card 
on an immaculately clean bench top. The emulator or 
emulator pod sits conveniently next to the pc card 
with its 8- to 10-in.-long cable neatly plugged into a 
socket on the pc card or the target system. 

In the real world of embedded-systems design, the 
µPs are truly "embedded." Actually, "buried" is a more 
accurate description. Typically, the processor is located 
in a random location on the pc card and in a random 
orientation. The word "random" is actually misleading 
because laying out a dense pc card is hardly a random 
process. Nevertheless, when placing and orienting the 
embedded processor, the person responsible for the 
layout probably gives little or no thought to the me­
chanical design of the in-circuit emulator that the elec­
trical designer will use for debugging. A simple exam­
ple illustrates this point. 

Fig 1 is a schematic representation of a fairly typical 
electronic system. The pc cards are contained in an 
equipment rack; they communicate with each other 
over a passive mother board or backplane. Designs 
that permit the use of extender cards greatly improve 
access to the processors. However, even if the circuits 
operate reliably on extender cards, the orientation of 
the processor with respect to the target-system inter­
face cable can still prevent you from plugging in the 
emulator. 

For example, the 68000 µPis usually packaged in a 
DIP. Many emulator manufacturers use a flat insula­
tion-displacement cable to connect the emulator to the 
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Too often, designers of µP-based systems 
create products without giving special con­
sideration to the needs of emulation. 

target-system plug. The width of this cable is usually 
the same as the length of the DIP plug-about 3 in. 
Unless you can align the emulator almost perfectly 
with the plug and the target system, you will lose a 
significant portion of the useful length of the cable 
because it will have to make several 90-degree bends. 
In some cases, the cable won't be long enough to reach 
the plug, and you'll be out of luck. 

In the 64700A series of emulators, Hewlett-Packard 
chose to make the cable very narrow-less than 1-in. 
wide on most emulators in the product family. The 
cable enters the 64-pin DIP plug at the end between 
pins 32 and 33. The designers chose this location be­
cause market research showed that in many applica­
tions !Cs are positioned on a pc board with their longer 
side along the axis between the front and back of the 
card. However, if pin 1 faces back toward the emulator 
rather than toward the mother board, the cable will 
have to make a 180-degree turn to plug in properly. 
Even with the extended probe length of the 64700A 
family, going "around the bend" can use up a lot of 
cable length. 

Many circuits will not work properly if the circuit 
cards are extended from the mother board. Sadly, this 
situation is becoming more commonplace as processor 

clock rates extend past 20 MHz and burst modes lead 
to one data cycle per clock cycle. In these cases, if you 
locate the processor near the outside edge of the pc 
card, you may still be able to plug in the emulation 
probe. 

Sometimes there are mechanical quirks that can aid 
in emulation. The 80186/80188 processor family is avail­
able in both leadless-chip-carrier (LCC) and pin-grid:­
array (PGA) packages. You can buy sockets of both 
types that have exactly the same pin configuration and 
that use the same amount of pc-board space. The proc­
essor itself is less expensive in the LCC version, but 
LCC sockets are both more expensive and-in applica­
tions like emulation that involve large numbers of in­
sertion/withdrawal cycles-less reliable than are PGA 
sockets. Using a PGA socket allows a more reliable 
and less expensive emulation connection. Once the 
emulation phase is complete, you no longer have to 
frequently mate and unmate !Cs and plugs from the 
socket. If you selected the correct sockets, you can 
then produce the board with an LCC socket and an 
IC-a combination whose cost is less than that of a 
PGA socket and a µ,P (Fig 2). 

As mentioned before, the coming generations of 
processors have clock speeds greater than 20 MHz, 

DAUGHTER BOARDS 

/ 
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Fig 1-An emulation nightmare: The t.arget 
processor is deep on daughter board 2. An­
other circuit board, %-in. above board 2, 
forces you to access the µ.P from the open 
board end. Unbuffered, high-speed signals 
traveling between boards via the backplane 
rule out the use of a card extender. To make 
matters worse, the t.arget processor socket 
orient.ation makes connecting the emulator 
cable next to impossible. 
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with 30 MHz becoming commonplace. Their data rates 
are approaching 240M bytes/sec. The emulation of such 
processors demands the use of active-probe technology, 
and the use of active probes places new demands on 
the emulator designer and the embedded-processor­
system designer. 

For example, when using an active-probe plug that 
occupies an area of roughly 6 to 9 in. 2

, it's critical that 
you allow enough room to properly seat the probe in 
your board. Components near the processor may pre­
vent the processor from plugging into the socket. With 
slower processors, you could always plug in extender 
sockets to permit the plug to clear the board. However, 
at 30 MHz you must consider the inductance and dis­
tributed capacitance of the connections between the 
µP and the rest of the system. (Yes, these are analog 
effects.) Stacked sockets simply don't provide the cor­
rect characteristic impedance for signal transmission 
or a low enough impedance for good ground return 
paths. 

You may have to probe other parts of the circuit in 
addition to the processor. If the circuit packaging is 
quite dense and you have failed to provide adequate 
test points, you may be unable to make certain types 
of critical measurements. 

Surface mounting poses more problems 
Boards built with surface-mounted components often 

present probing problems. For example, consider a 
board containing a digital-signal-processor (DSP) chip 
that operates as a slave and a general-purpose proces­
sor that acts as a master. The two chips operate in a 
tightly coupled mode, sharing a common bus and mem-

35 51 

34 52 

D MATING 
PINS 

18 68 

17 

ory. Data moves in blocks from one chip to the other 
via coordinated DMA transactions. 

Suppose that data at the end of the blocks is becom­
ing corrupted; you suspect a timing glitch or a meta­
stable state in your sequencing gate array. The HP 
64700A family lets you connect an optional, 16-channel 
state/timing analyzer to other circuit nodes in the tar­
get system by using conventional logic-analyzer 
probes. This external analyzer is actually an extension 
of the HP 64700A's internal bus analyzer. You can 
completely couple the external analyzer to the internal 
µP instruction sequence that leads to and brackets the 
event under scrutiny. Thus, when the DMA handshake 
sequence begins, the internal bus analyzer arms the 
external timing analyzer, and the external analyzer 
records the external events. However, you can't make 
this straightforward and powerful measurement if you 
haven't provided the test points for the critical nodes. 

These· mechanical considerations suggest electrical 
problems that you must keep in mind when you design 
a pc board. For example, although designers of emula­
tors try to bring a high degree of transparency to their 
products, they still have to depend on the target­
system designer's adhering to the timing rules for the 
target processor. Most !Cs will work beyond their pub­
lished timing limits, at least at room temperature. 
However, the emulator designer needs every available 
nanosecond to perform design tricks. Therefore, design 
to your µP's published specs. If you don't, you're court­
ing disaster on two fronts: Under some environmental 
conditions, the µP may not operate reliably, and your 
emulator is even less likely to operate reliably. 

Sometimes, the emulator steals several nanoseconds 

. . . . . ·-
17 LCC SOCKET AND 

(a) 80186 LCC PACKAGE (b) LCC SOCKET (c) 80186 PGA PACKAGE 

Fig 2-The 80186 LCC package (a) and the 80186 PGA package are quite different. However, you can buy LCC sockets and PGA sockets 
with identical pin c_on]l{Jurations. The diagram in b is a view of the component-insertion side of the LCC socket; c is a view of the side of 
either socket that mates with the pc board. You can easily use the PGA socket during emulation and convert to the LCC socket in production. 
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Typically) the processor is located in a ran­
dom location on the pc card and in a ran­
dom orientation. 

from, for example, a memory-access cycle. Usually, 
the emulator needs this time to send a signal up and 
down the cable and to pass signals through the buffer, 
the cable drivers, and the receivers. If you understand 
the performance of your emulator in detail, you can 
sometimes circumvent problems that result from the 
emulator's internal delays by simply replacing the stan­
dard memory chips in the target-system prototype 
with faster parts. Such a substitution can make the 
difference between a reliable design/emulation system 
and one that "goes into the weeds" at the most unex­
pected times. 

Another famous "gotcha" is the wire-wrapped proto­
type. These units are often 3-D designs with nonexist­
ent power and ground management. Wire-wrapped 
boards may actually work with a processor chip in place 
but "die" when you plug in the emulator. Again, the 
explanation is the failure to consider the emulator and 
the target system together as a larger system. 

To preserve the edge speeds on the signals it sup­
plies to the target system, the emulator uses heavy­
duty, line-driving buffers to drive its cable. If the 
power and ground systems have excessive inductance, 
there is no low-impedance path for current returning 
from the target system to the emulator. As a result, 
voltage pulses appear in various signal lines at odd 
times-a phenomenon often called "ground bounce." 
Some of these pulses exceed the switching threshold 
of parts on the target system or the emulator itself. 
Fig 3 shows a schematic representation of the emula-

INPUT CU RRENT PULSE 

_Il_-
EMULATOR SIGNAL LINE 

RETURN I_) 
EMULATOR 

CABLE 
GROUND 

EQUIVALENT 
SERIES RESISTANCE 
AND INDUCTANCE 
FROM POOR GROUND 
MANAGEMENT 

DISTORTED 
OUTPUT PULSE 

INDUCED 
PULSE ON GROUND 

Fig ~Poor control of the ground return currents leads to distorted 
and spurious signals at the emulation-probe!target-syswm inwrface. 
The high current capability of the emulation probe's drive circuits 
exacerbates the problem. 
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tion-probe/target-system interface; Fig 4 shows an ac­
tual ground-bounce waveform. Ref 1 discusses this 
phenomenon in greater detail. 

Simple damper improves reliability 
Emulator designers would love to demand that every 

target system use a 4-layer pc board with power and 
ground planes, but target-system designers just won't 
comply. Economic considerations often dictate that in 
the finished product you use a 2-layer, or even a single­
sided, board design with marginal power and ground 
traces. In digital-system prototyping, wire wrapping 
and its variations are a way of life. Fig 5 shows a 
solution to the problems caused by such construction­
a simple "damper" socket for a Z80-based system. You 
place the damping resistors in the critical signal lines; 
they serve to damp out the fast edges of the signals 
traversing the cable. Typical resistor values are be­
tween 10 and 100!1; higher resistances provide more 
damping. A good starting value is 22!1. This simple 
circuit modification produces dramatic improvements 
in target-system reliability. 

Some of the newer processor chips provide built-in 

.L 
I/ 

1 

1 -

_{j__ 

~ _l 
l ~ 
~ 

UPPER TRACE: 2V/DIV; OFFSET=2V 
LOWER TRACE: 0.4V/DIV; OFFSET=0.4V 
SWEEP SPEED=5 nSEC/DIV 

(a) 

- ~ - (b) 

Fig 4-Referenced to emulator-probe ground, "ground bounce" 
caused by poor ground management can be large enough to cross 
the threshold of a TTL device. The fast 2V edge, a, causes a pulse 
nearly 1V in amplitude from a 0.4 V baseline, b, on the target-syswm 
ground. 
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emulation help. For example, Advanced Micro Devices' 
29000 RISC processor incorporates features that ease 
emulation. If emulator designers could count on the 
use of such features by all target systems, they would 
be able to achieve many emulator-performance im­
provements. However, target-system designers usu­
ally ignore such processor features or view them as 
imposing unrealistic restrictions. Today, you often hear 
about "design for testability." "Design for emulation" 
is the same idea. 

Part of the process of selling an emulator is the 
ritual Plug-in Demonstration. The poor salesperson 
goes to a customer site and hears, "I'll buy your emula­
tor if it works in my target system." The salesperson 
then plugs the emulator in and hopes for the best. 
Such an exercise does relatively little to demonstrate 
the emulator; what it demonstrates is a limited view­
point on the part of the prospective purchaser. Obvi­
ously, the emulator should work in a target system, 
but there are many other tools that contribute to the 
overall usefulness of a µP development system. The 
emulator is just a part of the design chain. It's false 
economy to make a development-system purchase deci­
sion solely on the basis of the emulator's performance 
on a board you have already designed. 

Here is an alternate scenario. As part of the overall 
strategy for designing a new product, you choose a 
development system and support software. Your 

choices include an integrated set of compilers, debug­
gers, assembler/linkers, user interfaces, emulators, 
and support and verification tools. The hardware de­
signers or the hardware/software-integration-team 
members study the features of the emulator and note 
possible performance limitations. They propose work 
arounds as part of an overall purchase decision. For 
example, suppose that the target system contains a 
watchdog-timer circuit that generates an interrupt at 
regular intervals. Emulators often fail in such situ­
ations because certain modes of operation prevent 
them from handling interrupts correctly. Designers 
who understand this mode conflict can make a straight­
forward addition to the design to permit disabling the 
watchdog timer during emulation. 

Again, designing for emulation in the early stages 
of a project keeps you from finding yourself in a corner 
in the later stages. 

When making your software compatible with emula­
tors, remember this prime commandment: Modularize, 
modularize, modularize! Modern programming lan­
guages are wonderful for writing compact, testable, 
and maintainable code. The compact modules of code 
they produce are an excellent match for the feature 
sets provided by the emulation memory in most mod­
ern emulators. These emulators let you map or overlay 
blocks of emulaton memory onto actual areas of the 
target system's memory space. An obvious use of this 

PLUS EMULATOR IN HERE 

SOLDER YaW ---­
RESISTORS BETWEEN 
HEADER AND SOCKET 
PINS. 
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-40-PIN DIP 
SOCKET 

__.- 40-PIN HEADER 

"-._ 40-PIN DIP 
SOCKET ON 
TARGET BOARD 

Fig 5---A homemade damper circuit is an 
eff ective means of slowing doum f ast edges 
from emulator probe cables . Typically, you 
will need to damp the address, data , strobe, 
and clock lines. 
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Unless you can align the emulator almost 
perfectly with the plug and the tar;get sys­
tem) you will lose a significant portion of 
the useful length of the cable. 

feature is in eliminating the need for ROM in the sys­
tem under development. But unless the code modules 
lend themselves to the overlay process, you won't real­
ize much of the emulation memory's value. 

Consider the situation in which an emulator manufac­
turer supplies emulation memory in 128k-byte incre­
ments and the anticipated size of the final code is about 
512k bytes-a value typical of laser printers. One solu­
tion to this seeming lack of emulation memory is the 
purchase of enough emulation memory to cover the 
entire application space. The idea is wonderful if the 
cost of high-speed static memory is not a problem. In 
fact , emulator vendors would love to sell billions and 
billions of bits of static RAM. However, in most cases 
large amounts of emulation memory are an unnecessary 
luxury. By keeping code modules small and self­
contained, you can easily develop the entire product 
in-pardon the pun-byte-size chunks. (Obviously, the 
chunks are somewhat larger than one byte.) 

Another example of the advantage of modular code 
is the HP 64700A family of emulation products, which 
provides coverage analysis of emulation memory. This 
verification tool is a simple but useful one for software 
designers. The coverage memory records every read 
or write access to a block of emulation memory. Thus, 
it can tell you if you're exercising all of the code. If 
the code modules can stand on their own, with well­
defined boundaries between the modules, you can test 
a block of code with full confidence that you have exam­
ined all possible methods of accessing the block. In 
fact, emulator manufacturers use this feature for the 
final software qualification of their emulation products. 
Even if a particular product contains several million 
bytes of code, the vendor can "walk" the tests through 
the emulator's entire memory space by keeping the 
modules and their associated libraries within the 
bounds of the available emulation memory. 

You need emulation, so design for it 
Unlike most embedded-system designers, analog de­

signers have long recognized the need to consider the 
design constraints imposed by test and measurement 
equipment. These engineers routinely pair signal and 
ground test points to ensure good fidelity in rise- and 
fall-time measurements. Taken in that spirit, these 
suggestions should aid embedded-system designers. 
For example, if you can locate the processor chip in a 
mechanically convenient location, do so before you do 
your pc-board layout. Otherwise, you can end up locked 
into a situation you can't live with. If you don't consider 
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the emulator's requirements early in the design of your 
product, you'll need to make the length, size, and flexi­
bility of an emulator's cable part of your emulator pur­
chase criteria. 

Looking into the future, the trend toward increased 
modularity in software design bodes well for the future 
of emulation. On the hardware side, though, the pic­
ture is not as rosy. Faster, higher-performance proces­
sors impose increasingly stringent requirements on 
both emulator hardware and target-system pc-board 
layouts. By listening carefully to designers of embed­
ded systems and engaging in a continuing dialogue 
with designers of IC components, emulator designers 
are doing their part to create instruments that can 
handle these tougher requirements. Now it's the em­
bedded-system designers' turn. Unless they listen to 
emulator designers and heed the concepts of design 
for emulation, there's a good chance that they will 
deny themselves the benefits of µP emulation in the 
development, manufacture, and support of future gen­
erations of µP-based systems. EDN 
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CIRCLE NO 127 

Noton]ydoes 
Signetics offer 
3more1/0 ports 
than the 80C51, 
we also do windows. 

At first glance, it's easy to see why our new 
SC87C451 offers you a rare window of 

opportunity. 

It's called EPROM flexibility. 

And it comes in both UV and OTP 
EPROM versions that cut costs and 
save time in system development. 
Especially when you consider that 
it's fully supported by the Signetics 
development system. 

The 87C451 gives you seven I/O ports for 
advanced applications. You'll find up to 60 

I/O lines-28 more than on the standard 80CS1. 

Other 87C451 features include a "mailbox" inter­
face for parallel communications, which gives you 
the ability to use port #6 for handshake data trans­
fers. For added flexibility, the 87C451 also comes in 
ROM and ROMless versions, as well as in 12-and 
16-MHz frequencies , and commercial and extended 
temperature ranges. 

The 87C451 is just one part of our large and growing 
family of 80CS1 derivatives. We also offer a 24-pin 
80CS 1 microcontroller in ROM, UV or OTP EPROM. 
As well as parts with on-chip AID that are available 
now. Each one is fully compatible with the 80CS 1 
instruction set. 

We're Signetics. We've got 
the guts-those essential 
microcontrollers to improve 
system performance. For a 
free '451 Microcontroller 
Information Packet, call us 
at (800) 227-1817, ext. 993D. 
For surface mount requirements and military product 
availability, contact your local Signetics sales office. 
Learn the advantages of window-shopping at Signetics. 

One standard. 0 defects. 

Signetics 
a division of North American Ph ilips Corporation 

PHILIPS 
© Copyright 1989 North American Philips Corporation 
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The usual way. 
The kind of real-time system you design 

depends a lot on your real-time development 
tools. If they're simple, complete and elegant, 
your solution will be too. And that's why nobody 
can help you create more elegant embedded 
systems than Ready. 

Our real-time development system is already 
responsible for helping to generate over fifty 
million lines of real-time code. And it's the only 

one based on our CARD (Computer-aided Real­
time Design) technology, which was created 
specifically for the world of real-time. With a 
unique understanding of the target-host relation­
ship built right in. 

We start at the same place you do-with your 
requirements. And we don't care what you're 
building, which embedded microprocessor you 
use, or whether you're working in complex 

© 1989 Ready Syslems Corporation. VRTX is a registered trademark and CARDtools is a trademark of Ready Systems Corporation. Other brand or product names are trademarks or registered trademarks of their respective holders. 
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Our way. 
environments like multiprocessing or networking. 
We have the tools for eveiy piece of your project. 

Tools like VRTX~ the real-time operating 
systems standard. Real-time implementations 
of C and Ada. Automated analysis tools 
for verifying system performance. And our 
CARDtools™ product with specifically 
tailored design aids to manage your software 
organization and data flow. We'll even pull 

out documentation-automatically- that'll 
satisfy the DoD's stringent 2167 specs. And the 
most demanding commercial customers. 

So why go nuts with your next real-time 
project? Call us, toll free, at (800) 228-1249. 

That way you'll have a fair crack at getting 
the kind of real-time system ~READY 
you really want. SYSTEMS 
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Kodak is the name in higl!-performance batteries 
that designers and end users trust. 

The Kodak Ultralife® lithium power cell is the temperature performance. What's more, you 
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mance. With twice the service life of conven- lithium battery. This 3.6 ampere hour Ultralife 
tional alkaline 9-volts, it battery delivers high ca-
reduces battery changes pacity at 3 volts. It makes 
and equipment down- an excellent backup 
time. Its innovative de- power source for a wide 
sign is right for your range of applications, 
most innovative designs. ~ •·
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Ultralife lithium power LITHIUM pend on the full line of 
cell is your choice for o 20 40 60 80 100 120 140 160 180 200 220 240 260 280 Kodak Supralife® alkaline 

SERVICE LIFE (HOURS) 

longer life expectancy batteries ... just like mil-
and consistent discharge KODAK BATTERIES lions of your end users 
characteristics-as DEPEND ON US. do! 
well as superior low-

© Eastman Kodak Company. 1989 
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I 800 242-2424. 315 332-7230 

EDN April 13, 1989 



Design Feature 

Stimulus-response 
tests are easy with 

an 8-bit µP 

Despite its association with la11Je and costly 
test systems, stimulus-response testing is ac­
tually simple and straightforward. You can 
build a low-cost stimulus-response tester 
around an 8-bit µP and easily adapt it to 
a remarkably wide variety of tasks. 

Paul D Gracie, Microdoctors Inc 

Stimulus-response (SR) testing is a well-known tech­
nique frequently used in large, high-speed automatic­
test systems. In an SR test's simplest form, the control­
ling CPU reads a test-stimulus value from its memory 
and sends it to the device under test. After waiting 
for the system to respond, the processor reads the 
response and stores the value in a new group (block) 
of memory locat~ons. When the test is completed, the 
processor compares the results with a known-good re­
sponse pattern to detect errors. 

You can apply this general method to many other 
types of tests, such as a stimulus-comparison (SC) test. 
The minimum equipment you need for SR testing is 
neither unusually complex nor particularly expensive; 
you can program a small microcomputer to do simple 
SR tests. Moreover, you can easily adapt the concept 
to almost any microcomputer system. 

EDN April 13, 1989 

The hardware used for the sample tests is a single­
board, 8085-based microcomputer system called the 
TC-100 (Fig 1). It has 8k bytes of PROM, 2k bytes of 
RAM, an RS-232C serial port, and an 8255-based paral­
lel port. SR testing uses the three 8-bit parallel ports 
as follows: 

Port A: Response Input 
Port B: Stimulus Output 
Port C: Control Output. 

The Port C output sets the static control values and 
contains one bit that acts as a data strobe for the 
stimulus output. 

The basic operating system is a control monitor 
called Swan, which, along with the usual memory and 
I/O control routines, has a number of modules written 

8085 
CPU 

8255 
PIO 

B 

RESPONSE 

C7 STROBE 

Fig I-The test-computer block diagram illustrates the parallel 
110 port used for SR test.s. 
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Routines optimized for speed can operate 
at rates in excess of 100) 000 operations per 
second. 

for electronic testing. The monitor also has many fea­
tures that simplify program setup and operation-for 
example, memory-reference labels, automatic block siz­
ing, automatic pattern generation, and a single-step 
mode. 

The monitor contains three commands for SR 
testing: 

SR <BLOCK><ADDRESS>[ <DELAY> ] <er>, 
SC < BLOCK><ADDRESS> [ < DELAY>] < er>, 

and SL <BLOCK> [ < DELAY> ] <er>, 

where "<er>" denotes a carriage return. The SR com­
mand outputs data from < BLOCK> , waits a < DE­
LAY> (whose optional nature is denoted by brackets), 
and writes the result to a block beginning at < AD­
DRESS > . The SC command outputs data from 
<BLOCK>, waits an optional < DELAY>, and then 
compares the result with the data stored in the block 
beginning at < ADDRESS> . If the result of the 
comparison is true , the program continues to the next 
address. If the result is false , the program dumps the 
output, comparison, and input values to the terminal 
and then continues. The SL (stimulus-loop) command 
outputs the contents of < BLOCK> into a loop with 
an optional < DELAY> . The SL command thus gener­
ates digital waveforms. 

The command syntax is straightforward 
Using the facilities of the monitor, most commands 

take the form SR R T <er >. That is, the commands 
output a 256-byte stimulus word contained in the block 
of memory that begins at R (2000 hex) and write the 
result to block T (beginning at 2400 hex). Once you 
set the stimulus pattern, operation of the program is 
very simple. 

The routines do I/O transfers at a rate of approxi­
mately 10,000 operations per second. Routines opti­
mized for speed can operate at rates in excess of 
100,000 operations per second. For greater speed, you 
can build a high-speed interface. 

Interfaces to units under test are simple 
To use the SR function, you can build an interface 

between the test computer and the device under test, 
develop a test pattern, and enter the pattern along 
with the proper command. All of the following applica­
tions use a simple, 256-byte pattern that increments 
from 0 to FF hex. In addition to counting, this pattern 
produces square waves. 
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You can develop more complex patterns and use the 
monitor to write the patterns to the µP 's memory, or 
you can burn them into a PROM for a permanent re­
cord. For SC tests that require comparison patterns, 
you can write the pattern to RAM using the monitor, 
or you can use the SR command and a known-good 
device to generate the pattern. 

The tester checks cable continuity 
The interface shown in Fig 2 tests and maps cables 

that have as many as 16 conductors. In operation, the 
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Fig 2-ln the cable-test interface, IC, drives the cable with one 
logic-0 level at a time while IC2 scans the cable for connections. 
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74159, IC11 drives one of 16 outputs low; the 74150, 
IC2, scans all 16 inputs and saves the result in memory. 
When the 16-step scan is completed, IC1 drives the 
next output low, causing IC2 to repeat the scan. At 
the end of all 256 steps, the memory contains a map 
of all of the cable's end-to-end connections. Note that 
this test won't detect connections between pins of the 
same connector unless the connections exist within the 
cable. The response provides a distinctive pattern of 
00 for no connection and 11 for a connection. If you 
use the monitor's hex-memory-dump command, the 
screen shows a 16 x 16-point map of all end-to-end cable 
connections. 

Using the SC command, you can quickly test a large 
group of cables. After you set up the system, attach 
the interface to a known-good cable. Run the SR com­
mand to put a known-good map into memory. Then 
attach the interface to a cable that you want to test 
and run an SC command. If the cable is good, the 
system returns the prompt. If the cable is defective, 
the system prints an error message in the form NM 
XX YY: N is the output pin number, Mis the input 
number, and XX YY indicates the type of defect. The 
pattern 11 00, for example, indicates a missing connec­
tion, and 00 11 denotes a shorted connection. 

You can read most types of PROMs by building an 
interface consisting of only a socket for the PROM. 
The interface shown in Fig 3 works with 27xxx 
PROMs. Again, the stimulus pattern increments from 
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00 to FFh. This pattern provides the lower address 
bits, A,, through A7• The port C outputs supply the 
upper address bits, A8 through Ax. The µP reads data 
from the PROM as a response pattern to the address 
stimulus and stores the data in the response RAM. 
You can then view the data by using the monitor's 
display-memory command. You can read any 256-byte 
page of the PROM by setting the proper page number 
onto the Port C output. 

Measure relays' maximum operating speed 
You can use this system to test electromechanical 

relays for both function and speed. The interface re­
quired varies with the type of relay tested, but in 
most cases, it is as simple as the one shown in Fig 4. 
The interface consists of a transistor driver for the 
relay coil, a socket for the relay under test, an interface 
to the computer, and a power supply. The stimulus 
pattern, which is the same incrementing pattern dis­
cussed previously, is used as a square-wave source to 
drive the relay coil. For a 256-byte pattern, the system 
drives the relay through 128 on/off cycles and records 
the contact condition for each half cycle. The response 
memory pattern is a 22 11 22 11 . . . series for a good 
relay; the 2 signifies an open contact, and the 1 denotes 
a closed contact. A 3 in the pattern means that a com­
pletely open (floating) contact is present, and a 12 or 
21 shows that a shorted contact exists. 

Because electromechanical relays don't cycle at a 
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Fig 3-To read 27xxx PROMs, you can use an int,erface that consists of just a socket connected to the ports. 
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To use the SR function) build an interface 
between the test computer and the device 
under test) develop a pattern) and enter the 
pattern along with the proper command. 

rate of 5,000 operations per second, you must specify 
a delay when entering the SR command. The following 
procedure lets you determine the proper value of the 
delay setting for a particular type of relay. The test 
computer generates a base delay of 196 µsec and an 
incremental delay of 16 µsec per step. For preliminary 
testing, specify the delay with the command SR R T 
FFF. With this delay, the relay operates at 65. 7 msec 
per cycle-a speed low enough to guarantee that most 
relays will operate reliably. This SR test produces a 
known-good response pattern and loads it into the re­
sponse RAM. You can then use this pattern for a speed 
test. Your attempt to find the maximum r.eliable oper­
ating speed of the relay might produce results like 
these: 

# SC R T 900 ; RELAY AL WAYS PASSES AT 
37.04 mSEC/CYCLE 

# SC RT 800; CONTACT SET A FAILS AT 32.94 
mSEC/CYCLE 

# SC R T 700 ; BOTH CONTACTS FAIL AT 28.85 
mSEC/CYCLE 

When you run the test at various speeds, the system 
returns the prompt if the relay passes, and it prints 
the errors if the relay fails. You can also run this test 
using a variable power supply to determine the pickup 

and dropout voltages of a relay under various drive 
conditions. 

With a minimum delay of 196 µsec, the test computer 
is not fast enough to test high-speed logic at full speed. 
To overcome this limitation, you can build a simple, 
high-speed interface, which is shown in Fig 5. This 
interface consists of a one-shot ripple counter that is 
triggered by the stimulus data strobe. The interface 
shortens the SR test time by compressing the SR cycle. 
Operation of the interface is as follows: 

Setup: At power on, a short low pulse (*POC) clears 
the shift register, IC6, and sets IC8, pin 9 high, enabling 
the clock. Because all outputs of the shift register are 
low, IC5's output is high, and successive clock pulses 
shift the high state to the outputs QA through QG. 
When outputs QA through QG are high, IC5, pin 8 be­
comes low. This low output, inverted by IC3, triggers 
a short pulse on IC8, pin 5, which disables the clock 
by setting IC8, pin 9 low. The circuit is now ready to 
operate: QA through QG are high; the data, IC6, pin 1, 
is low; and the clock is off. 

Operation: After setting the stimulus data on port B, 
the computer generates a low strobe on port C-bit 
8. The rising edge of the strobe sets IC8, pin 9 high 

Text continued on pg 188 
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Fig 4-The relay-test interface uses a transistar to drive the relay coil. 
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Fig 5-The high-speed interface (a) is a one-shot ripple counter that uses a shift register to move a pulse (b) to the stimulus and response 
registers at high speed. 
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Stimulus-response software can be straightforward 

It's relatively simple to create software suited to 
stimulus-response (SR) testing for most microcom­
puters. In general, the software must maintain two 
pointers-one for the stimulus address and one for 
the response address. These pointers direct data to 
and from memory for the test. After each SR cycle, 
the processor increments the pointers and compares 
the stimulus pointer to an end value. The program 
then loops for the next cycle or exits for termination. 
The program follows the form 

SR : INIT ;INITIALIZE POINTERS 
MOV A, (SMEM) ;GET FIRST STIMULUS 

LOOP: OUT STIMPORT ;OUTPUT STIMULUS 
(DELAY) ;DELAY ADDED HERE 

IN RESPPORT ;INPUT RESPONSE 
MOV (RMEM), A ;SAVE RESPONSE 
INC (SPNTR) ;INCREMENT STIM ADDRESS 
INC (RPNTR) ;INCREMENT RESP ADDRESS 
TEST END ;TEST END ADDRESS 
RET DONE ;RETURN IF DONE 
MOV A, (SMEM) ;ELSE GET NEXT STIM 
JMP LOOP ;AND LOOP FOR NEXT. 

The program must first initialize the pointer regis­
ters with the start addresses of the stimulus and 
response blocks. To simplify the setup procedure, 
the program can use fixed address values and read 
the stimulus data set from a PROM. Using this 
method, you can make a "pushbutton" SR test. The 
first stimulus data value moves from memory to the 
accumulator and then out the stimulus port. At this 
point in the program, you can add a delay to provide 
time for slow devices under test to respond to the 
stimulus. After the delay, the program reads the 
data on the response port, saves it in the response 
memory, increments both pointers, and compares 
the stimulus pointer with the end value, which 
equals the last stimulus-block address plus one. If 
the result of the comparison is false, the program 
loads the next stimulus value into the accumulator 
and loops until it receives the next stimulus output. 
If the result is true, the SR operation is complete 
and the program returns to the calling routine. 

You can calculate response time 
The microprocessor clock speed and the number 

of clock cycles required to complete one turn of the 
program loop determine the timing of the SR opera­
tion. Two timing values are important: the stimulus-

to-response delay and the response-to-next-stimulus 
dwell. The minimum time required to increment and 
test the pointers plus the loop-close time establish 
the dwell time. You can determine the dwell time 
from 

DWELL= (#CC x CP)- DELAY, 

where DWELL is the dwell time, #CC is the num­
ber of clock cycles in the loop, CP is the clock period, 
and DELAY is the stimulus-to-response delay. 

For 80-series processors, the stimulus-to-response 
delay equals one-half the sum of the output and the 
input cycle times; for other microprocessors, the de­
lay can vary. For an 80-series processor, the mini­
mum delay is 10 clock cycles; for an 8085 running 
at 3 MHz, the delay equals 3.333 µsec. To obtain 
the minimum delay, the input instruction must im­
mediately follow the output instruction. For devices 
under test that require more time to respond to the 
stimulus, you must add a delay between the output 
and the input instructions. For very short delays, 
you can insert one or more dummy instructions be­
tween the output and input. For example, 

LOOP: OUT STIMPORT ;OUTPUT STIMULUS 
NOP ;DUMMY FOR TIMING 
NOP ;DUMMY FOR TIMING 

IN RESPPORT ;INPUT RESPONSE 
MOVetc . . 

In this routine, two no-ops, which contain four 
cycles each, increase the delay time to 18 cycles (6.0 
µsec at 3 MHz). You can implement longer delays 
by inserting a timeout loop between the output and 
input instructions. For example, 

LOOP: OUT 
MVI 

DLY: DEC 
JNZ 
IN 

STIMPORT ;OUTPUT STIMULUS 
A, DELVAL ;GET DELAY VALUE 
A ;DECREMENT DELAY 
DLY ;LOOP NOT DONE 
RESPPORT ;INPUT RESONSE 

MOV etc .. 

The program moves a value, DELVAL, to the 
accumulator, decrements the accumulator to zero, 
and reads and saves the response. You can calculate 
the timing by 

DELAY =(10+7+((4+10) x DELVAL)-3) x C P, 
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where 

10 =the minimum number of cycles, 
7 =the number of cycles in MVI, 
4 =the number of cycles in DEC, 

10 =the number of cycles in JNZ for jump, and 
3 =the number of cycles JNZ is short for no jump. 

The equation is shortened to 

DELAY= (14 + (14 x DELVAL)) x CP. 

Assuming you use a DEL VAL of 100 decimal and 
a 3-MHz clock, the total delay time is 
14 + (14x100)=1414 cycles x 333 nsec = 471.333 
µsec . The maximum delay possible with this rou­
tine-14 + (14 x 256) = 3598 cycles x 333 
nsec = 1.199333 msec--occurs when DEL VAL= 0 
because the first DEC rolls the value over to FFh. 
You can obtain longer delays by inserting multiple 
loops or 16-bit loops in place of the simple loop 
shown. 

You can simplify SR routines if you place some 
constraints on the form of the tests. For example, 
a program can easily calculate the incremental 
stimulus pattern used in some tests and thus avoid 
a sequence of memory-read operations. A routine 
that performs such a test can take the form 

SI: LXI 
MVI 

LOOP: OUT 
IN 
MOV 
INC 
AZ 
MOV 
JMP 

H, 2000 ;LOAD RESP BLK ADDA 
A, 0 ;LOAD FIRST STIM VALUE 
STIMPOAT ;OUTPUT STIMULUS 
AESPPORT ;INPUT RESPONSE 
M, A ;SAVE RESPONSE 
L ;INCREMENT ADDRESS AND STIM 

;EXIT IF DONE 
A, L ;ELSE GET NEXT STIM 
LOOP ;AND LOOP. 

This routine uses a fixed response-block start ad­
dress of 2000 hex and requires 256 bytes of response 
RAM. Because the last t\\-o digits of the address 
start at 00 and increment in the same manner as 
the stimulus value, the same register that counts 
the address can also generate the stimulus. Because 
the program has to increment only one register, the 
start-at address XXOO-and the 256-step cycle also 
simplify testing for the end of the routine. After the 
last test, the counter "rolls over" from XXFF to 
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XXOO, thereby setting the zero flag. Timing for this 
routine is 

TOTAL LOOP= 51 CYCLES= 17 µSEC ; 
SR DELAY= 10 CYCLES= 3.333 µSEC 
R/S DWELL= 41 CYCLES= 13.666 µSEC 
SR TIME= 256 x 51 CYCLES= 4.352 mSEC, 

where SR TIME is the total time for 256 SR cycles. 
By following the general form of the examples 

given, you can write many other forms of SR test 
programs, which include 

Stimulus-comparison: These routines compare the 
response to a known-good pattern and take action 
if the response doesn't equal the known-good pat­
tern. When the test detects an error, the program 
can report the error and continue, or it can pause 
and leave the failing stimulus data in place to allow 
the operator to probe for the cause of the failure. 

Triggered-response: These programs monitor a trig­
ger port after the stimulus output and record the 
response only after they detect a specific trigger 
pattern. The programs can periodically increment 
a timer register to determine the time to trigger. 
They can store this value along with the response. 

Timed-response: This type of routine applies a sin­
gle stimulus and records a series of responses at 
fixed intervals over a fixed period. This test is useful 
for detecting differing response times of individual 
bits of the response word. 

Selected-stimulus: On the basis of the last response, 
these routines select the next stimulus value from 
a list. They are similar to certain types of state 
machines. You can use these routines to simulate a 
state machine and to test the devices that the state 
machine controls. 

Single-step and manual-stimulus: Programs that 
include these facilities are useful for static testing 
and for debugging failed devices. In particular, the 
single-step function is useful for tracing failures de­
tected by a stimulus-comparison test. 
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To overcome speed limitations) you can build 
a simple high-speed interface that includes 
a one-shot ripple counter triggered by the 
stimulus data strobe. 

and enables the clock. The first clock pulse shifts a low 
state on QA. This low state on QA sets the data, IC6, 
pin 1, high and loads the stimulus data into register 
ICli which feeds it to the device under test. The second 
clock pulse to the shift register moves the low state 
one place to the right-to Q8 • If the multiplexer, IC4, 

has selected Q8 , the pulse then loads the response 
data into the response register, IC2• The response reg­
ister holds the data until the computer reads it. The 
low pulse continues down the outputs until it reaches 
QH. At that point, IC5, pin 8 returns low, thereby 
shutting off the clock. The circuit is then ready for the 
next strobe pulse to start the process again. 

The SR transfer delay for this circuit depends on 
the clock period of Y 1 and the propagation delays of 
IC3 and IC4• You can calculate the delay from 

where tw =SR transfer delay, tP =clock period, tdr = 
response clock delay, and tds =stimulus clock delay. 
The SR clock delays are the propagation delays of IC3 

and IC4• When using a 20-MHz clock for Yli typical 
delays for the circuit shown are 

tw = 50 + (13-10) = 53 nsec. 

Note that if tdr and tds are equal, the transfer delay is 
equal to the clock period, and if td. is greater than tdri 
the delay is less than the clock period. For example, 
if you replace IC4 with a wire and add a second inverter 
from IC3 , pin 2 to IC1, pin 11, the transfer delay is 

tw=50+(0-(10+10))=30 nsec. 

You can achieve very short SR transfer delays by se­
lecting the proper stimulus clock delay. 

You can use this interface to test multiple-rank de­
vices, such as flip-flops and registers, because it gener­
ates seven pulses on QA through Qa. For example, to 
test a flip-flop, attach the data and control inputs of 
the device under test (DUT) to the stimulus register 
(IC1), attach the DUT's outputs to the response regis­
ter (IC2), and attach the DUT's clock input to signal 
P1 (also called Q8 ). When you run the SR test with 
Qc selected to load the response register, QA sets the 
flip-flop's inputs, Q8 clocks the flip-flop, and Qc records 
the result. This method allows you to test devices as 
deep as six. ranks. 

