
® Combined logic analyzers 
and DSOs pg 77 

Slot-0 controllers pg 93 

Know your options when 
designing filters pg 129 

Determining metastability 
characteristics of PLDs pg 14 7 
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Finally, engineering software that clears the 
way to problem solving without programming. 

void servi . . d CP>_ int ei · ·~>· 
, '< cj 

{ int stat, bYte; 
/*serial poll~~ o 
byte=hpib_spo111 
if ( (byte<O) I I! 

printf ( "SRQ Probj
0 

return; } 
stat=my_read(eid, DVM_ 
if (stat>O) { 

buffy [stat] = ' \0 '; j_ . rJ ~ 
printf ( "Data from instr -~I' v.r 

else printf ( " I/O read error~W~~,: ~q; 
return; } 0 o_,; 

(j 

main () { lv~it 
int busid, stat , MTA , MLA ; ~ 

char cornrnand[MAXCHARS]; 

busid=open( " / dev/hpib7", O_RDWR) ; / *open raw HP-r£~r 
MTA=hpib_bus_status(busid , CURRENT_BUS_ADDRESS) + 64 ; 
MLA=hpib_bus_status(busid, CURRENT_BUS_ADDRESS) + 32; 
stat = BUTTON_BIT ; 
sprintf (command , "KM%02o ", stat) ; /* 2 octal digits *I 

WithHPVEE, 
you simply link the icons. 
Computers are great for problem 
solving, if only progranmling 
didn't get in the way and slow 
you down. And now, it doesn't 

() !WI Hewlett-Packard C'o. TMMSOJOS/EDN 

have to. Because the HP visual 
engineering environment (HP VEE) 
lets you solve problems without 
programming. 

With HP VEE, you explore solutions 
visually by arranging and linking 
icons on the CRT. Each icon rep­
resents and executes a specific 
function for data collection, analysis 
-from simple mathematics to 
complex algorithrns--and presen­
tation. You don't have to write a 
single line of code. 

There are two HP VEE software 
packages for prototyping, experi­
mentation, and problem modeling. 
HP VEE-Engine, at $995*, is a 

CIRCLE NO. 132 

general-purpose tool for analysis 
and presentation of existing data. 
HP VEE-Test includes HP VEE­
Engine and adds extensive I/O 
capability, including soft panels 
and device I/O objects for $5,000*. 

So, if programming is keeping 
you from finding solutions, call 
1-800-752-0900. Ask for Ext. 
2380, and find out how HP VEE 
clears the way. 
* U.S. list prices. 

There is a better way. 

Ff/di HEWLETT 
~~ PACKARD 





We've given you the best of 
both worlds ... 

Circle No. 2 

-="'_r• r ~­

ls- ;'.-.H'c":" 

CID • 

labWindows® 2.0 labVIEW® 2 
for OCls-bosed compulers for Micinlosh compulers 

All You Have To Do Is Choose! 
In the 1980s, Notional Instruments pioneered two paths to the future of instrumentotion. 

lobWindows, an automatic code generation and program development system for the C and 
BASIC programmer. And labVIEW, the first graphical programming sys:em to offer ease of use 
without sacrificing programming flexibility and peformance. 

labWindows and labVIEW address all of your instrumentation needs. You can control 
GPIB, VXI, and RS-232 instruments, and plug-in data acquisition boards. You can integrate data 
analysis. And, you can build your own graphical user interfaces. 

Today, labWindows and labVIEW are leading the revolution in instrumentation software. 
Through innovative programming methodologies and powerful development tools, labWindows 
and lobVIEW are paving two paths to the futurHJ future in which The Sofwvare is the Instrument. 
All you have to do is choosel 

Call for your free demo disks (5 l 2) 794-0 l 00 or (800) 258-7013 (U.S. and Canada). 

y.NATIONAL 
• ~~!!~~!!!!!: 
,, 6504 Bridge Poinl Parkway 

Auslin, TX 78730-5039 

Austroi10 [03[ 879 9422 • Denmark [45) 76 73 22 • Fronce111 48 65 33 70 • Germany1089171 4 5093 
ltoy [02) 4830 1892 • Japan 10313788 1921 • Netherlands 101720) 4576 I • N<X'lolly 103) 846 866 

Spain 19081604 304 • Sw1lzerlond )056) 45 58 80 • UK )0635t 523 545 

PrOOuct names sted o·e troderr<irt.s ol lhe1r respect ve manufacturers Company oomes 1sted are trodemoru Of ~ode names ol lhe r respective CC)'T!pan es 
© Cw1ng•t I '11 I No«irol lnstrurrects (oipoiolKl!' 11ghts '""""'° 



Nobody fills these slots better than we do. 
For years, Wavetek has set 

the standard in Arbitrary and 
Function Generators. Now, 
we've put our latest models on 
boards, and their front panels 
on a disk. Other than 
that, nothing has 
changed. 

The Model 1370 
12 MHz Function 
Generator com­
bines your most­
needed features 
with a very low 
price. It delivers 
lOVp-p into SOQ, 
with continuous , ~ 
triggered , gated / 
and burst modes. ?! ~ 
© 1991 Wavetek Corporation 

Circle #3 for Literature 

Our VXI Arbitrary Generator, 
Model 1375, has a 32K memory 
(expandable to 128K), 12 bit 
vertical resolution and can 
sample at up to 20 MHz. It also 
has a 64K Shared Memory that 

lets you download 
waveforms 40 times 
faster than the 
conventional binary 
method. Yet it only 
requires a single C­
size slot. 

Both instruments 
w.-..~ _, use SCPI-compatible 
u• 1 g command language 

0_. ~ for easy integration 
into automated 
test systems. Run 

Circle #4 for Demonstration 

WaveTest program develop­
ment software on the system 
controller and you'll have 
complete "soft panel" displays 
for the Models 1370 and 1375, 
along with many other VXI and 
GPIB instruments. A new 
Wavetek ARB software package 
rounds out your waveform 
creation system. 

So if you have openings for 
a really good function generator, 
arbitrary generator or test 
development software, call 
Wavetek at 1-800-223-9885. 
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What do p--channel load switches give battery powered systems? 

Life everlasting. 
Well, not quite. 
But it may 
seem that 
waytousers 
of your battery­
powered syst,em. 
Double battery life during nonnal 
operation! And increase it by 1000% 
(ten times) in standby mode! 
How? With Siliconix' Si9405 load switches. Devices that 
let you shut down unneeded sections of your system. Now 
you can turn off the display, disk drive, internal FAX/ 
modem, coprocessor, extra memory, transmitter and other 
analog functions when they are not in use. Then activate 
them instantly from your standby mode. 

Added value. 
This improved power management empowers your system 
with (almost) life everlasting. It's a compelling competitive 
advantage that will significantly increase your product's 

market share and 
profit margin. 

LITl'LE FOOT TM 

packaging. 
The 5-V logic 
compatible 
p-channel Si9405 
has an incredibly 

low 120-mQ on-resistance 
that allows simple switching 

of high currents. And it 
comes in a space-saving 
LITTLE FOOT sore 
8-pin package -
assuring your portables 

will be truly portable, 
your laptops lap-size, and 

your notebooks notable. Other small 
footprint solutions are listed below. 

Siliconix P-Channel & N-Channel Load Switches 

Si9400DY Single P-channel, 250 mQ 
Si9405DY Single P-channel, 120 mQ 
Si9953DY Dual P-channel, 2 x 250 mQ 
These S0-8 JC devices can be driven directly by 5-V logic. 

Si9956DY Dual N-channel, 2 x 100 mQ 
This S0-8 JC device is ideal for higher current loads. 

SMP60N03-10L Single N-channel T0-220, 10 mQ 
A great solution for switching between batteries. 

Get more compact and power-saving designs! Call our 
toll-free hot line now. 1-800-554-5565, Ext. 960. Ask for our 
"Power Management" Design Kit. And remember, at Siliconix 
we're committed to achieving a seamless interface between 
the power and digital worlds. 

Silicon ix 
2201 Laurelwood Road, Santa Clara, CA 95056 

©Copyright 1991 Siliconix, LITTLE FOOT is a trademark of Siliconix 
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On the cover: Field-programmable gate 
arrays (FPGAs) and the methods engi­
neers use to adapt these devices to digital 
designs continue to evolve. EDN sur­
veyed 40 engineers to examine their 
problems, preferences, and various 
design practices when working with this 
new technology. See our Special Report 
on pg 114. (Photo courtesy Logical 
Devices) 

WBPA MP ID 
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SPECIAL REPORT 
FPGA design methods 114 

Digital-design engineers are 
beginning to employ a diverse and 
rapidly evolving class of large 
programmable devices, called field­
programmable gate arrays. As varied 

N~ -
Driving Electronic 

Technology Imo The 
Ne>1 Century 

as the architectures of these devices are, engineers' design methods 
are even more diverse. However, the design method you do choose 
can profoundly affect which devices you can use. 
-Charles H Small, Senior Editor 

DESIGN FEATURES 

Know your options and requirements 
when designing filters 

129 

You can configure lowpass, highpass, bandpass, and notch filters 
in several ways. Knowing the performance characteristics of 
different filter configurations will help you specify the best filter 
for your application. -William Chambers, Acquisition & 
Control Electronics 

Determine PLD metastability 
to derive ample MTBFs 

147 

As system speeds increase and more systems use asynchronous 
input sources, metastability becomes increasingly important. 
Because you can't eliminate metastability, you have to determine 
an appropriate MTBF for metastability-induced failures and use 
design techniques that limit the extent of these failures. 
-Sean Dingman, Cypress Semiconductor 

TECHNOLOGY UPDATES 

Your votes will determine the 
winners in EDN's Innovations and 
Innovator of the Year competition. Use 
the bound-in ballot to make your choices. 

49 

Continued on page 7 
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FLUKE AND PHILIPS - THE GLOBAL ALLIAN C E IN TEST & MEASUREMENT 

e PHILIPS 

Auke puts timer1counters 
on the fast track. 

Discover the new breed of timer/ 
counter: the PM 6680. 

Until now timer/counters have plodded 
along as workhorses of test and measure­
ment. Now Fluke is the first out of the 
gate with a whole new breed of timer/ 
counter: the Philips PM 6680. A power­
fully fast, powerfully versatile instrument 
with capabilities usually associated with 
analyzers costing up to five times more. 
Yetthe PM 6680 runs under $2100-less 
than half the cost of comparable timer/ 
counters. And for that low price you get 
more than twice the capabilities. 

Compare the stats: 
PM IP IP 
... 53341 11335 

"""811Cf ....... 225 MHz 100 MHz 200MHz ,,........., 
...... c 2.7GHz 1.JGHz 1.JGHz 
(optional) ............... 500ps 2ns 2ns 

.............. 2000/s 150/s 125/s 

... Price $2,075' $2,305 $5,000 

• GPIB intelface optional ($550) 

Besides setting a faster pace, the 
PM 6680 adds new time and frequency 
analysis tools. Built-in mathematics and 
statistics functions give you stand-alone 
processing power that makes it easy to 
obtain measurements such as drift and 
rate of drift. 

Put those features together with 
2000 readings per second and you have ' 
a powerful tool for analyzing timing jitter ! ' 
without a controller. The PM 6680 can 
also characterize VCOs or frequency 
agile sources quickly and easily. 

And a host of new measuring capa­
bilities give you the versatility to address 
your toughest measurement problems. 

6 

Rise time, duty factor, phase, and volt 
min/max measurements are all stan­
dard. Our unmatched arming flexibility 
enables you to measure rise time or 
pulse width on selected pulses within a 
stream. And the PM 6680 boasts six 
totalizing modes-including up/ 
down counting and counting over a 
preset time. 

Plus the PM 6680 is the first GPIB 
timer/counter to use the SCPI standard 

so you're assured of easy upgrada­
bility and modification down the line. 
Without a doubt the PM 6680's thor­

oughbred speed and power will put you 
in the winner's circle for a workhorse 

price. It's backed by Fluke's strong 
track record as a leader in electronic 
instrumentation and test solutions, 
plus complete technical support 

and fast service . 
To get significantly more perfor­

mance from a timer/counter for signifi­
cantly less cost, discover the PM 6680: 

the new breed of timer/counter from 
Fluke. Call 1-800 44-FLUKE ext. 701 
for more information and a free demo. 

Thoroughbred performance 
~-: at a workhorse price. 

John Fluke Mfg. Co., Inc., P.O. Box 9090, MIS 250C, 
Everett.WA 98206-9090 
U.S. (206) 356-5400. Canada ( 416) 890-7600. Other countries: 
(206) 356-5500. -i;, 1991. All rights reserved. Ad No.00119 
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Combined logic analyzers and DSOs: 77 
Combined instruments find logic problems 

When logic errors in your circuit turn 
out to be signal integrity problems, you 
need to team up a logic analyzer with 
an oscilloscope. A single instrument that 
combines the two is often more efficient 
than separate units.-Doug Conner, 
Regional Editor 

N~ ,. 

Slot-0 controllers meet VXI-system needs 

Driving Electronic 
Technology Into The 

Next Century 

93 

At the core of every VXI system lies its controller. Choosing a 
controller) then, would seem to be the first step in setting up your 
system, but it isn't.-Richard A Quinnell, Regional Editor 
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The 90 Nanosecond Workout Virtual Reality 
An Exhaustive Look At High Tech Close But No Cigar 
Train.ing Equipment PAGE 2B PAGE SH 

25 CE TS 

FANTASTIC Fl 

How Fast Is A Flash? 
A Direct Comparison 

Density AMO Fastest Competitor 
256K 90ns l20ns 
512K 90ns 120ns 
l Mbit 90ns l20ns 
2 Mbit 90ns l50ns 

AMD Ships 2 
PLCC Flash 

SUN, YV ALE - The computer 
industry takes a giant leap forward in 
perfonnanee with the help of 1hc new 
Ra.sh memory family from Advanced 
Micro Devices. Inc. 

Flash memory is a high-density. 
reprogrammab lc .non-vo I at i le 
technology thut has a bright future in 
computation. laser printers. net'' ork and 
telccommunica1ions hardware. Many 
military ~) terns use Flash te fmology 
in radar and naviga1ional applications. 

Flash memory also ha< 1hcpo1cn1ial 
to eliminate mechanical hard disks and 
1he net.."tl for cumbersome baueries. 
The.\C arc two of the biggest and heaviest 
obstacles in laptop and notebook 
computer applications. 

Today. Flash memory i.s the most 
cost effective replaccmcnl 1echnology 
for UV EPROMs and EEPROMs in 
applications that require io-syslem 
programming. Flash memories can 
literally be reprogrammed in a Oash -

hence the name. 
Standard, llut ll"~h A Little More flash 

AMD 's Flash memory famili• 
effeai\'elyetches in si licon 1hcde-fac10 
s1ancbrd forth is burgeoning technology 
that is compatible with ln1el's initial 
Flash architecture. 

Because AMO Flash m..--morics arc 
pin-for-pin compatible wi1h the now 
standard architecture. AMO is 
positioned as an altema1e source for 
design engineers and purchasing a gems 
alike. 

.. Alternate source may be an 
inadequaic tem1;· <aid Jeny Sanden;. 
chainnan and CEO of Advanced Micro 
Devi~. ··Given our speed and feature 
se1.,ourcustomc...~thinkofusasasupcrior 
resource.·· 

Indeed. AMD"s Flash memory 
family offers designers significant 
pcrfonnance advantages (see chart). 
"ith speeds almost twice as fas1 as the 
nearest competitor. 

Engineer Spontaneously Vice Pr 
• 



Chips And Salsa 
A Business Person's Guide To Silicon Valley 
Restaurants PAGE ?F 

MORNING EDITTON 

ASHES! 
Megabit, 90ns, 
Memories 

.· The AM O Flash fa mily offers 
d.es~~n.c rs : 1 ~d purchasers many 
p.ickag111gop11ons. Panicularlypopular 
rs AM O's advanced 2 Megabit. PLCC 
pan. Other pack•tging op1ions include 
POIP. COIPand LCC in 256K.5 12K. I 
Mbrt and ~ Mbit capacities. TSOP 
packages will be avai lable in the second 
half of th i> year. (LCC not currently 
avai lable 111 2 Mbit.) 

AMD's 2 Mbir Flnsh memories 
come complc1e with embedded program 
and cm~e algori1hms on board. These 
automauculgoriLhmsspecduprhcdesign 
process and considerably shoncn lime 
ro m~rke1. Previously. engineers were 
requi re~ to develop lcdious and iime­
consummg algori thms ro implement in­
sys1cm _rcprog:Jmmabi lity. AM D's 
automntrc algomhms also allow sever.ii 
Flash me1~orics to be wriuen or erased 
at once. wnhout tying-up the CPU. The 
s_ysrem is. now free to pcrfonn other 
tasks wlule these operations arc in 

progress. AMO pl ans to include 
embedded :1lgorithrns in a future release 
of its I Mbit pan. 

lnc Uilr-J· Violet Blues 
. Flash technology is pnrt icularly 

suned to applica1ions requiring 
rcp~gramming in place. because rhese 
dev1ccscan be reprogrammed in seconds 
and wi1hin the sys1cm. · 

To updntc the code on a UV 
EPROM, the pan must fi rst be removed 
from 1.hesys1em. Once removed.erasure 
can take up ton full 20 minutes. After 
reprogramming. tl1e pan is then plugged 
back 1~ 10 the sys1em. The process can 
result Ill damage to other components 
costly service calls, and headaches. • 

A ash memories. on the other hand. 
cnn be bulk. ernsed in atx>ut one to iwo 
seconds, wuhoui system disassembly 
Reprogra mming can then b~ 
accomplished l'ia noppydisk.overphonc 
lrnes. or even !SON 
(continued) 

Stop the presses! 
Advanced Micro Devices makes big news 

again~this time with an enhanced family 
of Flash memory devices. 

That's good news for veteran and new 
Flash users alike. 

Because our Flash devices are pin-for-pin 
compatible with Intel's existing Flash memory 
architecture, they establish the de facto indus­
try standard. 

Our standards, however. are a bit higher 
And so are yours. 
That's why our Flash Memory family offers 

densities, speeds and packaging options that 
improve performance and save board space. 
For instance, our advanced 2 Mbit PLCC 
part with a scant 90 nanosecond delay 

You can also choose from Flash devices 
in 256K 512K and I Mbit densities. As well as 
packaging options that fit your design best 
including CDIP PDIP LCC TSOP and PLCC. 

And you'll find implementation faster 
and easier than ever. because weve included 
automatic programming algorithms on all our 
2 Mbit devices, and soon on our I Mbit parts, 
too. So you'll spend less time writing code. 
and take less time getting products to market. 

To keep up to date with all the latest and 
greatest in Flash memory call AMO today at 
J .. soo .. 222 .. 9323. And start making some 
headlines of your own. 

~ 
Advanced Micro Devices 

901 Thompson Place. P.O. Box 3453. Sunnyva le.CA 94088. 1991 Adva nced M icro Devices. Inc. 
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How Orbit's Fores 
Out of IC Deve 



ight Takes the Bite 
lopment Costs. 

--
Foresight Makes Silicon Affordable. 

Lower your ASIC development costs 
with Foresight, the multi-project wafer 
service with guaranteed quick 
turnaround. 

Foresight is Available: 

In 36 different CMOS Processes 

With feature sizes down to 1.2 
microns 

CCD Processes 

Take the Bite Out of Mixed Signal 
IC Design. 

Partition your analog/ digital ASI Cs­
and separately design and verify critical 
segments through fabrication -with 
Tiny Chips. You 'll dramatically reduce 
NRE costs and move confidently and 
quickly from prototypes into 
production. 

Ready. Set. Fab. 

Foresight runs start every two weeks, 
so you can meet even the tightest dead­
lines -whatever your design rules. 

Foresight Run Schedule: 1991 

Apr 10, 24 May 8, 22 Jun 5, 19 

Jul 3, 17, 31 Aug 14, 28 Sep 11, 25 

Oct 9, 23 Nov6, 20 Dec 4, 18 

Save Time and Money. 

Call Orbit Semiconductor for the 
information you need to get started. 
Contact Technical Marketing, Orbit 
Semiconductor, 1230 Bordeaux Dr., 
Sunnyvale, CA 94089. Or call ( 408) 
744-1800 or (800) 331-4617. In CA 
(800) 647-0222. Fax (408) 747-1263. 

A subsidiary of Orbit Instrument Corporation. 

CIRCLE NO. 7 

What others promise, we guarantee. 



ANY WAY YOU SLICE IT, 
GENERATION COVERS EVERY 

The squeeze is on. Today the PC market is rapidly 
concentrating into three segments: Notebooks, Desktops 
and Workstations. And once again, Conner has anticipated 
these changes. 

Which is why we're intro­
ducing our newest wave of high­
performance 2.5-inch and 3.5-inch 
drives to meet the needs of each 
of these evolving market segments. 

For the notebook market, 
take our newest Pancho drive. Summit 540MB C:OUgarllOMB 

With 85 Mbytes, it offers the highest capacity available in 
a light weight, patented 2.5-inch form factor. Low power 
consumption, rugged packaging and a compact form factor 

make it the ultimate choice for 386SX and 
486SX-based notebook computers. 

Then there's our new 
Jaguar Series for the desktop 
market-3.5-inch drives offer­
ing 85 and 170 Mbytes. A 17 
msec. average seek t ime and a 

f"IJ""'ss1170M• PonmaBSM• light weight, patented I-inch 

World Headquarters: 3081 Z.1n kcr Ro.1d, S.an Jo.sc, CA 9Sl34 Telephone: (408) 456-4500 FAX: (408) 456-4501 Sales Offices: Asia -Singapore : (65 ) 296-1992 •Taipei: (886 ) 2-718-9193 ·Tokyo: (8 1) 3-3485-8901 · Seoul: (82 ) 2-551-0511 Europe 
Cl 199 1 Conner Pcriphcnls, Inc. 
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CONNER'S NEWEST 
SEGMENT OF THE MARKET. 
high form factor make them ideal for a full range of desk­
top computers. 

For workstations, we're introducing two new 3.5-inch 
drives-the 210 Mbyte Cougar and 540 Mbyte Summit. Cougar 
is the highest performance low-profile drive on the market 
today. While Summit delivers the greatest capacity and 
performance of any 3.5-inch drive. Both provide a fast average 
seek time of 12 msec., a 2.5 Mbyte per second sustained 
transfer rate and a SCSI-2 interface. 

It's all a part of our innovative sell-design-build business 
philosophy. To identify our customer's needs sooner. Then 

fill them faster with the most advanced products. In fact, 
we're the technological leader with nine patents issued and 
27 pending. Which is why more and more PC users are 
asking for systems with Conner drives. 

So if the changing market segments are putting the 
squeeze on your systems, call us today. We'll guarantee you 
the most refreshing results. 

C-"••••~n .., ...... ... 
Delivering A Generation Ahead 

-London: (44) 07 1-409-0090 • Munic h: (49) 89- 129-8061 • Paris: (33) 1-47-47-4 1-08 • Aom.: (39) 125-800260 • U.S.-Bosron: (617) 449-9550 • Dallu: (2 14 ) 680-2913 • Irvine: ('714) 727-2462 • Minnc;apolis: (612) 449-5 186 • ~n Jose: (408) 456-4500. 
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Now you can really stick it to 'em. And you can be sure they'll get 

the point. Because our two new MAX* parts will make your next design 

unbeatable. And get it to market faster. 

IntroducingAitera's 100-pin EPM5130 and 

7500-gate EPM5192. Both packed 

with I/O and logic unheard of in a 

CMOSEPLD. 

In fact, they're your 

best programmable alterna­

tive to gate arrays yet. Because 

MAX delivers high logic density and superior 50 

MHz in-system speed. All thanks to our innovative 

MAX architecture. 

Even design is faster. That's because our new 

MAX+ PLUS~ II software takes full advantage of the 

enhanced memory management and multi­

tasking capabilities of Windows™ 3.0. 

MAX+ PLUS II can also automatically partition 

large logic designs into a set ofEPLDs. In minutes. 

So you can deliver your finished design while 
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S EPLD WITH 100 PINS 
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OMPETITION. 

your competition's stuck manually partitioning his 

schematics. 

You can even choose from a wide variety of erasable 

windowed and OTP packages. Including pin grid array, 

quad flat pack and PLCC package options. Which makes 

them perfect for full production or gate array prototyping. 

Of course, the EPM5130 and EPM5192 are just two 

members of the modular MAX family. Devices range from 

20 to 100 pins, 16 to 192 macrocells. In fact , there's an 

EPLD for every logic design task. Because we make the 

industry's broadest line of CMOS PLDs. 

So if you're looking for devices with high density, 

high I/O and high speed, talk to the people who invented 

the EPLD. Call Altera today at (408) 984-2800. 

We'll help you keep your competition pinned down. 

0 

2610 Orchard Pkwy. San Jose, CA 95134-2020/(408) 984-2800/Fax: (408) 248-6924 

MAX and MAX+ PLUS are registered trademarks of Altera Corporation. Wi ndows Is a t rademark of Microsoft Corporation. C 1991. Altera Corporation. 
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SIEMENS 

Universal Intelligence. 
manufacturer, providing 
high-quality 1-Mb and 4-Mb 
DRAMs. In fact, we're one 

Aeliable1-Mband of the world 's leading 

Siemens is a worldwide supplier 
of systems solutions for the 
workstation and embedded 
control markets. 
Siemens is continuing to demonstrate 
the innovation which has made us 
the universal choice in advanced IC 
technology. 

Siemens offers industry-standard MIPS 
32-bit RISC microprocessors, 
which are ideal for work­
stations, file servers and 
multiprocessor systems, 
as well as high-perfor­
mance embedded appli- High-performance 

AISC32-bil 
cations. Of the five certified microprocessors. 

CMOS MIPS semiconductor suppliers, 
we're the sole European source, to 
offer you solutions worldwide. 

We're also the only European DRAM 

© 1991 Siemens Components, Inc . M20A 001 

16 

4-MbDAAMs. suppliers, with DRAMS 
available worldwide, in volumes which 
have doubled since 1989. And we 
are continuing to advance this tech­
nology with our 16-Mb and 64 -Mb 
DRAM programs. 

Siemens CMOS ASIC 
technology features both 
Sea-of-Gates and stan­

dard-cell product families. 
Our 1.5, 1.0 and sub- ASIC solutions in 

· t h I · both Sea-<>f-Gates micron ec noog1esare andstandard-<:ell. 
compatible with Toshiba 
even at the GDS2 database level , for 
true alternate sourcing worldwide. 
And they come with European content 
and U.S. design support, as well as 

CIRCLE NO. 11 

the best service in the industry. 

Plus, we offer the most comprehensive 
communication IC family in the world , 
to support the networking requirements 
of high-performance workstations. 

If you 're manufacturing or marketing 
worldwide, find out what makes our 
embedded control and workstation sys­
tems solutions the universal favorites . 

For details, call (800) 456-9229, or write 

Siemens Components, Inc. 
2191 Laurelwood Road 
Santa Clara, CA 95054-1514 

Ask for literature package M20A 001 . 

• Siemens 
World Wise, Market Smart. 
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NEWS BREAIZS 
EDITED BY SUSAN ROSE 

DC/DC CONVERTERS DELIVER 3W ON FOUR BIPOLAR OUTPUTS 
The HPR2xxx series of de/de converters provides as many as four isolated, bipolar 

outputs delivering 750 mW per channel (3W of total delivered power). The units in 
the series provide 750V isolation between channels. Various members of the family 
accept 5, 12, 15, and 24V and produce outputs of ± 5.2, ± 12, or ± 15V. Both the 
inputs and the outputs of the device are filtered . The converters are packaged as 
single inline modules measuring 0.35 x 2.22 x 0.41 in. and cost $16.89 (1000). Burr­
Brown Corp, Tucson, AZ, (602) 746-1111, FAX (602) 889-1510.-Steven H Leibson 

PC PLUG-IN CARD PREFERS BASIC PROGRAMMING 
The DPAl from Signalysys Ltd is a DSP tool set comprising an IBM PC or compatible 

plug-in card and support software. The tool set offers a straightforward route to 
data acquisition and DSP, in real-time or off-line, by running programs in QuickBasic 
4.5. The plug-in card provides two channels of differential input with a voltage 
range of ± l.75V and input impedance of 100 kil. Each channel uses an independent 
sigma-delta ADC, which you can program to sample as high as 400 kHz at 12 bits 
or 100 kHz at 16 bits. Sample skew between channels is < 15 nsec. The card uses a 
20-MHz T400 transputer (30-MHz T800 version is optional). The software tools in­
clude a Basic compiler from Fifth Axiom Ltd. Also in the software package are 
sample Basic programs for continuous, transient, and averaging signal analysis, 
which output a graphical display. To overcome speed limits of the PC bus in real-time 
applications, the card accommodates lM byte (expandable to 4M bytes) of RAM for 
sample storage. A library of DSP routines includes digital filters and FFTs and a 
self-test program. The tool set (lM byte) costs £1750. Signalysys Ltd, Buckland, 
Aylesbury HP22 5HU, UK, (296) 631306, FAX (296) 631815. 
-Brian Kerridge 

DUAL COMPARATOR HAS SUB-NSEC PROPAGATION DELAY 
The SPT9689 dual voltage comparator has a propagation delay of 850 psec max 

(650 psec typ) with the application of a 20-mV input-signal overdrive. The propaga­
tion delay varies less than 100 psec with input overdrives ranging from 5 to 50 
mV. The device has a 3-dB bandwidth of 900 MHz and an open-loop gain of 66 dB. It 
requires 5V and -5.2V for operation and consumes less than 385 mW. Each of the 
comparators in the package has a separate ground pin to minimize crosstalk. The 
comparators' 30-mA outputs can drive 500 loads. The $11.70 (1000) device comes 
in a 20-contact leadless chip carrier, or a 16-lead ceramic DIP. Signal Processing 
Technologies, Colorado Springs, CO, (719) 540-3900, FAX (719) 540-3970. 
-Steven H Leibson 

WINDOWS 3.0 GAINS REAL-TIME DATA-ACQUISITION 
Labdriver for Windows is a $295 dynamic link library for the Microsoft Windows 

3 .0 graphical user interface. The library lets you perform real-time, multifunction 
data acquisition using the manufacturer's line of plug-in data-acquisition boards. 
This software provides double-buffering techniques and resource management to 
optimize data input and prevent multiple-board contention over DMA channels, 
interrupt levels, and bus channels. National Instruments Corp, Austin, TX, (800) 
433-3488, (512) 794-0100, FAX (512) 794-8411.-JD Mosley 
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NEWS BREAI<S 
CAD DISPLAY CONTROLLER S:MOOTHES JAGGED EDGES 

Nth Engine/124 from Nth Graphics can perform antialiasing for 1024 x 768-pixel 
and 800 x 600-pixel images. The $995 device appears to double the displayable resolu­
tion of your 2-D and 3-D wire-frame drawings. The antialiasing eliminates the jagged 
edges that appear when submegapixel monitors attempt to display diagonal lines. 
The board can display 16.8 million simultaneous colors on 640 x 480-pixel monitors, 
for photorealistic 24-bit color. The device's enhanced display-list processing drivers 
produce instant zooms and pans on AutoCAD drawings. The board comes with Hydra 
View/AC, a 3-D visualization program that works within AutoCAD Release 11, and 
uses the board's rendering capabilities. You also get a 16-bit Windows 3 .0 driver and 
true-color drivers for Autoshade 2.0 and Autodesk 3D-Studio. Nth Graphics, Austin, 
TX, (800) 624-7552, (512) 832-1944, FAX (512) 832-5954.-J D Mosley 

200-mW REGULATOR ICS HAVE CONTROL PIN 
The SPTl 14 series of voltage regulators from Signal Processing Technologies are 

packaged in 0.130 x 0.134 x 0.049-in. SOT-23L surface-mount packages and can dissi­
pate 200 mW. The devices feature a control pin that lets you switch the regulators 
on and off. While off, the res draw 500 µA . Devices are available with output voltages 
in 0.5V increments between 2 and 5.5V. The company also offers 3 .25, 6, and 8V 
versions. The ICs cost $0.83 (500). Signal Processing Technologies, Colorado Springs, 
CO, (719) 540-3900, FAX (71 9) 540-3970.-Steven H Leibson 

ETHERNET INTERFACE IC HANDLES AUI AND TWISTED PAIR 
The LXT901 Ethernet interface transceiver from Level One Communications han­

dles both attachment-unit-interface (AUI) and lOBase-T (twisted-pair) media. The 
IC connects directly to any of several LAN controllers, including those from AMD, 
FMI, Intel, and National Semiconductor. All of the necessary signal filters are built 
into the IC; you need only an external isolation transformer to connect to the AUI 
drop cable or shielded or unshielded twisted pair. The IC can automatically select 
the active port and will detect and correct polarity errors. The IC comes in a 44-lead 
PLCC and costs $19.32 (1000). Level One Communications, Folsom, CA, (916) 985-3670, 
FAX (916) 985-3512.-Richard A Quinnell 

AGREEMENT PROVIDES PATHS FROM FPGA TO :MILITARY ASIC 
Users of Actel field-programmable gate arrays (FPGAs) who wish to convert their 

designs into military ASICs can now take one of two simple paths to achieve that 
transformation. Through its recently-announced SystemASIC program and an agree­
ment with Actel, United Technologies Microelectronic Center offers bidirectional 
conversions between its mask-programmed gate arrays and Actel's FPGAs. One option 
lets you design an ASIC using the company's cell libraries and then convert your 
design into an FPGA for prototype testing. When your design is solid, the company 
will build the mask-programmed part using its radiation-hardened, military­
standard, or level-S (space-qualified) gate arrays. Alternatively, you can create your 
design using FPGA tools, test the prototype FPGAs, and the company will convert 
your net lists and behavioral descriptions into mask-programmed parts. NRE charges 
for the ASICs start at $35,000, which gets you 10 prototype parts in eight weeks. 
Actel, Sunnyvale, CA, (408) 739-1010, FAX (408) 739-1540. United Technologies Mi­
croelectronics Center, Colorado Springs, CO, (719) 594-8000, FAX (719) 594-8187. 
-Steven H Leibson 
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New Schematic 
Capture Front End 
for PSpice 
M icroSim Corporation now offers a versatile schematic 
capture front end, called Schematics, to our popular Circuit 
Analysis programs, PSpice and Probe. Schematics provides 
a unified system for designing and editing schematics, 
running analyses using PSpice, and viewing the results 
using Probe, all without leaving the Schematics 
environment. Any mix of an~log and digital components 
can be used when defining a schematic for simulation. 

Schematics provides a menu-driven interface for specifying 
analysis parameters and running simulations directly from 
the schematic display. If device simulation parameters need 
adjustment after running a simulation, they can be easily 
modified and the simulation rerun. Netlists for PSpice are 
generated automatically and can be examined on the screen. 

Schematics was designed and written as a native 
Windows 3.0 application for the PC and is also available 
as an Open Windows application for the Sun-4 and 
SPARCstation. Both packages include the Schematics 
library with symbols for all parts contained in the PSpice 
libraries- over 3,500 analog and 1,500 digital components. 
An integrated symbol editor with full editing capability 
allows new symbols to be created and new part attributes to 
be defined while working on a schematic. 

Schematics is sold as part of the Genesis package and 
comes with MicroSim Corporation's extensive 
customer/product support. Our expert engineering team is 
always on hand to answer your technical product questions. 

For further information on Schematics, or any other 
MicroSim Corporation product, call toll free at 
(800) 245-3022 or FAX at (714) 455-0554. 

A MicroSim Corporation 
Expanding the Standard for Circuit Simulation 

20 Fairbanks• Irvine, California 92718 USA 

._ __ 
.----t--r-~ ---, ._ __ 

; l 

~ LI 
5. I 

PSpice i ~ a registered trademark of Micro.Sim Corporation. All other brdllds and product names are trademarks or regi~crcd trademarks of their resixcti ve OOlder. 
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NEWS BREAIZS 
PREDICT EFFECTS OF GROUND BOUNCE ON SYSTEM TIMING 

Quad Design's Crosstalk Tool Kit release 4 .2 predicts the effects of ground bounce 
on system timing. The software models simultaneous switching interactions with 
power and ground inductances for each chip on a pc-board. The tool kit provides 
signal quality analysis across multiple pc-boards and systems with backplanes. The 
software also automatically generates behavioral simulation models for nonlinear 
circuit drivers and receivers from Spice models. The software will be available the 
third quarter of 1991. The package starts at $27,000; current users with maintenance 
contracts receive free upgrades. Quad Design, Camarillo, CA, (805) 988-8250. 
-Doug Conner 

CERAMIC CONNECTOR EASES TERMINATION 
The MX Plus 86010-6000 Series ceramic connectors from Molex offers a maximum 

low-insertion loss of 0.7 dB and are compatible with AT&T's ST connectors. The $4.78 
(100) connectors compare in price to metal connectors. The devices suit data commu­
nications applications, such as those found in LANs and instrumentation installa­
tions. The connectors have a ceramic ferrule for easy connection and termination 
in the field. Connector to connector mating combines a molded polymeric housing 
with a ceramic alignment sleeve. Molex, Des Plaines, IL, (708) 803-3600, FAX (708) 
969-1352, contact Mike Quaas.-J D Mosley 

SPECTRUM AND NETWORK ANALYZER IN ONE INSTRUMENT 
The HP 3589A from Hewlett-Packard lets you measure frequency, distortion, 

phase, group delay, return loss, and impedance on signals from 10 Hz to 150 MHz. 
A time-gated, spectrum-analysis feature lets you restrict your signal measurements 
to a desired portion of a signal for burst-type or time-varying signals. Using the 
t ime-gated feature, you can make noise level, signal-to-noise , and distortion measure­
ments of signals that would otherwise be difficult or impossible to measure . The 
$21 ,750 instrument has optional 50 and 75!1 S-parameter test sets for $3650 and 
$4000, respectively. Hewlett-Packard Co, Cupertino, CA, (800) 752-0900. 
-Doug Conner 

64k-BIT STATIC RAM FLASHES 10-NSEC ACCESS TIME 
Organized as a 16k x 4-bit chip, the MCM6290CJ10 from Motorola has an output­

enable feature that increases the chip 's flexibility by making it easier to eliminate 
bus-contention problems. Selling for $30 (1000), this static RAM is TTL-compatible 
with a 3-state output and operates from a single 5V power source. Requiring 120 
mA of power, the IC is fabricated from 0.8-µm CMOS and comes in 300-mil plastic 
DIP and small-outline J -10 packages. Motorola MOS Memory Products Div, Austin, 
TX, (512) 928-7726.-JD Mosley 

:MEMORY CARDS PROVIDE SIMPLE UPGRADES FOR PORTABLES 
Texas Instruments' one-time programmable memory cards range in price from $73 

for 64k-byte cards to $160 for 512k-byte cards . These credit-card-size dynamic RAMs 
(DRAMs) let you customize applications for portable instruments and computers 
by storing programs or expanding on-board memory. The cards have 200-nsec access­
times and consume less power than conventional disk-drives . An 80-nsec, lM-byte 
DRAM card costs $340 in sample quantities . The cards use a JEDEC-format, 60-pin, 
two-piece connector and orientation guide . Texas Instruments, Dallas, TX, (800) 
336-5236 ext 700, (214) 995-6111 ext 700.-JD Mosley 
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Motorola® and Dale® 
PRODUCTS: Metal film resistors 
manufactured to MIL-R-39017 
(RLR) and MIL-R-55182 (RNC). 

OB[ECJIVE: Integrate Dale 
RNC and RLR resistors into 
Motorola Government Elec­
tronic Group's (GEG) Approved 
Manufacturer's Part Program. 

UNITS INVOLVED: Motorola 
GEG and Dale Film Resistor 
Division. 

IJlale and Motorola have a long 
history of working together in a 
conventional vendor I customer 
mode. One of the major product 
lines supplied by Dale has been 
metal film resistors. 

During the second quarter 1990, 
GEG and Dale's Metal Film 
Division began a Supplier 
Continuous Improvement Plan. 
This plan initially targets specific 
Military and Established 
Reliability metal film resistors 
(RLR/RNC) for integration 
into Motorola GEG's Approved 
Manufacturer's Parts Program 
(AMPP). 

Following this, the plan is keyed 
to integrating all Dale Film 
Resistor products into AMPP -
which is a "no-inspect" dock-to­
stock program. The agreement 
was an outgrowth of intensive 
Total Quality Management pro-

EDN August 5, 1991 

grams at both companies and 
was driven by Motorola's well­
known Six Sigma commitment 
and Dale's Commitment to Con­
tinuous Quality Improvement. 

The Supplier Continuous 
Improvement program is 
administered by Passive 
Commodity personnel from 
Motorola's GEG Supply Man­
agement Organization in 
conjunction with a Dale team 
which includes top management 
and extends throughout the 
work force. Its framework was 
established beginning with a 
thorough evaluation of Dale's 
overall quality management 
system and its metal film 
resistor manufacturing process 
control and SPC plans. 

As a part of this plan, RNC and 
RLR resistors were received by 
Motorola GEG at a 99.70% 
acceptance rate in 1990 and a 

A COMPANY OF 
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99.82% acceptance rate in early 
1991. In both cases, Dale's Metal 
Film Division exceeded the 
continuous improvement plan 
acceptance rate goals. To facili­
tate this, the two companies 
established a system of open 
communication which: 
(1) permits quick identification 
of areas where corrective action 
is needed; (2) establishes a 
reporting system to identify 
action taken to isolate the root 
cause and prevent reoccurrence; 
and (3) uses regular Quality/ 
Business Reviews as a means to 
track progress toward the goal 
of Zero Defects on all material 
delivered to Motorola. 

In conjunction with the plan, 
Dale is actively expanding its 
own partnering program for 
certifying the suppliers of raw 
material to all of its divisions 
and is preparing to be a com­
petitor for the Malcolm Baldrige 
Quality Award. 

If you would like more informa­
tion about how Dale's Commit­
ment to Total Quality Manage­
ment (TQM) Improvement can 
be applied to your project goals, 
please contact Joe Matejka, Vice 
President Quality Assurance, 
Dale Electronics, Inc., 1122 23rd 
Street, Columbus, Nebraska 
68601-364Z Phone 402-563-6511. 
Fax 402-563-6418. 
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r to 3Gffz from$114s 
Jowpass, highpass, 

bandpass, narrowband IF 
• less than 1 dB insertion loss • greater than 40dB stopband rejection 
• 5-section, 30dB/octave rolloff • VSWR less than 1.7 (typ) • meets MIL-STD-202 tests 
• rugged hermetically-sealed pin models • BNC, Type N; SMA available 
• surface-mount • over 100 off-the-shelf models • immediate delivery 

low pass de to 1200MHz 
PASSBAND, MHz tco, MHz STOP BAND, MHz VSWR 

(loss<1dB) (loss 3db) (loss>20dB) (loss>40dB) pass- stop-
MODEL band band 

NO. Min. Nom. Max. Max. Min. typ. typ. 

PLP-10.7 DC-11 14 19 24 200 1.7 1B 
PLP-21 .4 DC-22 24.5 32 41 200 1.7 1B 
PLP-30 DC-32 35 47 61 200 1.7 1B 
PLP-50 DC-4B 55 70 90 200 1.7 1B 
PLP-70 DC-60 67 90 117 300 1.7 1B 

LOW PASS PLP-100 DC-9B 10B 146 1B9 400 1.7 1B 
PLP-150 DC-140 155 210 300 600 1.7 1B 
PLP-200 DC-190 210 290 390 BOO 1.7 1B 
PLP-250 DC-225 250 320 400 1200 1.7 1B 
PLP-300 DC-270 297 410 550 1200 1.7 1B 
PLP-450 DC-400 440 5BO 750 1BOO 1.7 1B 
PLP-550 DC-520 570 750 920 2000 1.7 1B 
PLP-000 DC-580 640 B40 1120 2000 1.7 1B 
PLP-750 DC-700 770 1000 1300 2000 1.7 1B 
PLP-000 DC-720 BOO 10BO 1400 2000 1.7 1B 
PLP-850 DC-7BO B50 1100 1400 2000 1.7 1B 
PLP-1000 DC-900 990 1340 1750 2000 1.7 1B 

frequency PLP-1200 DC-1000 1200 1620 2100 2500 1.7 1B 

high pass de to 2500MHz 
PASSBAND. MHz fco, MHz STOP BAND, MHz VSWR 

(loss<1dB) (loss 3db) (loss>20dB) (loss>40dB) pass- stop-
MODEL band band 

NO. Min. Min. Nom. Min. Min. typ. typ. 

PHP-50 41 200 37 26 20 1.5 17 

HIGH PASS 
PHP-100 90 400 B2 55 40 1.5 17 
PHP-150 133 600 120 95 70 1.B 17 (DUL ~ : 

c ' .2 I 

g : 
c ' ' 
~ ' ' 
~ : : 

PHP-175 160 BOO 140 105 70 1.5 17 
PHP-200 1B5 BOO 164 116 90 1.6 17 
PHP-250 225 1200 205 150 100 1.3 17 
PHP-300 290 1200 245 190 145 1.7 17 
PHP-400 395 1600 360 290 210 1.7 17 
PHP-500 500 1600 454 365 2BO 1.9 17 
PHP-000 600 1600 545 440 350 2.0 17 
PHP-700 700 1BOO 640 520 400 1.6 17 
PHP-000 7BO 2000 710 570 445 2.1 17 
PHP-900 910 2100 B20 660 520 1.B 17 

frequency PHP-1000 1000 2200 900 720 550 1.9 17 

bandpass 20 to 70MHz 
BANDPASS 

CENTER PASS BAND, MHz STOP BAND, MHz VSWR 
FREQ. (loss < 1dB) (loss > 10 dB) (loss > 20 dB) 1.3:1 typ. 

MODEL MHz Max. Min. Min. Max. Min. Max. total band 
NO. FO F1 F2 F3 F4 F5 F6 MHz 

PIF-21 .4 21.4 1B 25 4.9 B5 1.3 150 DC-220 
PIF-30 30 25 35 7 120 1.9 210 DC-330 
PIF-40 42 35 49 10 16B 2.6 300 DC-400 
PIF-50 50 41 5B 11 .5 200 3.1 350 DC-440 
PIF-60 60 50 70 14 240 3.8 400 DC-500 
PIF-70 70 58 B2 16 2BO 4.4 490 DC-550 

narrowband IF 
NARROWBAND IF CENTER PASS BAND, MHz STOP BAND, MHz STOP BAND, MHz PASS-

FREQ. l.L. 1 .5dB max. l.L. > 20dB l.L. > 35dB BAND 
MODEL MHz VSWR 

NO. FO F1-F2 F5 F6 F7 F8-F9 Max. 

PBP-10.7 10.7 9.5-11 .5 7.5 15 0.6 50-1000 1.7 
PBP-21 .4 21.4 19.2-23.6 15.5 29 3.0 B0-1000 1.7 
PBP-30 30.0 27.0-33.0 22 40 3.2 99-1000 1.7 
PBP-60 60.0 55.0-67.0 44 79 4.6 190-1000 1.7 

FREQUENCY PBP-70 70.0 63.0-77.0 51 94 6 193-1000 1.7 

PRICE 
$ 

Qty. 
(1-9) 

11 .45 
11 .45 
11.45 
11.45 
11 .45 
11.45 
11 .45 
11.45 
11.45 
11.45 
11 .45 
11 .45 
11 .45 
11.45 
11.45 
11.45 
11 .45 
11 .45 

PRICE 
$ 

Qty. 
(1-9) 

14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 
14.95 

PRICE 
$ 

Qty. 
(1-9) 

14.95 
14.95 
14.95 
14.95 
14.95 
14.95 

PRICE 
$ 

Qty. 
(1-9) 

1B.95 
1B.95 
1B.95 
1B.95 
1B.95 
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It's enough to make other VME board 
builders call us names. Or call it quits. 

A new 23 MIPS VME single board 
computer based on the 88100 RISC micropro­
cessor. Or a new 20 MIPS VME board based 
on the 68040 CISC microprocessor. 

Both are built by Motorola. And each is 
offered for a modest sum. 

Motorola and the ® are registered trademarks of Motorola, Inc. ©1991 Motorola. All rights resem!d. 

etition 
~us at 

A mere $3,995 per board. 
For all you multiplication buffs out 

there, that comes out to just $174/MIPS 
for the RISC board. 

A far cry from the $1,000/MIPS 
you've been asked to pay for somebody 
else's board. 

And it's just $200/MIPS for the 
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CISC board. A whole lot less than you'll 
pay elsewhere. 

The MVME187 (RISC) and MVME167 
(CISC) boards employ VME D64 architecture. 
Boosting the VMEbus bandwidth to a full 
40MB/s. 

And both boards come with four 32-bit 
timers. SCSI and Ethernet connections. Plus 

For a free color brochure, call fl~ty 
the Motorola name and all it implie511. 'lri!iti 

the 800 number above. And see ~ 
why the competition undoubtedly 
wishes we'd call the whole thing off. 

®MOTOROLA 
Computer Group 
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You'll Find Som 
~~====::;:;:;::;;=------ At Both Ends With 

Weve all seen the light regarding Ethernet on 
twisted-pair Now we· d like to show you the full 
spectrum in IOBASE-T~ with the most complete 
selection of silicon for both ends of the LAN. 

At the terminal end. the TPEX™(twisted-pair 
Ethernet transceiver) provides the physical layer 
connection for add-in cards. motherboards and 
stand-alone MAUs. At the hub end. the IMR™ 
(Integrated Multiport Repeater) integrates eight 

26 

transceivers and an expansion port on one chip. 
and replaces over a dozen ICs. And that 
brings down your per-port cost. 

Am79C98JC So you can quickly design and 
assemble everything from compact 
Velcro® hubs that hang virtually 
anywhere. to larger intelligent hubs 
using multiple IMRs. 

Am79C980JC And you won't find the design 
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ething Great 
AMO~ 10BASE-T. 

risks you normally face.We'll lead you to market 
faster. supplying you with complete board level 
solutions.And.we're behind you all the way 
with 10 years experience in Ethernet. including 
strategic partnerships with SynOptics and HP­
co-developers of our TPEX and !MR respectively 

And of course. all our IOBASE-T products 
comply with current IEEE specs. 

So call AMO today at 1-800-222-9323 

tofJC & 
...• dMtFJff rj~_ 
,~ UMW•~- I 

/HR RMCTIONAL 81JJU. PIAGRAM 

for a free information package. And give your 
next lOBASE-T design a truly brilliant ending. 

~ 
Advanced Micro Devices 

1991 Advanced Micro Devices. Inc. 901 Thompson Place. P.O. Box 3453. Sunnyvale.CA 94088. 
TPEX and JM Rare trademarks of Advanced Micro Devices. Inc. Velcro is a registered trademark 
of Velcro Industries BV !Netherlands Corporation t Amsterdam. Netherlands. 
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Before you buyCAE 
from the ATE leader, 

you'd better have 
some good reasons. 
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Some 
"On our foundry's recommenda­
tion, we selected AIDA ATPG for 
automatic vector generation. AIDA 
ATPG has consistently produced 
95% + fault coverage across a vari­
ety of D FT methods - full and par­
tial scan, JTAG and boundary scan. 
Test pattern generation used to take 
us 3-6 weeks, but now we can do it 
in hours or overnight. And since our 
foundry supports the toolset, we 
can send our vectors directly into 
manufacturing." 
Raju Joshi, 
Project Manager 
Sun Microsystems, Inc. 

"LASAR's modeling and timing 
capabilities are outstanding for both 
design and test. We're in a position 
to know because, in addition to the 
product design work we do for 
complex avionic systems, we use 
LASAR to design and program our 
own ELATS test systems. The level 
of accuracy we can achieve with 
LASAR ensures a high-quality 
product, whether it's an avionic 
subassembly, an automatic tester, 
or a test program set." 
Rick Mattice, 
Project Manager 
Litton Systems Canada Ltd. 

good reasons. 
"Using LASAR and Frenchip, our 
own synthesis tool, we've devel­
oped a rigorous top-down method­
ology for large ASIC design. We 
start by simulating the design at the 
behavioral level with LASAR. We 
use our synthesis software to gen­
erate the gate-level description. 
We always use LASAR to verify the 
operation of the ASIC in the board 
environment. We depend on its 
accuracy for both functional veri­
fication of our designs and for 
worst-case timing analysis." 
Francois Grillot, 
Director, R&D and Custom Products 
Dassault Electronique 

"Vanguard Schematic Design and 
PCB Layout give us a fully-featured 
well-integrated system for a very 
reasonable cost. The other sche­
matic design system we had was 
slow and cumbersome, but with 
Vanguard, it's easy to create com­
ponents or make design changes -
you just punch a couple of keys and 
you're done. And Vanguard macros 
are one of the best features of the 
software. When I need to make 
a bunch of changes, it's just hit a 
macro, and let it go." 
Roger Stoops, 
PCB Designer II 
Spectra-Physics Laserplane, Inc. 

"As a manufacturer of fault-toler­
ant computers, Stratus puts a high 
priority on quality. It's this simple: 
LASAR finds board-level timing 
problems that other tools cannot 
find. And with Teradyne's hardware 
modeler, LASAR lets us see how an 
ASIC will behave with other com­
plex ICs. That means when we go 
to silicon, we're confident that our 
designs will work in the system. 
We've designed 6 ASICs using 
LASAR, and we've achieved good 
first -pass silicon each time. " 
Sandy Hirschhorn, 
Director, Design Automation 
and Diagnostics 
Stratus Computer 

"The MultiSim Interactive 
Designer is excellent - it's the first 
CAE tool that works well with a top 
down design approach. It's set up so 
you can build and simulate block by 
block, and its speed makes it easy 
to find your mistakes, make changes, 
and try again without a lot of time 
spent recompiling.'' 
Steve DeLong, 
Technical Team Leader 
Jim Walsh, 
Technical Staff Member 
Rockwell International Corporation 

Design engineers are using Teradyne's CAE tools for lots of good reasons. Interactive 
design analysis . Accurate design verification. Tight integration between design and 
test. With Teradyne CAE, you get greater speed, accuracy, and reliability than with 
other CAE systems. That adds up to higher product quality and faster time-to-market. 
And in today's competitive environment, 
those are the best damn reasons of all. ~ I ~ ~ n \ 1 j~ ~ I ~ 

To learn more , call Daryl Layzer today at ~~ --"'~ 
1-800-225-2699, ext. 3808, or FAX (408) 748-7761. 
© 1991, Teradyne, Inc. AIDA, MultiSim, and Vanguard are trademarks of Teradyne, Inc. Frenchip is a product of Dassault Electronique. 
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PAL™ 22V10: 7.Sns. 
World's fastest programmable 22VIO. 
Here is the logic for high-performance systems 
running up to 111 MHz. Set-up is just 3 ns. Fast 
logic for fast systems. You get the same high 
speed and low noise with the 22VP10. It offers 
additional flexibility, including an I/O feedback path 
to accelerate state machine applications. 

BiCMOS. The first BiCMOS 22Vl0, from the company 
that delivered the first CMOS 22Vl0. ECL core path for 
record-setting performance. CMOS logic outside the 
speed path, for low power. The speed of smaller PLDs, 
the convenience of the popular, flexible 22Vl0 
and field programmable too. 

*l (800) 833-0306 in Canada. (32) 2-652-0270 in Europe. ©1991 Cypress 
Semiconductor, 3901 North First Street, San Jose, CA 95134. Phone: 
I- (408) 943-2600, Telex: 821032 CYPRESS SNJ UD, TWX: 910-997-0753. 
Trademarks: PAL, Advanced Micro Devices, Inc. MAX, Altera Corporation. 
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Broad 22V10 PLD family and more. Cypress's 
15 ns CMOS 22Vl0 consumes less power than 
any electrically erasable alternative. It's just one 
of a broad range of low-power CMOS PLDs. Also 
get 28-pin applications-tailored PLDs, and our 
high-capacity MAX™ PLDs too. 