The interface shown in Fig 6 is a step-and-record 
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TABLE 1-PORT C BIT ASSIGNMENT 

PCO AUTO MODE HIGH TO ENABLE AUTOMATIC STEPPING 
PC1 "RUN/STOP LOW TO RUN CPU, HIGH TO STOP 
PC2 "FULUHALF LOW FOR 32 STEPS/CYCLE, HIGH FOR 16 
PC3 NOT USED 
PC4 RESET RESETS THE CPU WHEN LOW 
PCS STEP STEPS THE CPU ONE MEMORY CYCLE WHEN HIGH 
PC6, 7 NOT USED 

TABLE 2-INTERPRETATION OF 
MONITOR DISPLAY 

XXXX AH AL DD SS CC II 00 00 . .. , 
WHERE 
XXXX IS THE RESPONSE RAM ADDRESS, 
AH IS THE CPU HIGH ADDRESS BYTE, 
AL IS THE CPU LOW ADDRESS BYTE, 
DD IS THE CPU DATA BYTE, 
SS IS THE CPU STATUS, 
CC IS THE CPU CONTROL STATE, AND 
II IS THE CPU INTERRUPT STATE. 

"front panel" for an 8085 CPU. Using the processor's 
wait line, the interface single-steps the system through 
16 or 32 instructions and records the condition of the 
data, address, and control lines at each step. You can 
then display the resulting data and trace the program 
flow. The drivers and registers, IC1 through IC6, inter­
face and multiplex the CPU signals on P 101 to the re­
sponse port of the test computer. The remaining ICs, 
IC7 through IC12, control the interface and the CPU. 
Port C of the test computer controls operation of the 
interface. Table 1 shows the assignment of the port C 
bits. 

To operate the interface, send a value of 03 for 32 
steps per test or 07 for 16 steps per test to Port C and 
run an SR test using the incremental data set. In the 
test, the interface scans the processor signals and 
stores the result in the response RAM. Then the CPU 
steps once, and the test repeats. When the test is 
completed, you can use the monitor to dump the re­
sponse data to the screen. The resulting data are shown 
in Table 2. 

Because the monitor prints 16 RAM data values per 
line and the test reports eight bits per step, the second 
half of the line includes all zeros for a 16-step test. For 
a 32-step test, the second half of the line contains the 
next step's data set. After you evaluate the data, run 
the SR command again for the next 16 or 32 steps. 
You can repeat this process as many times as required. 

Note that the interface inserts long wait states into 
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ELECTRICAL 
CONDUCTIVE 
ADHESIVES. 
Designed To Your Specifications 

MASTER BOND EP76M EPOXY 
• High conductivity 
• Thermal shock resistant 
• Durable, high strength bonds 
• Water and chemical resistant 
• Repairability 
• Long storage 

stability without 
refrigeration 

• Convenient 
packaging 

For information, 
call or write : 

Master Bond Inc., 1 54 
Hobart St. Hackensack, 

NJ 07601 . 201-343-8983 

CIRCLE NO 43 

The Best 
Programming Site 

money can buy. 
• Model 135 is a GANG & SET (E)EPROM Programmer. 
• Programs virtually all (E)EPROMs including 32-pin Megabit Devices. 
• Optional Universal device support including 40-pin EPROMs, 

PROMS, 40-pin Micros, Programmable Logic Devices. 
• New GANG Option for 40-pin MICROs! 
• DATA 110· Protocol Compatible. 
• Stand-alone or Computer Remote Operation. 
• 18 Month WARRANTY & 12 Month FREE factory Device Upgrades. 

Prices from 
$995.00 (US) 
100% USA Made 

1-800-523-1565 
In Florida: (407) 994-3520 

BYTEK Corporation• 508 N.W. 77th Street, Boca Raton, FL 33487 
FAX: (407) 994-3615 •TELEX: 4998369 BYTEK 

' DATA 1/0 is a registered trademark of DATA 110 Corporation. 

CIRCLE NO 44 
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the program execution and therefore extends the pro­
gram timing significantly. In addition, many systems 
that use dynamic RAM won't allow extended wait 
states without a loss of data. For a small system using 
static RAM, however, this interface is ideal for tracing 
the program flow. You can easily design an interface 
for almost any type of processor because you only need 
to change the wait generator and the interconnect wir­
ing in the design shown in Fig 6. 

As the preceding examples illustrate, you can use a 
small microcomputer as an SR system to run many 
useful tests. In addition to the units described, you 
can construct interfaces for many other functions. For 
example, if you add an analog-to-digital converter to 
the input of an interface and a digital-to-analog con­
verter to the output, you can create a waveform re­
corder/generator. Because the monitor-including the 
SR command routines-requires only 2k bytes of mem­
ory, the system can also include many other test func­
tions. Using the interfaces described in the various 
examples and the appropriate routines, you can test 
serial and parallel interfaces, convert serial signals to 
parallel signals and vice versa, generate square waves 
and digital patterns, scan lines that carry digital signals 
and print their logic states, and operate several other 
interfaces. EDN 

Author's biography 
Paul Gracie is President of Microdoc­
tors Inc of Palo Alto, CA; he founded 
the company 11 years ago. You can 
reach him there at (415) 324-1460. As 
a small-company president, his duties 
are related to every aspect of the lYusi­
ness, including design and develop­
ment. Besides operating a lYusiness 
there, Paul also resides in Palo Alto. 
In what little spare time he has, he stud-
ies art and history. 

Article Interest Quotient (Circle One) 
High 488 Medium 489 I.ow 490 

EDN April 13, 1989 



Seagate's 3.5'' drives 
Now with AT interface 

Seagate's field proven ST157 product line now 
features embedded controllers with an AT® inter­
face. These reliable to-the-bus solutions offer 
improved cost/performance over non-integrated 
solutions. 

The ST125A, ST138A and ST157A provide 2L 
32 and 43 megabytes of formatted capacity respec­
tively, and feature 28 or 40 msec typical access 
times, with an impressive 50,000 hour MTBF. All 

models support the standard 16-bit AT task file 
interface, 1:1 interleave capability, an internal data 
rate of 7.5 megabits/second, and up to 4 mega­
bytes/second at the interface. 

For more information on the drives that off er 
a lower cost of connection and higher system per­
formance for OEMs and systems integrators, call 
your nearest Seagate sales office, or call Seagate 
directly at 800 468-DISC or (408) 438-6550. 

& Seagate 
The first name in disc drives 



AC 122. 
00+224 .. 

Portable Problem Solvers 
CCl!TY the performance 
todays technology 
reqwres. Not the bulk. 

These are the hand-held, ultra-com­
pact digital storage oscilloscope/digital 
multimeters that fit in small tool kits or 
attaches. And they're both battery and 
ac-powered. 

Multi-function 
JMS/s DSO. 

Flip a switch to SCOPE. Capture 
and analyze single-shot and very sl9 
phenomena. Store from three to six' 
waveforms, plus auto-ranging time base 
setting, pre-trigger roll mode, and 1;:m­
screen readout of setting conditions. 
Low power indicator on screen, plus 
separate memory back-up, built-in. 

Full-function 
3 1/z-digit DMM. 

Flip back to DMM for precise ac/dc 
voltage, current and resistance measure-

ments. Large, high-contrast easy to read 
display. Automatic range selection. 

Leader gives you choices. 
Single-Channel LCD-100 Unique 
combination of features and abilities 
provides ideal service anywhere. 
Model 100P, with built-in printer inter-

face, comes with thermal printer. 
Two-Channel Model 200 Even more 
features and memory range : X-Y ca­
pability, auto-ranging for vertical and 
horizontal, and up to 6 waveforms in 
memory with push-button throughout. 
Accepts optional Model 710 Thermal 
Printer, for hard-copy documentation. 

CIRCLE NO 97 

Call toll-free 

1 800 645-5104 
In NY State 

516 231-6900 
Leader Instruments Corporation 

380 Oser Avenue, Hauppauge, New York 11788 
Regional Offices: 

Chicago, Dallas, Los Angeles, Boston, Atlanta 
In Canada call Omnitronix Ltd. 416 828-6221 

LEADER 
FOR PROFESSIONALS WHO KNOW 

THE DIFFERENCE 



Design Feature 

Use a logic analyzer 
to debug 

real-time software 
Cleaning up real-time operating bugs re­
quires real-time monitoring and analysis) 
for which the best tool is still the logic ana­
lyzer. However) to use a logic analyzer effec­
tively) you need to understand the special 
triggering requirements that multiprocess­
ing presents. 

Ken Marti, Tektronix Inc 

The logic analyzer is a valuable tool not only for debug­
ging hardware, but also for monitoring and debugging 
real-time software that runs on microprocessor-based 
systems. Although you can perform the initial stages 
of the debugging process by running software debug­
gers on the development system, certain problems re­
main hidden until you test the software in real time 
on the target system. A logic analyzer provides the 
best method of monitoring this complex stage of the 
debugging process. By examining the nature of the 
real-time operating problems, you can determine which 
capabilities to look for in a logic anlayzer. 

It's relatively easy to use a logic analyzer to debug 
small, ROM-based systems because the code is always 
resident in memory at fixed addresses. Large systems 
that use multiprocessing, time-sharing methods, on the 
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other hand, are more challenging to debug. Typical 
multitasking systems run the operating-system kernel 
(or supervisor) and the user processes. The kernel is 
located in a fixed area of memory and is therefore easy 
to monitor with a logic analyzer. The user processes, 
however, aren't permanently resident in memory and 
don't always occupy the same area of memory when 
they are active. The multitasking computer loads and 
runs user processes dynamically; that is, it loads the 
code into whatever areas of memory are currently 
available. You don't have to abandon your monitoring 
procedures just because user processes are transient; 
a logic analyzer can help you overcome the process­
identification problem by detecting complex triggering 
conditions. 

To understand how you can apply a logic analyzer 
to real-time software debugging, consider the life of a 
user process. Fig 1 shows the sequence of events of a 
typical user process, Process A. 

PROCESS 
USING 
CPU 

. .. K AAAAA K 88888 K AAA K CCCCCC K ... 

K =OPERATING SYSTEM KERNEL 
A= PROCESS A 
8 =PROCESS 8 
C =PROCESS C 

TIME 

Fig 1-The operating system kernel controls the order in which 
user processes run, and assigns time slices and resources to each 
process. 
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To debug a multiprocessing system) you 
must be able to monitor and analyze data 
flow and control events in real time. A logic 
analyzer gives you that ability. 

• The occurrence of some event requires the execu­
tion of Process A. 

• The kernel fetches Process A into memory from 
disk storage. 

• The kernel causes Process A to begin executing. 
• Process A runs until it completes its task and 

exits, or until the kernel suspends the process. 
The kernel may suspend Process A for several 
reasons. For example, if the process uses all of 
its time slice without completing its task, the 
kernel gives another user process a chance to 
run. Or, if Process A requires a system resource 
that is temporarily unavailable, the kernel notes 
the request and suspends the process until the 
resource becomes available. 

• Eventually, the kernel reactivates Process A, 
which runs until it either exits or is suspended 
again by the kernel. 

The multiple user processes run in discrete time-slice 
assignments, which the kernel assigns. The kernel runs 
in the intervals between each user time slice and, dur­
ing these periods, allocates any system resources that 
the user processes need. 

In systems that don't have a memory management 
unit (MMU) or in systems that have an MMU that is 
outside of the CPU chip, all user processes usually 
start at the same logical address (often address 0). 
Before executing a user process, the kernel must set 
up the MMU (or some other address-conversion device) 
so the process will address the appropriate area of 
physical memory (Fig 2). 

( LOGIC J ANALYZER 

L=f 

Fig 2-To monitor a memory-managed, 
µP-based system, a logic analyzer needs ac­
cess to the logical address at the CPU pins 
and access to the data pins. 
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Because all user processes start at the same logical 
address, you can't use addresses to distinguish among 
user processes. If, for example, you set up the logic 
analyzer to trigger on address 7000 in the user-program 
space, the logic analyzer triggers on any user process 
that accesses address 7000. To identify the user proc­
esses, you need a way of telling the logic analyzer how 
to recognize when Process A is running and when it 
isn't running. Your logic analyzer must be able to ex­
amine only Process A and ignore activities that take 
place when Process A is not running. 

If you know how to tell when Process A is running, 
you can set up a logic analyzer to trigger on an event 
rather than on an address. The state diagram in Fig 
3 is a simple example of this triggering concept. 

In the setup shown in Fig 3, the logic analyzer's 
control logic stays in State 1 and looks only for the 
event (in the kernel) that indicates that Process A is 
about to run. When the logic analyzer recognizes such 
an event, the control logic advances to State 2. In 
State 2, the control logic looks for Event 1, and, if the 
event occurs, it triggers the logic analyzer. The control 
logic remains in State 2 until an event (again, in the 
kernel) indicates that Process A is being suspended 
or is exiting. The control logic then returns to State 1. 

In a more realistic case, you may want to trigger 
on a sequence of events occurring in Process A. For 
example, you can trigger on the completion of the se­
quence "Event 1, followed by Event 2, followed by 
Event 3." You may be tempted to use a simple ap­
proach such as the one illustrated in Fig 4; however, 

LOGICAL ADDRESS BUS 

PHYSICAL 
KERNEL ADDRESS USER 

MEMORY DISK MMU .... PROCESS 
MEMORY 

~ ~ 1 , ~ .... 
DATA BUS 
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IF: PROCESS A 
BEGINS RUNNING 

THEN : GO TO STATE 2 

IF: EVENT 1 OCCURS 

IF: PROCESS A 
IS SUSPENDED 

THEN: GO TO STATE 1 

THEN: TRIGGER AND STAY IN STATE 2 

Fig 3-This state diagram of a logic-analyzer program shows the 
conditions for triggering the analyzer on EVENT 1 in Process A 
and for ignoring all other processes. 

such a state machine won't work in this application. 
Any suspension of the process after Event 1 but before 
Event 3 returns the state machine to State 1; the state 
machine doesn't recognize the sequence unless all three 
events occur within a single time slice. 

To detect a sequence of events in Process A when 
suspensions may occur, you need a state machine with 
the following capabilities: 

• Each state must recognize when Process A is 
suspended. 

• In case the kernel suspends Process A during 
the event sequence, each state must always re­
member the occurrence of the event with which 
it is currently associated. When the kernel reacti­
vates Process A, control can then return to the 
correct state. 

The state diagram in Fig 5 shows you how to add 
these capabilities to your state machine. The modified 
state machine detects the sequence "Event 1, Event 
2, and Event 3"-even if the process is suspended 
between individual events in the sequence. The state 
machine triggers the logic analyzer only when the 
event sequence is completed. 

To apply the complex triggering functions shown in 
Fig 5, you need a logic analyzer with more capabilities 
than the basic feature set. First, you need a logic ana­
lyzer with a trigger mechanism that is implemented 
as a state machine. The more states an analyzer can 
store, the larger the sequence of events it can recog-

EDN April 13, 1989 

nize. Second, the trigger mechanism must be able to 
detect the occurrence of each independent event within 
each state. Finally, the trigger mechanism must have 
several word recognizers and a way to record its pro­
gress through the sequence of events. In Fig 5, for 
example, the flags track the trigger mechanism's pro­
gress. 

Using a logic analyzer that has these capabilities, 
you can easily create a multievent triggering program. 
The sample program in Table 1 is one specific example, 
which causes triggering on the sequence "Event 1, 
Event 2, Event 3." It is designed for use on a Tektronix 
DAS 9200 logic-analyzer system that includes a 92A60 

IF: PROCESS A 
BEGINS RUNNING 

THEN: GO TO STATE 2 

IF: EVENT 1 OCCURS 
THEN : GO TO STATE 3 

IF: EVENT 2 OCCURS 
THEN: GO TO STATE 4 

STATE3 

WAIT FOR 
EVENT2 

IF: EVENT 3 OCCURS 

IF: PROCESS A 
IS SUSPENDED 

THEN: GO TO STATE 1 

THEN : TRIGGER AND STAY IN STATE 4 

Fig 4-You can set up complex, multievent triggering by recogniz­
ing the sequence EVENT 1, EVENT 2, EVENT 3, in Process A. 
However, this particular approach does not recognize the temporary 
suspension of Process A during the sequence. 
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Because all processes start at the same ad­
dress (unless the CPU has a built-in 
MMU) J you can)t distinguish between proc­
esses on the basis of address alone. 

IF : PROCESS A 
BEGINS RUNNING 

THEN: GOTOSTATE2 ---..._ 

IF: EVENT 1 OCCURS 
THEN: GO TO STATE 3 AND 

SET FLAG #1 

OR IF: FLAG #1 IS SET 
THEN : GO TO STATE 3 ---
IF: EVENT 2 OCCURS 
THEN : GO TO STATE 4 AND 

SET FLAG #2 

OR IF: FLAG #2 IS SET 
THEN : GO TO STATE 4 ----.... 

IF: EVENT 3 OCCURS 
THEN: TRIGGER AND STAY IN STATE 4 

IF: PROCESS A 
IS SUSPENDED 

THEN: GO TO STATE 1 

Fig ~An effective multievent triggering method stores the occur­
rence of each event in the triggering sequence. It also recognizes 
suspension of Process A at any time in the event sequence and 
returns to the correct state when the kernel reactivates Process A . 

acquisition module. ·The target system is a Motorola 
68010-based system that runs under a proprietary im­
plementation of the Unix operating system. However, 
you can modify the program for any general-purpose, 
multitasking operating system. 

A sample trigger program 
Table 1 shows a slightly modified version of what 

you see on the analyzer screen during the setup proc­
ess. The analyzer lets you move the cursor to various 
highlighted fields to define states. For some fields, 
such as the word number, a pop-up menu lets you 
select "=" or "! = ." You then enter symbols or hexa­
decimal numbers to define the Address, Data, and Con­
trol values. 

The DAS 92A60 trigger program consists of 
four states: Wait_Proc_A , Wait_Event_l , 
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TABLE 1-SAMPLE ANALYZER 
PROGRAM FOR 3-EVENT SEQUENCE 

STATE IF WORD #1= ADDRESS: CURRENT PROCESS 
WAIT _ PROC_A DATA: PROCESS A 

CONTROL: SUPER_ DATA 

THEN GOTO STATE WAIT_ EVENT_ 1 

STATE IF WORD #2= ADDRESS: CURRENT PROCESS 
WAIT _ EVENT_ 1 DATA: DON 'T CARE 

CONTROL: SUPER_ DATA 
AND 

WORD #3 != ADDRESS: DON'T CARE 
DATA: PROCESS A 
CONTROL: DON 'T CARE 

THEN GOTO STATE WAIT _ PROC_A 

OR 
IF WORD #4= ADDRESS: EVENT 1 

DATA: DON'T CARE 
CONTROL: USER_ PROG 

THEN SET FLAG #1 

OR 
IF FLAG #1 IS SET 

THEN GOTO STATE WAIT_ EVENT--2 

STATE IF WORD #2= ADDRESS: CURRENT PROCESS 
DON'T CARE 
SUPER_ DATA 

WAIT _ EVENT _ 2 DATA: 

STATE 
WAIT _ EVENT _ 3 

CONTROL: 
AND 

WORD #3 != ADDRESS: DON 'T CARE 
DATA: PROCESS A 
CONTROL: DON'T CARE 

THEN GOTO STATE WAIT _ PROC_A 

OR 
IF WORD #5= ADDRESS: EVENT 2 

DATA: DON'T CARE 
CONTROL: USER_ PROG 

THEN SET FLAG #2 

OR 
IF FLAG #2 

THEN 

IF WORD #2= 

AND 
WORD #3 != 

THEN 

OR 

IS SET 
GOTO STATE WAIT_ EVENT_ 3 

ADDRESS: CURRENT PROCESS 
DATA: DON 'T CARE 
CONTROL: SUPER_ DATA 

ADDRESS: DON'T CARE 
DATA: PROCESS A 
CONTROL: DON 'T CARE 

GOTO STATE WAIT_ PROC_A 

IF WORD #6= ADDRESS: EVENT 3 
DATA: DON'T CARE 
CONTROL: USER_ PROG 

THEN TRIGGER 

WaiLEvenL.2, and WaiLEvenL3. Only one of these 
states is active at a given time. Each state contains a 
variable number of clauses in the form "IF 
event(s) .. . THEN action(s)." When a state becomes 
active, the control logic evaluates each clause in that 
state and executes the actions associated with any 
events that are true. A 'Go To State' action sets the 
state machine to a different state. 

The sample program breaks each word into three 
groups. The Address group always specifies the mem­
ory address currently being accessed. The Data group 
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Central Data's new 
Multibus* Il 80386 SBC delivers 
deterministic performance in real time. 

When you step up to 32-bit processing, you need 
a single board computer with memory performance 
to match. 

That's why we built our new Intel-compatible 
CD22/1386 SBC with fast-page RAM-up to 16 
megabytes** on board-in 4 interleaved banks. The 
result is a higher effective hit rate providing zero 
wait-state operation at 20MHz in most applications 
-significantly better than Intel's cache-based 
386/120 in virtually every application. 

Caching works great in some cases. But in real 
time applications, when cache hit rates can be low 
due to flushing and non-repetitive accesses, the 
memory architecture of the CD22/1386 out­
performs caching-yielding consistently higher 
effective hit rates and reducing interrupt latencies. 

And you get the full range of extra board 
options for which Central Data is famous. Such as 

Multibus II 
80386SBC 

two 8- or 16-bit double-wide SBX interfaces, a 
defined P2 interface allowing memory and/ or I/ 0 
expansion for your custom applications, plus a 
socket that supports either an 80387 numeric data 
processor or a Weitek 3167 co-processor-separately 
or simultaneously. 

Power. It makes the CD22/1386 the real time hit 
man your application deserves. And it's proof of 
Central Data's commitment to leadership in the 
Multibus II market. For more information and our 
Multibus II catalog, just call. 

1602 Newton Drive, Champaign, IL 61821-1098 
Toll free 1-800-482-0315 
FAX 217-359-6904 
U.K. Office 0734-313877 

•Multibus is a trademark of Intel Corporation. 
••when 4-megabyte chips become available. 
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You have to trigger the analyzer on a se­
quence of events in a specific user process. 

specifies the data being written to the address. The 
Control group specifies whether the kernel (SU­
PER_DATA) or a user program (USER_PROG) is 
performing the read or write. 

To specify the values that the state machine must 
recognize, the program uses symbolic names rather 
than binary or hexadecimal numbers. Table 2 shows 
the format of the corresponding symbol tables. The 
Address and Data groups contain only the items that 
you define in your program and their hexadecimal 
equivalents. The Control group shows the names and 
the binary equivalents of all types of bus operations 
that the control logic can recognize for the microproces­
sor. The highlighted areas indicate the three items 
that are relevant to the sample program. 

When you start the logic analyzer, or when the ker­
nel reactivates Process A after a suspension, State 1 
(WaiLProc_A) becomes active. Wait_Proc_A con­
tains only one clause, which waits for an event to indi-

cate that Process A is about to be executed. In the 
sample program, for example, the clause waits for the 
kernel to write Process A's identifier (ID), PROCESS 
A, into CURRENT PROCESS, which is a memory 
location in the kernel's data space. CURRENT PROC­
ESS always contains the ID of the current user proc­
ess. State 2 (WaiLEvenLl) then becomes the active 
state. 

State 2 (WaiLEvenLl) contains three clauses. The 
first clause watches for an event that indicates the 
temporary suspension of PROCESS A. The clause in 
the sample program recognizes the suspension when 
the kernel writes a process ID other than PROCESS 
A to kernel address CURRENT PROCESS. When the 
suspension occurs, State 1 becomes the active state. 
The second clause watches for EVENT 1 in Process 
A. In this example, EVENT 1 is the execution of a 
routine beginning at the user address 01D5C6. If 
EVENT 1 occurs, the control logic sets Flag #1, which, 

TABLE 2-LOGIC ANALYZER SYMBOL TABLES 
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ADDRESS GROUP 

CURRENT PROCESS 
EVENT 1 
EVENT 2 
EVENT 3 
DON'T CARE 

04 0E 3E 
0105C6 
01CFDE 
01E B76 
xxxxxx 

DATA GROUP 

PROCESS A 
DON 'T CARE 

003C 
xx xx 

CONTROL GROUP 

SYSTEM_ RESET 
PREFETCH? 
AUTOVECTOR 
SPURIOUS_ INT 
INT_ACK 
DMA_ READ 
OMA__ WRITE 
OMA 
INVALID_ DMA 
RESET 
HALT 
BUS_ REOUEST 
BUS_ GRANT 
BUS_ ERROR 
B_ ERR_ RETRY 
VMA 
DATA__SPACE_ RD 
DATA__SPACE_ WR 
READ 
READ_ L 
READ_ U 
READ_ANY 
WRITE 
WRITE L 
WRITE_ U 
WRITE_ANY 
SUPER_ DATA 
SUPER_ PROG 
SUPERVISOR 
USER_ DATA 
USER_ PROG 
USER 
PROG_ SPACE 
DATA__ SPACE 
CPU_ SPACE 
" DON 'T CARE " 

xx xxxx ooxx xxxx 
0 0 1 x 10 xxxx x 111 
xx 1111 xxxx xxox 
xx 1111 xxxx xoxx 
x 1 1111 xxxx xxxx 
XX 1XXX XXXX XXXO 
xx oxxx xxxx xxxo 
xx xxxx xxxx xxxo 
11 xxxx xxxx xxxo 
XX XXXX XOXX XXXX 
xx xxxx oxxx xxxx 
xx xxxx xxxx oxxx 
xx xxxx xxxo xxxx 
xx xxxx xxxx xoxx 
xx xxxx oxxx xoxx 
xx xxxx xxxx xxox 
XX 1X01 XXXX XXX1 
XX OXO 1 XXXX XXX1 
00 1XXX XXXX XXXX 
1 0 1XXX XXXX XXXX 
01 1XXX XXXX XXXX 
XX 1XXX XXXX XXXX 
0 0 ox xx xxxx xxxx 
1 0 oxxx xxxx xxxx 
01 ox xx xxxx xxxx 
xx oxxx xxxx xxxx 
XX X 10 1 XXXX XXXX 
xx x 11 0 xxxx xxxx 
XX X1XX XXXX XXXX 
XX X001 XXXX XXXX 
XX XO 10 XXXX XXXX 
xx xoxx xxxx xxxx 
XX XX10 XXXX XXXX 
XX XX01 XXXX XXXX 
XX X111 XXXX XXXX 
xx xxxx xxxx xxxx 
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± .025 dB Frequency Response+ 

Versatility + Low $ = VALUE 

In a Precision Function Generato~ 

Flattest frequency 
response in its price range! 

The Model 2100A-7 sets the 
standard. But there's more to the 
Model 2100A-7 than flat 
response. There's frequency 
accuracy of 0.5ppm, amplitude 
accuracy of 0.05dB of setting, 
multiple operational modes and 
much more. But best of all, there 
is the economical price of 
$4750.00 and value is the sum of 
this design equation. 

The fully GPIB programmable 
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2100A-7 stores and recalls up to 
100 complete front panel set-ups 
in its internal memory. All front 
panel parameters are knob 
controlled or can be 
incremented/decremented by a 
user pre-defined delta, multiply, 
or divide constant. 

Operation modes include 
continuous, gate, trigger burst 
triggered pulse, lin/log sweep 
and VC. A pulse generator and a 
sweep ramp/marker generator 
are also built in. 

CIRCLE NO 66 

For more information, call or 
write Krohn-Hite today. 

D Frequency response 
±0.025dB 

D Frequency accuracy 0.5ppm 
(optional 0.01ppm) 

D 30.0000mHz to 31.16000MHz 
synthesized over full range 

D Output range 10,N 
to 30Vp-p 

1..11.....JKRDHN-HITE "-fl CC>RPC>RA TIC>l'oJ 

40 Years of Quality Instruments 
1949 - 1989 

Avon Industrial Park, Avon, Massachusetts 02322 
(508) 580-1660 TWX: 710 345 0831 

FAX: (508) 583-8989 
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You know Schaevitz as the leading source for LVDTs. 
With more than 400 standard designs, we have the 
right transducer for your linear displacement 
applications . . . and we keep making them better. 

Our standard LVDT line offers: 

• Ranges to 20", AC / DC models 
• Linearity to ±0.05%; infinite resolution 
• Operation in extreme environments 
• Compatible LVDT instrumentation 

... To Bring You New Technology 
Recent product developments at Schaevitz include an 
affordable DC-operated LVDT. This new generation 
sensor offers improved performance at a lower price 
tag than previous units. We 've also extended our 
reach into linear position sensing with technology 
capable of long stroke measurement to 120". 

To find out more about our linear displacement 
sensors and other Schaevitz products, call our Hot 
Line: 609/662-8008 or write Schaevitz, 7905 N. Route 
130, Pennsauken , NJ 08110-1489. 

Grid Scale: :Ya" x :Ya" 

CIRCLE NO 11 

in turn, makes State 3 (WaiLEvenL.2) the active state 
in the next cycle. If Flag #1 is already set when State 
2 becomes active, the third clause immediately causes 
State 3 (WaiLEvenL2) to become the active state. 
The third clause is needed so that the state machine 
can return to the correct state in the trigger program 
if Process A is suspended at any time before the 3-
event sequence ends. 

State 3 (Wait_Event_2) is similar to State 2 
(WaiLEvenLl), except that it watches for the occur­
rence of EVENT 2 (rather than EVENT 1) in Process 
A. State 3 passes control to State 4. In the sample 
program, EVENT 2 is the execution of a routine begin­
ning at user address OlCFDE. Again, if the kernel 
suspends Process A, state machine returns to State 1 
(WaiLProc_A). 

State 4 (WaiLEvenL3) has only two basic func­
tions. If EVENT 3 in Process A takes place, the control 
logic triggers the logic analyzer. On the other hand, 
any suspension of Process A returns the state machine 
to State 1. 

Clearly, this sample trigger program is designed for 
a very specific situation. The details of the program 
are markedly different for each application. However, 
the program 'does illustrate the impressive software 
tracking functions you can perform with a state-of-the­
art logic analyzer that is suitable for software debug­
ging. EDN 

Author's biography 
Ken Marti is a senior software engineer 
at Tektronix Inc (Beaverton, OR), 
where he has spent 10 years designing 
and developing application software. 
Ken holds a BS degree in computer sci­
ence from Utah State University . In his 
spare time, Ken enjoys soccer, racquet­
ball, and skiing. 
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Floating Input Extends Regulator Capabilities 
Brian Huffman 

Many applications require circuit performance that is un· 
achievable with conventional regulator design. This results 
in added complexity to the circuit. However, some problems 
can easily be solved by floating the input to the regulator. A 
floating input can either be a battery, or a secondary winding 
that is galvanically isolated from all other windings. With this 
method high efficiency negative voltage regulation, high volt· 
age regulation, · and low saturation loss positive buck 
switching regulator can all be achieved easily. 

Low dropout negative voltage regulators are not currently 
available. This would seem to preclude high efficiency nega· 

switching supply post regulators; however, if the secondary 
windings are isolated from one another, a low dropout posi· 
tive voltage regulator can be used for negative regulation 
(Figure 1). 

Q tive linear regulators. Such regulation is frequently desired in 

In this circuit the LT1086 servos the voltage between the 
output and the adjust pin to 1.25V. The positive regulation is 
accomplished by conventional regulator design. Negative 
voltage regulation is achieved by connecting the output of 
the positive voltage regulator to ground. The V1N pin floats to 
1.5V or greater, above ground. This technique can be used 
with any positive voltage regulator, although highest effi· 
ciency occurs with low dropout types. 

FEEDBACK PATH 

MUR410 
.--ll~.,__~ 5VOUTPUT 

(TYPICAL) 

+ 
470µF 

':" 

MUR410 

V1N LT1086 Vour 
12V 
1.5A 

ADJ 
124n• 

+ + 
470µF 10µF 1 N4002 

+V1N 10µF 1.07k" 

MUR410 

V1N LT1086 Vour ':" 

SWITCHING 
ADJ 1241l" REGULATOR 

+ + 
470µF 10µF 1N4002 

0 
':" 10µF 1.07k" . = 1 % FILM RESISTORS -12V 

1.5A 

Figure 1. High Efficiency Negative Voltage Regulation 



Another example where floating a linear regulator can be 
useful is shown in Figure 2. In this case high voltage regula­
tion can be handled if split secondary windings are available. 
This allows the regulators to be connected in series. Neither 
regulator exceeds its maximum differential voltage even un­
der short circuit conditions. 

High current positive buck switching regulators can have 
excessive saturation losses since most switches are Darling­
tons. As much as 2V can be dropped across a Darlington or 
composite PNP switching transistor. However, efficiency can 
be increased and power dissipation requirements greatly re­
duced if the input is allowed to float (Figure 3). 

+ V1N 

MDA201 
+ 

1000µF 

115VAC 

The circuit in Figure 3 uses an LT1070 to perform a buck 
conversion. The LT1070 is a current mode switching 
regulator. The Vsw pin output is a collector of a common 
emitter NPN, so current flows through it when it is low. The 
40kHz repetition rate is set by the LT1070's internal 
oscillator. When the Vsw pin is "on," current flows through 
the load, the inductor, and into the Vsw pin. During this time 
a magnetic field is built up in the inductor. When the switch 
in turned "off," the magnetic field collapses dumping energy 
into the load through 01. The input of the switching regulator 
floats to a potential set by the output. 

LT1086 VouT VouT 
5V-45V 

ADJ R1 
10011 + 

1N4002 

R2 
2k 10µF 

2k 
1W 
R3 

+i----~ V1N LT1086 VouT~l---1---+---. 

VouT=2[1 25V(R2/ R1 +2)] 
IF R3 =R4. IADJ=O 

MDA801 

• = 1 % FILM RESISTORS 
MBR360 =MOTOROLA 

L1 =PULSE ENGINEERING #PE-92113 

Linear Technology Corporation 

MDA201 

V1N 12V 
(10V-40V) 

+ 

ADJ 

+ 

1000µF 

Figure 2. High Voltage Regulation 

01 
MBR745 

Vsw i---e-...rT L1 

170µH 

4700µF LT1070 

GND Ve VFB 

1µF 

2k 
1W 
R4 

~------------------~ 
Figure 3. Floating Input Low Saturation Loss Buck Regulator 

+ 
1N4002 

10µF 

+ 
4700µF 

1.1k* 

For literature on our complete regulator line, call (800) 
637·5545. For.applications help, call (408) 432-1900, 
Ext. 453. 

IM/GP 389 165K 

1630 McCarthy Blvd., Milpitas, CA 95035-7487 • (408)432-1!rn 
FAX: (408) 434-0507 •TELEX: 499-39n © LINEAR TECHNOLOGY CORPORATION 1989 
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Celebrating The New Profile 
Introducing the FlatPAC™ . . . Vicor's 
Family of User Definable, Multiple 
Output, Switching Power Supplies 

Until now, your power system decision meant 
choosing between costly and unpredictable custom 
development, or bulky and inflexible catalog sup­
plies ... or you had to design and manufacture it 
yourself. Taking the next step in the power­
component revolution, Vicor introduces FlatPAC, the 
user-definable, "off-the-shelf" alternative to customs 
that's economical from single units to OEM quanti­
ties ... and which fits in a fraction of the space 
required by conventional off-line supplies! 

The Off-The-Shelf Alternative 
FlatPAC's unique modular design allows Vicor to 

provide next day delivery on over 10,000 different 
FlatPAC configurations . You define 
your power requirements ... 
Vicor does the rest -
while eliminating the non­
recurring costs, unpredict­
able lead times, risk, inflexibil-
ity, and reliability uncer-

tainties associated with conventional solutions. 
No other power product offers FlatPAC's combina­
tion of power density, economy, and "off-the-she lf" 
flexibility! 

Power Cells 
Sharing a distinctive, space saving flat package 

profile (1.37" high x 8.6" long) , FlatPACs come in 
widths of 2.5'', 4.9", and 7.4", and supply up to 200, 
400, and 600 Watts of total output power ... an un­
precedented 7 Watts per cubic inch in an off-line 
switching power supply! 

The three different packages provide one, two, or 
three user definable "Power Cells". Each Power Cell 
may be specified to be an independent, isolated out­
put with a power rating of 50, 75, 100, 150, or 200 
Watts, or cell s may be combined to form higher 
power outputs ... up to 600 Watts from a si ng le out­
put. Standard output voltages are 5, 12, 15, 24, and 

48 Volts - and because all 
FlatPAC outputs are field 

trimmable down to 
zero and up to 110% 
of nominal, a stand­

ard outpu t can likely 
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In Off-Line Switchers. 
take care of even your most unusual voltage require­
ments. For special requirements, outputs as low as 
2 Volts, and as high as 95 Volts can be provided. 

And you don't give up features to get FlatPAC's 
advantages: besides being trimmable, all FlatPAC 
outputs have remote sensing and overvoltage and 
overcurrent protection. Individual FlatPAC outputs 
are totally isolated: there are no cross regulation 
issues; any output can be positive or negative; and 
output returns can float up to SOOV, rms, apart. 
FlatPAC's run on either 110 or 220 Volt lines, 
meet "Class A" interference specs, have built in 
fusing, and conform to UL, CSA, and TUV safety 
agency requirements. Two and three cell units also 
provide two isolated, sequenced, logic outputs to 
indicate pending loss-of-line and pending loss-of­
output for system housekeeping during power 
cycling or brownouts. 

The key to FlatPAC's flexibility and power density 
is Vicar's VI-200 family of high density, high effi­
ciency, UL, CSA, and TUV recognized, component 
level DC-DC converters. When you specify a 
FlatPAC, you benefit from the field re liability and 
predictability that's been established in an installed 
base approaching half a million units. 

Join The Celebration Now 
Call Vicor now to discuss your special 

needs ... you'll be celebrating when you find how 
quickly Vicor can ship you the smallest, most effi­
cient, most cost effective solution to your power 
system requirements ... at prices as low as 8Sq: /Watt 
in OEM quantities. 

To Receive A Complete Catalog, Including 
Information On Vicar Products, Applications And 
Accessories, Call Vicar Today At (508) 470-2900, 
23 Frontage Road, Andover, MA 01810. 

Component Solutions For Your Power System 
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~rfect protection 
dOffin't have 
to be ugly. 

Your design will need protection from the tough reality of 
the workplace. Take a look at enclosure systems from 
RITIAL. They are not only tough and functional . but 
aesthetically beautiful , too. 

See for yourself with our comprehensive handbook. 
It's filled with the most advanced packaging 
solutions ... a "how-to book" on protection! 

Plus our warehouses throughout the country maintain 
an inventory of over 200,000 units for off-the-shelf just in 
time delivery, anywhere. Fast. 

So, why put your ideas in an ugly, inadequate box that 
makes your sophisticated system look like everyone 
elses? Just give us a call at 1-800-637-4425 and we'll 
send you our full-line handbook. It's free , and the 
information may keep you from losing your head. 

Take your design all the way to perfection ... 
switch to RITIAL. 

RITTAL Corporation 
PO. Box 1284 
3100 Upper \311ey Pike 
Springrield. OH 45504 
Phone: (513)399-0500 
Pa x: (513) 390-5599 
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Get your "hands on" 
the worlds most extensive 
IC and Discrete Semiconductor database ... 
with DA'I:A. DIGESTs and timely Updates. 
Pinouts, significant specs. package styles. functions. manufacturers. discontinued devices. alternate sources 
and replacements. Essential selection data on more than 525,000 IC and Discrete Semiconductor devices from 
over 780 manufacturers. 

D.A.'IA. DIGESTs and Updates for ... 
• High-Rel Components 
• Digital ICs 
• LinearlCs 

•Diodes 
• 'ftansistors 
• Thyristors 

• Power Semiconductors 
• Optoelectronics 
•Application Notes 

• Microprocessors • Interface ICs • International Semiconductor Directory 
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• MemorylCs • Alternate Sources 

'"lest drive" our books! Call toll-free today and qualify for a FREE 
D.A.'IA. DIGESTs User's Guide Diskette. With this interactive demo 
diskette you'll see for yourself how exceptionally quick and easy 
semiconductor selection can be with D.A.'tA. DIGEST books ... and 
timely _!lpdates. 

Call 1-800-447-4666 now for your free User's Guide Diskette. 
D.A.T.A. DIGESTS ... where semiconductor selection begins. 