Call Today. Order our PLO Kit 
and we'll ship it right away. Why wait? 

Hotline: 1-800-952-6300. * 
Ask for Dept. C4Q. 



SIGNALS & NOISE 
Alerting readers 
to possible adverse effects 
In the December 1990 issue of 
Stereophile, an article on contact 
cleaners and enhancers agrees with 
the positive comments about Cra­
molin in the article, "Fluids van­
quish intermittent contacts" (EDN, 
March 14, 1991, pg 59). However, 
the "Stereophile" article also warns 
of possible adverse effects of Stabi­
lant 22 over time, when used with 
dissimilar metals. 

The EDN article mentions the 
porosity of plated gold and how it 
lets contaminants pass through the 
base metal. The "Stereophile" arti­
cle describes contamination chemi­
cally generated by Stabilant 22 
(Tweek) between thinly plated gold 
connectors. 

To avoid problems with Stabilant 
22, the minimum required plating 
thickness should be known as well 
as the performance expected under 
environmental conditions more se­
vere than the shop-floor aging re­
ported by the D W Electrochemi­
cals Ltd tests. 
WC Wright 
Fullerton, CA 

(Ed Note: The referenced article 
points out that Stabilant 22A may 
allow a chemical reaction to occur 
between contacts made of dis­
similar metals and that the reaction 
products can degrade a connec­
tion's conductivity.) 

Missing information 
EDN missed some features of Quad 
Design Technology's Transmission 
Line Checker (TLC) and Crosstalk 
Toolkit (XTK) when summarizing 
transmission-line analysis products 
in Table 1 of the article, "CAE tools 
help cure transmission-line woes" 
(EDN, March 1, 1991, pg 47). Both 
tools handle analysis as well as post­
placement screening. They calcu­
late trace and settling delays, and 
detect overshoot, undershoot, and 
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multiple threshold crossings. The 
XTK tool also handles lossy line 
modeling. EDN regrets the error 
and any confusion that resulted. 

Missing from 
manufacturers' box 
In the article on spectrum analyzers 
(EDN, May 9, 1991, pg 100), the 
following company's name and ad­
dress were omitted: 
Advantest Corp 
300 Knightsbridge Pkwy 
Lincolnshire, IL 60069 
(708) 634-2552 
FAX (708) 634-2610. 

Correct address 
and phone number 
In the article "Analog Spice simula­
tion models: Accurate models mir­
ror extremes of operation" (EDN, 
May 9, 1991, pg 61), the correct ad­
dress and phone for Intusoft is: 
Box 710 
San Pedro, CA 90731 
(213) 833-0710 
FAX (213) 833-9658. 

IT 'S EASY TO 
HAVE YOUR SAY 

EDN's Signals & Noise column pro­
vides a forum for readers to express 
their opinions on issues raised in the 
magazine's articles or on any topic 
that affects the engineering industry. 
You can use one of several easy 
ways to reach us. First, there's al­
ways the mail. Send your letters to 
Signals & Noise Editor, EON Maga­
zine, 275 Washington St, Newton, 
MA 02158. Or, send us a message 
via MCI mail at EDNBOS. Finally, 
EDN's bulletin-board system is ready 
for use-and it's free (except for the 
phone call). You can reach us at (617) 
558-4241 and leave a letter in the 
EDITORS Special Interest Group. 
You 'll need a 2400-bps (or less) mo­
dem and a communications program 
that is set for eight data bits, no par­
ity, and one stop bit, or 1200/2400, 
8,N,1 in shorthand. 

EDN 

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

240 x 64 
pixel 
Supertwist 
LCD 

5 Pin 
Power 
DIN. 

Atternate 
Power 
Connector. 

Kit provides 
serial inter­
face to IBM 

PC for quick 
prototyping. 

Board also 
supports 

displays up 
to 240 x t28 

pixels. 

Interface to 
6 soft keys or 

4 x 4 key matrix. 

* The 
CY325 

LCD 
Windows 

Controller 
provides 

parallel or 
serial high­

level control 
of Instrument­

size LCDs. Up 
to 256 built-in 

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

graphics are main­
tained In separate 
planes, facilitating 

special effects. 
Complete User 

Manual included. 

Add your own 8051 
CPU for stand 

alone operation. 

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

8051 Assembler 
and QuickBasic. 

LCD Paint N for 
creating your own 

araphics 
images. 

$495 - Kit 
~ 

Popular LCD Starter Kit. 

($595 pre-assembled & tested) 

Demo routines 
preprogrammed 

into 8751 for 
immediate 

gratification. 

*The CY325 40-pin CMOS LCD Controller 
JC is available from stock @ $75/singles, 
$20/lOOOs (Surface mount also avail in qty.) 

CyberneticMicroSystems 
~Box 3000 • San Gregorio CA 94074 
~Tel: 415-726-3000 • Fax: 415-726-3003 

CIRCLE NO. 133 
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Memories, ASICs, 
and Logic ICs Deliver 
High-End Performance. 

For high-end workstation and PC 

applications, Oki offers a range 

of ICs with the powerful perfor­

mance features your high-level 

board designs demand. 

1-Meg Based VRAMs. Oki's high-

Speech Synthesis. For high-quality 

performance you can hear, no one 

matches Oki's RealVoice™ speech 

synthesizers. With on-chip filter 

and D/ A, these chips reduce 

design time and IC count while 

bandwidth video RAMs enable the increasing system reliability. 

up-front performance required for 16-Bit MCU. Oki's nX family of 

high-resolution graphic applica- fast MCUs combines a three-

tions. Features include dual port 

memory and fast access times. 

0.8µm Gate Arrays. Manufactured 

on our volume 4-Mb line, Oki's 

SOGs offer exceptional benefits: 

high-speed logic and 1/ 0 perfor­

mance, high-density macro­

functions , high pin count pack­

ages, and more. 

Field Memory. There's no better 

solution for a frame grabber de­

sign than Oki's high-performing 

1-Mb serial memory. Features 

include an internal self-refresh 

control circuit, making this device 

appear fully static to the user. 

program instruction pre-fetch 

queue to lower overall CPU cycle 

time down to 200 ns. Features 

include a variety of 1/0 options 

plus 16K of 16-bit word ROM and 

512 bytes of RAM. 

Start packing more performance 

into your system with Oki ICs. 

Call 1-800-0KI-6388 for the details. 

Old Hlgh-Perfonnance ICs 
Part Number Description 

MSM514252 High-bandwidth, 262,144 x 4-bit VRAM 

MSM514221 A 262,263-word x 4-bit, 1-Mb serial 
memory with self-refresh control circuit 

MSM10SOOOO 0.8µm SOGs, true 82xx, UARTs, memories, 
standard 24ma drive, 300ps, >500MHz logic 

MSM6388 

MSM67620 

Solid-state recorder/lM serial register l/F 

16-bit MCU with 16KB ROM, 512B RAM, 
56 I/Os, 3 x 16-bit timers, 2 x 8-bit timers 

TRANSFORMING TECHNOLOGY INTO CUSTOMER SOLUTIONS 

Rea/Voice is a trademark of Oki Semiconductor. 
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PERFORMANCE UP FRONT 
STARTS WITH OKI ON BOARD. 

EDN August 5, 1991 

ff ~ OKI 
~ Semiconductor 

785 North Mary Avenue 
Sunnyvale, CA 94086-2909 
1-800-0Kl-6388 

CIRCLE NO. 18 
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ThenewTekTDS Series 
More than a million Tektronix oscillo­

scopes have all been leading up to this: 

the most powerful, versatile, and intui­

tive instruments ever developed for the 

mainstream of test and measurement. 

The new IDS 500 Series is the culmi­

nation of everything Tek has learned in 

the design, manufacture and use of digitiz­

ing oscilloscopes. It's an achievement 

made possible only by the unique integra­

tion of acquisition functions and combina­

tional trigger logic onto a single board. 

Only by the development of a 

milestone multiprocessor 

architecture. 

Only by the addi­

tion of Tek's TriStar™ 

Digital Signal Processor (DSP). 

Only by Tek's capacity for taking 

the hard work out of high performance. 

The TDS Series performs, live, up-

Copyright© 1991. Tektronix. Inc. All rights reserved. 
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dates and measurements that inhibit 

most other digitizing scopes. Its real-

time DSP lets you perform single-shot 

averaging and extend resolution to 12 

bits. The IDS Series arms you with up to 

four full-featured channels. 500 MHz 

bandwidth. Up to 1 GS/s sam­

pling and 4 ns peak detect. 

Up to SOK record 

lengths. Time interval, 

2 ns glitch, runt, pattern and 

state triggers. With acquisition sensi­

tivity and fast overdrive recovery bringing 

greater waveform detail within your grasp. 

• 

• 
a 

·ust 

And if you think oscilloscopes aren't 

as easy to use and comprehend as they 
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• • 

• 
one 

could be, you owe yourself a demo of 

the TDS. Its simplified front panel, 

VGA-quality display resolution, on-line 

help text, innovative icons that instantly 

differentiate menu functions - all add up 

to a scope that makes the user's manual 

more a formality than a necessity. 

EDN August 5, 1991 

• 

• _s. 

The TDS Series signals the start of a 

new generation of friendlier, more 

One company measures up. 

"R!kl:ronix .. 
CIRCLE NO. 19 

powerful instruments from the 

world's leading supplier of digitizing 

and analog oscilloscopes. To get a first­

hand feel for why perfonnance like this 

only comes along about once in a million 

scopes, contact your Tek sales engineer 

or call l-800-426-2200. 

llA-186067 
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the world's largest selection 
2KHz to 8GHz from $495 
With over 300 models, from 2-way to 48-way, 0°, 90° and 180°, a variety of 
pin and connector packages, 50 and 75 ohm, covering 2KHz to 8000MHz, 
Mini-Circuits offers the world's largest selection of off-the-shelf power 
splitter/combiners. So why compromise your systems design when you 
can select the power splitter/combiner that closely matches your 
specific package and frequency band requirements at lowest cost 
and with immediate delivery. 

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

Of course, all units come with our one-year guarantee. 
Unprecedented 4.5 sigma unit-to-unit repeatability also guaranteed, 
meaning units ordered today or next year will provide perfor­
mance identical to those delivered last year. 

For detailed specs and performance data, refer to the Microwaves Product 
Directory, EEM or Mini-Circuits RF/ IF Signal Processing Handbook, Vol. II. Or 
contact us for our free 68-page RF/ IF Signal Processing Guide. 

finding new ways ... 
setting higher standards 

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

Fax (7 18) 332-4661 Domestic and International Telexes: 6852844 or 620156 

CIRCLE NO. 26 
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nee 
alog Devices can m 
, no matter at v 

Custom Medical Instrumentation ASIC­
Provides complete data acquisition on a 
chip. Replacing 30 separate ICs, it 
integrates a low-noise instrumentation 
amp with gains of 15 to 2,000, a 50/60 Hz 
switched-capacitor notch filter, 11-bit aid 
converter, 7-bit d/a converter, and a serial 
UART communications interface. 

Whether your market is a few thousand or a few million, 

there's one customer demand for your product that'll 

always remain high - the demand for high performance. 

The best way to meet this demand is to follow what 

the leaders in the medical, military and instrumentation markets have been doing for 25 years, and what the leaders in 

consumer electronics have been doing for several years now. Call Analog Devices. 

These companies call us because we offer a complete line of high-performance linear, digital signal processing 

and mixed-signal components. I Cs that allow them to achieve higher levels of system integration, greater reliability, and 
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Digital Audio Converters- The 
SOUNDPORT'" family of data 
converters comes complete with 
output amplifier, reference and 
digital logic interface. These 
mixed-signal ICs for high fidelity 
digital audio and multimedia 

applications achieve SNRs as high as 
108 dB and THDs as low as 0.0025%. 

Ill. 

better performance in their products. 

And as a global operation, we're able to respond 

to calls from any corner of the earth. In fact, international 

sales account for half of our $450 million in revenues. And 

three of the top five Japanese electronics companies rely on us for their mixed-signal needs. 

So call 1-800-262-5643 and request a free copy of our recent white paper on Mixed-Signal Technology. 

You'll see that no matter how big or small your mixed-signal needs are, we're 

in the best position to help. 

r.ANALOG 
L.1111 DEVICES 

CIRCLE NO. 27 

Analog Devices, Inc. , One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106. Headquarters: (617) 329-4700. Offices and applications support available worldwide. 



How sin~e .. chip fuzzy logic can move 
your product to the head of its class 

Need to make your product more 
intelligent? Fuzzy Logic is the solu­
tion of choice. Need to do it quickly 
and economically, with maximum 
flexibility? Then the NeuraLogix 
NLX230 Fuzzy MicroControllerrM is 
in a class by itself! 

The NLX230 is a single-chip solu­
tion . One 40-pin package delivers 
Fuzzy Logic mastery to the most 
complex control problems. 

The N LX230 is flexible. It can be 
easily configured for your specific 
control problem, usually in a 
matter of hours. 

The NLX230 is fast. Its rule pro­
cessing time is 30 to 40 times faster 
than typical software-based or 
software/hardware hybrid solutions. 

42 

The NLX230 is economical. In 
production quantities, this remark­
able Fuzzy MicroController is priced 
under $4 per unit. 

As the first true hardware based 
Fuzzy Logic controller, the NLX230 
makes artificial intelligence available 
and simple. For most applications 
it can be an affordable high­
performance replacement for 8-bit 
microprocessors. See how easily it 
adapts to your requirements; 
evaluate how the NLX230 can meet 
your demands with our low-cost 
Applications Development System. 

Move your product to the head 
of its class with hardware-controlled 
Fuzzy Logic. Call now for specifica­
tions and price quotation on the 
NLX230 and other fuzzy logic and 
neural network devices. 

CIRCLE NO. 28 

NeuraLogix 
American Neuralogix, Inc. 
411 Central Park Drive 
Sanford, FL 32771 
Telephone 4071322- 5608 
FAX 407 /322- 5609 
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EDITORIAL 

Time to vote for innovation 

Jesse H. Neal 
Editorial Achievement Awards 
1990 Certificate, Best Editorial 
1990 Certificate, Best Series 
1987, 1981 (2), 1978 (2), 
1977, 1976, 1975 

American Society of 
Business Press Editors Award 
1988, 1983, 1981 

EDN August 5, 1991 

The time has come to vote in EDN's Annual Innovation and Innovator 
competition. You'll find a complete list of the finalists and a ballot in 
this issue on page 4 9 . The finalists whom our editors have chosen 
represent the most innovative products and people among the applica­
tions submitted to us for judging. In most cases, the finalists stand 
out from the other entries for specific reasons. Our selections might 
seem biased unless you understand the criteria we apply. To us, a 
product is innovative when: 

• It offers significantly higher levels of performance in ways not 
previously available. 

• It solves a continuing problem much more effectively than its 
predecessor-if any. 

• It exhibits a marked degree of "cleverness," which differentiates 
it from earlier products. 

• It embodies new technology that advances the state of the art 
or uses older technology in a unique and innovative way. 

Such products might not have an immediate, widespread, or obvious 
use. Some innovative products take time to catch on and fire the 
imagination of designers. 

Our editors also look for innovative people and design teams. They 
seek people who did innovative work and people who work in innova­
tive ways. Perhaps a group of workers broke through management 
barriers to increase their efficiency and creativity. In the same vein, 
an engineer could have made a significant breakthrough in designing 
a product or part of a product. 

Now that you know what we look for, take a few minutes to review 
the finalists and vote for your choices. We'll announce the winners at 
Wescon '91 in San Francisco. You'll also hear about the winners in 
EDN's magazine and news editions. 

As you review the finalists, you may be disappointed that none of 
your company's products or people are among the finalists. Even 
though a great deal of work goes into each application, we can select 
only a few finalists in each category. On the other hand, your company 
may have never entered this year's competition. If you want to be 
sure to receive a nomination packet for the 1992 Innovation and Innova­
tor awards, drop me a note and I'll make sure we send you one. If 
someone else in your company should get the information, let me know 
and I'll make sure we send it to them, too. The awards program is 
international, and we seek and receive entries from companies world­
wide. 

For information on the 1992 awards program, circle number 802 on 
the Information Retrieval Service form in this issue or send your 
request via mail to EDN Innovation Awards, EDN Magazine, 275 
Washington Street, Newton, MA 02158 USA. You can reach me via 
fax at (617) 558-4470. 

~ ~ JonTitu• 
Editor 

Send us your comments via FAX at (617) 558-4470, or on the EDN 
Bulletin Board System at (617) 558-4241 300/1200/2400, 8, N, 1. 
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Actually, a bullet doesn't do it justice. But you get 
the picture. Motorola's new 68330 integrated micro­
processor is fast. 

And well it should be. After all, it gets its firepower 

As the simplest and lowest priced member of 
the 68300 family, the '330 is an ideal companion to 
your favorite peripheral circuits. Even if you've already 
combined them into an ASIC or custom circuit. 

68000 MICROPROCESSOR FAMILIES 

68000CPUs 000 020 030 040 
Architectural Integration 

68ECOOO EMBEDDED ECOOO EC020 EC030 EC040 
Performance/Cost 

68300 INTEGRATED 302 330 331 332 340 
Functional Integration 

from a 68020-based core processor 
that's optimized to run on a 16-bit data 
bus. So you get 32-bit microprocessor 
performance with the economy of a 
16-bit memory system. Motorola's 6ROOO families let you choose the performa11ce 

and integration that 's rig lit foryo11rapplicatio11 . 

What's more, the 68330's Sys­
tems Integration Module comes 
already loaded with system glue 
logic. Saving you the trouble of 
designing in functions like clock 

•sample supplies are limited . Motorola and tlie ® are registered trademarks of Motorola , Inc. Alf bra11d and product names appearing in this ad are registered tradema rks or trademarks of their respective holders. 
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generation, chip selects and interrupt control. 
And, since the '330 is fully binary software 

compatible with all members of the 68000 and 68300 
families, it provides a seamless migration path, 
reams of reusable code, popular operating systems 
and familiar development tools. 

All of which can save you a lot of trouble, while 
lowering overall system costs and raising your 
accountants' morale. 

© 1991 Motorola Inc. All rights reserved. 
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So if you're looking for 32-bit per­
formance at a 16-bit system price, call 
1-800-845-MOTO. Ask for a free 68330 
product sample; and discover a high­
caliber value. 

® MOTOROLA 
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Solutions For A 
• Changes. You can't stop them, let alone slow them down. Especially in the highly competitive 
PC marketplace. • Chips and Technologies stays ahead of those changes with the widest 
range of Total System Solutions available. So as your market segments evolve, you can respond 
with superior products- faster and more cost effectively than before. • We're the leading 
supplier of highly integrated Total System Solutions: including PEAK/DM TM for 386/486 based 
personal workstations. PEAKsx'" for optimized entry-level PC's. SCATsx n i and CHIPSlite T\I for 



power conscious notebooks. We also have a complete line of CHIPSets for both flat-panel and 
CRT applications requiring VGA resolution and beyond. Plus PC Video TM for Multimedia, and 
PUMAT" for graphics acceleration And we've got Data Com- •••• •• •• •• ••••• ••••• ® 

• ••••••• • • • •••••••••••• 
• • • •• •• •• •• •• • ••• murucat10ns and Mass Storage solutions too! • Call us at • " 1111111' ... 

1-800-323-4477 x2355 or fax us at 408-434-0412 for the sales~ I ~ 
office nearest you and get started on your next design today. Chips and Technologies, Inc. 

CIRCLE NO. 29 

© 199 1 Chips :ind Technologies, Inc. 3050 Zanker Hoad, San Jose, CA 95 1.l4. CHI PS is a registered trademark, and PEAK/llM , PEAKs\ , SCATsx, Cll I PSlile, PUMA. and PC Video are trademarks of 
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There's a new standard 
for functionality, ease-of-use and 

TheTl-68. 

• pnce. 

We set some tough goals for ourselves in 
designing the TI-68. It had to have the 
powerful functions that technical profes­
sionals need. It had to be easy to use. And it 
had to provide all of this at a substantially 
lower price than the competition. 

We met all of our goals and then some. 
The TI-68 has 254 useful functions. It solves 
up to five simultaneous equations with real 
or complex coefficients. A prompting system 
guides you through all entries and results. 
You can handle the complex numbers exacrly 
the way you want, without entering a special 
mode. The TI-68 evaluates 40 complex number 
functions and lets you choose polar or 
© !989 Tl 
IH00033D 

rectangular forms for entries and results. 
It also lets you easily check your equations 

with a 12-character alphanumeric display 
that can scroll through up to 80 characters 
for long equations. And, the last equation 
replay feature lets you edit or check the last 
computation without having to go back and 
reenter it. 

In addition, when you need to solve 
quadratic, cubic or quartic equations, the 
TI-68's polynomial root finder will calculate 
the real and complex roots - automatically. 

Working with number bases and conver­
sions are also no problem. Perform arithmetic 
functions in decimal, hexadecimal, octal or 

CIRCLE NO. 30 

binary. And it does Boolean logic operations, too. 
The TI-68 provides up to 440 program 

steps for as many as 12 user-generated formulas. 
lt even stores up to 36 values in memories with 
user-defined alphanumeric names. 

The TI-68 has what you've been looking 
for - the right functionality at the right 
price. See and try it at a nearby retailer, or 
call l-806-747-1882 for additional informa­
tion and to request free product literature. 

TEXAS 'f 
INSTRUMENTS 



Vote for Innovation 
We're very pleased with the lineup of finalists that 
ED N's editors chose in our Innovations of the Year and 
Innovator of the Year competition. Now it's up to you 
to vote. On the following pages you'll find brief descrip­
tions of the products and the people that our editors 
chose as finalists. Carefully consider these finalists, and 
make your vote on the postage-paid ballot that appears 
at the end of this article. You have one vote in each 
product category and one vote for one of the three inno­
vators. In the software and power-sources categories, 
our judges found only one product in each category 
innovative enough to 
qualify; we present them 
here with the finalists to 
give them the recogni­
tion they deserve. 

After the votes are 
counted, EDN will an­
nounce the winners and 
honor them at an 
a_wards banquet during 
Wescon/91 in San Fran­
cisco, CA, this N ovem­
ber. We'll also print a 
special section in our 
January issues that will 
include descriptions of 
the winning products 
and people. 

We appreciate the 
enormous amount of 
time and effort involved 
in nominating the inno­
vative people and prod­
ucts for these awards. 
Trying to single out the 
finalists from your nomi­
nations was a formida­
ble task. But from the 
caliber of people and 
products you nominated, 
it's clear that there's no lack of creative and talented people 
and innovative products in the electronics industry. 

If you or your company didn't participate in this year's 
innovation-awards program, we encourage you to take 
part next year. It's not too early to start thinking about 
products and people you could nominate. We will be 
pleased to mail you 1992 nomination packets as soon as 
they are ready in early 1992. Just Circle No. 801 on the 
Information Retrieval Service (bingo) card in this issue, 
and we'll add you to our award mailing list. 
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Paul Gulick and Arlie Conner 

Defying the conventional additive­
color approach to creating color 

displays, Paul Gulick and Arlie Conner 
labored on a subtractive approach to 
creating a color LCD projection panel 

built from three stacked monochrome 
panels. They exploited the birefrin­
gence effect, once perceived as one of 
the LCD's drawbacks, to create this 

breakthrough technology. The result­
ing triple supertwisted nematic 
(TSTN) LCD furnishes color pixels 
that emit smooth, continuous colors, 
brighter images, and higher quality 
images than other color LCD modules. 

Conventional color LCD techniques 
mimic the additive color triads used 
in CRTs, using additive-color filters 
over individual pixels, which reduce 
transmittance. The TSTN Color LCD 
module avoids the use of additive fil­
ters (red, green, and blue), thereby let­
ting more light pass through. Instead 
of additive-color filters, the TSTN dis­
play employs polarizers and LCD pan­
els tuned to three subtractive colors 
(yellow, cyan, and magenta) which pro­
duce the multicolor, single-element 
pixel and permit the brighter display. 

To vote for this entrant as Innovator 
of the Year, mark the appropriate box 
on the ballot. 

Richard T Simko, Trevor Blyth, and Sakhawat Kahn 

'D ichard Simko, a key player in the 
.ftdevelopment of the digital 
EEPROM cell, knew that EEPROMs 
were inherently analog devices, even 
though they were initially used for 
digital purposes. He also realized that 
many tough engineering problems 

blocked the use of 
EEPROM cells for 
analog storage. In 
1987, he finally 
decided to over­
come those prob­
lems. Simko hired 
Trevor Blyth and 
Sakhawat Kahn to 
help him tackle the 
challenge. The work 
started in Simko's 
living room. Three 

years later, the team realized its goals 
by building a practical device. 

The resulting ISDlOxx family of ana­
log storage devices can store 12 to 20 
sec of audio or other analog signals at 
an effective rate of 64k bits/sec. The 
devices incorporate a stable, on-chip, 

20V reference generator that permits 
careful metering of stored charge. Me­
tering overcomes storage nonuni­
formity caused by trapped charge. Us­
ing this feature, the device can reliably 
record one of 230 discrete voltage lev­
els in each EEPROM cell. The devices 
overcome the long writing time re­
quired by EEPROM cells by accumu­
lating samples and writing to several 
cells at once. This feature permits the 
IC to operate in real time. With all of 
these unique features, the design team 
was understandably anxious to try out 
the first devices; so anxious in fact, 
that they couldn't wait for the die to 
be packaged. They stored their voices 
and played them back while the wafer 
was still in the prober. 

To vote for this entrant as Innovator 
of the Year, mark the appropriate box 
on the ballot. 
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Derek Bowers 

Since he became a design engineer 
in 1982, Derek Bowers has devel­

oped more than 37 analog products. 
The design of the Precision Monolithics 
AMP-01 precision instrumentation am­
plifier, one of his first, eliminated the 
need for trimmed input resistors and 
became one of the company's most suc­
cessful products. Over the ensuing 
years, he has developed a range of ana­
log ICs, including amplifiers, voltage 
references, analog switches, cable 
drivers, and AID and D/ A converters. 

Subsequent designs include matched 
transistor pairs, comparators, opera­
tional amplifiers, and another instru­
mentation amplifier. In 1985, Bowers 
achieved the input-offset, drift, and 
input bias performance of a single 
precision op-amp IC in a quad, low-

ISD1 Oxx Analog Storage ICs 

T he ISDlOxx family of 28-pin non­
volatile CMOS ICs record, store, 

and reproduce from 12 to 20 seconds 
of analog information. In addition to 
speech and music, these ICs can store 
test waveforms, store correlation data, 
sample analog signals, and hold filter 
coefficients. For certain applications, 
these chips can replace ADC, memory, 
and DAC functions. Each chip proc­
esses and stores analog samples in a 
128k-cell EEPROM array and can 
reconstruct and amplify linear outputs 
in real time. Two key features are 
reproduction quality and nonvolatility. 
For example, the ISD1016 features an 
S/N ratio of 40 dB and has a 3-dB band­
width of 3.4 kHz, slightly above tele­
phone-grade specifications. Because 
the EEPROM array consists of non­
volatile memory cells that use a pro­
prietary CMOS EEPROM technology 
to store charges, the chip requires no 
backup supply to maintain its analog 
information. Each device operates 
from a 5V power supply and requires 
few external passive components­
resistors and capacitors that control fil­
tering and automatic gain control. 

The key to the ICs' storage feature 
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power op-amp design: the OP-400. 
He developed a temperature-insensi­
ti ve CMOS voltage reference in 
1987 and collaborated 
with a process devel­
opment team to cre­
ate the company's 
high-speed bi polar 
and BiCMOS proc­
esses. Analog De­
vices bought Preci­
sion Monolithics in 
1990 and gave Bow­
ers the position of Di­
vision Fellow in rec­
ognition of his achievements . 

To vote for this entrant as Innovator 
of the Year, mark the appropriate box 
on the ballot. 

is the physics of nonvolatile floating­
gate CMOS EEPROM cells, which are 
inherently capable of storing "gray 
scale" voltages that lie between hard­
programmed digital states. Each gate 
acts as a capacitor with an extremely 
long decay time. 
These cell features 
are well known, but 
these ICs incorporate 
novel analog trans­
ceivers, supporting 
analog and digital cir­
cuits, and high-volt­
age and -frequency 
references to control 
storage and retrieval 
functions. Typical ap­
plications include voice-output prod­
ucts: phone-answering equipment , 
portable telephones, pagers, emer­
gency equipment, and alarms. The 
ISD1012, 1016, and 10l8 can store 12, 
16, and 20 seconds of information, 
respectively. The devices cost $15, $18, 
and $20 (1000), respectively. 

To vote for this entry as the Inte­
grated Circuit and Semiconductor In ­
novative Product of the Year, mark the 
appropriate box on the ballot. 
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Multiport Dynamic RAM 

T he serial bit-processing needed to 
refresh CRTs will soon push the 

limits of Video RAM (VRAM) technol­
ogy in imaging and graphics ap­
plications. The IM-bit Multiport 
MT43C4257 dynamic RAM (DRAM) 

meets this need 
by increasing 110 
bandwidth as well 
as memory den -
sity. The part can 
eliminate the need 
to bank VRAMs in 
many applications. 

The device uses 
an asynchronous 
triple-port archi­
tecture. Sequen­
tial data is read or 
written simultane-
ously from the 

part's 512 x 512 x 4-bit memory array 
through two static serial-access mem­
ory (SAM) ports, while a processor or 
controller interfaces to the device's 
bidirectional-DRAM port. 

Access times are 80 nsec (random) 

bq2001 Energy Management Unit 

T he bq2001 Energy Management 
Unit (EMU) is a peripheral IC 

that provides battery system manage­
ment. The device determines a bat­
tery's capacity as well as battery­

charge consumption. 
A fast-charge control 
facility assures that 
NiCd, NiMH, lead 
acid, or lithium re­
chargeable batteries 
can quickly recharge. 
You can configure 
the device to work 
with 4.8 to 12V (nom­
inal) batteries. A 3-
pin serial data inter­

face provides access to common µP-bus 
structures. This interface remains ac­
tive only when V cc is valid. 

The IC executes adaptive battery-

and 25 nsec (serial). Special memory 
functions include masked write, persis­
tent masked write, split read/write 
transfers, block write, and bit-masked 
transfers. To support bit-masked 
transfers, the triple-port DRAM con­
tains an internal 2048-bit-page static 
bit-mask register (BMR). The BMR 
lets you isolate any combination of 2048 
bits that must transfer between either 
of the two SAMs and the device's 
DRAM array. 

Active power consumption is 450 
mW. Parts in the series include the 
256k x 4-bit MT43C4257/8 and the 
128k x 8-bit MT43C8128/9. The devices 
come in a 40-pin, standard-outline J­
lead package or a 52-pin plastic leaded 
chip carrier, respectively. Depending 
on quantity and speed rating, the ports 
cost from $18.50 to $35. 

To vote for this entry as the Inte­
grated Circuit and Semiconductor In­
novative Product of the Year, mark the 
appro'[Yriate box on the ballot. 

conditioning routines to maintain a 
higher battery capacity for more cycles 
than common charge/discharge 
schemes can provide. An internal regu­
lator provides a backup output for a 
real-time clock or other low-current 
ICs. When you remove the main sys­
tem battery, a lithium cell sustains the 
EMU and any external circuits the 
EMU powers. The part can also work 
directly off a charging supply. This $10 
(1000) CMOS part operates from a 5V­
system supply and comes as a 24-pin 
SOIC or a 300-mil DIP. 

To vote for this entry as the Inte­
grated Circuit and Semiconductor In­
novative Product of the Year, mark the 
appropriate box on the ballot. 
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Data Compression Coprocessor 

T he AHA3101 is a lossless data­
compression IC that uses the 

Lempel Ziv Data Compression algo­
rithm. The algorithm steps through a 
file's bytes and creates a dictionary of 
recurring strings of bytes. When the 
algorithm finds subsequent occur­
rences of the strings, it replaces them 
with their dictionary entry. At each 
byte, the algorithm compares the input 
stream to the dictionary entries, and 
if it finds a match, it outputs a pointer 
to the dictionary in the form of a code­
word. In addition, by constantly moni­
toring the compression ratio as it pro­
ceeds through the file, the algorithm 
can restart using a new dictionary if 
the ratio decreases. The dictionary 
contains as many as 4k 128-byte en­
tries. Because the dictionary is embed­
ded in the coded data, you needn't ex-

Dual RS-232C Transceiver 

B y passing RS-232C data, and the 
power required, across a galvanic 

isolation barrier, the MAX252 elimi­
nates two vexing problems. These 
problems relate to the voltage differ­
ence that often exists between dissimi­
lar environments and to the possible 
creation of large ground currents when 
a common ground connection is made. 
This hybrid transmitter/receiver pro­
vides the necessary isolation using two 
monolithic ICs, a toroid transformer 
having a 0.2-in. core diameter, four 
GaAs photo emitters, four silicon photo 
detectors, and tantalum and ceramic 
capacitors. The transmitter/receiver 
uses a custom lead frame and special 
insulation and winding techniques to 
minimize transformer size. 

The device converts two TTL inputs 
on the primary, or equipment, side of 
the isolation barrier to the currents 
necessary to drive the self-contained 
optocouplers. A power oscillator drives 
a small transformer that delivers 
± lOV to the secondary side of the iso­
lation barrier. Circuitry on the secon­
dary side converts the optocoupler out­
puts to RS-232C-compatible levels. Re-
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plicitly transmit and store the diction­
ary. The dictionary is rebuilt as the 
data is decompressed. 

The data-compression IC combines 
hardwired com­
pression and de­
compression algo­
rithms for high 
throughput. The 
chip also features 
on-chip DMA con­
trol, µP control for 
the algorithm, and 
interfaces to static 
RAM. The circuit 
costs $35 (1000). 

To vote for this entry as the Inte­
grated Circuit and Semiconductor In­
novative Product of the Year, mark the 
appropriate box on the ballot. 

ceiver circuitry accepts two RS-232C 
inputs that are sent (through two addi­
tional optocouplers) to the primary 
side, where these signals are con­
verted to TTL output levels. No exter­
nal components are needed. 

The two versions of the device are 
UL-approved. The MAX252A with­
stands 1500V; the 
MAX252B withstands 
600V rms. Both de­
vices can operate at 
9600 bps while meet­
ing E IA232D and 
CCITT V.28 specifi­
cations. Other fea­
tures include an out­
put-enable mode and 
a shutdown mode, 
which reduces power 
consumption to 50 µ W when the RS-
232C port is not in use. Each device 
comes in a 40-pin DIP. Prices start at 
$50 and $29.50 (1000), respectively. 

To vote for this entry as the Inte­
grated Circuit and Semiconductor In­
novative Product of the Year, mark the 
appropriate box on the ballot. 
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CL550 Image Compression IC 

T he CL550 image compression 
processor speeds overall system 

performance, reduces storage require­
ments, and minimizes transmission 
times in systems that manage high­
quality full-color images. Thus, the IC 
makes it possible to implement digital­
imaging technology in computers, com­

munications, and 
consumer applica­
tions. The device 
implements the 
proposed JPEG 
(Joint Photo­
graphic Experts 
Group) standard 
for image compres­
sion, shrinking the 
25M-byte data 
files of high-resolu­
tion, true-color im­

ages down to lM byte. Because of its 
extensive pipelining, the IC can per­
form compression tasks faster than al­
ternative approaches, such as gen­
eral-purpose DSPs. The device has 
more than 300 stages of pipeline, let­
ting it perform more than 300 proc­
essing steps concurrently. The de­
vice can compress/decompress 24-bit 

MacDSP II Signal Processor 

T he two linked AT&T DSP32C 
µPs and dual 200-kHz, 16-bit 

ADCIDAC channels on the $7995 
MacDSP II signal-processing card let 

you perform high­
speed, concurrent 
signal processing 
on Apple Macin­
tosh II computers. 
Each DSP µP exe­
cutes pro grams 
from its own lM­
byte SRAM (static 
RAM); the DSP 
chips communicate 

through an 8k-byte, dual-ported 
SRAM. An onboard 68000 µP with 2M 
bytes of DRAM (dynamic RAM) coor­
dinates communications between the 
DSP chips and the host PC. The DSP 

color images in less than one second. 
The device's specific compression 

scheme relates to the JPEG algo­
rithms. Using a combination of dis­
crete-cosine-transform and Huffman­
coding methods, the device operates 
on pixels in 8 x 8-pixel blocks. On-chip 
quantizer and Huffman tables store the 
compression coefficients, which you 
can access through a host-bus inter­
face. Also, because the JPEG algo­
rithms are symmetrical, the device can 
compress or decompress images with 
equal facility. Thus, you can use just 
one device to both record and play back 
images. The device can handle gray­
scale or color images in the RGB (red, 
green, blue), CMYK (cyan, magenta, 
yellow, black), or YUV (luminance/ 
chrominance) color-space representa­
tions. Two versions of the device are 
available with operational frequencies 
of 10 MHz ($95) and 30 MHz ($155 
(OEM quantities)). Each version comes 
in a 144-pin pin-grid array; the 30-MHz 
version consumes a maximum of 2.5W. 
· To vote for this entry as the Inte­

grated Circuit and Semiconductor In­
novative Product of the Year, mark the 
appropriate box on the ballot. 

chips use DMA to move data between 
the 68000's memory and the chips' own 
memory at speeds as fast as 50M 
bytes/sec. 

·The onboard 68000 runs Apple's Al 
ROSE (Apple real-time operating­
system executive) to control the DSP 
chips. An onboard timer drives the ex­
ecutive's scheduler. A/ROSE employs 
round-robin scheduling with 32 prior­
ity levels and achieves a 110-µsec con­
text switching time with 20 µsec of 
latency. The company offers C, Pascal, 
Fortran, and Basic programming lan­
guage libraries for the board. 

To vote for this entry the as Test and 
Measurement Innovative Product of 
the Year, mark the appropriate box on 
the ballot. 
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TDS 540 4-Channel OSO 

T he $13,900 TDS 540 digital-stor­
age oscilloscope (DSO) has a 10-

µ V resolution for lower-frequency sig­
nals. The 500-MHz scope enhances 
resolution by sampling at high rates 
and creating a short-term average in 
real time. Only the average goes into 
waveform memory, so averaging ex­
acts no penalty in memory depth. At 
maximum sensitivity, you can clearly 
see 10-µ V signals. However, you'll ob­
tain this resolution only if the scope is 
capturing no more than lM samples/sec 
in its waveform memory. Each of the 
product's four 8-bit ADCs converts at 
a maximum speed of 250M samples/sec. 
Hence, with one channel active, the 
4-channel unit can take 1 G samples/sec. 

The instrument's triggering is much 
like that of logic analyzers; thus, com­
plex conditions can trigger a sweep. 
The scope performs waveform math, 
makes 22 preprogrammed measure­
ments, and produces hard copy on 
graphics-capable printers. The instru­
ment has no mechanical adjustments. 
Battery-backed CMOS RAM stores all 
trim values. A high-resolution DAC 

HP54600A 100-MHz DSO 

T he $2395 2-channel HP54600A 
and $2895 4-channel HP54601A 

digital-storage oscilloscopes (DSOs) 
couple analog-style controls-separate 
knobs for such functions as gain, posi­
tion, and sweep speed-with real-time 
performance. No perceptible lag occurs 
when you observe the output of a cir­
cuit under test and manually adjust the 
parameters of that circuit. With the 
exception of a few expensive scopes 
that incorporate high-speed DSP µPs, 
nearly all DSOs exhibit a noticeable 
lag in display updates. 

The scopes have an analog band­
width of 100 MHz. You can use the 
entire bandwidth when viewing repeti­
tive waveforms. The scopes have a 
resolution of 8 bits and a maximum 
vertical sensitivity of 2 m V /div. 
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converts the stored calibration values 
and sends the analog trim voltages to 
the appropriate nodes. 

To vote for this entry as the Test and 
Measurement Innovative Product of 
the Year, mark the appropriate box on 
the ballot. 

To vote for this entry as the Test and 
Measurement Innovative Product of 
the Year, mark the appropriate box on 
the ballot. 
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PM 3580/ 3585 Logic Analyzers 

T he PM 3580 and 3585 logic analyz­
ers can perform simultaneous 

state and timing analysis through a sin­
gle set of probes. This ability saves 
you the setup time required to double-

probe a node. Moreover, not having 
to put two probes on an IC lead elimi­
nates the capacitance of the second 
probe set. The instruments' state-

Asset Scan-Based Test System 

Asset (advanced support system 
for emulation and test) employs 

the IEEE 1149.1 scan-based test stan­
dard by combining a plug-in card and 

software to create a PC-based test sys­
tem. The software lets you interac­
tively debug or test a hardware design 
that incorporates ICs using on-chip 

analysis speed is 50 MHz-fast enough 
for most µPs. The products perform 
assembly-language disassembly for a 
variety of processors through optional 
add-on modules and software. 

The PM 3585 performs timing analy­
sis at 200 MHz and has 2k bits of mem­
ory per channel. The PM 3580's timing­
analysis speed is 100 MHz, and it has 
lk bit of memory per channel. Both 
analyzers incorporate transitional tim­
ing-they record the time between 
events instead of taking periodic sam­
ples. This feature significantly extends 
the instruments' memory depth in 
most applications. You can equip 
either model with 32, 64, or 96 chan­
nels. The 32-channel PM 3580/30 costs 
$4250; the top-of-the-line 96-channel 
PM 3585/90 costs $10,950. 

To vote for this entry as the Test and 
Measurement Innovative Product of 
the Year, mark the appropriate box on 
the ballot. 

scan registers. Scan testing gives you 
the control and observability you need 
to test a circuit board without resort­
ing to bed-of-nails testers or complex 
probing with logic-analysis tools. 

The complete $25,000 test and devel­
opment system includes a scan control­
ler on a plug-in card, a C + + compiler, 
a configuration file library of routines 
for existing ICs that support IEEE 
1149.1, an interactive program debug­
ger, and a model builder that lets you 
describe your design for the test sys­
tem. The package also includes two 
demonstration modules to help you 
learn about scan testing. You can outfit 
additional development stations, minus 
the demonstration modules, for 
$22,500; additional test systems with­
out the development software cost 
$7500. 
To vote for this entry as the Test and 
Measurement Innovative Product of 
the Year, mark the appropriate box on 
the ballot. 
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The tide is turning. More and 
more people are washing their 
hands of ordinary memories 
and looking to SGS-THOMSON 
for EPROMs and EEPROMs. 

One big reason: our new 
King Size 4 Megabit device. 
It's specially formulated with 
high-performance ingredients 
to make your designs come out 
sparkling: CMOS low power, 
plus an 80ns super-fast access 
speed, ultra-short program­
ming time and more. 

SGS-THOMSON is big on 
selection, too. You can get 16K 
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TRIAL SIZE 

NEW & IMPROVED 
'~~ 

OE •"1b 
SELECTED EPROMS !NS! 

and 2 Meg devices, plus every 
density in between, right off the 
shelf. We won't soft-soap you 
with delivery excuses either. 
Backed by a list of distributors 
that reads like Who's Who, 
SGS-THOMSON ships on time. 

Our serial EEPROMs feature 
guaranteed one million Erase/ 
Write cycles and are available 
in l2C and MICROWIRE" bus 
versions. 

No wonder we're now one of 
the world's top EPROM suppliers. 

And we'll continue to sparkle 
in the memory business. 

CIRCLE NO. 46 

-

Full-feature serial EPROMs in 
4K and SK sizes are ready to 
hit the shelves. And our 16 
Meg EPROM is in the works! 

Let SGS-THOMSON'S 
quality, selection and service 
wash away your memory 
problems once and for all. 

SGS-THOMSON Microelectronics 
IOOO E. Bell Rd., Phoenix. AZ 85022 (602) 867-6259 

1991 SGS THOMSON Mkroelenroml~ . All nghts fl~rwd . 

~ I!) a reg1:,te1l'<l lr<1llem,irk of tile SGS Tl!O,\.\SON Microrlcclronics 
Group. ,\ \ lCROWlRE 1.!, a registered track•11Mrk ol National 
5'.'lllll1.)lldU1,_(l,)f. 
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Falcon Framework For Concurrent Design 

T he Falcon Framework for Con­
current Design is the foundation 

of Mentor Graphics Corp's next-gen­
eration software suite, System 8.0. 
Falcon helps engineering organizations 
plan and coordinate product develop­

project goals. 

ment in the following 
ways: it provides a con­
sistent user interface 
for all design tools; it 
stores all project-re­
lated information and 
design data in a unified 
database; it provides 
ready and con trolled 
data access; and it moni­
tors all design activity 
to ensure fulfillment of 

The framework comprises an ex­
tended version of the Open Software 
Foundation's Motif interface for Unix; 
a database manager that stores all de­
sign data in object-oriented data struc­
tures; a design-management environ­
ment that represents software and de­
signs as hierarchical icons and includes 
version-control, configuration-manage­
ment, and product-release facilities; 
and the Decision Support System. 

The Decision Support System en­
ables a design team to simulate a prod­
uct's behavior based solely on specifica­
tion parameters entered into its 
spreadsheet. You enter the equations 
that describe the desired model, and, 
based on the parameters, the spread­
sheet calculates such factors as cost, 
power dissipation, and reliability. It 
can even perform preliminary thermal 
analyses. The software automatically 
extracts the data needed for the calcu­
lations from the framework's database 
and from other, linked databases-a 
purchasing department's list of sanc­
tioned components, for example. 

Resulting design models become a 
sort of living specification: ongoing de­
sign information and predetermined 
parameters are treated as a working 
body of knowledge. If at any point in 
the cycle the parameters are violated, 
the system sends out an alarm to the 
appropriate project-team members. 

The Falcon Framework is shipped 
free of charge as part of Mentor's Sys­
tem 8.0. 

To vote for this entry as the CAEI 
CAD Innovative Product of the Year, 
mark the appropriate box on the ballot. 

Multiprox Graphical Multiprocessor Platform 

An option for the Signal Processing 
Worksystem (SPW), Multiprox 

enables you to graphically partition 
your DSP algorithms to run on multi­
ple processors. To begin your design, 

you use the SPW to 
draw a signal-flow 
diagram, incorporat­
ing icons that repre­
sent FFTs, filters, 
modulators, chan­
nels, and other func­
tions. After the work­
system performs simu­
lation and de bug­
ging, you can parti­

tion the design by drawing rectangles 
around circuit functions. Another op­
tional software package, the Code Gen­
eration System (CGS), converts the 

signal-flow block diagrams into execut­
able C code for single-processor execu­
tion. Multiprox ensures that your par­
titions are honored; the CGS converts 
each partition into standalone code for 
each processor. The software compiles 
each code module and inserts all of the 
code necessary for interprocessor 
communication before downloading the 
programs onto your target hardware. 
To aid in balancing workload, the soft­
ware also reports on your utilization 
of each processor; you can redraw the 
partition to distribute processor re­
sources more equitably. The Multiprox 
option for the SPW costs $10,000. 

To vote for this entry as the CAEI 
CAD Innovative Product of the Year, 
mark the appropriate box on the ballot. 
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It's a whole new deal for American business. Lanier 

gives you the right to a free replacement copier if you 

decide your new Lanier copier is not performing to 

your satisfaction . Plus we guarantee it to be up and 

running 98% of the time. You're guaranteed a loaner if 

your system is down more than 8 hours. And you' re 

guaranteed a 24-hour toll-free Hot Line for any 

Nome: _________ Company: _______ _ 

Address: _ _________________ _ 

City: State: __ Zip: ___ Phone: ___ _ 

llJ HARRIS 

questions you might have after-hours. So for more 

productivity call 1-800-852-2679. And get all the 

details on the latest American document to guarantee 

freedom : The new Lanier Performance Promise. 

Some restrictions apply. See your Lanier Copier Representative for full details. 

Moil to Lanier Information Center, P.O . Box 785 LAN~.· ER 
Dayton, O hio 45401 or Fox to: (513) 252-9703 . 

Please send me free information about Lanier: 
0 Copiers 0 Fox 0 Dictation 

COPYING SYSTEMS 

CMN891 
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Test Compiler 

T est Compiler works as a synthe­
sizer to optimize circuit designs' 

speed, area, and testability. Logic syn­
thesis translates electronic circuit de­
scriptions into multilevel logic repre­
sentations that you can implement in 
silicon. Initial design input can take 

the form of netlists, 
schematics, equations, 
state-machine descrip­
tions, truth tables, and 
VHSIC (very high speed 
integrated circuit) or 
Verilog hard ware-de­
scription-language (HDL) 
programs. Synthesizers 
perform both transla­
tion and optimization. 

The compiler automatically removes 
redundant logic, inserts test-scan ele­
ments, and connects these scan ele­
ments in a chain. The compiler sup­
ports application-specific integrated-

VME64 VMEbus Extension 

T he VME64 is a conceptually sim­
ple and straightforward exten­

sion to the VMEbus specification. The 
extension increases the maximum 
bandwidth of the VMEbus from 40 to 
SOM bytes/sec when performing block­
mode data transfers. During conven­

tional block-mode 
transfers, defined as 
D32BLT, the VMEbus 
transmits a 32-bit ad­
dress and a 32-bit 
data word during the 
first transfer cycle. 
Subsequent cycles 
only transmit 32-bit 
data words over the 
data bus, while the 
address bus remains 

dormant. The extension takes advan­
tage of this situation by multiplexing 
a second 32-bit data word onto the ad" 
dress bus during its idle time. There­
fore, the extension can transfer 64 bits 
of data after the first cycle in block 
mode, effectively doubling the 
VMEbus bandwidth. 

circuit (ASIC) test methodologies such 
as level-sensitive scan design and 
mutiplexed scan-path design. Trials 
show that the compiler reduces area 
and speed penalties incurred by other 
compilers that employ typical auto­
matic scan-element insertion tech­
niques. Test Compiler helps you pro­
duce test vectors for projects that use 
the Synopsys Design Compiler and 
HDL Compiler. 

The tool runs under UNIX using an 
X.11 Window System graphical user 
interface (GUI). Hardware platforms 
supported are HP/Apollo, DECstation, 
Sun/3, and Sun/4. Test Compiler re­
quires a minimum of 16M bytes of 
physical memory; it is priced from 
$25,000. 

To vote for this entry as the CAEI 
CAD Innovative Product of the Year, 
mark the appropriate box on the ballot. 

The extension is compatible with ex­
isting VME modules. Therefore, 
boards supporting conventional 8-, 16-, 
and 32-bit transfers can coexist on the 
same backplane with modules having 
64-bit extension capabilities. To trans­
fer 64-bit data, both the transmitting 
and the receiving module must have 
VME64 capability. The company esti­
mates that the 64-bit capability of the 
extension increases the cost of a 32-bit 
VME module by 25 to 30%. The com­
pany has teamed with DY-4 Systems 
in Ottawa, CA to produce bus-interface 
silicon that includes a VME64 operat­
ing mode. In addition, the extension 
is now part of the proposed Revision 
D to VMEbus specification IEEE 
Pl014 currently before IEEE mem­
bers for certification. 

To vote for this entry as the Com­
puter and Peripheral Innovative Prod­
uct of the Year, mark the appropriate 
box on the ballot. 
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The Most Diverse Family 
In Memory. 

Designs That Endure 
High Temperatures 

Consistant Performance 
At Low Powers 

Massive And Reliable 
Memmy 

Perfectly Suited For 
Cold Climates 

High Speed Proressing 
Performance 

A Complete Line Of 1-Meg SRAMs. 
Call Sony first. The largest selection of 1-Meg SRAM assures you 

can find the high performance, highly reliable memory you're looking 
for with just one call, so why go on a safari? 

technology, call us. Virtually every new idea in SRAM will be here at 
Sony first. And our U.S. design team (with their 0.8 & 0.5-rnicron 
CMOS technology) stands ready to get you the right product for your 
design; whether it's for a laptop or workstation. 
Call Sony First. Fast or slow. Hot or cold. Even your massive memory require­

ments are right here. 
And we can ship the package styles most in demand for your new 

designs today- and tomorrow. Our new production facility in San 
Antonio, TX will build on the reputation for timely delivery that has 

We've got the product, backed by the Sony commitment to quality 
and service. And at competitive prices that make us the King of 

made us a breed apart. 
The Best Selection Of 
NewSRAMs. 
-40° to +85°c, 3 volts and 
X9.20nsec 

If your current designs 
incorporate the latest 

the SRAM Jungle. 
Call today 714.229.4190 or 416.499.1414 in Canada. Or fax us 

1-Meg SRAM 
Model Speed 

(ns) 
Packaging Data Special Availability 

Retention Features 
Current 

128Kx8 -- CXK581000P ------ 100/120 -------- DIP 600mi1 ------- L/LL ------ B/X----------­

-- CXK581000M ----- 100/ 120 -------- SOP 525mil ------ L/ LL ------ B/X-----------
Now 

Now 
-- CXK581100fM ---- 100/ 120 -------- TSOP(nonnal) --- L/LL ------ B/X----------- Now 

-- CXK581100YM ---- 100/ 120 -------- TSOP(reverse) --- L/ LL ------ B/X ----------
-- CXK581001P ------ 70/ 85 ----------- DIP 600mi1 ------- L/LL -------------------------

Now 

Now 
-- CXK581001M ----- 70/85 ----------- SOP 525mil ------ L/ LL ------------------------- Now 

-- CXK581020SP ----- 35/ 45/55 ------- SDIP 400mil ----------------------------------------- Now 
-- CXK58102QJ ------ 35/45/55 ------- SOJ 400mil ------------------------------------------ Now 

128Kx9 -- CXK7791QJ -------- 17/20 ----------- SOJ400mil ----------------------- SyncASM -- 3/Q'91 

256Kx4 -- CXK54100QJ ------ 25/30/35 ------- SOJ 400mil ------------------------------------------ 3/Q '91 

L = Low LL= Low.Low B = 3 Volt X = Extended Temperature 

SONY 

your current requirements 
for a quick response from 
our technical staff 
714.229.4285 (fax) or 
416.497.1774 
(fax/ Canada). 

Sony Corporation of America, Component Products Company, 10833 Valley View St. , Cypress, CA 906.30 
Sony Canada, 411 Gordon Baker Rd., Willowdale, Ontario M2H 256 

Prtcts and specifications are subject lo change wllhool nollce. The purchase of products Is subject to availability and Sony's standard terms and conditions of sale. Sony Is a registered trademark of Sony Corporation. 
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Color LCD Technology 

T riple supertwisted nematic tech­
nology (TSTN) yields an economi­

cal true-color LCD display. The display 
uses a subtractive system, bypassing 
additive-systems' color filters and 
yielding a brighter screen, fewer "jag­
gies," and clearer images. 

The widely accepted 
approach to obtaining 
color from an LCD dis­
play is to concentrate 
first on a good black­
and-white image, and 
then to apply color fil­
ters in an additive color 
system. This system, 
based on supertwisted­
nematic or active-ma­

trix technology, has entailed great ef­
forts to get rid of the inherent colora­
tion of the displayed image. The TSTN 
technology takes the opposite ap­
proach of stacking magenta, cyan, and 
yellow color cells on top of one another 
to exploit the inherent coloration of the 
image in a subtractive color process, 

EXB-8500 Tape Subsystem 

T he Exabyte EXB-8500 8-mm car­
tridge-tape subsystem is a 

backup device capable of storing 5G 
bytes of digital data (without compres­
sion) on a cartridge at a continuous 
data-transfer rate of 500k bytes/sec. 

An integrated lM-byte 
speed-matching buffer al­
lows peak transfer rates of 
4M bytes/sec and searches 
at rates as high as 37.5M 
bytes/sec. The drive uses 
helical-scan technology to 
achieve its high data den­
sity; the tape is guided 
around a head-drum as­
sembly that carries two 
read heads, two write 

heads, and a servo head. The tape's 
linear velocity is less than 0.5 ips, 
whereas the drum rotates at 1831 rpm; 
this combination produces an effective 
tape velocity of 150 ips but retains gen­
tle tape handling. 

like that used in photography. This 
process yields higher transmission and 
better contrast than the additive proc­
ess and, despite early doubts about its 
viability, is manufacturable at an eco­
nomic price. 

Four products currently use TSTN 
technology. A 10112-in. backlit monitor 
for desktop computers has 640 x 480-
pixel screen resolution and 64 (Model 
64M) or 4913 (Model 5000M) address­
able colors. The display is compatible 
with CGA, MCGA, EGA, VGA, Macin­
tosh SE, and Macintosh II graphics 
adapters. The 480CX and 5000CX are 
heat-resistant display generators that 
you place on the platform of an over­
head projector for display on a screen, 
provided the lamp power does not ex­
ceed 600W. Prices of all modules are 
$1500 (OEM qty). 

To vote for this entry as the Com­
puter and Peripheral Innovative Prod­
uct of the Year, mark the appropriate 
box on the ballot. 

The subsystem records two tracks 
simultaneously, each 3 in. long, at an­
gles of -10 and + 20° from the edge 
of the tape, resulting in a track density 
of more than 1600 tracks per inch and 
an area density of 75M bits/in. 2• Metal­
particle media do not saturate until the 
density reaches 120 to 150M bits/in. 2; 

thus, the vendor expects to increase 
total capacity to approximately 67G 
bytes per tape over the next few years. 

The drive includes a read-after-write 
function that guarantees that data, 
once written, can be read. The error 
detection and correction features re­
strict hard errors to one <in 10- i :i bits. 
The drive uses a standard SCSI con­
troller/formatter that can have either 
a single-ended or a differential inter­
face. The drive costs $2400 (1000). 

To vote for this entry as the Com­
puter and Peripheral Innovative Prod­
uct of the Year, mark the appropriate 
box on the ballot. 
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Proven Unmatched 
__ Quality and Performance 

STRADIVARIUS - Circa 1700 
The standard by which all violins 

are compared. 

JEEP - Circa 1941 
Designed to reliably carry troops 

over any terrain. 

10 &.. 30 SCR High Power DC Power Supplies -
Circa 1980 And still sets the standard for quality and performance. 

• 600 Watts to 10 KW 
• More watts per $ for the best price/ performance 

value in SCR type power supplies 
• 65 Standard models. lOO's of custom and modified 

models 
• Complies with VDE-875, Level N and VDE-871, 

Level A for line conducted RFI 
• Remote Programmable via IEEE-488 
• Highest Power Per Cubic Inch In Industry 
• 5 Year Warranty 

ELECTRONIC 
MEASUREMENTS 
INC. 

E/ M has a well documented history of SCR technology that 
dates back to 1967. Today, there are over 50,000 Series TCR 
power supplies that have been shipped since 1980. The quality 
and performance is unmatched .. . worldwide ... from the heat 
and humidity of Kuala-Lumpur to the frigid wastelands 
of Greenland. 

For more information or literature, call 
Toll Free 1-800-631-4298 or write: 
Electronic Measurements, Inc. 
405 Essex Road, Neptune, NJ 07753 
(In NJ, HI, AL & Canada, call 
201-922-9300) 

CIRCLE NO. 34 
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CHS2 x 4 Custom Computer 

T he CHS2 x 4 Custom Computer is a 
16-bit ISA-bus board that provides 

an alternative to performing computa­
tions on an IBM PC. The custom com­
puter uses a hardware-logic array that 
you can program to produce configu­
rations of Boolean logic functions. 

The board contains a 
2 x 4 array of the 
company's CAL1024 
ICs, as much as 2M 
bytes of static RAM, 
and control circuitry 
that manages the 
host-data transfer 
and loads a configu­
ration EPROM on 
power-up. 

Each chip is a "sea-of-gates" field 
programmable gate array (FPGA) 
comprising a 32 x 32 array of configur­
able logic cells. You can program a cell 
to implement any combinational func­
tion of two Boolean variables. The 
board lets you interconnect cells via 
dedicated data paths, or you can map 
algorithms directly into the hardware. 
The 2 x 4 array of chips provides 8192 

Live Insertion Backplane 

T he Multibus Manufacturers 
Group Technical Committee has 

developed a product specification for 
a live-insertion backplane for Multibus 
II Open Bus Systems. The specifica­

tion implements an 
intelligent slot con­
troller that permits 
removing and insert­
ing boards while the 
system is operating. 
When you insert a 
board into an active 
system, an isolated 
ground pin on the 
backplane (pin Al) 

becomes grounded, sending a detection 
signal to the controller. The controller 
recognizes an insertion or removal 
within a few msec and begins arbitra­
tion by asserting the bus request signal 
(BREQ). 

cells, which is expandable to a 4 x 4 
array of 16,384 cells. You can program 
the board to implement custom com­
puting structures, such as systolic ar­
rays and computational cells for finite 
element analysis. Because the board's 
array is programmable, you can dy­
namically configure the structure. In 
addition, you can quickly program the 
board to emulate an ASIC design to 
solve wire demand problems. 

A suite of software tools lets you 
input a design via an OrCAD 
(Hillsboro, OR) schematic package, a 
symbolic editor, or logic equations. An 
assembler generates binary data for 
the board, which is controlled by an 
application program running on the 
host. All programs are written in C, 
so a library of C routines can be called 
by an applications program. Depend­
ing on configuration, the board and 
software costs from $5,000 to $10,000. 

To vote for this entry as the Com­
puter and Peripheral Innovative Prod­
uct of the Year, mark the appropriate 
box on the ballot. 

After asserting the BREQ line, the 
controller monitors the system-control 
lines. It waits for at least two cycles 
to pass with no bus traffic before re­
leasing the BREQ line. The controller 
supplies power to the new board using 
a power FET as a voltage controller. 
The controller also assigns a valid card 
slot and arbitration identification num­
ber via independent reset (RST) and 
reset-not-completed (RSTNC) lines for 
each slot on the backplane. 

The open-bus technology is available 
to anyone, and there are no patents 
pending. The design is 100% com­
patible with existing Multibus II 
boards and typically costs $2000 to im­
plement. 

To vote for this entrtt as the Compo­
nents, Hardware, and Interconnect In­
rwvative Product of the Year, mark the 
appropriate box on the ballot. 
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AlLOW US m EXPLAIN THE BASIC PRINCIPLE 
BEHIND OUR AVAILABLE-BUILDINGS SERVICE. 

Throughout Florida, we have many existing facilities 
that are ready for immediate occupancy. One of them 
is bound to fit your company's needs. And our 
Available-Buildings Service is here to help you make 
the perfect match. 

It's that simple. You tell us what you need. We'll 
help you find it . And we'll give you a customized 
computer printout detailing all the options. 

This is just one of the many reasons why locating 
in Florida makes perfect business sense. We also offer 
you a trained, qualified work force. and more. 

So give us a call . Or write to the Florida 
Department of Commerce, Division of Economic 
Development. 310 Collins Building, Suite CED , 
Tallahassee, FL 32399-2000. We've devoted an 
entire office to help you find one of your own. 

FLORIDA 
The perfect business climate from coast to coast to coast. 

(904)488-5507. Ext.625 
No broker inqumes. CIRCLE NO. 20 
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Interconnection System 

T he Isocon connector is a pressure­
mated device that interconnects 

arrays of contact pads. The unit con­
sists of flat, S-shaped beryllium copper 
conductors (nickel- and gold-plated) 
suspended in a high-stress-retention 

microcellular silicone. Apply­
ing downward force causes 
the conductors to rotate, pro­
viding a wiping action at each 
contact point. The microcellu­
lar silicone maintains the con­
tact force and provides a gas­
tight seal. 

Isocon connectors provide 
a solderless demateable in­
terconnect for electronic com­
ponents, such as IC chip 
packages and pc boards. The 
connector can provide contact 

configurations and spacings down to 
50-mil pitch in grid-as many as 400 
contacts per in. 2 of board surface. The 
connector can accommodate large vari­
ations in compression levels, so its per­
formance is not adversely affected by 

IRMX For Windows 

T he IRMX for Windows operating 
system lets real-time software 

and DOS and Windows application pro­
grams run simultaneously on the same 
IBM PC/AT processor. The operating 

system also provides 
real-time DOS exten-

-~ sions for real-time DOS 
or Windows program de­
velopment. 

Standard, unaltered 
DOS runs as a task un­
der the operating sys­
tem; Windows 3.0, also 
unaltered, runs as a 
DOS application. The 
operating system's real­

time control comes from the multi­
tasking kernel of IRMX, a real-time 
operating system that was previously 
limited to Multibus boards and sys­
tems. 

Initially, DOS loads IRMX as an ap­
plication program. This "application" 

diverse package and board tolerances. 
Because it has a lifetime in excess of 
10,000 mate/unmate cycles, this con­
nector is compatible with test and 
burn-in applications. 

Isocon connectors consist of the con­
ductor-populated silicone material per­
manently attached to a socket that 
aligns the IC of a multichip module 
package with the pc-board contact 
pads. The socket also controls com­
pression in the silicone material. In 
most cases, the system is custom de­
signed for each application. However, 
there is very little tooling cost associ­
ated with the Isocon array. Hardware 
costs depend on customer require­
ments and final contact-array com­
plexity. Including socket hardware, 
the product is priced at $0.05 to $0.15 
per contact. 

To vote for this entry as the Compo­
nent, Hardware, and Interconnect 
Innovative Product of the Year, mark 
the appropriate box on the ballot. 

then seizes control, switching the proc­
essor into protected mode and encap­
sulating DOS as a task under IRMX. 
DOS then resumes operation, unaware 
of its new environment. A DOS or Win­
dows application program thus runs as 
an IRMX task and can communicate 
with other IRMX tasks. 

The combined DOS and IRMX oper­
ating system has multiple layers. The 
nucleus is a 32-bit, real-time kernel 
that has 255 task-priority levels, pre­
emptive scheduling, prioritized in­
terrupt management, timer manage­
ment, semaphores, mailboxes, and 
other means of intertask synchroniza­
tion and communication. Other layers 
include an I/O system layer and a hu­
man-interface layer. The operating 
system, with libraries and documenta­
tion, costs $1995. Run-time disks are 
$150 each. 
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It's no bigger than this ad (6U VMEbus to be exact). 
it doesn't suck power like less efficient controllers. It's 
!SC-based for super performance. It connects single or 

attached stations from a single VME slot. It supports 
ety of media, from fiber to twisted pair. It's ANSI 

T9 FDDI standard compliant. It's certified by the 
ced Networking Test Center TM and the Univeni~ 
ew Hampshire Interoperability Lab (lnterphase 

a charter member of both). 
And, 

IT'S AVAILABLE ... RIGHT NOW. 

lnterphase V/FDDI 4211 Peregrine is at 
t now in some of the industry's leading 

ems networks. Put lnterphase high perfor 
expertise to work for you . 

r FAX us today for information about In 
solutions, including VME and Multibus c 
new fiberHUB FDDI Concentrator and th 

Designer's Kit. We've also got proven 
nd Token-Ring products to tell you ab 

(214) 919-9000 
FAX: (214) 919-9200 

In Europe: 
869-321222 FAX: (44) 869-24Z 
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Genesis High-Power-Density Battery 

I n designing the Genesis battery, 
Gates Energy Products has accom­

plished an objective that has eluded 
lead-acid-battery designers for dec­
ades: reducing by approximately 40% 

the size and weight of a 
battery that delivers high 
power (720W) for approxi­
mately 15 min. Indeed, 
when called upon to de­
liver 1800W, the battery 
operates for 5 min vs as 
little as 30 sec for more 
conventional batteries of 
the same size. 

Certain immutable rules 
constrain the design of 

lead-acid batteries. Obtaining higher 
current requires increasing the area of 
the battery plates. But increasing the 
plate area while holding the battery's 
size constant requires making the 
plates thinner. Previous attempts to 
make thinner plates resulted in re-

duced physical strength and shortened 
battery life. But the manufacturer's 
improvements in processes and materi­
als have overcome those problems. 

Having created a battery specifically 
for low- and medium-power uninter­
rupted power supplies, the manufac­
turer has tailored the battery's charac­
teristics to that application-a feat not 
possible in a battery intended for a 
range of uses. For example, the hard­
ened terminals eliminate the need to 
periodically tighten cable clamps. The 
batteries are sealed and require no 
maintenance; under normal operating 
conditions, their electrolyte system 
eliminates venting of hydrogen into the 
atmosphere. Their flame-retardant 
cases conform to UL standard 94V-O 
and have built-in carrying handles. The 
batteries cost $94.50. 

be 630AT Real Time Clock modules install in your PC computer replacing the 
conventional PC Real Time Clock. The be 630AT can be synchronized to an external 

IRIG time code source and/or multiple PC's can be synchronized 
together using digital synchronization signals. 

-~ 0 -9:-23:36.005762 I ~ -1-1 
09:23:36.005762 

6541 Via del Oro, San .Jos e , CA 95119 
Tele: (4081578-4161 FAX : (4081578-4165 

AD9121 
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Until now, the solution to power interruptions 

was really no solution at all. In fact, 80 % of all UPS 

system failures have been due to the battery. 

But now there's a battery that lets you avoid 

interruptions. 

Its called Genesis:· 

the most reliable power 

source you can get. 

Genesis, available 

in 120 and 190 watt per 

cell models, can actually 

deliver up to 60% more 

power than conventional 

batteries of the same 

size. So you can depend 

on it to work through all 

your power failures. 

Genesis also offers 

a truly maintenance-free terminal design. 

And you can even downsize your system 

without sacrificing power capacity. 

So if you would like to reduce the frequency 

of your problems, call 1-800-67-POWER to learn 

more about Genesis. 

It's one power 

surge you'll actually 

want to experience. 

T h e p o w e r o f g r e a t i d e a s. 
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10 the most 80C51 derivatives. 
1 

'tL FIND 1HE SAME SIRATEGY AT 1HE CORE 
OUR 6-AND32-BIT MICROCON1ROII.ERS. 

To design the perfect features into your application, 
choose the industry's most complete and 
feature-rich family of 8-bit 80C51 and 84CXX 
microcontrollers. 

Av~able in OTP and'EPROM versions, you're 
assured of~te time to market and cost-efficient 
ow-volume runs. And for design demanding 

mdivklual progr:tm cooe, our OTP devices offer 
~ u the ultim~te flexibility. 

You'll al ays have complete development support, 
too. Because you can choose from a growing list of 
emulators, programmers·and software tools from 
Philips and third-party vendors including Ashling, 
Ceibo, Data 110, Logical Systems, MetaLink, 
Needham's, Nohau, Tasking and many more. 

Today our microcontrollers are the driving force 
behind thousands of products. For application~ 
rangingfcom co sumer and'automotive to 

A Sampling Of Our More Than 40 leading 80C51 Derivatives 

Product OTP l'C ROM RAM NO SIMILAR PRODUCT OFFERS: 

You'll also find 
embedded Jriemo , 
of program memory (ROM, EPROM or 0 

8XC751 

8XCL410 

8XC851 

up tQ 512 ~ytes of embedded data memory (RAM). 
"1th speeds of up to 30 MHz. 

Plus we're applying the same strategy to 16-bit 
68000-based and 32-bit SPARC®-based microcon­
trollers. So as needs change, you'll have~ building 
blocks to tailor designs. 

,,,, ,,.,, 2K 64 24-pin skinny DIP 
,,.,, 4K 128 Operation at down to 1.5 volts 

4K 128 256 bytes EEPROM 

10-bit A/O converter 

512 bytes RAM 

and defense, and 

"For more information, contact your local Philips 
Components-Signetics sales office. Or call today for 
your Microcontroller Derivative Brochure and Data 
Book: (800) 227-1817, ext. 716D. 
SPARC is a registered trademark of SPARC International, Inc., based on 
technology developed by Sun Microsystems, Inc. 

I 

Signe1ics 
EXIENDING 1HE DIMENSIONS OF PERFORMANCE 

PHILIPS 
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We call it a FET Array. 



She'd call it a Miracle. 

H•mmer. Anvll. Stirrup. Dnnn. 

Slmple ........ for the complex utuNI 

.,..rdw•,... U..t •llows us to..._,, ff It's 
Injured-or con.-nlt.lly clefectl,,._the 

de.tneu U..t occurs c11n't •lwllYS be helped 

by conventloMll h••rlfttl •Id. 

A coclll••r lmpl•nt bftNl•H• the•.....-. 

dellverln9 flltered INld procesHcl •n.log 

sign.ls directly to electrodes lmplminted deep 

In the Inner••· TheH sign.ls stlmui.te the 

•udlo nerves In• n.tu,.I W8J, •llowlne-ln 
most c•H .... the de.tto ..._,, 

T he variety of applications for our new RFA120 
never ceases to amaze us. But then. a linear array 
that combines both bipolar and J FET gain blocks 
can provide some pretty versatile characteristics: 

RFA120 FET Arniy 

0p.,.tlng Renge: :t5Vto :t11V 

Input OffHt Voltege: 5mVtyp. 

Input ai.a Current: 30pAtyp. 

G•ln a.nclwlclth Product: 3.0MHztyp. 

Slew Rete CG•ln = + 1 ): 8V1£• 

The RFA120 is a low power device that's ideal for 
signal conditioning applications. One of our 
favorites also takes advantage of its small size. 

It's a cochlear implant system that bypasses 
injured or congenitally defective "hardware" in the 
ear canal. The system converts audio signals to 
analog signals. routing them deep into the inner ear 
to stimulate the natural audio nerves that are 
"hardwired" to the brain. 

We're committed to analog technology. 
And we're committed to helping you develop 

creative. cost effective solutions. 
Our Win-Win program is a good example. 

It lets you get to market quickly with a semicustom 
array, then shift to full custom as sales increase. 
It's fast. flexible and makes good business sense 
because it eliminates the risk of going full custom 
before you're really ready. 

If you'd like more information on our analog 
arrays, give us a call at 1-800-722-7074. We'll 
send you our new brochure. 
Raytheon Company. Semiconductor Division. 
350 Ellis St. Mountain View. CA 94039. 

aytheon 
Where quality starts with fundamentals 

CIRCLE NO. 39 
75 



• 

• .. • • , • 
FL U K E AND P HILIP S - T H E GLOBA L AL LI ANCE I N TE S T & MEA SU REMENT 

• ' 
.. • ,e PHILIPS •FLl:JKE ® • • • • ... . • • • 4. 

" • 

7 0 SERIES I I 

8 New Meters. 8 Old--Fashioned Values. 
Introducing Fluke's 70 Series II , next­
generation multimeters that meet the 
increasing demands of your job and your 
budget. 
Consider. At the top of the line, the new Fluke 
79 and 29 deliver more high-performance 
features - capacitance, frequency, a fast 63-
segment bar graph.Lo-Ohms range, Smooth­
ingn~ faster ranges - than OM Ms costing 
much more. 
At the entry level, the new model 70, Fluke's 
lowest-priced DMM ever, delivers unparalleled 
Fluke qllllity at a price comparable to "dispos­
able" meters. 
And in between are all the models that have 
made the 70 Series the most popular DMM 
fami ly in the world - updated, refined and 
delivering even more value than ever. 
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"BASICS" REDEFINED 
No matter which 70 Series II you choose, you 
get simple, one-handed operation. High 
resolution. And built-in, go anywhere reliability. 
Automatic Touch Hold® - standard on every 
model - locks the reading on the display and 
signals you with a beep, automatically updating 
for each new measurement without a reset. 
Leaving you free to concentrate on your work, 
not on your meter. 
YOUR BEST CHOICE 
Best of all , every 70 Series II is a Fluke, backed 
by a worldwide service network and an industry­
leading 3 year warranty. 
So the next time you 're in the market for a new 
meter, ask for the one that guarantees old­
fashioned value. Fluke 70 Series II. For more 
information call 1-800-6789-LIT. Or call 
1-800-44-FLUKE, ext 33 for the name of your 
nearest Fluke distributor. 

CIRCLE NO. 40 

Fluke 79 Series II & 29 Series II 
$185• 
4000 Counl Digital Display (9999 in Hz & + ) 
63 segmenl Analog Bar Graph 
0.3% Basic DC Vollage Accuracy 
Aulomalic Touch Hold* 
Diode Tesl, Audible Conlinuily Beeper 
Auloranging, Manual Ranging 
Holsler wilh Flex Sland '" 
Frequency Counter lo over 20 kHz 
Capacitance 10 pF to 9999ff 
Lo Ohms Range with Zero Calibration 
Smoothing'" 
700 Hours Battery Life (alkaline) 
3 year Warranty 

79{17{15{73{10 for measurements to 4800 V-A. 
29/23/21 for higher energy measurements. 
'Fluke 70 Series II suggested U.S. list prices range from $69 to $185. 

John Fluke Mfg Co., loc. P 0 Box 9090 MIS 250E E.,,ett, WA 98206 U.S.: 206-356-5400 
Ganada 416-890-7600 Oltof Countries 206-356-5500 Cl Copynghl 1991 John Fluke Mfg 
Co., Inc All rights reservea. AO no. C0091 Prices and specllicat!ons subject lo change 
without notice. 
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TECHNOLOGY UPDATE 

When logic errors . . . 
1n your circuit turn 

out to be signal 
integrity problems, 
you need to team 

up a logic analyzer 
with an oscillo­
scope. A single 
instrument that 

combines the two 
is often more 
efficient than 

separate units. 

Doug Conner, 
Regional Editor 

EDN August 5, 1991 

COMBINED LOGIC ANALYZERS AND DSOs 

Combined instruments 
fmd logic problems 
M any engineers have had their 

oscilloscope working side by 
side with their logic analyzer 

for years. However, just because in­
struments are used together isn't good 
justification for combining them. The 
best reason for combining a logic ana­
lyzer with an oscilloscope is because a 
single instrument does a better job and 
does it easier. Combined instruments 
are effective because as digital designs 
continue to increase in clock rate, signal 
integrity becomes more of a problem. 
Logic that is correct at low speeds runs 
into trouble when short timing margins 
will no longer cover up jitter, ringing, 
and other signal integrity prob­
lems. It's not good enough to 
connect digital circuits cor­
rectly, you have to ensure sig­
nals are stable when the system 
timing requires them to be 
valid. To find signal integrity 
problems, a logic analyzer isn't 
sufficient-you need to add an 
oscilloscope. 

and forth between two instruments with 
different displays and, undoubtedly, dif­
ferent time scales, but the combined in­
strument can correlate the data times 
so that data is easier to interpret. 

When you are tracking down the 
cause of a problem that shows up in the 
logic, a logic analyzer has the sophisti­
cated triggering features to help you 
catch the problem and the digital events 
leading up to the problem. Logic analyz­
ers provide trigger qualifiers for ad­
dress, data, time, count, and other ways 
to help you trigger on the correct event. 

Connecting the two separate instru­
ments adds a delay that the instruments 

With combined logic analyz­
ers and DSOs (digital storage 
oscilloscopes), you can save 
bench space and operate both 
instruments through one key­
board and display. (Although 
when using separate in stru­
ments you can choose any type 
of oscilloscope, manufacturers of 
combined instruments use DSOs 
for their single-shot capture.) 
More important, you can view 
the results of both instruments 
on one display. Not only will the 
single display save you from 
having to look continually back 

Color displays, available on many combined logic analyz­
ers and DSOs for benchtop use, help communicate informa­
tion quickly and clearly. Color displays aren't usually avail­
able on portables. The Tektronix Prism 3002 is available 
in several versions, including a portable. 
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Looking for a function generator 
with all the bells and whistles, 
like direct digital synthesis, ' 
arbitrary waveforms, 
and modulation, 
that doesn't cost an arm and a leg? 

Take a look at the 
DS345 from SRS. 

At $1895, it's the only function generator you need. 
It's a general purpose signal generator with standard 
waveforms, frequency sweeps, and synthesized accuracy. 
It's a 40 Msample/sec arbitrary waveform generator with 
16k point~ of no~-volatile memory. It's a complex signal 
source with amplitude, frequency, and phase modulation, 
complete with synthesized modulation waveforms. It's a 
remarkably agile source capable of making phase 
continuous frequency jumps in only 25 ns. And it's all 
available at the touch of a button. 

What other generator has everything you want, and more? 
For more information about the DS345, call SAS at 
(408) 744-9040. 

• 30 MHz direct digitally synthesized source 
• 1 µHz resolution 
• 12 bit arbitrary waveforms 
• Fast phase continuous frequency switching 
• Low phase noise and distortion 
• Sine, square, ramp, and triangle waveforms 
• Linear and log sweep with markers 
• Frequency, amplitude, and phase modulation 
• Arbitrary and burst modulation 
• Optional GPIB/AS232 interfaces with 

Arbitrary Waveform Composer Software 

s RS STANFORD RESEARCH SYSTEMS 
CIRCLE NO. 41 

1290 D Aeamwood Avenue, Sunnyvale, CA 94089 TEL (408)744-9040 FAX 4087449049 TLX 706891 SAS UD 
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Combined logic analyzers and DSOs 

won't compensate for. If you are 
triggering an oscilloscope off a logic 
analyzer, there will be some delay 
associated with the trigger out from 
the logic analyzer and the cable be­
tween the logic analyzer and the 
scope. The total delay should be 
relatively small, but will probably 
require you to devote one of your 
scope channels to a known signal 
in order to time-correlate the oscil­
loscope display with that of the logic 
analyzer. 

See the data time-correlated 
Combined instruments offer a 

time-correlated display between 
the logic display and the DSO dis­
play. The most common method for 
providing a time-correlated display 
is to use a time-aligned display 
where logic-analyzer and DSO 
waveforms all appear on the same 
time scale. 

Time stamping is another method 
instruments use for time correlating 
events. The instrument attaches a 
reference time with each event cap­
tured by the logic analyzer. Time 
stamping lets you compare a state 
listing on a logic analyzer with the 
DSO or logic-analyzer timing dis­
play. Stepping through the state 
display causes timing cursors to 
show the time position on the logic­
analyzer timing and DSO displays. 
The combined instruments make it 
easy to view the time correlations 
accurately for evaluating cause­
and-effect relationships. 

Instruments that combine a logic 
analyzer and a DSO aren't just use­
ful for examining logic signals. The 
DSO means that you can examine 
analog signals for problems too. 
You can look for analog signals 
causing digital problems and vice 
versa. If the wrong analog signal 
is going into an AID converter, you 
can't hope to get the correct digital 
signals out. 

Whether you use a combined in-

EDN August 5, 1991 

Sixteen channels of l.ogic or analog signals can be displayed on a PC using the Outlook's 
1620 system. You can expand this unit to 32 channels. You can expand the 1600 standalone 
version to 160 channels. 

strument or a separate logic ana­
lyzer and oscilloscope, the oscillo­
scope should let you capture single­
shot events. The reason you need 
an oscilloscope with single-shot cap­
ture is that a logic analyzer is a sin­
gle-shot instrument. When a logic 
analyzer observes the trigger condi­
tions, it records the data occurring 
before the trigger, after the trig­
ger, or both. An oscilloscope should 
complement the single-shot capabil­
ity of the logic analyzer. DSOs are 
the only types of oscilloscopes that 
offer single-shot capture and effec­
tively record data of more than a 
few nanoseconds before the trigger. 

The single-shot capability is im­
portant when you are tracking 
down. an intermittent problem. 
With the single-shot capability, you 
only need one trigger event to cap­
ture all the data for both the logic 
analyzer and the DSO. Waiting for 
multiple triggers on a problem that 
only happens once an hour wastes 
time. Capturing the data with a sin­
gle-shot DSO also avoids potential 
problems, such as jitter from your 
trigger source. 

Using a single-shot DSO also 

means you won't continually have 
to modify the code running on the 
system you're testing just so you 
can get a signal bright enough to 
view on an analog oscilloscope. 
Capturing the event directly saves 
time and avoids adding to the prob­
lem new variables which are caused 
by modifying code on the system 
you're testing. 

Combined logic analyzers, such as 
HP's 16500 system, have DSO chan­
nels with sample rates of l OOOM 
samples/sec for capturing single­
shot signals having bandwidths as 
high as 250 MHz. 

DSOs on some of the combination 
instruments offer bandwidths of 350 
MHz, which are useful on repetitive 
signals. Accumulating data for a 
waveform over the course of a min­
ute on a repetitive DSO using an 
infinite persistence display is a vi­
able solution when trigger condi­
tions are frequent. 

Combined logic analyzers and 
DSOs have another·attractive fea­
ture: They often cost less than the 
equivalent separate instruments. If 
you compare the cost of purchasing 
a DSO and a logic analyzer with 
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equivalent capability, you'll typi­
cally find the combined instruments 
cost a few thousand dollars less. 

Hewlett-Packard and Tektronix 
both offer modular instruments 
where you can add a DSO to the 
instrument later. Some of the com­
bined instruments allow you to add 
more than two DSO channels. Out-

look's model 1600 has a potential ca­
pacity of 160 channels. 

Although the combined logic ana­
lyzer and DSO instruments have 
many features in common with each 
other, there are also some impor­
tant differences. 

The voltage resolution for the 
DSO portions of these combined in-

struments ranges from 8 bits to 4 
bits (Outlook's 1600 series in single­
shot mode). Although it is fairly 
coarse, contrasted with what a logic 
analyzer can offer , 4-bit-16 dis­
crete voltage levels-resolution is 
a major improvement. The 1600 se­
ries is different from the other com­
bined instruments in Table 1 be-

Table 1-Representative combined logic analyzers and DSOs 
,- ---Logic Anelyzer DSO 

Maximum .. .......,.,. 
umple-nlte 

Synchronou• ABynchronou• (channels at 
(channels at (channels at Memory Bandwidth Msamplesl RMolutlon Memory 

Manufacturer Model clock(MHz)) clock(MHz)) (words) (MHz) sec) (bits) (wordB) Price Comments 

Hewlett- 16526 BO at 35 BOat100 1k 100 2at 400 6 2k $11 ,300 
Packard 16536 32 at25 32 at 100 1k 100 2 at400 6 2k $7400 

16500 N/A N/A N/A NIA NIA NIA N/A $7700 5-slot mainframe, 
Series: no modules. 

165106 BO at35 BO at 100 1k NIA N/A NIA N/A $6000 

16515A NIA 16at1000 Bk NIA NIA NIA N/A $8300 

16530A N/A N/A NIA N/A NIA NIA N/A $1600 Timebase supports 
four 16531As or 
16532As. 

16531A NIA NIA NIA 100 2at 400 6 2k $4400 Requires 16530A. 

16532A NIA N/A NIA 250 2at 1000 B Bk $9000 Requires 16530A. 

Orlon Omnllab 96at34 96at34, 16k(64k 100 2at204 8 16k(384k $14,550 Requires PC for con-
9350 32at102, optlonal) optional) trol and diBplay. 

16 at204 ~ 

Omnilab 96at34 96at34, 16k(64k 100 2at204 8 16k(384k $21,340 Standalone unit. 
I II 32at102, optional) optional) 

16 at204 

Outlook 1600 N/A 16 at 200 4k 350 16at100 4, 6 1k $21 ,700 Expands to 160 chan-
(4at400, nels with 1610s. 
2at BOO) 

1610 NIA 16 at 200 4k 350 16at 100 4, 6 1k $15,450 Expansion module (up 
(4 at400, to nine with 1600). 
2atBOO) 

1620 N/A 16 at 200 4k 350 16at 100 4, 6 1k $16,450 Requires PC for con-
(4at400, trol and display. 
2atBOO) 

Tektronix 1230 16at25 16at25, 2k NIA NIA NIA NIA $2995 Logic analyzer with 
8 at50, three expansion slots. 
4at100 

1230EI 16at25 16 at 25, 2k NIA NIA NIA NIA $1200 Logic analyzer expan-
8at50, lion module. 
4at100 

~230DSM NIA NIA NIA 100 2at100 8 2k $2995 Digital scope module. 

Prism 96at16and 9at200 8k,2k 350 281200, 8 16k, 32k $14,950 Mainframe with 
3002CD 9at90 1 at400 30MPX and 30DSM. j 
30MPX 96at16and 9at200 8k,2k NIA NIA NIA NIA $6000 

9at90 

30HSM NIA 20at400to 24kto NIA NIA NIA NIA $6000 Dual threshold, 20 
4at2000 120k channels at 200 MHz. 

30DSM NIA NIA NIA 350 2at200, 8 16k, 32k $6000 
1 at400 ,_ 

Note: N/A =Not applicable. 
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The DAZIX Simultaneous 
Engineering Environment (SEE) 
turns design work into teamwork. 

SEE allows your departments to coor­
dinate efforts during every phase of the 
design process. This helps to improve 
product quality, lower production costs, 
and get products to market faster. 

SEE delivers the integration 
you asked for. Common database 
management. Common user interface 
across applications. And a complete 

toolset, including solutions for front­
to-back electronics design, mechanical 
design, manufacturing, and document 
management. 

What's more, with SEE, your entire 
team can benefit from an open-system 
framework. A framework that integrates 
DAZIX, Intergraph, and Sun products -

as well as leading third-party 
tools - in a single environment. 

There's more you should know. 
Call us today at 800-239-4111 for a free 
copy of Simultaneous Engineering. 

In Europe, call 33-1-4537-7100. In 
the Asia-Pacific area, call 852-8661966. 

DAZI x· 
An Intergraph Company 

lntergnph• and ooix• illt l!glSltrtd lrUmarks d lnln'gnph Corporaliion Other brard and ptedoct names art tndt!naib d their ~~owrm 
~199lh11trgrllphC'.o!pcnUm,Huntsrille,ALJ589WX1l 00\003'WJ 
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cause it provides either a DSO or 
logic-timing display of every chan­
nel. You get one or the other, but 
not both simultaneously. 

When you look for high-speed, 
single-shot, digitizing rates, you 
need to be careful. On some sys­
tems, resource sharing causes chan­
sinel reductions that may be signifi­
cant. 

For example, Orion's Omnilab 
products have two digitizing chan­
nels that each subtract eight logic­
analyzer channels from the total of 
96 when you are using them. The 
DSO channels nominally operate at 
34M samples/sec. For higher single­
shot sampling rates, you can select 
a 3x or 6x interleave. Using the 6x 
interleave gives you a sampling rate 
of 204M samples/sec and consumes 
48 logic-analyzer channels per DSO 
channel-that's all 96 channels in 
the system if you are using both 
DSO channels. An advantage of in­
terleaving is that the memory be­
hind each channel is multiplied by 
the interleave factor, making it pos­
sible to obtain 384k data points in 
a DSO record with the maximum 
optional memory. By using repeti­
tive sampling, you can operate the 
two DSO channels at their 100-MHz 
bandwidth and still have 80 logic­
analyzer channels. 

Another example of interleaving 
is the nominal lOOM-samples/sec op­
erating speed for Outlook's 1600 se­
ries products. By adding an optional 
probe to interleave eight channels 
into one, you can obtain an 800M­
sample/sec digitizing rate for single­
shot events. 

On modular instruments you 
have a limited number of module 
slots, which may also cause limita­
tions. For example, Tek's 1230 logic 
analyzer has a total capacity of four 
16-channel logic-analyzer modules. 
You can trade out one logic-ana­
lyzer module for a DSO module, 
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Time-correlated displays of state, logic, and analog signals from an HP16500 combined 
instrument help you keep track of what's happening. You can control the instrument using 
a keyboard, a mouse, or the touch-sensitive screen. 

which reduces the maximum chan­
nel count to 48. 

Some modular instruments, such 
as HP's 16500, Outlook's 1600, and 
Tek's Prism, offer expansion units 
for additional modules when you 
run out of slots. 

One drawback to combined in­
struments, when compared with 
standalone oscilloscopes for scope­
only use, is that they lack dedicated 
scope controls. You always have to 
go through menus to setup scope 
operations. When using a combined 
instrument, the limitation is rela­
tively insignificant. You'll probably 
spend far more time setting controls 
for the logic analyzer portion of the 
instrument than for the DSO. If you 
expect to be using the DSO portion 
of the instrument often by itself, 
you may find using the menu struc­
ture less efficient than using a sepa­
rate oscilloscope with dedicated 
knobs and switches. 

When evaluating the logic ana-

lyzer portion of a combined instru­
ment you'll find interleaving or 
multiplexing again becomes an issue. 

Interleaving is common on many 
logic analyzers to trade channel 
width for faster clock speeds. The 
products from Tektronix and Orion 
both use interleaving or multiplex­
ing on their logic analyzers to boost 
clock rates. HP is conspicuous by 
its lack of interleaving of any kind 
in its combined instruments. 

If you're using a µP to develop 
a product, logic-analyzer support 
for the µP can save time by making 
the hardware connections and de­
coding instructions, rather than 
having to look at the state listings 
of machine code. 

Outlook's 1600 series doesn't 
offer state displays; the instruments 
are strictly timing analyzers. In­
struments from the other manufac­
turers, however, offer support for 
µPs. You'll want to consult the 
manufacturer to see if support is 
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Smash the Cache 
512 

256 

128 

64 

32 

20 25 33 40 50 

(MHzJ,,,.. 

12ns BiCEMOS™ 256K TTL SRAMs 
Speed and Density 

Now you can get cost-effective 12ns 
speed and 256K density. IDT's 256K 
BiCEMOS TTL Static RAMs are the 
ideal solution for high-density cache 
systems for applications like worksta­
tions, file servers, and graphics systems. 
These new-generation SRAMs provide 
the highest system speed without sacri­
ficing system chip count or increasing 
power consumption. 

Fastest 256K SRAMs 
IDT's 12ns 256K BiCEMOS 

Static RAMs are the fastest available 
256Ks today and are the perfect match 
for optimizing the high performance 
needs of RISC and CISC processors. 
These SRAMs smash the barrier to effi­
cient cache operation at the highest 
clock speeds. 

BiCEMOS process technology 
achieves performance levels equivalent 
to "next-generation" CEMOS technol­
ogy and is the path to achieve zero-wait­
state processing beyond 33MHz. 

Technology for the '90s 
IDT's BiCEMOS technology offers 

the best of both worlds: the low power 
consumption of CMOS with the lµgh 
speed of bipolar technology. And 

BiCEMOS technology makes IDT's 
SRAMs the pace setters with ever-faster 
system designs. BiCEMOS is the tech­
nology for the '90s! 

300mil Packaging 
All of IDT's BiCEMOS SRAMs are 

available in 300mil PDIP and SOJ pack­
ages for easy design and layout. The 
718258 64K x 4 SRAM is available in 

24-pin DIP and SOJ packages, and the 
718256 32K x 8 and 618298 64K x 4 
SRAMs are available in 28-pin packages. 

Free Samples Now! 
Get your free samples of IDT's 

BiCEMOS TTL SRAMs today. Just fill 
out the coupon and send it in by FAX 
or mail, or call our Marketing Hotline at 
(800) 544-SRAM. 

PLEASE COMPLETE AND FAX. OR MAIL IN AN ENVELOPE WITH YOUR BUSINESS CARD ~ 

I Yes! I ~nt free samples of """"i°he fastest 256K TTL SRAMs! . I 
0 Please send me data sheets on IDT's BiCEMOS SRAMs. 
0 Please have a salesperson bring me samples of the: 

0 IDT61B298 (64K x 4) 12ns TTL SRAM w/OE 
0 IDT71B256 (32K x 8) 12ns TTL SRAM 

Title-------------------------

Companr------------------------

Address ------------------------

Ci1y/State ----------------Zip-------
Phone ( __ ) _________ fAX (--) ---------

Send to: 
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available for the particular proces­
sors you are using-or anticipate 
using. You can also find support for 
specific buses, such as VME, VXI, 
SCSI, and IEEE-488. 

Tek's Prism instrument has two 
useful features not commonly avail­
able on logic analyzers. The first is 
a limited emulation capability. Al­
though it's no comparison to a full­
blown emulation system, it can help 
you work through many of the prob­
lems encountered while debugging 
a system. The Prism lets you down­
load code, change registers, set 
hardware or software breakpoints, 
and single step code. 

The second special feature on the 
Prism is a dual logic threshold on 
the 30HSM modules. The dual 
threshold captures and displays 
when signals are between logic 
states. This feature is useful for 
identifying problems such as slow 
rise time, slow fall time, and bus 
contention. The 30HSM module also 
lets you digitize two channels at 
400M samples/sec with 11 levels 
(3.5 bits) of resolution. 

Additional features found on 
some of the combined instruments 
make them useful for special appli­
cations. Orion and Outlook both of­
fer standalone and PC-controlled 

versions of their products. PC­
controlled instruments let you use 
the PC for data reduction, storage, 
and analysis. For example, you can 
use DSP software on captured DSO 
waveforms to perform FFT analysis. 

Orion's Omnilab, whether in the 
PC-controlled or standalone ver­
sion, offers more instruments than 
just a logic analyzer and DSO. The 
unit also generates digital patterns 
and analog waveforms. The instru­
ment features a 550-MHz frequency 
counter and an RLC meter; it can 
capture an analog or digital wave­
form and then output the waveform 
with the waveform generator. You 
can use the instrument as an auto­
mated test station to create stimu­
lus and measure response. You can 
program the instruments to per­
form tests with loops, conditional 
branches, and operator prompts. 

HP's 16500 system also has an op­
tional pattern-generation module 
that lets you capture digital signals 
and then create and output digital 
signals that duplicate the captured 
pattern. EDN 

Article Interest Quotient 
(Circle One) 

High 518 Medium 519 Low 520 

For more information ... 
For more information on the combined logic analyzer and DSOs discussed 
in this article, circle the appropriate numbers on the Information Retrieval 
Service card or use EDN's Express Request service. When you contact 
any of the following manufacturers directly, please let them know you saw 
their products in EDN. 

Hewlett Packard Co 
19310 Pruneridge Ave 
Cupertino, CA 95014 
{800) 752-0900 
Circle No. 700 

Orion Instruments Inc 
180 Independence Dr 
Menlo Park, CA 94025 
(415) 327-8800 
FAX (415) 327-9881 
Circle No. 701 

Outlook Technology Inc 
200 E Hacienda Ave 
Campbell, CA 95008 
(408) 374-2990 
FAX (408) 374-9273 
Circle No. 702 

Tektronix Inc 
Box 12132 
Portland, OR 97212 
(800) 426-2200 
FAX (503) 627-5139 
Circle No. 703 
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saflltec 

Nobody bas more ways to get you 
from board-to-board than Samtec. 
Whether you need headers and sockets, small centerline or 
low profile interconnects, IDC assemblies or adaptors, 
Samtec Board-to-Board interconnect solutions are only a 
cat's jump away. 
Our newest Full Line Catalog 
and Board-to-Board Selector 
show thousands of solu­
tions. And, if you don't see 
what you need, we'll 
design to meet your 
application. Call today! 

1 ·800·SAMTEC·9 

IS SUDDEN SOLUTIONS 
._._._._._._._._ __ SIJDDENSERWCE .. ._._._._._._._._._._._._._._._. 
New Albany, Indiana USA • Cumbernauld, Scotland UK • Singapore 
SAMTEC, INC. P.O. Box 1147 •New Albany, IN 47151 -1147 USA• Phone 812-944-6733 •Fax 812-948-5047 •TWX 810-540-4095 •Telex 333-918 
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IN THE ERA OF MegaChirf TECHNOLOGIES 

Sometimes you need easy-



ASIC TI FPGAs. 

These are the gate arrays you design at 
your desk. And redesign untll they're 
exactly right. Then it's on to silicon -
fast. Our free interactive diskette will 
show you just how easy easy can be. 

Even when you hit last-minute changes, 
have a sudden inspiration or are simply 
intent on getting the job done, field 
programmable gate arrays (FPGAs) 
from Texas Instruments can speed your 
design from start to finish. 

Our FPCJAs are channeled devices, 
which gives them their true gate array 
characteristics. They combine the time­
to-market advantages of programmable 
logic devices (PLDs) with the densities 
of gate arrays. You have a choice of 
1,200 or 2,000 equivalent gate complex­
ities, with 4K and SK densities coming. 
And military versions are available too. 

Throughout the design cycle, you are 
in complete control, minimizing risk and 
avoiding nonrecurring engineering costs. 

Accelerated development 
Our advanced development environ­
ment, the TI Action Logic T• System 
(TI-ALS), lets you design and redesign 
at your desk. You use TI-ALS to 
validate, automatically place and route, 
analyze, program, test and debug -

running familiar CAE tools. You 
can program in minutes using our 
Activator"' hardware. 

Unmatched service and support 
From hands-on workshops at our 
Regional Technology Centers to a 
global network of sales offices and dis­
tributors, only TI can meet your FPGA 
needs across the country and around 
the world. 

What's more, you can pick up the 
phone and talk with our FPGA 
applications specialists during regular 
working hours (CST). Just dial our 
FPGA Help Line-1-214-997-5492. 

To see how easy easy can be, 
call 1-800-336-5236, ext. 3712, 
for our free interactive diskette 
It will show you why our FPGAs are 
easy-ASIC and will introduce you to 
system design advantages that you can 

achieve quickly and efficiently. 
~ The diskette runs on any 

all within hours. 
You can always see what's going on 

within your design. Only the unique 
antifuse architecture allows 100% observ­
·ability of internal nodes. And you can 
achieve gate utilizations of up to 90%. 

~ MS-IDS® PC with an 
,,., ~/' EGA or VGA 
~ graphics card, and 

Tl-ALS operates on '386 personal 
computers or popular workstations 

TM McgaCh1p 1s a lrademark of Texas lns1rumcm s Incorpo rated. 
Accion Logic and Ac1ivator are rrndemarb of Accc l Corporano n. 

® MS-OOS i~ <l rcg1stcrcJ trnJemark of Microsoft Corpora tio n. 
© 1991 Tl 08- 1041 
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we'll include the dis­
kette with our FPGA 

DataFile. Just call the 
number above or complete 

the return card. 

TEXAS ~ 
INSTRUMENTS 
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MIGHT AS WELL 
BE'IHEIAST. 



First, we're delivering 040 
VME single board com­

puters today. In quantity. 
So you can get started 
while the rest of the 
world waits for a delivery 

date from other suppliers. 
Second, our new CPU-40 board is 
setting performance standards nobody 
else can touch. Like 30,000 dhrystones 
sustained at 25 MHz: And DMA transfers at a scream­
ing SO Mbytes per second sustained (3 microseconds 
on the VMEbus). 

So it might just be the last 040 board you'll ever 
need. 

That's because we've fully optimized the on-board 
architecture. Thanks to our 281-pin gate array, DMA 
operations can be handled between on-board RAM, 
the VMEbus and on-board 110 devices. Or through 
our FLXi interface to other 1/0 drivers. 

All of which means the CPU is free 
over 7 5 % of the time to run your 
application. 

Qeveloping new applications is also a snap. Choose 
frotn the broadest range of third-party software in the 
business, including VMEPROM:' pSOS+ :' VRfX32:" 
OS-9:" VxWorks~' UNIFLEX:' MTOSn.' and UNIX* 5.4. 

Of course, we provide comprehensive support with 
the industry's best-rated documentation:* complete 
systems integration support and technical assistance. 
CPU-40 PERFORMANCE CHARACTERISTICS 

Data lrom 

Transfer to 

Transfer 
Speed 

Local6BD40 
CPU 
Operation 

"DMAxFPS 

CPU CPU CPU CPU 

Shared EPROM Serial 110 SCSI. 
RAM Timers Ethernet 

53.7 16 2 
MB/sec MB/sec: MB/sec 

100% 100% 100% 

Controller. 
Floppy Disk 

2 
MB/sec 

100% 

VMEbus SCSI. Floppy Ethernet· Shared VMEbus· 
RAM ' 

Shared 
RAM 

5 
MB/sec 

70% 

Disk· 

Shared Buffer 
RAM RAM 

Dual-port VMEbus VMEbus 
RAM 

4 500 10 
MB/sec KB1t/sec MB1t/sec 

80% 100% 100% 

15 
MB/sec 

75% 

15 
MB/sec 

So be the first in your company to tum 040. Call 
1-800-BESf-VME, ext. 40, for more information or fax 
a request to ( 408) 374-1146 for an immediate response. 

It'll be to your lasting advantage. 

FORCECompulers, Inc. 3165 Winchester Blvd. Campbell , CA 95008-6557 

• Actual dhrystone results may vary depending on compiler used. ••Computer 
Design News. March 12, 1990. All brands or products arc trademarks of their 
respective holders. e 1991 FORCE Computers, Inc. 

YME at its best. 

CIRCLE NO. 46 

91 



No Matter 
WIXltthe 
Application) 

SBEFits. 
Matching your high-speed data 

communications requirements with 
a quality supplier has never been 
easier. Whether you're a manufacturer 
of mini/superminicomputers, work­
stations or high-performance data 
communications products, only SBE 
provides a perfect fit. 

Only SBE offers a complete line of 
intelligent high-performance com­
munications controllers for all major 
interface technologies: FDDI, Token 
Ring, Ethernet and High Speed Serial. 
Only SBE adds premium features, 
without a premium cost, for the best 
price/performance in the industry. 

Add integrated hardware/software 
solutions; availability in VMEbus, 
Multibus and SBus; plus legendary 
development assistance and continu­
ing product support. 

Discover how SBE's intelligent 
high-performance controllers can 
meet your LAN and WAN interface 
requirements. )Urn to SBE today. 

/ / /' / / 

For fast action, call: 1-800-347-COMM 
Germany: 0130-810588 
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United Kingdom: 0800-378-234 

SBE, Inc. , 2400 Bisso Lane, Concord, CA 94520 
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At the core of 
every VXI system 
lies its controller. 
Choosing a con­

troller, then, 
would seem to be 

the first step in 
setting up your 

system, but 
it isn't. 

Richard A Quinnell, 
Regional Editor 

TECHNOLOGY UPDATE 

Slot-0 controllers 
meet VXl-system needs 
Choosing a controller for your 

VXI (VME extensions for in­
strumentation) system requires 

that you first determine the instrument 
types, a programming methodology, and 
your data-throughput goals. Failing to 
consider these factors may lead you to 
purchase a high-cost controller that 
doesn't work any better in your system 
than a low-cost one. 

Four system-level factors impact your 
controller selection: physical con­
straints, architectural compatibility, 
programming methodology, and system 
performance goals (measured in tests/ 
sec). Cost circumscribes the 
range of controller choices or 
can serve as a tie breaker. 

Physical constraints are the 
easiest to resolve. VXI control­
lers come in two flavors, exter­
nal and embedded. Both types 
use plug-in. cards to offer VXI 
slot-0 functions and VMEbus 
system control (see box, "VXI­
controller basics"), but each 
type has different physical 
requirements. 

External controllers use a 
host computer connected via ca­
ble to a controller card in a sin­
gle VXI card slot. This con­
figuration lets you use the host 
computer as an operator's con­
sole and locate it as much as 20 
meters from the instrument. An 
external controller also makes 
the fewest demands on the VXI 
cage's power, cooling, and avail­
able-slot capacities. 

cupy one or more slots in the VXI cage. 
They typically have keyboard and video 
ports, allowing them to operate like 
other computers. Because embedded 
controllers let you move the computer 
inside the card cage, they yield the most 
compact system, although using a key­
board and monitor adds back much of 
the bulk. If your system can run without 
the monitor and keyboard, you'll realize 
the greatest space savings by creating 
a self-contained instrument. Embedded 
controllers consume the card cage's re­
sources more heavily than external 
controllers do, however-especially the 

Embedded controllers are Self-contained portable VXI instruments, such as the VX/­
stand-alone computers that oc- Bl from RadiSys ($9995) , require an embedded controller. 
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It's an 8-channel MUX, a track-and-hold amp, 
and a 10-bit AID converter in one. 

Presenting the world's most 
complete sampling system on a 
single chip. The Harris HI-7153. 

Channels: 8 
Data Output: 10 bits 
Conversion Time: 5 µsec 
Resolution: 0.1% 
Accuracy: 0.2% 
Power Requirements: 150 mW 

The 7153 combines speed, 
precision and low cost in one 
easy-to-use package. It can 
sample eight different signals 
up to 200,000 times per second. 
And its built-in sample and hold 
amplifier allows you to digitize 
20 KHz signals to better than 
nine effective bits. 

We even buffered the on-chip 

CIRCLE NO. 48 

MUX, so you don't need to add 
an external op amp. And it's 
microprocessor compatible. 

So for a complete sampling 
system on a single chip, there's 
one single number to call. 
1-800-4-HARRIS, ext. 1153. 

~ HARRIS \&I SEMICONDUCTOR 

EDN August 5, 1991 
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TECHNOLOGY UPDATE 

VXI slot-0 controller cards 

cage's card slots. Most embedded 
controllers occupy two or more card 
slots, alt hough Logical Design 
Group, National Instruments, and 
Racal-Dana now offer single-slot 
embedded controllers. 

Architecture limits choice 

External controllers offer the 
greatest range of choices for 
the controlling computer's ar­
chitecture. The V X I -SB2020 
($3700) from National Instru­
ments, for example, connects 
your VXI system to a Sun 
SPARCstation. Other external 
controllers work with GPIB , 
IBM PC/AT, IBM PS/2, and 
VMEbus host computers. 

Architectural considerations are 
also easy to resolve. As Table 1 
shows, external controllers let you 
use virtually any computer archi­
tecture to operate your VXI instru­
ment. The range of embedded ar­
chitectures is limited, as Table 2 
shows. Most embedded controllers 
use the IBM PC architecture; some 
have custom architectures. Two no­
t able exceptions are t he VAX­
based VXI-5300 from Logical De­
sign Group and the National Instru­
ments VXIpc-030, which is built 
around an Apple Macintosh SE/30 

mother board. A requirement for 
architectural compatibility, then, 
may force you to use an external 
controller. 

that one controller will outperform 
another is tempting. An external 
controller using a GPIB link, for ex­
ample, is limited to a IM-byte/sec 
transfer rate between the VXIbus 
and the host. Using the MXIbus 
(multisystem extension bus) , a 
VXIbus extender that National In­
struments and Hewlett-Packard 
support , you can obtain a faster 

System performance and pro­
gramming methodology, the re­
maining two factors, are much more 
difficult to resolve because they are 
closely interrelated. Simply looking 
at bus bandwidths and concluding 

VXI-controller basics 
A VXI controller runs the test application program. 
The controller communicates with other modules in 
the system in one of two ways: by directly address­
ing module registers or through a word-serial proto­
col. Direct addressing means that the controller uses 
the VMEbus, on which the VXIbus is based, to 
access an instrument module's registers as though 
they were part of the controller's address space. 

The word-serial protocol defines a polling hand­
shake method through which one word at a time 
transfers between a commander and its servant. The 
commander checks a status register on the servant 
unit it's communicating with to determine if there 
is data to read or a place to write data. It reads or 
writes a single word each time the status register 
indicates that the way is clear. The servant sets and 
clears the status registers as appropriate to indicate 
its willingness to transfer another word. 

Although referred to as VXI slot-0 controller 
cards, VXI controllers do not have to occupy slot 
0, nor must VXI slot-0 cards necessarily be control­
lers. At minimum, a VXI slot-0 card provides two 
system resources: a 10-MHz ECL system clock 
(CLKlO) and module-identification (MODID) lines. 
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The MODID lines let the Resource Manager, a soft­
ware element the VXIbus specification requires, de­
termine what modules are in the system, assign ad­
dress space, create commander/servant control hier­
archies, and manage self-test diagnostics. 