8977 Activity Road• P.O. Box 26875 •San Diego, CA 92126 
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BUSINESS 
PUBLISHING 
A Division of 
lnfonnatlon Handling Services 
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DESIGN IDEAS 
EDITED BY C HA!li.ES H SMALL 

NPN replaces PNP pass transistor 

Brian Huffman 
Linear Technology Corp, Milpitas, CA 

Classic buck switching regulators and power supplies 
use PMOS or PNP transistors as their series-pass 
switch. In general power-supply design, you should 
use low on-resistance switches to achieve high effi­
ciency and minimize heat sinks. Unfortunately, low 
on-resistance PMOS transistors just aren't available. 
The lowest on-resistance PMOS devices available typi­
cally have 0.3!1 on-resistances; comparable NMOS de­
vices have 0.028!1 on-resistances. 

You can use an NMOS transistor as a series-pass 
switch if you drive its gate sufficiently higher in voltage 
than its source, thus causing the transistor to saturate. 
The circuit in Fig 1 bootstraps its NMOS transistor's 
gate off its source to achieve saturation. 

In the figure, the LT1072 switching-regulator con­
troller sinks current into its V sw input, which is a 
common-emitter NPN driver, at a 40-kHz repetition 
rate. When the V sw output is off, the gate of Q2 goes 
high, causing it to saturate and turn Q1 off. When Q1 

turns off, the flying capacitor, Ci. charges up through 
D1. 

When the LT1072's V sw pin turns on, Q2 turns off 
and Qa turns on. The voltage across the flying capacitor 

INPUT 
15-35V O.Q1 8 

v,. 

now appears across the gate-source junction of the 
NMOS transistor, Q1, causing it to saturate. 

As is usual for buck converters, while Q1 is on, the 
inductor L1 charges up. When the V sw pin turns off, 
the inductor dumps its charge into the load with the 
aid of the freewheel diode , D2• 

The remainder of the auxiliary circuitry provides 
normal power-supply functions. For example, capacitor 
C3 slow starts the converter, while the 20!1 resistors 
reduce voltage spikes that would otherwise be gener­
ated by Q1's fast switching. The regulator's high­
impedance error-amplifier input, V c, uses an RC 
damper for loop compensation. 

Q.i through Q7 provide short-circuit protection. The 
LT1004 voltage reference and Q6 and the 7.5-k!l resis­
tor generate a 240-mA current. This current flows 
through R1 and generates a threshold voltage of 240 
m V for the comparator formed by Q.i and Q5• When 
the voltage drop across the 0.018!1 sense resistor ex­
ceeds 240 m V, Q7 turns on. The chip's V sw pin goes 
off when Q7 pulls the VC pin below 0.9V. The RC 
network, C2 and R2, suppresses line transients that 
might prematurely turn on Q7• EDN 
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4.3k 

NOTES: 
"=1% FILM RESISTORS 
IRFZ44=1NTERNATIONAL RECTIFIER 
L1 =PULSE ENGINEERING# PE-92117 
.. =Vee MATCHING OF 20 mV AT 240 µA 

(HEAT SINK) 
IRFZ44 

E1 Vsw t------...., o, 
L, 

VouT 
5V 
10A 

o, 
2N2222 100 

3.6k 
0.1 µF 

LT1004·2.5 

1N4148 

o, 
2N2222 

LT1072CN8 

GND 

55 µH 

Ve 
c, 
1 µF 

3.01k. 
1.ook· 

1k 

1 µF 

Fig 1-A bootstrapped, flying capacitor, C,, enables this switching regulafnr to use a low on-resistance, NMOS series-pass switch instead 
of a conventional PMOS or PNP device. 
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Variable slew-rate filter tames noise 

Jonathan Audy 
Precision Monolithics Inc, Sanf,a Clara, CA 

The variable slew-rate filter in Fig 1 reduces the noise 
of an input signal by using a combination of linear and 
nonlinear filtering. Under certain input conditions, the 
circuit acts as a nonlinear, variable slew-rate filter. 
The circuit's slew rate can vary from volts per second 
to volts per microsecond. 

To understand the difference between a linear filter 
and a variable slew-rate filter, consider that the corner 
frequency of a linear filter does not change with vary­
ing magnitudes of input-signal level and does not dis­
tort the input signal. In contrast, the corner frequency 
of a nonlinear filter varies inversely with the magni­
tude of the input signal such that the filter's bandwidth 
is smaller for larger input signals. As the input signal's 
frequency approaches the nonlinear filter's corner fre­
quency, no phase delay or attenuation occurs at all. 
But past this point, the filter severely distorts the 

A, V1N u--.ro,,,,..... ______ _ 

250k 

c, 

r~ 

A3 
470k 

o, 02 
A, 

25k 

c, 

4700 pF 

R2 
100k 

Fig 1-When input signals are high in magnitude, this circuit 
acts as a comparator feeding an integrator w limit the slew rate of 
the circuit's output. For lower-level inputs, the circuit is simply a 
unity-gain buff er. 
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input waveform's shape to that of a triangular wave­
form. 

Fig 2 shows the circuit's responses to a family of 
step-input signals having magnitudes from 2 to 12V. 
The figure demonstrates how the filtering varies from 
purely linear to a combination of both linear and non­
linear to nonlinear (slew-limiting), depending on the 
input-step size. 

For example, suppose you must handle the ± 12V 
output of a transducer with a circuit whose 90% re­
sponse time needs to be no faster than 0.1 sec. The 
problem with using a linear, "capacitor-resistor" type 
filter to set the response rate of the transducer ampli­
fier is that the rate of change of such a circuit's output 
increases with increasing input-step size. Therefore, a 
large noise pulse of short duration would affect the 
output of a linear filter much more than the output of 
a nonlinear filter. Fig 3 shows the response of linear 
and nonlinear filters to a 12V, 25-msec pulse. Without 
slew limiting, the output reaches a peak of 8.7V; with 
slew limiting, the peak reaches 4.4V. 

For lower-level inputs, IC1A acts as a gain stage; for 
larger signals, it functions as a comparator driving an 
integrator (ICrn). Here, the IC1A compares the input 
voltage to the output voltage of the integrator and 
forces the integrator's output to equal the input volt­
age. IC1A needs no feedback resistor because the OP290 
op amp is perfectly stable with the feedback provided 
by ICrn. 

When the circuit is slew limiting, IC1A's output goes 
to one of the output rails and the diodes, D1 and D2, 

clamp the voltage across R3• Thus, a constant current 
flows into or out of C1• The final result is that R3, C2, 

and ICrn form an integrator with the output of ICrn 
slewing at the rate of V mooE/(R3 x C2) V/sec. For an 
input voltage that slews at less than this rate, the 
output of ICrn simply follows the input voltage and 
IC1A operates linearly with a very high gain. The de 
gain of the complete circuit is unity. For non-slewing, 
de conditions, the output of IC1A is at OV. 

During slew limiting, one of the diodes carries ap­
proximately V suPPLY/R2, and the other is reverse bi­
ased. For the given circuit, VsuPPLY/R 2 =15V/ 
lOOkO = 150 µA , which yields a diode voltage of 0.3V. 
The circuit in Fig 1 has a slew rate of 0.3V/(470 
kO x 4700 pF) = 0.136 V/msec. You can vary this rate 
by adjusting R3• EDN 
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VERTICAL=2V/DIV 
HORIZONTAL=50 mSEC/DIV 
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j 
L 
~ 
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i--r 
~ 

Fig 2-The responses of the circuit in Fig 1 to a family of step-in]YUt signals having magnitudes from 2 to 12V demonstrate how the 
circuit's filtering varies from JYUrely linear to nonlinear (slew-limiting), depending on the in]YUt signal's step size. 

-250mSEC 

VEATICAL=2V/DIV 
HOAIZONTAL=50 mSEC/DIV 

OSEC 

t l ~ ~ ~ 
I/" 

Fig 3-The slew-rate limiting filter responds much less to a 12V, 25-msec JYUlse than does a simple RC filter. 
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386SX interfaces with IBM PC/ AT chip set 

Al Weidner 
VLSI Techrwlogy Inc, Tempe, AZ 

The Intel 80386SX is a 16-bit-bus version of the 32-bit­
bus 80386. You can use this µP in an IBM PC/ AT to 
run 386 programs if you adapt the 386SX to the PC's 
requirements. 

The processor clock of the 386SX is 180° out of phase 
with the clock supplied to the 286 by the IBM PC/ AT 
bus (Fig 1). The 74F04 invf~rter , IC2, corrects this 
condition. The control lines needed in the PC/AT sys­
tem to control the status and 110 functions differ from 
those supplied by the 386SX. The PAL16R6-12, IC3, 

accomplishes the necessary conversion. Listing 1 gives 
the thoroughly tested Boolean equations for the PAL 
device. Each equation's comments describe the conver­
sion that the equation implements. 

Because the 386SX will be operating in its pipelined 
mode in order to achieve its maximum performance, 
its address lines will become valid sooner and remain 
valid for a shorter period than the IBM PC/ AT specifi­
cation requires. To guarantee the correct worst-case 
timing-specification performance of the IBM PC/ AT, 
three 74LS373 octal latches-IC4, IC5, and IC6-hold 
the valid address values long enough to ensure recogni­
tion by the system. 

This adapter handles all available speed variations 
of VLSI Technology Inc's VL82CPCAT-12QC, 
VL82CPCAT-16QC, VL82CPCPM-16QC , and 
VL82CPCPM-20QC IBM PC/AT-compatible chip sets 
for the 386SX µP. EDN 
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LISTING 1-PAL-DEVICE EQUATIONS 

CHIP P9T0286 
;PIN# 1 2 

CLK2 MI03 
; PIN# 11 12 

/OE /BHE2 

EQUATIONS 

3 
WRT3 

13 
/SFAZl 

/ADS2 := /(ADS*/ADS2) 

PAL16R6 
4 5 

CMD3 /ADS 
14 15 

/SO /Sl 

BHE2 BHE3*ADS2 + BHE2* / ADS2 

SFAZl: = ADS2*RDY286 

/SYSCLK := SYSCLK + SFAZl 

/RST386 = /(RST286 + RST386*RST286 
+ RST386*SYSCLK) 

/ MIO : = /((ADS*MI03)+(/ADS*MIO)) 

S l 

so 

: = ADS2*RDY286*/WRT3 
+ ADS2*RDY286 */CMD3 *MI03 
+ SFAZl*Sl 

: = ADS2*RDY286*WRT3*MI03 
+ ADS2*RDY286*CMD3*WRT3 

6 
/RDY286 

16 
MIO 

7 
/BHE3 

17 
ADS2 

8 
RST286 

18 
SYSCLK 

9 10 
NC GND 
19 20 

RST386 VCC 

;2ND PHASE OF ADS, WHETHER READY OR NOT 

;LATCHED /BHE 

;lST STAT PHASE, ALWAYS FOLLOWS ADS 
; WHEN READY 

;INTERAL SYSCLK - SYNC EACH STATUS CYC. 

;RESET TO TURN OFF ONLY DURING PHASE 2 

;286 MIO, LATCHED AT EACH ADS PHASE 2 

;286 Sl, HELD FOR 2 PHASE STAT CYCLE 
; 0 ALL OTHER TIMES 

;286 SO, HELD FOR 2 PHASE STAT CYCLE 
; 0 ALL OTHER TIMES 

+ ADS2*RDY286*/MI03*/CMD3*/WRT3 
+ SFAZl*SO 
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IC3 
2 

PAL16R6-12 
IC2 ~ 18 06 t1!!... 74F04 

~17 05 ~ 
5-

7 
16 Q4 16 

6 
15 03 

15 
R, 

5 14 20k 14 02 
4 

13 01 .£--
3 

12 102 ~ 
2 

11 101 
12 

CK OE PAL16R6-12 

~ CLK2 LOCK i1L J1 
r1 

10=GND 

'------Ei W/R 
25 20=5V 

RESET 
7 

READY 
24 

DIC -
4 

HOLD M/iO 
23 

38 
NMI ADS 

16 

-E, PEREO HLDA 
3 

~ ERROR BHE 
19 

~ BUSY BLE n IC, 
74LS373 

40 
INTR 

18 
80 8Q 

19 

I1 NA A1 
18 17 70 7Q 

16 

A2 
51 14 SD 6Q 

15 

IC1 A3 
52 13 50 5Q 

12 
80386SX - A4 53 8 40 4Q 9 

A5 54 7 30 30 
6 

M 55 4 
20 20 

5 

A7 
56 3 

1D 10 
2 

Do 1 
A8 

58 

/o, 00 EN OE 
100 

Ml 
59 

µ11 
]1 

Vo, 01 
99 

02 A10 
60 

o, 96 
03 A11 

61 

Vo, 95 
D4 A12 

62 

Vo, 94 
05 

64 

Vo, A13 
93 

D6 A14 
65 IC5 

Vo, 92 66 
74LS373 

Vo. 
D7 A15 18 ~ 

90 
08 A16 

70 17 ~ Vo. 89 
D9 A17 

72 14 15 
Vo,. 88 

010 A18 
73 13 12 

Vo,, 87 
011 A19 

74 8 9 
Vo,, 86 

012 A20 
75 7 6 

Vo,, 83 
013 A21 

76 4 5 
Vo,. 82 

014 A22 ~ 3 2 
Vo,. 81 

015 A23 i-!!2----v EN OE 

LJ11 T ( 

5V=B, 9, 10, 21 , 
32, 39, 42, 48, IC, 
57, 69, 71, 84, 74LS373 
91 , 97 18 19 

GND=2, 5, 11, 17 16 

12, 13, 14, 22, 14 15 
35, 41 , 49, 50, 
63, 67, 68, 77, 13 12 

78, 85, 98 8 9 

7 6 

4 5 

3 2 

EN OE 

L__J"11 
J1 

74LS373 
10=GND 
20=5V 

' 
Fig 1-With the aid ofa PAL device and a few latches, you can adapt the 386SX µP to IBM PC/AT chip sets. 
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C string comparer handles abbreviations 

David Rankin viation need only have some of the letters of the full 
string in exactly the same order as they would occur 
in the full string to generate a "hit." 

Prime Computer, Framingham, MA 

The string-comparison routine in List ing 1 is only 
slightly longer than the standard string-comparison 
routine "strcmp," but it identifies any abbreviation of 
a string as well as merely the string itself. The abbre-

You could use this routine, for example, in an input­
command processor for a program designed for both 
experienced and inexperienced users. Inexperienced 
users would enter the full name of the command; expe-

214 

LISTING 1-ABBREVIATION-HANDLING STRING COMPARER 

/* ==========================~======================= * 
* strfit 
* If the two words fit, return a zero. Else return a 
* non-zero. 
* === === ==== ========= ===== ===== ===================== *I 
int strfit ( pattern, sample 
char *pattern, *sample; 
{ 

I* See if the first letters match . */ 
i f (toupper( *pattern ) != toupper( *sample )) 

return( - 1); 

I* See if every character in sample is found in pattern. */ 
while ( *sample != 0 ) 

{ 

/* Look for a character in pattern that matches 
* the current character in sample. */ 
while (toupper( *pattern ) != toupper( *sample )) 

{ 

/* Move to the next char in pattern. */ 
pattern++; 

/* See if we have reached end of pattern */ 
if ( *pattern == 0 

return( - 1 ); 
} 

/* Move to the next char in sample. */ 
sample++; 
} 

I* We have successfully matched every char in sample to a 
* cha r in pattern . */ 
re t urn( 0 >; 

EDN April 13, 1989 



liinv SPOT switches 
absorptive ... reflective 

finding new ways .. 
setting higher standards 

de to 4.6GHz trom$32~~4) 
Tough enough to pass stringent MIL-STD-883 tests, useable 

from de to 6GHz and smaller than most RF switches, Mini-Circuits' 
hermetically-sealed (reflective) KSW-2-46 and (absorptive) 

KSWA-2-46 offer a new, unexplored horizon of applications. Unlike 
pin diode switches that become ineffective below 1 MHz, these GaAs 
switches 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 ., these 
switches provide 50dB isolation (considerably higher than many larger 
units) and insertion loss of only 1dB. The absorptive model KSWA-2-46 

exhibits a typical VSWR of 1.5 in its "OFF" state over the entire frequency 
range. These surface-mount units can be soldered to pc boards using 

conventional assembly techniques. The KSW-2-46, priced at only $32.95, 
and the KSWA-2-46, at $48.95, are the latest examples of components 

from Mini-Circuits with unbeatable price / performance. 

Connector versions, packaged in a 1.25 x 1.25 x 0.75 in. metal case, 
contain five SMA connectors, including one at each control port to 

maintain 3ns switching speed. 
Switch fast .. . to Mini-Circuits' GaAs switches. 

SPECIFICATIONS 
Pin Model KSW-2-46 

Connector Version ZFSW-2-46 

FREQ. RANGE 

INSERT. LOSS (db) 
dc-200MHz 

200- 1 OOOMHz 
1- 4.6GHz 

ISOLATION (dB) 
dc- 200MHz 

200- lOOOM Hz 
1- 4.6GHz 

VSWR (typ) ON 
OFF 

SW. SPEED (nsec) 
rise or fall time 

MAX RF INPUT 
(bBm) 

dc-4.6 GHz 

typ max 
0.9 1.1 
1.0 1.3 
1.3 1.7 

typ min 
60 50 
45 40 
30 23 

1.3:1 

2(typ) 

+17 
+27 

KSWA-2-46 
ZFSWA-2-46 

dc-4.6 GHz 

typ max 
0.8 1.1 
0.9 1.3 
1.5 2.6 

typ min 
60 50 
50 40 
30 25 

1.3 
1.4 

3(typ) 

+17 
+27 

r;;:1 Mini-Circuits 
A D1v1s1on ol Sc1ent1!1c Components Corporation 

up to 500MHz 
above 500MHz 

CONTROL VOLT. 

OPER / STOR TEMP. 

PRICE (10-24) 

-8V on, OV off 

- 55° to +125°C 

$32.95 
$69.95 

-8V on, OV ott 

- 55° to +125°C 

$48.95 
$79.95 

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

CIRCLE NO 91 

C 117 REV. E 
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rienced users would be free to abbreviate the com­
mands as they saw fit. Thus, you can concoct long, 
self-documenting names without saddling users with 
an onerous amount of typing; and users can democrati­
cally develop a set of abbreviations, within reasonable 
limits, that suits their fancies. 

This routine , strfit, is a direct replacement for 
strcmp because its parameter list is the same. The first 
argument you must supply is the pattern word, such 
as the name of a command. The second argument is 
the user's input. Strfit's algorithm determines if all of 
the letters in the user's input appear in the pattern 
word in the same order. The algorithm ignores both 
intervening letters in the pattern word and the case 
of the letters. Additionally, the first letter in the user's 

input and the pattern word must match. 
Thus, WordDump and wdmp generate a match , and 

DisassemblyMem and Dasm generate a match. 
WordDump and Dump don't generate a match because 
the first letters don't match; WordDump and WDpm 
don't generate a match because the letters are out of 
order. 

Obviously, you must set up your list of commands 
so that all possible abbreviations match only one pat­
tern word. As an error check, the routine that calls 
strfit could notify the user if it finds two matches for 
a given abbreviation. EDN 
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500-kHz switcher produces - 5V 

David Sherman 
Interrnec , Lynnwood, WA 

The 500-kHz switching regulator in Fig 1 produces 
- 5V at 5 to 40 mA from a 5V supply. The circuit uses 
only surface-mount components. The output regulation 
is 4 m V for a load variation of 5 to 30 mA. The circuit's 
efficiency is 82% for a 37-mA load. 

The figure shows IC1A and ICrn forming a standard 

R, 
10k 

R2 
10k 

c, 
56 pF 

D, 
BAS16 

5V 

5V 

2-inverter oscillator. Obviously, you can substitute an 
appropriate system clock for this oscillator's output. 
The 500-kHz clock signal goes to a current-controlled, 
pulse-width modulator comprising Q1i D1i C2, and 
Schmitt trigger IC1c. This modulator generates a 
sawtooth waveform of variable slope across C2, which 
results in a variable duty-cycle pulse train at the output 
of IC1c. Pin 9 of IC!C, shown connected to 5V, could 
also function as a power-down input. If you bring this 

R4 
1k 

Ro 
100k 

a, 
MMBT4401 

c, 
I0.1 µF 

5V 

5V 

Co 

·~ Ce 
0.1 µF 

02 
MMBT4403 

-:-

D, 
LM3B5M·2.5 

-:-

c. 
T10 µF 

-:-

-5V OUT 

Cs I 1 µF 

-:-

Fig 1-This 500-kHz switcher produces -5V from a 5V supply and uses only surface-mount components . 
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At S~etics, we 
let our data 

In this day and age of big talk and lofty promises, 
we prefer to let our data communications family 
speak for itseH. 

Why? Because it speaks exactly to your need for high 
performance. And high reliability. All in a range of 
technologies and packages to solve applications from 

peripherals and multiplexers to LANs, 
fiber optic networks and more. 

One example is our new CMOS 
SCC2698B Octal UART from the 
serial communications family. It 
delivers eight full duplex channels 

and support circuits in a single, low-
power chip. 

Or, from our transmitter/receiver family, 
there's the new NES211 transimpedance 
amplifier for applications that require high 
input sensitivity such as fiber optic re­
ceivers and extended communication 

links. And, for communication buffer man-
agement, our new N7 4LS429 FIFO RAM 

controller addresses up to 64K locations using very 
little board space for very large buffer implementation. 

We're Signetics. We've got the guts-those essential 
data communications products to improve system 
performance. For your free information packet, call 
(800) 227-1817, ext. 99SD. Or for military product 
availability, contact your local Signetics sales 
office. You'll learn why we speak softly-and carry 
a big line. 

One standard. 0 defects. 

Signetics 
a division of North American Philips Corporation 

PHILIPS 
© Copyright 1989 North American Philips Corporation 
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$100 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. Additional 
$1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 

To: Design Ideas Editor, EON Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 

I hereby submit my Design Ideas entry. 
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Design Title _____________ _ 

Home Address ___________ __ _ 
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(Must accompany all Design Ideas submitted by US 
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Entry blank must accompany all entries. Design entered 
must be submitted exclusively to EON , must not be 
patented, and must have no patent pending. Design must 
be original with author(s), must not have been previously 
published (limited-<listribution 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 
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In submitting my entry, I agree to abide by the rules of 
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is entitled " 555 t imer t ri ggers on mil l ivolt signal ," 
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published win $100 cash. All issue winners receive an ad­
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Grand Prize. Vote now, by circling the appropriate number 
on the reader inquiry card. 

pin low, the regulator will safely shut down in a low­
power mode. 

The key to this regulator's ability to switch a bipolar 
transistor efficiently at such a high frequency is the 
drive circuit, which comprises Ca, R4, and Qa. When 
the pulse-width modulator's output is low, a constant 
current of approximately 1.8 mA flows through Q2's 
base via Qa. During this on-time, Ca charges to 4.3V. 
Because of the excess charge stored in its base, Q2 

would ordinarily turn off slowly, but when the pulse­
width modulator's output goes high, Ca reverse biases 
the base of Q2• Ca then dispenses exactly enough charge 
to cancel out the stored charge in Q2 and quickly stop 
current flowing through Q2• Meanwhile, Qa also turns 
off rapidly because its biasing has prevented it from 
saturating. At this point, the voltage across Ca is some­
what less than 3.2V because some of the charge has 
been removed. 

When the pulse-width modulator's output once again 
goes low, a narrow, high-current pulse flows through 
the base of Q2 to recharge Ca. This pulse also assures 
that Q2 turns on rapidly. Then, Qa supplies the sustain­
ing current described earlier. 

This circuit uses a bipolar transistor for its switch 
instead of an FET because surface-mount FETs either 
require large amounts of pc-board area or have high 
on-resistances, which result in unacceptably low effi­
ciencies. Furthermore, low on-resistance SOT-23 FETs 
are several times the price of SOT-23 bipolar transis­
tors. 

The remainder of this regulator is conventional. A 
small surface-mount inductor, Li. such as TDK's 
NL453232-270K, provides energy storage; a Schottky 
diode, D2, rectifies the output. ICaA, which can be any 
single-supply op amp, serves as the error amplifier. 
If you need higher current, reduce the value of L 1; at 
lighter loads, increasing L1 will boost efficiency. Rs 
and R6 set the ratio of output voltage to reference 
voltage. Thus, you can set the output level at any 
negative voltage within the breakdown limits of D2 

and Q2• If your input-voltage level is sufficiently accu­
rate and you do not need a reference for other circuitry, 
you can double Rs and use the 5V input as the refer­
ence. In any case, the base of Qa must connect to a 
voltage between 2 and 3V that is bypassed with a 
0.1-µF capacitor. EDN 
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liiilliliiiliilA field-use fiber optic 
connector so tough, you could 
roll a 5 ton truck over it A Parallel 
Interconnect that allows a gas-tight 
interface in 60 seconds flat A cabling 
assembly enabling a single connector 
to handle electronic signals, fiber 
optics and power supply. 

These are but a few 
innovations in interconnections 
from ITT Cannon. But we couldn't 
have done it without you. Because 
success throughout our company 
relies on a thorough knowledge 
of your company's environment 

Take strategic partner­
ing, for example. We don't create 
a custom solution by shaking your 
hand and jotting down a few notes. 
When we design-in, we get inside 
your environment 

Then there's Cannon's 
near-zero defect rate. It got that 
way, and stays that way, because we 
test each product in a carefully 
simulated environment 

As for delivery, we built 
a dependable system by studying 
the needs and scheduling realities 
of our customers' business environ­
ments worldwide. 

And Cannon stays price 
competitive by always asking the 
question, "How will this connector 
be used?" Considering the connec­
tor's ultimate environment has taught 
us that keeping quality high ends 
up costing our customer less. 

So if you'd like a part­
ner who will take the time to learn 
about your environment, take a 
moment to contact ITT Cannon 
at (714) 261-5300. 

Worldwide Headquarters 
1851 East Deere Avenue 
Post Office Box 35000 
Santa Ana, CA 92705-6500 

ITT Cannon 
A11 /1TE/ectroMecha11iro!Compo11mt.s Kbrldwid~Compo11y 

Discaver aur strengths. 
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What do you need right now? 
Quick quotes? Fast samples? 
Early delivery? 
Call for "SWAT Team" Service 
(812) 948-0564 today! 

What do you need ... 1,000 or 1,000,000 pieces? We can 
deliver standard or custom screw machine sockets at 
an affordable low price- with quick delivery. Contact 
the RN "SWAT Team'~an elite group of experienced 
service engineers whose primary job is to get you 
quick quotes, fast samples, early delivery. We attack 
your problems with Swift Work And Tenacity. You get 
fast and certain answers every time. 

Our "SWAT Team" Service can solve your socketing 
problems now. 
Just call (812) 948-0564 for fast answers. 

*The " SWAT Team" attacks your problems with 
Swift Work And Tenacity. 

Robinson Nugent offers the greatest variety 
of screw machine sockets-RN has 'em all. 
PGASOCKETS 
• High temperature bodies, 

molded standoffs. 
• Custom polarized to device 

and board. 
• 8 x 8 thru 21 x 21 grid sizes. 
• Zero profi le disposal carriers. 
• Elevated profi le for additional 

cooling. 
• Retentive pins secure compo­

nent during wave solder. 
• Mating pin header for high 

density board stacking. 
• Long lead for multilayer board 

appl ications. 

DIP/SIP CONFIGURATIONS 
• Open frame for component 

placement . 
• Automatic insertion options. 
• Single in-line st raight and right 

angle mounting . 
• Low Profi le. 
• Elevated profile stacking 

option . 
• Solderless press fit for back 

planes. 
• Long lead for multilayer 

boards. 

For information on any of these sockets just 

Robinson 
CIRCLE NO 47 

Nuaen~ 800 East Eighth Street, New Albany, IN 47150 • Phone: (812) 945-0211 FAX: (812) 945-0804 

In Europe: Rue St. Georges 6, CH2800 Delmont, Switzerland • Phone: (066) 22-9822 FAX: 011-41-622-9813 
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What kind of socketing problems do you have? 
These companies got fast response, fast 
solutions with RN "SWAT Team" SERVICE. 

Customer "X" could not get delivery of custom 
PGA low profile sockets. RN responded with samples 
in 24 hours-product in three weeks. 

Customer "G" had high extraction forces with his 
PGA sockets. The "SWAT Team" shipped low force 
PGA sockets in 24 hours. 

Customer "C" had melting troubles with his PGA 
sockets during vapor phase soldering. High temp. PGA 
sockets from the "SWAT Team" solved problems fast. 

Customer "T" needed a DIP socket, custom elevated 
with long pins to improve board density without going 
to surface mounting. RN "SWAT Team" sent samples 
competition couldn't match. Delivery of production 
sockets in only four weeks. 

Customer "I" had DIP devices that could not solder 
properly to a thick board , he needed a solution fast. 
The "SWAT Team" responded with samples of long 
lead sockets the same day .. . and production sockets 
in just three days. 

Dependable "SWAT Team" service is as close 
as your phone: CALL (812) 948-0564 NOW. 

EDN April 13, 1989 

"The RN "SWAT Team" has been put 
in place to deliver fast answers to 
your tough socketing problems. You 
talk directly to selected service engi­
neers whose job it is to get you quick 
quotes, fast samples, early delivery. Try 
the " SWAT Team" service. I personally 
guarantee you 'll get the answers you 
need-and get them fast." 

R.A. Lindenmuth 
President/CEO 
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SEE HOW 
YOUR 
CONNECTOR 
MEASURES UP 
TO OURS. 

PHOTO SHOWN ACTUAL SIZE 

If your present 1/0 connector can 
completely cover the new Fujitsu Series 
230 pictured on this page, you've got a 
large problem. 

You're wasting valuable board 
space. 

Space you cou Id use to cram in a few 
extra components. Or space you cou ld 
eliminate entirely to reduce manufac­
turing costs. 

Fact is, the Series 230's remarkably 
compact l.27mm (.50") pitch and remark­
ably efficient 4-row, zig-zag terminal 
layout pack provides all the pinout you're 
used to in 40% less real estate. 

More than that, the cable mount 
plug and board mount socket, in 50 and 
68 positions, conforms to the SCSI II and 
Ill standards adopted by ANSI. 

And, every Series 230 connector 
also includes features like a standard "D" 
shape po)arization header, EM! shield, 
plug/socket lock and minimum-pressure 
insertion/withdrawal fitting. All with 
no extra size. 

So, before you run out of space on 
your next compact or portable system 
design, call us at ( 408) 562-1000 or see 
the EEM Catalog. For a complete list of 
local distributors and representatives 
write to Fujitsu Component of America, 
Inc., 3330 Scott Boulevard, Santa Clara, 
California 95054-3197. 

We'll keep you from coming up short. 
CIRCLE NO 123 
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NEW PRODUCTS 
COMPONENTS & POWER SUPPLIES 

DIGITAL PANEL METER 
• Draws only 145 µA 
• Handles in'{JUts of ± 200 m V to 

±200V de. 
The DP-176 31/2-digit LCD digital 
panel meter draws only 145 µA 
when operating from a 5 to 15V de 
primary power source. You can con­
figure the meter to accept analog 
inputs ranging from ± 200 m V to 
± 200V de. The LCD features user­
selectable decimal-point place­
ments, a Hold function, and an all­
digit test pin. Features include an 
86-dB CMRR, ±0.1% FS accuracy, 
automatic polarity changeover, 
over- and under-range indication, 
109!1 input impedance, and external 
reference input for ratiometric 
tracking. A temperature coefficient 
of ± 100 ppm allows the meter to 

DC/DC CONVERTERS 
• Design minimizes EMI!RFI 
• Feature 87% efficiency 
Series 2100 20W de/de converters 
are available in single-, dual-, and 
triple-output versions. The units of­
fer a 13.3W/in.3 power density, an 
87% efficiency, and 50-m V p-p out­
put noise. Input-to-output isolation 
of 500V de min allows the outputs 
to float with respect to the inputs. 
Continuous 6-sided shielding mini­
mizes EMI/RFI problems. Convert­
ers are available with input ranges 

EON April 13, 1989 

operate at maximum accuracy un­
der broad temperature variations. 
Operating range spans 0 to 
50°C. $59. 

of 9 to 18, 18 to 36, and 36 to 72V. 
Standard outputs are 5, 12, 15, 
± 12, ± 15, 5/ ± 12, and 5/ ± 15V. 
Line regulation equals 0.5%; load 
regulation measures 0.2% for sin­
gle-output models and 1 % for dual­
output versions. Operation range 
spans - 25 to + 71°C. From $129. 

Conversion Devices Inc, 101 
Tosca Dr, Stoughton, MA 02072. 
Phone (617) 341-3266. 

Circle No 352 

TRANSMI'ITERS 
• Designed for harsh pocess envi­

ronments 
• Off er 1500V input-to-output iso-

lation 
Units in the 500 Series of isolated 
4- to 20-mA transmitters are de­
signed for harsh process environ­
ments. All versions are housed in 
hermetically sealed, die-cast metal 
cases and are rated for operation 
over a - 40 to + 85°C range. The 
transmitters feature 1500V rms in­
put-to-output isolation, 2-wire op­
eration, and wide zero suppression 

Acculex, 440 Myles Standish 
Blvd, Taunton, MA 02780. Phone 
(508) 880-3660. TLX 503989. 

Circle No 351 

for turndown ratios as high as 10:1. 
Model 502A accommodates type J, 
K, T, E , R, S, or B thermocouples. 
Model 504 accepts low-level inputs 
with a 5- to 100-m V span, and 
Model 506 handles signals with a 
span of 1 to 50V. Model 505 is a 
4-to 20-mA current-loop isolator. 
Model 508A is a companion loop­
powered digital LCD indicator with 
zero and span adjustments for di­
rect readout in engineering units. 
It features the same environmental 
specifications as the transmitters. 
$269 and $249 for models with tem­
perature and voltage/current in­
puts, respectively. 

Newport Electronics Inc, 2229 S 
Yale St, Santa Ana, CA 92704. 
Phone (714) 540-4914. TWX 910-
595-1787. 

Circle No 353 
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COMPONENTS & POWER SUPPLIES 

PANEL METER 
• Meets MIL specs 
• Has a self-shielding design 
The Model 2150 edgewise meter is 
a military-type panel meter that 
meets the applicable requirements 
of MIL-M-10304 and MIL-M-16034. 
Accuracy for de and ac readings are 
±2 and ±3, respectively, and re-

sponse time measures 2 sec. A zero­
adjust control is external. The me­
ter's permanent-magnet, moving­
coil movement is self-shielding, and 
the sealed waterproof case is an ef­
fective shield. You can juxtapose 
the meters without having to worry 
about magnetic interaction prob­
lems. The meter is housed in a black 

... "91•1 DllA lnlertw at ... 1,••• ,_ wom VII .,._. connecllGllf 
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plated-steel case with a glass win­
dow and is available with red or 
white illumination. $291. 

International Instruments, Box 
185, North Branford, CT 06471. 
Phone (203) 481-5781. FAX 203-
481-8937. 

Circle No 354 

SENSORS 
• Detect any light reflection 
• Not dependent on light intensity 
MQ area reflective photosensors re­
spond to the reflection of any light 
from an object over 1 in. to more 
than 2 ft. Because they are insensi­
tive to the color or surface condition 
of the reflecting target, the sensors 
will detect a wide range of colors, 
materials, and shapes. Any con­
tamination on the lens will not af­
fect the reliability of operation, be­
cause the photosensors are not de­
pendent on light intensity. Sensors 
are available in both visible and in­
frared light versions and can be or­
dered with either an npn- or pnp­
type output. 

Aromat Corp, Industrial Prod­
ucts Div, 629 Central Ave, New 
Providence, NJ 07974. Phone (201) 
464-3550. FAX 201-464-8513. 

Circle No 355 

PROTOTYPING KIT 
• Allows you to evaluate a 3-di­

mensional interconnect system 
• Provides a fully functional mi-

crocomputer 
The Chiprack Designer's Kit com­
prises a complete microcomputer 
system in a 7 x 4 x 4-cm component 
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Ease-of-use + Power = 
Productivity 

In today's tough design 
environment, good engi­
neering tools aren' t good 
enougn . You need the best 
to get the job done . 

OrCAD/SDT III offers 
the power 

SOT III comes with the op­
tions you'd expect to pay 
extra for 

• Completeness: A library 
of over 6100 parts that 
you can browse through 
ma breeze. Utilities to 
generate Bill-of-Materi­
als, Electrical rules 
check, create custom li­
brary parts . 

• Compatibility: Over 
thirty netlist 
formats, over 50 sup­
ported display adapters, 
over 50 printer drivers, a 
dozen plotter drivers . 
We conform to your 
system better than any­
one. 

• Complexity: 4000 + sheet 
design capacity for 
single designs . 200 + lev­
els of hierarchy. Great 
support for small, sim­
ple designs to large, com­
plex hierarchical sys­
tems. 

• Control: SOT III gives 
you the ability to cus­
tomize the work environ­
ment to make you more 
productive. This in­
cludes user definable 
macros, text/object sizes, 
sheet sizes, graphical 
object editor, even the 
colors on the screen . 

OrCAD/SDT III makes it 
easy 

The lightning fast opera­
tion saves time. The intui­
tive, pop-up menu dis­
plays your most likely 
next action. This means a 
short learning curve and 
immediate productivity. 

Get our No-risk, Demo 
Disk 

Try before you buy. Get 
our free demonstration 
disk and see for yourself 
the solid performance SDT 
III has to offer. 

Once you've given our 
demo disk a spin, you'll 
know one of the reasons 
why OrCAD is the world's 
leading supplier of PC 
based CAE tools. 

All OrCAD products come 
complete with one full year 
of technical telephone sup­
port, free product updates 
and access to our 24nour 
BBS. 

2~s~ER® 
1049 S. W. Baseline Street Suite 500 
Hillsboro, Oregon 97123 
(503) 640-9488 

Call today for your FREE Demo Disk! 

CIRCLE NO 119 
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If you would like more informa­
tion about this or any other Or­
CAD product, contact your local 

OrCAD representative. 

I. WA,OR, MT, 
ID,AK 
Seltech, Inc. 
(206)746-7970 

I .. 

9. IN, O H, KY, WV, 
W.PA 
Fra nk). Campisano 
(513)574-7111 

2. N. CA, Reno NV 10. VA, TN, NC, SC 
Elcor Associates Inc. Tingen Technical 
(408)980-8868 Sales 

3. So. CA 
A D C 
(714)897-0319 

4. Las Vegas, UT, AZ, 
NM,CO 
Tusar Corporation 
(602)998-3688 

(919)870-6670 

11 . FL 
High Tech Support 
(813)920-7564 

12. MS, AL, GA 
Electro-Cadd 
(404)446-7523 

5. ND, SD, MN, W. WI 13. DE, MD, DC, E. PA, 
Comstrand, Inc. NJ, NY 
(612)788-9234 Beta Lambda, Inc. 

(201)446-1100 
6. NE, KS, IA, MO 

Walker Engineering 14. CT, RI, MA, VT, 
(913)888-0089 NH, ME 

7. TX, OK, AR, LA 
Abcor, Inc. 
(713)486-9251 

OGA Associates 
(617)935-3001 

15. BC, AB, SK, MB 
lnte rworld 

8. Ml , E. WI, IL Electronics, Ltd . 
MacKellar Associates (604) 984-4171 
(313)335-4440 

16. ON, PQ & Mari times 
Electralert, LTD. 
(416)475-6730 
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COMPONENTS & POWER SUPPLIES 

stack and provides a practical ex­
ample of the packing density attain­
able with the company's Chiprack 
3-dimensional interconnection sys­
tem. The stack contains a 68070 µP , 
an RS-232C interface, an ASIC that 
provides a memory interface and 
support logic for the µP, 64k bytes 
of one-time-programmable CMOS 

ROM for monitor software, and 64k 
bytes of CMOS static RAM. You 
can add other Chiprack carriers to 
increase the memory capacity to 
512k bytes. The Chiprack stack is 
mounted on a mother board that 
contains a prototyping area and 
address- and data-bus buffers for 
the µP. Options include a PC-com-

State of the Heart 
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(Also Supporting the 68010, 68000 and 68008) 

VMETRO PMA.030* 

VMETRO's 
PMA-030is 
an extremely 
powerful and 
compact instrument that enables you 
to give your processor a thorough 
checkup. Operated from a remote or 
on-site ASCII terminal, the PMA-030 
is the ultimate tool for real-time pro­
gram debugging, verification and 
performance analysis. The compact 
size of the base unit, and its small 
detachable target processor adaptors 
make the PMA-030 ideal for appli­
cations where portability is crucial. 
The tiny, low-cost target adaptors 
may also be installed permanently 
on the processor board to provide im­
mediate access to the target without 
halting processor operation. Support 
for the entire 68000 family is con­
tained in firmware, allowing 
the user to connect to 
any target by merely 
inserting the proper 
probe. 

The PMA-030 is flexible and con­
venient to use with the following 
advanced features: Triggering: Logic 
state analysis on 92 signals with com­
plex user-defined trigger sequences 
of up to four full width events give 
the user complete control over the 
data to be analyzed. Filtering: Store 
qualifiers on any combination of all 
signals and events enable buffering 
of useful information only in2K 
trace buffer. Performance analysis: 
Cache Hit Rate, Interrupt Activity 
and Event count histograms are 
based on a near 100% Capture Ratio 
of the data stream and not just a 
snapshot common in less capable 
and more expensive instruments. 
Output: The data sampled may be pre­

sented numerically, 
decoded, disassem­
bled or graphically on 
your ASCII terminal, 
printer or transferred 
externally to disk. 

*Stethoscope not included 

VMETRO,INC. UlllETRO VMETRO A/S 
2500rli'.1'tm;·~~f-~ic\Tii1~9;;°'' To receive a free consultation on 

how to find the state of your 
heart, call VMETRO today 713-Z66-6430 

and ask for the doaor! 

CIRCLE NO 13 

Sognsveien 75, N.OSSS Oslo 8, Norway 
TEL/(47·2)39 ~90. FAX/147-2) 18 39 38 

patible interface card and a cross­
assembler. Approximately £400 to 
£700. 

Dowty Interconnect, Knaves 
Beech Business Centre, Loudwa­
ter, High Wycombe, Buckingham­
shire HPlO 9UT, UK. Phone (0628) 
810810. TLX 846874. FAX 0628-
810813. 

Circle No 357 
Dowty Interconnect, 805 E 20th 

St, Santa Ana, CA 92706. Phone 
(714) 558-1295. FAX 714-752-6082. 

Circle No 358 

CABLE ASSEMBLIES 
• Compatible with computer 110 in-

terface 
• Save pc-board space 
The Mini-Din connector provides 
pc-board space saving of 75% when 
compared with standard circular 
DIN connectors. It is available with 
three to eight contact positions, and 
Mini-Din plugs and sockets are com­
patible with the new generation 
IBM and Apple personal-computer 
110 interfaces. Standard cable as­
semblies are available in 1, 2, and 
3m lengths with beige or black 
overmold. The cable section incor­
porates 28 AWG stranded conduc­
tors with foil wrap/drain wire 
shielding and PVC jackets. The ca­
bles have a 500V ac voltage rating 
and a - 40 to + 70°C operating 
range. $5.19 (OEM qty) for a lm 
plug/cable assembly. 

Cinch Connectors, 1501 Morse 
Ave, Elk Grove Village, IL 60007. 
Phone (312) 981-6000. 

Circle No 356 
Text continued on pg 230 
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The meeting that should never have happened. 
When a disk drive crashes, you're in trouble. To an irate 

customer, it doesn't matter that you purchased the drive from 
someone else. Your logo is on the system. 

This means you need a disk drive supplier who is also a 
partner . .. a company who understands what it's like to com­
pete in today's tough computer systems marketplaces. That 
company is Hitachi. 

An intimate knowledge of the disk drive business. 
When you decide to do business with Hitachi, you get 

more than just a high quality, incredibly reliable disk drive. 
You also get the support, resources, and expertise of a $40 
billion dollar company whds one of 
the largest OEM computer systems 
manufacturers in the world. We use 
disk drives in our own systems, and 
risk losing customers if drives fail. 
Just like you. 

This means we know what it takes 
to make the best. We design and build 
our own motors, heads, microproces­
sors, and custom LSis to our own strin­
gent specs-all checked by the most stringent 
Quality Assurance program in the industry. 

We have over 1,500 engineers who work on nothing but 
disk drives. They're supported by nearly two decades of 

experience manufacturing disk drives, and over 16,000 
employees in R&D throughout the company. 

A serious commitment to the disk drive business. 
Hitachi continues to advance storage technology, through 

the ongoing development and manufacturing of new 5.25;' 8;' 
and 8.8" Winchesters, magnetic tape subsystems and ultra­
high density optical disk subsystems. We plan on being in this 
business for a long time ... making sure your customers call 
with orders, not complaints. Next time, specify Hitachi . 

Fast Action: To get information or product literature imme­
diately, CALL 1DLL FREE 1-800-538-8157, Ext. 877. ln 

California, 1-800-672-3470, Ext. 877. Ask 
for literature number APB-002. 

Regional Sales Offices: Waltham, MA 
617 / 890-0804, Dallas, TX 214/ 991-7983, 
Brea, CA 714/ 993-1610, San Bruno, C A 
415/ 872-1902. 

Hitac hi o ffers a complete line of Winchester, 
magnetic tape, and optical storage products 
with speeds, capacities and interfaces fo r 
virtually any application. 

Hitachi America, Ltd. 
Computer Division 
950 Elm Avenue, Suite 100 
San Bruno, CA 94066 

~HITACHI® 
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Discover the Complete Electronic 
Package 

4-Day Conference, 
June 12-15, 1989 

3-Day Exhibition, 
June 13-15, 1989 

Bayside Exposition Center and World Trade Center, Boston 

You'll see products and technologies covering the total product 
development cycle from design through final production and test 
of electronic circuits and systems-the complete package. 

Two complete exhibit sites Bayside Expo Center and World 
Trade Center will be filled to capacity with leading edge 
products and services that can help you stay competitive. 

Hungry for knowledge? Over 150 of your industry 
colleagues are delivering up-to-the-minute technical 
presentations as part of the Nepcon East Conference. 

DISCOVER - The East Coasts most complete SMT 
resource with over half of the 600 exhibitors showing 
products for surface mount technology. 

DISCOVER - design solutions at the East Coast premier 
of EPCAD, the Electronic Packaging Computer Aided 
Design Center featuring design automation tools. 

DISCOVER - practical techniques for high density 
packaging-TAB, fine pitch technology, multi-chip 
modules and more. 

DISCOVER - products and strategies for assurance 
of high quality production: design for • 
manufacturability, automating inspection, total 
process control. 

DISCOVER - the future of electronics design and 
manufacturing at Nepcon East '89. 

Mail in the coupon to receive full information and 
registration materials. If you pre-register before 
May 26 you gain free admission to exhibits and 
earn a discount on the conference. 

Call 312 299-931 1 or mail in coupon below: 

r - - - - -c~ ;~; ~: - ~N-;1;-9 • 
\\ NEPCON East '89 Registration 1

1 Cahners Exposition Group 

\ 
1350 E. Touhy Ave. P.O. Box 5060 Des Plaines, IL 60017-5060 I 

PLEASE SEND ME PRE-REGISTRATION MATERIALS FOR 
\ NEPCON EAST '89 I 
\ NAME I 
\ TITLE I 
\ COMPANY I 
\ ADDRESS I 
\ CITY I 
\ STATE ZIP I 
\ D My company is interested in exhibiting at future NEPCON events. I 

L Callmeat J1 

-----------~ © Reed Publishing (U.S.A.) Inc., 1989 



EWl)Uing you need to know 
about Motorola One Tae 
Programmables. 
Nowataone­
t~price 
of $87.54 fronl 
Hall-Mark! 

Now's the time to take advantage of Motorola's new OTP 
Microcontroller (MCU) course. Learn the technology of tomorrow and 
qualify for a free kit. 

One Tlllle Programmables are natural replacements for standard logic designs. Of P designs mean higher reliability, 
more flexibility, off-the-shelf delivery, lower system costs and fewer chips. 

If you want to learn Of P design including hardware and software operations, call Hall-Mark for the Motorola Of P kit. 
You 'II receive a complete training package including a MicrocontroIIer training course manual, an assembled programming/ 
education board with a ceramic-windowed 68HC705C8S, and development software. Use your Macintosh®, IBM PC®, or 
PC compatible for best results. You may also transfer programs from a standard SK x 8 EPROM into the Of P MCU. The 
course teaches you the process now so you can speed through designs later. 

You 'II profit from the information, but you can also earn back the cost of the kit by taking the optional Of P test. If you 
score 100 % , you 'II be eligible to win a Mac® II. If your score is 90 % or more, you 'II qualify for a free course. 

Motorola and Hall-Mark want to make it easy for you to get up to speed on the technology that is changing ideas about 
logic. And if all you want is someone to program your Of P devices, call your nearest Hall-Mark office for all the details. 

When it comes to Of P, Motorola and Hall-Mark have everything you need and need to know. 

(J.MLI:~) Deli""ringonMotorolaOfP1<ehnology. 

Hall·Mark Electronics Corporation • Dallas, Texas 

Alaboma 
Huotsville(20S) 837-8700 

Arizona 
Phoenix (602) 437-1200 

California 
Bay Arta(408)432-0900 
OrangeCoonty (714) 727-(i(XX) 
Sacnmento (916) 624-9781 
San Diego (619) 268-1201 
San Fernando Wley (818) 773-4500 

Colorado 
Dcmcr(303)790-1662 

c:..n-tlcut 
c:oon..:ticut (203) 271-2844 

Horlda 
Ft. Laudenlale (305) 971-9280 
Orlando (407) B»-5855 

~Bay(813) 530-4543 

Allanta(404)447-8000 

ll1inols 
Chicago (312) l!li0-3800 

Indiana 
Indianapolis (317) 872-8875 

Kansas 
Kansas City (913) 888-4747 

Maryland 
Baltimore (301) 988-9800 

Mlmodl-
Bostoo (617) 935-97TI 

MldUgan 
Dctroit(313)462-1205 

M1nnesoU 
Minneapolis (612) 941-2600 

Missouri 
St. Loois (314)291-5350 

NewJeney 
Fairfield (201) 575-4415 

New\irt 
Long Island (516)737-0600 
Rochester (716) 244-9290 

North Carolina 
Raleigh (919) 872-0712 

Ohlo 
Cleveland (216) 349-4632 
SootbemOhio (614) 888-3313 

Oklahoma 
Tulsa(918) 254-6110 

Ptonsylvanla 
Philadelphia (215) 355-7300 

1iDs 
Austin (512) 258-8848 
Dallas(214) 553-4300 
Hoostoo (713) 781-6100 

Utah 
Salt Lake City (801)972-1008 

Wasb1ngton 
Seattle (206) 54 7-0415 

Wisconsin 
Mil1>11ukee(414) 797-7844 

Send to: Hall-Mark Electronics Corporation 
Attn: Glenn Whitehead/ 11333 l'llgemill Rd.IMS 667 /Dallas, TX 75243 

0 Yes, I 1>11nttheMCUtrainingcoor.;eandthe$80.51 discount(final 
price: $87.54). 

Tide ________ Phooe (_) ___ _ 
Company _____________ _ 
Address _____________ _ 

City, State, Zip ____________ _ 

This portion lo be filled oot by distributor only: 
Distributor Branch Code __ _ 

Salesperson's Naroe SSI ____ _ 

Inmicel Audit Confirmation __ _ 
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available with 10 to 60 positions and 
are fully compatible with robotics. 
Registration features and true-posi­
tion solder legs aid in pick and 
placement operations. , Top-acti­
vated eyelets eliminate the need for 
any ancillary tooling. The connec­
tors come in tube packages to pro­
vide compatibility with automatic 
feed stations. $0.09 (1000). Deliv­
ery, six to 10 weeks ARO. 

AMP Inc, Box 3608, Harrisburg, 
PA 17105. Phone (717) 564-0100. 
FAX 717-561-6179. 

CONNECTORS Circle No 359 
• Fully compatible with robotics 
• Have 10 to 60 positions 
Edgemate connectors replace gold VXI BUS CHASSIS 
edges on daughter cards without re- • Includes a power supply 
quiring costly redesign. They fea- • Designed for ATE applications 
ture recessed gold-plated fingers to This C-size VXI Bus chassis is de­
prevent accidental peelback during signed for both military and com­
mating. The connectors mate with mercial ATE applications. It fea­
any card-edge connector that has a tures an 8-output power supply and 
0.1-in. contact spacing. They are a 12-layer backplane. DIP switches 

route the daisy-chained signals 
through the backplane, so you don't 
need jumpers to span empty slots 
in the chassis. A cable tray allows 
you to easily integrate VXI Bus in­
struments with other GPIB instru­
mentation. Rack cabling enters 
through recessed rear connectors 
and is cabled via the tray to the 
bus instruments. The tray also fea­
tures a cover to minimize internal 
dust problems. A cooling system 
pulls air in through the sides of the 

Every copier company talks 
We're doing some • about 
Choosing a new copier isn't easy. You look at copiers, 
you listen to promises. It all gets very confusing. 

Now; you don't have to listen to a lot of talk about 
promises. You can read ours. Because we put it in 
writing. If you try to compare it to other copier 
guarantees, you'll find there's no comparison. 
Suddenly, a difficult decision becomes a very easy 
choice to make. 

Look at the certificate above. Nobody offers you 
as good a copier guarantee as Harris/3M. So, while 

230 

copier salespeople are all giving you a lot of talk, 
ours will give you something great to read. 

Send in the coupon. Or give us a call 
at 1-800-TLC-COPY. (In Canada, µ

1 

miii-~ 
1-519-668-2230.) We'll send you 
our 8-page Consumer Guide fJJ r 
Capiers. Then, we can talk 
about it. "' 

~~---.... Harris/3M copiers have features for all sizes of offices. That includes 
the 6070. Seventy copies a minut.e, guarant.eed. 
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chassis and blows it out the rear. 
The chassis comes with a remov­
able, hinged front door made of 
transparent plastic. $6350. 

Racal-Dana Instruments Inc, 4 
Goodyear St, Irvine, CA 92718. 
Phone (714) 859-8999. FAX 714-
859-2505. 

Circle No 360 

PRESSURE SENSORS 
• Have an extended operating 

range 
• Feature a 100-mV output 
Pix Series pressure sensors use sili­
con-on-insulator (SOI) technology 
that extends the upper end of the 
operating range to 250°C. The sen­
sors have a 0- to 100-psi range (0 
to 700 kPa) and come in sealed­
gauge versions. The devices have 
a 100-m V full-scale output (FSO) 
and operate from a 5-mA excitation. 
Nonlinearity of 0.1% FSO max and 

thermal errors of 3% FSO max are 
guaranteed over the full operating 
range. Stainless steel packages pro­
vide rugged housing for the chips. 
A thin, stainless-steel diaphragm 
isolates the chip from any harsh me­
dia, providing all-media compatibil­
ity. $250. Delivery, 10 weeks ARO 
for evaluation units. 

NovaSensor, 1055 Mission Ct, 
Fremont, CA 94539. Phone (415) 
490-9100. 

Circle No 361 

BACKPLANE 
• A ccommodates 13 VXI Bus 

modules 
• Conforms to revision 1.2 of the 

VXI Bus specification 
This 13-slot VXI Bus backplane ac­
cepts A-, B-, or C-sized VXI Bus 
modules. It complies fully with revi­
sion 1.2 of the VXI Bus specifica­
tion, and it has an active SUMbus 

protection module to monitor the 
bus voltage and accommodate the 
specified variations in load charac­
teristics. The backplane uses an 8-
layer board and strip-line construc­
tion to provide exceptionally low 
levels of crosstalk and immunity 
from interference or radiation. Ap­
proximately $1000. 

Bice-Vero Electronics Ltd, 
Electron Way, Chandlers Ford, 

about customer satisfaction. 
it. 
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------------- - , 
Yes, I'd like to know more about Harris/3M copiers I 

and the Harris/3M Copier Promise. 
Send to Harris/3M, P.O. Box 785 , Dayton, OH 45401 I 

NAME : 

I 
I 

______ STATE ZIP I 
I 

__ I'd also like information on your fax machines. CHN489 I 
------------------~ 

HARRIS/3M 
Offer is valid for a limited time and other restrictions and limitations apply; see your Harris/3M 
sales representative for details. © 1988 Harris/3M Document Products, Inc. Harris is a trademark 
of the Harris Corporation . 3M is a trademark of the 3M Company. 
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Eastleigh, Rants S05 3ZR, UK. 
Phone (0703) 266300. FAX 0703-
265126. 

Circle No 362 
Bice-Vero Electronics Inc, 1000 

Sherman Ave, Hamden, CT 06514. 
(203) 288-8001. FAX 203-287-0062. 

Circle No 363 

OPTICAL LINK 
• Has a 2-km transmission dis-

tance capability 
• Operates from 5V de 
Operating at 1300 nm, the EDL-
1300 Series fiber-optic data link 
transmits serial digital TTL data 
over multimode optical-fiber cable 
at distances in excess of 2 km. The 
link can accommodate data rates 
ranging to 50M bps. Each transmit­
ter and receiver is housed in a 16-
pin DIP, which contains an integral 
ST-compatible connector. The 
transmitter and receiver module 

operates over a O-to-70°C range. 
The link loss-budget equals 15 dB. 
The module operates from a 5V de 
supply and provides a direct inter­
face with TTL circuitry. Transmit­
ter/receiver set, $320. 

PCO Inc, 20200 Sunburst St, 
Chatsworth, CA 91311. Phone (818) 
700-1233. 

Circle No 364 

CRYSTAL OSCILLATORS 
• Cover frequency range 375 kHz 

to 30 MHz 
• Are housed in surface mounting 

packages 
QC6111 and QC6112 crystal oscilla­
tors are packaged in 40-pad, sur­
face-mounting, ceramic leadless 
chip carriers. They cover frequen­
cies from 375 kHz to 30 MHz. 
QC6111 devices drive two standard 
TTL loads or 50 pF at logic levels 
of 10 and 90% of their supply volt-

age, and their maximum power dis­
sipation ranges from 55 to 90 mW. 
QC6112 devices drive 10 standard 
TTL loads at TTL-compatible logic 
levels, and have power dissipations 
from 130 to 250 mW. Both series 
achieve maximum rise and fall 
times of 10 nsec. Versions with op­
erating temperature ranges of - 40 
to + 85°C are available with stabili­
ties over ± 35 or ± 60 ppm. Ver­
sions with operating temperature 
ranges of - 55 to + 125°C are avail­
able with stabilities over ± 60 or 
± 100 ppm. All of the oscillators op­
erate from a 5V ± 10% supply. £40 
to £50 for sample quantities. 

Salford Electrical Instruments 
Ltd Times Mill , Heywood, Lan­
cashire OLIO 4NE, UK. Phone 
(0706) 67501. TLX 635106. FAX 
0706-64394. 

Circle No 365 

A POWERFUL ARGUMENT. 
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OTHER POWER SUPPLIES CAN'T. CANDELA CAN. 
Candela HVD power supplies offer impor­
tant advantages to OEM's. 

Whatever your high voltage pulse power 
requirement, a Candela HVD power sup­
ply will improve both performance and re­
liability. A full line of standard and custom 
products is available. For more information 
contact Candela, the leader in dye lasers 
and capacitor charging power supplies. 0 C/\NJEl/\ 

Candela Laser Corporation, Wayland, MA Telephone (800) 255-1287 Dept. 205 or in MA (508) 358-7637 

CIRCLE NO 15 EDN April 13, 1989 



C&C Computers and Communications 

Super-natural capacitance. 

Nature endows every object with 

some capacitance. But to equa l 

for decades. We achieve it through surface-mount cases (only 1.6 x 

intensive R&D programs that begin 3.2 x 1.6mm). 

the 2.2F capacitance that NEC has 

packed into its 14cm3 Supercaps, 

nature would require 3,100 spheres 

the size of planet earth. 

with materials and cover every 

phase of design and production. 

You can see the results in our 

Supercaps. And our chip tantalum 

Creating large capacitance in capacitors that offer ratings up to 

sma ll cases has been NECs specialty 6.8µF in the industry's smallest 

For fast answers, call us at: 
USA Tell-800 -632-3531. TWX 910 -379-6985. W Germany Tel0211 -650302. Telex :8589960. The Netherlands Tel 
040-445-84 5. Telex 51923. Sweden Tel 08 -7 53 -6020. Telex :13839. France Tell -394 6-9617. Telex 6994 99. 
Italy Tel :02-6709108. Telex :315355. UK Tel 0908-691133. Telex 826791. Hong Ko11g Tel :3-755-9008_ Telex:54561. 
Ta iwan Tel :02 -522-4192. Telex :22372. Singapore Tel4819881. Telex :39726. Auslral i Tel:03-267 -6355. Telex:38343 

CIRCLE NO 146 

When you need capacitors 

with exceptional capabilities, 

come to NEC. We think small to 

help you think big. For more in­

formation about our innovative 

capacitor lineup, call NEC today. 

NEC 
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GET MORE ROOM ON 
YOUR CIRCUIT BOARD 

ACTUAL SIZE 

" 

INDUSTRIAL ELECTRlcALJ 
PRODUCTS 

amenxe ~----
AMERACE CORPORATION 
INDUSTRIAL ELECTRICAL PRODUCTS 
530 W. MT. PLEASANT AVENUE 
LIVINGSTON. NJ 07039• (201) 992-8400 
TELEX: 13-8403 U AX: 201-992-9416 

mm spacing circuits-per-inch 
Now you can design with 7 +-circuits-per-inch density. These new BUCHANAN 
subminiature electronic connectors provide the 3.5mm spacing that beats the 
competition's 5mm spacing hands down . This increased density lets you make 
the most of your valuable board space. And you get the choice of horizontal or 
vertical wire entry within a wire range of l 4-20AWG . 
PLUS: •Only a screwdriver needed to make connections. •Eliminates solder­
ing, crimping, wrapping, and lugging. •Connectors maintain 3.5mm spacing 
when mounted end-to-end. •Rugged nylon 6/ 6 polyamid housing . •Hot-tin­
dipped brass terminal contacts. • 15 Amps max. rating . 
Try a free sample in your application. See for yourself what this new SMB series 
connector can do for you . We'll be glad to put a sample in your hands. Just 
drop us a note on your letterhead. Or, if you can't wait to get your hands on one, 
give us a call at 201-992-8400 
For 5mm and lOmm applications ask about the BUCHANAN SSB4/5 series in 
one-piece and plug-in configurations. 406A 

'· 

CIRCLE NO 42 

DEC TU58 - VT 103 

Need a replacement? 
If you're struggling with a TU58 

cartridge system. Walton Data Systems 
have an answer - the Digifiler micro 
disc. Based around a standard 31/2 disc. 
the system has been designed to be 
plug compatible with the DEC TU58 . 
Digifiler gives speed advantages of 
over 10 limes. storage capacity of 
4 limes and at least 10 limes cheaper 
media. 

@ 
Walton Data Sy1tams, A1Icraft Esplanade, Farnborough, Hanis GU14 6TG. England. 1'81, (144) 25:1 549657. fm: , (144) 252 549657.r.tez, 858614. 
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And the news is network 
pricing. Validate®/XEL, the cross 
development software with the best 
support in the business, has network 
licensing. So now you can have all the 
cross development power you need for 
all the engineers who need it Without 
paying for individual licenses for each 
workstation. 

With Validate/XEL your develop­
ment team can stop playing musical 
chairs. And contribute more in less 
time for less money. 

Validate/XEL is a high perfor-

mance package for your Sun, VAX 
or PC. It includes a source level debug­
ger, a compiler and an assembler that 
work with either a simulator or emula­
tor. And whenever you need help, our 
large staff of qualified field and in-house 
applications engineers is at your service. 

When you use Validate/XEL with 
one of our real time, transparent emu­
lators, you'll be even more efficient and 
productive. You'll have the ability to 
debug your code inside the target 

In Europe contact Applied Microsystems Corporation Ud .. Chiltern Court. High Stred, Wendover.Aylesbury, Bucks HP'22 6EP. United Kingdom. Call 44~0)-296.625462. 

In Japan contact Appl ied Microsystems Japan Ltd .. Nihon Seimei. Nishi-Cotanda Building, 7-24-5 Nishi-Cotanda, Shinagawa-KU, Tokyo Tl41. Japan. Call 03-493-0770. 

EDN April 13, 1989 CIRCLE NO 120 

system in real time. And with 
our high speed SCSI interface to 
your Sun or PC, you'll be able 

to download to your target system in 
record speed. 

For more information or a demon­
stration on your network, call toll-free. 
In WA call (206) 882-2000. Or write 
Applied Microsystems Corporation, 
P. 0. Box 97002, Redmond, Washington, 
USA 98073-9702. 

1111111111 

Applied Microsystems Corporation 
1-800-426-3925 
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It's easy to switch eight DC to 
500Mhz inputs to any of eight 
outputs with our Model 4108 
wide-band coaxial relay matrix 
shown at the left. This miniatur­
ized matrix is completely self­
contained, requiring only TIL 
control signals and DC power. 
For larger systems, our Model 
4076 can switch 64 signal 
sources to any of eight outputs 
under IEEE-488 control with a 
bandwidth of DC-300Mhz by 
packaging up to eight 4108 
modules in a compact cabinet. 
These miniaturized extremely 
wide-band matrices are perfect 
238 

for Automatic Test Equipment 
(ATE) where fast rise time, wide 
bandwidth data from the unit 
under test must be connected 
to any array of test equipment, 
or in telecommunications where 
wideband data rates must be 
connected between modems, 
transceivers or satellite uplink/ 
downlink terminals. 

•M~!!1! 
5177 NORTH DOUGLAS FIR ROAD 
CALABASAS, CALIFORNIA 91302 
(818) 992-6776 ·TWX 910-494-4975 

CIRCLE NO 121 

Experience-We Have It 
No matter what kind of high fre­
quency switching system you're 
buying, it pays to deal with a 
company who really understands 
the business. Matrix does. We've 
been designing state-of-the-art 
reed relay and semiconductor 
switching matrices for over 17 
years-to the toughest electri­
cal and packaging specs imagi­
nable. Our customers include 
government agencies, defense 
contractors, the TV industry, 
ATE and telecommunications 
companies and more. So deal 
with the leader and be sure. 

EDN April 13, 1989 
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RS-232C ADAPTER 
• Provides four serial ports for the 

IBM PC, PC/XT, and PC/AT 
• Uses the Intel 82050 or the 82510 

UART 
The FASTCOM4 is a 4-channel RS-
232C board for the IBM PC, PC/ 
XT, PC/ AT, and compatible com­
puters. The standard configuration 
uses Intel's 82050 UART, which is 
fully compatible with the 16450 
UART but draws only one-half the 
power. The board is optionally 
available with Intel's 82510 UART. 
The 82510 offers baud rates as high 
as 288k bps, a 4-byte receive and 
transmit buffer, control character 
recognition, and two independent 
baud-rate generators. The board 
comes with COMMBIOS and 
COMMBUFF software deve lop­
ment tools. COMMBIOS has inter­
faces for Pascal, Turbo Pascal, Lat­
tice C, Microsoft C, Compiled Ba­
sic, and Fortran. COMMBUFF is 
a high-speed buffer program which 

SPARC COPROCESSOR 
• Board for the IBM PC/AT com­

puter runs on MS-DOS 
• Uses Cypress CY7C601 SPARC 

chip 
The SP-ARCl is a coprocessor 
board for the IBM PC/AT and com­
patible computers. It features the 
Cypress CY7C601 SPARC Chip, 
Tl's Tl8847 floating-point proces­
sor, and as much as 8M bytes of 
interleaved DRAM-all running at 
20 MHz to deliver 12 MIPS per­
formance. The board comes with C 
and FORTRAN compilers, which 
are derived from SUN's compilers 
for the Sun-4 workstation. The 
board lets you run software devel­
oped for the Sun-4 workstation in 
MS-DOS applications. Essentially, 
the board becomes the system CPU 
while the host's CPU acts as an 1/0 
processor. The board uses the host 
CPU to access peripherals such as 

EDN April 13, 1989 

allocates 4k bytes of buffer memory 
per channel. The board has a shared 
interrupt feature that allows as 
many as four boards (16 channels) 
to be installed in a computer. $375. 
Optional 82510 UARTs, $25 each. 

graphics cards, AID converters, 
disk controllers, and communication 
boards. A 4M-byte system, includ­
ing compilers, costs $7995. The 
same system with 8M bytes costs 
$9995. 

Definicon Systems Inc, 1100 
Business Center Circle, Newbury 
Park, CA 91320. Phone (805) 499-
0652. FAX 805-498-3559. TLX 
272849. 

Circle No 371 

ARRAY PROCESSOR 
• Accelerates image processing for 

the IBM PC/AT computer 
• 32-bit floating-point processor 

that delivers 13.3M flops 
The ASAP32 is an array-processor 
board for the IBM PC/AT and com­
patible computers. The board accel­
erates image processing using a 32-
bit floating-point processor that de-

An optional NVRAM that stores 32 
bytes of nonvolatile data, $35. 

Commtech Inc, 8622 Mt Vernon 
Ct, Wichita, KS 67207. Phone (316) 
651-0077. 

Circle No 370 
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livers 13.3M flops. The board con­
tains 2k x 32-bits of ROM and RAM 
space for storing programs. The 
ROM contains all of the basic 
mathematical, vector, and 1/0 func­
tions. The host loads the RAM with 
microcode to execute the desired 
function. In addition, it contains 
two 4k x 32-bit static RAMs for 
transferring data between the 
frame buffer and the floating-point 
processor. Both SRAMs have dual 
ports permitting pipeline operation, 
alleviating bottlenecks on the PC 
bus. The bo:i.rd has an extensive set 
of software libraries, including im­
age filtering, image geometry, and 
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a 2-dimensional FFT. The libraries 
are software compatible with Image 
Technology's ITEX call con­
ventions. $1350. Delivery, four to 
six weeks ARO. 

Rapid Technology Corp, 54 Bal­
lard St, Newton, MA 02159. Phone 
(617) 244-7928. FAX 617-527-3177. 

Circle No 372 

COLOR PRINTER 
• Prints Adobe Postscript images 

at 300 dpi 
• Uses thermal transfer for A or 

B size paper and transparencies 
The 5232-Color Postscript Printer 
prints Adobe Postscript images and 
text at 300 dpi on A or B size paper 
and transparencies. There are three 

---------------------------~ ink sheets available: 4-color (yellow, 
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Now CD-ROM Technology 
Can Increase Your 
Programming 
Efficiency. 
With the Microsoft Programmer's 
Library and support hardware/soft­
ware from Online, you can be up and 
running for as little as $995.00! 

Programmer's library helps you work faster, 
not harder. The library, contained on a single 
CD, consists of 72 reference books and tech­
nical manuals plus 3000 sample programs 
(over 20MB of sample code). 

You can browse through the library or do a 
complex 'and/or' search for key words on 
selected levels-in just a few seconds! You can 
also set electronic bookmarks, transfer 
selected sample code to your program, or 
zoom in and out to quickly search through 
different levels. 

Network access with OPTI-NET®. 
Programmer's Library Version I . I is supplied 
with a limited 3 user version of OPTl-NET®. 
This software provides LAN access to the CD­
ROM database, significantly reducing the cost 
per user. 

Don't wait! Order today. You will receive a 
copy of Programmer's Library which includes 
a limited 3 user version of OPTI-NET®, a 
Sony CD-ROM drive, controller card, inter­
face cable, MS-DOS extensions, and software 
drivers. 

Additional titles available from Online include; 
Microsoft Bookshelf, Microsoft Stat Pack, 
Microsoft Small Business Consultant and the 
Grolier's New Electronic Encyclopedia. 
Versions of OPTl-NET® provide access to the 
CD-ROM databases for up to 100 users. 

For Next Day Shipment Call (800) 922-9204 
In Maryland call (301) 428-3700 

Maryland residents add 5% state sales tax. 

Package I. Internal drive for the IBM-PC with Programmer's Library: $ 995.00 

Package 2. External player for the IBM-PC with Programmer's Library: $1,095.00 

Package 3. External player for the IBM-PS/2 with Programmer's Library: $1,195.00 

OPTl-NEf with 1 to 8 User License:* $ 795.00 

OPTl-NEf with 9 to 100 User License:* $1,495.00 
Additional tcnninal licenses or Programmers Library@ $65.00 per tcnninal (above the 3 included within the purchase or the CD Package) 

*See Special Offer within Programmer's Library Version 1.1. 

~E Sharing Information Through Technology TM 

Products Corporation A subsidiary of Online Computer Systems, Inc. 

20251 Century Boulevard • Germantown, MD 20874 • FAX (301)428-2903 

OPTl-NET is a registered trademark of Online Computer Systems, Inc. Microsoft and MS-DOS arc registered trademarks or Microsoft 
Corporation. Sony is a registered trademark of Sony Corporation. IBM is a registered trademark of International Business Machines 
Corporation. Grolier is a registered trademark of Grolier E~onic Publishing, Inc. 

CIRCLE NO 16 

magenta, cyan, black); 3-color (yel­
low, magenta, cyan); and mono­
chrome (black). The print controller 
uses a 16-MHz 68020 µP and either 
4M bytes of RAM for A size print­
ing or 8M bytes for B size printing. 
It has 35 Adobe resident fonts in 
ROM and supports downloadable 
fonts. The printer interfaces with 
a host through an RS-232C/422/423 
serial port or a Centronics parallel 
port. It can print a 3-color A size 
drawing in 90 sec; a B size drawing 
takes 180 sec. An internal 20M- or 
80M- byte disk drive is also avail­
able. Prices range from $16,900 to 
$22,900. 

Schlumberger Graphics, 385 
Ravendale Dr, Box 7169, Mountain 
View, CA 94039. Phone (415) 964-
7900. FAX 415-961-6152. TLX 
491178. 
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TAPE BACKUP 
• System for the Macintosh com­

puters stores 150M bytes 
• Performs image backup on a 

MAC II at 6M bytes/min 
The MAC Filesafe 150 is a stream­
ing tape backup system for the 
Macintosh SE and Macintosh II 

EDN April 13, 1989 



... AND FOR THOSE WHO DO! 
Talk to the Largest ... Dotronix! 

By offering quality products, service and 
support we've quietly grown to be the largest 
U.S. independent display-only manufacturer. 
As a result of this growth we now feature the 
broadest product offering in the industry ... 

No one offers as many options in display 
size and performance as Dotronix! 

From high resolution, large screen 
monitors for CAD/CAM, Desktop Publishing, 
Computer Graphics, and Medical Imaging to 
banks of small monitors for financial 
institutions, security systems, transportation 
and many other applications. We even make 
monitors for S-VHS playback permitting high 
resolution television viewing. Virtually all 
displays are available in high resolution, color 
and monochrome for most applications. 

It's as simple as this: No one meets your 
monitor needs like Dotronix. 

From broad product offerings to quality, 
service and support, no one gives you more than 
Dotronix. That's why we se ll more monitors 
than any other U.S. independent display-only 
manufacturer. And that's why we'll meet your 
needs better than anyone else. 

Call us and talk to an applications specialist. 
Get the straight talk on how we can meet 

your application needs. 

Call: 612-633-1742 FAX: 612-633-7025 

DDTRDNIX 
DOTRONIX, INC. 
160 First Street S.E. 
New Brighton, MN 55112 

CIRCLE NO 78 

Locations at: Boulder, CO • Eau Claire, WI (VMI) • Minneapolis, MN • Elk River, MN • Hsinchu, Taiwan 
© 1988, Dotronix, Inc. 
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computers. It stores 150M bytes of 
formatted data on an industry stan­
dard DC600XTD quarter-inch car­
tridge using the QIC-150 format. 
The stand-alone system comes in a 
half-height, 5%-in. form factor and 
uses a SCSI interface to communi­
cate with the host. The unit can per­
form an image backup on the Macin­
tosh II computer at 6M bytes/min 
for a total back-up time of 25 min. 
The unit verifies all written data 
and automatically skips any bad 
blocks. Its software features in­
clude one-step automatic installa­
tion, menu guidance, on-line help, 
automatic back-up, separate tape 
verification, restore, tape direc­
tory, and user settable defaults. 
$2195.00 

Mountain Computer Inc, 240 
Hacienda Ave, Campbell, CA 
95008. Phone (408) 379-4300. FAX 
408-379-4302. 

Circle No 374 

CPU CARD 
• Runs a 68020 µP at clock speeds 

as high as 25 MHz 
• Includes parallel, serial, SCSI 

and Ethernet interfaces 
Provided with 38 fully programma­
ble bidirectional parallel I/O lines, 
the SYS68K/CPU-27 CPU card for 
VME bus systems is suited for use 
in industrial control applications. 
The board runs a 12.5-, 16.7-, or 
25-MHz 68020 µPanda 68882 math 
coprocessor. It has lM bytes of on­
board static RAM, and two JEDEC 
compatible EPROM sockets that 

can accommodate 8M-bit devices 
when the devices become available. 
The board is supplied with these 
sockets occupied by the company's 
VMEPROM real-time kernel. The 
board has an additional 32k bytes 
of static RAM with onboard battery 
backup. Its parallel I/O lines are 
controlled by two 68230 parallel in­
terface/timer chips, and the board 
has three serial 110 ports, two of 
which are configurable for RS-
232C, -422, or -485 operation, while 
the third supports RS-232C only. 
The board also has a SCSI bus in­
terface, and an optional Ethernet 
interface with its own 64k-byte 
buffer. Software development sup­
port is available for use under the 
PDOS operating system. Alterna­
tively, you can use VMEPROM's 
link software to link the board to 
Unix 5.3 or MS-DOS operating sys­
tems. From around DM 7800 to DM 
11,000. 

In this ad is the answer to 
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All prices suggested retail. 
Sweepstakes void 
where prohibited by law. 

HP-278 

EDN April 13, 1989 



COMPUTERS & PERIPHERALS 

Force Computers GmbH, Daim­
lerstrasse 9, 8012 Ottobrunn/Mu­
nich, West Germany. Phone (089) 
600910. TLX 524190. FAX 089-
6097793. 

Circle No 375 
Force Computers Inc, 3165 Win­

chester Blvd, Campbell, CA 95008. 
Phone (408) 354-3410. TLX 172465. 
FAX 408-395-7718. 

Circle No 376 

3D WORKSTATION 
• Contains a 68030 µP and 68882 

corrrocessor delivering 4 MIPS 
• Is source- and object-code com-

patible with the 9000 series 300 
The HP 9000 Model 340SRX 3D 
graphics workstation contains a 
68030 µP and a 68882 coprocessor, 
which deliver a 4-MIPS perform­
ance rating. The model is source­
and object-code compatible with the 
company's 9000 series 300 comput-

- I 

~ 

ers. In addition, it contains 4M 
bytes of RAM expandable to 16M 
bytes, a 16-in. color monitor with 
1280 x 1024-pixel resolution, and 
the company's SRX graphics sub­
system, which can be expanded 
from 8 to 32 color planes. The sys­
tem is compatible with a range of 
3D mechanical CAE and CAD soft­
ware available from McDonnell 

HP-288 [•] ::'.": HP-428 
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Symbolic 
math 
capabili­
ties. 
$235.00. 

••• tit.- ~"£ .. ~ 

all your problems. 
HP-17B 
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Douglas, PDA Engineering, and 
Swanson Analysis. The system runs 
on the company's HP-UX operating 
system, which adhers to AT&T's 
UNIX System V Interface Defini­
tion Issue 2. $14,900. 

Hewlett-Packard Co, 19310 Pru­
neridge Ave, Cupertino, CA 95014. 
Phone local office. 

Circle No 377 

SECURITY DEVICE 
• Prevents unauthorized access to 

modems 
• Device requires a caller to have 

a password and a phone number 
The 232MSD Modem Security De­
vice protects computers or private 
bulletin boards against unauthor­
ized access. It works with most 
stand-alone modems that are com­
patible with the Hayes AT com­
mand set. The device uses a call­
back method for protection. When 

Whether you're an up-and-coming 
engineer or a recent Nobel prize 
winner, a business student or the 
CEO of a Fortune 100 company, 
HP offers you an entirely new 
series of calculators designed for 
your specific needs. 

The most advanced scientific capa­
bilities. Everything from numeric 
integration to superior matrix 
functions and symbolic math. HP 
Solve which lets you create cus-
tom menus. And the widest range 
of built-in business functions. 
Easy screen guides that lead you 
clearly to your solutions. 