Only CLKlO and the MODID lines must physically 
reside at slot 0. The controller and the Resource 
Manager can occupy any slot. The controller may 
also be an external host computer linked to the 
VXIbus through an interface card. The interface 
card can also reside in any slot. In practice, how­
ever, the 13-slot limit on VXI cages encourages most 
vendors to combine the slot-0 card functions with 
the controller card or the controller-interface card. 
The Resource Manager typically runs on the control­
ler or on the interface card. 

The combined slot-0 controller typically handles 
several additional tasks. It can serve as the control 
point for the VXIbus's eight trigger lines, handling 
synchronous, asynchronous, and start/stop trigger 
protocols. It also can handle the optional Star bus, 
which provides high-speed communication between 
modules. 
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VXI slot-0 controller cards 

rate. The theoretical transfer rate 
of a MXIbus host controller is 20M 
bytes/sec, although practical consid­
erations such as cable delays limit 
that rate to about 6M bytes/sec. 
The embedded controller has the 
greatest potential speed, theoreti­
cally able to operate at the VXI­
bus's full speed of 40M bytes/sec. 

The differing transfer rates are 
misleading, however. Several fac­
tors affect the overall performance 
of your VXI system, and the con­
troller's data bandwidth is least 

among them. The most important 
factor, naturally, is the actual data 
rates involved. The speed of the 
system you're testing and the VXI 
instrument's measurement speed 
provide obvious performance limits. 
You may find that any controller 
can handle your needs. 

The second most important factor 
is the VXI system's message rate, 
and the programming methodology 
has a significant impact on the mes­
sage rate. VXI instruments commu­
nicate in one of two ways: by pass-

ing messages using the VXI word­
serial protocol or by directly ad­
dressing registers in the VMEbus 
address space. The two communica­
tion methods offer you a tradeoff 
between the message rate and pro­
gramming ease. 

The word-serial protocol used in 
message-based communication is 
quite similar to the GPIB protocol. 
The similarity is great enough that 
VXI controllers can transparently 
convert commands and data be­
tween the two forms. The transpar-

Table 1-External VXI controller-interface cards 

Link Resource Front-panel connections 

Model Host to Manager Base 
Company number Size computer host Location GPIB RS·232C Trigger Clock Other price Comments 

Hewlett-PlcUrd HPE1300A B AnyGPIB GPIB Onboard 1 1 In Rs-422 $2320 7-slot mainframe with 
Co controller built-in controller; convertible 

to stand-alone controller. 
Battery-backed RAM. 

HPE1301A B AnyGPIB GPIB On board 1 1 In Rs-422 $2900 7-slot mainframe with built-in 
controller controller; convertible to stand-

alone controller. Battery-
backed RAM, external floppy-
disk option. 

HPE1404A c AnyVMEbus VMEbus Host In/out $860 For register~ instrument. 
controller 

HPE1405B c Any GPIB On board 1 1 In/out In/out $2820 
or 

RS-232C 

National VXl·SB2020 c SPARCstation MXlbus Host In/out In/out MXlbus, $3700 Includes host add-in card, VXI 
Instruments interrupt card, and cable. 

VXl-MC6000 c IBM RS/6000 MXlbus Host In/out In/out MXlbus, $4200 Includes host add-in card, VXI 
interrupt card, and cable. 

VXl·AT2000 c IBM PC/AT MXlbus Host In/out In/out MXlbus, $3800 Includes host add-in card, VXI 
interrupt card, and cable. 

VXl-MC2000 c IBM PSl2 MXlbus Host In/out In/out MXlbus, $4200 Includes host add-in card, VXI 
interrupt card, and cable. 

GPIB-VXI c AnyGPIB GPIB On board 1 1 In/out In/out 12C serial port $3000 
controller 

NH "-':11 81120 c AnyGPIB GPIB On board 2 Quiet bus, $4400 
controller 34-pin utility 

Racal-Dana 1260-00B c Any GPIB Onboard 1 1 In/out In $3500 Can execute runtime pro-
Instruments Inc or grams without host 

RS-232C interaction. 

Teldronbl/Colon 73A-151B c AnyGPIB GPIB On board 1 $1800 
DmSyalems controller 

73A-155 c AnyGPIB GPIB On board 1 In/out In $2800 
' 

controller 

VX4520 c AnyGPIB GPIB On board 1 In $2000 
j controller 

VX4521 c AnyGPIB GPIB On board 1 In/out In $3000 l controller 

VX5520 D AnyGPIB GPIB On board 1 2 $4250 I 
controller 

Note: All units provide slot.() resources and VMEbus control. 
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We've never met a 
computer we didn't like. 

Computers are sometimes difficult 
to get along with. Each one is, well, 
unique. And with different operating 
systems and software, they can be 
downright peculiar. 

So the last thing you need is a 
fickle plotter. 

With this in mind, we've designed 
a whole host of connectivity solutions. 
To suit just about any 
computer. In any config­
uration or environment. 

Which means we can 
give you the same out­
standing performance 
whether you use main­
frames, minis, work­
stations or PCs. 

EDN August 5, 1991 

What's more, we can support every­
thing from RS-232 and Centronics 
to our own high performance parallel 
interface. 

And Versatec plotting systems 
support more data formats than anyone 
else. Like HP-GL/2, 906/907, VRF and 
VCGL. So you can easily run the most 
popular CAD software packages. 

We even have software 
that manages network 
plotter workflow. Just 
the thing to make 
your network more 
productive. 

And every solution 
comes with the indus­
try's only three-year 

CIRCLE NO. 49 

guarantee. If you're not satisfied for any 
reason, we'll replace it free. No ques­
tions asked. It's just what you'd expect 
from Xerox Engineering Systems. The 
leading supplier of engineering copiers, 
printers, Versatec plotters and other 
products for document management. 

So give us a call at 800-538-6477. 
In California, call 800-341-6060. Or 
write for a free copy of our con­
nectivity guide. 

You'll find us very accommodating. 

XEROX 
The engineering document company. 

Xerox Engineering Systems 
2710 Walsh Ave., Santa Clara, CA 95051 Xerox 1s a trademark of 
Xerox Corporation. All other brands or products are trademarks 
of their respective holders.© 1991 Versatec, Inc. 
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ent conversion lets you program 
your VXI instrument as though it 
were another GPIB instrument. 
This approach, in turn, lets you lev­
erage your GPIB programming ex­
perience and use GPIB software­
development tools. 

Message-based communication 
affords another advantage: It lets 
you use the standard commands 
for programmable instrumentation 
(SCPI). A consortium of nine in­
strument makers defined these 
commands to enable you to create 

vendor-independent instrument­
control programs. The SCPI com­
mand set has a limited scope and 
may not handle all your needs; how­
ever, using SCPI can reduce the ef­
fect of instrument changes on soft­
ware. 

Communication adds overhead 
Message-based communication 

carries with it a tremendous soft­
ware overhead. For starters, the 
messages are all in ASCII and re­
quire instruments to interpret the 

Table 2-Embedded VXI controllers 

incoming message in order to exe­
cute the commands. The instru­
ments also have to encode their bi­
nary data into ASCII before trans­
mitting it to the controller. Simi­
larly, the controllers must decode 
the data before processing. Soft­
ware also handles the word-serial 
protocol's handshaking by polling 
status registers between word 
transfera. All this software activity 
slows dbwn communications. 

Hewlett-Packard reported some 
test results that demonstrate the 

Hard disk 
1.4M-byte (megabytes) 

Width Clock rate RAM floppy included/ 
Company Model number Size (slots) Architecture CPU (MHz) (bytes) disk (optional) 

Hewlett-Packard Co HP E1300A/01A B N/A HP Series 300 68000 8 256kto2M Optional (20) 
OPT020 

HPE14058 c 1 HP Series 300 68000 16 512kto 1M 
OPT020 

HPE1480A c 4 HP Series 360 68030 25 4Mto16M 

Logical Design Group Inc VXl-5300 c 1 DEC Vax rtVAX300 20 4Mto16M 

National Instruments VXlpc-386/1 c 1 IBMPC 80386 20 1Mto8M 20(40) 

VXlpc-386/2 c 2 IBMPC 80386 20 1Mto8M x 20 (40, 105) 

VXlpc-030 c 2 Macintosh 68030 16 4Mto8M x (40, 80, 210) 
SE/30 

VXlcpu-030 c 1 Custom 68030 25 2Mto16M (20,40) 

Racal-Dana Instruments Inc 1265 c 2 IBMPC 80386 16 2Mto8M x 40 

1260-008 c 1 Custom 68070 N/A 512kto4M 

Radlsys Corp EPC-2 c 2 IBMPC 80386 16 2Mto16M x 40 (100, 200) 

EPC-2e c 2 IBMPC 80386 16 2Mto16M x 40 (100, 200) 

VXl-81 B 2 IBMPC 80386SX 16 2Mto4M (40, 100) 

VXl-82 B 3 IBMPC 80386 25 2Mto4M (40, 100) 

Tektronix/Colorado Data Systems VX4542 c 3 IBMPC 80286 16 2Mto4M x 20(40) 

VX4544 c 3 IBMPC 80386 20 4M x 40(119) 

VX5530 D 2 IBMPC 80386 16 2Mto8M x 40 

VX5535 D 2 IBMPC 80386 20 2Mto8M x 40 

Notes: 
1. Ail units provide slot-0 resources, VMEbus control, and Resource Manager. 
2. Units with GPIB interface can control other GPIB instruments. 
3. Units with IBM PC arch itecture include keyboard, printer port , and VGA graphics interfaces. 
4. Units with Macintosh architecture include mouse, keyboard, and video ports. 
5. N/A=Not available. 
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impact of command-interpretation 
overhead on a VXI system's speed 
(Ref 1). A Hewlett-Packard cus­
tomer tested two digital multimeter 
units, one with a repetitive meas­
urement rate of 300 readings/sec 
and one with a rate of 1000 read­
ings/sec. When the customer used 
the instruments to make a series 
of measurements, changing settings 
between measurements, the speeds 
dropped to 50 and 4 readings/sec, 
respectively. The dramatic drop in 
the second instrument's speed is at-

Front-panel connections 

GPIB RS-232C External clock Triggerl/O 

x 1 In only 

x 1 x x 

tributable solely to its command­
interpretation overhead. 

Using SCPI relieves the com­
mand-overhead burden somewhat. 
SCPI commands are hierarchically 
structured, thus allowing a manu­
facturer to create a fast interpreter. 
Hewlett-Packard compared two 
of its counters that have similar 
hardware by using the devices to 
measure a test signal's frequency; 
period, and rise time. One instru­
ment used a proprietary command 
set ; the other used SCPI. The SCPI 

Base 
Other price Comments 

RS-422 $3320 Battery-backed RAM. 

$3830 Battery-backed RAM; 
external floppy-disk 
option. 

x 1 x x Ethernet $10,500 External floppy-disk 
option; RGB video output. 

x 2 Ethernet, $10,000 Real-time calendar/clock; 
SCSI battery-backed RAM. 

x 2 x x Floppy disk $9000 

x 2 x x Floppy disk $9000 

x 2 x x Floppy disk, $14,800 
SCSI 

x 2 x x Ethernet, $5995 Runs VXWorks real-
SCSI time operating system. 

x 2 x $8680 

x 1 x x $3000 

x 2 x $5995 

x 2 x Ethernet $7345 

2 x $9995 

2 x $12,285 

x 2 x x $4500 Includes keyboard and 
PC/AT expansion slot. 

x 2 x x $5500 Includes keyboard and 
PC/AT expansion slot. 

x 1 x x $18,000 Includes keyboard, 
mouse, and VGA 
monitor. 

x 1 x x $24,000 Includes keyboard , 
mouse, and VGA 
monitor. 
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The PC on a card is typical of most embed­
ded controllers. The Racal-Dana 1265 
($8680) includes the standard keyboard , 
printer, serial, and VGA video ports found 
on a PC, as well as a floppy-disk drive. 

device operated 10 times faster. 
Tektronix/Colorado Data Sys­

tems has attacked the handshaking­
overhead burden with what it calls 
"smart registers." These registers 
are specialized hardware that im­
plement the VXI word-serial pro­
tocol as a state-machine instead of 
in software. Both the sender and 
receiver must have smart registers 
for you to notice any speed im­
provement, however. 

Register-based communication 
bypasses all of the overhead bottle­
necks by letting the controller ac­
cess command and data registers di­
rectly. The result is much faster op­
eration. The HP E1326 DMM, for 
example, sets up and makes a single 
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reading in 264 µsec when using reg­
ister-based communication. The 
same transaction requires 6. 7 msec 
if it's message-based. 

The drawback to register-based 
communication is that you must cre­
ate unique programming for each 
instrument, which adds to software 
development time. Further, pro­
gramming a complex instrument 
with numerous control parameters 
can become tedious and error­
prone. A good set of software driv­
ers from the instrument maker can 
ease the task. 

Your choice of programming 
method, therefore, strongly deter­
mines your system throughput. 
You can mix methods, of course, by 
using message-based programming 
for most of the system and fine­
tuning the rest with register-based 
programming. The programming 

Slotpro TM 

SERIES 

method you choose, though, will tell 
you your controller needs. 

If you decide on a message-based 
system, an embedded controller of­
fers no performance advantage. In 
the absence of physical constraints, 
an external controller will work just 
as well and probably cost less. An 
external controller may even prove 
to be faster. According to Ron 
Wolfe, strategic marketing man­
ager for National Instruments, the 
difficulty of shoe-horning a com­
puter into a VXI module virtually 
guarantees that embedded control­
lers won't keep pace with the per­
formance improvements occurring 
in desktop computers. The com­
puter's performance affects the du­
ration of communications overhead. 

If you're using register-based 
programming, embedded control­
lers have an advantage over GPIB-

based external controllers. An em­
bedded controller addresses instru­
ment registers as part of its own 
address space. When using an ex­
ternal GPIB controller, you can 
only PEEK and POKE into regis­
ters. These primitive operators may 
not be fast enough if your applica­
tion requires register-based speeds. 

MXIbus external controllers rep­
resent a hybrid solution. The 
MXIbus extends the VXIbus out­
side the cage, which lets an external 
controller directly address registers 
as if the controller were physically 
in the VXI cage. Currently, only 
National Instruments has MXIbus­
based controllers. 

The controller-performance issue 
is a moving target, however. SCPI 
and Tektronix/Colorado Data Sys­
tems' smart registers represent ef­
forts to bring register-based speeds 

WOW! ••• MORE 
About The DTI 33MHz '386'™ 

Up to 128Kb 2 -Way 
IDE Interface Set Associative CACHE SCSI Controller 

Product names are trademarks or registered trademarks of their respective companies. 
386 & 486 are trademarks of Intel Corp. 

CACHE Controller High Performance Intel 
80386 33MHz 

80387 /Weitek 
Math Co-Processor Suppor SLOTpro is a trademark of Diversified Technology 
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to message-based systems. Hew­
lett-Packard has firmware, which is 
built into its controllers, that inter­
prets message-based commands for 
its register-based instruments, thus 
simplifying programming. Such 
improvements will continue to oc­
cur as more instrument makers 
identify and remove obstacles to 
VXI-system users. EDN 

Reference 
1. Des.Jardin, Larry, "VXI versus 

GPIB: Is VXI actually faster?" VXJ 
Journal, November 1990, pg 11. 

Article Interest Quotient 
(Circle One) 

:f{igh 515 Medium 516 Low 517 

For more information ... 
For more information on the VXI controllers discussed in this article, circle 
the appropriate numbers on the Information Retrieval Service card or use 
EDN's Express Request service. When you contact any of the following man­
ufacturers directly, please let them know you saw their products in EDN. 

Hewlett-Packard Co 
Box 301 
Loveland, CO 80539 
(303) 679-5000 
FAX (303) 679-5952 
Circle No. 704 

Logical Design Group Inc 
6301 Chapel Hill Rd 
Raleigh, NC 27607 
(919) 851-1101 
FAX (919) 851-2844 
Cam McPhee 
Circle No. 705 

National Instruments 
6504 Bridge Point Pkwy 
Austin, TX 78730 
(512) 794-0100 
FAX (512) 794-8411 
Doug Shepard 
Circle No. 706 

NH Research 
16601 Hale Ave 
Irvine, CA 92714 
(714) 474-3900 
FAX (714) 474-7062 
Brad Dannettell 
Circle No. 707 

Racal-Dana Instruments Inc 
4 Goodyear St 
Irvine, CA 92718 
(800) 722-3262 
FAX (714) 859-2505 
Malcolm Levy 
Circle No. 708 

RadiSys Corp 
19545 NW von Neumann Dr 
Beaverton, OR 97006 
(503) 690-1229 
FAX (503) 690-1228 
Alex Doumani 
Circle No. 709 

Tektronix/Colorado 
Data Systems 
3301 W Hampden 
Englewood, CO 80110 
(800) 835-4894; 
in co, (303) 762-1640 
FAX (303) 781-0253 
Jim Tanner 
Circle No. 710 

REAL FACTS! 
COMPARE FUNCTION DTI CAT990 Competitor I Competitor2 

386 386 386 

80387 /Weltek Support .,, 
25, 33Mllz CPU- Shipping Now! .,, 
Up to 32M RAM Onboard 11'_ 
64. 128K CACHE ~ 

Single Board Computer 
Design Enhancement 
For FCC/UL Approval 

On-Board Battery 
for CMOS RAM 

-·--~,............, 
Noise Reduction Ctrcultry .,, ..J For FCC Class B 

~ 
- --:---1 

PS/2 Mouse Support 

-:s~ PS/2 Keyboard Support .,, 
Bl-Dtrectional PS/2 Printer Port .,, d 
Dtrect. 2 Way CACHE Arch. ~ > 
2 Sertal Ports - Up To l 15K Baud j{_ 5: 
Future Domain SCSI .,, I-.,, .,, ~--I 
IDE Interface .,, t/ 

·=---1 
Floppy Interface 

Double Sided .,, 
Surface Mount Technology 

Manufactured ln-House(U.S.A.) .,, 
Landmark V 1. 14 54.1 
Speed at 33MHz 

Fully Integrated! While our competition is struggling with the delivery of 25MHz 
80386 "engine only" boards, DTI has moved on to 33MHz and added the peripheral 

functions which qualify it as a fully functional computer, not just a CPU card. Can 
the competition keep up? We don ' t think so! See next month 's ad for more real 

acts. 
Call us toll free for orders and information. 

PS/2 Mouse 1-800:443-.2~67 

• 
D1vers1f1ed 
!~sttnology 

U.S.A. - (60 1) 856-4121 Fax (601) 856-2888 
Outside U.S.A. - (20 1) 891-8718 Fax (201) 891-9629 



102 

Challenging the limits of 
is the core of our success. 

For NCR, it's defined by the very 
things that drive our industry. The 
changing technology that is the 
core of what we do. And people 
who join you in a partnership and 
provide service that actually 
exceeds customer expectation. 

Because our designers avidly 
pursue new ideas, they can help 
make the complex a bit simpler. 

And when your challenge is to 
design a system that goes beyond 
known boundaries - they will 
provide myriad resources to help 
you push that design to the limit. 

Those resources include industry­
leading products like mixed-signal 
ASICs, Ethernet and SCSI, already 
considered standards. Or, when 
your latest design requires a 

North American Sales Headquarters 
1731 Technology Drive, Sui1e 600 
Sa n Jose, Cali fornia 95110 
1-800-334-5454 

custom solution, these products 
become the cores for unique 
devices - providing ever-increasing 
levels of integration in ever­
decreasing space. Moreover, 
because you can design systems at 
higher levels of abstraction . . . 
you're free to explore a universe of 
limitless applications .. . and still 
save time, money and reduce the 

~ Gustav -He inemann -Ring 133 
8000 Munchen 83 
Germany 
49 89 632202 
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ri sks associated with new product 
introductions. 

And your design, when completed, 
will test and perform exactly as 
agreed. After all, your success, and 
ours ... depends on it. 

For more information, call 
NCR Microelectronics Division: 
1-800-334-5454. 

Asia/ Pacific Sales Headquarters 
351h Floor, Shun Tak Cemrc 
200 Cannaugh1 Road 
Ccn1ral I long Kong 
011 -85-2-859-6044 
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~National 
~Semiconductor 

National's new LDOs 
don't make batteries last forever. 

It just seems that way. 
Get longer battery life 

in portable applications. 
When it comes to extending 

battery life in everything from 
mobile phones to laptop PCs, 
our new LP2952 family of 250mA 
LDOs doesn't know when to 
quit. Even as battery strength 
drops. Because the input voltage 
can fall to a level close to the 
output voltage and the LDO will 
still work well.Just take a look 
at the specs: 

RREGULATOR 

LP'a52 LDO REGULATOR 

• Lowest dropout voltage: 60mV 
• Lowest quiescent current: 90µA 

I I I 

Get high precision with 
low power consumption. 

National's LDOs are built 
with our proprietary deep-base 
PNP process developed espe­
cially for LDO regulators. This 
process sets a new standard for 
micropower regulators, and, 
combined with our innovative 
design, provides the following 
features: 
• Output voltage tolerance of 

±1% 
• Reverse battery protection 

BATTERY LIFE IN HOURS 

• Current-limiting feature 
protects against short circuits 

• Thermal shutdown feature 
protects regulator against 
excessive heat 

• Error flag indicates when 
output voltage drops out of 
regulation (LP2953 only) 

Get all the advantages 
of our LDO heritage. 

When it comes to LDOs, you 
can't beat National 's product 

portfolio. We introduced the first 
LDO. And we've been leading 
the way ever since. With more 
LDOs in more output ranges 
than anyone else. 

All available in multiple 
packages. Including 3-pin T0-
220 and T0-92 plastic, surface­
moum, metal can and 8-pin 
DIP. Plus, they'll be available with 
883/SMD screening in early 1992. 

Get all the facts on 
longer battery life today. 

Part LM2936 LP2950 LP2951 LP2952 LP2953' LP2954 LM2940 LM2941 H = Metal Can 
For your design kit, write or 

call us: 1-800-NAT-SEMI,Ext. 131. 
And make your batteries last 
longer than ever before. 

Jo 50mA 100mA 100mA 250mA 

1.23V to 1.23Vto 
Vo 5V 5V 29V 29V 

J, 

Package Z, z N, N, 
M M, M 

H 

© 1991 National Semiconductor Corpora1ion 

250mA 250mA 1Amp 

1.23V to 5V, 8V, 

29V SV 9V, 10V, 
12V, 15V 

N, T T M 

1Amp 

5Vto 
20V 

T 

J = Ceramic DIP 
M = Surtace Mount 
N = Plastic DIP 
T = T0-220 
z = T0-92 

·(with Additional 
Comparator) 

~National 
~Semiconductor 

NORTH AMERJCA: P.O. Box "643, Mt. Prospect, IL 60056-7643 (Tel: J 800 628 736~ . ext. 131 ; fax: I 800 888511 3); EUROPE: RailTeisenstraBe 10, 0-8016 Feldkirchen, Germany 
(Tel: 49 8141 103 O; Fax: 49 8141 103 515); HONG KONG: 15th Floor, Straight Block, Ocean Center, 5 Canton Rd. , Tsimshatsui , Hong Ko ng ('lei: 852 73' 1600; fax: 852 736 992 1); 

JAPAN: 4-15, Nishi-shinjuku, Shinjuku-ku, Tokyo, Japan 160 (Tel: 81 3 3299 '030; Fax: 8133374 4303). 
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µP core and proprietary command set 
allow SCSI-2 I Cs to automate bus sequences 
An on-chip µP core allows the 
MB86600 family of SCSI-2 !Cs to 
perform sequences of commands 
without interrupting the host CPU. 
The !Cs support the "wide" and 
"fast" data transfers defined by the 
latest version of the ANSI SCSI 
specification, X3.131-1990. You can 
use the !Cs to implement a SCSI 
host design that complies with the 
CAM (Common Access Method) or 
the LADDR (Layered Architecture 
Device Driver) de facto standards. 

The SCSI-2 !Cs support target 
and initiator applications. A pro­
prietary command set features 22 
initiator-specific commands, and 22 
commands used by targets. Each of 
the MB86600 commands cause the 
!Cs to perform one or more SCSI-2 
commands. The !Cs automatically 
handle the requisite bus phases and 
sequences. 

Fig 1 depicts the architecture of 
the !Cs. The chips have separate 
data paths for control signals and 
data transfers. Using no glue logic, 
host CPUs, either the Intel 80x86 

MICRO­
PROCESSOR­

UNIT 
INTERFACE 

MAIN 
REGISTERS 

INTERNAL 
PROCESSOR 

or the Motorola 68000 family, inter­
face to the SCSI-2 !Cs via the mi­
croprocessor-unit interface. An in­
put signal to the SCSI-2 !Cs directs 
them to automatically handle differ­
ences in control signals and byte or­
dering. 

A 32-byte FIFO buffer paces data 
transfers between the SCSI bus and 
the DMA interface. The buffer per­
mits a transfer offset value as high 
as 32 bytes during synchronous 
data transfers. Therefore , the !Cs 
can transfer 32 bytes of data be­
tween each SCSI-2 REQ/ACK (re­
quest/acknowledge) signal hand­
shake. The !Cs also include a 40-bit 
byte-transfer counter. The counter 
allows the !Cs to automatically 
transfer blocks of data as large as 
64k bytes. 

The !Cs also have 32-byte send­
and-receive buffers that handle 
command, message, and status in­
formation. Therefore, you can pro­
gram the host to load a sequence 
of SCSI-2 operations without wait­
ing for specific bus phases to com-

plete. Finally, you can load the 512-
byte program memory with the pro­
prietary commands supported by 
the MB86600 family of !Cs. 

The MB86601 and MB86602 !Cs 
support lOM-byte/sec "fast" syn­
chronous data transfers. The for­
mer provides signal transceivers on 
chip for single-ended SCSI-2 appli­
cations, and the latter contains con­
trol circuitry for external differen­
tial or single-ended transceivers. 

The !Cs come in a 100-pin plastic 
quad flatpack and cost $19.95 
(1000). You can buy samples now; 
production quantities will be avail­
able in the third quarter of 1991. 
The MB86603 and MB86604 will 
support 16-bit "wide" SCSI-2 data 
transfers and will be available in the 
fourth quarter.-Maury Wright 

Fujitsu Microelectronics Inc, 
3545 N First St, San Jose, CA 
95134 . Phone (408) 922-9000. FAX 
( 408) 432-9044. 

Circle No. 730 

OMA INTERFACE 

32-BYTE 
RECEIVE 

MESSAGE, 
COMMAND, 

STATUS BUFFER 

32-BYTE 
SEND 

MESSAGE. 
COMMAND, 

STATUS BUFFER 

SCSI INTERFACE 

512-BYTE 
USER 

PROGRAM 
MEMORY DATAFIFO 

(32 BYTE) 

Fig I-The 512-byte progrom memory and 32-byte send-and-receive buffers allow MB86600 !Cs to peifonn sequences of SCSJ-2 comnwnds 
without interrupting the host CPU. 
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VMEbus card couples two TMS320C30s 
for general-purpose DSP applications 

The DPV30 is a 6U VMEbus DSP 
board that employs two TMS320C30 
processors running at 33 MHz. The 
essential parts appear in the block 
diagram of Fig 1. The twin proces­
sors operate independently, in par­
allel, or by pipeline multiprocess­
ing. System architecture tightly 
couples the processors with dual­
port static RAM (SRAM), which oc­
cupies the same address location of 
each processor . The dual-port 
SRAM's capacity is 2k x 32-bit 
words and enables data transfers 
between processors with zero over­
head. One processor shares an addi­
tional 2k x 32-bit-word dual-port 
SRAM with a slave parallel I/O 
port, and the other processor links 
directly to a master parallel I/O 

port . You can achieve multi­
processing capability by daisy­
chaining master-to-slave I/Os on 
any number of DPV30 boards and 
can attain similar tight coupling be­
tween all processors. 

This board functions as an appli­
cation-development platform in Sun 
SPARCstations or for embedded 
DSP with a real-time VMEbus host 
processor. You can develop applica­
tions in MS-DOS or Unix using IBM 
PC or compatible computers, or Sun 
SPARCstations, respectively. 

Each TMS320C30 processor has 
a separate, local 64k x 32-bit-word, 
zero-wait-state SRAM to optimize 
program execution speed. You can 
expand this SRAM to 256k x 32-bit 
words using plug-in SIP packages. 

Both processors share additional 
RAM, which-with the local 
SRAM-is also directly accessible 
from the VMEbus backplane. This 
feature enables data-array trans­
fers between processors-or the 
VMEbus-without affecting local 
processing. Depending upon your 
application , optional models have 
this additional RAM fitted with 
128k x 32-bit-word one-wait-state 
SRAM or lM x 32-bit-word dynamic 
RAM (DRAM) , expandable to 
512k x 32-bit words or 4M x 32-bit 
words, respectively. 

Other optional models include a 
factory-fitted daughter board ac­
commodating a dual-channel ADC 
and dual-channel DAC. One option 
provides 16-bit delta-sigma ADCs 

SLAVE PARALLEL 1/0 PORT DUAL-CHANNEL 
16-BIT 

ANALOG 
INTERFACE 

MODULE 
(OPTIONAL) 

SERIAL 1/0 PORT 16-BIT PARALLEL 1/0 PORT MASTER PARALLEL 1/0 PORT 

DUAL-PORT 
SAAM BANK 1 

2kx32 

LOCAL SRAM 
64k TO 
256kx32 

VMEBUS 

DUAL-PORT 
SRAM BANK 0 

2kx32 

RAM 
128k TO 512kx32 SRAM, 
OR 1 M TO 4Mx32 DRAM 

VMEBUS 

LOCAL SAAM 
64k TO 
256kx32 

Fig I-You can achieve multiprocessin.Q capahili~IJ using any number of DPVJOs by dai.sy-chaining master to slave I/Os. 
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Searching for embedded solutions? 
Let us shed a little SPARClite. 

We're blazing a trail for designers of embedded 
control systems. And now the unparalleled 
performance, innovation, simplicity and cost 
efficiency of RISC technology are finally in sight. 

Introducing SPARClite'." A complete family of 
RISC processors from the Advanced Products 
Division of Fujitsu Microelectronics. Designed 
from the ground up for high-performance 
embedded applications. 

Our first SPARClite family member, the 

OJ 

40 MIPs peak and 37 MIPs sustained performance. 
Software compatible with the industry-standard 

SPARC~ architecture, our MB86930 provides the on­
chip cache memory needed to meet the demands 
of performance-critical real-time routines. As 
well as a unique cache-locking mechanism and 
many other on-chip peripheral functions. 

What's more, Fujitsu's SPARClite program is 
complemented by a full range of multi-platform 

support tools from the leading names in 
development systems. To help you get MB86930 processor, provides a new gen­

eration of solutions that can easily be 
designed into your embedded applications 
- for much greater performance at very 
competitive prices. Operating at clock 
speeds up to 40 MHz - and providing 

FUJITSU 
to market more quickly than ever before. 

So why keep searching in the dark? 
Call us at 1-800-523-0034.And turn on 
SPARClite for the best in embedded 

Delivering the Creative Advantage. solutions. 

flJJITSU MICROELECTRONICS, INC., Advanced Products Division. 77 Rio Robles, San Jose, CA 95134-1807. Ph: 408-456-1161 Fax: 408-943-9293. 
flJJITSU MICROELECTRONICS ASIA PTE LTD. (Head Office, Singapore): Ph: 65-336-1600 Fax: 65-336-1609. HONG KONG SALES OFC: Ph: 852· 723-0393 Fax: 852-721-6555. 

TAIPEI SALES OFC: Ph: 886-2-757-6548 Fax: 886-2-757-6571. JAPAN SALES OFC: Ph: 81-3-3216-3211 Fax: 81-3-3216-9771. KML CORP. (Rep., Korea): Ph: 82-2-588-2011 Fax: 82-2-588-2017. 
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PACIFIC MICROELECTRONICS, PTY LTD., (Rep., Australia): Ph: 61-2-481 -0065 Fax: 61 ·2·484-4460. 
flJJlTSU MlKROELEKTRONIK GmbH (Dreieich-Buchschlag, Gennany): Ph: 06103-6900 Fax: 06103-690122. 

SPARClite is a trademark of SPARC International , exdusively licensed to Fujitsu Microelectron ics, Inc. SPARC is a registered trademark of SPARC International , Inc. 
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For years, dumb UARTs have been the 
standard datacom solution. Now there's 
something better for today's multi-user, 
multi-protocol datacom environment. Our 
single-chip solution gives you multiple chan­
nels - each capable of full-duplex operation 
at 115.2 kbps- and replaces up to 10 chips. 

Cirrus Logic introduces the UXART -
the first and only UART with specific features 
to simplify and speed up serial VO efficiency 
by a factor of ten or more. So your UNIX® 
system can support more users, with better 
response time - and less waiting. 

The CL-CDl 400 UXART™ gives you 
4 fully independent datacom channels, each 
capable of full-duplex operation at 115.2 kbps. 
Each channel has two 12 byte FIFOs, one 
for transmit and one for receive. Separate 
vectored interrupts allow quick entry to the 
correct service routine. 

A number of features reduce the load 
on the host system. Automatic expansion 
of Newline to CRNL, plus other CR and 
NL options. User-definable flow control 
characters for automatic flow control. 

c 0 s 

All five 
types of 
UNIX­
specified 
parity 
and error 
handling. 
And more. 

For high-line-count, cost-effective applications, 
there's the CL-CD180. It offers performance gains 
similar to the CL-CDl 400, plus the advantage of 
8 channels in a single 84-pin package. 

The CL-CD2400 adds synchronous capabilities. 
It offers 4 independent, multi-protocol channels, 
plus an on-chip OMA controller for fast, efficient VO. 

For all your multi-protocol, multi-user datacom 
needs, the Cirrus Logic family of intelligent, high­
performance data communications controllers gives 
you superior throughput in less space - with less 
waiting. 

ri---------------
1 Don't wait. Call today for free product informa~1 I tion and benchmark report on the CL-CDl 400. 
LCall 1-800-952-6300. Ask for dept. LD25_JI 
---------------

CIRRUS LOGIC 
N G T H E G A P 

An on-chip 

10 MIPS RISC-based 

processor handles 

transmit and receive 

functions. buffer 

management. flow 

control, and al I 

special character 

processing On-chip 

FIFOs reduce host 

interrupts to give 

you more efficient 

interrupt handling. 

The result: faster 

system throughput, 

lower host overhead. 

and less waiting_ 

©1991 C11rus logic, Inc . 3HXJ West Warren Avenue. freiront, CA 94538 (4151623-8300. Japan 462-76-0601, Singapore. 65-3532122. Taiwan: 2-718-4533/4534; Germany· 81-52-2030/6203 
© C11rus logic. and the Cirrus logic logo and UXART are trademarks of Cirrus logic. Inc All other trademarks are registered to their respective companies 
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UPDATE 

sampling up to 50 kHz; another 
option uses 18-bit successive-ap­
proximation ADCs sampling up to 
200 kHz. 

A proprietary parallel I/O port 
transfers 16-bit words at 5 MHz to 
provide off-board expansion to your 
own peripheral hardware. Two full­
d uplex synchronous serial ports 
transfer data as 8-, 16-, or 32-bit 
words at 8.33M bps for interfacing 
with serial 110 acquisition hard­
ware. You select which processor 
to connect to the serial port. 

Software tools allow you to work 
in MS-DOS and Sun operating sys­
tems. The tools assist you in devel­
oping DSP applications in C or 
TMS320C30 as sem bl er, on an 
IBM PC or compatible, or Sun 
SPARCstation. Other tools include 
the company's debug monitor, 
which can help you apply a range 
of control and diagnostic functions. 
Additional software includes Spec­
tron Microsystems Spox applica­
tions-programming interface, which 
provides the necessary functions for 
a real-time multitasking operating 
system, and includes a library of 
DSP and mathematical functions. 
DPV30-1 with basic SRAM costs 
£4395. Analog daughter board costs 
£600.-Brian Kerridge 

Loughborough Sound Images, 
The Technology Centre, Epinal 
Way, Loughborough, Leicestershire 
LE11 OQE, UK. Phone (509) 
231843. FAX (509) 262433. TLX 
341409. 

Circle No. 731 
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Precision 
Programmable 
Delay Line 

• Guaranteed Accuracy On All Steps: .± .3 ns 
• Guaranteed Linearity: . . . . . . . . .± .3 ns 
• Temperature Range: . . . . . . . . - 55°C to + 125°C 
• Military Grade 
• Surface Mount 
• Low Profile 
• 10K ECL 

data 
delay 
devices, inc. 

® 

Clifton, New Jersey 07013 • 201-773-2299 • FAX 201-779-9672 

CIRCLE NO. 53 

The best way to a man's 
stomach ... NordicTrack. 

f ' 

"The World's Best 
Aerobic Exerciser."'" 

NordicTrack duplicates the motion of 
cross-country skiing, what most experts agree 
is the most efficient and effective aerobic 
exercise. 

It burns more ca lories in less time than 
any other kind of exercise machine. Up to 
1,100 ca lories per hour, according to fitness 
experts. 

Besides burning calories, it strengthens 
the heart, tones the muscles and improves 
stamina. And it's much less stressful on the 
body than running and high-impact sports. 
Working out on NordicTrack also boosts 
creativity and productivity and low ers stress, 
making you feel as good as you look. 

It's time to change 
the spare tire. 

Unlike most 
in-home exercisers, 
NordicTrack works all 
the major muscle groups 
of the body including the 
arms, legs, buttocks, shoulders 
and, yes, even stomach . 

So w hat are you waiting 
for? Call o rdicTrack 
today. 

I 1
ame ----------­

I Street -----------
City _____ State_ Zip __ 
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7:05 am: Breakfast 
Suddenly, between bites, 

the answer to that new system 
design jumps right into your 

brain. But how to make it work 
in silicon? Use on Actel field 
programmable gote array! 

e 

8:50 am: Design 
You worm up the design 

program on your 386 and put 
in the final touches.Then o quick 
rule check and 25 MHz system 

simulation with the Action 
Logic System software. 

Actel Field Programmable 
Gate Array Systems. 

They're a feast for your 
imagination. 

11 :00 am: Place & Route 
You watch the system place 

and route all 1700 gates (out 
of 2000 available) in under 40 
minutes. 100% automatically! 

A final timing check.Then think 
of something to do until lunch. 

12:00pm:Lunch 
Remember lunch? Normal 

people actually stop working 
and hove o nice meal- right in 

the middle of the day! With 
Actel 's logic solution, this 
could become o habit. 

your own ASICs. Right at your desk. 
On a 386 PC or workstation. With 
familiar design tools like Viewlogic~ 
OrCAD~ and Mentor:" 

And do it in hours instead of 
weeks. Even between meals. 

How? With features like 
85% gate utilization. Guaranteed. Plus 

100% automatic 

Actel's ACT™ 1 arrays bring 
you a completely new approach to 
logic integration. Not just another 
brand of EPLD, PAL® or LCA ™ 
chips. But true, high density, 
desktop configurable, channeled Actel FPGA 

Product Family 1010A 1020A placement and 
routing. Guar­
anteed. So you 
finish fast, and 
never get stuck 
doing the most 

112 

gate arrays. 
They're the core of the 

Action Logic System, Actel's 
comprehensive design and 
production solution for creating 

Equivalent Gate Array 
Gates PLD/LCA 

User 1/0 

System Clock (MHz) 

Availability 
Technology (micron) 

1200 2000 

3000 6000 

57 69 

20-40 20-40 

NOW NOW 

1.2 1.2 
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1:15 pm: Program 1:25pm:Test 4:00 pm: Production 6:00 pm: Dinner 
You load the Activator™ 

programming module with a 
2000-gate ACT 1020 chip and 

hit " configure'.' Take a very 
quick coffee break while your 

design becomes a reality. 

You do a complete, 
real-time performance check, 
with built-in test circuits that 

provide 100% observability of 
all on-chip functions. Without 
generating any test vectors. 

Your pride and joy is 
designed, created, tested, and 
off to the boys in Production. 

And you 're finished way ahead 
of schedule! Better think of 

something to do until 5:00. 

Remember dinner? Normal 
people actually go home and 

eat with their families. On your 
way, start thinking about how 
Actel 's logic solution con help 

tedious part of the job by hand. 
Design verification is quick 

and easy with our Actionprobe™ 
diagnostic tools, for 100% observa­
bility of internal logic signals. 
Guaranteed. So you don't have to give 
up testability for convenience. 

In fact, the only thing you'll 
give up is the NRE you pay with full 
masked arrays. You can get started 
with an entry level Action Logic 
System for under $5000. Guaranteed. 

And Actel FPGAs are even 
883 mil-spec compliant. 

You can be brilliant right now 
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you be brilliant tomorrow. 

with 1200- and 2000-gate devices, 
and a whole new family of 8000-, 
4000- and 2500-gate parts are on the 
way. Call 1-800-227-1817, ext 60 
today for a free demo disk and full 
details about the Action Logic System. 

It could make your whole day. 

Risk-Free Logic Integration 
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EDN SPECIAL REPORT 

FPGA 
DESIGN METHODS 

Digital-design engineers are beginning to employ 
a diverse and rapidly evolving class of large pro­
grammable devices, called field-programmable 
gate arrays. As varied as the architectures of 

these devices are, engineers' design methods are 
even more diverse. However, the design method 

you do choose can profoundly affect which 
devices you can use. 

Charles H Small, Senior Editor 

T he siren song of field-programmable gate arrays 
(FPGAs) promises quick and effortless design 
cycles powered by magic software. In the world 

to be, an engineer need only whisper hints about his 
desired design to the magic software. Then, the jinni 
in the workstation will take care of all the niggling 
details that once were done manually: minimizing the 
logic, selecting the best devices, partitioning the design 
over multiple devices, routing the design, simulating 
it, and generating test vectors. In this vision of the 
future, FPGAs are only a brief pause in purgatory 
before the design achieves apotheosis as a gate array. 

FPGAs fit perfectly into that peculiarly American 
vision of reality: a reality having an inconsequential 
past, a fleeting present, and a wonderful world to be. 
Americans see themselves as pioneers constructing a 
shining future out of a crude, rough present. What's 
behind you doesn't matter. 

To take the pulse of the body of current practice, 
EDN spoke with 40 American digital-design engineers 
about their experiences designing with FPGAs. This 
group does not constitute a statistically valid sample, 
but it is big enough for a reality check. 

Reality turns out to be twofold: first, no single FPGA 
methodology exists and, second, real life is much more 
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prosaic, mundane, and tedious than are the promises 
of what is to come. 

The overwhelming majority of engineers inter­
viewed work on personal computers, not workstations. 
The methodology of the only designer claiming to be 
doing concurrent design-yet another wave upon a sea 
of change-consists of sprinkling 22V10s around his 
design in strategic places in an effort to minimize pc­
board reworking. 

Few are doing trash compaction-that is, recasting 
existing PAL-device designs into FPGAs. In fact, one 
designer of fault-tolerant computers notes that such 
integration creates the potential for a single-point fail­
ure-lowering reliability. Designers do not use FPGAs 
just for prototyping what will eventually be gate-array 
designs. Their circuits are new designs that will ship 
with the FPGAs installed. 

Certain gate-array foundries report that 30% of their 
business consists of rolling over FPGA designs to gate 
arrays. Despite these reports, upgrading FPGA de­
signs to gate arrays is only a faint thought in the back 
of the minds of the engineers interviewed. In fact, one 
designer eagerly awaits even bigger FPGAs than those 
currently available so that he can get his designs out 
of gate arrays and into FPGAs. Most wish only for 

EDN August 5, 1991 



plastic-packaged, !-time-programmable versions of 
their FPGAs. And low-cost, mask-programmed PAL 
devices are a fond memory. 

Some users bitterly resent being locked into what 
they see as high-priced software from FPGA vendors, 
preferring more universal, third-party software. These 
designers ask pointedly if FPGA vendors are in the 
chip business or in the software business. Others feel 
secure getting their software and FPGAs from the 
same source in a timely, thoroughly supported fashion. 
Some prefer to stick with offerings from a single FPGA 
vendor; others strive to check out each new device no 
matter which company offers it, and are willing to pay 
for whatever software each new device requires. 

EDN August 5, 1991 

Exploring the avenues of FPGA design methods requires 
consideration of your overall approach to design, as well 
as the software tools you use. (Photo courtesy Data 1/0) 

Their opinions on current FPGA pricing ranged from 
a noncommittal "acceptable" to "outrageous," "out of 
control," "out of hand," "unquestionably out of reach," 
and "we really need some second sources and competi­
tion here." 

Opinions on the importance of FPGA semiconductor 
technology are mixed and show no clear preference. 
FPGAs come in a bewildering variety of programming 
technologies: fuse, antifuse, UV-erasable, electrically 
erasable (EE), and RAM cells. Most users profess to 
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Some users bitterly resent being locked into 
what they see as high-priced software from 
FPGA vendors. They prefer more universal, 

third-party software. 

be unconcerned with programming technology, evalu­
ating devices only by how large they are and how fast 
they can run. 

A few need FPGAs that can be reprogrammed in 
circuit, a requirement that precludes all but RAM- and 
EE-based FPGAs. Some applications, such as video 
interfaces or communications equipment, demand field­
reprogrammable hardware. One user cites the need 
to rework surface-mount-technology pc boards as area­
son to prefer in-circuit-programmable FPGAs to ones 
that have to be removed from the board to reprogram 
them. On the other hand, two users avoid reprogram­
mable devices altogether, quoting government regula­
tions that prohibit devices that can change their pro­
gramming after leaving the factory. 

Each engineer interviewed has his own unique way 
of working with these new, very large, programmable 
devices. Overall, their methods break down into two 
broad categories: extensions of familiar PAL-device 
methods and methods that resemble gate-array tech­
niques or, strangely enough, designing with antiques 
such as small-scale-integration and discrete logic (Fig 
1). But sticking with PAL-device methods doesn't 
guarantee that you can work with your brain coasting 
in neutral. Even designers that chose to stick with 

You can mix FPGAs with other devices by using Sys­
temPGA when doing circuit design on a workstation run­
ning Valid software. 

familiar PAL-device methods still had to rethink the 
way they do logic design. 

These engineers' experiences were at odds with man­
agement's fixation on shortening time to market. One 
engineering VP expressed this fixation succinctly in 

FPGA SOFTWARE 

PERSONAL COMPUTER 

/~ 
PROPRIETARY THIRD PARTY 

I~ I~ 
SUM-OF-PRODUCTS 

ALTERA 
INTEL 
NATIONAL 

SEMICONDUCTOR 
TEXAS 

INSTRUMENTS 

OTHER 
PLUSLDGIC 
OUICKLOGIC 
TOSHIBA 

SUM-OF-PRODUCTS 
ALTERA 
AMO 
ATMEL 
DATA 1/0 
INTEL 
LATTICE 
LOGICAL DEVICES 
TEXAS 

INSTRUMENTS 

OTHER 
ACTEL 
AT&T 
DATA 1/0 
LOGICAL DEVICES 
QUICKLOGIC 

~ 
WORKSTATION 

/~ 
PROPRIETARY THIRD PARTY 

I~ I~ 
SUM-OF-PRODUCTS 
ALTERA 
INTEL 
TEXAS 

INSTRUMENTS 

OTHER 
ALGOTRON IX 
PLESSEY 
PLUSLOGIC 
TOSHIBA 

SUM-OF-PRODUCTS 
ACTEL 
ALTERA 
AMO 
EXEMPLAR 
INTEL 
LATIICE 
LOGIC AUTOMATION 
MENTOR 
MINC 
SYNOPSIS 
TEXAS 

INSTRUMENTS 
VALID 

OTHER 
ACTEL 
AT&T 
EXEMPLAR 
LOGIC AUTO 
MENTOR 
MINC 
PLUS LOGIC 
SYNOPSIS 
VALID 
XILINX 

Fig 1-This chart provides a starting point for matching your preferred FPGA-design method to possible devices. 
There are eight software categories based on the computer the software runs on, the source, and whether it applies 
to sum-of-products FPGAs or other types of FPGAs. The third-party categories mix device vendors and software 
vendors. Not every third-party software vendor supports every device listed in the same column; coverage is more 
spotty than this simple chart indicates. 
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practical terms when he said, "I'll spend money on 
anything that will save time. I won't buy anything 
that takes time. I don't want my engineers taking more 
than an afternoon learning how to use any FPGA." 

All the engineers interviewed said that they could 
not work from published specs for FPGAs. Instead 
they had to experiment with the devices for a consider­
able time before they achieved enough expertise to 
produce optimal designs. Further, they found that they 
preferred to do many design tasks, such as selecting 
devices and partitioning designs over multiple devices, 
manually, even if they had software for performing 
these tasks automatically. 

Managers fixated on time to market would do well 
to review the history of technology. Henry Ford and 
his associates invented the production line between 
1913 and 1914 by optimizing every operation for mini­
mal execution time. Until then, work was mostly task­
oriented, not time-oriented. The key factors in such 
minimal-time optimization were to eliminate any need 
for skill on the part the worker and to reduce the 
number of operations each worker performed to the 
absolute minimum. But as soon these budding indus­
trial engineers had their production lines optimized, 
they had to deal with a 350% yearly turnover in work­
ers. Even the most desperately poor, unskilled worker 
could not stand the unrelentingly monotonous work for 
long. 

Engineers become engineers because they like to 
understand how things work and because they like to 
solve problems. Few engineers become engineers be­
cause they simply like to run programs. Engineers' 
experiences with Xilinx FPGAs illustrate that they 
are really, at heart, task-oriented artisans, not time­
oriented automatons. 

When they first appeared, the Xilinx FPGAs were 
a radical departure from any existing programmable­
logic devices. Until then, PAL devices and most other 
PLDs realized the canonical sum-of-products form of 
logic equations. In the course of transforming the sum­
of-prod ucts ideal into a reality, PAL devices ended 
up with definite, hard limitations that channeled de­
signs into certain courses. The logic elements in PAL 
devices have high, but hard-limited, fan-in specs. PAL 
devices also have relatively few outputs or registers 
for the amount oflogic they contain. Lastly, the sum-of­
products form leads to consistent, predictable timing 
because PAL devices have essentially only two layers 
of logic. And at least one end of each internal connec­
tion comes already hardwired. 

Xilinx FPGAs are completely different. The logic 
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elements in these FPGAs have very limited fan-in com­
pared to the logic elements in a PAL device. The 
FPGAs have an I/O driver for every pin. Most impor­
tantly, their timing isn't designed in. Rather, the speed 
at which a design in a Xilinx FPGA runs depends 
heavily on how intelligently the designer lays out his 
design. In a Xilinx FPGA, both ends of each internal 
connection are uncommitted until you program the con­
nections. 

Four years ago, when EDN first began talking to 
Xilinx FPGA users, the frustration level was very 
high. Despite having a large array of blazingly fast 
internal logic elements at their disposal, engineers 
struggled to achieve designs that would run as fast as 
12 MHz. Engineers also vociferously complained about 
the Xilinx autorouter, saying that they had to spend 
weeks, or even months, endlessly rerouting complex 
designs by hand with a manual routing editor. 

What a difference time makes. Experienced design­
ers now claim to regularly crank out designs having 
multiple Xilinx FPGAs that run at 70, or even 100, 
MHz. Further, they avow they never do any hand 
routing. 

Old ways reappear 

The story behind this dramatic change is not one of 
revolutionary breakthroughs. Rather it is the usual 
dreary tale of hard work, thorough experimentation, 
and attention to details that leads to gradual, incre-

This 50-MHz, UV-erasable FPGA, the ATV5000 from 
Amtel, has 128 flip-flops and 52 latches. 
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mental improvements. In short, engineering as usual. 
One older Xilinx -FPGA designer said that he regularly 
bests younger designers because he recycled the skills 
he had developed during the era of discrete logic and 
small-scale integration. 

Attempts to roll over PAL-device techniques to 
Xilinx FPGAs meet with disaster. For example, one 
designer compiled a set of Boolean equations for a 
PAL-device state machine over a Xilinx FPGA. The 
state machine was a dismal failure. When the designer 
reoriented his thinking to align with the characteristics 
of the FPGA, a new, equivalent "hot-bit" state machine 
that suited the FPGA's architecture proved much more 
successful. 

The methods that these experienced Xilinx design­
ers have evolved differ significantly from the methods 
of PAL-device designers. Their FPGA methods begin 
with a suite of known-good design elements that have 
proven to compile into fast structures on a Xilinx 
FPGA. For example, a PAL-device designer can take 
advantage of a PAL-device's high fan-in and two-layer 
logic to implement big, high-speed counters. A Xilinx 
FPGA designer might employ a recirculating shift reg­
ister to do the same job as a counter. Because a shift 
register is more serpentine (that is, low fan-in and a 
single layer of logic), it is a much better fit in a Xilinx 
FPGA than a counter is. 

The next stage in their methodology involves draw-

Gate-array-like FPGAs such as the XC3090 from Xi linx 
typically have excellent 1/ 0 resources. This plastic­
packaged, surface-device, 160-pin FPGA costs $176. 
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The electrically erasable FPGA family from Lattice in· 
cludes four in-circuit-programmable versions. The pLSI 
family's equivalent-gate counts range from 2000 to 8000. 

ing a schematic of the design with some popular sche­
matic-capture programs running on a personal com­
puter. These designers use their intimate knowledge 
of the Xilinx autorouter to constrain the schematic 
so that the autorouter will produce the layout that 
they want. 

A key difference between the Xilinx autorouter and 
the fitters for FPGAs that have a sum-of-products ar­
chitecture is that the Xilinx autorouter is not deter­
ministic. Every time you run a given schematic 
through a sum-of-products FPGA's fitter, it will pro­
duce the same layout. Not so for the Xilinx autorouter. 
It is not a deterministic router. So some experienced 
users run multiple autoroutings in parallel. 

One lucky Xilinx designer, who works for a large 
computer company in the Northeast, has a network 
of superminicomputers at his disposal. He frequently 
has several routings of the same design under way at 
once as background tasks on the networked computers. 
Another designer who works in a shop that uses IBM 
PCs exclusively, simply stays late. After his co­
workers go home, he launches as many as 14 routings 
of the same design on the 14 IBM PCs in his shop. So 
instead of a jinni in a workstation, this designer has 
shoemaker's elves in the form IBM PCs. 

These designers use the manual-routing editor only 
for viewing the results of their various autoroutings. 
Based on a scan of the results, they go back to their 
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schematics and revise the constraints, resubmitting the 
revised schematic to the autorouter. Note that less 
advanced Xilinx designers emphatically state that 
they absolutely must hand-route a few critical paths 
with the manual-routing editor before turning the 
autorouter loose. 

PAL-device techniques persist 
Not all FPGAs have an architecture as unstructured 

and uncommitted as Xilinx 's. The heart of FPGAs, 
such as those from Altera, AMD, Atmel, and Lattice, 
is still the canonical sum-of-products architecture. 
These FPGAs are not only bigger than their PAL­
device forebears, they are also more complex. They 
sport a variety of ingenious schemes to ameliorate the 
rigidity of PAL devices. For example, they have struc­
tures that allow designers to share product terms 
among I/O cells or add extra product terms to an I/O 
cell. Designers can program these devices' output cells 
to function as many different kinds of flip flops and 
logic gates. In addition, uncommitted, buried registers 
let designers implement finite-state machines without 
sacrificing I/O registers. 

Still, like PAL-devices, much of these devices' inter­
nal connections are fixed. Consequently, the fitter, or 
device compiler, has an easier job simply because it 
has fewer decisions to make. Thus each design iteration 
compiles much faster for these devices than do Xilinx 
autoroutings. Note that devising a fitter for a sum-of­
products FPGA is not a trivial task. The logic minimiz-

You can compare the different implementations' speed 
and power consumption when you use Exemplar's Re­
lease 1.0 third-party FPGA software to compile your de­
sign over a variety of FPGAs. 
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Commonly, new FPGAs get their first software support 
from the device maker, such as the Opal software for 
National Semiconductor's MAPL FPGAs. 

ers for PAL devices use public-domain algorithms. No 
such algorithms exist for sum-of-products FPGAs. 

Despite the availability of integrated, high-powered 
software, designers are largely sticking with PAL­
device design-entry methods and software that runs 
on personal computers (one respondent uses Logical 
Devices's CUPL on a MAC; all other personal­
computer users interviewed employ IBM PCs). Most 
use either schematic capture or Boolean equations to 
specify their designs. A few use truth tables or finite­
state-machine formats, with only one designer express­
ing a preference for multiple, linked state machines. 
Exotic hardware-description languages such as VHDL 
(VHSIC Hardware Description Language) have not 
lured experienced PAL-device designers away from 
their familiar tools. 

The flexibility of the sum-of-products FPGAs defi­
nitely pays off. Those using Boolean equations find 
that they have to spend less time torturing their equa­
tions to make them fit than they did back when they 
were designing with PAL devices. Further, some find 
that after they became familiar with their FPGAs they 
can use clever tricks to put to work internal logic that 
would have gone unused in a less-flexible PAL device. 

Designers also express a preference for selecting 
their own chips and partitioning their designs over 
multiple chips manually. 

Few simulate their designs either at the chip level 
or the board level, preferring to go straight to proto­
types. Those that do simulate, tend to use the simple 
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--=SYNCHRO PRO 

APl-36005 
IBM PC* Indicator 

Circle #60 for Sales Contact 
Circle #61 for Literature 

DOC Handbook Offers Tutor1al 
on Synchro Conversion 

DDC's "Synchro Conversion 
Handbook" is once again being of­
fered, free of charge, to design en­
gineers. The handbook covers not 
only DDC's approach on the sub­
ject but also all the other generally 
accepted techniques in use 
throughout the industry. It con­

New Generation Instruments on Cards Offer both Angle Indicator 
and Slmulator Functions 

IAC-37001 is a VMENXI register 
based Synchro/Resolver Angle Indicator 
and Simulator on a single size "C" Card. 
The card performs separate SID and D/S 
operations simultaneously. 

The Angle Indicator section allows 
selection of 18 or 20 bit mode with 
accuracy up to 18 arc seconds. The 
Simulator section produces outputs 
with 16 bits of resolution and accuracy 
to 20 arc seconds. 

APl-36005 is a full size IBM PC® card 
containing a single-channel, wideband, 
instrumentation grade Synchro/Resolver 
Angle Position Indicator. Offering 

programmable resolution of 16 or 20 bits, 
accuracy of 18 arc seconds and an operat­
ing frequency range of 3()() to 5000Hz, it 
is ideal as a stand alone Indicator in an 
engineering lab oc PC based Automatic 
Test &juipment (AIB). 

SIM-36010 is a full size IBM PC® card 
containing a single-channel, wideband, 
high-accuracy Synchro/Resolver 
Simulator. The instrument accepts an ex­
ternal reference and provides an output 
signal of 11.8, 26, or 90V L-L with a 
drive capability of 1.SV A. The SIM-
3fl010 also includes a programmable 
dynamic rate feab.Jre. 

® IBM is a registered trademark of International Business Machines. 

RDC-19220 

Programmable 16 Bit 
Monollthlc R/D Converter 

The RDC-19220 series are low­
cost, versatile, programmable 
monolithicResolver-(andL VD1)-tc>­
Digital Converters. These converters 
are available in small 28 pin DDIP, 40 
pin DDIP, oc 44 pin PLCC packages 
andofferprogranunable features such 

tinues to be a popular treatise and reference. From Fundanentals 
of Angle-Sensing Transducers and Data Conversion Devices, 
through Theory of Operation, Measuring and Computing Per­
formance Parameters, and concluding with Design Constraints 
and Selection Criteria for Typical Applications, the Handbook 
is thorough in presenting a wealth of useful, factual information. 

as resolution, bandwidth, and velocity 
output scaling. Resolution programming allows selection of 10, 
12, 14,or 16 bits, withaccuraciesof2.3 arc minutes. This feature 
combines the high tracking rate of a 10 bit converter with the 
precision of a 16 bit device in a single package. Typical applica­
tions include motor control, robotics, machine tool, and process 
control. 

Circle #62 for Sales Contact 
Circle #63 for Literature 

New Generation S/D Converters 
with Tach-Quallty Velocity Output 

A new generation of one, two, and three 
channel Synchro- or Resolver-to-Digital 
converters lead the way based on a single­
chip monolithic. These completely self­
contained synchro converters are housed 
in hermetically sealed packages with an 
area requirement as low as 0.5 square 
inches per channel. 

The velocity output (VEL) from the 
series, which can be used to replace a DC 
tachometer, is a 4V signal referenced to 
ground with a linearity of 1 % of output 
voltage. 

Other features include an exceptionally 
low-power consumption of lOOmW per 

mmm 
ILC DATA DEVICE 
CORPORATION 
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Circle #66 for Sales Contact 
Circle #67 for Literature 

Circle #64 for Sales Contact 
Circle #65 for Literature 

channel, a wide carrier frequency range 
of 360-5000Hz, and solid-state signal and 
reference isolation. 

Any converter in the series is available with 
operating temperature ranges of 0°C to 
70°C and -55°C to +125°C military 
processing available. 

With its low cost, small size, high ac­
curacy, and versatile performance, the 
series is ideal for use in modem high-per­
formance military and industrial applica-
tions. 

Coming Soon: These units are being 
upgraded to 16 bit resolution. Also on the 
horizon are single-and dual-channel units 
which will operate off a single +5 volt 
supply and output a 16 bit wide digital 
word. 

HEADQUARTERS AND MAIN PLANT: ILC Data Device Corporation, 105 Wilbur Place, Bohemia. NY 11716, 
(516) 567·5600, TLX: 310-685-2203, FAX: (516) 567-7358, (516) 563-5206 
WEST COAST (CA): GARDEN GROVE, (714) 895-9777, FAX: (714) 895-4988; 
VIOODLAND HILLS, (818) 992·1772, FAX: (818) 887·1372; SAN JOSE, (408) 23&-3260, FAX: (408) 244-9767 
WASHNGTON, D.C. AREA: (703) 450-7900, FAX: (703) 450-6610 
NORTHERN NEW JERSEY: (201) 78!>-1734, FAX: (201) 785-4132 
UNTED KINGDOM: 44 (635) 40158, FAX: 44 (635) 32264; FRANCE: 33 (1) 4333-5888, FAX: 33 (1) 4334-9762 
GERMANY:49 (8191) 3105, FAX:49 (8191) 47433; SWEDEN: 46 (8) 920635, FAX:46 (8) 353181 
JAPAN: Bl (3) 814·7688, FAX: 61 (3) 814-7689; IRELAND: 353 (21) 341065, FAX: 353 (21) 341568 
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simulators that come with their schematic-capture 
packages or simulators that run on personal computers, 
rather than simulators from the FPGA vendors or 
simulators that run on workstations. 

The "foreseeable future" is an oxymoron. No one 
can predict the future, near or far. Assuming that the 
practices of the pioneers of a new technology will be 
the same as the practices of those who follow on when 
the new technology becomes widespread is also danger­
ous. But FPGAs just make too much sense for too 
many good reasons to be ignored. Thus, a taste of how 
some engineers work with FPGAs can provide some 
useful insight. Perhaps the most important lesson to 
be learned, is that once again, the intelligent, creative 

engineer who takes the time to master his tools and 
materials will still outperform the handbook jockey, 
even if the handbook jockey is armed with magic soft­
ware. EDN 
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Manufacturers of FPGAs and FPGA software 
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For more information on FPGAs and FPGA software, circle the appropriate numbers on the Information Retrieval 
Service card or use EDN's Express Request service. When you contact any of the following manufacturers directly, 
please let them know you saw their products in EDN. 

AT&T Microelectronics Data 1/0 Corp Mentor Graphics Synopsis Inc 
Dept 52AL040420 10525 Willows Rd NE 8005 SW Beockman Rd 1098 Alta Ave 
555 Union Blvd Redmond, WA 98073 Wilsonville, OR 97070 Mountain View, CA 94043 
Allentown, PA 18103 (206) 881-6444 (5031685-7000 (415) 962-5000 
(800) 372-2447; Circle No. 656 Circle No. 662 FAX (415) 965-8637 
in Canada (800) 553-2488 Circle No. 668 
Circle No. 650 

Exemplar Logic Mine Inc 
2550 9th St, Ste 102 6755 Earl Dr, Suite 200 Texas Instruments 

Actel Crop Berkeley, CA 94710 Colorado Springs, CO 80918 (Actel second source) 
955 E Arques Ave (415) 849-0937 (719) 590-1155 Semiconductor Group (SC-91018) 
Sunnyvale, CA 94086 FAX (415) 849-9935 Circle No. 663 Box 809066 
(408) 739-1010 Circle No. 657 Dallas, TX 75380 
Circle No. 651 (800) 336-5236, ext 700; 

National Semiconductor Corp in TX, (214) 995-6611, ext 700 
Intel Corp 2900 Semiconductor Dr Circle No. 669 

Advanced Micro Devices (Altera second source) Santa Clara CA 95052 
901 Thompson Pl 3065 Bowers Ave (408) 721-5341 
Sunnyvale, CA 94088 Santa Clara, CA 95052 Circle No. 664 Toshiba America 
( 408) 732-2400 (800) 548-4725 Electronic Components Inc 
Circle No. 652 Circle No. 658 9775 Toledo Way 

Plessey Semiconductors Corp Irvine, CA 92718 
1500 Green Hills Rd (714) 455-2000 

Algotronix Ltd Lattice Semiconductor Corp Scotts Valley, CA 95066 Circle No. 670 
Technology Transfer Centre 5555 N E Moore (408) 438-2900 
King's Buildings Hillsboro, OR 97124 Circle No. 665 
Mayfield Road (503) 681-0118 Valid Logic Systems 
Edinburgh EH9 3.JL Circle No. 659 2820 Orchard Pkwy 
Scotland PlusLogic San Jose, CA 95134 
(031) 668 1550 1225 Parkmoor Ave (408) 432-9400 
FAX (031) 662 4678 Logic Automation Inc San Jose, CA 95126 TLX 3719004 
Circle No. 653 19500 NW Gibbs Dr (408) 293-7587 FAX (408) 432-9430 

Beaverton, OR 97075 FAX (408) 298-7587 Circle No. 671 
(503) 690-6900 Circle No. 666 

Altera Corp Circle No. 660 
2610 Orchard Pkwy Xilinx 
San Jose, CA 95134 QuickLogic Corp 2100 Logic Dr 
(408) 984-2800 Logical Devices Inc 2933 Bunker Hill Ln San Jose, CA 95124 
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Industry's Widest Selection 
Our new Instrumenta­
tion Amplifier guide 
can help you find the 
best IA for your indus­
trial control, audio, 
medical, and low-level 
signal conditioning 
applications. Choose 
our low cost difference 
amps, fast FET, preci­
sion bipolar, program­
mable-gain IAs, and 
many more. 

·U.S. OEM prices only. in 1000s. 

Low Noise 
Audio INA l 03 
• lnV/{RZ noise 
• <0.002% THD 
• > l lOdB CMRR 
• $4.85* 

Precision I NA 120 
• 25µ V max offset 
• 0.25µV /°C max drift 
• Gains of 1, 10, 

100, 1000 
• $5.80* 

High CMV INA 117 
• ±200V CMV range 
• 0.0002% nonlinearity 
• $4.10* 

Digitally 
Programmable 
PGA202/203 
• Gains of l, 10, 100, 

1000 or l, 2, 4, 8 
• 2µs settling time 

(to 0.01%) 
• 0.012% nonlinearity 
• 80dB CMRR 
• $6.75* 

• , .. ' • ~~ .~ • ' ' ~- It" 
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FREE ... 
Instrumentation~ 
Amplifier Guide 
For samples, 
data sheets, 
and your 
free selec­
tion guide, 
contact 
your local 
Burr-Brown 
sales office 
or call : 
(800) 548-6132 toll-free 
for immediate assistance . 

Burr-Brown Corp. 
P.O . Box 11400 
Tucson , AZ 85734 

BURR-BROWN® 

I II I 
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Make all these disappear. 
Poof, they're gone. Bulky battery packs, slow hard disks 

and more. You see, where memory cards make sense, the 
new Intel 4MB Flash Memory Card provides a high-density, 
read/write, truly nonvolatile portable storage solution. 

The real trick, of course, is that it allows you to store 
large amounts of code or accumulate data in a small, rug­
ged card that uses less power than traditional memory tech­
nologies. So now you can design products that are faster, 
lighter, tougher and more energy efficient. 

C J99 1 Intel Co.-pora1ion. ETOX is a 1radcmark of Intel CoflX)ralion 
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Not tomorrow, but today. Thanks to our System 
Developer's Kit. A DOS-compatible package that includes a 
lMB Flash Memory Card, an add-in board as well as design 
information. In addition, it includes an evaluation copy of 
Microsoft's Flash File System software. All the stuff to get 
you started-now! 

Plus, Intel's Flash Memory Card is the first to comply 
with the 68- pin PCMCIA/JEIDA standard. This allows the 
card and its data to be interchangeable between a host of 
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700 

600 
e5(X) 
~ 400 

~ 300 
200 

100 

4 MByte Memory Card 

INSERT THIS SIDE UP 

Actual Size. 

With this simple card trick. 
systems-from PCs to fax ma­

esumated Flash Memory 
Card Price Trends chines to bar-code readers. 

The secret of the card's 
magic is Intel's ETOX''1I Flash 
technology-combining RAM, 
ROM and mass storage capabili-

1991 1992 1993 ties onto a solid-state, energy-

Want to know more about the secrets of this amazing 
technology? Then call (800) 548-4725 today and ask for 
Literature Packet #C8A01. And start performing your own 
disappearing tricks. 

efficient medium. A technology so successful that volume 
continues to rise and prices continue to drop. 

inlel" 
The Computer Inside:· 
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THIS IS AMP TODAY. 

AMP and AM POWER are trademarks of AMP Incorporated. 

Designers of today's high-perfor­
mance power distribution systems 
(PDSs) need a practical way to 
take advantage of the compact 
size, thermal efficiency, and low 
inductance of insulated flat copper 
power cable. 

Our newest invention not only 
makes flat conductors practical, it 
adds powerful new options to the 
way you can design your 'flat 
power' PDS. 

AMPOWER Wave Crimp 



Assemblies let you specify direct 
taps on flat cable wherever you'd 
like, for efficient branching. And 
they give you a true modular 
approach to power-with separa­
ble printed circuit board connectors 
and sequenced Blind Mate drawer 
connectors-for fast assembly, and 
easy service and upgrade. 

The exclusive crimp termination 
contacts an area 50% greater in 
cross section than the conductor 
itself. Result: no thermal penalties, 

Flat conductor PDS made practical. 

no current restrictions, no com­
promise in the inherent low-noise 
properties of flat conductors. Elec­
trical characteristics are consis­
tently predictable. 

To realize all the new opportu-
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nity in flat power right now, call 
1-800-522-6752 (fax 717-561-6110) 
and ask about AMPOWER Wave 
Crimp Assemblies. In Canada call 
416-475-6222. AMP Incorporated, 
Harrisburg, PA 17105-3608. 

ANIP 



8ince other 12-bitADCs need 
four times the snace to go half as fast 

at twice the price, we use the term 
tompetitiorilightly. 

Maybe we are being 

a little boastful 

when we say 

that compared 

to the AD671, every 

other 12-bit monolithic AID converter is a lightweight. But see if you 

don't agree. 

The AD671 comes in a 24-pin skinny DIP package. (Other AID con­

verters are in double- and triple-wide DIPs, taking up to four times as 

much space on your board.) 

The AD671 has a true conversion time of 500 ns. (Making it twice as 

fast as the nearest 'competitor'.) 

The AD671 costs only $65. (You can expect to pay at least double 

that amount for any other 'comparable' ADC.) 

And the AD671 doesn't have calibration cycles, complicated inter­

faces, or specs that can't hold up over temperature and power supply var­

iations. (But if you like these things, you can get them with other ADCs.) 

To find out more about the AID converter that has more weight 

behind it, get a data sheet on the AD671 by contacting Analog Devices at 

1-800-262-5643. Or write to Analog Devices, P.O. Box 9106, Norwood, MA 

02062-9106. 

AD671500ns 
AID CONVERTER. 

The AD671 is the fastest 12-bit mono­
lithic AID converter, converting in 
under 500 ns while consuming less 
than 500 mW. It accepts standard 
input signals of 0 to + 10 V, 0 to + 5 V 
or ± 5 V, and it outputs data in offseV 
straight binal)' or two's complement 
fonnat. The AD671 offers the right 
combination of speed and resolution 
for imaging applications using charge 
coupled devices, infrared detectors 
or photomultiplier tubes, while its 
accuracy is ideal for multichannel 
data acquisition systems and com­
munications systems. 

r.ANALOG 
Lllll DEVICES 

Analog Devices, One Technology Way, P.O. Box 9!06, Norwood, MA 02062·9!06. Distribution, offices and applications support available worldwide. 
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Design Feature 

I<now your options 
and requirements when 

designing filters 

Designing a filter can be an overwhelming 
task. You can configure lowpass) highpass) 
bandpass) and notch filters in several ways) 
each of which has unique characteristics. 
J(nowing the performance characteristics of 
different filter configurations will help you 
specify the best filter for your application. 

William Chambers, 
Acquisition & Control Electronics 

Filters range from small but omnipresent parasitic im­
pedances to computer systems running signal-process­
ing programs. Lowpass, highpass, bandpass, and notch 
filters can be configured as Bessel, Butterworth, 
Chebyshev, and elliptic types. Choosing a configura­
tion is only the first step. You must also decide be­
tween active and passive filters, between discrete-time 
vs continuous-time sampling, the number of filter 
stages you'll need, and how to achieve the accuracy 
you need. This article focuses on designing filters that 
work at frequencies ranging to 10 MHz. 

Filters are found in many applications. Perhaps the 
most common application is using a bandpass filter to 
improve signal quality (see box, "Sorting out termi­
nology," for a glossary of filter terms). You'll greatly 
improve the signal-to-noise ratio (SIN ratio) by using 
a filter to reject extraneous frequencies. The cleaner 
signal will almost always give better results. In ex-
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treme cases, noise can have a high enough amplitude 
to saturate system circuitry or waste an unacceptable 
amount of power. When the lost power radiates, it can 
cause electromagnetic-interference problems. 

Because noise of any frequency can enter a system, 
the system's bandwidth should be as small as practical. 
The power of random noise is proportional to the band­
width of the system input signals. Reducing the band­
width 100 times reduces the noise power 100 times and 
the noise voltage 10 times. Radio-frequency energy is 
a notorious source of noise that may be well above the 
highest frequency of interest. 

Tailoring a signal's frequency components is also a 
job for a filter. The human ear can hear frequencies 
of approximately 20 Hz to 20 kHz. But with noisy 
signals, it's usually best to attenuate the high­
frequency response. Recording methods such as Dolby 
emphasize a signal's high frequencies before recording 
so the signal can override hiss. At playback, a lowpass 
filter (often a tape player with an inferior frequency 
response) reduces high frequencies. The record-and­
playback process yields a high SIN ratio while retaining 
a flat frequency response. 

Feedback systems include a wide variety of filters 
to help improve, or compensate, system dynamics. 
Electronic systems have unavoidable high-frequency 
poles. These poles cause phase shift, which results in 
peaking or oscillation. Filters must reduce the loop 
gain before too much phase shift occurs. Even a simple 
op amp is a lowpass filter. General-purpose op amps 
have a single, dominant pole, which causes a long, slow 
roll-off beginning at less than 10 Hz. 
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Practical filters have limitations on their 
frequency responses. 

Filters are also a key element of sampled data sys­
tems. Filters prevent aliasing by keeping system in­
puts below the Nyquist limit. The sampled output 
changes at the sampling rate in steps whose edges 
contain spurious high-frequency information. Filters 
can remove these edges; the reconstructed sine wave 
is smooth and includes only a fundamental frequency 
component. 

To capture full information about an input, you must 
meet the Nyquist criterion, which states that your 
system must sample an input at a rate at least twice 
the input's bandwidth. Often the input's minimum fre­
quency is very low, so its bandwidth is the same as its 
maximum frequency . Two samples per cycle, however, 
are enough only in theory. Filter limitations will make 
your system's usable bandwidth several times lower. 
Systems that produce a coarse visual display may re­
quire 10 sample points per cycle. Even if the 10 samples 
contain no noise, they can miss individual waveform 
peaks by as much as 0.314 rad, or (1- cos 0.314)• 
100% = 4.89% of the peak value. 

If an AID converter runs at 200,000 samples/sec, 
then the converter's input must see no significant com­
ponents above 100 kHz. The designer's choice of accept­
able levels for these high-frequency signal components 
and the components' degradation of the desired signal 

Sorting out terminology 

can have a large impact on system cost. If your budget 
is tight and the system's SIN ratio is relatively poor, 
you might have to use a filter with poles one decade 
away from the 100-kHz point, at 10 kHz (see box, 
"Mind your poles and zeros"). The filter will add phase 
and amplitude errors to any signals that approach 10 
kHz. To avoid these errors, you need a faster AID 
converter or a sharper filter response. 

Consider using a simple Butterworth lowpass filter 
in this example. Suppose you can afford to cut the 
10-kHz corner frequency by 3 dB. A 1-pole filter can 
then cut interference at 100 kHz by 20 dB, or 90%. A 
similar second-order filter can cut 100-kHz interference 
by 40 dB, or 99%. 

The phase error also depends on a filter's number 
of singularities. The single pole shifts corner frequen­
cies by 1Tl4; two poles will cause a 1T/2 shift. The two 
filters have errors at 1110 the corner frequency of 
arctan (1/10)=0.1 rad (5.71°) and 0. 142 rad (8. 14°), re­
spectively. Raising the poles' Q to sharpen the corner 
frequency makes the phase shift even worse. 

When you're designing a filter circuit, you'll usu­
ally know what type of filter you need-lowpass, high­
pass, bandpass, or notch filter. To begin a design, 
you will need to decide on required accuracy, re­
sponse sharpness, and filter configuration. These 

The following glossary defines 
some of the terminology you'll 
find in filter literature: 

Continuous tim~escribes a 
normal analog signal- no sam­
pling is involved. 

per valley. Conversely, this rate 
limits the input to half the sample 
rate. 

Aliasing-the generation of false 
frequency components caused by 
sampling an input below its 
Nyquist rate. 
Allpass filter-a device that 
changes the phase of signals 
rather than their amplitude. 
Bandpass filter-a device that 
passes only a certain range of fre­
quencies. These filters are usu­
ally formed from lowpass and 
highpass filters if the resulting 
passband is at least as wide as 
the center frequency. 
Bandstop filter-also called a 
notch filter , this device blocks a 
specific band of frequencies. 
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Cutoff frequency-the fre­
quency at the end of the pass­
band. 
Digital---describes a discrete­
time system that can have only 
discret e values. 
Discrete time-having values 
that are valid only at certain mo­
ments; sampled. 
Highpass filter-a device that 
passes only high frequencies. 
Lowpass filter-a device that 
passes only low frequencies. 
Nyquist rate-a sampling rate 
equal to twice the bandwidth of 
an input. This rate may be seen 
as one sample per peak and one 

Order-the number of poles a cir­
cuit uses. 
Passband-the band of frequen­
cies that a filter must pass with 
little change. The user decides 
what tolerances to allow. 
Q-the ratio of a filter's half­
power bandwidth to peak fre­
quency. 
Skirt-the sharp change in filter 
output magnitude in the transi­
tion band. 
Stopband-the band of frequencies 
that the filter should not pass. 
Transition band-the frequen­
cies between the passband and 
stopband. 
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factors will determine how you develop the filter . 
In the previous ADC example, filter constraints re­

duced the usable bandwidth to less than 10% of the 
allowable input bandwidth. Practical filters have limi­
tations on their frequency responses; they have pass­
bands, transition bands, and stopbands (Fig 1). To 
change from a signal-passing to a signal-stopping mode, 
every filter requires a band of frequencies in which to 
make the. transition. You need to make complex trade­
offs among cost, the bands' frequency accuracy, pass­
band fidelity, stopband depth, and phase accuracy. 

GAIN 
(dB) 

FREQUENCY RESPONSE FOR LOWPASS FIL TEA 

I-PASSBAND-I l-sTOPBAND-

~ FREQUENCY (Hz) 
TRANSITION BAND 

Specify the passband and stopband to be as accurate 
as you need. No gains can exceed the system's refer­
ence point, which will usually be 0 dB. Extending the 
passband to the half-power point-a drop of - 3 dB , 
or -29.3%-is traditional. However, you may decide 
to keep your transfer function's passband accurate to 
-0.10 dB, or - 1.15%. Frequencies beyond this limit 
are considered cutoff. The term "cutoff' refers to all 
signals that the filter reduces more than the passband 
allows, not only to signals in the stopband. Your 
stopband requirement might be a 99% reduction in the 
transfer function ( - 40 dB). The transition band con-

Fig I-Infinite attenuation beyond the cutoff frequency, fc, is the 
norm in an ideal filter. However, errors due to the passband ripple, 
RMAX, and stopband attenuation, AM1N, make attaining such per­
formance in real-world filter designs impossible. 

Mind your poles and zeros 
A filter's order reflects the num­
ber of poles the filter includes. 
All filters require at least one 
pole; usually, the number of poles 
equals the number of circuit reac­
tances. In continuous-time sys­
tems, certain values of the com­
plex variable s define the location 
of singularities in the transfer 
function. Depict these poles and 
zeros on the complex number 
plane; put the input frequencies 
on the imaginary axis. You can 
then plot the transfer-function 
magnitude as a function of fre­
quency on log-log coordinates. 

Poles and zeros complement 
each other: Poles can increase a 
nearby signal component without 
limit; zeros can reduce the same 
signal component to zero. Unless 
canceled, each singularity intro­
duces a slope of 1 in the transfer 
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function. This slope is negative 
for poles and positive for zeros, 
and starts at the frequency of the 
singularity. This slope value is 
the asymptote used in Bode plots 
and is not accurate near the fre­
quencies of singularities. At high 
frequencies, each zero and pole 
also introduce a phase lead and 
phase delay, both of which are 
-rr/2. This delay is frequency de­
pendent and distorts signals. 

Single poles and zeros always 
occur on the real axis in the s 
plane. Each pole causes a 3-dB 
reduction from the Bode-plot lev­
els at the pole's frequency. Pole 
pairs that are within -rr/4 rad of 
the real axis have a transfer func­
tion with no peaks. As the poles 
approach the imaginary axis, 
they produce peaks in the trans­
fer function. 

Q is a common measure of 
poles' lack of damping. A Q of 0.5 
indicates critical damping-poles 
that are coincident on the real 
axis. Critical damping allows no 
ringing but gives a very slow 
roll-off. A Q of 0. 707 makes the 
frequency response out to the 
corner frequency as flat as possi­
ble without peaking. High Qs cre­
ate frequency-response peaks, 
which are useful in multistage fil­
ters and narrow bandpass filters. 
The Q of poles rises sharply as 
the poles approach the imaginary 
axis, where they would form an 
oscillator (that is, the poles would 
have infinite Q). The steep slope 
ofQ makes the response ofhigh-Q 
circuits very sensitive to compo­
nent values and subject to drift. 
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Place damped) passive filter stages at the 
input. If all remaining stages receive the 
same input levels) place the stages in order 
of ascending Q 

tains the frequencies between the passband and 
stopband. The practical minimum for an analog­
instrument filter's transition-band width is two to three 
times the filter's cutoff frequency. 

If you want your filter to reject 60-Hz noise, your first 
thought might be to introduce a deep stopband above 59 
Hz or between 59 and 61 Hz. However, the more you 
reduce the response in the stopband, the more you'll 
change and distort nearby signals. The same singulari­
t ies that produce your desired rejection will affect both 
the transition band and the passband to some extent. 
These singularities will also introduce frequency­
dependent delays in all real-time systems. You will 
need to choose a compromise that provides some rejec-

tion at 60 Hz without unduly distorting your signal. 
Several mathematical functions define filters that 

have reasonable performance tradeoffs. Each function's 
frequency response has a distinctive shape. Each filter 
type can have any order. Higher-order filters empha­
size the characteristics of each function-both the de­
sirable features and the problematic ones. The higher 
orders also incur the longest signal delays. The filters 
with the sharpest roll-off, Chebyshev and elliptic fil­
ters , have the longest delays. The fi lters achieve sharp­
ness by allowing ripple in the passband (or both the 
passband and stopband). Chebyshev and elliptic filters 
are also the most complex and most sensitive to compo­
nent variation (F igs 2 and 3). The following fi lter 
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Fig 2-Variation in roll-off slope is a key difference in the gain response of the various filter configurati.ons (a) . The transfer functions are 
for analog, third-order lowpassfilters that are accurate to approximately Jo/o (0. 1 dB) in the passband. Delay curves illustrate that real-world 
filters are far from ideai-delay would be constant in the ideal case (b) . 
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Fig 3-By relaxing the passband accuracy to 3 dB, you dramatically increase the roll-off slope of the filter gain curves (a). However, this 
increase in roll-off slope comes at the expense of an increase in passband error (b) and a degradation in delay variation ( c) . 
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The passive RC filter cannot provide power 
gainy and the filter has complex-value input 
and output impedances. 

configurations are in descending order of transition­
band width: 

A Bessel filter (also known as the Thompson or best­
delay filter) has linear phase in the passband, no re­
sponse peaks, and a slow roll-off. This type distorts 
the signal as little as possible because it has the short­
est time delay with the least frequency dependence. 
The Bessel filter retains a fairly useful frequency re­
sponse and never has any overshoot or ringing. 

roll-off, the Chebyshev must cancel the loss from low­
frequency poles with peaks from higher frequency 
poles. This design makes the Chebyshev more sensitive 
to component variations than the previous configura­
tions. 

The Butterworth filter, or maximally flat-frequency­
response type, has a monotonically varying passband 
and a reasonable step response. This filter has all poles, 
which have varying Qs, at the same frequency. The 
most popular filter type, the Butterworth, often has 
a 3-dB passband error, which places all poles at the 
cut-off frequency. All first-order filters are considered 
to be Butterworth filters. 

The elliptic, or Cauer, filter is the most complex 
filter type for a given stopband attenuation. It com­
bines poles and zeros to narrow the transition band. 
The poles and zeros cancel at remote frequencies, how­
ever, so the response flattens out at high and low 
frequencies. The zeros also make the stopband phase 
response very messy. If rejecting particular frequen­
cies is important in your application, you'll have to use 
highly accurate components to place the zeros. In a 
lowpass design, the elliptic filter's step response is 
worse than that of a Chebyshev design of the same 
order. 

The Chebyshev filter, or equal-ripple, frequency­
response filter, achieves the sharpest monotonic roll-off 
by using high-Q poles in the passband. To achieve this 

You can build up filters of higher orders by adding 
second-order stages. Each of the filter functions can 
use one amplifier per stage, but the elliptic function 
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Coping with parasitics 
Every component introduces 
parasitic elements. Parasitics are 
most significant at high frequen­
cies and effectively add messy fil­
ters to every circuit. Parasitic 
elements are rarely (or at best, 
poorly) specified, so component 
performance can vary from lot to 
lot. This situation makes cancel­
ing out parasitics or allowing for 
them during design quite difficult. 

Parasitic values are often sur­
prisingly high. The most common 
type of printed-circuit board uses 
10-mil traces of 1-oz copper and 
a 0.0625-in. epoxy/glass sub­
strate. An 11-in. trace on this 
board has an impedance of 
0.500 + 0.46 µH. At 175 kHz, the 
inductive reactance is also 0.50. 
Leakage effects can cause shunt­
ing impedances of several 
megohms to a long adjacent 
trace. The trace's capacitance to 
a plane on the other side of the 

board is 1. 9 pF. Resistance and 
capacitance are proportional to 
trace length, but inductance does 
not increase linearly with length. 

All active elements have limits 
on their high-frequency capabili­
ties. An op amp's low-frequency 
pole reduces amplifier gain before 
parasitic poles can excessively af­
fect the phase of the output sig­
nal. This pole is also an example 
of a loosely specified parameter. 
A 100 x amplifier using a gen­
eral-purpose op amp will have 
- 3-dB and - 'iT/4 errors where 
the op amp's open-loop gain falls 
to 100-roughly at a frequency of 
10 kHz. The amplifier's phase will 
already be - 0.1 rad at 1 kHz. 

When analyzing circuits, you 
usually assume that components 
are ideal. To build a circuit, how­
ever, you have to use physical 
components with complex behav­
iors. High-quality parts do ap-

proach the ideal; they have low 
tolerances and drifts and almost 
no parasitic elements. 

One important criterion for 
choosing a filter circuit is sensi­
tivity-how do component values 
affect filter gain, Q, and fre­
quency? These parameters im­
pact reliability because compo­
nent tolerances and drift directly 
affect performance. The higher 
the filter order and the sharper 
the filter's skirts, the worse gain, 
Q, and frequency problems be­
come. Even a shift in one compo­
nent value may change the fre­
quency response into a series of 
unexpected peaks and dips. 

Resistors behave quite well. 
Inexpensive metal-film parts are 
accurate to 0.1% and have drift 
and a temperature coefficient of 
50 ppm/°C with low drift. This 
part is cheaper than most capaci­
tors. Much better parts are also 
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should have more. Odd-order configurations also re­
quire one first-order stage. Every stage will be differ­
ent, if only in its Q. You can find the necessary pole 
and zero locations for a desired response in filter-design 
tables. Each order has only one Bessel shape and one 
Butterworth shape. There are many more Chebyshev 
frequency-response shapes, and the elliptic design ta­
bles are very complex. Each combination of order, 
shape, and passband and stopband errors requires a 
separate table entry. You may have to interpolate to 
achieve a particular parameter value. 

same input levels, place the stages in order of ascend­
ing Q. However, if you have an active stage with a Q 
less than but close to 0. 707, it should be the first active 
stage. A filter stage that has a Q of 0. 707 will be the 
most effective one with no peaking and almost no ring­
ing. This sequence of stage orders is the best way to 
avoid saturation. 

Passive networks offer simple solutions 

Filters that have sharp skirts always require high-Q 
stages. These filters are troublesome because they re­
quire small, slow inputs and tight component toler­
ances. Step changes at the input can cause ringing, 
saturation, and distortion. Using several amplifiers per 
stage can reduce component-tolerance problems. 

An RC network using either discrete or distributed 
components is by far the least expensive filter available 
(see box, "Coping with parasitics"). An RC network 
introduces no overshoot and the least noise possible 
and will work at any frequency. The input to the net­
work need only stay within the resistor and capacitor 
power-dissipation and breakdown-voltage limits. The 
simplicity of the RC network makes its behavior much 
more predictable for variations in frequency, tempera­
ture, or time than that of other filters. 

You can prevent ringing by filtering the input before 
it reaches high-Q stages. Place any damped, passive 
stages at the input. If all remaining stages receive the The passive RC filter cannot provide power gain, 

available. The values of com­
monly stocked metal-film resis­
tors range from 100 to 1 MO, 
with a value every 2 or 3%. You 
can adjust potentiometers over a 
wider range, and these parts al­
low easy circuit trimming and 
tuning. Carbon-film resistors are 
acceptable only for less critical 
applications because they intro­
duce more noise and have higher 
tolerances than other resistor 
types. The temperature coeffi­
cients of carbon-film resistors 
often reach 500 ppm/°C. 

Spend extra money on accurate 
resistors if these parts will let you 
relax capacitor requirements. An 
inexpensive resistor is superior to 
any capacitor you would want to 
buy. Capacitors have many prob­
lem characteristics, some of 
which vary with temperature and 
frequency. Initial tolerances of 
10% and more are normal. Dielec-
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tric absorption, leakage, equiva­
lent series resistance, and induc­
tance all are potential capacitor 
problems. 

Electrolytic and high-K ce­
ramic capacitors are space effi­
cient but experience serious drift 
and voltage-coefficient problems. 
Electrolytics have problems with 
aging, polarity, and internal heat­
ing at high currents. Solid tanta­
lum capacitors have better leak­
age, drift, and temperature 
characteristics than aluminum 
electrolytics. 

Accurate filters require NPO 
(low-Kor COG) ceramic or film 
capacitors. Still, pay close atten­
tion to capacitor specifications. 
Check the actual impedance at all 
input frequencies. NPO ceramic 
parts function well at 100 Hz to 
beyond 1 MHz, and they also 
have the lowest temperature co­
efficient. At 100 kHz, NPO and 

good film capacitors may have a 
1 % error. At low frequencies, 
lower dielectric absorption makes 
plastic film a better choice. Teflon 
is the best plastic film, but it 
makes large and costly capaci­
tors. Polystyrene is nearly as 
good as Teflon for temperatures 
as high as 70°C. 

Inductors have fallen out of fa­
vor for low-frequency filter de­
signs in which a capacitor-ampli­
fier combination can replace the 
part. Inductors can pick up hum 
and noise and are lossy and often 
heavy. Magnetic cores make in­
ductance a function of tempera­
ture, frequency, and de current. 
Inductors the size of a resistor 
have high series resistance and 
low current capacity. Beyond 
their current-capacity limit, in­
ductors may begin to saturate 
and allow destructive current 
flows. 
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Active filters can provide both voltage and 
current gainy and their low output imped­
ance eliminates stage interaction. 

and the filter has complex-value input and output im­
pedances. These impedances interact unless the driv­
ing impedance is very low and the load impedance is 
very high. You can cascade several RC stages, but the 
computations for predicting the filter's behavior are 
complex unless each stage has a much higher imped­
ance than the previous one. All the poles will have 
very low Qs as a result of resistor power losses. An 
RC network cannot provide a sharp filter response, 
and the network will have disproportionate delay er­
rors. An LC network can provide high-Q poles but 
introduces all the problems associated with inductors. 

Active networks feature high Q 
Active filters can provide high-Q poles without the 

use of inductors. Excluding the power requirements, 
a second-order active filter can be as simple as a sur­
face-mount transistor and four passive parts. In addi­
tion, active filters can provide both voltage and current 
gain, and their low output impedance eliminates stage 
interaction. 

You can meet low-Q, low-gain needs with an active 
filter that has one amplifier per second-order stage. 
For higher-Q applications, this circuit becomes much 
too sensitive to component changes. Circuits that use 
more than one op amp per stage have much better 

sensitivity performance. Multiamplifier stages are use­
ful for elliptic filters, and they make high-Q circuits 
practical. 

However, amplifiers add problems. The devices re­
quire power supplies, and the amplifier output cannot 
swing outside the supply rails. Amplifiers may give 
inverted results for input excursions approaching the 
rails and sustain damage for wider excursions. Amplifi­
ers add noise, especially at low frequencies; at high 
frequencies, they cause distortion and couple in noise 
from the supplies. As op-amp manufacturers introduce 
general-purpose parts with smaller errors, input 
offsets and bias levels will no longer be major prob­
lems. 

The advantages of active filters over inductors dimin­
ish with frequency-smaller inductances become more 
useful at high frequencies. To keep errors to a mini­
mum, active filters need an excess gain. The loop trans­
mission (open-loop gain of the amplifier and feedback 
network) should be at least 50 at critical frequencies, 
especially at poles and zeros. This loop-transmission 
requirement means that the amplifier's open-loop gain 
should be at least 50 times the gain of a noninverting 
circuit or 100 times the gain of an inverting circuit. 
Many circuits feature unity voltage gain, which lets 
you employ buffer stages. These circuits work well at 
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Fig 4-0p-amp problems are quite evident when you extend the frequency range of this lourpass second-order Butt.e?worthfilter to 1 MHz. 
Note that the phase should never fall below -180°. The stopband gain does remain below -40 dB and would be lower for a filter of any 
other order. 
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frequencies as high as 1150 of the buffer's corner fre­
quency. 

If only the filter's response magnitude is important, 
20-dB loop transmissions may be sufficient. At low 
gains, the filter response will deviate noticeably from 
the mathematical prediction. Also, as gain decreases, 
the power-supply and common-mode rejection ratios 
decrease and distortion increases. Response in a 
stopband may remain acceptably low if you use only a 
20-dB loop transmission (Figs 4 and 5). Be sure to 
measure your filter's behavior at the highest frequen­
cies the circuit may encounter. Fast transients will 
often pass through passive components to the output 
before the op amp has a chance to respond. 

A multiple-feedback bandpass circuit requires a large 
gain. Even with a moderate Q of 5, the circuit's peak 
gain is 50. This high gain suggests the need for an op 
amp that has a gain of at least 500 to 2500 at the filter's 
peak frequency. An open-loop gain of 600 actually low­
ers the peak frequency by 1 % and raises Q the same 
amount. 

In this bandpass circuit, always try to use capacitors 
and resistors with a much lower impedance than the 
amplifier's equivalent input components. If you use 
high-value resistors , check how high the op amp's cur­
rent noise is. Also, be sure that the resistances don't 
combine with the op amp's input capacitance to form 

poles in the frequency range of interest. The passive 
components' values only need to be high enough to 
prevent loading down the op amp's output. Dedicated, 
continuous-time active-filter ICs are available that in­
clude very accurate capacitors. These ICs are moder­
ately expensive but are useful in low-frequency, high-Q 
circuits. 

Discrete-time systems use only samples of the input, 
and the rate at which they can obtain accurate samples 
severely limits their speed in real-time systems. The 
switched-capacitor filter is one example of a discrete­
time system. Another example is digital signal process­
ing, wherein digital computations produce a filter re­
sponse. Both filter types produce accurate and stable 
frequency responses (largely determim~d by clock fre­
quency), and both will tune over a wide frequency 
range under clock control. 

In discrete-time systems, the clock must have a sta­
ble frequency and low jitter. A crystal clock may be 
necessary to maintain accuracy. The sampling clock 
rate must exceed the input bandwidth, and the filter 
must remove any aliased frequency components. Meet­
ing these conditions is relatively easy for high-order 
filters and filters whose system clock rate is many 
times the cut-off frequency. 

Although you should use the z transform to repre­
sent sampled systems, you can often model sampled 
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Fig 5---You'll also run into op-amp problems in highpassfilters. The gain exceeds 1 at 7 kHz but remains within 0.1 dB of ideal at frequencies 
as high as 170 kHz. The phase should remain between -180 and -360°. 
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Digital signal processing has few limits; it 
can produce filters with no phase error 
and works with repetitive signals of any 
frequency. 

systems as continuous-time systems. This modeling is 
a good approximation as long as the system's sampling 
rate is high compared with the input bandwidth. How­
ever, the continuous-system approximation will begin 
to break down for high input frequencies. 

Switched-capacitor filters can use extremely small 
capacitors because the filters sample the input. They 
also typically operate at clock rates 50 or 100 times 
the corner frequency. Switched-capacitor filter ICs in­
clude several complete integrators on the die. These 
integrators form the basis of stable, high-Q filter cir­
cuits. The integrators can replace second-order stages 
that would require three op amps. The internal capaci­
tors on the ICs also eliminate the worst component­
tolerance and drift problems. Most chips are at least 
fourth-order (four integrators), and eighth-order chips 
are not uncommon. 

General-purpose switched-capacitor ICs let you com­
plete a filter desigr1 with precision resistors that deter­
mine filter characteristics. Some filter ICs are pro­
grammable-either digitally or by pin strapping. Other 
ICs are preconfigured and are available in 8-pin DIPs. 
Switched-capacitor filters introduce sampling and 
clock-feedthrough problems. They are noisier and in­
troduce more harmonic signal distortion than continu­
ous-time active filters, and some have de offsets ex­
ceeding 100 m V. Their high noise level makes 
switched-capacitor filters fairly poor filters unless they 
are followed by lowpass or bandpass filters. 

Moving up in performance 
Digital signal processing (DSP) requires an AID con­

verter and a computer, so the resulting design is al­
ways somewhat bulky. Digitization limits DSP's dy­
namic range to less than 6 dB per ADC bit. Custom 
filters require programming-an expensive factor . 
However, DSP can produce filters with orders in the 
hundreds. Unlike other design techniques, DSP can 
store the signal and process it offline. In such applica­
tions, DSP has few limits; it can produce filters with 
no phase error and works with repetitive signals of 
any frequency. 

A DSP system can change filter parameters continu­
ously based on power, frequency content, or other in­
put characteristics. Conventional filters implemented 
with DSP are practical even at very high orders, and 
linear-phase filters are common. Since the input signal 
need no longer be a function of time, DSP cut-off fre-
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quencies can be as low as zero. DSP can run any filter 
both forwards and backwards in time, thus canceling 
the filter's normal phase errors. DSP can also handle 
signals that exist in several dimensions. 

The front end of a DSP system must digitize an 
analog input. This operation introduces both sampling­
rate problems and digitizing errors. Computations add 
even more error, especially if they use recursive algo­
rithms. If the input is periodic and output delay is 
permissible, sampling successive cycles of the input 
can yield equivalent sampling rates in the gigahertz 
range. However, to process an audio input, you'll need 
a real-time system that has a wide dynamic range. 

A 100-kHz AID converter can sample signals as high 
as 35 kHz. This process requires two analog filters 
with steep skirts-one to prevent input aliasing and 
one to smooth the output. These filters will introduce 
severe phase distortion that the digital filter cannot 
fully correct. An easy fix for this problem is to specify 
a lower-frequency cutoff-the lower frequency will re­
lax the filter requirements. Alternatively, the DSP 
system can interpolate extra data points. This choice 
requires more DSP time and a faster DAC, but also 
relaxes filter requirements. In addition, DIA convert­
ers are faster and cheaper than AID converters. EDN 
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A PERSPECTIVE ON ANALOG SYSTEM DESIGN 

Advanced Linear extends the 
boundaries of system performance. 
Innovative analog circuits from Texas Instruments add a new edge to 
Digital Equipment's proven market winners. They can do the same for you. 

~goal Digital Equipment 1 ~~rporation set was clear: 
Strengthen its position as the lead­
ing supplier of Ethernet-based local 
area network products. Achieving 
the goal has been spurred by the 
use of Advanced Linear circuits 
from Texas Instruments. 

These leadership ICs meet 
growing industry demand for linear 
circuits that can improve overall 
system performance and reliability, 
reduce costs and speed design 
cycles. 

These were precisely the advan­
tages Digital's designers needed. 

Expertise and teamwork 
carry the day 
For many years, Digita l has used a 
wide variety of T I linear circuits -
from op amps to mixed-signal 
devices - and va lues our analog 
viewpoint toward system design. 

As Digital defined the require­
ments to meet its market goal, the 
decades-long relationship entered a 
new era of even more intense 
cooperation. With Digital hand ling 
system-level design and Tl applying 
its linear expertise, the two teams 
fu lly uti lized our LinASIC'" design 
methodology to create a series of 
mixed-signal Ethercell "'functions. 
They are the basis for the advanced 
linear devices Digita l requires. 

The design flow was aided by our 

Boston-area Regional Technology 
Center that provides access to 
LinASIC development tools and 
by the extensive use of EDIF to 
exchange infonnation. 

Enhancing Digital's 
competitive edge 
To date, close teamwork has 
produced components that can 
enhance Digital's ability to respond 
qu ickly to market demands for 
feature-rich but lower cost Ethernet 
and communications products: 
• A dual driver and dual receiver 

IC that minimizes the number of 
components required for the 
Attachment Unit Interface 
(AU!) function in an Ethernet 
network. 



IN THE ERA O F ME G A C H!P '" T EC HN O L OG I ES 

rece iver 
created to solve system­

level cross-talk noise problems in 
RS-232 , -485 and -423 applica­
tions. This fu ll-custom device, 
fabricated in Tl's Advanced 
LinC MOS"' process, is designed 
to meet EIA and CCITT specs. 

• A device that wi ll be a complete 
AU i mu ltiport concentrator on a 
chip. Fabricated in our 
LinBiC MOS'" process, it will 
replace a 6- inch by 12-inch c ir­
cuit board that incorporates nine 
discrete ports, log ic devices and 
analog c ircuitry. The new device 
will tie any combination of as 
many as eight units into Ethernet. 

"Utilizing Tl's LinASIC mixed,signal design methodology 
allows us to design cost,effective solutions with aggressive 
time,to,market goals." 

• A single-channel lOBASE-T 
twisted pair interface chip that 
includes internal precompensa­
tion and full duplex operation . 
Also fabricated in our 
LinBiCMOS process, this IC cuts 
component count and improves 
data transmission. 
The Etherce ll devices developed 

by Digital and Tl will be incor­
porated into our ex isting LinAS!C 
ce ll library. 

Extensive mixed,signal 
capabilities 
As Digital recognizes, few in the 
industry can match our experi ence 
in analog design and digital des ign. 
This expertise enables us to effec­
tive ly combine high-performance 

- Nick llyadis, Produc t Engineer 
Telecommunications and Networks Group 

Digital Equipment Corporation 

analog functions with leadersh ip 
digital functions. The resulting 
mixed-signal devices typify our 
capabilities to design and develop 
the Advanced Linear c ircuits our 
customers need. 

Let us help you meet 
your challenge 
We are ready to provide in fo nna­
tion and assistance, as well as 
access to the hardware and soft­
ware development tools you need, 
to help extend the boundari es of 
your system perfom1ance. 

O ur service c ircles the globe, 
and our worldwide manufact uring 
capabili ty can support your produc­
tion schedu les wherever you are. 



A PE R SPEC TIV E O N A NAL OG S Y S TEM DE S I G N 

Tl's analog viewpoint: From e_rocess 
technologies come Advanced Linear ICs. 
Tl's LinASIC mixed,signal methodology -

A cell -based design methodology allowing the combination of high-perfor­
mance analog and digital functions on the same chip. This mixed-signal 
capability is used for many of our catalog products and for custom/semicustom 
solutions. It is supported by large cell libraries, design-automation tools and 
these TI Advanced Linear wafer process technologies: 

LinBiCMOS - Combines Advanced 
LinCMOS, digital ASIC C MOS and up 
to 30-V bipolar technologies to allow the 
integration of digital and analog standard 
cells and handcrafted analog components 
on a monolithic chip. 

LinEPIC'" - O ne-micron CMOS 
double- level metal, double- level 
polysilicon technology that adds highly 
integrated, high-speed analog to the high­
perfonnance digital EPIC "' process. 

Advanced LinCMOS -An N-well , 
silicon-ga te, double-level polys ilicon 
process fea turing improved resistor and 
capacitor structures and hav ing three­
micron minimum feature sizes. 

Power BIDFET '" - Merges standard 
linear bipolar, CMOS and DMOS pro­
cesses and allows integration of d igital 
control circuit ry and high-power outputs 
on one chip. Primarily used fo r c ircuits 
handling more than 100 Vat currents up 
to 10 A. 

Multi-EPI Bipolar - A very cost­
effective technology that utili zes mul tiple 
epitaxial layers instead of mult iple dif­
fusion steps to reduce mask steps by more 
than 30%. Used to produce inte lligent 
power devices that can handle loads as 
high as 20 A and voltages in excess 
of 100 V. 

Excalibur -A true, single- level poly, 
single- level metal, junction-isolated, com­
plementary bipolar process developed for 
high-speed, high-precision analog circui ts 
prov iding stable op amp perfonnance. 

For more information on our 
Advanced Linear process tech­
nologies and the products they are 
producing, call 1-800-336-5 236, 
ext. 3425 . 

,,.. Trndcmark ofT t::Xa \ l mtrumclll ~ lncorpo r,ncd 
© 199 1 T l 08-1009 

Tl's LinASIC methodology 
and Advanced Linear process 
technologies are enhancing 
these product families 

Data Transmission - This family 
meets the needs of most industry­
standard interfaces (EIA, IEEE, 
ANSI) and ranges from drivers/ 
receivers/transceivers to full y 
integrated controller/transceivers. 

Data Acquisition - The fa mily 
ranges from stand-alone A/Os and 
D/As to complete data conversion 
subsystems on a chip; from genera l­
purpose functions to highly inte­
grated digital signal processor and 
graphics signal processor analog in­
terface circuits. O ther specialized 
family members include telecom and 
speech synthesis functions. 

Intelligent Power - These 
devices combine high-voltage and/or 
high-current switches with the 
analog and digita l circuitry required 
to perform interface, control, protec­
tion and diagnostic functions in 
microcontroller-based systems. 

Operational Amplifiers - A 
family of op amps and comparators 
ranging from standard bipolar to 
leadership high -performance C MOS 
and Excali bur complementary­
bipolar devices, mee ting needs rang­
ing from low power and/or low noise 
to high speed and/or high prec ision. 

Custom/semicustom Functions -
In modifying existing products to fit 
your needs or in defining your own 
unique functions, our LinASIC 
methodology allows access to exist­
ing analog cells used in the develop­
ment of our catalog products and 
compatibility with our digita l cell 
libra ries. 

TEXAS .,, 
INSTRUMENTS 
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ONLY 
RALTRON 
HASIT 
ALL. 

THE 
PRODUCTS 
RALTRON manufactures 
one of the industrys most 
complete product lines 
of high quality crystal 
units, oscillators, filters 
and ceramic resonators. 

THE 
PRICES 
Because our product 
line is so complete, our 
inventory so large, and 
our nationwide distribu­
tion system so stream­
lined, RALTRON can 
offer pricing that is 
always competitive, 
and often far lower than 
the competition. 

THE 
PEOPLE 
We've got some of the 
best people in the busi­
ness - from technical 
support and sales to 
customer service and 
shipping. You can count 
on RALTRON people to 
come through for you on 
time, every time. 
Call us today with your 
requirements orfor 
our 28 page product 
catalogue. 

CIRCLE NO. 68 

SURFACE MOUNT CRYSTAL 
UNITS HC-45/U SMO, 
TT SMO, HC·49S SMD 

• Frequency Range: 
3.5 MHz-360 MHz 

• Mode of Oscillation: 
Fundamental to 9th O.T 

• Frequency Tolerance: @25°C: 
± 2.5 ppm to ± 100 ppm 

• Frequency Stability: 
± 3 ppm ( - 10°c to + 60°C) to 
± 100 ppm ( - 10°C to + 70°C) 

WORLD'S SMALLEST 
OCXO, ROXO 210A 

• Frequency Range: 
1.0 MHz to 20.0 MHz 

• Temperature Stability: 
±2x10- 1 (-20°Cto +65°C) 

• Long Term Stability: 
±2x10 - 7 peryear 

• Phase Noise: 
- 145 d be ( 10 KHz ottset) 

• Power consumption 
(stabilized): 2.0W 

• Size: 
35.3 x 27 x 25.4 mm 
(1.40" x 1.06" x 1.0") 

SMALLEST VCXO WITH 
HIGH SENSITIVITY 
VC-7025 

• Frequency Range: 
2 MHz to 35 MHz 

• Frequency Stability: 
± 25 ppm (0 to 70°C) 

• Deviation Sensitivity: 
± 50 ppm/V typ. 
(upto ±70ppm/V) 

• Size: 
14 pin DIP package 

CRYSTAL UNITS 
Microprocessor c rystal units 
Microprocessor crystal units 

HC-49 short (AT strip) 
Microprocessor crystal units 

surface mount -
"TI-SMD" family 

AT strip crystal units -
cylindrical package 

Tuning fork quartz crystal units 
32.768KHz 

High accuracy c rystal units 

OSCILLATORS 
Clock oscillators 

TIL compatible 
Clock oscillators 

HCMOS compatible 
Clock oscillators 

surface mount 
Clock oscillators 

enable/disable 
Clock oscillators 

dual output 
Clock oscillators 

ECL compatible 
Temperature compensated 

crystal oscillators - TCXO 
Oven controlled crystal 

oscillators - OCXO 
Voltage controlled crystal 

oscillators - VCXO 

FILTERS 
Monolithic crystal filters 

CERAMIC 
RESONATORS 
Ceramic resonators -

200 to 800 KHz 
Ceramic resonators -

2.000 to 6.000 MHz 

RALTRON 
ELECTRONICS 
CORP. 
2315 NW 107th Avenue 
Miami, Florida 33172 
FAX(305)594-3973 
TELEX 441588 RALSENUI 

(305) 593-6033 

Only RALTRON has it all. 
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IN THE TIME ITTAIES 
COULD ROUTE THEW~ 

Believe it or not, it only takes 
about 150 seconds to place and route 
a Xilinx FPGA 

Chances are: it'll take you longer 
to read this ad. 