Visit our proud new family of 
quality HP calculators at your 
local retailer. Ask about our 
exciting Celebration Sweepstakes. 
But hurry, the Sweepstakes end 
April 30th, 1989. For 
the HP retailer near­
est you, call 1-800-
752-0900, Ext. 216T. 

F/j~ HEWLETT 
~/!a PACKARD 
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a caller reaches the modem, the de­
vice intercepts the call and asks for 
a password. After validating the 
password, it requests the caller to 
hang up. The device then calls a 
phone number, stored in memory, 
associated with the password. The 
user at that phone number is then 
allowed access to the computer. If 

a hacker steals a user's password, 
the password is unusable because 
the thief will not be at the user's 
phone number. The unit features a 
50-number directory of password/ 
phone number combinations, 
EEPROM storage for power-failure 
protection, and a systems manager 
that can disable the call-back proce­

--------------------------~ dure as an alternative. $129.95. 
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320Cl4 DIGITAL 
SIGNAL CONTROWR 
In-Circuit Emulator, Macro Assembler, Development Environment 

$2495 
Complete PC or Macintosh hosted development package for 
the DSC320Cl4 and TMS320El4 
Digital Signal Controllers. 

Package includes In-Circuit 
Emulator, Macro assembler, and 
development environment. 

Also Available 
1MS320C25 
1MS320CJ0/15 
1MS370CXXX 
65C02 
HD647180X 
68HC05 

DSP 
DSP 
MCU 
CPU 
MCU 
MCU 

50MHz 
25MHz 
20MHz 
JO MHz 
8MHz 
2MHz 

All units shipped with 30-day trial 
period and 1 year warranty. 
We support what we sell! 

Phone(214)242-0450 
FAX (214) 245-1005 

1301 N. Denton Drive 
Suite 204 MACROCHIP 

Carrollton, TX 75006 RES£ARCH,1NCORJ10RAno 

Developed and manufactured in the USA. 
Call or write for detailed product information and prices. 

CIRCLE NO 18 

B&B Electronics, 4000 Baker 
Rd, Box 1040, Ottawa, IL 61350. 
Phone (815) 434-0846. FAX 815-
434-7094. 

Circle No 378 

DISPLAY CARD 
• Drives 1280 x 960 pixels for the 

Macintosh II com'JYUter 
• Provides 256 colors from a pal-

lette of 16.7 million colors. 
The nu Vista HR is a plug-in display 
card for the Macintosh II computer 
that can drive a display with 
1280 x 960 pixel resolution. It can 
simultaneously display 256 colors 
from a pallete of 16. 7 million colors. 
A 2M-byte version of the card pro­
vides a virtual canvas of 2k x lk pix­
els, and a 4M-byte version provides 
a virtual canvas of 2k x 2k pixels. 
The card uses the TI 34010 graphics 
processor for graphics manipula­
tions. It also drives non-interlaced 
displays, provides square pixels, 
and can pan the entire video mem­
ory. It works with high resolution 
monitors with 64 kHz horizontal 
and 60 Hz vertical frequencies, such 
as Sony's GDM-1953 or JVC's GD­
H6020US. The board is fully com­
patible with Apple's QuickDraw 
software package. The card can ac­
commodate an additional 2M, 4M, 
or SM bytes of memory using an 
optional Nu VMX memory expan­
sion module. 2M-byte version, 
$3995; 4M-byte version, $5995. 

Truevision Inc, 7351 Shadeland 
Station, Indianapolis, IN 46256. 
Phone (800) 858-8783 or (317) 841-
0332. FAX 317-576-7700. 

Circle No 379 
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One company offers 
1,2,5, & lO:MHz 12-bit sampling 

AID converters. DATEL. 
Superiordynanricperfonnance 
brings both hannonic distortion 
and signal-to-noise ratios to 
new lows. 

We're working hard at DATEL to bring 
you new lows - to create new highs in 
performance. The lawest harmonic distortion. 
The /awest non-linearity. The lawest absolute 
accuracy errors. The /awest power consump­
tion. The /awest physical size. And the /awest 
price. All to produce the highest dynamic and 
static performance in sampling ND converters 
available anywhere. 

Features unavailable anywhere 
else in all models include an inter­
nal sample hold with full power input 
bandwidth higher than Nyquist frequency, 
together with a functionally complete 
architecture. DATEL has truly produced 
the First complete Family of 12-bit AOCs. 

With DATEL, you now have four new 
reasons guaranteed to shorten your AOC 
selection cycle. Bottom-line, compare these 
converters with our competition and you11 
see that there is no reason to look anywhere 
else. Call us at (508) 339-3(XX). 

Sampling Effective Bits at rno•at Power Price Model Nyquist Nyquist Package Rate Frequency Frequency Oi$ipation (1-9) 

ADS-112 lMHz 11.0 -73dB 1.3 watts 24-pin DDIP $259 

ADS-132 2MHz 11.0 -73dB 29 watts 32-pin TDIP $346 

ADS-131 SMHz 10.6 -69dB 4.2 watts 40-pin TDIP $549 

ADS-130 lOMHz 10.6 -69dB 4.Swatts 40-pin TDIP $775 

•THO (Total Harmonic Distortion) 

DC 0.5 

FFT Magnitude Spectrum 
1 

Frequency (MHz) 

1·awimmn1:•1·1-1!1m111111· 
12 

•• ill 
~ 
~ 

•• 
UJ 

0 

DC 500 
Effective Bits Curve Frequency (KHz) 
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INNOVATION AND EXCELLENCE IN PREOSION DATA ACQUISIDON. 
~~[L 
(\ Q 
(('/inf'~ 
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DateL Inc., 11 Cabot Boulevard, Mansfield, MA 02048 (508) 339-3CXXJ 
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NEW PRODUCTS 

MOTOR CONTROLLER 
• For three-phase brushless rrwtors 
• Contains Hall-cell decode logic 
Combining in one IC all the func­
tions required of a three-phase 
brushless motor controller, the 
UC3625 has separate outputs to 
control six power switches. The IC 
features Hall-cell decode logic with 
built-in cross-conduction protection. 
Other features include a tachome­
ter, soft start, under- and over­
voltage protection, current-con­
trolled braking, and selection of 
either two- or four-quadrant opera­
tion. The UC3625 includes hystere­
tic comparators on all logic inputs 
and noise blanking at the Hall-cell 
inputs. The IC also includes a direc­
tion latch, absolute-value current 

LOWPASS FILTER 
• Fifth-order Butterworth type 
• DC to 20 kHz cutoff frequency 
The LTC1062 switched-capacitor 
filter is clock tunable from de to 20 
kHz with an external resistor and 
capacitor and features a cutoff fre­
quency accurate to 1 %. The 
LTC1062 functions as a fifth-order 
lowpass filter, and you can cascade 
two devices to form a tenth-order 
filter. The device, which also fea­
tures a buffered output, is available 
in commercial and military tem­
perature ranges in 8-pin DIP and 
16-pin SO packages. Prices start at 
$3.30 (100). 

Maxim Integrated Products, 120 
San Gabriel Dr, Sunnyvale, CA 
94086. Phone (408) 737-7600. 

Circle No 386 
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sensing, and a precision reference 
voltage. 28-pin DIP, $5.85 (100). 

Unitrode Integrated Circuits, 7 

CMOSEPROMs 
• Organized as Bk x 8 bits 
• Three speed versions are avail-

able 
The 27HC64 high-speed 64k-bit 
CMOS EPROM has a JEDEC-stan­
dard EPROM pinout. The 27HC641 
offers a bipolar PROM pinout. Both 
parts are available in 45-, 55-, and 
70-nsec versions. Because of the 
CMOS process, the chips consume 
less power than do their bipolar 
counterparts. Also, unlike bipolar 
PROMs, the 27HC64 and 27HC641 
are completely tested and then 
erased before shipment, thus ensur­
ing the highest possible yield on 
customer patterns. The 27HC64 
and 27HC641 are available in stan­
dard window ceramic DIPs, plastic 
DIPs, and surface-mount PLCC 
and LCC packages. The 27HC641 
is also available in a window skinny 
ceramic DIP and a skinny plastic 
DIP. From $12.70 (1000). 

Microchip Technology Inc, 2355 
W Chandler Blvd, Chandler, AZ 
85224. Phone (602) 963-7373. FAX 
602-899-9210. TWX 910-950-1963. 

Circle No 387 

Continental Blvd, Merrimack, NH 
03054. Phone (603) 424-2410. 

Circle No 385 

DRIVERS/RECEIVERS 
• RS-422 compatible 
• Fabricated in CMOS 
Matching the speeds of bipolar de­
vices but consuming less power, the 
CMOS DS34C87/DS26C31 and 
DS34C86/DS26C32 are quad-differ­
ential line drivers and receivers, re­
spectively. The drivers accept TTL 
or CMOS input levels and translate 
them to RS-422 output levels. Spe­
cial output circuitry enables the in­
dividual drivers to power down 
without loading down the bus. The 
DS34C87 driver has separate en­
able circuitry for each pair of driv­
ers; the DS26C31 has enable and 
disable circuitry that is common to 
all four drivers. Propagation delay 
is 11 nsec max. The receivers have 
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Now you can use 68000/020/030 in-circuit 
emulators with your favorite tool-your work­
station. Where you usually develop code. And 
write memos. 

Atron's PROBE Series 68000/020/030 emulators 
support real-time emulation to 25 MHz. Remotely. 
So you can develop code on your favorite Sun or 
VAJ!M running VMS'.M Download it fast via 
Ethernet™ to the PROBE. And execute it in the 
target in real-time. All from your desk. 

The PROBE has real-time trace, so you can view 
the history of your program's execution. Source 

Ethemet is a trademark of Xerox Corp. VAX and VMS are trademarks of Digital 
Equipment Corporation. Ad2 is a registered tr.ldemark of the Department of Defense. 

trace capability lets you examine program flow at 
the C, Ada~ or assembler level. And eight hardware 
breakpoints let you find sequence-dependent bugs. 

The PROBE has pre-fetch dequeuing, too. Here, 
a special algorithm removes pre-fetched, unexe­
cuted instructions from the trace sequence and 
then realigns operands in the order that they 
were executed. 

Workstations. Emulators. What's the difference? 
Thanks to Atron, now there isn't any. 

Call 1-800-283-5933 for more information on 
remote emulation with Atron's PROBE Series. 

Circle 61 for Demonstration 

CADRE 
ATRON DIVISION 

Saratoga Office Center 
12950 Saratoga Avenue 
Saratoga, California 95070 

Circle 60 for Literature 



an input sensitivity of 200 m V over 
the common-mode input range of 
± 7V. Input hysteresis is typically 
60 m V and propagation delay is 27 
nsec max. The DS34C86 has sepa­
rate enable pins; the DS26C32 has 
a common enable and disable func­
tion. Prices start at $2.85 (100). 

National Semiconductor Corp, 
Box 58090, Santa Clara, CA 95052. 
Phone (408) 721-4474. TLX 346353. 

Circle No 388 

IMAGE DIGITIZERS 
• Digitize at 15 MSPS rate 
• Monochrome and color versions 
The Bt251 and Bt253 image digitiz­
ers provide the circuit designer 
with a means to add image-capture 
capability to PCs and workstations. 
The Bt251, which generates 8 bits 
of intensity information for each 
pixel, is a 15-MSPS single-channel 
device for digitizing monochrome 

INTEGRATED CIRCUITS 

(gray-scale) video signals. It sup­
ports four analog video inputs and 
contains an 8-bit AID converter and 
a 256 x 8-bit lookup-table RAM. 
The Bt253 is a 15-MSPS device for 
digitizing three channels of color 
analog video signals (such as RGB) 
or a monochrome signal, using only 
the green channel. The Bt253, 

which generates 8, 15, or 24 bits of 
color information for each pixel, 
contains three 8-bit AID converters 
and supports two separate three­
channel video input ports. Bt251 
(44-pin PLCC), $36; Bt253 (84-pin 
PLCC), $48 (100). 

Brooktree Corp, 9950 Barnes 
Canyon Rd, San Diego, CA 92121. 
Phone (619) 535-3251. TLX 383596. 

Circle No 389 

HV DISPLAY DRIVERS 
• Provide 50 to 1 OOV p-p output 
• Have rise times from 2.5 to 4.5 

nsec 
The 1902 high-voltage CRT drivers 
feature output drive capabilities 
from 50 to IOOV p-p into a 10-pF 
load (the typical capacitance of a 
high-resolution CRT). Correspond­
ing maximum rise and fall times 
range from 2.5 to 4.5 nsec. The de­
vices are RS-170 and RS-343 com-

Chips to control 
your head. 
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A Three Chip Set For High-Performance Servo Electronics 
Now you con cut head-positioning elec­
tronics in high-performance Winchester 
disk drives down to size- using Silicon 
Systems· new Servo Chip Set. The 
32H567 Servo Demodulator, 32H568 
Servo Controller, and 32H569 Servo 
Motor Driver provide all of the functional 
building blocks required in a servo 
channel. 

At your finger tips are advanced 
features like PLL synchronization, offset 
cancellation, on-track window compar-

otors, motor protection, automatic head 
retract, and a microprocessor interface 
that puts you in control. Couple this with 
our Servo Lob Software and Develop­
ment Platform, and you con design your 
servo system in less time and effort 
than your competition 

The Servo Chip Set breaks down 
the major obstacles in the development 
of high-performance Winchester disk 
drives. With its high level of integration, 
it provides superior performance and 

Jificun_yFonJ· 

design features for lower power, re­
duced board space, and lower cost. 

Cal/Now! 
(714) 731-7110, Ext. 3575 

For more information on this exciting 
Servo Chip Set and other Microperipheral 
Products, contact Silicon Systems or 
your local representative or distributor 
today. Silicon Systems, Inc., 14351 
Myford Rood, Tustin, CA 92680. 
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patible, and can be driven directly 
from a standard video DAC. Addi­
tional features include a 25,000V/ 
µsec slew rate and a 40-dB CMRR. 
The line has five basic variants that 
define the output voltage and rise/ 
fall times, and the devices come in 
hermetic, 30-pin flat paks with 
mounting flanges. Commercial 
parts, $185; MIL-STD-883 parts, 
$255 (100). 

Teledyne Philbrick, 40 Allied 
Dr, Dedham, MA 02026. Phone 
(617) 329-1600. 

Circle No 390 

COLOR RAM-DAC 
• Includes 256x 18-bit RAM 
• Includes three 6-bit DACs 
The ADV 476 monolithic IC contains 
a 256 x 18-bit color-palette RAM, 
three 6-bit DACs, a latch circuit, a 
pixel read-mask register, bus con­
trol, an address register, and video 

INTEGRATED CIRCUITS 

RGB outputs. The RAM-DAC pro­
vides complete pixel management 
and output drive for VGA color­
graphics displays. Using its 
256 x 18-bit color look-up table, the 
ADV476 can simultaneously display 
256 colors from a palette of 262,144 
addressable colors. By writing to 
the pixel mask register, the system 
CPU can access different sections 
of the color look-up table and alter 
the displayed colors. The video 
RGB outputs are RS-170 and RS-
343 compatible with no need for ex­
ternal buffering. The CMOS device 
comes in a 28-pin plastic DIP, oper­
ates from a 5V supply, and dissi­
pates a maximum of 800 mW. The 
ADV 4 76 is available in clock rates 
of 35, 50, and 66 MHz. $16, $17, 
and $20 (100). 

Analog Devices, 804 Woburn St, 
Wilmington, MA 01887. Phone (617) 
935-5565. 

Circle No 391 

ISOLATION AMP 
• Provides 1500V isolation 
• Operatesfrom ±4.5to ±18V 

supply 
Packaged in a compact 16-pin DIP, 
the IS0122P unity-gain amplifier 
has a minimum isolation-voltage 
rating of 1500 Vrms and a break­
down-voltage rating of 2400 Vrms. 
Isolation-mode rejection (IMR) is 
typically 140 dB at 60 Hz. Barrier 
leakage is only 0.5 µA max at 240V, 
60 Hz. The IS0122P has an input/ 
output voltage range of ± lOV. The 



• Engineering Excellence In Design and 
Manufacturing Since 1945 

• Long Life - 5 Year Warranty 

• 160 Standard Units: 100 W to 100.000 W 
6 voe to 1 ooo voe 
lA to 3000A 

Custom Units to 150.000W/l ,500 VOC 

Plot your own course-request 
product information from your 
sales representative or call 
1-800-631-4298 
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~ ELECTRONIC \!:) MEASUREMENTS, 
INC. 

··-· BIPOLAR OPERATIONAL SOURCE·SINK 

• 3 power levels 100 W to 200 W to 
400W 

• 4 modes of operation: (1) bipolar power supply 
(2) an operational power supply (3) sourcing 
power supply (4) sinking power supply 

• DC output voltages of ± 20 V DC through 
±200VDC 

• IEEE-488 or RS232 digital control 
• Regulated and metered (V and A) 

ATR LINEAR DC POWER 
SUPPLIES 

• 3 100 W Y4 rack models 
• 3 250 W 112 rack models 
• Voltages range from 0 to 32 V DC through 0 to 

128VDC 
• Regulated and metered (V and A) 
• Both models are fully programmable sources of 

constant voltage or constant current 
• Output power via rear mounted terminal boards 

or front panel binding posts 

IEEE-488 BUS INTERFACE 
DIGITAL PROGRAMMER 

EMTL-488 
A dual channel, digital-to-analog, talker/listener 
programmer. Applications include: Automatic Test 
Equipment • Environmental Testing • Motor 
Controls • Process Controls 
• Economical interface with GPIB Bus 
• Catalog units to match output voltage of any 

E/M power supply 
• Two independent channels for controlling 

voltage and current 
• 12 bit resolution 
• Bus and processor optically isolated from load 
• 3 packaging concepts 
• 5-year warranty 

ELECTRONIC MEASUREMENTS, INC. 
405 Essex Rd., Neptune, NJ CJT753, Dept. EM 
PHONE: 201-922-9300 
TOLL FREE: 8©6314298 

CIRCLE NO 19 
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small-signal bandwidth is 50 kHz, 
and the gain error is typically 
1±0. 05% FSR. The two-chip hy­
brid IC's supply range of ± 4.5 to 
± 18V lets designers use the part 
in standard bipolar (15V) and PC­
based data acquisition systems. 
$9.50 (100). 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (800) 548-
6132. 

Circle No 392 

COMPARATOR 
• Provides eight high-speed latched 

comparators 
• Is suitable for 5 to lOV single- or 

split-supply operation 
The SCC8008 octal comparator con­
tains eight high-speed comparators 
with latched outputs. The compara­
tors are divided into two groups of 
four; each group has its own buff­
ered clock input. The two groups 
also have independent power sup­
plies and bandgap-reference bias 
generators, allowing you to operate 
them from different supply volt­
ages-such as in mixed TTL and 
ECL logic systems . You can 
achieve a variety of level-shifting 
functions by connecting the outputs 
of one group to the inputs of the 
other. In transparent mode, the 
comparators have a differential gain 
of 26 dB and a typical propagation 
delay for 10-m V input overdrive of 
1.1 nsec. In the latching mode, the 
delay between the clock input and 
valid latched data is typically 0.8 
nsec for 10-m V overdrive, and the 
output-to-output skew is 0.1 nsec 
max. The comparator's common­
mode input-voltage range is 2. 7V 
to (V cc - 0. 7V), and the inputs have 
a typical input impedance of 300 kD.. 
The SCC8008 is packaged in a 68-
pad leadless chip carrier and has an 
operating temperature range of 
- 40 to + 85°C. Approximately £20 
(100). 

STC Components, Semiconduc­
tor Division, Maidstone Rd, Sidcup, 
Kent DA14 5HT, UK. Phone 01-

300-3333. TLX 21836. FAX 01-300-
9609. 

Circle No 393 
STC Components Inc, 636 Re­

mington Rd, Schaumburg, IL 
60173. Phone (312) 490-7150. FAX 
312-490-9707. 

Circle No 394 

CLOCK/TIMER/RAM 
• Includes clock/calendar, timer/ 

counter, and RAM functions 
• Remains operational on a supply 

voltage as low as lV 
The PCF8583 incorporates a 256-
byte static RAM and a real-time 
clock/calendar, which you can re­
configure to operate as an event 
counter. It is available in an 8-pin 
DIP, small-outline surface-mount­
ing package, or as a naked die part. 
The device operates from a 2.5 to 
6V supply and typically draws 10 
µA of supply current. In standby 
mode it typically draws 2 µA, and 
its static RAM and clock/timer re­
main active at supply voltages as 
low as 1 V. The device's real-time 
clock calendar operates in a 12- or 
24-hour mode, and provides year 
(with leap-year compensation), 
month, day, day of week, hour, 
minute, second, tenths of a second, 
and hundredths of a second infor­
mation. You can also program it to 
provide an alarm on specified dates, 
days, and times via a status bit or 
interrupt. The clock/calendar oper-
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Separate fan 
for motor cooling 

Brush less 
drive motor 

Speed control 
(manual model) 

PWM controller 
and power supply 

Power 
input/speed control 
(remote model} 

N~ high performance vacuum/pressure 
blowers that operate from 120 VAC 

Compact units feature 
brush less de motors with 
integral controller and 
variable speed capability 
These new Windjammer® blowers com­
bine electronics, motor, and fan system in 
a compact, cost-effective package that 
operates from a standard 120 VAC input. 
An exclusive Lamb Electric design, they 
were developed for demanding, limited 
space applications such as business 
machines, medical equipment and 

materials handling applications. 
Just 5.7" in diameter, the blowers have 

1-, 2-, or 3-stage fans for performance 
from 50" H20 vacuum at 0 CFM to 110 
CFM at O" H20. With one version, a 0 to 

.\METEK 
LAMB ELECTRIC DIVISION 

CIRCLE NO 117 

1 O voe signal from a sensor or other 
device will control motor speed and adjust 
air performance from Oto 100%. Or, a 
second model provides manual speed 
control by means of a potentiometer 
located in the blower housing. 

These blowers also feature low noise 
performance and are UUCSA component 
recognized. Get complete details by con­
tacting AMETEK, Lamb Electric Division, 
627 Lake Street, Kent, OH 44240. 
(216) 673-3451. Telex: 433-2140. 
Cable: LAMETEK. 

EDN April 13, 1989 
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ates with a 32. 768-kHz crystal, or 
a 50-Hz external clock input. In the 
event-counting mode the device can 
count as many as one million events 
applied to one of its oscillator input 
pins. You can also generate alarms 
on specified count values and on 
counter overflow conditions. The 
device's controVstatus register and 
clock/calendar information occupy 
the first 16 bytes of the RAM. All 
registers and memory locations in 
the PCF8583 are accessed, via the 
device's I2C bus interface. Around 
$3 (50k). 

Philips, Components Division, 
Box 218, 5600 MD Eindhoven, 
Netherlands. Phone (040) 757189. 
TLX 51573. 

Circle No 395 
Signetics Corp, 811 E Arques 

Ave, Sunnyvale, CA 94088. Phone 
(408) 991-2000. 

Circle No 396 

DECODER/DRIVER 
• Has 25 mA drive capability 
• Quiescent current is 100 µA max 
The MIC4350, which draws a quies­
cent current of less than 100 µA, 
provides as much as 25 mA of drive 
per display segment, eliminating 
the need for additional drivers. The 
MIC4350 contains a counter, a 4-bit 
latch, and a seven-segment de­
coder/driver. The IC will drive dis­
plays that require current sinking 
in the active mode. Other features 
include synchronous or asynchro­
nous operation, lamp blanking for 
intensity modulation, and leading­
zero suppression. The CMOS 
MIC4350 is a pin-compatible re­
placement for the bipolar Motorola 
MC4050L/P. 16-pin DIP, $14.65 
(100). 

Micrel Semiconductor, 560 
Oakmead Pkwy, Sunnyvale, CA 
94086. Phone (408) 245-2500. FAX 
408-245-4175. 
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Find the small change: 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 

2.19640 
2.19640 
2 .19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 

2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 

2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19639 
2.19640 
2.19640 
2.19640 
2.19640 
2 .19640 

2.19640 
2 .19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2.19640 
2 .19640 
2.19640 
2.19640 
2.19640 

T he 197 Microvolt DMM detects the small change-one part in 
220,000-for small change: '620. And you can automate with its 

IEEE-488 option. Find out how to get a big change in your measure­
ment capabilities. Call the Keithley Product Information Center: 
(216) 248-0400. 

The Model 197 
Microvolt 
DMM 

KEITHLEY 
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INTRODUCING CAHNERS 
CAPS. AN ALL-NEW, 
PRODUCTM1Y-BOOSTING 
ENGINEERING TOOL THAT 
AUTOMATES, ACCELERATES, 
AND OPTIMIZES THE 
SELECTION OF INTEGRATED 
CIRCUITS AND 
SEMICONDUCTORS. 

254 

Imagine having up-to-date information on 
more than 400,000 devices from over 250 
manufacturers worldwide at your fingertips. 

Think about instantly accessing crisp, clear, 
unabridged images of manufacturers' 
datasheets, with the same text, tables, and 
graphics found in the printed versions. 

Consider applying the power of menu­
driven parametric searches that can identify 
ICs which conform to your specifications. 

This is CAPS. It's new. It's different. And it 
gives you the information you need to make 
critical component selection decisions. 

Available on a subscription basis so it's always 
up to date, CAPS comes complete with all 
the hardware and software you need to 
install CAPS on your personal computer. 

CIRCLE NO 144 

Learn more about how CAPS can take the 
drudgery out of your component selection 
process. Call or write: 

CAHNERS 

Computer Aided 
Product Selection 

Cahners Technical Information Service 
275 Washington Street 
Newton, Massachusetts 02158-1630 
Telephone: 617-964-3030 
Telex: 940573 
Facsimile: 617-%4-5490 
Toll Free: 1-800-245-6696 
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Facts mt 

400,000 
ICs and Semiconductors 

at Your Fingertips 
Cahners CAPS is the newest component 
search and selection tool for electronic 
design engineers: 
• PC-Oriven, CD-ROM-based 
• Includes unabridged 

manufacturers' datasheets 
• Represents more than 250 

manufacturers worldwide 
Call Toll Free: 1-800-245-6696 
CAHNER S 

Q,',flZ 
Computer Aided 
Product Selection 

275 Washington Street 
Newton, MA 02158-1630 
Telephone: 617-964-3030 
Telex : 940573 

CAPS REPRESENTATIVES 

NEW ENGLAND 
CT, MA, ME, NH , RI , VT 
Betronic Associates, Inc. 
617-894-8400 

UPSTATE NEW YORK 
Ossmann Associates, Inc. 
315-437-7052 

NORTHEASTERN 
NJ, NYC, E. PA 
S-J Associates 
516-536-4242 

CHESAPEAKE 
DC, DE, MD, VA 
Robert Electronic Sales 
301-995-1 900 

SOUTHEAST 
AL, FL, GA, MS, NC, PR, SC, TN 
Technology Marketing Associates, Inc. 
407-676-3776 

CENTRAL - EAST 
IN, KY, Ml, OH, W. PA, WV 
SAi Marketing Corp. 
313-750-1922 

CENTRAL - WEST 
MN, ND, SD, W. WI 
HMR Incorporated 
612-888-2122 

CENTRAL - NORTH 
E. WI, N. IL 
Technology Sales, Inc. 
312-991-6600 

CENTRAL - SOUTH 
IA, KS, MO, NE, S. IL 
Electri-Rep 
913-649-2168 

SOUTHWEST 
AR, LA, OK, TX 
Bonser-Philhower Sales 
214-234-8438 

ROCKY MOUNTAIN 
AZ, CO, ID, MT, NM, NV, UT, WY 
Zeus Electronics, Inc. 
602-263-6022 

SOUTHERN CALIFORNIA 
Balzer-Wolf Associates, Inc. 
714-261-6877 

NORTHERN CALIFORNIA 
Stewart Fullerton Associates, Inc. 
415-934-8028 

PACIFIC NORTHWEST 
OR, WA 
Seltech, Inc. 
206-7 46-7970 

CANADA 
R.N. Longman Sales, Inc. 
416-670-8100 

INTERNATIONAL 
Cahners CAPS 
617-964-3030 
FAX: 617-558-4700 
Telex: 940573 

CIRCLE NO 160 

Free MµShield MagneticShieldingCatalog 
For customized shielding, MµShield materials from 
stock, and consultation services, contact MµShield 
Products Division, Borneo, Inc., Route 128, 
Blackburn Circle, Gloucester, bomco 
MA 01930. Phone 508/283-9000. 
Fax 508/283-2882. Excellence In Metal Forming 

CIRCLE NO 23 

QUICK-Memorize this list: 
175.69 18.905 1.7868 171.67 143_98 
1.6523 153-47 15_097 132.69 185.36 
17.546 185.98 16.264 1.3789 1_6243 
154.52 19.090 15.778 197.35 16_230 
188.58 129.34 174.58 19.875 1.9465 
1.3876 101.09 16.790 1.9721 1.6759 
1.7566 18.236 1.7805 198.67 189.20 
187.43 17.647 152.78 189.36 17.654 
18.347 16.154 1.5737 18.745 195-86 
17.961 1.8497 15.876 191.60 17.949 
16.975 186.67 175.87 15_134 145.87 
1 .8264 13.478 16.783 16-598 157.83 
15.783 1.1654 136.56 11.387 1.6781 
15.786 118.75 158.70 114.36 17_169 
11.080 1.1342 178.67 10.287 1.6085 
1.2136 1.8514 10.562 1.2905 191.70 

The 175 Autoranging DMM can-up to a hundred readings, and 
it determines minimum and maximum values. Five functions 

and a lot more-for '449. IEEE-488 and battery options, too. 
QUICK-Call the Keithley Product Information Center: 
(216) 248-0400. 

The Model 175 
Autoranging 
DMM 

KEITHLEY 
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NEW PRODUCTS 
CAE & SOFTWARE DEVELOPMENT TOOLS 

LOGIC SYNTHESIZER 
• Lets you correct logic errors with­

out leaving the simulator 
• Provides input-slew-rate model-

ing for macrocells 

vector-grading feature that lets you 
analyze the effectiveness of test­
vector sets; and spike and violation 
logging for generating a complete 
report on the activity. Complete 
simulation system including ILS, 
$64,000. 

Ikos Systems Inc, 145 N Wolfe 
Rd, Sunnyvale, CA 94086. Phone 
(408) 245-1900. FAX 408-245-6219. 

Circle No 400 

The Ikos Simulation System Re­
lease 3.0 incorporates several new 
features. The Incremental Logic 
Synthesis (ILS) feature allows you 
to modify a circuit without leaving 
the simulator and automatically re­
compile changed portions of the net 
list. The ILS feature also allows you 
to initialize a node to a known value 
before simulation and force a node 
to a specified signal value during 
simulation. Other features include 
input-slew-rate modeling, which 
adds a slew-rate-dependent delay to 
the input of every macrocell model; 
back-annotation of RC wiring de­
lays derived from actual layouts; a 

8051 DEBUGGER 
• Provides C and assembler debug­

ging facilities 
• Executes 8051 or 8052 code on an 

IBM PC or compatible 
The MICRO/SLD-51 symbolic de­
bugger executes 8051 or 8052 ma­
chine code on an IBM PC or compat­
ible development host. The built-in 

8051 simulator means that you don't 
need any additional hardware such 
as the target system or an in-circuit 
emulator to debug your programs. 
You can step through a C or assem­
bly-language program, line by line, 
displaying the C or assembly-lan­
guage source code as well as the 
contents of 8051 hardware registers 
and data variables stored in mem-

GET ON YETI'S TRACK 

The mountain man may be out of reach but we are here to serve your 
demands. 
Yeti's printed circuit boards have taken up the challenges of this fast 
changing world of electronics and OEM equipment since 1984. 
Accuracy is garanteed by our fully automated program controlled 
production line. Strict quality controls have minimized defection rates. 
Continuous schooling enables Yeti employees to be up to the latest 
technical innovations and standards in OEM products. Our 
mass·production capacities are increasing. 
Just snooping for reliable suppliers you should contact us. Yeti is at 
your disposal. 

• 
YETI ELECTRONICS C O ., LTD. 
106, KAl ·LUNG STREET, JIA DONG TSUEN. 
BA DER SHIANG, TAOYUAN TAIWAN. R.O.C. 
TEL: 886-3·3333121-6 FAX: 886-3·3328362 
P.O. BOX: 362, CHUNG·LI , TAIWAN. R.O.C. 
CONTACT PEOPLE: 

C.K. CHEN·PRESIDENT 
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VIVIEN FAN CHIANG·SALES ENGINEER 
JACK HUANG • SUPERVISOR 

CIRCLE NO 26 

New BoardSite In-Circuit Programmers 

PROGRAM 
YOUREPROMS 
ON THE 
BOARD! 
Data l/O®'s in-circuit pro­
gramming expertise can 
dramatically reduce your 
production programming 
costs. We can help you 
streamline your assembly 
process. reduce device 
inventory and handling, 
and eliminate device 
sockets. 

Now in-circuit program­
ming is easier than ever. 
BoardSite'" brings new 
levels of flexibility and 
economy to in-circuit pro­
gramming. It's PC-based 
for versatility and low sys­
tem cost. Easy, do-it-your­
self configurations mean 
fast. in-house changes and 
low NRE costs. And the 

multi-level, menu-driven 
user interface makes oper­
ation easy. 

CALL TODAY for 
your FREE copy 
of "Introduction 
To In-Circuit 
Programming" 
plus more 
about BoardSite. ...,,. 

1-800-247-5700 
Ext. 972 

DATAl/O 
Corporation 
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Steel, Style & Silicon. 

ASICs have become an integral part of 
today's automotive products. 

Improving performance. 

Increasing reliability. 

Enhancing driver safety and conveni­
ence in ways unimaginable just a few 
years ago. 

In this very demanding industry, on 
the most unforgiving proving grounds, 
NCR has earned an enviable reputa­
tion for first-pass success, responsive 
service and high quality. 

Today, we have a solid track record of 
successful ASIC programs with major 
U.S. automotive corporations span­
ning initial design to high volume 
production-including "Just In Time" 
delivery and dock-to-stock QA 
programs. 

1989 NCR Corporation. Design Advisor, Design Synthesis and DesignSim A&B are trademarks of NCR Corporation. 

EDN April 13, 1989 CIRCLE NO 149 

And NCR design tools are becoming 
the choice of fast-track ASIC design­
ers. With NCR Design Synthesis~" 
Design Advisor '" expert system and 
DesignSim'" A&B, designers can 
spend more time creating, less time 
bogged-down in minute details. 

To kick the tires on our automotive, 
commercial and military ASIC 
libraries, call today: 1-800-334-5454. 

NCR Microelectronics, 1700 South 
Patterson Blvd., Dayton, Ohio 45479. 

Creating value 
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CAE & SOFTWARE DEVELOPMENT TOOLS 

ory. The debugger works with files 
created by the vendor's C compiler 
and assembler, or with any 8051 as­
sembler that can generate output 
in Intel Hex format. $295. 

Micro Computer Control Corp, 
Box 275, Hopewell, NJ 08525. 
Phone (609) 466-1751. FAX 609-
466-4116. TWX 910-240-4881. 

Circle No 401 

SIMULATOR OPTIONS 
• Let you describe functional 

blocks to the PSpice simulator 
• Permit PSpice to do mixed ana-

log/digital simulations 
The Analog Behavioral Modeling 
option allows you to describe analog 
components or entire functional 
blocks to the PSpice simulator. The 
description can be a formula, a look­
up table, a Laplace transform, or a 
table of frequency response. The 
transfer function can have any num-

ber of controlling variables, includ­
ing time, and the formula can be 
as simple or as complex as you wish. 
This option allows you to describe 
a functional block by its behavior 
without having to know how the 
block will be implemented; at a later 
stage in the design you can replace 
the behavioral description by the 
actual circuitry. The Digital Simula­
tion option allows PSpice to per­
form mixed analog/digital simula­
tions. The circuit can have any com­
bination of digital and analog sig­
nals, and with the aid of the Probe 
option you can display digital and 
analog signals simultaneously. The 
Digital Simulation option includes 
libraries for most TTL components, 
and each component includes mod­
els for many logic families. The 
models describe not only the de­
vice's functions but also all of the 
propagation delays. The models are 
in the form of text files that you 

can examine or modify. Analog Be­
havioral Modeling option for an 
IBM PC running PC-DOS, $350; for 
a VAX 8800, $4400. Digital Simula­
tion option for an IBM PC running 
OS/2 or DOS, $1950; for a VAX 
8800, $15,900. 

MicroSim Corp, 20 Fairbanks, 
Irvine, CA 92718. Phone (714) 770-
3022. TLX 265154. 

Circle No 402 

1750A TOOL SET 
• Cross-assembler runs on IBM 

PCs and compatibles 
• Debugger works with Ada, C, 

Pascal, or Fortran programs 
The complete 1750A tool set con­
sists of a macro cross-assembler, 
symbolic debugger, linker, and 
loader. The macro cross-assembler 
runs on IBM PCs and compatibles, 
and generates relocatable object 
code for MIL-STD-1750A proces-



CAE & SOFTWARE DEVELOPMENT TOOLS 

sors. It can assemble 20,000 lines 
of source code per minute and offers 
conditional assembly directives. 
With only 256k bytes of RAM, it 
can handle 64 levels of nested sub­
routines and as many as 16,000 6-
character symbols. The linker maps 
out the target addressing scheme; 
each of 100 logical groups may link 
any mix or overlap of program mod­
ules. The symbolic debugger runs 
on the host PC and is therefore non­
intrusive; it sports an embedded 
miniassembler for on-the-spot 
patches to the program under test. 
The loader allows the debugger to 
work on programs written in Ada 
(or other languages) that run on the 
target system. Complete tool set, 
$6845; individual tools also avail­
able. 

Sabtech Industries Inc, 3910-B 
Prospect Ave, Yorba Linda, CA 
92686. Phone (714) 524-3299. 

Circle No 403 

C CROSS-ASSEMBLER 
• Runs on Macintosh Plus, SE, 

or II 
• Generates code for Motorola 6800 

and 6300 families of µPs 
Crossbow-6800 is a cross-develop­
ment package that includes an as­
sembler and a programmer's editor. 
It runs on a Macintosh Plus, Macin­
tosh SE, or Macintosh II host and 
assembles code for Motorola 6301, 
6800, 6801, and 68HC11 µPs at a 
rate of 30,000 source-code lines per 
minute. The built-in editor extends 
the standard Macintosh editing fa-

cilities by adding features such as 
block- and auto-indenting, inde­
pendent tab settings, case transla­
tion, and comparison of versions in 
adjoining windows. The assembler 
provides multifile, conditional, 
macro, and sectioned-assembly di­
rectives. You can direct the assem­
bler to generate object files in Intel 
Hex format, Motorola S records, or 
absolute binary code; it optionally 
creates tabulated source listings 
and symbol tables. If the assembler 
finds an error in the source code, 
it returns you to the editor, places 
the cursor after the offending word, 
and explains the nature of the error 
in a separate window. A built-in 
communications feature allows you 
to download the assembler output 
to a target system at standard 
transfer rates from 300 to 57,600 
bps, using either of the host's serial 
ports. You can select XON /XOFF 
handshaking to prevent the target 



CAE & SOFTWARE DEVELOPMENT TOOLS 

system's buffers from overflowing 
during a transfer. You can also per­
form file transfers under the 
XModem protocol. $295. 

MOTION PROGRAMMER 
• Accepts CAD plotter commands 

in HPGLformat 
• Converts plotter commands to X-

Onset Computer Corp, 199 Main 
St, North Falmouth, MA 02556. 
Phone (508) 563-2267. FAX 508-
563-9477. 

y motion commands 
SMCCAD is a program that runs 
on IBM PC/XTs, PC/ATs, and com­
patibles. It accepts plotter com­
mands in HPGL (Hewlett-Packard 
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GREAT DESIGNS 
ARE A SNAP WITH ••• 
HIROSE HR10 SERIES CONNECTORS. 

The uncomplicated design of the HR10 Snap-Lok'" 
circular connectors assures rugged dependability and 

enables rapid, error-free mating and unmating even in the most adverse situations. 
With three shell sizes (?mm, 10mm and 13mm) and insert arrangement from 4 to 

20 contacts-including the newest HR10B (with 10 signal lines and 50 Ohm matched 
impedance coaxial)-there is no problem finding a connector to fit your needs. 