THE FIRST AND STILL 
THE FASTEST. 

At Xilinx we invented the FPGA 
And we've led the industry ever since. 

With the fastest, highest per­
formance FPGAs available anywhere. 

Today, we offer system clock 
speeds of 60 MHz. 

We're also the first program­
mable logic company to offer you 
on-board RAM. 

Making our newest FPGAs ideal 
for everything fromFIFOs to register 
stacks. 

What's more, we're the only pro­
grammable logic company that pro­
vides you with on-chip wide decode. 

And that's just the beginning. 
Because as formidable as our 

hardware may seem, it's only half 
the story. 

60 SYSTEM CLOCK SPEEDS 

50 • 3000 Family 
• 4000 Family 

40 

~ 30 

20 

10 

16 Bit 16 Bit Adder/ Critical Path Circuit 
Counter Subtractor AT&N Sept. 90 

As measured by typical design benchmarks, 
the XC3000 family is the irul:ustry'sfastest 
FPGA. Or at least it was until we introduced 
the 4000 family 

NEW ENHANCED SOF1WARE 
PROVIDES PUSH BUTI'ON 

SOLUTION. 
Device speed alone doesn't 

determine the fastest, highest­
performance logic device. 

When you're designing, the 
clock on the wall is every bit as 

Our new push-buUon software makes programming other logic devices seem 
positively tedious. 

important as the clock speed of 
the chip. 

So to make Xilinx FPGAs even 
faster and easier to program, we've 
redesigned our software. 

This is no mere upgrade. It's 
a major rewrite. 

Our new version of XACT now 
comes with 200 soft macros. And fifty 
hard macros. 

Providing automatic placing 
and routing for virtually all designs. 

With greater than 90% gate 
utilization. 

If you've worked with Xilinx 
FPGAs before, you'll see improve­
ments even before you start to place 
and route your design. 

If you've never worked with 
Xilinx FPGAs before, you'll find every 
other logic device to be positively 
tedious by comparison. 

WHEN IT COMES TO 
SYSTEM TESTING, WE PASS 

WITH FIXING COW RS. 
Our newest FPGAs offer you yet 

another competitiv advantage 
that's exclusive to Xilinx. 

©1991 Xilim:, lnc. 2100 LogU; Drive, San Jose, CA 95124. Europe, 44 (932) 349401. Japan, 81 (3)297-9191. Asia, 852 (3) 721-0900. Xiliiu is a trademark and The 
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TO READ THIS AD JOU 
RLD'S FASTEST F GA. 

The industry's first on-chip 
JTAG boundary scan for easy testing 
of PC boards and device I/Os. 

This unique Xilinx offering 
improves overall system testability 
and dramatically 
reduces board test 
costs. It's a major 
boost for those 
designing high­
density; surface 
mount systems or 
complex, multi­
layer PC boards. 

We told you we'd save you time 
and money. 

IF AT FffiST YOU DON'T SUCCEED, 
rrs EASY TO TRY AGAIN. 

AB you well 
know, when 
you're designing 
a system, 
changes keep 
coming fast and 
furious. 

Which is 
why Xilinx 
FPGABare 

designed to be reprogrammed 
quickly an unlimited number of 
times. 

And not only do our FPGAB save 
you an enormous amount of time 
early on, they also save you time 
later when you need to make those 
"last minute" enhancements. 

It's one more way we make it 
easier for you to get your product to 
market as fast as possible. First time. 
Every time. 

ELAPSED TIME FOR 100% ROUTING 

• 3000 Family 

40 
• 4000 Family 

10 

1000 2000 

USABLE GATES 

New algorithms hmJe reduced pince and 
route times by afactor offour: 

GETTING AN EDGE OVER 
YOUR COMPETITORS IS JUST 

A PHONE CALL AWAY. 
If you've read this far, you could 

have already placed and routed one 
of our FPGAB. 

So don't delay. No other pro­
grammable logic company can offer 
you the many exclusive features of 
Xilinx FPGAB. 

Call 1-800-255-7778. Or in 
California, 408-559-7778. And we'll 
send you more information on 
how our FPGAB can give you the 
competitive edge. 

But you'd better hurry. 
Some of your competitors have 

already finished reading this ad. 

~XILINX 
The Programmable Gate Array 

Company.sM 

Programmable Gate Array Company is a service mark of Xilinx, Inc. All other trademarks or registered trademarks are the property of their respective holders. 
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Design Feature 

Determine PLD 
metastability to 

derive ample MTBFs 
As system speeds increase and more systems 
use asynchronous input sources) metastabil­
ity becomes increasingly important. Because 
you can)t eliminate metastability) you have 
to determine an appropriate MTBF for 
metastability-induced failures and use de­
sign techniques that limit the extent of these 
failures. 

Sean Dingman, Cypress Semiconductor 

Determining the metastability characteristics of logic 
devices, particularly PLDs, is an ongoing challenge. 
Because there is no standard metastability test 
method, manufacturers do not provide metastability 
specs on data sheets. You can use the procedures that 
follow, however, to measure the metastability charac­
teristics of actual PLDs and calculate the additional 
resolution time you must factor into your designs' time 
budgets to achieve acceptable metastability MTBFs. 
Beyond using equations and implementing procedures, 
you can also build and equip a metastability test 
fixture . 

Characterizing metastability 
Many authors have reported experimenting on cir­

cuits to predict the likelihood of metastability for de­
vices. Their testing theories and apparatus fall into 
three classifications: 
1. Intermediate voltage sensors: Two voltage- compara-
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tors are used to determine if the output voltage of a 
register lies between two -given voltages {Fig la). 
2. Output proximity sensor: The sensor determines 
whether the Q and Q# outputs have voltages that are 
about the same (indicating that the device was meta­
stable) (Fig lb). 

a 

(a) 

a 

0# 

(b) 

ASYNC 
INPUT 

CLOCK 

(c) 

LOW THRESHOLD 

DELAY 

~ETASTABLE 
~ EVENT 

~ETASTABLE 
~ EVENT 

Fig 1-0f the three methods commonly proposed for metastability 
testing, you cannot use the intermediate voltage sensor (a) or the 
output 'fYl'OXimity sensor (b) with PLDs because of the internal cir­
cuitry that comes between their inpid registers and their outputs. 
However, you can create a late-transition sensor (c) within the PLD 
itself. 
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Because there isn)t a standard metastability 
test method for PLDs~ vendors do not pro­
vide this information on data sheets. 

3. Late-transition sensor: If the sensor is separated 
from the metastable signal by one or more gates, as 
in a PLD, the metastable signal itself may not be de­
tected; the test circuitry must infer the occurrence of 
metastability by some other means. Using a late­
transition sensor, the sample input is detected at a 
time tl, and then at a later time t2. If these two signals 
disagree, the device under test was metastable at time 
t1 (Fig le). 

Test circuit for PLDs 
The only practical test for PLDs uses late-transition 

detection. F ig 2a shows a metastability test circuit 
that you can implement within sample PLDs. This cir­
cuit allows a PLD to, effectively, test itself. 

A state diagram, Fig 2b, shows how the circuit 
works. During normal operation, the states of the two 
flip-flops transition between Sl and 82, depending on 
the state of the synchronizer, and the exclusive-OR of 
these outputs produces a logical-high output from the 
device. The high indicates either that metastability 
has not occurred or, if it did occur, that it was resolved 
before the next clock cycle. 

If a metastable event cannot resolve itself before 
the next clock cycle, the state machine moves to state 
83 or 84, indicating that unresolved metastability has 
occurred. In this case, the state flip-flops have inter-

ASYNC 

CLOCK 

(a) 

(b) 

SYNCHRONIZER STATE REGISTERS 

NORMAL OPERATION NO ERROR 

SYNCH=O, F11F2=01 

SYNCH=X, F1 /F2=11 

SYNCH=X, F1 /F2=11 

SYNCH=1 , F1 /F1=10 

SYNCH=O, F1 /F2=01 

SYNCH=X, F1 /F2=00 

SYNCH=1, F1 /F1 =10 

NORMAL OPERATION NO ERROR 

F1 

F2 

preted the signal from the synchronization register dif­
ferently, and the exclusive-OR of this signal produces 
a logical low at the output of the device. 

Although this test setup catches all failures, it does 
not record metastable events that resolve themselves 
before the next clock cycle. The fact that a given flip­
flop went metastable is meaningless by itself. What 
you need to know is how often metastability creates 
an error in the system. Metastability only causes an 
error when it is not resolved by the time the signal is 
needed by the user. 

The test circuit also includes the ability to check the 
maximum operating frequency of the device under test 
(Fig 2c) . At each clock edge, the output of the first 
register toggles. When the device reaches its maximum 
operating frequency, the PLD array cannot resolve 
the changing signal fast enough to produce a valid 
output. At this speed, one register may resolve the 
signal correctly and one may not, or both may produce 
invalid signal resolutions. In any case, when the exclu­
sive-OR of the state (Tl/T2) of the two maximum­
frequency testing registers results in anything other 
than a logical high, the maximum operating frequency 
of the part has been exceeded. 

The setup for testing metastability consists of the 
equipment in Fig 2d. You will need a fixture (see box, 
"Physical characteristics of the test board"); a stop-

Vee 
0 

RESET 

(d) 

MAXIMUM 
FREQUENCY 

TESTING 

EVENT 
COUNTING 

E3 E3 E3 E3 
METASTABILITY 
EVENT DISPLAY 

ERROR# 

FAIL# 

Fig 2-Tltese diagrams illustrate the basic elements of a test fixture. Circuit (a) shows the iinplementatiou of a late-transition 111etastability 
detector with in a PLD, whereas (b) shows its state diagram. Also shown is a 111a:x:iinnm-operating-j1·equency test circuit (c) and a block 
diagra111 ( d) of the entire ffa·tnre . . 
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Physical characteristics of the test board 
Cypress uses a 4-layer pc board 
with two signal planes, a ground 
plane, and a power plane to per­
form the metastability measure­
ments. A complete schematic of 
the test board is shown in Fig A. 
The device under test (DUT) is 
decoupled with a 0.01-µF and a 
100-pF capacitor. The test circuit 
is designed to fit all industry­
standard and Cypress proprie­
tary PLDs. The socket lets you 
use pins 1, 2, and 4 of the DUT 
as clock pins. Pin 3 is the asyn­
chronous input to the device. The 
ERROR# condition is located on 
pin 26 (of a 28-pin device) and the 
FAIL# condition is on pin 20. 
Two additional outputs, Fl and 

ERROR# BNC2 

• x 
74AS04 

FAIL# BNC2 
74AS04 

.r---c~xic:: 

F2, are used to monitor the state 
of the metastability test-circuit 
flip-flops. 

All inputs and outputs connect 
with BNC connectors located 
around the board. The clock line, 
which is terminated with a 500 
resistor to match the coaxial in­
put impedance, is buffered with 
a 74AS04 inverter and isolated 
from other signals by a ground 
trace. The input line is also termi­
nated with a 500 resistor and 
buffered with a 74AS04. Four 
PLDs drive a 4-digit LED display 
that counts metastability occur­
rences. 

The ERROR# signal transi­
tions low following a metastable 

event, and automatically transi­
tions high again at the next sys­
tem clock. This low-to-high pulse 
provides a clock signal to the in­
put of the first of the display­
driver PLDs, which in turn incre­
ments the display of metastable 
events. When a digit reaches 9, 
a cascade signal to the next 
higher digit is generated at the 
next occurrence of metastability. 
You can obtain a JEDEC map of 
the programming of these 16R8-
25 PLDs from the Cypress Appli­
cations Bulletin Board ((408) 943-
2954). You'll need to use 20- or 
25-nsec PLDs to count reliably at 
high clock rates such as those 
used in the previous examples. 

n PAL16R8 ,----.., 
~ CK Vee t- l l PAL16R8 

HI 0 1--+-++--l~ l G;i1J r- Vee CK I-
r- H I 0 t-l=JI l t- 0 I t--t-1 

H I 0 ~ L-+++--10 I !-+-" 
H I O t-t- F1 G1 A1 B1 CC1 CC2 F2 A2 B2 O I t-+-

H I 0 I-+- LED7SEG _d +- 0 I ~ 
H I 0 t-+--+-...... 1 1....+I-+-+-+-1 0 I t-t-+ H E1 D1 C1 DP1 E2 D2 G2 C2 DP2 fil o I t-t1 

74AS04 ~ l 10~ t-~[l L::J T J I l L I lJIJ t-- g : ~ 
.:><. ...... 1 ~ t=:J_ss, ·0.01 •• F -' ~E Vss rt-; 
"~~ .... '----+->--< .......... •-+-t-~1-'-~-....t:'.!-+-+.-------------· I I IL0.01 µF 

I\ 

ANSYC_IN 74AS04 
BNC K-j lro r v-

BANANA 
Vee 

BANANA 

.--- DUT ~ PAL16R8 r===:J. '---+---~ 

ltj 2BPSKT H~ t- CK cc 1-4 1 l u PAL16R8 " ,. ~ : g o-t---+-+-Pl++--+--~l 1 ~ ~cc c~ H ~ 
~H ~Hr +-- I 0 t-- 1-J F1 G1 A1 B1 CC1 CC2 F2 A2 B2 O I 
.___, ,. t-- I 0 t-- LED7SEG 0 I t-t-; 
H ~ := : g I-- l E1 D1 C1 DP1 E2 D2G2C2 DP2 _cj'-1 g : ~ 

14 0.01 µF 15 ;:= : g I-- j j I 1 1 T _ill g : ~ 
~ ~,____--+... +-- Vss IOE J & r.H 0 I t-t-; 

100 pF L__JL 0.01 µF IOE Vss t-f-. 
f---H-1---+_. I t · 1 \ 4 t---ff O 01 µF 

RESET 

GROUND• ~74AS04 
F1 BNC • 

74AS04 
F2 BNC • t--------~ 

~ 1 Ok 7 4AS04 7 4AS04 

t--o-u---1~t------1 
PBS 5 10µF 

x,, ~>(.,0------' 

Fig A-This test-fixture circuit is constmcted on a 4-layer board with separate grn11nd and power planes .fcir high-s7ieed pe1fur111auce. 
JEDEC maps for programming the 16R8-25 display-driver PLDs are available fi·o111 the Cypress Applicati01rn 811lleti11 Board. 
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In addition to being able to provide good 
metastability characteristics) PLDs offer 
greater versatility than flip-flops or latches. 

watch; some programmed PLDs to test; pulse genera­
tors to simulate the clock signal, fc, and the asynchro­
nous data signal, fc1; a frequency counter; an oscillo­
scope; and a logic analyzer. The results discussed in 
this article were obtained using two independent pulse 
generators (Hewlett-Packard 8082As), a Tektronix 
DAS9200 logic analyzer, and a Tek 2465 CTS digital 
oscilloscope with an internal frequency counter. 

When the metastable event rate is low, you can use 
the stopwatch and the readouts on the test fixture to 
determine MTBF. When the event rate is high, connect 
the FAIL# output of the fixture to the logic analyzer 
and measure the event rate. 

device-specific parameters, W and t"w' that will enable 
you to calculate t .., the resolution time you must use 
in your designs to limit metastability MTBF to an ac­
ceptable value. The W parameter represents a bounded 
time interval of the clock edge within which a simulta­
neous transition of the clock and data will cause a 
metastable event. The t,w parameter represents the 
settling time of a metastable flip-flop. In a graphical 
presentation such as that in Fig 3, t .w is 1/slope of the 
line that plots tr vs ln(MTBF). Start the test on samples 
of a particular PLD by creating the equations used to 
program the devices. Listing 1 shows the equations 
for 22V10s. 

The purpose of the test is to determine two constant, After programming the devices, test each part for 
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Metastability basics 
Metastability is a phenomenon in 
which the outputs of a flip-flop 
are undefined or oscillate be­
tween high and low states for an 
indefinite amount of time due to 
marginal triggering. That is, 
metastability results when data 
inputs to a flip-flop violate the 
specified setup and hold times 
with respect to the clock. 

In a D flip-flop, the amount of 
time the data must be stable be­
fore the clock edge arrives is 
known as the setup time (t,), and 

Is> ----..i 
1s(min) I 

I 
I 

CLOCK I 

OUTPUT 
/

I: 

----

the amount of time this data must 
remain stable after the clock edge 
occurs is known as the hold time 
(th). The data must satisfy both 
the setup and hold times to en­
sure that the storage device 
(register, flip-flop, latch) stores 
valid data and that the outputs 
present valid data after a maxi­
mum specified clock-to-output de­
lay, tc0 (max). As used here, 
tc0(max) refers to the total time 
from the rising edge of the clock 
to the time the data is valid on 

t.< -i 
t s(min) I 

I 

SETUP 
VIOLATION .....___,____..... 

- tco> 
I t co(min) 

\_}: 

Fig A-This diagram shows the triggering modes in a simple flip-fl.op. If the setup 
and hold times are violated, the output will be rnetastable for a time that is not predict­
able. In any systern that is not globally synchronous, such violations are inevitable. 

the outputs. In most cases, 
tc0(max) is equal to the maximum 
tc0 specified in data sheets. 

If the data violates either t , or 
t h, the flip-flop output may go to 
an anomalous state for a time 
greater than tc0(max) (Fig A). It 
may take the outputs anywhere 
from a few hundred picoseconds 
to tens of microseconds to reach 
a valid output level. The amount 
of additional time, beyond 
tc0(max), required for the outputs 
to reach a valid logic level is 
known as the metastable walkout 
time. Although this walkout time 
is statistically predictable, you 
cannot determine its exact dura­
tion. 

Implications of metastability 
Systems with separate entities 

running at different clock rates 
are called globally asynchronous. 
These entities may include such 
things as keyboards, communi­
cations devices, disk drives, and 
processors. 

Metastability can occur be­
tween two concurrently operat­
ing digital systems that lack a 
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common time reference. For ex­
ample, in a multiprocessing sys­
tem it is possible that a request 
for data from one system may oc­
cur at nearly the exact moment 
that this signal is sampled by an­
other part of the system. In this 
case the request, if it does not 
obey the setup and hold times of 
the requested system, may be un­
defined. 

When globally asynchronous 
systems communicate with each 
other, their signals must be syn­
chronized. Arbitration must oc­
cur when two or more requests 
for a shared resource are received 
from asynchronous systems. An 
arbiter decides which of two 
events are serviced first. A syn­
chronizer, a type of arbiter with 
a clock as one of the arbitrated 
signals, must make its decision 
within a fixed amount of time. A 
device may synchronize an input 
signal from an external, asyn­
chronous device in cases such as 
a keyboard input, an external in­
terrupt, or a communications re­
quest. 

You can use two methods to 
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produce locally synchronous sys­
tems from globally asynchronous 
systems. The first involves pro­
ducing self-timed systems. In a 
self-timed system, the entity that 
performs a task also emits a sig­
nal that indicates completion of 
the task. This handshaking signal 
allows another component to use 
the results when they are ready 
instead of having to wait for the 
worst-case delay. 

The advantage of the self­
timed method of synchronization 
is that machines are able to run 
at their average speed instead of 
at their worst-case sp~ed. The 
disadvantage is that a self-timed 
system must have extra circuitry 
to compute its own completion 
signals and check for the comple­
tion of tasks it may have assigned 
to external entities. 

Petri Nets, data-flow ma­
chines, and self-timed modules all 
use the self-timed method of 
communication among locally 
synchronous systems. Self-timed 
structures, however, do not com­
pletely eliminate metastability 
because some may include arbi-

Fig 3-Using this semilog plot, you can 
quickly determine the resolve time ( t,) needed 
in your system to achieve a given MTBF. 

ters that can become metastable. 
The second, and more common, 

method of producing locally syn­
chronous systems from globally 
asynchronous systems is to use a 
simple synchronizer. Because 
most globally asynchronous sys­
tems use synchronizers, you must 
limit the extent of the metastabil­
ity events that may arise from 
these systems. 

The easiest-and the most 
widely used-solution for limiting 
the extent of such events is to 
give the synchronizing circuit 
enough time to both synchronize 
the signal and to resolve any pos­
sible metastable event before 
other parts of the system sample 
the synchronizer's output. This 
solution requires knowledge of · 
the metastable characteristics of 
the device performing the syn­
chronization and an analysis like 
the discussion of the examples in 
the main text. 
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To properly sample the data signal) the clock 
frequency for a test fixture must be greater 
than twice the data frequency. 

its maximum operating frequency, fmax· That is, attach 
the FAIL# output of the test fixture to one channel 
of the oscilloscope and watch for the clock frequency 
at which the device starts to malfunction (the FAIL# 
scope trace becomes unstable). Note that manufactur­
ers are conservative in assigning specifications; the 
value of fmax will be higher than the value in the data 
book. At clock rates beyond fmaxi the PLD won't work 
reliably. At fmaxi the PLD will operate, but you will 
not be able to allow any additional time for metastable 
events to resolve themselves. 

Now that you have an upper bound for the clock 
frequency, you need a lower bound for these metasta­
bility measurements. The clock frequency that results 
in one metastable event per minute is appropriate. 
Reduce the clock frequency from fmax until the average 
time between metastable events is one minute and 
call this clock frequency f1min-

Between fmax and f1min• you must select a frequency 
constant, fcfc1· The selection criterion is that the clock 
frequency must always be greater than twice the aver­
age data frequency. This relationship is necessary be­
cause you cannot effectively sample the data signal if 
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Listing 1- Equations for testing 
22V10-PLD metastability 

C22Vl0; 

{ 
Cypress Scmicooduaor 
Revision: 06/2&'90 

These a.re the cqua.tioDS to perform 
mcc::i.stabiliry testing on the P A.LC!!VtO 

} 

CONFIGURE; 

O.OCK. 
ASYNC_IN(oodc •3), 
RESET(oodc•5), 
TSYNC(oodc • 15), 
Tl(oodc • 17), 
T2(oode • 18), 
FA!L(oode• 16), 
SYNC(oode • 19), 
Ft. 
F2. 
ERROR. 

EQUATIONS: 

/SYNC • 

/Fl 

/F2 

/ERROR 

!TSYNC 

m 

m 
!FAIL • 

( a...ocx: input 00 pin 1} 
{Asynchronous input signal} 
{RESET~) 
{Synchroniz:nioo for Fmax } 
{State node for Fmax} 
{State node for Fm.ax} 
{Fmax indic.:1.tion} 
{Synchroaiz.:ation for Meta tCS{} 
{Stace node for Meta test } 
{State node for Meta test} 
{Mcwublc Event indic:ltioa} 

< sum> ASYNC_IN: 

< oe> 
< .sum > SYNC; 

< oe> 
<sum > /SYNC; 

<oe> 
<sum > /RESET • Fl • fF2 

+ /RESET • /Fl • F2 
+ RESET• ERROR; 

<sum> TSYNC; 

<sum > TSYNC; 

<sum > fl'SYNC; 

<oe> 
<sum > Tl• ,rr: 

- tTl. Tl; 

{Synchronize Asynchronous input} 

{Have two registers bold the} 
{true and inverted sense of} 
{the syu.c.hcooizatioo register } 

(ERROR# goe. low when <he XOR ) 
(of Fl md F2;, fa.be. ERROR#) 
{ilio toggles on RESET) 

{Fm:ix reg toggles oo every clod:: } 

{Have two registers bold the} 
{true and inverted sense of } 
(Fmu<Cg ) 

{FAil.itl goes low when tbc XOR} 
{of n and T2 is false. i.adio.ting } 
{Fmu has been exceeded } 

it transitions more often than once a clock period. For 
the measurements reported in this article, fJc1 = (f1m;n)2

/ 

TI, so that even at fc = f1m;n, fc1 = f/ Il. 
Next, make a series of runs with different values of 

fc, adjusting fc1 accordingly to keep fJc1 equal to the 
selected constant. Effectively, what you are doing is 
varying resolve time t,., which is simply life -1/fmax· 
The slower the clock rate, the more time metastable 
events have to resolve themselves, and the longer t .. 
becomes. For each value of(, (ie, t..), select a reasonable 
time interval and record the number of metastability 
events that register on the test fixture or logic analyzer 
during that period. The period divided by the number 
of events is the MTBF. It is a good idea to measure a 
batch of identical PLDs and average the results in 
order to account for process variations. 

To describe an idealized graph of the metastability 
characteristics of the device under test, you can use 
the expression ln(MTBF) = (t/ t ,w) - ln(fcfc1W). In the 
real world, there will be some scattering of the experi­
mental data points, but you can fit a straight line (on 
semilogarithmic coordinates) by using a linear regres­
sion analysis. The graph in Fig 3 was created using 
Lotus 1-2-3, which incorporates linear regression 
analysis among other statistical functions. 

Forcing the Y intercept (fJ,1W) of the graph of 
ln(MTBF) vs t .. to a constant value, allows you to use 
the equation t,w = (t .. 1 - t .. 2)/(ln(MTBFl) - ln(MTBF2)) to 
calculate the slope of the line. This is the actual value 
of t,"' for the PLDs. With fcfc1 held constant, W is the 
intercept with the MTBF axis, divided by fJc1. 

Table 1 lists the results of the metastability tests 
on Cypress PLDs. It should be possible for users to 
duplicate these results and extend them to PLDs made 
by other manufacturers. Cypress recommends that 
others adopt this procedure as an effective standard 
for metastability testing. The table lists the devices, 
along with the maximum data-book operating fre­
quency, fmax =ll(tcu +tJ, where t co is the clock-to­
feedback delay and t , is the setup time of the output 
register. The experimental results also include the 
metastability equation constants, W and t '"' and the 
metastability resolve time, t,., required for a 10-year 
metastability MTBF. 

You are not limited to a 10-year MTBF. You can 
use this data directly to determine the maximum 
metastability resolve-time (t,.) that you must use in a 
system to yield the degree of reliability you desire. 
For example, to determine the operating parameters 
of the Cypress PALC22V10-20 when used as a synchro-
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TABLE 1-Metastability characteristics 
of some Cypress PLDs 

fmax lsw Ir (nsec) 
Device (M Hz) W (!sec) (nsec) (10-year MTBF) 

PALC11iR8-25 28.5 9.503 0.515 14.68 
PALC20G10-20 41.6 3.73 0.173 4.91 
PALC20RA10-15 33.3 2.86 0.216 5.87 
PALC22V10C-10 90.9 0.00808 0.547 13.0 
PALC22V10B-1 5 50.0 55.76 0.261 8.19 
PALC22V10-20 41 .6 0.125 0.190 4.73 
CY7C330-66 66.6 1.02 0.290 8. 12 
CY7C331-20 31.2 298.0 0.1 84 5.91 
CY7C332-15 47.6 1.55 0.337 9.35 
CY7C344-20 41.6 966.0 0.223 7.55 

nizer, first decide on your desired MTBF. Suppose you 
pick a 10-year (315x106 sec) MTBF, meaning that, 
on the average, you can accept a synchronization fail­
ure once every 10 years. 

-9 . 
From Table 1, t ,w =0.190x10, and WIS 0.125 

x 10-
12

• Assume that the clock, fc, is operating at fmax 
(41.6 MHz in the Cypress Data Book). Also, to ensure 
effective data sampling by the synchronizer, assume 
that the average asynchronous data frequency is, at 
most, half of the clock frequency. 

Recall that frequency f.1i as defined here, represents 
the rate at which the data changes state. During any 
given asynchronous data period, the asynchronous data 
changes state twice: once from a logic-low state to a 
logic-high state and again from a logic-high state to a 
logic-low state. Because any state change may cause 
a metastable event, fc1 must be set to twice the average 
asynchronous data frequency when determining the 
worst-case MTBF. 

From this information, you can calculate the mini­
mum time (t,.) you must allow in your circuit timing 
budget for metastability resolution beyond the mini­
mum operating period of the device. Use the following 
calculations. From 

etrllsw 

MTBF=ffW 
c d 

it is clear that 

t,. = t""(ln(MTBF) + ln(fcfc1W)) 

t,.(sec) = (0.190x10- 9)[ln(315 x 106
) + ln(41.6 x 106 x 41.6 

x IOii x 0.125 x 1012
)] 

t,. = 4. 73 nsec 

Because of the uncertainty in real-system trace de­
lays and clock-generator skew, you would probably 
use 5 nsec instead of 4. 73 nsec for tr- Then, working 
backwards, the maximum operating frequency of the 
synchronizer, fc, in this system would become 

fe = l/(t,. + tcr+ t..) = 1/(10nsec+12 nsec + 5 nsec) = 37.0 MHz 

EDN August 5, 1991 
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Fig 4-Two-stage synchronization improves metastability per­
formance by an order of magnitude. If you also nse the second stage 
for some Boolean operations that are req1iired by the application, 
you may not have to pay a latency penalty for adding the second 
stage. 

Using these new values for t,. and C and substituting 
them in the previous relationship for MTBF, the effec­
tive MTBF becomes 1.57 x lO!'sec = 49. 7 years. 

For another example, consider using a Cypress 
CY7C330-50 as a synchronizer in a system that has 
output registers clocked at a frequency, C of 35. 7 MHz 
and in which the data has an average frequency of 10 
MHz. You can calculate the MTBF for this example 
by first determining the metastable resolution time, 
t,., allowed for synchronization. You can calculate t,. 
with the following equation. 

t,. = life - 1/fmax = 1135. 7 MHz - 1150. 0 MHz= 8 nsec 

With this result, you can calculate the MTBF as before. 
In this case, MTBF = 1.31x109 sec= 41.6 years. 

In this example, the Table 1 values for W and t"''' 
which were measured on a 66-MHz part, were used 
with a 50-MHz device. The experimentally determined 
constants are valid for all speed grades of a particular 
device. To achieve these results, the typical 10-MHz 
test data frequency was doubled to 20 MHz. 

The next example shows how you would use a Cy­
press PALC22V10C-10 as a synchronizer. For a 10-
year MTBF, assuming fc and f.1 are at their maximum 
(from the Cypress Data Book), the required t, is 

t,.(sec) = (0.547 x 10- 9)[ln(315 x 10';) + ln(90.9 x lOi; 
x 90.9 x 10'; x 8.08x10 -

15
)]=13.0 nsec. 

Using this result, the maximum operating frequency 
of the synchronizer would be reduced from 90.9 MHz to 

fc = l/[ ( 1/f max) + t,.J 
= 11[(1190.9MHz)+13.0 nsec] =41.6 MHz 

You can improve MTBF by using a second register 
in series with the first register to perform 2-stage syn­
chronization, as shown in Fig 4. In this arrangement, 
the output of the first synchronization register is fed 
to the input of the second synchronization register. 
Even though you use a second register stage, you often 
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THE SILENT CHALLENGER 
TASCO Electronics, a rcco gni zecl lead e r o f d ig ita l tcc l111o logy 
in Jap an . is introcluc ing a new an cl exceptio na lly s ile nt inte· 
g ratPrl the rmal drive r. for ins ta llatio n in m any OE.\! pro duc ts. 
The am az ing ly quie t (70dB) and unpara llclecl l1ig h s p eecl 
(m aximum 300 L P:\! ). repro duces the fines t g raphic cle ta ils. 
Its compac t an cl m a inte n ance free ca rri age is a g ift any 
clesign eng ineer will b e thrillecl rece iving and put to goocl 
use in a hurry. 

The PE·525 b e ing introduced to tl1e worlcl m arke t is w o rthy 
o f your mos t c ritica l acc la im. Call now fo r m o re info rmation 
about the SILENT CHALLENGER. 

TA SCO PE·52 5 
Higl1 sp eed . 
l1ig l1 resolution 
thermal drive r 

TASCO Electronics Co., Ltd. 
38 Minamiyouchi, Higashibata, Anjyo, JAPAN 

Tel 81 ·566·92·4103 Fax 81·566·92·3108 

don't incur additional latency because you can feed the 
second stage with some Boolean combination of input 
and output signals that you would need to input any­
way. The metastability characteristics listed in Table 
1 apply to asynchronous inputs that are used for combi­
nations of existing inputs and outputs, as well as asyn­
chronous inputs to PLD registers that are used di­
rectly. 

The reason for using a 2-stage synchronizer in a PLD 
is that the probability of a synchronizer's being meta­
stable after the second stage of synchronization is the 
square of the probability that a synchronizer is meta­
stable after the first stage of synchronization. The 
MTBF equation becomes 

[ 

e trltsw ]2 
MTBF= ffW 

c d 

From this result, the equation for t .. becomes 

Using this result for a 2-stage synchronizer in a Cy­
________ C_IR_C_L_E_N_o_. _71-------------l press PALC22V10C, the t .. for a 10-year MTBF is re-
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duced from 13.0 nsec to 

tr(sec) = (0.5)(0 . 547x10 - 9)[1!\~315 x 106) + ln(90.9 x 106 

x90.9x8.08 x 10 )]=7.65 nsec, 

and the maximum fc is increased from 41.6 MHz to 

( = 11[(1/frriaJ + t..] = 1/[(1/90.9 MHz)+ 7.65 nsec] = 53.6 MHz. 

This example shows that if the cycle of latency 
caused by the additional synchronization stage is ac­
ceptable, you can dramatically increase the maximum 
operating frequency of the synchronizer. EDN 

Author's biography 
Sean Dingman is an applications engineer and has been 
with Cypress Semiconductor for two years. His duties in­
clude finding applications for existing products and defining 
the requirements for new products. Sean has a BS in com­
puter engineering from the University of Michigan. 

Article Interest Quotient (Circle One) 
High 491 Medium 492 Low 493 
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Omron optical switches keep an eye on innovation. They work by sight rather 

than touch. Which means they won't wear out like e lectromechanical switches in 

tough applications such as duplicating, fax machines and computer 

peripherals. In fact, our optical switches operate thousands of times faster 

than electromechanical switches . And, they perform reliably for up to twenty years or 

more, exceeding the lifetime of the product itself. 

Omron' s optical switches dramatically improve the reliability of your end product by virtually 

eliminating switch failure. Tuk:e 

switches. There are over 50 

Or ask us about the more than 

components we produce. You 
EDN August 5, 1991 

a closer look at Omron optical 

Om Ron standard types to choose from. 

® 100, 000 different types of control 

WI HIVI THI fUTUH IN CONTROL. can reach us at 1-800-62-0ivfRON. 
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With 10-bit resolution and a speed of 40 
Msps, a low-cost high-speed DIA converter is 

here. The TDC3310. 
Another timely move from the company 

who pioneered the Monolithic Video DIA 
converter. TRW LSI Products, Inc. 

Which means that now, you've got just 
what you need for low-cost video applications. 

Because you know TRW LSI's stan­
dards. We provide more than innovation. We 
provide exactness. Performance specs with 
mins and maxes that you can rely on. 

The TDC3310 requires only a +S Volt 
power supply and has TTL-compatible inputs, 

with a voltage output and a 
control that inverts video 

' levels. It's ideal for recon­

structing both composite 
and component wave­

forms, including NTSC, PAL, SECAM and 
RS-34 3A. And with data decoded and regis­
tered ahead of the current switches, the results 
are outstanding low-glitch characteristics. 

_In essence, you're getting studio video 
quality and performance. At a consumer price. 

Furthermore, the TDC3310 has a low­
cost high-speed ND companion - the 
TMC1175. And add the TMC2242 for half­

band digital filtering - reducing your design 
complexity and cost. 

The TDC3310 is available in a 32-lead 
plastic J-leaded PLCC and 28-pin plastic DIP 
packages, and is 
guaranteed over the 
0°C to 70°C tem­
perature range. 

All with the 
full spec perfor­
mance that is 
synonymous with 
TRW standards. 

Ask for the 
Data Sheet, appli­
cations and other 
information on the 

TDC3310 today. 
From the company 
whose standards 
get even better 
with time. 

TDC3310 differential phase 

TDC3310 differential gain 

Call or write: TRW LSI Products Inc., 
P.O. Box 2472, La Jolla, CA 92038 
(619) 457-1000, FAX (619) 455-6314 
(800) TRW .. LSIP (soo) 879-5747 

TRW LSI Products Inc. 

STANDARDS SET STANDARDS TO BE 
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Take your best shot. 
For emulation, 

analysis or chip sup­
port, we 're the pros 
who'll improve your score. 

We're American Arium, 

68302 

analyzers feature solid 
disassemblers, timestamp, 

symbolic debug, 
performance analysis 
and expanded memory 
with high-speed 
timing to 400 MHz'. 
And to keep you 

and we've created a winning 
combination: EZ-PRO®develop­
ment software and emulators 
from American Automation and 
high-performance logic analyzers 
from Arium. 

clear of hidden traps, 
we've developed a fully 

integrated set of relocating 
linkers, assemblers, language translators, disassem­
blers and more than 20 different cross compilers. 

Arium's ML4400 configurable 
logic analyzer for 80486. 
Priced from $9,785 

EZ-PRO Development 
System for 68302. 
Priced from $9,940 

From the RCA 1802 to the Intel i960, the 
Motorola 68040 to the MIPS R3000A, we now 
deliver support for virtually any chip you select. 

Our development systems will keep your 
embedded projects on course with compilers, 
assemblers, C source level debug, variable 
tracking, extensive triggering and selective trace. 
To give you an easy shot at debugging, our logic 
EZ-PRO is a registered trademark of American Automation 

Make your next project an easy chip shot. Call 
the pros: American Arium. 

• amer1can 
• ar1um 

Formerly American Automation & Arium 

14281 Chambers Road, Tustin, CA 92680 Fax: (714) 731-6344 
EZ-PRO Division (714) 731-1661 • Arium Division (714) 731-2138 

© American Arium 1991 
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DESIGN 
NOTES 

No Design Switching Regulator 
5V, 5A Buck (Step Down) Regulator - Design Note 48 

Ron Vinsant 

Introduction 

This simple, no design regulator, is a step down DC to 
DC converter designed to convert an 8V to 40V input to 
a regulated 5V output. The 5V output is capable of 
sourcing up to 5A of output current. 

This converter is based on the Linear Technology L T107 4 
switching regulator IC. This device needs only a few 
external parts to make up a complete regulator including 
thermal protection and current limit. This design uses 
off-the-shelf parts for low cost and easy availability of 
components. Specifications for the circuit are in Table 1. 

Circuit Description 

Figure 1 shows the schematic of the circuit. For the 
purpose of this explanation assume that the output is at 
a constant +5V DC and that the input voltage is greater 
than +8V DC. 

At intervals of === 1 Oµs (1 OOkHz) the control portion of 
the L T107 4 turns on the switch transistor between the 
V1N and Vsw pins impressing a voltage across the 
inductor, L 1. This causes current to build up in the 
inductor while also supplying current to the load and 
capacitor C1 . 

The control circuit determines when to turn off the 
switch during the 1 Oµs interval to keep the output 
voltage at +5V DC. When the switch transistor turns off, 
the magnetic field in the inductor collapses and the 
polarity of the voltage across the inductor changes to try 
and maintain the current in the inductor. This current in 
the inductor is now directed (due to the change in 
voltage polarity across the inductor) by the diode, D1 , to 
the load. The current will flow from the inductor until the 
switch turns on again, (continuous operation) or until the 
inductor runs out of energy (discontinuous operation) . 

Referring back to Figure 1, the divider circuit of R1 and 
R2 is used to set the output voltage of the supply against 
an internal voltage reference of 2.21 V DC. 

R3 and C2 make up the frequency compensation net­
work used to stabilize the feedback loop. 

Conclusion 

This Design Note demonstrates a fully characterized 
step down converter circuit that is both simple and low 
cost. This design can be taken and reliably used in a 
production environment without the need for any cus­
tom components. A P.C. board layout and FAB drawing 
are available from Linear Technology. 

Table 1. Performance Summary (Operating Temperature Range 0°C to 50°C) 

Input Voltage Range + 8.0V to+ 40.0V DC 

Output Output Voltage (+ 0.15V DC) +5.00V DC 

Max Output Current V1N = 8.0V to 40.0V 5.0A DC 

Typical Output Ripple at lour= 4.0A DC With Optional Filter (L2 & C4) 5mVp-p 
@ Switching Frequency Without Optional Filter (L2 & C4) 50mVp-p 

Load Regulation V1N = 8V At lour = 0.5A DC to lour = 5.0A DC 0.5% 

Line Regulation lour = 5A At V1N = + 8.0V DC to V1N = + 40.0V DC 0.5% 

08/91/48 A Part of EON Magazine 



HS1 L1 ........................ 
+BV TO +40V 

50µH 
5 -- +5.00V 

+V1N V1N Vsw 4 +VouT 
R1 

FRONT VIEW 

5 V1N 

0 
4 GNO Vsw 3 
2 FB Ve 0 1 

DCOOI • PIOl 

LT1074CT 2.BOk 

GND 
VFB 1 II ~~H Ve 

3 2 

R2 +Voui 

T PACKAGE 
2.21k 

5-LEAO T0-220 

LT1074CT 
+ C3 01 + C1 + c4· C2 MBR745 470µF 0.1µF - - -... --- 330µF 39µF 

sov HS2 sov 35V 

RTN RTN 
·OPTIONAL 

+VouT = 2.21 [ 1+ ~] 
DC001 • SCH01 

Figure 1 _ Package and Schematic Diagrams 

Table 2. Parts List 

REFERENCE 
DESIGNATOR QUANTITY PART NUMBER 

PCB 1 001A 

01 1 MBR745 

HS2 1 6038B-TI 

L2 1 2664000101 

VR1 1 LT1074CT 

HS1 1 7020B-MT 

C1 1 SXE50VB331M12X20LL 

C2 1 CK06BX104K 

C3 1 UPL 1 H471 MRH 

C4 1 UPL 1V390MAH 

L1 1 CTX50-5-MP 

L3 1 CTX5-5-FR 

R1 1 MF 1/8W 2.80kn 

R2 1 MF 1/8W 2.21 kn 

R3 1 CF 1/4W 2kn 

Linear Technology Corporation 
1630 McCarthy Blvd., Milpitas, CA 95035-7487 
(408) 432-1900 • FAX: (408) 434-0507 • TELEX: 499-3977 

• 

DESCRIPTION VENDOR 

PCB FAB , Buck Switching Regulator LTC 

Diode, Schottky, ?A, 45V Motorola 

Heats ink Thermalloy 

Shield Bead Fair-Rite 

Switching Regulator, 1 OOkHz LTC 

Heatsink Thermalloy 

Cap, Alum El ect, 330µF, 50V United 
Chem icon 

Cap, Ceramic, 0.1µF, 50V AVX 

Cap, Alum Elect, 470µF, 50V Nichicon 

Cap, Alum Elect, 39µF, 35V Nichicon 

Inductor, 50µH , 5A Coiltronics 

Inductor, 5µH , 5A Coiltronics 

RES, MF, 1/8W, 1%, 2.80kn 

RES, MF, 1/8W, 1%, 2.21kn 

RES, CF, 1/4W, 5%, 2kn 

For literature on our Switching Regulators, 
call (800) 637-5545. For applications help, 
call ( 408) 432-1900, Ext. 456 

BA/GP 0891 1 BOK REV 0 

,J..7~JD~ 
© LINEAR TECHNOLOGY CORPORATION 1991 



DESIGN IDEAS 
EDITED BY CHARLES H SMALL 

Utility modifies Zipftles 

Gabor Laszlo Kiss 
Budapest, Hungary 

Zipzap is a utility for modifying, cutting, and pasting 
Zipfiles (compressed archives in Zipfile format, as de­
fined by Phil Katz). Zipzap lists contents of Zipfiles, 
copies or moves files from source Zipfiles to destination 
Zipfiles, removes files from Zipfiles, and encrypts/ 
decrypts files in Zipfiles (registered copies only). You 
do not have to un-Zip files and Zip them up again if 

you want to split a large Zipfile into small pieces. Just 
use Zipzap. Zipzap is fast, because it handles files with­
out expansion (or decryption). You can obtain the 
executable program and documentation from the EDN 
BBS's DI Special Interest Group (617-558-4241,300/ 
1200/2400,8,N,1-from main menu, enter (s)ig, <s/ 
di_sig> , rk992). EDN BBS /DI_SIG #992 EDN 

To Vote For This Design, Circle No. 746 

Detector spots sneaky smokers 

Miss J Vandana 
SEMP, Kalpakkam, TN, India 

The circuit in Fig 1 detects smokers who surrepti­
tiously light up in nonsmoking areas before they can 
take a single puff. The Hamamatsu UVTRON R2868 
flame sensor detects a cigarette lighter's ultraviolet 
emanations from as far away as 16 feet, producing a 
train of pulses across capacitor C1• The LM2907N-8 
compares these pulses to a preset reference level, flash­
ing the LED as soon as a flame appears. 

10M 4.7k 
+ 

'~~~ 
330 ± 20V + 

DC 220 pF 

1000 pF 

The UV detector is a form of Geiger-Mueller tube. 
The sensor is "sun blind," that is, it will operate prop­
erly in the presence of sunlight. It will pick up both 
petroleum fuel and gas flames, which are rich in ultra­
violet light. However, be prepared for false alarms 
from other sources of ultraviolet light such as electrical 
arcs and reflections from shiny surfaces. 
EDN BBS /DLSIG #991 EDN 

8 

To Vote For This Design, Circle No. 747 

0.033 µF 

12TO 16V 

480 

2 6 

LM2907N-8 

68 150 

4 

3 

100k 

Fig I-The ultraviolet flame detector in this alarm circuit can spot potential snwkers as soon as they fire up their lighters, before they 
have a chance to take a single puff. 
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DESIGN IDEAS 
FEEDBACK AND AMPLIFICATION 

High-side alternatives suggested 
Did you notice that in the same January 21, 1991 issue 
that you printed DI #927, Chuck Thurber's and Illy 
King's 2-chip "High-side switches control 5V supply," 
on pg 154, Micrel Semiconductor's advertisement on 
pg 1 shows a I-chip solution? 

Alternative solutions abound. My high-side-switch 
circuit in Fig 1 draws less than 5 µA whether it is on 
or off, and it also uses one chip instead of two. My 
other circuit (Fig 2) provides output short-circuit pro­
tection. Its On current is 275 µA and its Off current 
is 105 µA. A 5-mO shunt resistor and the 5-m V refer­
ence voltage applied to pin 12 set the output-current 
trip level. 
Mitchell Lee, Applications Engineer 
Linear Technology 
1630 McCarthy Blvd 
Milpitas, CA 93035 Fig 1-The high-side switch draws less than 5 µA . 
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Fig 2-An alternative high-side switch provides short-circuit protection. 

162 

SV 

~ 

~ Sm 

4 

2 
=*= 2x100µF 

1 
3 * 

.i T .i .!~~-@ 15 ... --..r --..r 
4x1N4148 

2N39oM° 

'.> 
SWITCH 

sv 
ED 

>1M 

EDN August 5, 1991 



0.5 to 2000MHz trom $13~~24qty) 
Tough enough to meet full MIL-specs, capable of operating over a wide -55° to +100°C 

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

off. Models are unconditionally stable and available covering frequency ranges 0.5 to 
2000 MHz, NF as low as 2.8dB, gain to 28dB, isolation greater than 40dB, and power 

output as high as + 15dBm. Prices start at only $13.95 including screening, 
thermal shock -55°C to +100°C, fine and gross leak, and burn-in for 96 hours at 

100°C under normal operating voltage and current. 
Internally the MAN amplifiers consist of two stages, including coupling capacitors. 

A designer's delight, with all components self-contained. Just connect to a de 

FREQ. 
RANGE 
(MHz) 

MODEL IL tofu 
MAN-1 0.5-500 
MAN-2 0.5-1000 
MAN-1LN 0.5-500 

OMAN-1HLN 10-500 
MAN-1AD 5-500 
MAN-2AD 2-1000 
MAN-11AD 2-2000 

supply voltage and you are ready to go. 
The new MAN-amplifiers series ... 

• wide bandwidth • low noise • high gain 
• high output power • high isolation 

GAIN MAX NF ISOL. DC PRICE 
dB PW Rt dB dB PWR $ea. 

min flattt dBm (typ) (typ) V/ma (10-24) 
28 1.0 +8 4.5 40 12/60 13.95 
18 1.5 +7 6.0 34 12/85 15.95 
28 1.0 +8 2.8 39 12/60 15.95 
10 0.8 +15 3.7 14 12/70 15.95 
16 .05 +6 7.2 41 12/85 24.95 
9 0.4 -2 6.5 28 15/22 22.50 
8 0.5 -3.5 6.5 22 15/22 29.95 

ttMidband 1 OIL to fu t» ±0.5dB t 1 dB Gain Compression ¢Case Height 0.3 in. 
Max input power (no damage} +15dBm; VSWR in/out 1.8:1 max. 

Free ... 48-pg ""RF/MW Amplifier Handbook"" with specs, curves. handy selector chart. 
glossary of modern amplifier terms, and a practical Question and Answer section. 

finding new ways ... 
setting higher standards 

O Mini-Circuits 
A Division of Sc1ent1fic Components Corporation 

PO. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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The next generation of 
IDC Interconnection: 

Same performance, 
one-half the size. 

System 311 is the next generation of reliable high 
performance IDC mass termination systems from 

Thomas & Betts, a pioneer in the development of IDC. 

A natural evolution, the new System 311 combines the finest 
capabilities of our proven Ansley®IDC System, downsized 

and precision engineered to terminate .025 pitch cable. 

Performance-oriented features make System 311 the new 
standard in IDC fine pitch systems - a beryllium copper 

contact with a dual mating beam that provides greater 
than 100 grams normal force (150 

KPSI Hertz Stress), a 
unique "coined-slot" 

IDC contact joint, one 
piece housing design, 

• NORTH AMERICA - Canada: 708-357-0404; Mexico: Naucalpan, 905-393-85-10 • PACIFIC - Australia: Wyong North, NSW, 
61-43-53-2300; Hong Kong: Kowloon, 852-739-1286; Japan: Tokyo, 81-3-3791-6411; Singapore: 65-747-0244; Taiwan: Taipei, 886-2-713-0509 
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Contact-to-Conductor Relationship -
Thomas & Betts' "coined-slot" contacts are 
designed to position the terminated conductors 
within a specified region for maximum 
conductivity and reliability. 

Precision Lead-In Design -
assures that repeated connect/ 
disconnect functions are 
consistently smooth and 
without pin damage. 

and high performance materials are combined to ensure 
excellent system integrity and maximum reliability. 

System 311 incorporates these customer-requested features 
into a compact interconnect system with board space savings 
of up to 50%. 

From cable to connectors to application tooling, System 311 
is designed to meet or exceed the most stringent customer 
requirements for fine pitch IDC mass termination. 

For complete information or help with a specific application, 
call or fax: Thomas & Betts Corporation, Electronics 
Division, 200 Executive Center Drive, Greenville, S.C., 
Phone: 803-676-2900, Fax: 803-676-2991. 

For the new System 311 Catalog call 800-344-4744. 

Our Own Vertical Eject Design -
saves board real estate and ensures 
positive locking and easy disen­
gagement of header from mating 
soc;ket without stress to cable, 
contacts, or solder joints. 

Thamas&Betts 
• EUROPE - England: Marlow, 44-6284-6055; France: Rungis Cedex, 33-1-4687-2385; Germany: Egelsbach, 49-6103-4040; Italy: 
Milano, 39-2-6120451; Luxembourg: Foetz, 35-255-0002; Spain: Barcelona, 34-3-3002252; Sweden: Upplands Vasby, 46-760-88110 
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NEW PRODUCTS 

12-Bit DIA Converter 
• 15-MHz update rate 
• 200-nsec full-scale settling time 
Available in a 24-pin hermetic pack­
age, the DAC-02320 is a 12-bit D/ A 
converter that features a 15-MHz 
update rate for small-step changes 
and a 200-nsec full-scale settling 

time. The hybrid circuit includes in­
put latches, a precision de voltage 
reference, and a deglitched T/H 

INTEGRATED CIRCUITS 

output. The device is available in 
linearity grades of 12 bits (0.012%) 
and 13 bits (0.006%), and is pin pro­
grammable for three output voltage 
ranges. The device, which uses ex­
ternal potentiometers to trim the 
offset and gain errors to zero, oper­
ates over the - 55 to + 125°C tem­
perature range. From $185 (100). 

ILC Data Device Corp, 105 
Wilbur Pl, Bohemia, NY 11716. 
Phone (516) 567-5600. FAX (516) 
567-5209. Circle No. 351 

Decision Circuit For 
Fiber-Optic Systems 
• Suitable for SONET applications 
• EGL-compatible input/output 
The HDMP-2006 decision circuit is 
a data regenerator that creates a 
stream of digital data from samples 

of the incoming analog signal on a 
fiber-optic line. It resets the timing 
to an external reference supplied by 
the user. Typical applications in­
clude Synchronous Optical Network 
(SONET) 622M-bps repeaters and 
data-communications and computer 
links operating at speeds as fast as 
l.5G bps. Housed in an 8-pin sur­
face-mount package, the decision 
circuit contains a differential-input 
amplifier; an edge-triggered, D flip­
flop; and a 500 output driver. Input 
and output voltages are ECL com­
patible. The device, which requires 
a minimum threshold voltage of 55 
m V, provides a minimum phase 
margin of 700 psec and a minimum 
amplitude margin of 100 mV. $55. 

Hewlett-Packard Co, 19310 Pru­
neridge Ave, Cupertino, CA 95014. 
Phone (800) 752-0900. Circle No. 352 

ARE You BARCODE ScANNING? 

166 CIRCLE NO. 77 

• Small 
• Easy to program, 

install and maintain 
• High performance 
• Inexpensive 

Microscan Systems Inc. is the leading 
supplier of fixed mount barcode scanners for 
OEM applications. 

If you're looking for a barcode reader 
solution, call your engineering team player .. . 

MICROSCAN 
939 Industry Drive, Tukwila, WA 98188 
(206) 575-3060, FAX (206) 575-1904 
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integrating high level 
language debu!@ng with · 
in-circuit emulators. 
SourceGate is a window driven high level language debugger 
designed to support the Huntsville Microsystems 200 series of 
in-circuit emulators. 
• User configurable windows can be sized, moved and duplicated 

anywhere on the screen. 
• Code can be viewed in all displays (trace, single step, etc.) in 

one of three modes: Source only, Assembly only or both Source 
and Assembly. 

• Watch windows display and monitor code variables. 
• Optional Performance Analysis Card for real-time software 

performance analysis and real-time software test coverage. 
• Available for IBM PC family and UNIX systems including 

Apollo and SUN. 
For more complete technical information, write to 
Huntsville Microsystems Inc., 3322 South 
Memorial Parkway, Huntsville, AL 35801 
or call (205) 881-6005. 

IBM is reg. T. M. 
International Business Machines, Inc. 
Unix is reg. T.M., 
Bell Laboratories, Inc. 

68000 
68008 
68010 
68020 
68030 
68302 
68331 
68332 
68340 
6809/6809E 

68HCOOI 
68HCll Family 

including Fl&D3 
8051 Family 
DS5000 
8096/80196 Family 
8085 
64180/Zl80 
Z80 
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INTEGRATED CIRCUITS 

Dual 18-Bit Audio DAC ladder, a digital offset with analog 
correction, and a 1-bit DAC to pro­
vide high resolution and low zero­
crossing distortion. Key specifica­
tions include a maximum THD + N 
of - 92 dB at 0 dB FS, an idle­
channel SIN ratio of 110 dB, and a 
dynamic range of 108 dB. The de­
vice can sample at a 352.8-kHz rate, 

• Dynamic range U; 108 dB 
• Capable of 8 x oversampling 
Targeted for portable and automo­
tive digital-audio applications, the 
PCM67 dual 18-bit DI A converter 
operates from a single 5V supply. 
The device combines a conventional 
10-bit DAC using a thin-film R-2R 
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For Screaming 'C30 Speed from your AT, 
Buy Banshee* and hang on! 

The Banshee System from ASPI 
can turn your AT or compatible 
into a full-blown C processing 

engme. 
The Banshee Board, based on Tl's 

TMS320C30 processor, delivers 33 MFLOPS 
speed that qualifies your AT for high-speed calculations and 
'C30 DSP development. 

The basic system includes the SPOX real-time operating 
system; a C Compiler; a C Source Debugger; and ASHELL, 
ASPI's DOS shell that links the whole system together. 

Options include a memory expansion board that can add 
up to 64 Mbytes of DRAM to the system and a 16-bit, dual­
channel 200 kHz A-DID-A data acquisition system. 

For detailed specifications and ~~ 
prices, contact Atlanta Signal ~ 
Processors, Inc., 770 Spring St., 
Atlanta, GA 30308. 
Telephone 404/892-7265. WORLD LEADERS IN DSP DESIGN TOOLS 

Fax 404/892-2512. 
SPOX Is a tradem.rk ol Spectron, Inc. 

CIRCLE NO. 79 

--~ ----

which allows 8 x oversampling of 
the audio spectrum on each channel. 
Each channel provides an analog 
output of 1.2 mA typ. The PCM67 
is available a 16-pin DIP and a 20-
pin sore. $19.50 (lOO). 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (800) 548-
6132; in AZ, (602) 746-1111. FAX 
(602) 889-1510. Circle No. 353 

Single-Chip Controller 
• Integrates three separate 

functions 
• Supports Intel and Weitek 

coprocessors 
The ACC-2046 chip integrates a 
memory controller, cache control­
ler, and peripheral controllers in a 
single chip. The 208-pin plastic quad 
flatpack device supports 486 and 
386DX-based AT systems. The con­
troller supports 512k bytes of 
direct-mapped cache memory, 
shadow RAM for video and system 
BIOS, and a single ROM. The chip 
interfaces with 8- or 16-bit BIOS 
ROMs in 128k- or 64k-byte EPROM 
spaces. The controller handles one 
to four memory banks of 32-bit dy­
namic RAM (DRAM) using 256k-, 
lM- or 4M-byte DRAMs on a sys­
tem board that allows as much as 
64M bytes of on board memory. The 
controller also supports the Intel 
80387 and the Weitek 416713167 
math coprocessors. 25-MHz ver­
sion, $100; 33-MHz version, $125; 
40-MHz version, $140 (1000). 

ACC Microelectronics, 3295 
Scott Blvd, #400, Santa Clara, CA 
95054. Phone ( 408) 980-0622. FAX 
(408) 980-0626. Circle No. 354 

EDN August 5, 1991 



Introducing 
one of 

the 
most 

accurate 
multifunction 
synthesizers 

available. 
---­
.... ~---------

. - .fl _ Q, O 
_o o 8 t:J : ·o t:i ~~~ 

I 
• 
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Not 
• counting 

this one. 
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... .... :: -000 
@ G ,.. - · 800 · r:3 
~~-· ['.]~"'-:. ·000 i=:]§ ­
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And 
this one. 

Now from Keithley: 
unparalleled accuracy 

times three. 

Using Direct Digital Synthesis, 
Keithley's three new 

multifunction synthesizers 
bring you new levels of 

accuracy. Advanced functions, 
too. And digital synthesis is 

used in all ranges at all times to 
ensure consistent results. 

Get the most accurate, stable 
frequencies possible. Maintain 

phase continuity during 
frequency changes. Precisely 

control amplitude output. Enjoy 
special functions like burst, 

trigger, gating, and more. 

The Model 3910 delivers DDS 
technology for the price of a 
standard function generator. 
Step up to the 3930A and get 

5ppm accuracy, sweep 
capability, and more. Select the 
full-featured 3940 and increase 
your measurement capability 

with the built-in second 
synthesizer. Create your own 

arbitrary waveforms, too. 

Call 1-800-552-1115 for details. 
Read all about one of the most 
accurate, new multifunction 
synthesizers available. Not 
counting this one. And .... 

KEITHLEY INSTRUMENTS 
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EPSON 
cost effective 
components for today's 
high tech applications. 

CRYSTAL OSCILLATORS AND REAL TIME CLOCKS 
EPSON, a wor1d leader in the production of 
crystal products, offers a standard line of low 
cost, auto-insertable crystal oscillators that 
replace outdated metal can oscillators. EPSON 
also offers a pioneering line of surface mount-

• • 

able crystals and oscillators capable of with­
standing 26()°C for 20 seconds. EPSON real 
time clocks save space and cost with a built-in 
quartz crystal. 

~~~--('.!)--~~-

---1@1----- MICRO OPTICAL ENCODERS 

STEPPING MOTORS 
Epson, a wor1d leader in STP 
production, uses rare earth mag­
nets to deliver the highest per­
formance in a small package. 

EPSON Offers a complete line of incremental 
optical encoders from 9 mm to 18 mm diameter, in 
metal or plastic body. EPSON also makes custom 
encoders to specification. 

• 
--~~- z 

-...... 
MEMORY CARDS 

EPSON, a wor1d leader in memory card production, 
offers a full card line including SRAM, EPROM, MASK 
ROM and FLASH MEMORY cards. EPSON Memory 
Cards provide 25 KV ESD protection and come in 
edge type and JEIDA standard card format. 
~-------. .... ~~~~~~-

• 

-

• z • 

E PSON®EPSON AMERICA, INC. 

Component Sales Department Telephone: 2t31787-6300 Call your sales rep today 

EPSON Sales Representatives : AL-GA-TN Concord Components 2051772-8883 • AZ-NM Fred Board Assoc. 6021994-9388 · 
CA-No. Costar 4081446-9339 • CA-So. 8ager Electronics 7141957-3367 • CO-UT Wn. Region Mktg. 3031428-8088 · FL Dyne-A-Mark 
4071831-2822 • IL-WI LTD Technologies 7081773-2900 · IN-KY CC Electro 3171921-5000 · KS-MO-IA Microtronics 9131262-1444 • 
MA-NH-CT Rosen Assoc. 6171449-4700 · MD-VA Tech Sales Assoc. 3011461-7802 · MN Electro Mark 6121944-5850 · NC-SC WLA 
Assoc. 9191231-9939 · NJ JMR Sa les 2011525-8000 · NY Elcom Sales 7161385-1400 • Metro, NY Niktronix 5161929-4671 • OH -Ml 
J. D. Babb Assoc. 2161934-4454 · OR-WA Matrex 5031245-8080 · PA Omega Sales 2151244-4000 · TX-OK Component Tech. 
21 41783-8831 9101 

··•·· 

---4@---
CUSTOM MODULES 

EPSON, a wor1d leader in high-density 
packaging, offers a complete line of COB 
and TAB services for size reduction 
needs. EPSON can take projects from 
the idea stage through to product 
completion. 

• •!4• 



The worlds most powerful digital filter on a single chip. 
The new Harris HSP43220 

DDF (Decimating Digital 
Filter) packs more power into 
a single-chip digital filter than 
ever before. With features 

Decimation: Up to 16,384 
Tap Length: Up to 512,000 
Out-of-band Attenuation: 96 dB 
Sample Rate: Up to 33 MHz 
Data Width: 16 bits 
Coefficient Width: 20 bits 

•oECl-MATE is a trademark of Harris Corporation. 

EDN August 5, 1991 

like programmable decima­
tion to over 16,000, and up to 
512,000 equivalent taps, it's a 
powerhouse of performance. 

And despite t:J ...-

its incredible 
power, our 
DECI-MATE™ 
software makes 
designing fil­
ters with the 

CIRCLE NO. 82 

Harris DDF incredibly easy. 
Want to know more? 

That's easy, too. Just call 
1-800-4-HARRIS, ext. 1220. 
And find out more about our 
complete line of industry­
leading ICs for digital signal 
processing applications. 

m HARRIS \&I SEMICONDUCTOR 
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NEW PRODUCTS 
COMPONENTS & POWER SUPPLIES 

Surface-Mount Trimmers 
• Compatible with all popular 

soldering processes 
• Feature a sealed design 
The sealed 3-mm Model 3313 and 
the elastomer-sealed 4-mm Model 
3374 surface-mount trimmers are 
compatible with all popular solder­
ing processes. The 3313 features a 
100 to 2 MO resistance range and 
a 2% contact resistance variation 
(CRV). The 3374 trimmers have a 
5-turn seal life; standard resistance 
values range from 100 to 2 MO, 
and CRV equals 3%. The design 
and construction of the trimmers' 
rotor provides electrical insulation. 
The cross-slot, tapered, side wall 
rotor also conforms with all popular 
vacuum pick-and-place automated 
assembly equipment. Model 3313, 
from $0.87; Model 3374, from $0.60 
(1000). Delivery, eight weeks ARO. 

Bourns Inc, 1200 Columbia Ave, 
Riverside, CA 92507. Phone (714) 
781-5071. TLX 676423. 

Circle No. 366 

Infrared Detector 
• Has a 180° sense field 
• Includes digital electronics 
The PIRM 180-200 infrared detec­
tor module has a 180° field of view. 
Developed for human-occupancy 
sensing applications, the module in­
cludes a curved, patterned, 6-ele­
ment pyroelectric polymer film de-
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tector with impedance matching cir­
cuitry and a custom 2-curtain 
Fresnel lens. The module's inte­
grated electronics provide a OV out­
put at rest and a 5V output when 
activated. The custom lens and pat­
terned pyroelectric film combine to 
provide 34 horizontal and 30 verti­
cal (downward-looking) beams; this 
pattern allows the device to detect 
even small movements within its 
180° field of view. When centrally 
mounted at the top of a wall rather 
than in a corner, the detector can 
monitor an entire room. $10 to $13 
(OEM). 

Atochem Sensors, Box 799, Val­
ley Forge, PA 19482. Phone (215) 
666-3500. FAX (215) 666-3509. 

Circle No. 367 

Tubular Solenoid 
• Produces 16-lb force 
• Various operating modes 

available 
L-15 Series tubular solenoids have 
a 1.5-in. diameter and come in 1%­
and 2%-in. lengths. Standard oper­
ating voltages are 6, 12, 24, and 
llOV de; other voltages are avail­
able as options. The solenoids will 
produce a force of 16 lb min. Ver­
sions are available for push or pull 
operation for continuous, intermit­
tent, and pulse duty cycle applica­
tions. All units are UL recognized. 
Power ratings range from 9 to 
lOOW, and dielectric strength 
equals 1500V rms. The units fea-

ture brass guide tubes and a soft­
stop design for long service life-107 

cycles. $13 (OEM). 
Liberty Controls Inc, 500 

Brookforest Ave, Shorewood, IL 
60435. Phone (815) 725-2241. FAX 
(815) 725-6571. Circle No. 368 

Snap-Acting Switches 
• Will switch 21A 
• Meet international standards 
TF Series snap-acting switches are 
designed to meet UL, CSA, and 
VDE requirements. The units fea­
ture ratings of 0.1 to 21A and are 
available in spdt and spst configura­
tions. Operating forces range from 
0.53 to 14.1 oz. The switches are 
available with a choice of actuators, 
including standard pin plungers, 
wide pin plungers, levers, lever rol­
lers, and simulated rollers. Optional 
electrical connection styles include 
solder terminals, standard quick­
connect, offset quick-connect, screw 
terminal, and pc-board terminal. 
From $1. Delivery, eight weeks 
ARO. 

Unimax, Box 152, Wallingford, 
CT 06492. Phone (800) 624-4308; in 
CT, (203) 269-8701. FAX (203) 265-
5398. Circle No. 369 

Reed Relays 
• Require only 33mW to operate 
• Switch 1 OW loads 
DE Series reed relays feature a 
low-power coil that requires 33 mW 
(at 5V) to operate standard dpst 
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and 
Now, the price 

performance you want 
Here's great 

news for 
designers of 
15V systems. 
Comlinear now 
offers its tech-
nology in monolithic, 
15V video op amps. And, at a very 
attractive price. 

Better video 
specs ••• 
lower price. 

Immediately 
available, and 
priced at just $2.54* 
in I OOOs, the new 
SSMHZ CLC430 
offers a lower-cost alter­
native for professional 
video applications. What's 
more, it delivers differential 
gain/phase of 0.02%/0.04 °, 
plus superior multiple-load per­
formance to meet the demanding 
standards of composite video ... 
reliably and consistently. 

It gives designers of high-speed 
signal processing systems a fast 
2000V/us slew rate and 35ns settling 
time to 0.05%. Plus a high-speed 
disable/enable feature, making it ideal 
for video switching and multiplexing 
applications. All in an industry­
standard DIP pinout, or a space saving 
8-pin SOIC package. 

So take advantage of the latest in 
Comlinear 's growing family of video 
products. Call today for details. 
*U.S. price only 

CIRCLE NO. 84 

inlSVvideo 
op amps. 

© 1991 Comlinear Corporation 



COMPONENTS & POWER SUPPLIES 

reed contacts. The contacts will 
switch loads as high as lOW at 0.5A 
in 0.65 msec. The relays are de­
signed to meet the environmental 
requirements of MIL-R-83516A. 
The relays' lifetime measures 107 

operations at rated load. They off er 
optional coil diode and shielding 
(electrostatic and/or magnetic) and 

are available in versions that have 
5, 12, or 24V input ratings. From 
$3.70 to $8.90 for 1 Form-A and 2 
Form-C versions, respectively (1000). 
Delivery, 10 to 12 weeks ARO. 

Prime Technology Inc, EI&S 
Div, Box 185, North Branford, CT 
06471. Phone (203) 481-5721. FAX 
(203) 481-8937. Circle No. 370 

Interface Boards 
• Have a 64-position capacity 
• Provide a ribbon-cable to 

discrete-wire interface 
These interface boards simplify cir­
cuit wiring tasks in industrial con­
trol systems. The boards are de­
signed for mounting on DIN rails, 
a chassis, or on panels. They pro­

-----------------------------. vide direct I/O connections with 
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From the first discussion about your specs, through prototype 
design, testing, fine tuning and full-scale production, Toyocom is 
devoted to developing a completely reliable solution for your 
computer application - one that delivers maximum performance 
at a minimal price. 

Our crystal clock oscillators offer performance you would 
typically associate with customization, at standard prices. Our 
TCO-700 series performs to the most exacting specs: 

• TIL output levels to 100 MH:. 
• CMOS output levels to 70 MHz. 
• Full ( l 4-pin) and half-size (8-pin) models. 
• Tri-state output feature. 
Let us develop a reliable solution for your computer 

applications. Contact TO YOCOM, 6 l 7 E. Golf Road, Arlington 
Heights, IL 60005. 

Phone Toll-Free today 1-800· TOYOCOM. 

TO YOCOM 
TIMING IS E\'ERYTHING 

CIRCLE NO. 85 

equal potential on both sides. Ten 
models provide from 10 to 64 inter­
connect positions. The boards fea­
ture Eurostyle terminal strips with 
a 45° wire-entry configuration. The 
male ribbon cable connectors 
mounted on the other side of the 
boards provide reliable mating and 
unmating with IDC (insulation dis­
placement connector) socket de­
vices. 34-pin model, $30. 

Vernitron Corp, Beau Products 
Div, Box 10, Laconia, NH 03247. 
Phone (603) 524-5101. FAX (603) 
524-1627. Circle No. 371 

LCD Module 
• Employs super twisted nematic 

technology 
• Has a 240 x 64-dot display 
Featuring a negative transmissive 
display with cold-cathode fluores­
cent backlighting, the EG-2405 
LCD module displays white charac­
ters on a blue background. It incor­
porates super twisted nematic tech­
nology and has a 240 x 64-dot dis­
play. The module will display alpha­
numeric characters as well as spe­
cial characters, graphs, patterns, 
and charts. It features sequential 
row multiplexing, which allows a 
single data string to be input for 
an entire row. The module also fea­
tures a 4-bit, chip-enable data­
transmission system that allows 
data to be input directly to a specific 
driver rather than being shifted in. 
The module features a 10:1 contrast 
ratio and a 0.53x0.53-mm dot 
pitch. $105. 

Epson America Inc, Box 2842, 
Torrance, CA 90505. Phone (213) 
787-6300. Circle No. 372 
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TeCAO™ BEATS OrCAO® 
WITH PROVEN SOFTWARE - FOR LESS! 

CUPL - Logical Devices 
CUPL - PlD Plus On - CUPL 
• SupjJoffi 80+ devices, incl. GAl.'s, 22 Vl O's 
• High kl'/~ ·c· like syntux 
• Tiered muhijeyel mlltiple stole roochine capabilify 
• Upgradable to extended li\xanes aoo fea tures 

NOW s495 includes Ori<:UPL ciicl• 139 

CUPL 4.0 - Upgnxle Copabmty 
• Suppam over 240 devices, outomotic device selectioo 

NOW SJ 495 ciico 140 

CUPL386 
• Top of the line PlD /FPGA design synthesis tool 
• Automllic part selectioo, outomolic portitiooing 

NOW s229s 
circle141 

SCHEMATIC CAPTURE 
SCHEMA Ill • Omation 
Chock these features: 

• Systems Manager • Gloool nets ocross drawing sheets 
• Create new 1xnts without leaving drowing sheets 
• Print without leaving drawing sheets • Oll'line help 
• Dynamic smooth ponning 
• Rotote ports with crick of o mouse circle138 

NET LIST INPUT 

• SUSIE - Aldec 
SUSIE 4.0 /PlD /TIM 4.0 
• Rool lilre · oo axnii\ifun. Prahes i1s1un11,,.Jis 
• ln1erracesollschemoticrnplU10oooCUPL 
• Aulomolic design '"" 10polting 
• I 00% bieodboo«i 10plocemenl 
• 'Wootlf' delign ooolysis lesting 
• Cnti<ol timing/path analysis 

NOW s1795 
Susie S.O 
Allll'.hmo10IM'IJ""'1, fl.tt~wilhlloie40 
• 15,IXXJ !IJlel, 64,IXXJ rest..m, WtWlll0fllOIY 

From s1495 
Susie 6.0 
• T~of 11-o r.,newUS01illeifoce 

From s1995 

c1rcle142 

ctrtle143 

circle144 

lsSPICE - intusoft 
ICAP/286 

• lock.des PiOSpice, lsSpice, olpice/186 "" illl&ope 

• IC., DC lnllliem, ooise, dis-. fwill Ollliylis 

• SenliiMiy, rooole cola, poromele!sweep;r,. cirut optillilo1iJn 
• Exle!\live ~nes·Oiodes, lmroislols, ~mps, 1mnsfomm, 

rrolnem magnetics, pov.oi MOSFET's 

NOW s735 ciicle 145 

SpiceNet-Analog schenlllic c~il.<e oXf"' 

NOW s170 ciic1e1.u; 

lsSpice/386 ·UP!Jlllefrom W/1861olJoWfelf-o 

iraeosed-or<lspeedyooneedftrlii!""5. 

NOW s730 ciicle147 

BOARDMAKER 2 PLUS BOARDROUTER 
Tsien 

• Bock onoolotion fi~ for scheimli: UJWle 
• T~ 00.. mOOlicotioooJio i¢res lo PCB files 
• B kJyos iio 1 sklsueen, 17" x 17" lmds 
• Groood pm'-IJPOll, SMO'-IJPOfl, ""°"' ciKles 
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Order Now Get$ f 00 off! WHEN PURCHASED WITH THE RETURN OF ANY OrCAO® PRODUCT DISK! 
MIX& 

MATCH 
ANY2 

SAVE5% 

THERMAL ANALYSIS 
Sauna - Tatum Lobs circte112 

RELIABILITY/ MIL . HBK-217 s 1995 
RelColc · T-Cubed Systems circte1s& 

HUNDREDS 
OF 

COMBINATIONS 

POSSIBLE! 

ciitl! 14D ciro~ 150 ciltll151 

TechExpress Supports Dozens Of Your Related Applications Including: 
TIMING ANALYSIS S695 GERBER TO lASER PRINTER s 199 ELEcrRONIC UTILITIES 
dv/dt - Doctor Design 

TRANSMISSION LINE 
LineSim - Hyperlynx 

c;cle153 

s595 
GerberJet ·Logical Systems ~ro~154 Hpal · Eoglewore ciit~ 1ss 

GERBER VIEWER/EDITOR s 1095 PRO.lCT SOIDW/FOR l01US s 279 
Gerbtool · Wise Software Sys. Mle158 Project Cole - Frontline Sys . c11e•1se 

New Applications Suppliers Welcome CaR TaR-Free - Ask for Our FREE Catalog. 

1-800-743-7074 VOLUME 
DISCOUNTS 
AVAILABLE 

CIRCLE NO. 160 

Td£r,.,.su 
31200 Lo&yo on .. • Suit• 301 ~. r.llaga, CA 91362 

(818) 707-7074 I FAX (818) 707-7085 
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NEW PRODUCTS 
TEST & MEASUREMENT INSTRUMENTS 

Modular Power-Supply 
System 
• Mounts eight 150W supplies in 

a 7-in. enclosure 
• Uses plug-in keyboard for 

manual control 
The HP 66000A modular power sys-

tern occupies a 7-in.-high space in 
a 19-in. equipment rack. The chassis 
accommodates eight 150W de 
power-supply modules whose out­
put voltages and currents are fully 
programmable. You can monitor 
the modules' status and, when an 

error occurs, obtain a history of the 
conditions that triggered it. You 
can read back a module's output 
voltage and current with 14-bit 
resolution. Inserting and removing 
modules does not require moving 
the chassis or shutting off system 

----------------------------~power. Normally, you control the 

Some of our 
irresistible curves. 
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Highest Performance. Highest Reliability. Widest Range of Power Ratings. 
Widest Package Selection ••. In the Industry! 

Ohmite has the answers in resistor technology for 
today's expanding usage of surface mounted circuitry. 
Our unequaled family of surface mount power resistors 
enables engineers to integrate power resistors into 
designs that reduce circuit board real estate while 
maintaining high reliability and high performance. Their 
rectangular shape allows for trouble-free vacuum pickup 
by pick-and-place equipment. 

Patented, flexible J-bend terminations eliminate the 
need for leaded components and reduce the chance 
of solder-joint breakage due to thermal expansion and 
vibration. 

A variety of models lets you match specific resistor 

characteristics to your application. Choose from 0.8, 1.0, 
1.25, 1.5, 2.0, or 3.0 watt power ratings in wlrewound or 
film constructions. Select film models for general purpose 
applications or wirewound models where lower resis­
tance values, lower temperature coefficients, or closer 
tolerances are required. 

Pedestal design models provide greater area for 
placement adhesives and are ideal for wave soldering. 
Recessed foot mount models decrease board contact, 
which lowers board temperature and makes reflow 
soldering clean-up easier. 

Call 708-675-2600 and ask for Catalog 1138 to get a 
closer look at our curves. 

OHMITE® 
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Since 1925 Ohm1te Manufacturing Co has been 1n the forefront of 1nn0Jat1ve electronic component technology 
Progress1\e and compet1t1ve Ohm1te maintains a trad1t1on of qual1t. and ser.1ce 

Ohm1te Manufacturing Co 3601 Howard Street Skokie IL 60076 Tel 708 675 2600 Fax 708 675 1505 

The lnt°"""tlon presented he.rt Is besc:d on dlltll obtained by Ohmlte Manutactunns Co. resc:ardl end Is considered 11Ccur11te. 
HowcYv, no w111Tanty Is expressed or mplitd re911rdng the 11Ccuracy or this dlltll, the results to be obtained from the usc therc:ot, or tflllt arrt such usc will ln'11ngc on arrt patenL 

Thi$ lntOfTTl(ltlon Is fl.mlshed upon the cooditlon thllt the pc.non recc:fW19 It YlaU make: his own tests to dtternWM: the Utllbilily lor the Pllftkulllr appllc.allon. 

CIRCLE NO. 87 

modules by sending SCP! com­
mands (standard commands for pro­
grammable instruments) over an 
IEEE-488.2 bus. During system 
checkout, you can control the mod­
ules manually using a plug-in key­
board with a built-in display. Main­
frame, $1900; keyboard, $750; mod­
ules, $750 each. Delivery, eight 
weeks ARO. 

Hewlett-Packard Co, 19310 
Pruneridge Ave, Cupertino, CA 
95014. Phone (800) 752-0900. 

Circle No. 355 

Timer/Counter 
• Stores 2000 readings/sec at full 

resolution 
• Resolves single-shot intervals to 

500 psec 
The PM 6680 timer/counter re­
solves single-shot intervals as brief 
as 500 psec. In direct mode, it can 
measure frequencies as high as 225 
MHz. A prescaler extends the fre­
quency range to 2. 7 GHz. The unit 
can make a 9-digit-resolution fre­
quency reading in 1 sec and can 
store 2000 readings/sec in its inter­
nal memory (5000/sec with reduced 
resolution). These abilities make 
the counter a possible alternative 
to time-interval analyzers in some 
applications. Among the unit's un­
usual features are its ability to accu­
mulate the difference in counts be­
tween its A and B inputs; its inclu­
sion of terminals that you can con­
nect to a scope to view the input­
amplifier outputs (useful for setting 
probe compensation); and its auto­
trigger ONCE mode, which shuts 
off the time-consuming autotrigger 

text continued on pg 180 
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Staying power. 
Reliable solid-state power. When 
we designed our new 300-watt 
Model 300A100 rf amplifier, we 
knew it would answer the needs of 
many kinds of people. 

People seeking a stable , eco­
nomical way to drive an antenna 
to deliver at least 50 volts per 
meter for susceptibility testing. 
People who must trust an amplifi­
er's ability to keep operating into 
a severe load mismatch-even 
shorted or open output termi­
nals-without damage, oscilla­
tion , or foldback . People who 
expect the full bandwidth-IO 
kHz to 100 MHz - to be there 
instantly for sweep testing, with 

no need for tuning or bandswitch­
ing. People who have to monitor 
both forward and reflected power. 
People who want automatic level­
ing. People who regularly perform 
both pulsed and cw procedures. 
People who demand remote-con­
trol interfacing. 

The 300A100 is the latest 
all-solid-state member of a family 
of AR amplifiers covering a power 
range from one watt up to 10 kilo­
watts , and the rf range from 
10 kHz up to 1 GHz. Their stay­
ing power is rated very conserva­
tively-output stated as minimum, 
not nominal or peak. Chat with one 
of our applications engineers, who'll 

pick up the phone himself when 
you call, toll-free, 

1-800-933-8181 

"~ 
AmPLIFleR 160 School House Road 

Souderton, PA 18964-9990 USA 

For engineering assistance and service throughout Europe, call 
EMV GmbH • Munich • 89-6 12-8054 

nesl!RREll 215-723-8181 • Fax 215-723-5688 
EMV Ltd. • London • 90S-566-556 

EMV S.A.R.L. • Paris • l-&ki l-63-29 
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TEST & MEASUREMENT INSTRUMENTS 

function after the unit has set its 
trigger level. $2000. 

John Fluke Mfg Co Inc, Box 
9090, Everett, WA 98206. Phone 
(206) 347-6100. Circle No. 356 

Philips Test & Measurement, 
Bldg TQIII-4, 5600 MD, Eind­
hoven, the Netherlands. Phone lo­
cal office. Circle No. 357 

EEPROM And PLD 
Programmers 
• Program AMD Mach130 
• Use Emulation Technology 

adapter 
With the aid of an 84- to 28-pin 
adapter from Emulation Technol­
ogy (Santa Clara, CA), the CP-1128 
and PLD-1128 programmers can 

program the AMD Mach130 high­
density PLD. The PLD-which has 
64 110 pins and uses CMOS 
EEPROM technology-is packaged 
in an 84-lead, plastic leaded chip 
carrier. Current owners of the pro­
grammers can download the soft­
ware they need to support the PLD 
by calling the programmer vendor's 

-----------------------------, bulletin-board system. The only 

OTTO Precision Snap-Action Switches 

180 

More 
than 
just 
the 

CIRCLE NO. 91 

, 

cost for the software update is that 
of the phone call. CP-1128, $1295; 
PLD-1128, $995; socket adapter 
(Emulation Technology AS84-28-
01P-6YAM), $275. 

BP Microsystems, 10681 Had­
dington, #190, Houston, TX 77043. 
Phone (713) 461-9430. FAX (713) 
461-7413. Circle No. 358 

MS-Windows 3.0-Compatible 
PC-Based Logic Analyzer 
• Operates to 50 MHz on 

48 channels 
• Provides state and timing 

displays 
The PA485 logic analyzer is a 48-
channel IBM PC-based instrument 
that operates to 50 MHz and pro­
duces both state and timing dis­
plays. It has 4k bits per channel of 
memory. The analyzer can accept 
16 trigger words and 16-level trig­
ger sequences, and it can store data 
selectively at each trigger level. 
The software, which is compatible 
with MS Windows V3.0, lets you 
simultaneously view and scroll 
through windows containing nu­
meric, waveform, and disassembly 
displays. The software also lets you 
cut and paste timing diagrams to 
other windows or to a word proces­
sor. On a PC equipped with a 
640 x 480-pixel display, you can 
view 25 waveforms. Higher resolu­
tion displays permit viewing over 
40 channels. $1895 including pod 
and software. The vendor offers dis­
assemblers for many µPs. 

NCI, 6438 University Dr, 
Huntsville, AL 35806. Phone (205) 
837-6667. FAX (205) 837-5221. 

Circle No. 803 
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In the technological jungle, the new 
Samsung graphic LCD is an entirely 
different animal. 
Larger screens, High Contrast in paper 
white, green , blue and gray, and 
multi-angle viewing , make Samsung 
LC Os among the best on the market. 
Add our reputation for on-time 
delivery, and you 're ensured a high­
quality, stable supply. 
And if that doesn't convince you , 
we'll put it in black and white : 
Your customers will go wild for them . 

•• CJC SAMSUNG 
.. Electron Devices 

SEOUL HEAD OFFICE. 10·1 4TH FL. DAE·KYUNG BLDG . 2-KA. TAEPYUNG·RO. CHUNG-KU. 
SEOUL 100-102. KOREA TEL 727-3331/3. 774-6893 TLX STARNEC 32387 FAX : 774·6659 
U.S.A . OFFICE : SAMTRON DISPLAY INC. TEL 213-802-8425 TLX 183423 SEDLA FAX 213-802-8820 
HONG KONG OFFICE TEL. 852-862-6053 TLX 83236 HSTARHX FAX. 852-866· 1242 
NEW DELHI OFFICE. TEL: 91-11-60-3030 TLX: 3161640 STARIN FAX: 91-1 1-687-2533 
TOKYO OFFICE: TEL 813·3258·8550 TLX: 2228009 SANSEI FAX. 813-3258·8534 
LONDON OFFICE: TEL 44·1-862-931112 TLX. 25823 STARSL G FAX: 44·1·862·009617 
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PCB MANUFACTURING 
DESIGN AND ARTWORK ! 

ALL YOUR CIRCUIT BOARD NEEDS UNDER ONE ROOF 

PCB DESIGN 
• Backplanes 
• Impedance control 
• Analog and ECL 
• Surtace mount 

PCB MANUFACTURING 
• 2 Day tu rn on multi- layers 
• Prototype and production 
• One tool ing charge for both 
• Turn-key assembled boards 

TECHNICAL ASSISTANCE 
• PCB design tips 
• Mfg cost cutt ing tips 
• Testing guidelines 
• We accept gerber data via 

modem (714) 970-5015 

CALL FOR A QUOTE ! 
A MANUFACTURING, PCB DESIGN AND SUPPORT CENTER 

A\£1t MURRIETTA 
CIRCUITS 

SEALEVEL SYSTEMS INC. 
PO BOX 830 

4761 E. HUNTER AVE. ANAHEIM, CA. 92807 

TEL: (7 14) 970-2430 FAX: (714) 970-2406 

LIBERTY, SC 29657 

(803) 843-4343 

EDN August 5, 1991 
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Learn about product safety 
requirements from the organization 
that developed the Standards 
Underwriters Laboratories Inc. ® 
UL is offering technical seminars on 

"Information Technology 
Equipment and UL 1950" 

Participants will : 

"Plastics in Electronic 
and Electrical Products" 

• Gain a practical understanding of applicable product safety requirements and the corresponding U Standards 

• Witness safe ty evaluations of product construction details 

• Receive hands-on experience in selecting/specifying plastics and other components 

• Compare national and international safety requirements (including expert analysis from Germany's \'DE testing 
authority at the November "Information Technolog\' .. seminar) 

"Information Technology Equipment and UL 1950" "Plastics in Electronic and Electrical Products" 
\ewYork: September 2-1-2;. 1991 Chicago: October 2.)-2-i. 1991 

Tampa: !\ovember 19-20. 1991 Tampa: \01·ember 21-22. 1991 

For more information and registration fees. or to register for eit her seminar. call Ll at (-08) Z-2-8800. ext. .)-1-1-1 . Space is 
limited. so call toda1·. 
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Optional Environmental 
Screening and Expanded 

Oper. Temp. (- 55°C to + 85°C) 

• Up to . 75 watt output at 
- 25°C to + 70°C ambient 

• Encapsulated semicon 
ductors conservatively 
rated for maximum 
reliability 

• Ultra-miniature size 
(0.2" height) 

• Input voltage ranges 3, 5, 
9 and 12V DC 

• 100 megohm @ 500V DC 
isolation 

• Input/output isolation 
• Single and dual output 
• No heat sink required 
Also PICO's A + AV Series 
• Up to 1 OOOV DC output 
• Ultra-miniature.5" x .5"x .3" 

De/ivery­
stock to 
one week 

453 N MacOuesten Pkwy. Mt . Vernon. N.Y. 10552 

Call Toll Free 800·431·1064 
IN NEW YORK CALL 914·699·5514 

184 CIRCLE NO. 95 

NEW PRODUCTS 
CAE & SOFTWARE DEVELOPMENT TOOLS 

Multitasking Network 
Software 
• Uses icons to designate TCP/IP 

applications and utilities 
• Remote file systems appear as 

icons in File Manager window 
Fusion For DOS takes advantage 
of the icon-based character of Win­
dows 3.0, allowing you to open 
mult iple networking applications 

MIOloCM!Mlea_of_ 

windows and work on them simulta­
neously. You could, for example, 
work on a spreadsheet in one win­
dow, access a file in a corporate 
mainframe in another window and 
transfer it, and open a telnet ses­
sion in yet a third window, all 
without leaving your spreadsheet 
program. The software lets you 
open as many as 10 windows simul­
taneously, depending on the proces­
sor type and the available memory. 
Fusion For DOS includes TCP/IP 
protocols, ftp-server, telnet, and 
r-command applications, as well as 
network-monitoring utilities, NFS­
client, and Windows support. $295 
per PC. 

Network Research, 2380 N Rose 
Ave, Oxnard, CA 93030. Phone 
(805) 485-2700. FAX (805) 485-8204. 

Circle No. 362 

lications nelQ (617 273-1818 
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You Don't Have To Take Chances With Bugs. 
THE LOWEST ·COST XDB ROM MONITOR DEBUGGER FOR MOTOROLA 68000, 68020, 68030, 68302, 
68332AND 68340 MICROPROCESSORS. 
Every embedded microprocessor application starts off with a few bugs. But you can eliminate 
them without missing a beat - or a deadline. Because with Inter Tools XDB ROM Monitor 
Debuggers, you start and finish debugging sooner in actual prototype environments. XO B's 
powerful user-friendly interface and "smart" ROM Monitor make it the most productive 
debugger available. And, starting at just $ 2, 4 9 5, it's also the lowest priced. Call 
now for more information, or to order. ••• I • 
WithlnterTools, youdon'thavetotake ••1 ntermetrlCS 
chances with bugs. 1-800-356-3594 •• Microsystems Software, Inc. 
617-661-0012. c1RcLE No. 97 Make Every Bit Count 
Price is for IBM PC and compatible version; call for pricing £or other platforms. 73 3 Concord Ave., Cambridge, MA 02138 185 



Looking into 
amult1chio 
moduler 

Read between 
the lines and 
you '11 get it 

Small wonder! 
Multichip modules 

deliver faster, 
denser, more reliable 

performance. 

Smaller vias, 
.005 dia., with 
.003 trace and 
space widths 

and buried 
resistors add 

up to increased 
densities. Faster process-

ing lowers cost 
by 5 to 10 times 
over polymer 
multichip modules. 

Vias are 
laser-drilled 

to control 
size reduction, 

Pacific Hybrid 
is ready now 

to put multichip 
modules to work 

for you fast. 
Just call! 

Each tape layer 
saves processing 
steps and cuts 
leadtimes. 

assures 
coverage 
control, 

improves 
trace resistance 

and reduces 
crosstalk. 

Improved physical 
and electrical prop­
erties provide a 
dielectric constant 
approaching 
a K of 4. 

10575 SW Cascade Blvd. Portland, OR 97223 
(503) 684-5657 FAX (503) 620-8051 

1-800-622-557 4 
~PACIFIC HYBRID 
~MI CROELECTRONICS 

We do small tniracles ™ 
Copyright © 1991 Pacific Hybrid Microelectronics 
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CAE & SOFTWARE DEVELOPMENT TOOLS 

ROM-Resident MS-DOS For 
Embedded Systems 
• Runs in 15k bytes of system 

RAM and 62k bytes of ROM 
• Permits customizing of 110 

drivers 
Microsoft's MS-DOS ROM version 
3.22 is the equivalent of the disk­
based MS-DOS version 3.21. Licen­
sees of Annabooks' Bioskits or 
Promkit can obtain the MS-DOS 
ROM version 3.22 Developer's Kit, 
which includes the utility programs 
needed to create a ROM image of 
MS-DOS after customization. Dur­
ing development, you can override 
the boot-from-ROM capability and 
boot from a conventional floppy or 
hard disk to ease the configuration 
of MS-DOS. You get the source 
code for IO.SYS for cases where 
you have to customize I/O drivers. 
You can also make the AUTO­
EXEC. BAT and CONFIG.SYS 
files ROM-resident, in which case 

Nobody does ferrites like DEXTER. We 
offer the industry's broadest selection of 
quality ferrites and associated hardware 
from world-class manufacturers. 
SIEMENS, MAGNETICS, FAIR-RITE, 
HITACHI, MMG/KRYSTINEL. From 
prototype quantities to production runs. 
From off-the-shelf to a wide range of 
value-added services - precision 
fabrication, E·core and pot-core gapping 
and testing, sorting and selecting by 
electrical specs. 

Call Toll Free 1·800-345-4082 for Free 
Catalog and Nearest DEXTER Location 

FERRITE CORES: 
THE DEXTER DIFFERENCE -
One-Stop-Shopping for all your 
ferrite needs. 

MAGNETIC 
MATERIALS 
DIVISION 

THE DEXTER CORPORATION 

ATLANTA• BOSTON• CHICAGO• DALLAS• 
LOS ANGELES• MINNEAPOLIS/ST. PAUL• 
NEW YORK• SAN FRANCISCO• TOLEDO/DETROIT• 
ENGLANO- WEST GERMANY 

they are processed before handing 
over control to your application. 
You can also use XT BiosKit or AT 
BiosKit to customize the power-on 
sequence. When you've completed 
all necessary customizing, you can 
use the vendor's Promkit to config­
ure the customized MS-DOS into 
ROM. Developer's Kit, including in­
itial 10 licenses for MS-DOS ROM 
version 3.22, $595. 

Annabooks, 12145 Alta Carmel 
Ct, Suite 250-262, San Diego, CA 
92128. Phone (800) 462-1042; in 
CA, (619) 271-9526. 

Circle No. 363 

Power-Monitoring Software 
For Novell Or Unix Networks 
• Works with the vendor's uninter­

ruptible power supplies 
• Broadcasts warnings when 

battery power becomes critical 
Powermon power-monitoring soft-
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I udngthe 
bi thing in slides 

since ball bearings. 

Ball Bearing Green Button™ 
Release 

No pinched fingers. Just smooth slide action. 
The new Green Button™ release. Only from General Devices. 

Stop damaged digits by spec'ing Chassis Trak®slides with the new Green Button release. 
Safe, simple and superior to its spring-dip counterparts, Green Button is standard on our most popular 

ball bearing slide models. A feature available at no additional cost to you. ~ENll!!B .a 
1 

.. 

Be part of the push. Push these buttons now: 1-800-626-9484. \:: w ~ 
We'll rush you a copy of our new ball bearing slide catalog and all '-~ DEVICES 

the info on Green Button ... the biggest thing in slides since ball bearings. ~~u~a~cu~~rdware 

General Devices Company, Inc. P.O. Box 39100, 141 OS. Post Rd., Indianapolis, IN 46239-0100 
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Cheyenne™ 7130A 
Set your sights on the highest capacity and 
performance available in an inch-high, 3.5-inch form 
factor disk drive. Maxtor's Cheyenne Series Model 7130A 
delivers peak specs including an unsurpassed 130MB of 
formatted storage. 

Powerful features such as a 64KB cache, 6MB/sec 
transfer rate and low 3.7 watts power requirement are 
packed into the 7130A, making it the crystal clear 
choice for desktop and portable laptop computers. 

Effective electronic communications require speed. 
Compare the Maxtor 7130A's fast 15ms access time to 
the competition's 19ms access time. Maxtor's two-platter 
design increases its reliability to a towering 150,000 hours 
MTBF, compared to the competition's 40,000 hours. 

Call and ask about our Cheyenne family of high-
performance, inch-high AT and SCSI drives with 
capacities from 40MB to 130MB. Don't fall for the 
others' claims. Instead, set your sights on peak 
performance with Maxtor. Call your nearest 
Authorized Maxtor Distributor. 
CIRCLE NO. 116 

Maxtor 
Cheyenne 7130A 
BOMB 

64KB 

6.0MB/S c 
15ms 

150,000 hours 

We Drive Harder. 



Your 
Authorized 
Maxtor 
Distributors 
A.D.P.I. 
1-800-275-2374 
30 1-258-2744 
Anthem Electronics 
408-452-228 7 
Arrow Commercial Systems Group 
1-800-323-43 73 
Arrow/Klerulff 
1-800-777-2776 
Avnet Computer 
1-800-422-7070 
B.S.M/Business Solutions in Micro 
1-800-888-3475 
214-699-8300 
Cal Abco 
818-704-9100 
800-669-2226 
Compac Micro Electronics 
1-800-426-6 722 
415-656-2244 
Computer Brokers of Canada 
416-660- 1616 
1-800-663-0042 
1-800-361-6415 
CPC 
714-757-0505 
800-582-0505 
Data Storage Marketing (D.S.M.) 
1-800-543-6098 
303-442-4747 
Firstop Computer 
1-800-832-4322 
Future Electronics 
514-694-7710 
Intelect 
01 1-525-255-5325 
Marshall Industries 
1-800-522-0084 
Microware Distributors 
1-800-777-2589 
503-646-4492 
Mini-Micro Supply Co. 
408-456-9500 
1-800-628-3656 
Pioneer Standard Electronics 
1-800-8 7 4-6633 
Pioneer Technologies 
1-800-227-1693 
S.E.D. 
1-800-444-8962 
404-491-8962 
Tech Data 
l -800-237-893 1 
8 13-539-7429 
Technology Factory 
1-800-848-2073 
l -800-227-4712 

. . omputer 
305-4 77-2288 
Wyle Laboratories 
1-800-289-995 
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CAE & SOFTWARE 

ware works with the vendor's line 
of UPSs and Novell or Unix net­
work operating systems. Whenever 
power problems occur, the software 
broadcasts warning messages to all 
users on the network. When the 
UPS battery becomes severely de­
pleted, the software broadcasts a 
second warning to allow users to 
save work before shutdown. If the 
battery becomes totally depleted, 
the software automatically saves 
any open-network files and safely 
shuts down the system. The soft­
ware also keeps a historical log of 
power failures to assist in determin­
ing trends or causes. Novell ver­
sion, $99; Unix/Xenix version, $149. 

Upsonic, 1392 Industrial Dr, 
Tustin, CA 92680. Phone (800) 877-
6642; in CA, (714) 258-0808. FAX 
(714) 258-0811. Circle No. 364 

Mixed-Signal Simulator 
For Sun Workstations 
• Includes a full-featured Spice 

implementation 
• Simulates mixed logic and 

analog designs 
The Mixed Signal Simulator (MSS) 
is one of four packages that make 
up the vendor's CAE tool set called 
Contee CAE (CCAE). MSS can 
simulate mixed-signal ASIC, pc­
board, and multichip-module de­
signs; you achieve speed by building 
suitable behavioral models for the 
digital and analog components. The 
package includes a functional Con­
tecSpice simulator; the vendor has 
enhanced version 1.1 of this simula­
tor to include faster, more accurate 
algorithms and to fix known 
Spice3Cl bugs. MSS provides sup­
port for uncoupled, lossless lines 
and comes with analog behavioral 
models for both analog and digital 
devices as well as libraries of dis­
crete devices that include both ana­
log and digital !Cs. MSS currently 
runs on Sun workstations. $20,000. 

Contee USA Inc, 2010 N First 
St, Suite 530, San Jose, CA 95131. 
Phone (408) 436-0340. Circle No. 365 

Technical 
calculations 
made easy! 

ALL NEW VERSION 3.0\ 

Now it's easier than ever 
to perform faster, more 
reliable engineering and 
scientific calculations. 

• Windows graphics features make Mathcad 
3.0 the simple solution to complex 
analytic needs. Dialogs, pull-down menus, 
and mouse point-and-click capabilities make 
it easy to combine equations, text, and 
graphics right on your screen and print it all 
in a presentation-quality document. 

• New Electronic Handbook Help facility 
serves as an on-line reference library. 
Paste standard formulas , constants, and 
diagrams from searchable, hypertext 
Electronic Handbooks for instant use in 
your Mathcad worksheet. 

• Symbolic calculations with a simple menu 
pick. Use expressions resulting from sym­
bolic derivations in your numeric calcula­
tions or for further symbol ic manipulation. 

• Mathcad works on PC DOS, PC Windows, 
Macintosh, or UNIX. More than 120,000 
engineers. scientists, and educa tors 
already use Mathcad for a variety of tech­
nical applications. Applications packs are 
also available to customize Mathcad for 
particular disciplines, including electrical, 
mechanical, and civil engineering and 
advanced math. 

Call 800-MATHCAD to request 
a free 3.0 demo disk! 

In Massachusetts, call 
617-577-1017. 

For a free Mathcad 3 0 
Introductory Kit. cllp this 
coupon and ma1l 1t back 
to us, or fax tt to 
61 7-577-8829. Or circle 
your reader service card 

0 Yes! Tell me more about Mathcad 3 .0! 
Name _________ _ 

Title __________ _ 

Company or 1nstnut1on _____ _ 

Address _________ _ 

C1ty _____ State_Z1p __ 

Phone I ___ ) ______ _ 

Math Soft 
Mail this coupon to 
MathSoft, Inc . 

r • \ .. ~ I & 201 Broadway 
Cambridge, MA 02139 

13 USA 
EON TECH 3.0 
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RITTAL Enclosures 
Reveal A Lot 

About Your Design. 
The Vario Rack Electronic Enclosure 
is just one of over 3000 RITTAL 
solutions. See what our perfect 
enclosure systems can do for 
you. Call 1-800-4PS 4000 for 
free RITTAL literature. You'll 
change the way you think about 
enclosures, forever. 

RITTAL Corporation 
3100 Upper Valley Pike 
Springlield, OH 45504 
Phone 1-(800)-477-4000 
Fax: (513) 328-5299 CIRCLE NO. 121 EDN August 5, 1991 



Aluminum Electrolytics 
NON-POLARIZED 2000 

CAUTION 
LOW CEILING 
MAX. HEIGHT 
5.5mm 

EXPANDED 

- 55°C 
+105°C 

TEMPERATURE 

POLARIZED 

All signs point to Nichicon 
surface mount electrolytics. 

When you need surface mount 
aluminum electrolytic capacitors, 
remember that all signs point to 
Nichicon. 

Because now there are seven sur­
face mount electrolytic series ready to 
help your products meet their market­
ing window-on time and on budget. 

Save time. Save space. Save money. 
Who isn't under pressure these days to 

reduce costs? 
Well now you can, without sacrificing 

performance, when you design your 
new products or replace comporable 
tantalum capacitors with Nichicon 
surface mount electrolytics. 

More Nlchlcon advantages. 
Your real bottom line though is still 

capacitor performance. And with 
seven series with 1.000 to 5,000 load life 
ratings to choose from, your chances 
of finding your capacitor choice are 
better than ever. 

Each series is carrier-taped and reeled and 
features Nichicon's anti-solvent design. 

SERIES 
WT 

ux 

uz 

wx 

UT 

UP 

UK Muse 

FEATURE 
1,000hr. life/5.5mmmax. ht. 
-55- + 105°C/O. l - lOO µF 
4- 50V 

2,000 hr. life/- 55- + 105°C 
22- 470 µF/6.3- 50V 

5,000 hr. life/6mm hl./4- 50V 
-55- + 105°C/0.1- 200 µF 

2,000 hr. life/5.5mm max. ht. 
-40- 85°C/0.1- 220, µF/4- 50V 
2,000 hr. life/6mm ht. 
- 55- 105"0'0. 1 - 100, µF/4- 50V 

1,000 hr./6mm hl./Non-polorized 
-40- + 105°C/O. 1- 47 µF 
6.3- 50V 

2,000 hr./6mm ht./For audio 
-40- + 85°C/0.1 - 220 µF 
4- 50V 

For your free Nichicon Capacitor 
• J _ • catalog or more information, call your n•cn•con ® local Nichicon representative or 

Th "t h . distributor, or call us at (708) 843-7500. 
e capac1 or c 01ce. Fax (708) 843-2798. 

927 E. state Parkway• Schaumburg, IL 60173 • (708) 843-7500 

One good idea after another. 
EDN August 5, 1991 
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NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

Embedded Control Modules 
• Have IBM PC-compatible CPU 

and five expansion blocks 
• Use 16-MHz Am286LX 

CMOS µP 
The Coremodule family has added 
an IBM PC-compatible CPU mod-

ule and five peripheral expansion 
modules. All the modules measure 
3.6 x 3.8 in. and plug together to 
provide building blocks for embed­
ded control applications. The CPU 
module, the Coremodule/286, uses 
a 16-MHz AMD Am286LC CMOS 

Power Supplies for Europe. 

192 

Must Meet IEC 555-2. 

Pioneer Magnetics has been 
shipping them to OEMs world­
wide for more than two years! 
For applications that include 
computer mainframes, desktops, 
peripherals, process control, 
telecom and ATE. 

They feature built-in active 
>. 99 Power Factor Correction 
and a harmonic current con­
tent less than 5%. They meet 
the proposed IEC 555-2 , all 
applicable international safety 
and EMC standards, and they 
are available from 250 to 2000 
watts, in single or multiple out-

puts. What's more, before any 
Pioneer supply is shipped, it's 
100% tested with a 48-hour 
burn-in - your assurance of 
high reliability and trouble free 
service. 

So why take a chance on 
having your products shut out 
of Europe after 1992, and pos­
sibly domestically, too? And 
why run the risk of stretched­
out deliveries? 

Reward yourself with power 
supplies that carry worldwide 
approval... ........ Call Pioneer 
Magnetics at 800-233-1745. 

CIRCLE NO. 123 

µP and has all the functions of an 
IBM PC/ AT mother board. Fully 
configured, the CPU module has 
DMA and interrupt controllers, 
timers, and sockets for as much as 
4M bytes of RAM. The module also 
has an Award ROM BIOS, a bidi­
rectional printer port, an RS-232C 
port, and a keyboard interface. The 
peripheral expansion modules con­
sist of a super VGA graphics dis­
play, an Ethernet controller, a 
solid-state disk unit, an ISA bus to 
SCSI adapter, and an IDE inter­
face. CPU module, $180; expansion 
modules, $65 to $149 (1000). 

Ampro Computers Inc, 990 Al­
manor Ave, Sunnyvale, CA 94086. 
Phone (408) 522-2100. FAX (408) 
720-1305. Circle No. 359 

Embedded Multiprocessor 
• Features four i860 CPUs on 9U 

VMEbus board 
• Uses 480M-bytelsec crossbar 

switch between nodes 
The MC860VS device is an embed­
ded multiprocessor board for the 
VMEbus. The 9U board has as 
many as four compute nodes, each 
consisting of a 40-MHz i860 CPU, 
as much as 16M bytes of distributed 
memory, and a data switch that 
connects the CPU or distributed 
memory to a central crossbar 
switch. The 480M byte/sec crossbar 
switch has six ports: Four of the 
crossbar ports connect to the 

EDN August 5, 1991 



WE'RE BREAKING NEW GROUND 
BY MAKING IT EASY TO PUT 

SCSI ON THE MOTHERBOARD 
Introducing Adaptec's new AIC-6260. 

You're already a big believer in the performance and 

connectibility of SCSI. But you're also digging around 

for an uncomplicated way to design-in SCSI to your 

AT motherboard . Well ... Eureka! Now with Adaptec's 

new AIC-6260, you've just hit pay dirt. 

After all, it makes a lot of sense that a single-chip 

solution is easier to design-in than multiple chip pack­

ages. They're also more reliable. And take up less real 

estate. Plus, since we've built the AT bus in, designing 

SCSI in is as easy as connecting signal lines dot-to-dot. 

What's more, we get you to market in the fastest 

possible time. That's because industry-standard , 

Adaptec-developed SCSI software drivers and BIOS 

are ready and available. For all major peripherals -

under all major operating systems. All this , and a 

complete design-in package, too. Which means , you 

can now afford to design the performance and connec­

tivity of SCSI in your system as a standard feature . 

So step on it. And call us at 1-800-227-1817,ext. 52 

today. We think you 're going to really dig it. 

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

.adaptM. inc 
.., :-5:e:1~ 

~~~:!~ ~ 
'IS.::.. f 

l'!!?~,\J gQ! n 

adaptec 
When you're serious about SCSI. 

,c 1991 Adaptec, lnc 

EDN August 5, 1991 CIRCLE NO. 124 193 
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• Audio Transformers ranging in size 
from W' x W' to %'' x '~s". 20 Hz 
to 250 KHz. Up to 3 watts . 

• Pulse Transformers .05µSEC to 
1 OOµSEC miniaturized construction . 

• Ultra-miniature DC-DC Converter 
Transformers . 40 watts. 

• Miniaturized Switchmode Inverter 
Transformers . 60 watts. 

• 400 Hz Power Transformers. 
Primary voltages of 115V or 26V. 
Plug-in construction . Ultra-miniature 

• Microphone!Transducer Audio Input. 
• MIL-STD-1553 Interface Multiplex 

Data BUS Pulse Transformers. 