The handsome high-tech design and sturdy construction of the Snap-Lok 
connectors will ensure engineering integrity. That's why so many leading 
manufacturers worldwide insist on only Hirose HR10-Series connectors. 

Take a closer look. See how they work. Notice how fw pieces are needed for 
assembly. Fewer internal parts reduce weight and lower labor costs, too. Choose 
solder cup or crimp terminals, gold or silver plating; it doesn't matter. You'll always be 
getting the best with the Hirose HR10 series. 

Lock-up your nw design wi/1h 
Hirose connectors. ~ •.,,..,.,,.,._ .. ._C~ 

Call or write for information, 7-...C.. -IF I' 
pricing and samples. ~ 

"\bur Link to ~e F~ure" /-!~ 

t.n ~ HIROSE ELECTRIC (USA) INC. 2685-C Park Center Drive 
n ~ Simi Valley, CA 93065 (805) 5221958 or FAX (805) 522-3217 ©1989 HRS 

See us at Electro Show, Booth #2819 

CIRCLE NO 29 

Graphics Language) format and 
converts the commands to constant, 
programmable-velocity X- and Y­
motion commands for the vendor's 
Smart Motion Control Card 
(SMCC). The SMCC plugs into an 
IBM PC expansion slot and can con­
trol de brush, de brushless, ac in­
duction, and stepping motors. A dy­
namic buffering feature on the 
SMCC allows the software to con­
vert a number of moves that are 
limited only by the available disk 
space. To run the program, you 
need 640k bytes of RAM; two 360k­
byte floppy-disk drives (or a hard­
disk drive if the input drawings are 
large or intricate); a CGA, EGA, 
or VGA adapter and color monitor; 
an SMCC board; and PC-DOS ver­
sion 2.1 or higher. SMCCAD soft­
ware, $699; SMCC board, $1199. 

Delta Tau Systems, 21119 
Osborne St, Canoga Park, CA 
91304. Phone (818) 998-2095. FAX 
818-998-7807. 

Circle No 405 

COMPONENT LIBRARY 
• Includes more than 600 models 

of military-qualified parts 
• Models conform to MIL-M-38510 

specification 
The MIL-spec 38510 component li­
brary includes more than 600 elec­
tronic components qualified for mili­
tary applications. Each model in­
cludes a commercial or ANSI gra­
phical symbol, a precisely charac­
terized simulation model for both 
functional and timing simulation, 
and a packaging model for pc-board 
layout. The library is designed for 
use with the vendor's line of EDA 
workstations and software. Five 
kits are available: TTL, CMOS, 
ECL, PLD/PLA, and memory com­
ponents. From $5000 to $10,000, de­
pending on the number and com­
plexity of the parts in the kit. 

Daisy Systems Corp, Box 7006, 
Mountain View, CA 94039. Phone 
(415) 960-6863. 

Circle No 406 
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INTRODUCING 

Meta-Software and SILVACO International 
have JOINED FORCES by combining 
their device libraries to form DDL 2000, 
a new Discrete Device Library featuring 
over 2000 devices for PCB designers - a 
proven and powerful industry standard! 
Leading edge PCB 
designers need the best 
discrete device models 
and circuit analysis tools 
available! 
You Should Be Demanding 
• Variety- DDL 2000 features 

over 2000 models for Diodes, 
Zener Diodes, JFETs, BJTs, 
Bipolars, PowerMOS, Op 
Amps, comparators, Timers 
and SCRs. 

• Models - from actual 
measurements over 
temperature 

Custom Modeling 
• Lab facilities with throughput 

to meet your needs 

• 24 hour turn-around service 
• Cost effective! 

Meta-Software provides 
HSPICE, the industry's leading 
software for optimizing analog 
circuit simulation. DDL 2000 
combined with HSPICE gives 
engineers a design solution of 
unbeatable sophistication! 

SILVACO International provides 
UTMOST II, the most powerful 
device modeling and 
characterization software 
package available. UTMOST II 
features complete, fast and 
accurate solutions for model 

• Specialfeatures- Users 
can modify key parameters 
for worst case and Monte 
Carlo analysis 

optimization, parametric 
Your Workstation Alternative testing, process control and 
• Compatibility - DDL 2000/ yield analysis. 

~~~~~~~~~~~ 

HSPICE runs on your Mentor We do it your way, 
workstation as a superior to your specifications! 
alternative to Accusim/Acculib 

• Computers - DDL 2000/ Compare DDL 2000 
HSPICE is available on - Sun quality and prices 
- Apollo - Vax - IBM - CRAY with the competition! 
-PC 386 

• HSPICE Interfaces - Analog 
Workbench, Cadence Design 
Framework, and more! 

EDN April 13, 1989 

DDL 2000 prices 
Individual parts $200 
PC 386 version $4,000 

WorkStation version: starts at $4,000 

CIRCLE NO 145 

fv\ETA-SOFT'w'ARE 
50 Curtner Ave., Suite 16 
Campbell, CA 95008 
Phone - USA: 408-371-5100 
USA Toll Free: ~5953 
Europe : 41-22-66-27-01 
Japan: 81-03-394-1431 

SILVACO 
International 

4701 Patrick Henry Dr., #6 
Santa Clara, CA 95054 
Phone - USA: 408-988-2862 
Japan: 81-045-681-3666 
Europe: 49-089-840-2581 
Taiwan : 886-02-708-6792 
Korea: 82-02-782-5360 

261 



NEW PRODUCTS 
TEST & MEASUREMENT INSTRUMENTS 

DUAL-DISPLAY DMM 
• Measures two quantities with one 

pair of leads 
• Displays two measurements si-

multaneously 
The model 45 is a 5-digit DMM that 
sports an unusual dual display. 
Through one pair of test leads, the 
meter measures two quantities in 
rapid succession-for example, a 

power supply's de output and rms 
ripple voltage-and displays both 
measured values simultaneously. 
Not only is the dual display un­
usual, so is the inclusion of a fre­
quency counter, which can measure 
the frequency of a signal whose rms 
value is measured by the DMM. 
The unit incorporates a min/max 
mode, which records the highest 
and lowest values attained by a 
measured quantity. It also includes 
a relative-measurement mode in 
which you can store any measured 
value as a reference and display 
subsequent readings with respect 
to the reference. When measuring 
de voltage, the unit can resolve 
100,000 counts with 0.02%-of-read­
ing inaccuracy at 2.5 readings/sec, 
30,000 counts at 5 readings/sec and 
3000 counts at 20 readings/sec. An 

RS-232C port is standard. $595. 
John Fluke Mfg Co Inc, Box 

C9090, Everett, WA 98206. Phone 
(800) 443-5853, ext 33. 

Circle No 410 
Philips Test and Measurement, 

Building HKF, 5600 MD Eindoven, 
The Nether lands. Phone local 
office. 

Circle No 411 

VXI BUS MODULE 
• Resolves 16 bits on 8 channels 
• Makes 200k measurements/sec 
The DVX 2502 B-size VXI (VME 
eXtensions for Instrumentation) 
module contains an 8-channel data­
acquisition system that includes an 
amplifier whose gain is software 
programmable and a 16-bit ADC 
that makes 200,000 conversions/sec. 

for CASE TECHNOLOGY Users Your PC as Logic Analyzer 

NEW! 

Autorouter in the CASE 

300°/o 
• 100% Autorouting with Initial- and Full Routing 
• 100% Optimizing routing for manufacturing need s 
• 100% Integrated with your CASE - CAE system 
• Ripup and Reroute Algorithm with Backtracking 
• Simultaneous routing on all signal- and power layers 
• User definable Routing Strategy and Routing Time 
• Full support of SMD-Technology 

Easy to install · Easy to learn · Easy to use 
MCM GmbH, W . Germany - Exclusive distributors in U.S. 

Viva & Associates 
l >t75 Saratoga Avenue, Suite 100 • Son Jose, CA 95129 

Tel : 408-446-3777 • FAX 408-446-3797 

CIRCLE NO 39 

NEW! $ 2450 

I 
200 MHz 8 CHANNEL LOGIC ANALYZER 

PC Expansion Board 
• 200 MH z Clock Rate Non-Interlaced 
• 8000 Bytes Memory Depth 
• Expandable to 32 Channels x 200 MHz in one PC 
• Up to 128 Channels x 200 MHz in an expansion bo,x 
• 16 Timing Diagrams simultaneously 
• HEX, BIN or ASCII Display 
• Window Interface 
• Stand-Alone Logic Analyzer in all PCs and Laptop-PCs 
• Implementable with all In-Circuit Emulators 

and Automatic Measuring Systems 

With th is high speed timing analyzer MGM has developed 
the true alternative to the integrated state logic analyzers 
and stand alone solutions. 

A must for every developer 
MCM GmbH, W . Germany- Exclusive distributors in U.S. 

Viva & Associates 
1475 Saratoga Avenue, Suite l 00 • Son Jose, CA 95129 

Tel: 408-446-3777 • FAX 408-446-3797 

CIRCLE NO 131 
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MAXIM IMPROVES YOUR 
ANALOG DEVICES APPLll:ATIONS 

From 1 ppm references to fast 12-bit A/Os, Maxim offers you the widest selec­
tion of plug-in-replacements for Analog Devices parts today. They 're all available in 
DIP, SO. or PLCC-at very competitive prices. And , only Maxim makes pin-compat­
ible improved equivalent devices like the 3µs MAX162 that out performs the 5µs 
AD7572 in speed and noise. Or, the MAX150 which replaces the AD7820 and an 
external voltage reference. 

In fact. Maxim is the first and only alternate source for a growing number of Analog Devices 
parts-such as the AD7534 14-bit DAC. the AD7228 octal voltage output DAC, the AD536A RMS-to­
DC converter, the AD7575 5µs 8-bit ADC with T/H , and more. All Maxim parts are designed to with­
stand 2000V of electrostatic discharge (ESD), and 50mA of electrical over-stress (EOS). And every 
DIP is burned-in absolutely FREE. 

Choose Analog Devices replacements or Maxim improved parts. 
D/A CONVERTERS 
AD565A 12-Bit 250ns 1-DAC w/Ref 
AD566A 12-Bit 250ns 1-DAC 
AD7224 S-Bit V-DAC 

' AD7225 8-Blt Quad \LDAC 
AD7226 S-Bit Quad V- DAC 
(MAX500 S-B1t Quad Serial V DAC) 

'AD7228 8-Blt Octal \LDAC 
AD7520 10-Bit M-DAC 
AD7521 12-Bit M-DAC 
AD7523 S-Bit M-DAC 
AD7524 S-Bit Latched M-DAC 

' AD7528 8-Blt Dual M-DAC 
(MAX7624 S·B1t Latched M-DAC) 
AD7530 10-Bit M·DAC 
AD7531 12-Bit M·DAC 
AD7533 10-Bit M·DAC 

' AD7534 14-Blt latched M-DAC 
• AD7535 14-Blt latched M-DAC 
' AD7536 14-Blt latched M-DAC 

• Second sourced only by Maxim 

AD7541 12-Bit M·DAC 
AD7541A 12-Bit M-DAC 
AD754~ 12-Bit Latched M-DAC 
AD7543 12-Bit Serial M-DAC 
MAX543 12-Bit Serial M·DAC) 

AD7545 12-Bit Latched M-DAC 
' AD7545A 12-Blt latched M-DAC 
(MAX7645 12·B1t Latched M·DAC) 
AD754S 12-Bit Latched M-DAC 

' AD7628 8-Blt Dual M-DAC 

A/D CONVERTERS 
' AD578 
' AD7572 
(MAX162 
(MAX170 
(MAX172 
AD7574 
(MAX160 

' AD7575 

12-Blt 31's ADC 
12-Blt 51's/121's ADC 
12 Bit 3µs Complete ADC) 
12·B1t Si's Serial S·p1n ADC) 
12-Bit Low-Cost 10µs ADC) 
S-Bit 15µs ADC 
S-B1t 4µS ADC) 
8-Blt Sµs µP ADC w/S/H 

(MAX165 S·B1t 5µs µP ADC SIH Ref) 
(MAX166 S·B1t5µs µP ADC SIH Ref) 

' AD7576 8-Blt 10µs µP ADC 
AD75S1 S-Bit Sch 67 µS DAS 
(MAX161 S-B1t Sch 20µs DAS) 
AD7S20 S-Bit 1.3µsADC 
(MAX150 S·B1t 1 3µs ADC with Ref) 

' AD7824 8-Blt 4ch 2.Sµs ADC 
(MAX154 S·B1t 4ch 2 5µs ADC .v1th Ref) 

' AD7828 8-Blt Sch 2.Sµs ADC 
(MAX15S S-B1t Sch 2 5µs ADC .v1th Ref) 

VOLTAGE REFERENCES 
AD2700 + 10V. 3ppm Ref 
(MAX670 Ultra Precise +10V Ref) 
AD2710 +10V, 1ppm Ref 
(MAX671 Ultra Precise + 10V Ref) 
AD5SO +2.5V Ref 
AD5S1 +10V Ref 
AD5S4 Programmable Ref 

THERMOCOUPLE CIRCUITS 
• AD594 Therm. Amps w/Comp. 
• AD595 Therm. Amps W/Comp. 
• AD596 Therm. Cond./Cont. 
• AD597 Therm. Cond./Cont. 

RMS-TO-DC CONVERTERS 
' AD536A True RMS-TO-DC Converter 
' AD636 Low Level RMS-TO-DC Conv. 

V/F AND FN CONVERTERS 
VFC32 Pree. V/F & FN Conv. 

AMPLIFIERS 
AD3554 Wideband Op Amp 

MULITIPLEXERS 
' AD7506 16-CH CMOS Mux 
' AD7507 DIFF-CH CMOS Mux 

Send us your application and win an HP27S calculator. 
Now that you know how Maxim devices replace or upgrade the Analog 
Devices parts in your application, send us a schematic or a block diagram 
detailing how they'd be used.* If, in our humble opinion, your submission 
is one of the ten best, we'll send you a brand new HP27S calculator! Every 
entrant will receive a great looking Maxim baseball hat and a 1989 Analog 
Applications Handbook. so don't delay. 

Make a winning choice. 
Send your entry today to: WIN-WITH-MAXIM , Maxim Integrated Products, 120 
San Gabriel Dr .. Sunnyvale, CA 94086. Or call your local Maxim representative 
and ask for a free sample of any Maxim improved part from the table above. 
They're all winners. 
• Only applications used in actual prototypes, or in production are eligible. Descript ions to be written on company letterhead 
including name, title (or business card). Void where prohibited by law. Entries must be received by May 19, 1989 to be 
eligible.Maxim retains no rights to re-publish applications submitted. 

Distributed by Anthem/Llonex, Bell/Graham, Hall-Mark, Nu Horizons, and Pioneer. Authorized Maxim Representatives: Alabama, (205) S30-4030; 
Arizona, (602) 730-S093; California, (40S) 24S-5300, (61 9) 278-8021; (71 4) 739-S891 ; Colorad o, (303) 841-4888, Connecticut, (203) 754-2823; Flo rida, (407) 365-3283; 
Georgia, (404) 992-7240; Illinois, (312) 577-9222; Indiana, (31 7) 921 -3450; Iowa, (319) 377-8275; Kansas, (31 6) 838-0884, (913) 339-6333; Massachusetts, (617) 449-7400; 
Michigan, (313) 968-3230; Minnesota, (612) 944-8545; Missouri, (314) 291 -4777; New Hampshire, (603) 645-0209; New Jersey, (609) 933-2600; New Mexico, (505) 268-4232; 
New York, (516) 752-1630, (315) 437-8343; North Carolina, (919) 846-6888; Ohio, (216) 659-9224, (51 3) 278-0714, (614) 895-1 447; Oklahoma, (214) 386-4888; E. Pennsylvania, 
(614) 895-1447; W. Pennsylvania, (609) 933-2600; South Carol ina, (704) 365-0547; Tennessee, (404) 992-7240; Texas, (21 4) 238-7500, (512) 835-5822, (713) 960-9556 ; Utah, 
(801) 266-9939; W isconsin , (414) 796-11 28. Canada, (416) 238-0366, (604) 439-1373, (613) 225-5161 , (514)337-7540. 

Maxim is a registered trad emark of Maxim Integrated Products. © 1989 Maxim Integrated Prod ucts. 
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New 
Instruments 

DC Current and Voltage 
Calibrator Model cR-10J1J 

~E '".¥ , • . ~1 •••• =· .--·-- • 
Model CR-103/J is comprised of two complete 
instruments. DC voltage section is an ultra­
stable, chopper stabilized amplifier with selec­
table precision resistors in the feed-back loop. 
The temperature compensated , aged zener 
diode is the reference. DC current section is 
the same conf iguration plus a precision, refer­
ence resistor. HIGH STAB ILITY-LOW NOISE 

Features Current Mode 
Variable Constant: Two Ranges ± lOnA to 
± lOOmAdC 
High Resolut ion: ± 0.0001 % (1 PPM) 
Minimum selectable setting 10 nAmps 
High Accuracy (1 Mode): ± 0.005% of setting 
+ 0.005% of range) 
Compliance (Power): ± 100 volts 
Noise: 2 u Amps 
Ca libration cycle: 12 months 
Features Voltage Mode 
Variable Constant: Three Ranges: ± lOOnV to 
± 10 Vdc 
High Resolution: 0.0001 % (1 PPM) 
Compliance (Power): 50 mAmps 
Noise: 5 uV 
"Crowbar" (Zero) Ref. 
Price: $2,095 
Engineering Contact: Bob Ross 
Tel : (617) 268-9696• FAX: 268-6754 

CIRCLE NO 45 

µP-based Programmable 
E/I de Calibrator Model s21 

The new Model is a micro-processor based, 
IEEE-488 (GP-IB) controlled , Voltage and Cur­
rent DC Calibrator. One of its important applica­
tions is an imbedded standard as used in Data 
Acquisition and Process Control Systems. 
An important feature of the new micro­
processor that has been i nsta lied is that the 
programming of this instrument is transpar­
ent with respect to the programs written for the 
earlier 520, 520/A and even the older 501 /J 
(GP-IB version). 
The height is only 3 1/2~ and features current 
mode outputs from 10 nanoamperes (nA) to 
110 milliamperes (mA), in two ranges, with 
extraordinary compliance of 100 Vdc . Even 
with this power, ideal for transducer instru­
ment testing (4-20 and 10-50 mAJ, the accu­
racy is ± 0.005% of setting. 
The voltage has three ranges with outputs from 
100 nV to 100 Vdc and optional to 1100 Vdc. 
Compliance current is 100 mA. The one-year 
accuracy is ± 0.002% of setting. 
All ranges and both modes resolve to 1 ppm. 
A crowbar zero provides a reference for this 
essential va lue. 
Price: $3, 150. 
Engineering Contact: Bob Ross 
Tel: (617) 268-9696• FAX: 268-6754 

ELECTRONIC DEVELOPMENT CORP. 
11 Hamlin St. , Boston, MA 02127 

CIRCLE NO 31 
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INSTRUMENTS 

The ADC exhibits no missing codes 
from 0 to 50°C and allows for inter­
nal, external, and data-dependent 
triggering. The differential inputs 
have a CMRR > 100 dB at 60 Hz. 
The unit incorporates a lk-word 
buffer for the AID conversion re­
sults; the buffer continues to accu­
mulate data during DMA transfers, 
thus avoiding gaps in the acquired 
data. The sequence controller, 
which includes a precision clock, can 
store such information as the cor­
rect gain and trigger mode for each 
channel. $3700. Delivery, eight to 
10 weeks ARO. 

Analogic Corp, 8 Centennial Dr, 
Peabody, MA 01961. Phone (800) 
343-8333; in MA, (508) 977-3000. 
TLX 949307. 

Circle No 41'2 

LOGIC ANALYZER 
• Converts your scope into 16-

channel analyzer 
• Has clock with four speeds to 

IO MHz 
You can connect the 3. 75-lb, 
4 x 7 x 10-in. LA-1610 logic analyzer 
to an oscilloscope. When you've set 
the scope's sensitivity to 0.5 V/div 
and its sweep speed to 50 µsec/div, 
you've converted the scope into a 
16-channel logic analyzer that can 
capture 256 events and display 32 
of them at once on the scope's 
screen. You can also position a cur­
sor and read the data on a set of six 
7-segment LEDs. You can qualify 
the trigger conditions in several 
ways; for example, by setting spe­
cific values for the incoming data. 
You can use the unit as a timing 
analyzer; it has an internal clock , 

-< 

" 
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See the light. With the Tektron ix 2630 programs such as PC-Matlab, Matrixx™ 
Fourier Analyzer. and STARMOOAL~ 

See the light with power. Used as a See the light with simplicity. All 
smart terminal, your PC can unleash the the controls are on one screen. Master 
incredible power of the 2630 through common measurements in minutes. 
high-quality graphics, full keyboard con- And when you're ready to step beyond 
trol and nearly limit- the ordinary, the touch of a button 
less mass storage. opens up possibilities limited only 

See the light by your imagination. 
with flexibility. Two Step out of the Dark Ages into 
or four channels. the light with the 2630 Fourier 
Variable frame size. Analyzer. And never look back. 
Optional zoom. And For details, or to receive a demo 
optional arbitrary signal disk, call 1-800-234-1256, 
generation. Get all the advanced post-processing or write : Tektronix, 1350 Dell Ave., Suite 104, 
you need with seamless data transfers to PC-based Campbell, CA 95008. 

~ 
The 2630~ ourier Analyzer 

PC-Matlab is a product of the MathWorks, Inc. 

Matrixx is a trademark of Integrated Systems, Inc. 

STARMODAL is a trademark of Structural Measurement Systems, Inc. 

Copyright © 1988 Tektronix, Inc. All rights reserved. AJA-918 
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TEST & MEASUREMENT INSTRUMENTS 

whose rate you can set to four val­
ues from 1.25 to 10 MHz. $495. 

Global Specialties, Box 1405, 
New Haven, CT 06405. Phone (800) 
634-0762; in CT, (800) 445-6250. 
FAX (203) 468-0060. 

Circle No 413 

20-MHz GENERATOR 
• Produces synthesized quadrature 

outputs 
• Resolves frequencies to six digits 
The KSG-20Q is an IEEE-488-
controlled 0.1-Hz to 20-MHz fre­
quency synthesizer and function 
generator. It has a pair of outputs 
related in phase by 90° that can de­
liver 20V p-p into a 500 load. The 
output amplifiers can slew at 1.5V/ 
nsec; they follow attenuators that 
you can program over a 60-dB 
range. Six-digit resolution lets you 
increment the output frequency in 
steps of µHz at the lowest fre­
quency and several Hz at the high­
est frequency. An LCD indicates 
the output voltage in dBV or V p-p 
and the frequency. The unit stores 
several front-panel setups. $2245; 
KSG-20 (with single output), $1845. 

ET Tech Inc, 15 S Van Brunt 
St, Englewood, NJ 07631. Phone 
(201) 569-3339. TLX 642145. 

Circle No 414 

SCOPE ISOLATOR 
• Measures at CMV limited only 

by fiber-optic cable 
• Provides 15-MHz bandwidth 

(-3dB) 
The Isobe 3000 is a wideband fiber­
optic isolator for off-ground analog 
signals that you need to display on 

EDN April 13, 1989 

a scope. The isolator consists of two 
units-a battery-powered transmit­
ter and a receiver. The properties 
of the fiber-optic cable impose the 
only real limit on the permissible 
common-mode potential between 
the transmitter and the receiver. 
Though the spec is 100 dB to 10 
kHz, the CMRR at de is essentially 
infinite. The isolator is de coupled 
and has a - 3-dB bandwidth of 15 
MHz. With lm cable, $2495; with 
50m cable, $2795. 

Nicolet Instrument Corp, Box 
4288, Madison, WI 53711. Phone 
(800) 356-3090; in WI (608) 271-
3333. TWX 910-286-2737. 

Circle No 415 

BENCHTOP SUPPLY 
• Provides two 0 to 30V and one 4 

to 6V output 
• Includes a tracking output 

facility 
The TS3023S is a triple-output 
benchtop power supply. Two of its 
outputs provide as much as 2A at 
voltages in the range 0 to 30V, and 
the third output provides as much 
as 4A at 4 to 6V. All the unit's out­
puts feature remote-sensing termi­
nals. The 2A, 0 to 30V outputs each 
have two 31/2-digit LCDs that simul­
taneously display both the output 
current and voltage. With the cor­
responding output switched off, you 
can use these displays to preset the 
output voltage and the output cur­
rent limit prior to connection of a 
load. These outputs also have 
coarse and fine voltage controls that 
allow you to set the output voltage 
at a resolution higher than 5 mV. 
Their current-limit control is loga­
rithmic to ensure adequate control 





If your design calls for flat glass as thin 
as 0.003" or as thick as 2 \4 ",come to the 
greatest name in glass. 

Corning has been developing glass to 
meet specific needs since 1908. Today, 
that experience is invaluable in providing 
solutions for design engineers. 

Why should you come to Corning? 
We offer flat glass in the widest range of 
compositions with characteristics such as 
near-zero alkali content, flat smooth sur­
faces, and low thermal expansion coeffi­
cients. In addition, our PYREX® and 
VYCOR® brands are industry standards. 

Corning has provided design solutions 
for an astonishing range of flat glass 
applications, such as: 
• LED, LCD and CCD windows 

and covers 
• Circuit-board substrates 

• Substrates for resistor networks 
• IR and UV-transmitting windows 
• Thin-film interface filters 
• High temperature industrial viewports 
• Solar panels 
• Thin-film recording heads 
• Substrates for vapor deposition 
• Touch screens and panels 

That's why we're the world's largest 
manufacturer of specialty flat glass. 

Circle the reader service number to 
receive more information about Corning's 
flat glass properties. Or call us. 

When it comes to flat glass technology, 
we really shine. 

Materials Business 
Corning Glass Works 
MP21-3-4 
Corning, NY 14831 
607-974-4454 

CORNING 
CIRCLE NO 34 

~ig I ) PROM & Logic e ec Programmers 

THE LOW COST 
OF HIGH PERFORMANCE ... 

MODEL 824 
PORTABLE PROGRAMMER 

•PROGRAMS: 
o 16K to 1024K Bit E2/EPROMs 

from all manufacturers (more than 
220 devices) 

o Intel (87xx) and Motorola 
(68701168705, 28-and 40-pin) 
single chip micros 

•FEATURES: 
o 64K Byte standard RAM 

(expandable to 256K Byte) 
o Built-in UV eraser 
o Fully programmable VCC & VPP 

for future programming needs 
o Plug-in SOFTPACK cassette for 

do-it-yourself software updates 
o Detects Device type (signature) 
o Detects misplaced device 

•SUPPORTS: 
o 5 different programming 

algorithms, including Intel 
Intelligent and Quick-Pulse, 
AMO Flashrite 

• OFFERS OPTIONALLY: 
o SOFTLINK remote control 

software for I BM PC I XT I AT 
o PLCC module 
o AJapter for 1 M bit EPROMs 

and Motorola micros 

We provide on-line technical support and 
have a fully staffed lab on site. 

di9e1ec 
USA: DIGELEC INC., 
22736 Vanowen Street 

¥e't~~~j~:~~091301 
~af: (~r~r JID~~1r37ss 
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HERMETIC-SOT JOINS 
THE RANKS. 

Introducing the First 
Hermetic Surface 
Mount Thansistor. 
Amperex now offers you 
its custom semiconductor 
packaging expertise in 
a new form ... H-SOT. The 
development of the ceramic 
H-SOT package allows you 
to have the transistors of 
your choice mounted in 
a leadless package that is 
rugged and reliable. Even 
for military duty. 

H-SOT features: 
• Hermetic seal 
• Leadless design 
• SOT-23 footprint 
• JAN-TX screening 

Enlist our services 
and take advantage of sur­
face mount technology in 
your hi-rel and military 
applications. Call us at 
401/762-9000 x328 to dis­
cover the broad range of 
hermetic surface mount 
transistors available to you. 

Amperex· 
HYBRID MICROELECTRONIC PRODUCTS GROUP 

PHILIPS 

Amperex Electronic Company, A Division of North American Philips Corporation, 
Providence Pike, Slatersville, RI 02876. Phone: 401/762-9000 x328 

FAX:401/762-9000 x404. 

CIRCLE NO 38 

DID YOU KNOW? 
EDN is distributed 

at every major 
electronics/ computer show in the 

U.S., France, and Germany. 

INSTRUMENTS 

at low current settings. They auto­
matically cross over from constant 
voltage to constant current mode, 
and a display annunciator indicates 
when the constant current mode is 
active. You can switch the two 0 
to 30V outputs into a tracking 
mode. The 4A, 4 to 6V output has 
a single 31/2-digit LCD that displays 
the output voltage when the output 
is switched off, and the output cur­
rent when the output is on. All the 
outputs are protected against both 
forward and reverse voltages. £385. 

Thandar Electronics Ltd, 2 
Glebe Rd, Huntingdon, Cambridge­
shire PE18 7DX, UK. Phone (0480) 
412451. TLX 32250. FAX 0480-
411463. 

Circle No 416 

VLSI TESTERS 
• Burst 200M patterns/sec without 

multiplexing 
• Drive and sense on 256 and 512 

pins 
The LT-1001 and the LT-1101 are 
256-pin and 512-pin testers, respec­
tively, for VLSI devices. Except for 
pin count, the systems provide 
identical electrical performance. 
The I/O channels have a voltage 
range of -2.5 to + 7.5V. They 
drive the DUT (device under test) 
from a 50fl source and load the 
DUT with 50fl. According to the 
vendor, these impedance and volt­
age levels, coupled with a nonmulti­
plexed 200M pattern/sec data rate, 
allow the systems to test ECL, 
high-speed TTL, and CMOS parts 
and also allow single-pass testing of 
BiCMOS and BiMOS devices. The 
systems combine shared resources 
with tester-per-pin architectural 
concepts. LT-1001, $1,200,000; LT-
1101, $2,300,000. Delivery, 90 days 
ARO. 

Tektronix Inc, Box 4600, MS 94-
441, Beaverton, OR 97076. Phone 
(503) 629-1035. 

Circle No 417 
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If your automated test requirements change o 
know how difficult it is to keep up. Expensive new i 
ments. Sensors that require special conditioning. Complex 
programming. 

Not any more. Now the Keithley Model 556 GPIB Meas­
urement & Control System lets you interface a full range 
of transducers to the IEEE-488 bus. Mix any 10 signal con­
ditioning modules from a library of over 25 specialized 
functions . Thermocouples, strain gages, digital and ana­
log I I 0, power control, frequency, motion . . . more. 

Simple yet powerful commands run with the language 
of your choice, and work with Mac, NEC, DEC, HP, or any 
488 controller. On-board intelligence and memory let the 
556 run as a stand-alone datalogger or process controller. 

Best of all, this power and performance start around 
$2500. Check it out, PDQ, with a toll-free call to the PC 
Team at 1-800-552-1115. Or write: Data Acquisition & Con­
trol Division, Keithley Instruments, Inc., 28775 Aurora 
Rd., Cleveland, OH 44139. 

l<EITHLEY 
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dig I PROM & Logic e ec Programmers 

1·2·3·4 
AT A TIME 

MAKES PROGRAMMING 
AS EASY AS 

1·2·3·4 

MODEL 825 
SET PROGRAMMER 

•PROGRAMS: 
o Up to 4 devices simultaneously 

with the same or different data. 
o 16K to 1024K Bit E2 / EPROMs 

from all manufacturers (more than 
220 devices) 

o Intel (87 xx) and Motorola 
(68701168705, 28- and 40-pin) 
single-chip micros 

•FEATURES: 
o 8, 16, 32 bit or GANG operations 
o 64K Byte standard RAM 

(expandable to 256K Byte) 
o Built-in UV eraser 
o Plug-in SOFTPACK cassette for 

do-it-yourself software updates 
o Programming Verification at 

JVCCs 
o Fully programmable VCC & VPP 

for future programming needs 
o Detects Device type (signature) 
o Detects misplaced device 

•SUPPORTS: 
o 5 different programming 

algorithms, including Intel 
Intelligent and Quick-Pulse, 
AMO Flashrite 

• OFFERS OPTIONALLY: 
o SOFTLINK remote control 

software for IBM PC/XT I AT 
o PLCC module 
o A:lapter for 1 M bit EPROMs 

and Motorola micros 

digelec 
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LITERATURE 

Brochure presents 
network-access products 
This 24-pg brochure describes the 
vendor's complete line of network­
access and restoration products. 
The booklet covers digital, VF, and 
coaxial patching and switching 
equipment; interface converters; 
the Restorer multiline dial-backup 
system; NTS network management 
systems for data; the Artacs PBX 
Management system for voice; and 
Interview Series test instrumenta­
tion. 

Atlantic Research Corp, 
Teleproducts Div, 7401 Boston 
Blvd, Springfield, VA 22153. 

Circle No 420 

Study reports on 
user ratings of equipment 
The vendor's annual computer-user 
survey "US User Ratings of Main­
frames and Minicomputers" polls 
more than 1100 mainframe and 
minicomputer users. The 40-pg 
study combines data about systems 
and usage with user ratings of 
equipment and manufacturer sup­
port and provides an evaluation tool 
for prospective users of computer 
systems. Current users discuss 
their system's hardware configura­
tion, organization, price, and 
planned expansions. Additional 
questions cover specific reasons for 
customer satisfaction, such as ease 
of operation, system or peripheral 
reliability, maintenance service, 

272 

technical support, ease of program­
ming and conversion, and overall 
satisfaction. $200. 

Datapro Research, 1221 Avenue 
of the Americas, New York, NY 
10020. 

INQUIRE DIRECT 

Modular system for 
measuring pc-board copper 
This 4-pg brochure introduces the 
MR 4000 modular-coating thick­
ness-measuring system that helps 
you select the components that are 
most suitable for pc-board surface­
copper or plated through-hole qual­
ity-control requirements. The pub­
lication provides complete compo­
nent specifications and a list that 
explains the functions of each com­
ponent. Further, it specifies two 
statistical packages, standard and 
"Stats-Plus" for customized header 
software. 

CMI International, 2301 Arthur 
Ave, Elk Grove Village, IL 60007. 

Circle No 421 

Comprehensive listing 
of power supplies 
The vendor's 1989 catalog lists more 
than 150 new power supplies and 
de converters. The 200-pg publica­
tion 'lists products that come in com­
mercial, industrial, and military 
versions. Other sections of the 9-
part catalog deal with laboratory 
and test equipment, custom power 

(ADVERTISEMENT) 

More quality switching 
components from P&B 

Circuit Breakers 

P&B circuit breakers provide the 
quality you need at a price you can 
afford. Both thermal and magnetic 
types are available, and many are 
UL recognized as supplementary 
protectors and CSA certified as 
appliance component protectors. 

CIRCLE NO 83 

General Purpose Relays 

One of the broadest lines of 
general purpose relays in the 
industry is offered by P&B. Open 
and enclosed styles are available 
with various contact materials, 
contact arrangements, termination 
styles and coil voltages. 

CIRCLE NO 84 

Time Delay Relays 

P&B time delay relays combine 
precision, solid state timing circuits 
with our proven electromechanical 
relays. A wide selection of timing 
functions, timing ranges, degrees 
of precision and package styles 
permits you to select a unit with 
just the features you need. 

CIRCLE NO 85 
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Make your move to P&B for new 
general purpose 1 

and power P.C. 
board relays. 

New Models Expand Offering 
For applications from consumer goods 
to industrial controls, P&B relays have the 
features you need for general purpose and 
power switching on your printed circuit board. 
New series greatly expand our already broad line 
of P.C. board relays. Many models are available 
from stock, and they're all built to the same exacting 
standards that have made our T90 series the 
industry-standard 30A, P.C. board relay. 

New Miniature Relays Switch 1 mA to 10A 
Our new T73 and T74 series miniature P.C. board 
relays join the T70 series as inexpensive SPOT units 
for general purpose applications. A variety of contact 
materials allow units in these series of sealed relays 
to switch loads from 1 mA through 10A. 

Expanded Line of 4,000V Isolation Relays 
Extensions to our line of AK series relays feature 
8mm coil-to-contact spacing for 4,000V isolation. 
SPOT models switch loads to 20A, and DPDT 
models switch up to SA. Both sealed and unsealed 
types are offered. 

T90 & T91 - Our 30A Workhorses 
Relays in our T90ff91 series have SPOT contacts for 
loads to 30A. T90 is available as a sealed or open­
style relay. T91 has quick connect terminals for load 
connections and is offered with either a sealed or 
unsealed enclosure. High temperature units are 
available. 

Find Out More 
Contact us today for free information 
on the complete line of P&B P.C. board 
relays, including more new models for 
switching 2A and less. Potter & Brumfield, A 
Siemens Company, 200 S. Richland Creek 
Drive, Princeton, Indiana 47671-0001. 

Call toll-free 1-800-255-2550 for the P&B 
authorized distributor, sales representative 
or regional sales office serving your area. 

Potter & Brumfield A Siemens company 
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systems, and accessories. A product 
selector guide, a section of mechani­
cal drawings, and warranty and or­
dering information complete the 
catalog. 

Lambda Electronics, 515 Broad 
Hollow Rd, Melville, NY 11747. 

Circle No 422 

Supplement for 
microwave test accessories 
In this 20-pg supplement to the 
1986 catalog, the vendor describes 
the latest coaxial and waveguide­
measurement accessories. The pub­
lication features the 2.4-mm coaxial 
connector and products such as de­
tectors, attenuators, and termina­
tions. Also highlighted are mm­
wa ve waveguide products that 
range from 26.5 to 110 GHz and in­
clude precision coupler/attenuators, 
mismatches, and terminations. The 
publication notes that the recent in-

LITERATURE 

troduction of new vector and scalar 
network analyzers has generated a 
need for updated calibration and 
verification kits to support these in­
struments. A current index pro­
vides a list of discontinued prod­
ucts. 

Hewlett-Packard Co, 19310 Pru­
neridge Ave, Cupertino, CA 95014. 

Circle No 423 

Discussion of 
distributed control systems 
A Hands-On Approach to Distrib­
uted Systems Using ARC Control 
discusses the design and application 
of ARC Control, an IBM PC or com­
patible bus-based intelligent I/O 
subsystem. The 74-page handbook 
provides figures, photos, and tables 
and concludes with four appendixes 
containing an acronym guide, an­
swers to ARC-control questions, 
references, and a component list 

P.O. Box 130 
Frenchtown, NJ 08825 
Telephone (201) 996-6841 
Telex 6974615 
FAX 201-996-3891 

Headers, Sockets, Jumpers, DIP Switches, .025 Sq. Stix, etc. 

LOW COST, EASY TO USE 
FLEX CABLE JUMPERS 
with solid 
flat pins 

Solid copper flat pins are firmly · 
crimped, through polyester 
insulation, into solid copper The thin 

flexible copper 
flat conductors are 
laminated between 

tough flame retardant 
polyester (qualifies to 

Mil C-5543-A, NASA 729 

flat conductors making a 
series of gas-tight con-
nections producing 
excellent electrical 
characteristics. 

and UL Style 2643), using 
a polyester mylar adhesive. 

Flat copper solid pins make easy 
interconnection of flexible jumpers 
to p.c. board holes, or other types 

of interconnect hardware. 

Series 171 Flat Pin Flex Jumpers 
available 2" to 24" lengths 

4, 5, 6, 7, 8, 9, 10, 12, 15 and 20 
conductors on .100 centers our standard. 

Consult Aries for other sizes. 

See EEM Vol. C, pgs. 1185-1190 
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that provides power-consumption 
requirements. 

Contemporary Control Systems 
Inc, 2500 Wisconsin Ave, Downers 
Grove, IL 60515. 

Circle No 424 
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This advertising is for new and current products. 

Please circle Reader Service number 
for additional information from manufacturers. 

ELM EC ULTRA HIGH-SPEED 
FIXED DELAY LINES 

FDCTYPE • FDR TYPE 
SURFACE 

MOUNT 
SINGLE -
IN LINE 

FDC and FDR types can be fully matched to high speed logical elements 
such as 100K, 10KH and 10K series and has an extensive range of 
applications including analog circuit. 

"'""'" FOC1sa!i "'"""' 'DC"°' "'"""" ""'""' '""""' 'DC'°" '""""" •DC,.. '""""" ""'""" "'"""" ""'""' "'"""' •DC"" "'"""' FDA0510 
FOC1010 FDA 1010 
FOClSIO FOR1510 
FOC2010 FOR21:110 
FDC2510 FOA2510 
FOC3010 FORXllO 
FDC3MO "'""~ FDC«llO 
FOC..StO FOR"510 
FOC5Cl10 "'""~ 

ELM EC TECHNOLOGY 1225 Ridgecrest St., Monterey Park, CA 91754 
OF AMERICA, INC. Phone: (213) 265-1861 FAX: (213) 265-1908 

CIRCLE NO 325 

FREE SCHEMATIC CAPTURE 
DEMO DISK 
SCHEMA II+: 

Capture More Than Ever 

Incredible speed, case of use and power have 

made SCHEMA a best-selling schematic capture 

program for engineering professionals the world 

over. Now, SCHEMA II+ sells for $495 and 

-. supports most common IBM 

- - PC/XT/AT/PS2configurations. 

OMATiON 
I11 Tt:1W~ll f114J1Jl -'167 

FREE Demo Disk: 1-800-553-9119 

" The Best 8051 Emulator " 

5 tt. cable 

8051 See EEM 88189 
Page D-1304 

PC based emulators for the 8051 family 
(8051/51FAJ52/3ll32/44/152/4511452/535/552 + CMOS + more . 

• PC plug in boards or AS·232 box • Program Performance analyzer 
• Powerful Macros with IF·ELSE, REPEAT­

WHILE strudures 
• PuH-OooNn menus combined with 

Command-Driven User Interface 
Contul sens1t1ve help and 
On·Screen Ed1C1ng ol data 

• Source level debug tor PUM-51 and C-51 
• Symbol1e deboggmg w11h in-line assembler 

and disassembler • 20 MHz real time emulat ion 
• 128K emulation memory • Execution time counter 
• 48 bit wide, 16K deep trace butter • Trace can be vtewed du11ng emulahOn! 

with loop counter 

PRICES: 32K Emulator for 8031 $1790: 4K Trace $1495. 

CALL OR WRITE FOR FREE DEMO DISK! 
·u.s. only Ask about our oamo VIDEO! 

noHau 
CORPORATION 

51 E. Campbell Avenue 
Gampbell, CA 95008 
FAA (408) 378-7869 

(408) 866-1820 

CIRCLE NO 326 

PRECISION CLIP-ON 
DC MILLIAMMETER 

. I ~ 

. ., '""'-. 

MODEL APS428C 

• ENABLES CURRENT MU.SUREMENTS 
FROM 20 IJA 10 2 A WITHOUT CIRCUIT 
INTERRUPTION 

• DC AND TRUE RMS AC MODES 
• PRECISION OFFSET CAPABI LITY UP TO 2 A 
• ENABLES MEASUREMENT OF MAGNETIC 

FIELDS FROM 1 µG rD 2 G {WITH OPTIONAL 

MAGNETOMETER PROBE) 
• PROBE ISOLATION 300I/ 
• COMPATIBLE Wint llEWLHT PACKARO (UP­

ON PROBES ANO MAGNETOMETER PROBES 

Call us 10 discuss your specific application! 

APPLIED 
PHYSICS 
SYSTEMS 

415-965-0500 
897 Independence Ave. 

Mountain View, CA 94043 

FREE CATALOG! ~--iii 

MULTIBUS BOARD 
PRODUCTS 

MULTIBUS I, II & 
VME ENCLOSURES 

1989 36 Page Catalog features: 
• ZX-286 PC/AT CPU 
• ZX-286/20 20MHz CPU 
• ZX-386/16 CPU 
• ZX-298 SCSI Host Adapter w/Clock 
• ZX-981 Universal Enclosure ..... -=~~~ 

""' -·-- -- .... < ___ ...,,,_, 

6700 Sierra Lane, Dublin, CA 94568 
TEL: (415) 828-3000 FAX: (415) 828-1574 

CIRCLE NO 327 

• Software driven and 
upgradable 

• Direct control by IBM PC/ 
XT/AT/PS2 eliminates time 
consuming downloading 

• Automatic batch/macro file 
support 

• Virtual memory ·· requires 
no RAM modules even for 
megabit devices. 

SAILOR-PAL: Universal pin drivers support PALs, GALs, 
PLDs, EPLDs, PEELs, ECLs, EPROMs, PROMs, FPLAs, 
FPLSs and MICROs. Accepts JEDEC files from CUPL, 
AMAZE, ABEL, etc. $1095 · $1895 

SAILOR-2,-8: 2 and 8-socket seVgang high speed 
EPROM programmers, to Mbit devices. $545/$975 

S ADVIN SYSTEMS INC. Sunnyvale. CA 94086 

(408) 984-8600 • FAX (408) 736-2503 
Please call for free demo disk 

CIRCLE NO 328 CIRCLE NO 329 CIRCLE NO 330 
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Only a Specialized Manufacturer Could Provide 
Versatile and Economic Products 

·- .• 
With more than 11 years' e•pertence m 1htsfleld, we ~ ~ 
proudlyolferyouvarious1ypesof conduc1tves1hcone • • , ~-
rubber pads, rubber pads w1 lh mut11C0101 and screen .. . .1 ~ 

prin ting, silicone rubber overlay. rubb.lr pads with ~ .4\ 
screen printing on plastic keytops, 0 rings. washers. Y ~ 
inner caps. lubes, etc . and screen printing Ue•1ble ~-~--~ 
ci rcuit boards Please tontact us tor more mlormatt0n 

B 
GENERAL SILICONES CO., USA 

650 W Duarte 305. Arcadia CA 91006, U.S.A. 
Tel: (818) 445-6036. Telex: 3716189 GSCUI. 
Fax: 818-4456084 

CIRCLE NO 331 

ISDN "S" INTERFACE 
TRANSFORMERS 

Tokin America has introduced a line of transformers 
designed for the Integrated Services Digital Network. 
These miniature units meet the requirements of 
CCITI 1.430 and support 26 + D channels at a total 
line rate of 144 kbps to 192 kbps. A number of wind­
ing ratios are available as standard. Applications 
include telephone, terminal , computer, or any other 
high speed digital transmission equipment. 

Tokin America 
155 Nicholson Lane, San Jose , CA 95134 

408-432-8020 

CIRCLE NO 334 

SPEED PROBLEMS 
New Microstrip Backplanes enhance pertormance of 
Multibus I with 80386 and other last processors. 
Send for Catalog and free backplane design tulorial. 

Hybricon 
12WILLOW ROAD, AYER, MA01432 

FACTORY WESTERN OPERATIONS 
508-772-5422 602-921-1824 

CIRCLE NO 337 

To advertise in 

E/EPROM & MICRO 
PROGRAMMER 

$895 

• EP-1140 includes : sohware , c~bi~ . user' s 
manual 2 free software update coupons, toll ­
lree technica l support, one-year warranty & a 
uncondi lionol 30~ay money bock guarantee 

• Programs 24-, 28-, 32- & 40-pin E/ EPROMs 
• Supports 87 4X & 875X series microconlrollers 
• Connects loo standard parallel port 
• Hardware lo supporl future porls lo 8 Megabit 
• Software updates on floppy disk 
• 32-pin model, EP-11 32, ovoiloble for $695 

The Engineer's Programmer™ 

CALL TODAY 800-225-2102 

BP~ 
1068 1 Hoddington, # 190, Houston , TX 77043 

713/ 46 1-9430 FAX713/ 46 1-741 3 
Electro Boolh #374 

CIRCLE NO 332 

UNIQUE NEW SAMTEC 
LCD CONNECTOR 

New LCD connector is a hybrid, combining the advantages of pin and 
socket connectors and "elastomeric" connectors, witllout the dis­
advantages. One standard connector accommodates a wide variety of 
LCD designs. It handles LCD"s up to 4" in lengtll , any desired width. 
Snap-strip fealure allows shorter length connectors in any multiple of 
.100" (2,54 mm) so that there is no wasted board space , no custom 
connector charges. Elastomeric provides a "cushion· · for high vibration 
and thermal/physical shock. This new LCD Series connector features 
·'zero insertion force '' which eliminates insertion/wilhdrawal damage 
to lhe display and connector. 

Samiec, Inc. 
P.O. Box 1147, New Albany, IN 47150 

Telephone 812/944-6733 Fax 812/948-5047 

CIRCLE NO 335 

25PDT SWITCH 
HIGH DENSITY PC MOUNT 

HDMP-25 HDMP-25M 
LOW PROFILE THRU-PANEL KNOB 

GOLD PLATED STRESSED ELLIPTICAL CONTACTS 
Route data - address buses - communications 

Swap ICs/EPROMs In-circuit 
Reconfigure hardware 

Redundant designs 

Upgrade firmware or run diagnostics 
•without down time 

•without user interruption 

HDMP-25EK evaluation kit includes switch, printed circuit 
board and 1/0 connectors: $34.95 
HDMP-25 (1-9) $17.50 (10) $13.75 (100) $9.95 
HDMP-25M (1-9) $18.50 (10) $14.25 (100) $10.35 

ANNULUS 
ANNULUS TECHNICAL INDUSTRIES, INC. 
1296 Osprey Drive P.O. Box 7407 
Ancaster, Ontario CANADA L9G 4G4 

Tel 416-648-8100 FAX 648-8102 

WE'RE BENDING THE RULES FOR CIRCUIT DESIGNERS 

BEND/FLEXT•, the bendable board 
material flexible enough to bend into 
any multi-plane shape. Eliminates 
stiffeners, flex-hardboard connectors. 
May reduce cost of two- and three-plane 
interconnect systems by as much as 30%! 

Rogers Corporation. One Technology Dr., 
Rogers, CT 06263. (203) 774-9605 . 

CIRCLE NO 333 

WAVEFORM 
SYNTHESIZER 

• For IBM-PC/XT/AT and 
compatibles 

• Generates user-definable signal 
• Up to 2000 points per envelope 

~GUATECH 
~ INCORPORA TEO 

$795.00 

478 E. Exchange St. Akron OH 44304 
(216) 434-3154 TLX: 5101012726 

1-800-553-1170 

CIRCLE NO 336 

consider the 

SOURCE 
Make 

MOUSER Electronics 
your factory-authorized source 

for over 80 quality electronic 
component manufacturers like: 

AUGAT, NEC, 
TECCOR, RCA, GE, 

& SGS-Thomson. 

I l!l 

I 
~ 
~ 

Toll-free ordering ~ 
Coast-to-coast distribution ~ 

Same day shipping ~ 
25 years of service ~ 

Call today for your free ~ 
MOUSER Electronics Catalog. I 

'~~~~l~i~~-~~$ 
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25MHz 48 CHANNEL 
PC-BASED LOGIC ANALYZER 

$1595.00 + POD PRICE 
• 48 Channels @25MHz x 4K word deep 
• 16 Trigger words/16 trigger sequence 
• Automatic set-up and loading of symbol tables 
• Comparison of Reference and Trace Memories 
• Storage and recall of trace data to disk 
• 20 Channel Waveform Display 
• Disassemblers available for: 

8088, 8086, 68000, Z80, 8085, 80286 
6502, 6801 , 6303, 8031 , 6809, 6811 
NCI 0 6438 UNIVERSITY DRIVE, 
HUNTSVILLE, AL 35806 
(205) 837-6667 

CIRCLE NO 340 

NEW 
100010 Autorouter 

HiWIRE-Plus provides the inte­
grated schematic-capture and 
PCB layout versatility needed 
by leading-edge designers. 
Now it also offers an advanced 
100% auto router. Afford ably! 
See the full-page ad (on page 
25) then call Wintek at: 

(800) 742-8428 
CIRCLE NO 343 

I &~oc:;;:AQJ.: I ~j:~~~ ,;,~.~:~7 
1755 E. Bayshore Road, 18A, Redwood City, CA 94063 

Redel Connectors 

The Plastic Choice 
REDEL Features: 
• Quick Connect-Disconnect Design 
• Autoclaveable PSU Shell Material 
• Lightweight and Compact 
•Temperature & Corrosion Resistant 
• Color Coding and Keying Exclusivity 
• Variety of Shell Styles and Configurations 
• 2·9 Solder or Printed Circuit Contacts 
• Precision Designed and Engineered 
• Cable Assemblies 

Sold and distributed by 
LEMO USA, INC. , P.O. Box 11488, Sanata Rosa, CA 95406 
Phone (707) 578-8811 , FAX 707/578-0869, Telex 340-933. 

Please call for the rep nearest you. 

CIRCLE NO 341 

EXTRUDED ALUMINUM 
PANEL MOUNT ENCLOSURES 

• Dt111th1 6" II 8" 
•Any depths. ID or more 
• Sllln. clHr anodize 

Hnlsh 
•Lock-In p1nal·mount 
• Modlflc1tlon1 ind 

DIN STANDARDS screen printing mll1ble 
Bezel case FREE CATALOG 

48x!limm 44x91mm 13tW 
72 x 144 mm 67x136 mm 
!Ii x 192 mm 91 x 184 mm 
96 x !Ii mm 91 x 91 mm 555 Marion Road 

184 x184 mm Columbus, OH 43207 
6141445-8433 

CIRCLE NO 344 

E(E)PROM, MEMORY CARD 
& MICRO PROGRAMM ER 

$345 - $595 

• All 24f')il,/32 pin EProms/EEProms lo 4 MBit (upgr. to 32MB). 
•Flash Epromsi Micros: 8741,-2,-8,-811 ,-9,-9H,-5 11-C51,-52,-SS ... 
•Memory Cards: Seiko/Epson, Mitsubishi, G I, Modula r design . 
• Stand-alone E(E)Prom & Memory Card Duplication I Veriry. 
• User friendly menu - driven driver for IBM-PC & Macintosh. 
• Built-in Eraserfl'i mer option ($50). Gang-Mod ule ready. 
• Full I year warranly. Direct technical su pport. Dedicated BBS. 

INTELLIGENT PROM EMULATOR $395 
• 2716 thru 27512 (2k to 64k bytes). Binary/Hex/l nteVMotorola. 
• Intelligent foat ures include: Reset Output, Address Compare, 
•Address Snapshot, Trigger Input, Program Edi ting capabilities. 
•FAST data loading via parallel port (64k bytes in less thanlOsec). 

MC/VISNAMEX Coll today for dotaslieets! 

B&C MICROSYSTEMS INC. 
·-----=~~! 355 WEST OLIVEAYE. SUNNYVALE,CA94086 

TEL: (408)730-55 1 t FAX: (408) 730-552 1 

CIRCLE NO 346 CIRCLE NO 347 

DATA ACQUISITION & 
CONTROL COMPUTER 

The SBS-250 is an intelligent data acquisition 
and control system on a single card. Includes 
CAMBASIC™ language, a muh~asking industrial 
compiler. Programs autorun on powerup. 
Supports bit manipulation, floating point, inter­
rupts, strings, serial communications, realtime 
clock and more. Built-in EPROM and EEPROM 
programmers. CMOS-temperature range -200 to 
65°C. 12-bit AID converter, 32 digital 1/0 lines, 
two serial ports, keypad port, opto-modu1e rack 
and relay drivers. Only 4.5" x 5". IBM PC can be 
used to develop programs. Try n FREE for 30 
days. Call 303-430-1500 for demo information 
and complete catalog. Price $395 single unit. 

0 OCTAGON SYSTEMS ss10W.91s1Ave. 
CORPORATION Westminst&r, CO 80030 

CIRCLE NO 342 

~PC BOARDS 

-
\ I f 
~~~ 

PCB LED'S! 
2mm,3mm 5mm, Single. Bilevel & Multi-LED Arrays. 
Diffused or Clear, 2mA low Current, Sunlight Visib le , JV & 

rn'c!i~':s~i'G~s~o ti~l~~t '5;·cr,r511 s~~:s~l ~t~~o lors, 

L!E . ..:i Put More 
LIFE on I) Your LIGHT 

LEDTRONICS, INC. m 213-676-7996 
FAX· 213-676-0108 TLX 494-5454 

4009 Puc f c (oc,.,• Hv..y To11c111Lt CA :.;l 'l 

CIRCLE NO 345 

,r"'fA Telecom Design! 
LOOP CURRENT 

DETECTORS 

Line Sense Relays connect in series with 
Tip and Ring and provide a relay closure in 
response to loop current flow. For on-hook, 
off-hook monitoring, switchhook flash 
detection, and rotary dial pulse counting . 
Simple design , rugged construction . 
• M-949-01 for U.S. FCC Part 68 
• M-949-02 for international IECNDE 
• M-949-03 for Canadian DOC CSA 
• M-949-XX Custom modules 

For more info call : l!:M•tfJJCPfl:J 
(In Washington State: 206-827-9626) 

lCEL-CCNE® 
10801-1201h Avenue NE, Kirkland, WA 9803:3 

CIRCLE NO 348 
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Programs PROMs, EPROMs, EEPROMs, 
PALS, GALS, RALs, EPLDs and PEELS 

JE680 Features: 
• Stand-alone or computer controlled modes w/ 

MS-DOS menu-driven software (included) 
• Parallel and RS232C interface ports 
·Auto-Sense '" of IC insertion 
• Supports/translates between 18 data formats 
• Full functional test on logic devices 
•Over 400 IC definitions in ROM - no personality 

modules needed 
• JEDEC standard supported, accepting input 

from virtually all major software packages 
•One-Year Warranty 

Listing of over 400 programmable devices 
and 74-page cata!og available upon request! 

-

JE680 Universal IC Programmer ........ $1799.95 
Jameco Electronics • 1355 Shoreway Road. Belmont CA 94002 

• Phone (415) 592-8097 • FAX (4t5) 592·2503 

CIRCLE NO 349 

MICRO/Q 2000 
FOR A DECOUPLING CAPACITOR THAT SAVES 
SPACE, DEFEATS NOISE, IS SUITABLE FOR 
MILITARY APPLICATIONS AND BEATS 
HUMIDITY, HEAT AND COLD: 
ROGERS MICRO/O® 2000 
Rogers Corp., 2400 S. Roosevelt , 
Tempe, AZ. 85282. 602/967-0624 

CIRCLE NO 752 

Analog Circuit Simulation 
Completely Integrated CAE with ICAP/2 

~~ij~~~;;::;:\ From Schematic 
Capture through 

SPICE 

Simulation to 
Post Processing 

for Only 

$790t 
tlsSPICE$95, the complete SP1CE program that runs on all 
PC's. Performs AC, DC, and Transient analyses. 

lsSPicE/386 $386, enhanced SPICE for 386 PC's. 

tSP1CENn $295, a schematic editor for any SPlCE 
simulator. Generates a complete SPlCE netlist. 

t1NTUScoPE $250, a graphics post processor that 
performs all the functions of a digital oscilloscope. 

DG24 • 24 line digi"11 UO; IO MHz 8255. $95 
AD500 • 8 channel 12-bit (plus sign) integrating AID; prog. 
gains of I , I 0 & I 00; 7 digi"11 UO lines. $239 
ADlOO • Single channel version of AD500; 10 digi"11 l/O 
lines. Same programmable gains. 700 meg input Z. $149 
ADlOOO • 8 channel t2-bit AID; 25 uS; sample & hold; 3 5 
MHz timer/counters; 24 digi"11 UO lines. $295 
ADA300 • 8 channel S-bit 25 uS AID; single DIA sample & 
hold; 24 digi"11 UO lines. $239 
AD200 • 4 channel 12-bit 125 uS AID; 3 5 MHz timer/ 
counters; 24 digi"11 UO lines. $239 
DA600 • Fast settling dual bipolar DIA. $179 
PD200 • Prototype board w/ address decoder; manual $99 

Ali boards i11d ude BASIC, Pascal, C, a11d Forth drivers. 
30 day re/um; I year U'llrra11ty. Cail for '1/ea/ World 
Intetfaci11g" application 110/es. 

Real Time Devices, Inc. 
P.O. Box 906 State College, PA 16804 

(814) 234·8087 

CIRCLE NO 350 

NETOPT I NETSIM ANALOG CIRCUIT ANALYSIS 
AND OPTIMIZATION SOFTWARE 

NETSIM analyzes circuits in both time and frequency do­
mains, performs Monte Carlo , tolerance/worst case analysis 
and extracts poles/zeros and transfer functions. • Produce 
yield estimates and sensitivity analysis of your analog designs 
• NETOPT includes all features of NETSIM and adds sophis­
ticated optimization capabilities • Compensate for circuiU 
device parasitics, generate non-standard responses and 
center designs for maximum yields. • NETSIM is available for 
IBM PC®($850) and VMS®/UNIX®($1700.00)/NETOPT is 
$1995.00 for the PC and $3995.00 for the VMS/UNIX version . 

RLM Research 
P.O. Box 3630, Boulder, CO 80307-3630 

(303) 499-7566 
CIRCLE NO 753 

HARDWARE DEBUGGER 
The BusBoy51 is a new in-circuit debugging tool for 8051 based 
boards. Useful in both prototype and production testing , it will help 
isolate wiring errors and component failures. The BusBoy 51 is 
menu driven with a serial interface to the operators terminal. It pro­
vides preprogrammed tests for 8051 memory and 1/0, detecting 
stuck and shorted address or data bits. The Bus Boy 51 is powered 
by the target system and autobauds. Use the BusBoy 51 to verify 
prototypes, test failed boards to isolate the memory or buffer chip 
responsible, final check production boards for proper memory and 
1/0 operation. 

41 STANDARD PACKAGES 
FOR TEMPERATURE 

ASSEMBLIES. 
Specify your temperature probe assembly 
from 41 packages, 12 lead materials, 9 
thread sizes, 6 assembly materials, 11 
connectors, and 58 thermistors. All stan­
dard . If these don't meet your needs, 
we'll make a custom probe from your 
drawing. Send forour catalog. Or call 
toll-free, 800 343-4357 (513 767-7241 ). 

YSI Incorporated 
Yellow Springs, Ohio 45387 USA 11

11 
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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 

Send for Rogers Mini/Bus® Bars 
Application Bulletin. 

Rogers Corp., 2400 S. Roosevelt St. 
Tempe, AZ. 85282 602/967-0624 

CIRCLE NO 754 

HIGH SPEED PULSE GENERATORS. This free 
new 80 page catalog describes over 150 models of 
ultra high speed pulse generators, impulse genera­
tors , monocycle generators, samplers, delay gener­
ators and accessories such as transformers, power 
splitters and scope probes covering the PRF range 
of 0 to 250 MHz, rise times from 40 psec to 10 nsec, · 
pulse widths from 130 psec to 100 usec and ampli-

BusBoy C51 $389.00 51 H $349.00 tu des from 5 to 400 volts. 
tPo•SPICE$200, extensive model libraries, Monte Carlo AVTECH ELECTROSYSTEMS L TO. 
analysis and parameters sweeping. CALL (315) 478-0722 FAX (315) 475-8460 P.O . Box 5120 Stn . F 

es; P.O. Box 6607 (213) 833-0710 Logical Systems Corporation Ottawa, Ontario, Canada K2C 3H4 
• ~ San Pedro, CA 30 Day Money P.O. Box 6184, Syracuse NY 13217-6184 USA (613) 226-5772, TLX: 053-4591 
tntusotf 90734-£607 Back Guarantee TLX 6715617 LOGS FAX: (613) 226-2802 
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MADE 
IN 

U.S.A. 

Reiiable general purpose , magnetic­
latching , and time-delay re lays . Light , 
medium and heavy duty power loads. 

Send tor 
DELTROL Engineering 

COl1tiPO/S Manual or Call 
414/671-6800 

G) ••ws•oNoFoELrRo<coRP. Fax: 671 _6809 
4527 

CIRCLE NO 758 

LOW COST 
INTERFACE 

CARDS FOR 
PC/XT/AT/PS2 

95/125 

I IEEE- 488 Car [ 
}Vith Built-In Bus Anal zer 345 
• Software SupPOrt for BASICA. QuickBASIC and G WBASIC. 
• Additional libraries for C, Pascal, FORTRAN, Assembly available - $95 (a ll ) 
• P~rfu l mt nu-drhu BUS ANALVZER runs in the background while 488 

programs or commands are executed; Features Program Stepping, Bttak 
points, real lime bus data t'aplu"' (4K buffer), insta nt scrttn to111;1ing. 

• Complt te Controller / Talker / U stener capability. Based on ll 's TM S-9914. 
• NEC-7210 based card com tible with Nat. Instruments PCllJPCllA - $445. 

PS2 Ser/Par Card [PS2IOA] 9S/Il51 
• UOcard for PS2 Modcls5(}.8(); Ser. port l-2; Par. pon 1-3; IBM registered ID. 

f'\/D + DIA + DIO + ounter ~ 
• 1618 Channels; 12-14 bit Resolution ; 25k-100ks/scc; 16 DIOt; 16 bi1 Counter: 

MC / VISA/ AMEX Call1odayfordalashtttsl 

B&C MICROSYSTEMS INC. 
355 Wut Olivt A\'t, Su nnyvale, CA 94086 
Tl:l.: (408)730-551 I fAX: (408)730-552 1 

CIRCLE NO 764 

To advertise in 
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SERIAL/PARALLEL 
Communications Board 

• Two Parallel Printer Ports 
• Two 8-Bit Digital 1/0 Ports 
• Two Serial Ports, RS-232, RS-422 

or RS-485 
• Address Selectable 
• Selectable & Shareable Interrupts 

1-800-553-1170 

478 E. Exchange St., Akron, OH 44304 
TEL: (216) 434-3154 FAX: (216) 434-1409 

TLl<: 5101012726 
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SAVE SPACE WITH Q/PAC® COMPONENTS 

• Provide built-in capacitance 
• Eliminate decoupling capacitance 
• Gain 4-layer board quietness 

with 2-layer economy 
• Vertical or horizontal mounting 

Send for Rogers Q/PAC® 
Application Bulletin. 

Rogers Corp., 2400 S. Roosevelt St. 
Tempe, AZ 85282 602/967-0624 

CIRCLE NO 762 

$76.50* 
Single Boar2""£9mputer 

DATA 1/0 MEMORY 
PROGRAMMER 
NOW 
$995. 

Save $300 on the single-socket 201 
EPROM Programmer, and get pro­
gramming reliability for all EPROMs 
and EEPROMs up to 512K. Plus: 
• Full editing from the front panel 
• Stand-alone or computer remote con­

trol operation 
• Full after-sales support from Data 1/0 ® 

1-800-247-5700 
Ext. 808 

DATAl/O 
Corporauon 

CIRCLE NO 760 

Tan~. Now More Than Ever, 
The -Best Value in PCB Design. 
Take a look at the all new Tango Series II . Our pop·up menu 
interface sets a new standard for ease-of-use and productivity. Lay 
out simple prototypes or complex, multi-layer, SMT designs with 
over IOO new features including user-definable tracks, pads, and 
grids. 

For IBM-PCs and compat ibles, Tango-PCB Series II , just $595. 
Tango-Route Series II autorouter, just $495. Both include one 
year"s updates, free tech support, 30-day money-back guarantee. 

call today . • FREE EVALUATION PACKAGE 
800-433-7801 619-695-2000 

ACCEL Technologies, 7358 Trade Street, San Diego, CA 92121 

CIRCLE NO 763 

Free Catalog 
For 
Connector 
Specifiers 

LEMO's Pocket Catalog permits connector specifiers to 
quickly determine which LEMO connectors meet their needs. 
Catalog includes tables that are organized around the main 
elements needed to specify connectors: number of contacts, 
working voltages, amps, collet ranges to accommodate cable 
OD, shell styles and insulating materials. 
Connector families include mixed and multi contact con­
nectors, environmentally sealed connectors, coaxial , triaxial , 
high voltage and plastic . 

LEMO USA, INC. 
P 0 Box 11488, Santa Rosa, CA 95406 

phone 707 /578-8811 , telex 340-933 , fax 707578-0869 . 
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Free MSDOS & Mac 
Software Catalog for 
Electronic Engineers 

AC/DC Circuit Analysis• Active and Passive 
Filter Design • Screen/Printer & Pen Plotter 
Graphics for Engineers • LaPlace Transfer 
Function/FFT Analysis • Logic Simulation • 
Root Locus Analysis • CAD/CAE • Digital 
and Analog Signal Processing • Curve 
Fitting • Statistics • Thermal Analysis • 
Math • Microstrip Design and Analysis • 
Data Acquisition • VISA & MIC Accepted 

mTJ Engineering 
~ Professional Software 

2023 Chicago Ave., Stuite 8-13 • Riverside, CA 92507 
Tel: (714) 781-0252 e U.S.A. e TELEX: 6503089864 
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CIRCLE NO 767 

ANALOG CIRCUIT SIMULATION 
ECA-2 o a com~ete Electron~ Circun Analysis package l'oith built-in graphics 
and the fastest sin11iafions. 

•AC. DC, Transient • 2-100 times taster than SPICE 
• Fourier. Temperature • Over 500 nodes 
• Worst·case, Monte·Carto • Sine. Pulse, PWL. SFFM 
• Full . nonlinear simulator and Exponential generators 
• Interactive or batch • Money back guarantee 
• SPICE compatible models 

ECA-2 IBM PC or Macintosh $675 
EC-Ace, a subset of ECA-2, •145 

Call 313-663-8810 For FREE DEMO disk 

Tatum Labs, Inc 
1471 M1rtl Tw1in Court, Ann Arbor, Ml 48103 

CIRCLE NO no 

STEP MOTOR CONTROL 
27K steps/sec! 16 Million steps! 
New CY545. Rates up to 27K steps/sec, up to 
16 million steps per smgle motion. Separately 
programmable start rate, accel/decel rate, and 
max rate. Pulse & direction output. External 
j og mode and limit switch detection. Serial or 
parallel interface, LED/LCD & Thumbwheel 
interface lines, and more. ASCII commands. 
Supports 64Kexternal memory. CMOS 40-pin 
DIP. $75 each ($25/1000). Credit Cards OK. 

~ Cybernetic Micro Systems 
'3 Box 3000, San Gregorio CA 94074 

(415)726-3000 Tix: 910-350-5842 

CIRCLE NOn3 

To advertise in 

• Synchronous Full Duplex Serial 
Controller (Z82530) 

• Max Data Rate of 400 Kbps 
Externally Clocked 

• Support For Two DMA Channels 

• Designed For The IBM PC/AT'" Bus 
"IBM PC AT 1s a trademark ol ln1erna11onaJ Busmess Machtnes. Inc 

·• Computer Modules. Inc. 
2348C WALSH AVENUE 
SANTA CLARA, CA 95051 

Tel: (408) 496-1881 
CIRCLE NO 768 

IMPROVE BOARD PERFORMANCE 
MICRO/Q 1000 capacitors can be 
retrofitted to solve noise problems on 
existing boards. Because MICRO/Q 1000 
caps share mounting holes with existing 
IC pins, no board redesign is required . 
Effective decoupling becomes a matter 
of adding one insertion step. 
Rogers Corp ., 2400 S. Roosevelt St., 
Tempe, AZ 85282. 6021967-0624 

CIRCLE NO n1 

9-Track Tape Subsystem 
for the IBM PC/XT I AT 

Now you can exchange data files between 
your IBM PC and any mainframe or mini­
computer using IBM compatible 1600 or 
6250 BPI 9-Track tape. System can also be 
used for disk backup. Transfer rate is up 
to 4 megabytes per minute on PCs and 
compatibles. Subsystems include 7" or 10'/z" 
streaming tape drive, tape coupler card 
and DOS compatible software. For more 
information, call us today! 

9621 Irondale Ave. , Chatsworth, CA 91311 
Telephone: (818) 882-5822 

Obtain complete 
cradle-tograve 

performance from 
your personal computer 

CAD system when perform· 
ing electronic packaging 

design. From schematic capture 
to printed circuit design, to l!m1 

completion autorouting capabilities, it 's 
here. ow you have one more reason you 

be using PADS: Total Integration. Call our 
Sales Hotline today to receive a free Integrated 

valuation Package for the PADS-SUPERSTATION. 
Call Your Local Authorized Dealer 

In MA: (508) 486-8929 
Outside MA: (800) 255-7814 

CIRCLE NO 769 

MULTIBUS"' AT-COMPATIBLE SBC 
Multibus I is now IBM PC/AT'" compatible with MAT286!" our newest 
single board solution. MAT286 includes all of the functions of a 10 MHz 
AT motherboard, plus 2 serial ports, a parallel port, two SBX expansion­
module interfaces, up to 512K EPAOM/EEPROM/SRAM, and up to 4M 
of parity-checked, dual-ported ORAM. A piggy-back card, MATxSYSIO, 
adds EGA, floppy, and SCSI interfaces. Embed all the guts of an AT, two 
SBX modules, and more. into two Multibus slots' 
Phone (408) 253-0250 or write for more information. 

Single Board Solutions, Inc. 
20045 Stevens Creek Blvd , Cupertino, CA 95014 

Multibus is a registered trademark of Intel Corp. 
MAT286 and MATxSYSIO are trademarks of Single Board Solu tions. Inc. 
IBM and PC/AT are trademarks of International Business Machines Corp. 

CIRCLE NO n2 

ENC-1 

COLOR BURST 
LOCK 

oN ~ o•r 

CONVERT RGB INTO COLOR 
COMPOSITE VIDEO 

Now you can convert RGB computer signals into NTSC 
composite video with the ENC series of RGB Encoders. Three 
different models are available for compatibility with most 
analog and TIL RGB computers having 15 kHz scan rates . 
Output of ENCs can drive VCRs, projection TVs, and moni­
tors. Interface cables and application assistance available. 
Only $395.00 each. 

@]Communications 
~ [kF~Qecialties, Inc. 

Tel: (516) 499-0907 FAX: (516) 499-0321 

CIRCLE NO n4 CIRCLE NO n5 

Product Mart, call Joanne Dorian, 212/463-6415 
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Are you comparing 
us to other test 
equipment leasing 
companies? 

It's just not possible. 
Why can't you compare us? It's simple. Our 

inventory is made up of instruments from the 

most respected test equipment manufacturers. 

Each instrument is meticulously inspected, 

tested, and calibrated in our metrology labs­

with quality control procedures so uncompro­

mising they exceed the National Bureau of 

Standards and Military Specification require­

ments. And delivery takes just 24 hours, once 

your order is received. 

Select your equipment, then choose from a 

wide array of financing programs, including 

short-term rentals, and operating and finance 

leases. Each is custom-tailored to your situation. 

Or, talk to us about purchasing your equipment 

with terms that are convenient for you. 

Sound like we're incomparable? We are. And 

we'll help you be incomparable too. Count on us. 

800-553-2255 

LEASAMETRIC 
Instrument Rental Division 

1164 Triton Drive 
Foster City, CA 94404 
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PROFESSIONAL ISSUES 

Improving working 
conditions for engineers: 

EDN April 13, 1989 

Should the IEEE do more? 
Paul Kinnucan 

T
he free market structure that 
characterizes the US economy 
tends to create a tussle between 
engineers and employers over 
salaries, benefits, job security, 

discrimination, and other career-related 
issues. Fortunately, electrical and elec­
tronics engineers have a potentially pow­
erful ally when confronting employers 
with such issues-the Institute of Electri­
cal and Electronics Engineers (IEEE), 
the world's largest engineering society. 

The New York City-based society, 
which comprises 304,000 members world­
wide in 754 chapters, works to improve 
the professional lives of engineers. 

According to Edward Bertnolli, IEEE 
vice-president of professional activities, 
the IEEE's goals range from providing 
members with information on salaries, 
pensions, and patent rights to pressing 
Congress for tax and pension reform leg­
islation. 

Despite these efforts, some members 
believe that the IEEE isn't doing enough 
to resolve the many problems that plague 
today's engineering profession. They 
want the society to devote more of its 
$82 million annual budget and 500 full­
time staff members to improving work 
conditions and pursuing a wider range 
of legal issues. In the past, the IEEE 

Kevin Hawkes 
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Though the IEEE originally 
functioned as a technical 
society, it now works to provide 
its members with information 
on salaries, job opportunities, 
pensions, and legal rights. 
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has responded to such demands for 
more career-related support­
though few members have rallied 
as vehemently as some of today's 
critics. 

The IEEE originally functioned 
as a purely technical society and 
gradually became the career-con­
scious institution it is today. 
Formed in the 1950s by the merger 
of several societies, some of which 
date back to the late 19th century, 
the IEEE worked to improve and 
broaden the applications of what it 
terms "electrotechnology." To edu­
cate its members, the society cre­
ated numerous technical journals 
(including its flagship publication, 
the IEEE Spectrum), conferences, 
and technical standards. 

The IEEE changes direction 
In the 1960s, however, the soci­

ety came under increasing pressure 
to address the career-related con­
cerns of its members. Such pressure 
became especially intense in the 
early 1970s when many members 
were put out of work because of the 
recession in the US aerospace in­
dustry. At that time, the US mem­
bers voted to have the IEEE de­
vote its resources to improving 
working conditions for electrical 
and electronics engineers. 

The IEEE created a US Activi­
ties Board (USAB) in 1972 to direct 
the society's activities and provide 
the support its members requested. 
The USAB, based in Washington, 
DC, also oversees another IEEE 
initiative-developing and present­
ing IEEE positions on US tech­
nology policy. 

Today, the USAB comprises 20 
full-time staff members and com­
mands a $2. 7 million annual budget. 
To help IEEE members understand 
and deal with the current issues in 
the industry, the USAB offers both 
professional and legal assistance. 

The group gathers and publishes 
a range of information that can help 
engineers to improve salaries, 
benefits, and working conditions. 
For example, the USAB issues an 
annual membership salary survey 
and booklets on pensions, patent 
rights, age discrimination, and pro­
fessional ethics. 

Each year, the USAB sponsors 
workshops and conferences on the 
status of engineering careers. 
These meetings let IEEE's mem­
bers and managers and employers 
exchange information and views on 
engineering career-related issues, 
such as pensions, patent rights, and 
age discrimination. In addition, the 
USAB maintains speakers bureaus 
that list members who are willing 
and qualified to speak on these is­
sues. 

The USAB also sponsors elec­
tronic registries of members who 
are actively seeking work. Potential 
employers may search the database 
to find qualified candidates. To pro­
tect the employed registrants, the 
companies that operate the regis­
tries never divulge registrants' 
names to prospective employers. 
Instead, registrants are notified 
when potential employers express 
an interest in them. The registrants 
can then contact the prospective 
employers. Currently, the USAB 
sponsors two registries, one for 
company-employed registrants 
(PEER) and one for self-employed 
registrants (SEER). 

Justice for all members 
In addition to heightening the 

members' awareness of career­
related issues and simplifying their 
job search, the USAB tries to im­
prove working conditions by pro­
viding legal guidance. The group 
appears before Congress regularly 
to support legislation that might 
benefit its members and to oppose 
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legislation that might harm mem­
bers. In the late 1970s, for example, 
the USAB successfully lobbied in 
support of legislation that estab­
lished Individual Retirement Ac­
counts (IRAs). Such accounts, in ef­
fect, let employees create their own 
pension funds-a valuable benefit 
to engineers who, because of high 
job mobility, often don't stay long 
enough with an employer to benefit 
from company-sponsored plans. 

The society's current lobbying 
agenda includes support for: 

• Establishing portable pen­
sions, which allow employees 
to transfer their pension as­
sets from one company's plan 
to another when changing 
jobs 

• Outlawing integrated pen­
sions, whose benefits are off­
set by the employee's Social 
Security benefits 

• Requiring companies to adopt 
defined-contribution pension 
plans, which protect employ­
ees' pension benefits from the 
ravages of inflation 

• Repealing a provision (Sec­
tion 1706) in the 1986 tax re­
form act that eliminated cer­
tain tax benefits for self-em­
ployed engineers 

• Providing a cooling-off period 
for employees who accept 
early retirement in return for 
a compensation package 
(golden handshake) and 

• Allowing early retirees to sue 
their former employers for 
improved compensation even 
if the retirement agreement 
includes a no-sue provision. 

To magnify its influence on Con­
gress, the USAB always tries to 
ally itself with other groups that 
have interests on similar issues, 
Bertnolli says. Last year, for exam­
ple, the USAB appeared before 
Congress with the American Asso-

EDN April 13, 1989 

ciation of Engineering Societies to 
support legislation that would pave 
the way for portable pensions. 
Bertnolli points out that the joint 
lobbying effort represented nearly 
11

/2 million engineers before Con­
gress. 

The USAB confronts other gov­
ernment organizations to protect 
the interests of its members. For 
example, the USAB will lobby the 
Defense Dept intensively this year 
to push for legislation that will 
make it illegal for defense contrac­
tors to use mandatory uncompen­
sated overtime as a way of lowering 
their bids. 