MIL·T-27/356-1 thrU 63 
l2PL standards available -

• Inductance values to 20mH with DC 
currents to 23 amps 

seeEEM 
or send direct tor p I co FREE PICO c atalog 

Electronics, Inc. 
453 N. MacOuesten Pkwy. Mt. Vernon, N.Y. 10552 

Call Toll Free 800·431·1064 
IN NEW YORK CALL 914·699·5514 

FAX 914·699·5565 

194 CIRCLE NO. 95 

COMPUTERS & 
PERIPHERALS 

board's respective compute nodes; 
one port connects to a 64-bit, 160M­
byte/sec bus that communicates 
with the VMEbus; and one port 
connects a 160M-byte/sec Inter­
board Bus that provides communi­
cations between multiple MC860VS 
boards. You can install as many as 
eight boards in a VMEbus system, 
which couples as many as 32 i860 
compute nodes together. Running 
on the company's MC/OS release 2, 
the maximum processing power is 
2.5G flops. Board with four i860 
CPUs and 8M to 16M bytes of 
RAM, $24,300 to $38,300 (OEM 
qty). 

Mercury Computer Systems 
Inc, 600 Suffolk St, Lowell, MA 
01854. Phone (508) 458-3100. FAX 
(508) 458-9580. Circle No. 360 

Transputer Board 
• Cont,ains a T222 Transpuwr 
• Has a prototype section, which 

interfaces to the Transputer 
The TPM-EXP Transputer board 
for developing custom hardware 
has a Transputer node and a proto­
type section. The Transputer node 
has a T222 Transputer, which pro­
vides 10 MIPS, and a communica­
tions link that has a 9M-byte/sec 
bandwidth. The node also has a 
real-time clock and 64k bytes of 
static RAM. A lithium battery 
backs up the time and memory in 
industrial applications. A watchdog 
timer on the node monitors the 
Transputer's status. The prototype 
board operates on the Helios dis­
tributed operating system, Express 
tool kit, and Multitool Transputer 
development-system software. The 
board also operates with several 
cross-compilers running under MS­
DOS, Apple O/S, and Sun Unix. 
$1280. 

Parsytec Inc, Bldg 9, Unit 60/61, 
245 W Roosevelt Rd, West Chi­
cago, IL 60185. Phone (708) 293-
9500. FAX (708) 293-9525. 

Circle No. 361 

Sprague-Goodman 

Surftrim® 
Surface Mount 

Trimmer Capadtors 
• 2 sizes: 

3.2 x 4.5 x 1.6 mm 
4.0 x 4.5 x 2.7 mm (sealed) 

• 4 mounting configurations 
• Carrier and reel , or bulk pack 
• 1.7 to 50 pF in 7 cap ranges 
• Operates to 85°C 

Phone, fax or write today for 
Engineering Bulletin SG-3058. 

134 Fulton Ave. , Garden City Park, NY 11040 
Phone: 516-746-1385 •Fax: 516-746-1396 

CIRCLE NO. 136 

Sprague-Goodman 

• • Surfcoil® 
SMT Inductors 

• Inductance from 10 nH to 1 mH 
• 8 model series in 3 sizes: 

2.5 x 2.0 x 1.6 mm (0.098" x 0.079' x 0.063") 
3.2 x 2.5 x 2.2 mm (0.126" x 0.098" x 0.087') 
4 .5 x 3.2 x 3.2 mm (0.177" x 0.126' x 0.126') 

• Shielded, unshielded, ferrite core and 
nonmagnetic models 

• Operating temp: -200 to +85°C 
• Carrier and reel standard 
• Fully encapsulated 

Phone, fax or write today for 
Engineering Bulletin SG-8008. 

SP~HlGUE 
Gooom~n 

134 Fulton Ave ., Garden City Park, NY 11040 
Phone: 516-746-1385 •Fax: 516-746-1396 
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This advertising is for new and current products. 

Please circle Reader Service number 
for additional information from manufacturers. 

DEVELOPERS' TOOLS 
The Total Solwtio11 Programmer _________ .., 

The best-selling Programmer since 1985 
---------Appreciated by over 50,000 uers worldwide 

I) 
TUP-300 ......__/. 
Universal Programmer 
& Tester (PC based) 
from $695 

• 40-PinZF socket can be expanded 
up to68Pin IOJ8 to 68PinsDIP 

or Pl.CC chips. 

• Prog1llmll 20 lo 68 Pin PlD IPAl. CPAL, Fl, GAL, PEEL, EPl..O, EEPLOI, EPROM 
!up to 16 Mbrll, EEPROM, Serial PROM, Special PROM, Bipolar PROM & MPV 
(8741142/48149, 8051151FA, FB, FC/521 /541/252!75117521552/451 , 8796197, 
68705, Z86E11 /21 , TMS7742, TMS77C82, 8755A ..... I 

I Tests m 174/541. CMOS (40/45), SRAM, ORAM, SIP DRAM and SIM DRAM. 

I Full screen edit, HEX 10 OBJ, 2-way or 4-way Binary File Splitt!!' and Shuffle!' , 6 

MPU 011-Hsemblel'I. 
1 34 various adaptei-s !4 sockets, ROM-RAM, Pl.CC, .... )from $95.-
I Otl'ler high QUality Pl'OIJl&mmel Clllds at low cost available lrom $119. ·. 

UV Eraser IUV-32) tor 32 pcs at $95 · 

Cal us today for complete prnduct line Distributors 
• 1 yHr w.-ranty, 30 days money back guarantee Are 
• 1 year free software updates and Customer Support Welcome 

1-----TRIBAL MICROSYSTEMs----t 
Tel: 14151623-8859 Fax: 14151623-9925 
44388 S. Grimmer Btvd. Fremont CA 94538 

CIRCLE NO. 325 

smARTWORK PCB Software. In a fraction of the time hand 
taping requires, you can create double-sided printed-circuit 
boards with smARTWORK and your IBM PC. The program's 
features include continual design-rule checking, automatic 
pad shaving, a silkscreen, and text for all three layers. 
smARTWORK with autorouting is $895 (without, $495) and 
comes with a 30-day money-back guarantee. Credit cards ac­
cepted . Write or call 

Wintek Corporation 
1801 South Street, Lafayette , IN 47904 

(800) 742-6809 or (317) 742-8428 
CIRCLE NO. 328 

**** " The Best 8051 Emulator" 

5 It cable 

8051 SEE EEM 90191 
Pages D 1320-1323 

PC based emulators for the 8051 family 
8031, 9032, 8051, 8052, IOC152/1S413211451/452/S1FA/!ilGB/5151517f5351537/ 
552151211521851, IOS32, 13C45tl'5521152/751/752/151, 1344, 17'C4511552/75t/ 
752, 1751, 9752, 055000 + CMOS 

• PC plug-in boards or RS-232 box. 
• Up to 30 MHz real-lime emulation. 
• Full Source-level Debugger wlcomplete Cvariable support . 
• 48 bit wide, 16K deep trace, with "source line trace." 
• "Bond-0ut" pods for 8051, 83C552, 83C451, 83C652, 

83C751, BOC515180C517, 83C752. 

Prices: 32K Emulator 8031 $1790: 4K Trace $1495" rus onlVJ 

CALL OR WRITE FOR FREE DEMO DISK! 
Ask 11bout our demo VIDEO 

~~=== 

nDHau 51 E. Campbell Avenue Call 408-378-2912 
Campbell, CA 95008 Nohau's 24-hour 
FAX (408) 378-7869 mtormaion center kl 

CORPORATION (408) 866-1 820 """"'*"" FAX 
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EZ - ROUTE PLUS 
\\\\\\\\~\\\\\Ill~~-.·: .... .-:..... . ...··: 
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SCHE:\IATIC TO ERROR-FREE ARWORK 5650 

INCLUDES AUTO ROUTER 
E7..-ROlffE PLUS sys1cm from AMS for IBM PC, PS!l and rompa1ibks is 
an in1cgra1ed sys1cm and includes schema1ic cap1urc, PCB layout. Au-
1om:uic Rou1cr, Ocsign Ruic checker and ability to view gerbcr plot 
files The schematic capwrc module from El-ROUTE sys1em supports 
A 1hrough E size shec1, comes with user expandable library and OUl· 
puts nctlists compatible to several different fom\als such as Futumcl, 
PCAI), and EDIF. The PCB Layou1 Mcxlule supports 256 byers, trace 
wid1h from 0.00 I inch 10 0.255 inch, Hcxibk grid. SMD romponcn1s 
on boch 1he ski~ of 1M board and ou1ptus on pcnploners, gcrber 
pholoploner, and dol: nuuix prin1crs 

Schematic Capture $100. PCB Layou1 $250, Au1o Router $250. 
FREE EVALUATION PACKAGE 

30 DAYS MONEY BACK GUARANTEE 
1-800-972-3733 or 1305) 975-9515 

"'" (30S) 97\:9698 
ADVANCEO MICROCOMPUTER SYSTEMS, INC. 

t .. !l!!ll Si 1321 NW. 65 Place 
L•ll 11 i:?J! Ft. Lauderdale, FL 33309 

CIRCLE NO. 329 

DAC-Per-PinM 

Device Programmers 
Program virtually every programmable 
device on the market with a certified 
programmer from the leading supplier 
of programmable device tools, Logical 
Devices. The Allpro-4i starts at $1295. 

We Have the Be& Products on The Market 
For more information, 
call 1-800-331-7766. 

LOGICAL 
D•v•c•s. INC. 

CIRCLE NO. 327 

27010 EPROM EMULATOR 
UMT CAN BE DAISY-CHAl\IO FOR 

16 & 32-BIT SYSTEMS 

ROM EMULA'l'OR I . .. 
•· 1ma •-' 

Emulates 2764, 27128, 
27256, 27512, & 27010. 

Other emulators from $199 

Parallax, Inc. 
Citrus Heights, California 
(916) 721-8217 

CIRCLE NO. 330 

...... 

8349 

To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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THE LOGIC ANALYZER 
MODEL 3625 32CH. IOOMHZ 
MODEL 3620 24CH. IOOMHZ 

Runs on PC: Drives HGA, OOA, EGA, VGA, and MCGA. 
Up to 32 1immotS1ate data channels, 2045 bttslchannel. 
Sample rate up to 100 MHz asynchronous, 25 MHz sync. 
Sample data by rising, falling, bolh edge of two EXT clocks ANO/OR logte 
combinations 
Over 4000 mulhlevel combinational trigger condi tions 
leveVEdge tngger capability 
Data qualificalion with 8 channels qualifier. 
Easy·to-use menu-drrven system software. 
FORMAT, TIMING, LIST, and DOS display Mode. 
Full color display enhances user interface. 
User-definable COlof set. 
8 acquisition templates provide raptd setup and operation 
4 user-definable groups thOse can be displayed m separate BIN, OCT, HEX, 
ASCII, and DEC radices. 
Save/load acquisition data lile and edil testing comment in DOS Mode. 
Hardcopy at any moment , and dump the data of mterest in timing diagram or 
state table. 

ARGOSY TECHNOLOGY CO., L TO. 
BF, NO. 196, SEC. 2, KEELUNG AD., TAIPEI, TAIWAN, A.0 .C 

TEL: 886-2·7371325 FAX: 886-2-7371342 

CIRCLE NO. 331 

Lifetime FREE software updates 
via BBS/US Mail 

Unlimited toll-free technical support in USA 

PLD-1128 Logic Programmer 

_ -L:J_v.-.·.-1 PlO/ EPROM PROGRAMMER 
·~ 

--~ ' ~~~ - -·---­. ' ----
.}~ :·: 

PLD· l128 HP~ 

$995.00 
Supports over 1,200 devices including: 
• MACH 110/210/130 • PALCE/4 EPLDs 

All 4 ns and 5 ns TTL standard PALs 
7ns & 10ns 22V10, 22VP10 • 7ns GALs 
BiCMOS devices • ECL PLDs • MAPL 128 
Works under Windows • Parallel Interface 
• Single Executable file 

Call 1-800-225-2102 for information. 

BP~ 
BP Microsystems, Houston, TX 77043-3239 
Phone: (713) 461 -9430 Fax: (713) 461·7413 

80386 
80286 
8o188n86 
80188n86EB 
8088/86 
V20(JD/40/50 

CIRCLE NO. 334 

6830 
64180/Z180 
641808 
Z80 
8085 

CIRCLE NO. 337 

To advertise in 

Now Doubled in Library Size 

DC/CAD 
I CAD Showdown Results!! 

HIGH DENSITY EXPERTS! 
Integrates Schematic Capture, 

PCB Layouts & Autorouting 
This lop-raled CAD oul-routed lhe competition in lhe 1990 CAD 
Showdown. DC/CAD displayed its power and flexibility when 
routing a double·sided board while compeling routers used four 
to six layers. This non·copy protecled package with surface 

mount support includes: -
• Multi-strategy 1·mil parls auloplacer 
• "1-mil" autorouting w/ripup & retry 
• Thorough annolating design rule checker 
• Full 2·way GERBER and DXF support 
• Optional autoground plane support with cross·hatching 
• Optional simulation capability & protected mode for 386 users 

LEASE PROGRAM & SITE LICENSE AVAILABLE 
30 DAY MONEY BACK GUARANTEE 

•DESIGN tlliiliia 
• COMPUTATION ~~E 

Rt. 33 .. 'ihtrman Squat? Farmin.tdalt, 'tlj o·~r 
(90H) 9JH-6661 • (90H) 9JH-666t (FAX) 

DC/CAD . .. lnnfJl!ative. lmelligent & Integrated Software 

CIRCLE NO. 332 

EPROM EMULATION SYSTEM 

• Emulates up to 8 
4-Megabit EPROMS with 
one control card. 
• Downloads 2-Megabit 
programs in less than 
23 seconds. 
• Allows you to examine 
and modify individual 
bytes or blocks. 

NEW 
4-MEGABIT 
VERSION 

• Accepts Intel Hex, 
Motorola S·Record 
and Binary files. 
• Software available 
for IBM PC and 
compatibles and 
Macintosh systems. 
• Base 27256 EPROM 
System $395.00 Other 
configurations available. 

ORDER TODAY-IT'S EASY 
CALL OR FAX FOR MORE INFORMATION 

~ 
Incredible Technologies, Inc. 
(708) 437-2433 
(708) 437-2473 Fax 

VISA now accepted. 
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SIMPLIFY BOARD LAYOUT 

MICRO/Q 1000 ceramic decoupling capacitors 
share board mounting holes with IC pins to 
simplify board design . Now add more active 
devices with increased density in the same space. 
or design the same package on a smaller board . 
Rogers Corp. 2400 S. Roosevelt St., Tempe, AZ 
85282. 602/967-0624 

20 MHz 286 CPU CARD - $595 
• 2 Serial/1 Parallel Port s 
• Up to 4 M eg D RAM: 011 WS 
• Low Power 6- layer PCB 
• Award BIOS - Norton SI 21.1 
• Optional 287 Co-Processor 
• Small Size (XT-Form Factor) 
• User Replaceab le Battery 
• Made in USA 
• $595 qty 10 w/OK 

295 Ai rport Road 
Naples, FL 33942 

TEMPUSTECH, INC. 
1-800-634-0701 

CIRCLE NO. 333 

PCB and SCHEMATIC CAD. 

EASY-PC $195 EASY-PC 

• Runs on PC/XTfAT/286/386 
~·ith Herc, CGA, EGA, VGA _ 

• Design Single sided, Double 
sided and Multilayer boards. 

• Pro\oi des Surface Mount 
support. 

• Award Winning EASY-PC is 
now in use in over 9000 
Installations in 50 
Countries World-wide. 

• SUPERBLY EASY TO 
LEARN ANO USE. 

• Not Copy Protected. 

• Dealers Wantrd. 

Options - 1000 piece symbol library $75.00 
Gerber Import facility $195.00 

For full info', write, fax, call or use Inquiry# .... 

Number One Systems Ltd. .& 
REF: EON, HARDING WAY, ST.IVES, HUNTINGDON, 
CAM BS., ENGLAND, PE17 4WR. 

Telephone: Fax: 
USA: 011-44-480-61778. USA:011 -44-480-4SM042 AMEX,VISA, 
lntnl :- +44-480-61778 lntnl:- +44-480-494042 MasterCard 
UK :- 0480 61778 UK:- 0480 494042 Welcome 

CIRCLE NO. 336 

~ .. ~~ 

Schematic 
Capture 
for the 

Macintosh 
DESIGNWORKS 

Schematic features Menu-driven, mouse-controlled opera· 
tions • cuVcDpy/paste between circuits• right·angle rubber­
banding. Digital simulalion 13·state, event-driven simulation 
• logic analyzer·style timing window • PLO support. Libraries 
Fully·simulated 7400, 4000, 10K series, PLDs, PROMs and 
RAMs, non·simulated analog and disc rete components 
• User-definable, simulated custom symbols. Interfaces 
Formats for Douglas CAO/CAM, Cadnetix, Calay, Dread, 
Tango, Racal Redac, Spice. • user·definable printers, dot­
matrix printers, HP, Houston , Roland pen plotters. Require­
ments Macintosh Plus, SE, II , llx, llcx , or llci. 

CALL (604) 669-6343 FOR YOUR 
FREE DEMO DISK TODAY. 

CAPILANO COMPUTING SYSTEMS L TO. 
CIRCLE NO. 338 CIRCLE NO. 339 

Product Mart, call Joanne Dorian , 212/463-6415 
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PICO Ill™ 
I SLO·BLO® 

PICOFUSE 

I 
Proven PicoFuse reliability is now available 

I with time delay performance characteris-

l tics in a space saving subminiature size. 
Ideal for applications having inrush currents 
that normally open a fast acting fuse. Elimi-

1 bl f " . bl . " I notes pro em o nuisance owing. I 
Available in 3/8 to 7 amperes at 125 

J volts. U.L. recognized and CSA certified . I 
Call Littelfuse 708-824-0400 

_Litt elf use' Inc. _ _J 
CIRCLE NO. 340 

• Easy ta leam & use 
• Wi1dowed i1terface •• 

user configurable 
• FAST! Dawnlaad-

llllilillillllililfil. <l m . typ. at l1 SKB 
• Source Level debug 

• A 4K frame trace buffer with advanced searching capabilities. 
• Hyperii1ked On-li•e help gu~es yoo throogh the errulofuo process. 
• iceMASTER conoem eosi~ Ill yoor PC, re<pires no rfoossembft, 0< exponsioo 

s~ts. Worl.s oo any PC (DOS or 05/ 1), MkroChonnel or EISA. Even ~ptops 1 

• Supports mare than SO different 8051 famay derivatives. M6BHC11 
suwartwiU beowi~ble early il 1991 

• Try iceMASTER risk free! Somfoction Gooronteed 0<rel\Jmfornfull refund I* 
• RENTALS AVAILABLE! ldeol for consultants or<! researchers I 
• Call today far free demo disk and ask about a free 

8051MaaoAssembler!(800)638-2.423 

~ ~ L~p~glink · .. . 
Mmri. C~ fO. b 1329 ctmt., Az BS244'1329 ~ 
"°"'=(602J91Ml7'7 FIX. {602)924-11 98TEUX. 4991ll50Mflll 
"Wrhl~lll.-1 

Circle #200 for 8051 Info 
Circle #201 for 68HC11/COP8 

EXTRUDED ALUMINUM 
PANEL MOUNT ENCLOSURES 

• Depths 6" & 8" 
• Any depths. 10 or more 
• Sltln. cleir anodize 

flnlsh 
• Loclt·ln panel-mount 
• Modifications and 

DIN STANDARDS screen printing available 

Bezel c11e FREE CATALOG 

48x00mm 44x91mm 13t~ 
72 x 144 mm 67x136 mm 
96 x 192 mm 91x 184 mm 
96 x 00 mm 91 x 91 mm 555 Marion Road 

184x184 mm Columbus, OH 43207 
6141445-8433 

CIRCLE NO. 341 

Nichicon 
Electronic 

ComP-onents 

Aluminum Electrolytic Capacitors, Plastic Film Capacitors, 
Positive Thermistors "Posi-R", and Hybrid l.C.s "Hi-Net", 
are all listed in Nichicon's latest full line catalog . Over 150 
pages complete with operating and test specifications. 
Chip type, ultra miniature, standard type, high realiabil­
ity, special type audio, and can type electrolytic capacitors. 
Also Positive Thermistors for color TV auto degaussing 
circuits, thermal protection and overcurrent protection. 
Hybrid l.C.s include diode arrays graphic equalizer, 
custom-made and switching regulator power series. 
Nichicon !America) Corporation 
927 East State Parkway, Schaumburg, IL 60173 
Phone 1708) 843-7500 FAX: 1708) 843-2793 

CIRCLE NO. 344 

Communications 

Problems? 
The compact Protocol 
SwltchTM is designed to 
solve special commu n· 
ications problems. There 
are 4 serial ports con-
figurabte indifferentways: 4-Serial Ports 
RS485 ports for long dis- RS232 I 485 
tance, synchronous ports for high speed and RS232 
ports for IBM-PC intertace. 2 parallel ports (32 bits) 
provide high speed bidirectional communications with 
the IBM-PC or standard PC printers. The Protocol Switch 
is easy to program with our low cost, interactive C 
development system. Battery backed memory, time of 
day clock, EEPROM. Use our box or embed the PC board 
in your product. Off-load PC communications using 
80,000 byte per second transfer via parallel port. Appli· 
cations: Change serial I parallel protocols. Implement 
another layer of security. Use for industrial control with 
our Opto 22 software support. From $295. 

Z-World Engineering 
1340 E. Covell Blvd. 

Davis, CA 95616 
Tel : (916) 753·3722 Fax: (916) 753-5141 

Automatic Fax: (916) 753-0618 
(Call from your tax, request data sheet #19.) 

CIRCLE NO. 347 

LEMO'S NEW CIRCULAR 
CONNECTOR CATALOG 

LEMO's new cir­
cular connector 
catalog high­
lights expanded 
shell and insert 
designs. Insert 
configurations 
are available in 
single, multi or 
mixed designs 
including signal, coaxial, triaxial , high volt­
age, fiber optic and flu idic/pneumatic. 
Shell sty les are available in standard 
ch rome plated brass, anod ized aluminum 
or stainless steel. 

~ LEl/ID!!!J§;V !li!E 
P.O. Box 11 488, Santa Rosa, CA 95406 
Phone (800) 444-LEMO, Fax 707/578-0869 

CIRCLE NO. 342 

MINIATURE SURFACE MOUNT SWITCHES ·• ~·· · a-~ - £, -- - . 
. . & ~·,-. " 

Noble U.S.A., Inc. now offers three styles of surface mount swit· 
ches: Tactile, Push and Slide. 

Double action tacti le swi tches measure 9.2mm x 7 .6mm and 
feature a sharp detent click at either one or two contact points. 
Single action tactile switches measure 5.5mm x 4.0 mm (2.0mm 
mounting heighl l. 

Noble 2 circuit, momentary push switches measure 8.2mm x 

4.5mm and are appropriate for low current applications. They feature 
a travel length of 2.5mm. 

Miniature 2 circuit, 2 position slide switches measure 8.1mm x 

4.0mm; slide travel length is 2mm. 
All switches are compatible with reflow soldering and are available 

in tape and reel packaging. Applications include portable computers, 
telecommunication equipment, radar detectors, cameras, and other 
hand held inslruments. 

To obtain more information on these Surface Mount Switches, con· 
tact Bob Burdick, Noble U.S.A., Inc., 5450 Meadowbrook In­
dustrial Court, Rolling Meadows, Illinois 60008. Telephone: 
(7081 364-6038. Telefax: (708) 364-6045. 

CIRCLE NO. 345 

~p1g;.i.JM!@t.isHil.JulSU.is@ 

Rland R2 MF 
Transceivers 

M-986 transmits and 
receives CCITI Rl or R2 
forward and backwa rd 
multifrequency signals. 
For trunk adapters, test 
equipment, etc. 
• Single or dual channel versions available 
• For N. Am. (Rl ) or Int' !. (R2) toll signals 
• Binary or 2 of 6 input/ ou tput fo rmat 
• Complete microprocessor interface 
• 40-pin IC, 5-volt power, crysta l time base 

1-800-426-3926 
Or: 206-487-1515 Fax: 206-487-2288 

iCEL-CCNE® 
ii§i§i•fr!li§Rielliil!.i§~f 

/11 Je/ecum /n/erfaa! Compments 

Teltone Corporation, 22121 -20th Avenue SE, Bothell, WA 98021 

CIRCLE NO. 348 
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LOW-POWER 
OPERATOR INTERFACE 

200 Keystroke 
Memory 

Vf-100 
Compatible 
(ANSI 3.64) 

RS-232C or 
RS-422 Interface 

Low power 200mA 
at l2VDC 

Key released 
detection 
30 or 45 key tactile 
and audible 

80 character backlit supertwist display 

Custom keypad graphics available 

Rugged cast aluminum (NEMA 4/l 2) 

* OEM quantities 

~Two Technologies, Inc. '! 419 Sargon Way , Horsham, PA 19044 
_ 215-441-5305 or 215-441-0423 Fax 

CIRCLE NO. 349 

• Schematic Entry • SPICE Slmulatlon 
• Model Libraries • Waveform Graphics 
lntusoft has it all at an Affordable Price! 
INTEGRATED, EASY TO USE SIMULATION ENVIRONMENT, FEATURING: 

A powerful SPICE (lsSP1cE) simulator performing AC, DC, 
Transient, Noise, Fourier, Distortion, Sensitivity, Monte Carlo, 
and Temperature analyses, Extensive model libraries, 
Schematic entry, and Waveform processing. Starting at $95 
for lsSPICE, complete systems are available for $815. 

Call Or Write For _a; P.O. Box 710 San Pedro 
vo,~~:;:::;.1~:;;~1:i"d intusoft CA 90733-0710 · 

Tel. 213-833-0710 Fax 213-833-9658 
CIRCLE NO. 752 

NTSC composite 
color video to RGBS 

• Brightness, contrast, 
color, hue, and peaking adjust­

ments• Small size (2.7" x 3.5" x 1") 
• PAL and S-Video versions available 

•Only $480-Lifetime warranty! 

@] Communications 
~[?SQeciolties. Inc. 
TEL: 516-273-0404 FAX: 516-273-1638 

200 MHz Logic Analyzer 

• 
• 24 Channels (up to 50 MHz), Timing and State 
• 200/100 MHz Max Sampling Rate (6 channel) 
• Timing and State Simultanious on Same Probe 
• 16K Samples/Channel (6 channel mode) 
• 16 Levels of Sequential Triggering 
• Optional Expansion to 72 Channels 
·Variable, TIL, or ECL Logic Threshold Levels 
• 3 External Clocks and 11 Qualify Lines 
• FREE Software Updates on 24 Hour BBS 
$799 • LA 12100 (1 oo MHz) 
$1299 - LA27100 (100 MHz) Price includes Card, 

Pods, and Software 
$1899 - LA27200 (200 MHz) 

UNIVERSAL PROGRAMMER 
PAL 
GAL 
EPROM 
EE PROM 
PROM 
87xxx ... 
22V10 $475 

16Bit EPROMs FLASH EPROMs 
Sns PALs 4 Meg EPROMs 
FREE software updates on BBS 

GANG PROGRAMMER 
• 4 32pin Sockets (8 Socket option) $215 
• 2716-27010 EPROMs 

Call - (201) 994-6669 
I Link Computer Graphics, Inc. It' 4 Sparrow Dr .• Livingston, NJ 07039 FAX:994-0730 

CIRCLE NO. 753 

Data 1/0 Wall Chart 
FAX us the name and serial number 

of your device programmer, and you' ll 
qualify fur a FREE copy of Data I/O®'s 
1991 Wall Chart, listing more than 4,000 

devices in 12 device 
'::..-,-::_, Lr-~', categories. 

' "..~~~ ...... ~~ .............. ...... ..... _ ..,,c-("-!J. ....... 
'' : ...... ~;.<>.-;.1_~;. ................. ,..,, 
'~ '-<::"' ,' 

'..::::~ ',.,.' ._, ,.;::; 

•u.s. list price only. DATAl/O 

DR·11W USERS: 
NfY!! F~Op~L~ ---Our new Fiber Optic Link removes 

the DR-1 1W's 50 foot cable limit. We use 
advanced fiber optic technology so you 
can separate DR11-W compatible devices 
up to 2 kilometers-with no loss in system 
throughput. Our Links connect to your 
existing DR11-W interfaces with standard 

40-conductor flat cables. Join the 
two Link modules with duplex fiber 
optic cable . and your system is 
ready without software changes 

m mactolink:®inc. 
1500 North Kellogg Drive • Anaheim, California 92807 

Phone (714) 777-8800 • FAX (714) 777-8807 

CIRCLE NO. 751 

Consistency 
is 

key ............... 
to the power of 

EON Product Mart 

CIRCLE NO. 754 

To: Data 1/0 FAX #: (206) 869-7423 
Subject: My FREE Wall Chart 

Name: ---,oF,,.-irs-r --M,..,-.7J.--7L<""1s1,---

Title: ___________ _ 

Company:----------­

Address:-----------
Mail Stop: __________ _ 

City/State/Prov.:---------
Zip/Postal Code: ________ _ 

Phone Number:(---)•-----­
Brand/model Areu Code 

of my programmer**--------
Serial number _________ _ 

Or call 1-800-3-DatalO (1-800-332-8246). 
*' \Veil accept any brand 

of derice programmer. DATAl/O 
CorpofatlOl'I 

CIRCLE NO. 755 CIRCLE NO. 756 CIRCLE NO. 757 

To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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Cell Joanne Dorian for 

more Information 

(21 2) 463-641 5 

CIRCLE NO. 758 

Quick, Fast Socket Conversion 
• Convert-A-Socket '" makes it a snap to convert a pro­
duction socket to a test socket and vice-versa. 
• Complete line of male/female sockets for LCC, PLCC, PGA, 
PQFP, and DIP circuits. 
• A must if you're inserting circuits repeatedly in low 
insertion force sockets. 
• Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: El~ 

Emulation Technology, Inc. 
2344 Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

CIRCLE NO. 761 

PERSONAL E/EEPROM PROGRAMMERS 
with BUILT-IN UV ERASER 

-----ititii 
odel: 9850 

............ iifliililiwJ $395.00 
• Simple function key operations 
• Full LCD display message 
• Programs 2716 to 27513 EPROMs and 2804 to 28256 

EEPROMs 
• Programming algorithms: STANDARD, INTELLIGENT, 

INTERACTIVE and QUICK PULSE. 
• Data file formats : INTEL HEX, BINARY, MOTOROLA S 

and TEKTRONIX HEX 
• Programmingluncti011s:READ,PROGRAM, AUTO, BLANK 

CHECK, VERIFY 
• Built-in UV Eraser (9850 UV) 

For more mformat1on please call: 

AMERICAN RELIANCE INC. 
(800) 654-9838 Fax: (818) 575-0801 

a programs• PAL, PLD, GAL, PEEL, FPL 
(up to 68 pin PLCC) 
• E(E) PROM, Flash EPROM up to 4Mbits (40 pins) 
• Microcontroller, Bipolar PROM. 

• Tests TIUCMOS Logic, D/S Memory Device. 
• High speed parallel interface card to PC/XT/AT/386 
• Pull-down Menu driven, Library Operating software. 
• Fast Device update on user's request 
• 40-pin Gold ZIF Socket 
• Lifetime Free Updates (BBS) 
• User Device Library Generator (optional) 

TOLL FREE 1-800-541-1975 764 San Aleso Ave. 

XEL::rEK
Sunnyvale, CA 94086 
TEL ( 408) 745-7974 
FAX (408) 745-1401 

CIRCLE NO. 759 

CC-1 Capacitor Kit contains 365 pieces, 5 ea. of every 
10% value from lpf to .33µ1. CA-1 Resistor Kit contains 
1540pieces; 10ea.of every5%valuefrom 10!lto 10megll. 
Sizes are "0805 and 1206. Each kit is ONLY $49.95 and 
available for Immediate One Day Delivery! 

Order by toll-free phone, FAX, or mail. We accept 
VISA, MC, AMEX, COD, or Pre-paid orders. Company 
P.O.'s accepted with approved credit. Call for free 
detailed brochure. 

·-~COMMUNICATIONS SPECIALISTS, /NC. --.!!!I 426 West Taft Ave. ·Orange, CA 92665-4296 
- Local (714) 998-3021 ·FAX (714) 974-3420 

Entire USA 1-800-854-054 7 
CIRCLE NO. 762 

Connected to the AC. or DC lines, 
the Noise Checker detects 
pulse voltages with 
the duratioo of 
300ns to lOµs. 

NolseKen 

NOISE EHECKER 
model lM~~"'@~~ 

U.S.A WATAHAN NOHARA INTERNATIONAL. INC 

TEL (800)366-3515 

PROTOTYPING ADAPTORS 

BY THE HUNDREDS 
Our line of prototyping adaptors for VLSI devices in­
cluding PGA, PLCC, LCC, Zf P, DIP and Quad Flat PAk 
is the most extensive available in the industry. These 
devices allow easy prototyping of these difficult to handle 
devices. Pins and sockets used are gold plated and of the 
highest quality. Parts are available in soldertail or with 3 
level wirewrap pins. All types of wirewrap panels are 
covered. Ask about our custom design services for unique 
solutions in packaging. 

IRONWOOD ELECTRONICS ~ 
P.O. BOX 21151 , ST. PAUL, MN 55121 
(612) 431-7025; FAX (612) 432-8616 

CIRCLE NO. 760 

'1 ango-PCB PLUS is the most intuitive 
CAD program I've ever used." 

"The Tango-PCB PLUS 
circuit board design tool is 
light and simple. Its 
Windows™-like interlace is 
very easy 10 use. Tango does 
what I want il to do in the 
logical way it ought to be 

done. I heartily 
recommend it to 
others." 

Tango's feature- rich 
circuit board layout and 
autoroute packages offer 
high perfonnance and 
ease of use. Their 
affordable prices include 
great documentation and 
tech support and a 

·~~:;~"'"-n' money-back 
-"!«"~ guarantee. 

1_llf1t,orJ~ r.-im 

See for yourself. CaJJ 1oday to order your 
free PCB/Route evaJuation package. 

800 488-0680 
619 554-tOOO •FAX: 6t9 554- 10t9 

ACCEL Technologies, Inc. 
6825 Flanders Dnvc • San Diego, CA • 92 121 • USA 
Cont:i.ctusfor therepresenlati\enearest rou. 

CIRCLE NO. 763 

~GLITCH{ 

\ - '\--""--
LineSlm Pro spots problem signals and 

helps fi nd solu1i ons before you bui ld boards. 
UneSim Pro features: 

-simulation of tOO's of - device-model library 
transmission line segments • circuit-board-impedance 
per electncal net calculators 

· push-button schematic · extended·memoiy support 
·oscilloscope display · uses 3861486 protected mode 

Or choose LileSim, a simplified vmion (2 line\). 

UneSlm Pr11 : $995 (U.S.) lJneSin: $495 (U.S. l 
Requi re' J86/..i86 PC Require' IBM PC' \l./EGA: 
w/EGNVGA: min. 2 Mb min . MOJ... memory. 
cx1cndcd memory: rnou,c. 

JO-da) moncy-b<•d guarantee. \1./$25 rc,1ocJ... fee . 

~ .. ~_ 
Auemion: Sale\ Dept. 

P.O. Box 3578 
Redmond. WA 98073-3578 

Tel. (206)869-2320 
Fax (206)881-1008 

CIRCLE NO. 764 CIRCLE NO. 765 CIRCLE NO. 766 
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CAREEROPPO 

Issue 

News 
Edition 

Magazine 
Edition 

News 
Edition 

Magazine 
Edition 

News 
Edition 

Magazine 
Edition 

News 
Edition 

200 

Issue 
Date 

Sept. 

Sept. 16 

Sept. 19 

Oct. I 

Oct. 

Oct. 10 

Oct. 17 

1991 Recruiunent Editorial Calendar 
Ad 

Deadline 

Aug. 16 

Aug. 21 

Aug. 29 

Sept. 5 

Sept. 13 

Sept. 19 

Sept. 27 

Editorial Emphasis 

Military Electronics Special Issue, Computer Architectures, Defense Electronics•• 

DSP/Microprocessors, !Cs & Semiconductors, CAE/ASICs, Environmental Engineer­
ing • Software 

RISC/ ICs, Computers .. , Regional Profile: Florida .. 

Computers & Peripherals/ Networks , DSP Chip Directory • !Cs & Semiconductors/ 
Memory Technology, Instrumentation 

!Cs & Semiconductors, Multimedia•• 

Test & Measurement Special Issue, Oscilloscopes, VXI Board Directory • 
CAE/AS!Cs , Sensors & Transducers • 

ATE/Board & IC Testing, Artificial Intelligence••, Regional Profile: New Mexico 
& Arizona•• 

Call today for information on Recruitment Advertising: 

MEMBER COMPANIES 

AMO, AT&T, DEC, Harris, 

Hewlett-Packard, Intel, IBM, 

LSI logic, Micron Technology, 

Motorola, National 

Semiconductor, NCR, 

Rockwell, and Tl 

East Coast: Janet 0 . Penn (201) 228-8610 
West Coast: Nancy Olbers (603) 436-7 565 
National: Roberta Renard (201) 228-8602 

A Commitment 
To Omility 

Through Diversity 
As diverse as the people and industries that this country was built upon, so are 

the individuals that comprise SEMATECH. Where defense electronics and advanced 
weapon systems performance rely on electronic technology, SEMATECH's mission is 
clear: World leadership in semiconductor manufacturing. 

SEMATECH is where the best minds in the semiconductor manufacturing industry 
converge to develop advanced semiconductor processes, materials and equipment. 

We have opportunities in our Engineering and Technical ranks from entry-level 
to Managers. A background in manufacturing is helpful; semiconductor experience is 
preferred. We also have positions in some areas of Administration. 

Join a company where advancement and recognition is based on personal 
achievement. For more information, forward your resume to: Pat Cockburn, 
Staffing Manager, SEMATECH, 2706 Montopolis Drive, Dept. EDN, Austin, Texas 
78741 or Fax your resume to: (512) 356-3086. An affirmative action employer 
committed to work force diversity. 

------------------------------SEIUlTECH 
EDN August 5, 1991 



11 
W orking at AMO is more like playing 

on a team - it's tough work, and it's a 

competitive arena. But when we win, it 

feels great. Of course, when you've been 

a Silicon Valley pioneer and industry 

leader for over 20 years like 

AMD, you realize the impor­

tance of winning. But what's 

also important is how you 

learn from your experiences, and use 

them to your advantage. That's what 

we're doing at AMD today. 

As one of the top five producers of 

integrated circuits, we've refocused our 

energies on a core group of offerings -

microprocessors, memories, and 

programmable logic devices (PLDs) . 

We' re already ahead of the game in these 

product areas. In fact, we're the second­

largest producer of erasable program­

mable read-only memories (EPROMs). 

And we' re number one in PLDs. 

Another part of AMD' s strategy is our 

recent $200 million investment in state­

of-the-art process development and 

manufacturing capabilities critical to 

keeping us at the forefront of the industry. 

EDN August 5, 1991 

I'm in Finance , and I think this invest­

ment is just what we need to keep our 

sales growing beyond the billion dollars 

we' re at now. 

It's already starting to pay off And since 

each employee is a valuable member of 

the team, each shares in the market wins 

we're making. Even with 12,000 

employees worldwide, there's still plenty 

of success to go around." 

When he's not stepping up to the 

batter's box during one of AMD's soft­
ball games, Steve is a pivotal member 
of the AMD Finance Department. 

There's never been a better time for com­

petitive players to pursue a career with 

AMD. If you want to join a winning 

team, consider exceptional opportunities 

such as: 

•IC Design Engineer 

• Digital Device Soft­
ware Applications 
Engineer 

• Process Develop-
ment Engineer 

• Device Engineer 

• CAD Engineer 

• Product Marketing 
Engineer 

• Field Applications Engineer 

• Sales Distribution Manager 

• Key Accounts Manager 

• Financial Analyst 

• Senior Business Systems 
Analyst 

• Information Systems Project 
Manager 

For specific information on these pos­

itions, please send your resume with salary 

history to: Advanced Micro Devices, 

P.O. Box 3453, MS 935, Dept. 420E , 

Sunnyvale, CA 94088-3453, or FAX your 

resume to (408) 235-8636, Dept. 420E . 

AMD is proud to be an equal opponunity employer. 
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At Ohmeda Monitoring Systems-Colorado, we are renewing our focus toward 
delivering high quality, state-of-the-art non-invasive medical monitoring devices 
to our customers. Our commitment is to continually improve the quality of health 
care through technical innovation. If you are interested in being part of an 
organization encouraging high involvement and participation in a dynamic industry, 
please consider the following opportunities: 

RELIABILITY ENGINEER 
A position is available within· our Product Planning and Development group for a 
Reliability Engineer who will coordinate activities to assure the quality, integrity 
and reliability of new products and changes to existing products. Working with 
development teams this individual will develop reliability goals and plans for new 
products and monitor field service data to identify opportunities to improve existing 
products . Additional duties include reliabi lity prediction, failure analysis, 
environmental testing and operational testing. 

Requ irements include a BS degree in engineering, preferably electrical or 
mechanical . A successful candidate will have five to ten years of related experience, 
some in development of medical instrumentation equipment. Excellent verbal and 
written communication skills are required in order to effectively interact with the 
techn ical staff, customers and management. 

DEVEWPMENT ENGINEER III, MECHANICAL 
A position is currently available in our Product Planning and Development group 
for a mechanical engineer who will support new probes development activities. 
This individual will possess a strong design background in plastics, injection 
molding and RF welding . Additionally, he/she will write mechanical design 
specifications and specify mechanical test protocols using solid analytical skills 
for evaluating the performance of product design. 

Requirements include: BSME with a minimum of 5 years mechanical design 
experience in new product development area; proven project management 
experience; experience with CAD systems (Autocad, Automatix, or Aries preferred); 
basic understanding of statistics, electronics, and optics (light emitting diodes, 
photodetectors). Medical device background preferred. 

DESIGN ASSURANCE ENGINEER 
We are looking for an experienced Design Assurance Engineerto support Oximetry 
product lines. This person will be involved with product development from design 
conceptions through product release. Acting as the customer quality advocate, 
the Design Assurance Engineer will be a key member of the project leadership 
teams responsible for setting customer quality standards and continuing to improve 
performance against those standards. He/she will act as the liaison with Quality 
Assurance to ensure regulatory compliance, and instill a quality focus in the 
development teams. 

Requirements include : BSEE or BSME with a minimum of 8 years related design 
experience including significant expertise in electrioe.l/mechanical design. Some 
c linical background is preferred. 

PROBES SUSTAINING ENGINEER 
Our sustaining engineering group within Engineering Services has an immediate 
opening for an experienced engineer to sustain Ohmeda's line of oximetry probes. 
This individual will report to the Manager of Engineering Services and will initially 
train within the Oximetry Development group. With responsibility for the support 
of several lines of reusable probes as well as disposable probes, this individual 
will draw upon previous hi-volume manufacturing experience. He/she must 
possess a strong quality orientation in order to continuously identify and implement 
improvements to existing designs, striving for optimum customer satisfaction . 

Required qualifications include a strong physics/optical/mechanical background 
as gained through related design/manufacturing experience and strong formal 
physics education . Adegree in Physics is preferable, however, a BSEE/BSMEwill 
be applicable if combined with extensive physics coursework. A minimum of 5 years 
engineering experience supporting electro-optical or electronics products with 
a good understanding of the manufacturing/design processes (documentation , 
MAP, etc.) required for this support is necessary. Previous medical device 
experience is very desirable. 

MATERIALS ENGINEER/QUALITY ASSURANCE 
The Quality Assurance engineering department is looking for an experienced 
engineer to create and implement supplier qualification and performance 
programs, develop incoming inspection criteria and provide technical support to 
Incoming Inspection. BSEE or BSME required, minimum 5 years re lated 
engineering experience in electronics manufacturing industry. 

Excellent verbal and written communication skills are necessary. Medical device 
experience strongly preferred . Some travel required . 

PROCESS ENGINEER 
This individual will develop, document and implement manufacturing processes, 
support ongoing manufacturing processes, and serve as liaison between design 
and manufacturing personnel. 

Education/experience requirements: BSEE/ME with MS desirable. 8+ years 
overall engineering experience, with at least 3 years experience as an engineer 
in an electronics or electromechanical manufacturing environment. Specific areas 
of expertise should include: documentation systems, MAP systems, SPC, plant 
layout, capital equipment justification and acquisition, assembly procedures. 
Experience with medical devices, high volume product lines, optoelectronic 
devices or pressure sensitive adhesives, or cables and connectors desirable. 

Ohmeda Monitoring offers an excellent benefit package. Please send your detailed 
resume, along with salary history and requirements to: 
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Ohmeda Monito ring Systems-Colorado 
1315 W. Century Drive 
Louisville, CO 80027 

EOE 

Professional Profile 
Announcing a new placement service 

for professional engineers! 
To help you advance your career. 
Placement Services. lid. has 
formed lhe EON Career News 
Dalabank. Whal ls the Dal1bank? II 
Is a computerized system of match· 
Ing qualified candidates wllh posl­
llons lhal meet lhe appllcanrs pro­
fess ional needs and desires. Whal 
are lhe advantages of this new 
service? 

• trs absolutely free. There are 
no fees or charges. 

• The computer never forgets. 
When your type of Job comes 
up, II remembers you·n 
qualified. 

• Service is nallonwlde. You 'll 
be considered for openings 
across lhe U.S. by PSL and Us 
alflllaled offices. 

IDENTITY 
Name 

Home Addr ess 

• Your ldenllty Is protected. 
Your resume Is carefully 
screened lo be sure ii wll l not 
be senl lo your company or 
parent organlzallon. 

• Your background and car eer 
obJecllves wlll perlodlcally be 
reviewed wllh you by a PSL 
professional placement person. 

We hope you·re happy In your cur­
rent poslllon. Al the same llme. 
chances are Ihm Is an Ideal Job 
you·d prefer If you knew about ii. 
Thars why II makes sen se for you 
lo reg ister wllh the EON Career 
News Dalabank. To do so. Just ma il 
lhe completed form below. along 
wllh a copy of your resume. lo: 
Placement Service s. lid .. Inc. 

City ___________ State ______ Zip 

Home Phone (include area code) ----- -

PRESENT OR MOST RECENT 
EMPLOYER 
Parent Company 

Your division or subsidiary ---------------­

Location fCity, State) 

Business Phone if O.K. to use ----------------

EDUCATION 
D egrees (Lisi) Maior Fie ld GPA Year College or Un iversity 

Degree 
Earned 

POSITION DESIRED ______ _ 
EXPERIENCE 
Present or Most 
Recent Position From 

Duties and A ccomplishments 

Reason for Change 

To Title 

Industry o f Current Employer 

PREVIOUS POSITION 

From __ lo __ City 

Job Title 

Employer 

State ______ Division ____ _ Type of Industry 

Sa lary ______ Duti es and Accomplishemnts: ------

COMPENSATION / PERSONAL 
INFORMATION • (optional) 

Years Experience Base 
Salar v Commi ss io n 

Bonus To1ar Asking 
Compensal mn Com pen stU1on 

Mon 
Compensa tion Date Available 

0 I own my home. How long? ___ I rent my home/ apt. O 

0 Employed 0 Self -Employed 0 Unemployed 

0 Married 0 Single Height ___ _ Weight ___ _ 

Level of Security Clearance I Will Travel 

0 U.S. Citizen 0 Non-U .S. Citizen 0 Light 0 M oderate OHeavy 

0 W ILL RELOCATE 0 W ILL NOT RELOCA TE 0 OTHER _ _ 

My identity may be released to: 0 Any employer 
0 All but present emp loyer 

EDN Databank 
265 S. Malo Str«t, Akron, OH 44308 216/762-0Z?q 

A DIVISION OF 
PLACEMENT SERVICES 
LTD., INC. 

EDN August 5, 1991 



Engineers 

DELL 
COMPUTER 
CORPORATION 

EDN August 5, 1991 

DELL IS TO COMPUTER DESIGN 
AS AUSTIN IS TO LIVING 
At Dell, we believe in letting the imagination of our engineers shape the design of our 
award-winning products. 

From the desktop-class power of our sleek 80386SX-based 316LT laptop, to the integrated 
math coprocessor and built-in UNIX compatibility of our new 80486-based 425E. 

Dell engineers enjoy a technical environment virtually free from the bureaucratic has­
sles of most large corporations. 

So you get to focus on the things that really matter - designing better computers. 

And beyond our unique engineering environment we also offer a truly unique living 
environment in Austin. With scenic foothills, a relaxed culture, lower cost of living and 
a variety of beautiful neighborhoods, the lifestyle in Austin beautifully complements 
the engineering lifestyle at Dell. 

ENGINEERING 
• Personal Computer Motherboard Design 
• Laptop Display Systems 
• UNIX Development 
• Personal Computer Network Development 
• Design for Manufacturability 
• EISA BUS Logic Design 
• Mechanical Engineers 
• Failure Analysis Engineers 

If you're an engineer with a minimum of 2 years of computer industry experience and 
a related degree, learn more about the advantages of Dell in Austin. 

Please fax or mail your resume with a cover letter to: 512/343-3330, Dell Computer 
Corporation, Jerry Holt, Human Resources, f'rofessional Employment, Department 
EDN8591-SG, 9505 Arboretum Boulevard; Ailstin, Texas 78759. 

Dell is proud to be an equal opportunity employer. 
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If you had this ... 
ON 

OFF 

and we gave you this ... 
ON 

OFF 

think what you could do! 

Logic Switch shown here in 
our Terminator® quick-connect, 
fast-mount configuration. 

Introducing the Logic Switch™ 
Imagine! Noise-free, logic-level 
switching from an electromechanical 
package! We're calling it the Logic 
Switch because this alternative to 
mechanical contact switches gives 
you discrete, noise-free signal 
through optoelectronics. Solid-state 
and designed for long life and 
reliability. Think of the possibilities! 

Here's How It Works. 
The Logic Switch uses an infrared 
emitter and phototransistor sensor 
combination. An internal "flag" inter­
rupts a beam of infrared light from 
emitter to sensor, thus changing the 
switch's output when activated. 

The infrared light transmission 
reduces dust problems associated 
with visible light transmission, and 
the solid-state life-span is estimated 
at 50 million cycles. 

What Can You Do With It? 
The Logic Switch is so new, we 
wouldn 't presume to guess at all 
its uses. Instead, we invite you to 
examine it firsthand and try it out 
on your ideas. Call Cherry at 
708-360-3500, and we'll send 
qualified engineers a free Logic 
Switch and a specifications sheet. 

The Logic Switch is ideal for any appli­
cation in which logic-level switching is 
necessary and traditional snap-action 
switches are problematic. 

But perhaps you have some 
different ideas. 

Why not call us today and put those 
ideas to the test right in your own 
laboratory-for FREE. All you 've got 
to lose is signal noise. 

The Logic Switch: an electronic 
device in an electrical package. 

Cherry Electrical Products 
3600 Sunset Avenue 
Waukegan, IL 60087 
Phone: 708-360-3500 
Facsimile: 708-360-3566 

Circle #126 for Immediate Need 
Circle #127 for Future Need 
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SPDT switc es with built-in driver 
absorptive or reflective de to 5GHz 

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

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

SPECIFICATIONS 
Price (1-9 qty) YSW-2-50DR (pin) 

ZVSW-2-50DR (connector) 

YSWA-2-50DR (pin) 
ZVSWA-2-50DR (connector) 

Frequency, (MHz) 

Insertion loss. typ(dB) 
Isolation, typ (dB) 

1 dB compression, typ 
(dBm@ in port) 

50 100 

65 54 
63 60 

dc-
500 

0.9 1.1 
50 

42 
20 18 

1000 

37 
37 

Absorptive 

Reflective 

500-
2000 

1.3 
40 

20 

1.4 

31 
20 

are available for immediate delivery with a one-year " ~:...":. 
guarantee. ..~-. •• RF input, max dBm 22 22 

$19.95 
$59.95 

$23.95 
$69.95 

2000-
5000 

1.4 
28 

1.9 

20 
24 22.5 

26 
(no damage) 20 ("off" port), 24 (total) 

finding new ways.. . Video breakthrough 30 30 30 30 30 
1.5 
30 

VSWR (on), typ 1.4 1.25 1 11.4 1.35 11.4 

setting higher standards to RF. typ(mV p-p) Mini. c ire u its Switching speed, typ (nsec~IRC~:ON~~ 128 3.0 3.0 3.0 3.0 

t;;;:;1 P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 Telexes: 6852844 or 620156 F14 1 REV. B 206 



Now you can replace a fistful 
of components, and drive power 
FETs and IGBTs with one cost­
effective part: The IR2110 mono­
li~hic dual channel 2A gate driver 
with floating high side and ground 
reference low side. 

Count your design time in 
hours instead of days. And cut 
assembly time to a fraction. 

The IR2110 runs as fast as it 
designs. With operation above 

I MHz. On-chip bootstrap. Plus 
matched channel delay within 
10 ns. That's right. 10 ns. 

It takes good care of your 
circuit too, with gate under­
voltage protection. 

And latched shutdown makes 
current mode control bot 
simple and easy. 

IR211 

Is it rugged? 50 V/ns dv/dt at 
-55 to 150°C in plastic. Versatile? 
Operates off 12 to 500 V rails with 
5 to 20 V input, in any circuit 
topology. Reliable? The IR2110 
meets the same high standards 
as IR's incomparable HEXFET® 
power MOSFETs. 

Call (800) 245-5549 for more 
information. We'll get it off 
the ground and on your desk in 
no time. 

I I,~Rllnternational Rectifier 
WORLD HEADQUARTERS: 233 KANSAS ST. , EL SEGUNDO, CA 90245, U.S.A. (213) 772-2000. TWX 910 348-6291, TEI.EX472-0403. EUROPEAN HEADQUARTERS: HURST GREEN, OXTED. SURREY RHS 988, ENGLAND TELEPHONE (0883) 713215, TELEX95219 
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Pack more logic 
into every FPGA. 

NEW ABEL-FPGA helps you get the technology. So, you can create more 
most out of the latest FPGAs. If you complex designs with less effort-
want to take advantage of the sophisti- ABEL-FPGA does the hard work for 
cated capabilities of today's FPGAs, you! 
only Data I/O®'s new ABEL-FPGA™ ABEL-FPGA's powerful Device 
Design Software has the p_ower to pack in Fitters automatically optimize your cir­
maximum logic. It combines the indus- cuits for mmimum area or maximum 
try-standard ABEL Hardware Descrip- speed. Fitters are available for all the 

tion Language (ABEL-HDI:M) leading architectures, including Actel, 
with our new intelligent Altera, AJvlD, Atmel, ICT, National, 

,.................... FPGA Device Fitter™ Plus Logic, and Xilinx. And with built-A in knowledge of its target =hltec-

tically, intelligently. . 
Practical detailed documentation, 

complete wifu FPGA design examples, 
also helps to ensure that you get the 
most from each architecture. And for 
added design power and flexibility, 
ABEL-FPGA lets you specify place­
and-route constraints directly in your 
circuit description, so you can easily 
migrate the same design between 
multiple FPGA vendors. 

Pack more logic into your next 
FPGA design, with the single 

solution to all your FPGA 
behavioral entry needs: 

JvitJi L-}' pG 
Detr» PPcA 64 

~,ce .Pi· ~ 

ABEL-FPGA. Call 
today to find out 
more about NEW 
ABEL-FPGA. 

1-800-3-DataIO 
(1-800-332-8246) Jlters1 

The Personal Silicon Experts 

Corporation 
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