In addition to lobbying for new 
legislation, the USAB monitors the 
enforcement of current laws and 
regulations. The group tracks the 
performance of an agency responsi­
ble for enforcing a Federal law 
against age discrimination. It also 
monitors employment advertise­
ments for evidence of age discrimi­
nation and advises companies that 
violate the law. 

If IEEE members are directly af­
fected by such legal violations, the 
society often takes court action. 
The USAB has a long-standing pol­
icy of testifying on behalf of mem­
bers in age-discrimination and eth­
ics cases as a "friend of the court." 
Several years ago, for example, the 
society took part in an ethics case 
involving members who worked on 
the design of San Francisco's Bay 
Area Rapid Transit (BART) 
system. 

Too little, too late 
Despite the IEEE's declared 

dediction to these causes, the soci­
ety hasn't escaped criticism. Irwin 
Feerst, a member and perennial 
IEEE presidential candidate, ques­
tions both the scope and the vigor 
of the IEEE efforts. Feerst claims, 
for example, that the society 

Critics claim that the IEEE 
needs to broaden its current 
agenda of career- related 
activities and pursue its 
lobbying efforts more 
vigorously. 
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doesn't monitor Congress closely 
enough and therefore misses oppor­
tunities to lobby for important engi­
neering issues. 

Feerst would like to see the 
IEEE expand its current legislative 
agenda signficantly. Regarding pat­
ent rights, for example, Feerst 
wants the IEEE to press for legis­
lation that would entitle engineers 
to 25% of the royalties gained by a 
company as a result of the engi­
neer's patented work. The IEEE, 
however, currently supports most 
companies' position that the ideas 
and products developed by an engi­
neer should belong to the company 
that currently employs the engi­
neer. 

Feerst's major criticism of the 
IEEE is that it doesn't strike at 
the root of what he believes is the 
cause of most of the professional 
problems facing US engineers-an 
oversupply of engineering talent. 
"There is a huge glut of engineers 
in the US today," Feerst declares. 

According to Feerst, this over­
supply has made it difficult for 
many engineers, especially older 
engineers who are more expensive 
than younger engineers to employ, 
to find work. Furthermore, those 
engineers who do find work can't 
always negotiate for improved sala­
ries, benefits, and working condi­
tions. 

A question of degree 
Feerst urges the IEEE to ac­

tively discourage young people 
from entering the engineering pro­
fession by publicizing this issue and 
its harmful consequences. To re­
duce the engineering population, he 
also advocates banishing anyone 
from the IEEE who has a bachelor 
of engineering technology (BET) 
degree. Companies are eager to 
hire such persons, whom Feerst 
terms "subprofessionals," because 
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they command a lower salary than 
individuals with an EE degree. The 
IEEE aids these potential competi­
tors of EEs by conferring member­
ship on them, Feerst claims. 

In addition to suggesting that the 
IEEE tighten its membership re­
quirements, Feerst advises the so­
ciety to support legislation that 
would make it illegal for US com­
panies to employ non-nationals as 
electrical engineers. Because such 
engineers are often willing to work 
for extremely low wages, they de­
crease the job opportunities avail­
able for engineers who are US citi­
zens, Feerst says. 

Although Feerst has advocated 
these measures for years, he has 
thus far made little headway in 
gaining support from the IEEE hi­
erarchy, which selects the specific 
professional issues that the organi­
zation will address. Support hasn't 
been forthcoming, Feerst says, be­
cause these measures oppose the in­
terests of the IEEE hierarchy, 
which is composed primarily of aca­
demics and corporate executives. 
He believes that academics have a 
natural interest in encouraging 
young people to enter the engineer­
ing profession. Similarly, he asserts 
corporate executives want to have 

a large pool of engineering talent 
from which to draw. 

The IEEE hierarchy, however, 
cites different reasons for refusing 
to support Feerst's proposals. It 
disagrees with Feerst's premise 
that there is an oversupply of engi­
neers, according to USAB chairman 
Bertnolli. In fact, the IEEE main­
tains that dropping enrollment in 
US engineering schools could pre­
cipitate a critical shortage in engi­
neering talent. Such a shortage 
could put US companies at a serious 
disadvantage in competing against 
companies based in other countries, 
notably Japan, that have a large en­
gineering force. For this reason, the 
IEEE is increasing its efforts to en­
courage students to choose engi­
neering as a profession by providing 
speakers and video tapes for school 
functions, Bertnolli says. 

Finding the IEEE hierarchy un­
responsive to his views on profes­
sional issues, Feerst has long 
sought to unseat that hiearchy 
through the IEEE electoral proc­
ess. He hasn't been successful at at­
taining hi s desired position of 
authority, but Feerst has managed 
to circulate his views throughout 
the engineering industry. Although 
IEEE members probably won't see 
any drastic changes in the society's 
agenda in the near future, they may 
begin to reevaluate their satisfac­
tion or discontent with the society's 
efforts to improve the professional 
lives of engineers. EDN 

Author's biography 
Pau l Kinnucan, a Boston-based 
freelance writer, specializes in electron­
ics, computer, and aerospace-related 
topics. 
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All too unwittingly, you can create changes made in design, layout, or 
a monster. You can spend upwards manufacturing while notifying the 
of $100,000 to get a board designed other design tasks to modify their data. 
and the preproduction unit fabri- Making it all but impossible to design 
cated. Only to learn it doesn't work. boards that cannot be manufactured. 

Or, you can stop getting eaten So if you're wondering how to 
alive. You can deploy our Prisma sell competitively in the next year 
software on Sun® workstations. The or next decade, think about that 
first "real time:' really integrated $100-grand monster we can help 
CAE, CAD, and CAM software for you avoid. Call us at (714) 863-1700. 
printed circuit board design. And find out how Prisma can help 

Its semantic database you blaze new trails with-
instanJly stores all of the • Cf:JJ P~ out breaking the bank. 

© 1989 Calay Systems, Inc., 16842 Von KarfI!an Ave., Irvine, CA 92714. . 
The Calay logo is a registered trademark of Calay Systems, Inc. Sun 1s a registered trademark of Sun Microsystems Inc. 
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GE Medical Systems 

We're Building a 
World Class Team at 
GE Medical Systems 

There's never been a 
better time to choose GE 

At GE Medical Systems, we're not satisfied being the 
world leader in medical diagnostics systems. We want 
to be even better; and with your help, we can. 
If you are one of the very best, bring your vision, 
imagination, and drive to our CT Team. The 
following positions offer outstanding opportunities 
for technical and international career growth. 

SR. SOFIWARE DESIGNER 
Help us to incorporate your ideas by: developing 
system software specifications, defining architectures, 
and developing algorithms and software for 
diagnostic applications. Use workstations, Unix, C, 
and object-oriented design to accomplish your tasks. 

SR. DIGITAL DESIGNER 
Develop data acquisiton and control specifications 
and designs using high speed gate array and VLSI 
solutions. Work with Manufacturing to resolve design 
quality issues. 

SR. SYSTEMS ENGINEER 
Function as a key lead contributor in expanding GE's 
technology for CT diagnostic imaging equipment by: 
developing operator protocols, algorithms and 
performance models, performing analysis for 
software or hardware design and conducting studies 
to assure system performance. 

These positions require an MS or PhD (EE, CS, or 
Physics) with 5+ years experience in medical 
imaging, image processing, signal processing, or real· 
time data acquisition. Experience with Unix, C, and 
ObJective-C is desirable. 
GE's highly competitive salary and benefits package 
befits an industry leader. Please send your resume, 
in strictest confidence, indicating position of interest, 
to: MR, GE Medical Systems, P.O. Box 414, W407, 
Milwaukee, WI 53201. 

CAREER OPPORTUNITIES 

1989 Editorial Calendar and Planning Guide 

Issue Recruitment EDN EDN News 
Date Deadline Editorial Emphasis Edition 

May ll Apr. 20 Analog Technology 
Special Issue Closing: Apr. 28 

Computer Peripherals Mailing: May 18 

May 25 May4 Digital !Cs, 
Computer Peripherals Closing: May 2 5 

June 8 May 18 Components, 
Mailing: June 15 

Digital !Cs 

June 22 June l Semicustom !Cs, Closing: June 9 
Computer Boards Mailing: June 29 

July 6 June 15 Product Showcase - Closing: June 2 2 
Volume I, Power Supplies Mailing: July l 3 

July 20 June 29 Product Showcase -
Volume II , Components Closing: July 21 

Aug. July 13 Integrated Circuits, Mailing: Aug lO 

Computer Boards 

Aug. 17 July 2 7 Military Electronics 
Special Issue Closing: Aug. 4 

Military Software Mailing: Aug. 24 

Sept. Aug. 10 Test & Measurement , Closing: Aug. 18 
Integrated Ci rcuits Mailing: Sept. 7 

Sept . 14 Aug. 24 Industrial Product Showcase, Closing: Aug. 30 
Digital !Cs Mailing: Sept . 21 

Sept. 28 Sept . Integrated Circuits , Closing: Sept. 15 
Computer Peripherals Mailing: Oct . 5 

Oct. 12 Sept. 21 DSP Chip Directory, Closing: Sept . 28 
Integrated Circuits Mailing: Oct. 19 

Oct . 26 Oct. 5 Test & Measurement 
Special Issue 

Computers & Peripherals Clo'sing: Oct. 2 7 

Nov. 9 Oct. 19 CAE, Integrated Circuits 
Mailing: Nov. 16 

Nov. 23 Nov. 2 16th Annual µPlµC Directory, Closing: Nov. 9 
Integrated Circuits Mailing: Nov. 30 

Dec. 7 Nov. 16 Product Showcase -
Volume I, Closing: Nov. 22 
Power Supplies Mailing: Dec. 14 

Dec. 21 Nov. 30 Product Showca e -
Volume 11 , omponents 

Call today for information: 
East Coast: Janet 0. Penn (201) 228-8610 
West Coast: Mary Beth West (213) 826-5818 
National: Roberta Renard (201) 228-8602 

EDN April 13, 1989 



290 

I 

Sun Microsystems invites you 
to take CIM to its limits. 
Then, go beyond them. 

You might not expect a high technology company to put 
such an emphasis on CIM. But Sun Microsystems sees CIM as 
nothing less than a strategic advantage in the very competitive 
workstation market. 

Sun already boasts shop floor control and automated 
handling and distribution, as well as complex board and system 
testing and decision-making support. Now we want to integrate 
our systems into one, functional architecture. 

Our goal: the ultimate CIM system. 
1bis architecture will combine the ease of our user 

interface, vivid graphics, and networking capabilities with object­
oriented programming in UNIX™ and "C," and distributed 
RDBMS to create the ultimate CIM system. 

Sun has the resources to make it happen as one of the 
fastest-growing companies in America, with over one billion 
dollars in sales last year. We have a remarkable number of CIM 
experts in-house. More important, we have the explicit 
commitment and support of top management to make Sun 
unsurpassed at CIM. 

But we need more. More people skilled in CIM to help us 
accomplish our ambitious goals. 

Here's your challenge. 
Join the Sun Microsystems CIM effort, and you'll have the 

opportunity to work on any one of several challenges: 

•Tools & Technologies Development 
• Applications Software Development 
• System. Integration 
• Engineering Services 
• User Support Services 

Experience in UNlX or "C" is essential to qualify for these 
positions. Candidates should also have manufacturing systems 
integration experience. 

If you meet those spec's, apply now. Here are four of our 
current openings: 

System Administrator 
You will provide system administrative support to the 

UNlX end-user community. 1bis will include installing and 
maintaining all file servers, timeshare machines, laser printers, 
and networks, while working with third-party vendor software. 
Requires a BSCS/lnformation Systems and 1 +years' UNlX 
systems administration experience. Strong communication skills 
and an excellent working knowledge of UNlX and UNlX 
utilities, software documentation, shell programming, and 
networking are also needed. 

Software Development Engineers 
Requires experience in CIM, systems integration and 

application software development for state-of-the-art software 
systems engineering in a UN1X environment. Additionally, you 
will need 3+ years' experience with UNIX and "C" as well as 3 
years' CIM experience. 

Engineers - Surlace Mount 
Technology 

Develop, maintain, support and improve Pick & Place, 
paste, printing and re-flow processes for internal surface mount 
production line. Requires a BSME and 2-5 years' related 
experience in SMT process development. Panasonic ancVor Fuji 
experience desired. 

Sr. CIM Systems Software Engineers 
We have several positions available for individuals with 

experience in process control applications including factory 
automation ancVor distribution, as well as statistical analysis 
in a manufacturing environment. Requires 3 years' 
experience as a group leader and experience with structured 
analysis and design techniques in an application design 
environment. Strong user interface and excellent 
communication skills required. Systems integration 
background and 3+ years' UN1X and "C" experience are 
preferred. For some positions, 4+ years' experience with 
relational database required. 

To apply, please send your resume in confidence to 
Prof~ Employment, SWJ Microsystems, Inc., 
MIS DAQ, 2550 Garcia Avenue, Mountain View, CA 
94043. Letter-quality resumes will get to our hiring managers 
faster, since all resumes are electronically scanned and 
prooessed by the Resurnix ™ system. An equal opportunity 
employer. Principals only, please. 

sun 
microsystems 

Systems for Open Computing."' 000 

T II E 0 P E N C II A L L E N G E 

EDN April 13, 1989 



First, there 
w the vision ... 
History-Making 
Opportunities: 
Mars Observer, 
Space .Station 
& Landsat ... 
in Princeton, 
New Jersey 

The Time 
is Now 

Space exploration began with a vision. The fire of imagination - fused with superior 
technical proficiency - leading the way to limitless possibilities. A special vision that creates 
the kind of breakthroughs that characterize GE Astro Space. 

With over 150 satellites currently circling the globe, and long-term, history-making projects 
such as the Mars Observer, Space Station and Landsat...GE Astro Space can offer Engineers 
the kind of rare opportunities that few are destined to realize. 

If you're the visionary Engineer we're seeking, join us in fulfilling an array of project 
requirements ... paving the way for a new generation of emerging space technology. Our 
mission requires the technical proficiency of Design Engineers with applicable BSEE or 
BSME degrees and a minimum of 3 years experience within the following areas: 

• Electrical Engineers 
Spacecraft Power Systems 
Battery/Solar Array Technology 

Spacecraft Power Electronics 
Power Conversion Techniques, DC/DC, Analog Circuits 

High Voltage Power Supply 
HignReliability Traveling Wave Tube Power Supplies 

• Communication Systems Engineers 
RF/Microwave 
MW Amps, MIC!MMIC 

Antenna Systems 
Shaped/Multiple Beam Satellite Antennas 

• Mechanical Engineers 
Spacecraft Structures 
Honeycomb Panels, Thermal, Composite Materials 

MIC/Hybrid Packaging 
Metal and Ceramic Packaging witn Chip and Wire Components, 
GaAs FETs, GaAs MMIC Chips 

We're a company anxious to meet Engineers who want to cross the engineering fronder. 
Rush your resume, in professional confidence, to: Employee Relations, Dept. EDN/4-13, 
GE Astro Space, P.O. Box 800, Princeton, New Jersey 08543-0800 . 

• GE Astra Space 
Cross the engineering frontier. 

--------------------------------------------------------An equal opportunity employer 
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Quality in. Quality out. 

At Compaq, the value of our products is sim· 
ply a reflection of the personal values inherent 
in each Compaq professional. Attributes like 
teamwork, mutual respect, leadership and 
commitment to quality translate into some of 
the most advanced business PCs on the market. 

Our continued success has created immedi· 
ate opportunities for professionals at our Hous· 
ton headquarters. Start with a BS in a related 
engineering field and three-plus years ' experi· 
ence. Add to that a strong set of personal values 
and the desire to do what's never been done 
before, and you could be part of a winning 
team. 

Automation/Systems Engineers 
Your BSEE or BSCS should be accompanied 

by five years ' experience in PCB assembly fac· 
tory automation. You'll need a strong back· 
ground in hardware/software networking and 
expertise in PLCs and factory cell controller 
installation in UNIX or VMS environments. 
Familiarity with 'C', PASCAL, BASIC, FOR· 
TRAN and CLIPPER programming languages 
is necessary. Experience in JIT, SPC, MRP, 
CAD, CAE, AI and GenRad test data collec· 
lions along with your knowledge in the design 
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and development of systems specifications is 
essential. In addi tion, you should be familiar 
with Novell , networks and D·BASE III. Strong 
communication skills are a must. 

Sustaining Engineers 
As a Compaq Sustaining Engineer, you 'll 

have a hand in the analysis and correction of 
circuit and component issues in one of the fol· 
lowing areas: 
• Digital-Resolve complex technical issues in 

high-speed digital designs. 
• Power Supply-Analyze and solve technical 

problems in sophisticated power supply 
designs. 

• Peripherals-Troubleshoot and resolve OEM· 
related issues (d rives, monitors, keyboards, 
displays). 

• PCBs-Develop printed circuit board specifi· 
cations for existing and new PC technologies. 

Materials Assembly Engineers 
Along with your BS or MS in Engineering, 

Metallurgical Science or related degree, you 'll 
need five years ' experience in surface mount 
technology and expertise in process develop· 
men!, materials analysis and metallurgical 

analysis. Experience in TAB, fine pitch surface 
mount assembly, solder technology, adhesive 
technology, reliability testing and failure anal· 
ysis is preferred. Strong written and verbal 
communication skills are essential. 

Component Reliability Engineers 
Help maintain one of the industry's highest 

user satisfaction ratings. You should be familiar 
with bipolar and CMOS device process reliabil· 
ity, and be able to determine reliability of com· 
ponents. You should also be familiar with Intel 
microprocessors and ASIC devices. 

Make a quality career decision. 
Compaq offers competitive salaries, compre· 

hensive benefits and an unequaled work envi· 
ronment. If you're interested in one of these 
positions, please call us at 1 ·800-243-9003. 
Or simply submit your resume and the position 
for which you wish to be considered to: 
Compaq Computer Corporation, 
Dept. EDN41 3-TH, P.O. Box 69200, 
Houston, Texas 77269-2000 
© 1989 Compaq Computer Corporation 
© 1989 Accent Software, Inc. 
All rights reserved. 
Compaq is an affirmative action employer. mlflhlv. 
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SOFTWARE DESIGN ENGINEERS 
Data Communications ... High Visibility ... 

Advancement Opportunities 

General Data Comm provides customers around the world 
with the most sophisticated, comprehensive selection of inte­
grated data communications products available. As a result of 
our aggressive new product design schedules, we are cur­
rently seeking individuals for a variety of engineering "soft­
ware/firmware design" positions. 

• Network Management 
• Relational Database 
• UNIX™ /"C" 
• Real Time Firmware 

Sr. Software Engineers I Software Engineers • ISDN, T1, Baseband 

Opportunities are available in our Network Management Systems Directorate, where you would 
be intimately involved in several generations of design for multi-user distributed Network Manage­
ment Systems. For these opportunities, you should possess a BSCS/BSEE or equivalent with 3-5 
years of experience in software product development and have high proficiency in "C" programming 
in UNIX™, DOS environments. Background in Sun Microsystems~ or relational database design is 
helpful. 

Sr. Firmware Engineers I Firmware Engineers 

Other engineering positions are available in our Transmission Development Directorate. You will 
be involved with the design of state-of-the-art transmission products such as ISDN, T1, Baseband and 
Analog modem products. For these positions, you should possess a BSEE/BSCS or the equivalent 
with 3-5 years of experience in Assembly language programming; some higher level language back­
ground is essential. Also, experience in real time microprocessor programming is required. (Intel 
8086 or Z80 or Z180). 

We can offer you a highly competitive salary, healthcare and dental programs, life insurance, 
100% tuition reimbursement, profit sharing, and a stock purchase plan. 

For further Information on these and other avallable positions, please telephone 
David G. Alley, Manager, Human Resources, at (203) 758-1811 or write In confidence to: 

General DataComm, Inc. 
Technology Center 

Mlddlebury, CT 06762-1299 

General DataComm, Inc. 
An Equal Opportunity Employer 

PUT THE POWER OF PARTNERSHIP TO 
WORK FOR YOU WITH EON'S WEEKLY 
RECRUITMENT PACKAGE Reach the best-qualified engineers in the 

electronic OEM weekly. And do it for less. 
Place equivalent space in both the Career 
Opportunities section of EDN's magazine 
edition and the Career News section of 
EDN's news edition in the same month 
and get a 30% discount off EDN's 
news edition rate. 

Contact Roberta Renard, 

National Recruitment 

Sales Manager at 

2011228-8602 for 

complete details. 
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CRT Display 
fngineers 
Clinton Electronics, located in Northern Illinois, 
is a privately-owned, no-nonsense hands-on com­
pany and an innovative world leader in CRT tech­
nology. Our management sets the tone of freedom 
and flexible thinking. If you have enthusiasm and 
are not afraid of hard work let us hear from you. 
Company growth and internal promotions have 
created opportunities in .the following areas at our 
corporate headquarters. 

• Applications Engineering 
• Processing Engineering 
• Manufacturing Engineering 
• Screening Engineering 

If you have any experience in the above areas or 
if you have experience in the CRT industry, send . 
us your resume. We offer a professional environ­
ment and an excellent compensation package. 
Please forward your resume to: Ken Judson, 
(815) 633-1444, Clinton Electronics Corpora­
tion , 6701 Clinton Road , Loves Park, IL 61111. 
An Equal Opportunity Employer. 

CLINTON 
ELECTRONICS 
CORPORATION 

Performance Has No Limits Here. 

ENGINEERS 

SUNBELT 

• Ada, Pascal, UNIX, C 
• Networks/Communications 
• X.25/SNA/SDLC 
• Embedded Systems/DOD2167 
• Sr. Antenna/RF Engineers 
• Avion ics(VHSIC/ASIC} 
• Optics/IA Sensors 
• RF/Analog/Monol ith ic 
• Space Station/Shuttle 
• TPS Design/ATLAS 

INDEPENDENT PERSONNEL 
CONSULTANTS 
P.O. Box 16019 

Huntsville, AL 35802 
Tom Thrailkill (205) 883-6511 

SALES REP WANTED! 
Patented three phase monitor to protect all 
three phase equipment from open phase, 
reverse phase and hi-low line voltage. For 
information call 
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Motor Check, Inc. 
P.O. Box 67 

Gillette, N.J. 07933 
201-647-2511 

Attention Computer 
Scientists, Software and 
Systems Engineers. 
Computer Sciences Corporation 's 
Defense Systems Division, headquartered 
in Moorestown, New Jersey with facili ties 
nationwide, is setting the pace in an in­
dustry built on the future. We've been 
awarded major contracts in areas vital to 
our country's defense and to your career. 
As part of CSC, you 'll explore new 
dimensions in computer-based military 
computer systems for tactical and 
strategic command and control defense 
systems. 

We have a record number of challenging 
projects on the boards. You 'll be actively 
involved in projects such as the AEGIS 
Weapons System, BSY-2 Submarine 
Combat System, and the Strategic 
Defense Initiative. 

Your background should include a 
minimum of two years experience in real­
time programming, executive and 
operating system development in any of 
the following areas: 

• Real-Time Operating Systems/Executives 
• Military Applications 
• 1/0 Systems 
• Inter-Computer Communications 
• Ada Professionals 
• 1750A Instruction Set Architecture 
• 68XXX Series Architecture 
• Ultra or CMS-2 
• VAX VMS, MASSCOMP, AN/UYK Series 

We can offer you highly competitive 
salaries, comprehensive benefits and the 
opportunity to be part of a high powered 
company. For immediate consideration, 
please send you r resume with salary 
history to Paul Tootell, Computer 
Sciences Corporation, Defense 
Systems Division, Dept. EDN413, 
304 West Route 38, P .0. Box N, 
Moorestown, NJ 08057. An Equal 
Opportunity Employer. 

rrr 
'--''-
Computer Sciences 
Corporation 
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EDN Databank 
Professional Profile 

Announcing a new placement service for professional englneersl 
TD hllp you 1dv1nce your c1rnr. Pl1e1m1nt 
Services. Ltd. h11 hwm1d the EON 01t1b1nk. 
Whit Is th1 01t1b1nk7 H Is 1 computerized 
system DI m1tchlng qu1llll1d cendld1t11 wHh 
positions th1t me1t th1 1ppllcent'1 prof111lon1I 
nt1d1 ind d11lr11. Wh1t 1r1 the 1dv1nllg11 of 
this new urvlce7 

• H's 1bsolut1ly fr11. Then 1n nn fns or 
ch1rg11. 

• Thi compullr 111v1r fnrglls. Wh1n your 
type of Job com11 up. II r1m1mb1r1 you'n 
qu1llflld. 

• Service Is n1tlonwld1. You'll be 
considered far openings 1cro11 the U.S. 
by PSL 1nd It's 1Hlll1t1d Dfflc11. 

• Your Identity Is prollctld. Your resume 
Is c1nfully 11:n1111d to be sun It will nat 
be uni to your compiny Dr p1r1nt 
nrg1nlZ1tlnn. 

• Your b1ckgnund 1nd Clrlll' ollJICllva 
will perledlcelly be r1vltWld with yeu by 
I PSL pnl111l1111I pl1ce11111t p•un. 

Wt hlp1 yeu'r1 hippy In y•r currtnl peal­
Unn. At thl 11111 II• ch1ncu 1r1 thin Is 1n 
ld11l Joll you'd pnf1r If you 1t111w •bout IL 
Thll's why It 1111t11 Hlllt fir yeu to r1111111r 
with th1 EON Olllb1nk. To do u. Just 11111 !hf 
complll1d form b1low. 111119 wHh 1 cepy II 
your r11ume. to: Pl1cellllll BlrvlCll, Ltd., Inc. 

!IDENTITY I !PRESENT OR MOST RECENT EMPLOYER! 
Name---------------

ParentCompany _____________ _ 

Home Address: ____________ _ 
'lburd1visionorsubsldlary: ------------

City ______ State:---- Zip: __ _ l..oclltion(Clty, State) ____________ _ 

Horne Phone(inclucle area code): --------- Business Phone 110.K. to use: -----------

!EDUCATION I Major Field GPA Year Degree Coll9ge or UnMrslty 
Earned 

Degrees (List) 

!POSITION DESIRED! ____________ _ 

!EXPERIENCE I PresentorMost 
. . Recent Position From: To: Title: -------- -----------------
Duties and Accomplishments: Industry of Current Employer: 

Reason for Change: 

!PREVIOUS POSITION: 
JobTrtle: ________________ _____ _ _ ____ _____ _ 

Employer: _________ Fforn: __ To: ___ City: ______ State:--------

Division: Typeof Industry: _________ Salary: ----------

Duties and Accomplishments:----------------------------

lcoMPENSATION/PERSONAL INFORMATION 
Years Experience Base Salary Commission Bonus Total Compensation Asking Compensation Min. Compensation 

I Wiii Travel 0 I own my home. How long? I rent my home/apt. 0 
0 Light 0 Moderate 

Date Available 

0 Employed 0 Sell-Employed 0 Unemployed 0 Married 0 Single Helght___Welght___ 

Level of Security Clearance D U.S. Citizen D Non-u.s . Citizen 
My Identity may be released to: D Any employer 

0 Allbutpr.-it~ 

0 WILL RELOCATE 0 WILL NOT RELOCATE 0 OTHER 

EDN Databank 
A DMSION OF PLACEMENT SERVICES LID., INC. 

265 S. Main Street, Akron, OH 44308 216/762-0279 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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ED N's 
CHARTER 
EDN is written for profes­
sionals in the worldwide elec­
tronics industry who design , 
or manage the design of, 
products ranging from cir­
cuits to systems. 

EDN provides accurate, de­
tailed , and useful information 
about new technologies , 
products, design techniques, 
and careers. 

EDN covers new and devel­
oping technologies to inform 
its readers of practical de­
sign matters that will be of 
concern to them at once or 
in the near future. 

EDN covers new products 
• that are immediately or 

imminently available for 
purchase 

• that have technical data 
specified in enough de­
tail to permit practical 
application 

• for which accurate price 
information is available. 

EDN's Magazine Edition 
also provides specific "how 
to" design information that 
its readers can use imme­
diately. From time to time, 
EDN 's technical editors un­
dertake special "hands on" 
engineering projects that 
demonstrate EDN 's commit­
ment to readers ' needs for 
useful design information . 

EDN's News Edition also 
provides comprehensive 
analysis and news of tech­
nology, products, careers , 
and distribution. 

EDN 
275 Washington St 
Newton, MA 02158 
(617) 964-3030 
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Mark J Holdrelth 
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(617) 964-3030 
Heather McElkenny, Assistant 

Deborah Virtue 
Business Director 
Newton, MA02158 
(617) 964-3030 

NEW ENGLAND 
Chris Platt, Regional Manager 
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NOTES FOR ANALOG SYSTEMS DESIGNERS 

~New switched capacitor filt:ers ------. 
push frequency limits . 

out to 150 KHz. 
There is now on the market 

a dual universal switched ca­
pacitor filter that is specified to 
operate over the ambient temper­
ature range and supply toler­
ances at 150 KHz with high Q's. 

It's called the ML2111. And 
it's made by Micro Linear 

Center-Frequency 
Accuracy and High Q 

The ML2111 consists of two 
independent switched capacitor 
filters performing second order 
functions. Each independent fil­
ter has separate high pass, notch, 
all pass, bandpass, and lowpass 
outputs. 
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~ - 40 I\ +-+-+-++HI 

~ -50 
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10k 100k 
Frequency (Hz) 

1M 

Bandpa_ss PiUerwithfcLK= 7.5 MHz 

The center frequency of up to 150 
KHz is tuned by an external TTL 
or CMOS clock. Center frequency 
accuracy is ±0.4%or ±0.8% 
maximum. Q accuracy is ±3% or 
±6%. This is over temperature and 
supply voltage tolerance. Signal 
to noise ratio at 150 KHz is 80 dB. 
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Circuit and Plot of Notch Pitter with Q= 50 aruj, F.,= 130 KHz 

Ease of Use Means 
More Versatility 

With all parameters specified 
over the entire ambient tem­
perature range as well as supply 
voltage tolerances of ±10%, 
the ML2111 is designed for ease 
ofuse. 

Designers only need to match 
two resistors for setting Q. Power 
requirements can be ±5\1, or 
a single 5V power supply. And 
Micro Linear guarantees ML2111 
performance over the full tem­
perature range as well as VCC 
tolerance. 

Since Qs of up to 100 can easily 
be obtained, the ML2111 is ideal 
for LORAN C, aircraft navigation, 
Sonar, ultrasound, high speed 
communication links, and other 
applications where center­
frequency accuracy and high Q 
are needed. 

In addition to offering higher 
reliability, design time and part 
counts are reduced. 

As the only integrated solution 
available, the ML2111 lowers 
overall costs substantially at 
these high frequencies. 

The ML2111 is available in 
20-Pin DIP and 20-Pin SOI C 
package. The price is $6.95 in 
100 unit quantities. 

Call or Write 
for More Information 

If you would like more infor­
mation on the ML2111 switched 
capacitor filter, or on Micro 
Linear's complete range of linear 
devices, please call ( 408) 
433-5200, extension 900, or 
write: 

Micro Linear, Dept. F 
2092 Concourse Drive 

San Jose, CA 95131 

~~Micro Linear 
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LOOIZING AHEAD 

Consumers are unaware of 
fax for personal computers 
Personal-computer facsimile boards 
have been around since 1985, but 
many telecommunications and man­
agement-information-system ex­
perts are unaware of them, accord­
ing to an industry report by Ven­
ture Development Corp (Natick, 
MA). This low level of awareness 
might discourage some manufactur­
ers, but it could also help them form 
new marketing strategies. 

These boards enable personal 
computers to act as facsimile trans­
ceivers, but buyers of personal­
computer fax boards see them as 

NASA information-systems 
budget to increase to $1.3B 
The market for contracted informa­
tion systems and services in the Na­
tional Aeronautics and Space Ad­
ministration (NASA) will increase 
from $910 million in 1988 to $1.3 
billion by 1993, predicts Input 
(Mountain View, CA). This figure 
represents an average annual 
growth rate of 8. 7%. 

NASA has used computers exten­
sively for both administrative sys­
tems and mission support, and 
these systems have functioned in a 
highly decentralized mode. But 
NASA is now making changes that 
will require more information shar­
ing than at any time in its history, 
reports the market research and 
consulting firm. In selected areas, 
such as procurement, software 
management and assurance, and 
the Space Station program, NASA 
is moving away from its decentral­
ized approach. 

Historically, NASA has not al­
ways been on the cutting edge of 
information systems technology. 
But reports from oversight agencies 
have prompted NASA to start a 
wide-ranging program to intensify 
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additions to stand-alone facsimile 
machines, not as replacements for 
them. Of the owners VDC sur­
veyed, 58.3% said that the same in­
dividual or department purchased 
both stand-alone facsimile machines 
and personal-computer fax boards. 
Most of the owners usually order 
the stand-alone units from local 
dealers, but 81 % of personal-com­
puter fax-board users ordered their 
boards directly from the manufac­
turer. VDC expects this figure to 
decrease as more computer dealers 
offer these boards. 

The most important factor for 
first-time buyers was the compati-

bility of the board with the other 
facsimile equipment in their office, 
and many buyers want to be able 
to test personal-computer fax 
boards at their site. Reliability , 
transmission speed, copy quality, 
ease of use, and price also heavily 
influenced buyers. The average 
price for a personal-computer fax 
board is $500, reports VDC. 

Half of the companies that have 
personal-computer fax boards own 
only one unit, 19% own two, and 
31 % own three or more. Nearly half 
of the owners surveyed by VDC 
plan to buy more boards over the 
next five years. 

CONTRACTED INFORMATION-SYSTEMS 
OUTLAY DISTRIBUTION* 

PROFESSIONAL 
SERVICES 

15% ---t--

8% 

SYSTEMS 
INTEGRATION ----""""'1~ 

SOFTWARE 
PRODUCTS 

24% 

8% 

13% 

9% --........... ~ 

•BASED ON AGENCY RESPONSES 

its automation of highly technical 
areas. This program includes estab­
lishing sophisticated local-area net­
works to facilitate information shar­
ing, improving its own development 
of software, a significant upgrade 
of computer facilities at its centers, 
and implementing artificial intelli­
gence to enhance decision-support 
activities. 

(SOURCE: INPUT) 

Traditionally, NASA has used 
contractors more than most agen­
cies in performing mission activi­
ties. According to Input, software 
products and hardware lead con­
tracted information-systems expen­
ditures at 24% and 23%, respec­
tively. 
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SPECIFICATIONS 
MODEL FREQ. GAIN, dB 

MHz 100 1000 2000 Min. 
• MAX. NF 

PWR. dB 
PRICE$ 
Ea. Qty. 

de to 2000 MHz 
amplifier series 

Unbelievable, until now ... tiny monolithic wide-

MHz MHz MHz (note) dBm 

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 

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 +Bo 6.0 1.70 (25) 
MAR-4 DC-1000 8.2 8.0 7.0 +1 1 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 2.8dB, 
and up to DC-2000MHz bandwidth. 

NOTE: Minimum gain at highest frequency point and over full temperature range 
·MAA·B, Input/Output Impedance 1s not 50ohms. see data sheet. 
Stable for source / load impedance VSWR less than 3:1 

300 

• l dB Gain Compression 
o +4d8m I to 2 GHz 

designers amplifier kit, DAK-2 
5 of each model, total 35 amplifiers 

Also, for your design convenience, Mini-Circuits 
offers chip coupling capacitors at 12 cents each.t 

Size Tolerance 
(mils) 
80x50 5% 
80x50 10% 

120 x 60 10% 

Temperature 
Characteristic 

NPO 
X7R 
X7R only $59.95 t Minimum Order 50 per Value 

finding new ways .. 
• Designers kit, kcap-1,50 pieces of 
each capacitor valve, only $99.95 

setting higher standards 

0 Mini-Circuits 
A 01v1s1on ol Sc1ent1f1c Components Corporation 

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

CIRCLE NO 94 

Value 

10, 22, 47, 68, 100, 220, 470, 680, 1000 pf 
2200, 4700, 6800, 10,000 pf 
.022, .047, .068, .1µ1 

C113-Rev. D 
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Gate stress T0-220 time to failure HEXFET IRFSJO under avalanche Electrical defects (PPM) 

As IR HEXFETs® hold their lead in power in the industry. InAOQLs you can take right past 
MOSFETs, our competitors become bolder and incoming inspection to your production line. 
bolder in attempting to duplicate our success. And in our Generation III HEXFET process 

They're using our part numbers. And in some that's optimizing cell density and providing 
cases, they've even put "IR" in front of them. unparalleled performance per square inch. ~ 
They've thought of everything. Except performance, The bottom line: If you're buying 
ruggedness and reliability. FETs, make sure they're IR, as in 

The numbers in the chaJts tell the story. You'll International Rectifier. Or you 
find them in our guaranteed avalanche ratings. Our just m~ht get a signed and 
quarterly reliability reports, the most comprehensive numbered copy. 

IIC)RllNTERNATIONAL RECl.IFIER 
WORLD HEADQUARTERS 233 KANSAS ST. El SEGUNDO, CA 90245, U.S.A. (213) 772-2000. 11VX910·348·6291, TELEX 412-0403 
EUROPEAN HEADQUARTERS HURSTGREEN. OXTED. SURREYRH8988, ENGLAND TELEPHONE (0883) 113215. TEL£X95219 
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-17 MILLION f LDS A MONTH 
BEGIN WI 1 H .DATA 1/0. 

No company supports as many 
programmable logic devices as 
llata l/O®- v1rtually every PLO on the 
markPt From design, to program­
ming and test. Data 1/0 is the industry 
rhorc~ for PLO development tools. 

UNIVERSAL SUPPORT FOR EVERY PLD 
MANUFACTURER. We give you the 
freedom to choose the right PLO 
for vour design - from any manufac­
turer You can use our tools to design 
i1nrl program all PLO architectures. 
incb d1ng PALs, FPLAs. PLEs and 
FPl Ds. and all technologies from 
vert!cal-cell AIM ECL. and CMOS 
to bipolar And you can .pick any 
pacvage - DIP. PLCC, LCC or SOIC. 

UNIVERSAL DESIGN TOOLS. ABEL'" 3 O. 
Dain I/O's high-level design language, 
IPts you describe your design with 
nny combination of equations. state 
rl 1agrams. or truth tables. For multiple 
Pl [)design. use the advanced logic 
synthesis capabilities of GATES™ 
And for complete device testability, 

PLDtest® is our universal tdiol for 
automatic fault grading and test vec­
tor generation 

I 
UNIVERSAL PROGRAMMING TOOLS. 
The UniSite'" 40, our most sophisti­
cated programmer. handle;:; all 
devices- memory, logic. and 
microcontrollers- in a single site. 
The modular approach to logic 
programming is the 29B with a 

011ta t 0 Corporation 10?~';. Wolluws qodd f\j E P 0 So~ 97046. Qedmond WA 98013 9746 U S A t2oAl 867 68991 Te1e,. 1 ~ ] 167 
D~ta I 0 Cenl!lda .... -...;~ :i. •OfJ•' Qo;id S.J1te 302 ~·ss1ssauaa Onta110 L4V 1V214161678--0761 • ~ 
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Oeta I 0 Japan ~ • ~ ..... .,.., .... ,..,'=' >-i•gas• •5"•··basr->• Btdg SF 2 1 7 H1gash1 Sh1nbash1 Minato lo;u Tokvof lO'J JaOd" 

'..1)71'\091 Te1e ~ 25'26135DATAIOJ 
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LogicPak™ . Or for portable conven­
ience. choose the 60A. 

UNIVERSALLY APPROVED BY PLD 
MANUFACTURERS. With Data 1/0. you 
can depend on the accuracy and reli ­
ability of your programmed PLO. We 
work with semiconductor manufac­
turers- long before devices are 
released- to develop, and obtain 
approvals for. our programming 
algorithms. So reliable support will 
always be ready when you need it. 

A CLOSER LOOK AT UNIVERSAL SUP­
PORT. Call us today for more informa­
tion about our complete line of PLO 
development tools and 
qualify for your FREE 
copy of the ABEL 3.0 
demonstration disk. Your 
PLOs will be off to a better 
start and a faster finish. 

1-800-247-5700 
Ext. 363 

Corporation 


