


New Transceivers Use Small 0.1 µF Capacitors 
Push the limits of +5V RS-232 with 

Maxim's new family of 116kBits/sec dual 
transceivers. The MAX222/232N233A/ 
242/243 typically run at data rates of 
200kBits/sec and these limits are achieved 
wh ile driving real loads (2500pF and 3k) 
They operate with only 01 µF charge pump 
capacitors , making them ideal for small, low 
power systems. Maxim's new MAX233A 
operates on a single +5V supply with no 
external capacitors and the MAX243 lets you 
swap between 2-wire (Xon/Xoff) and 4-wi re 
(CTS/RTS) interfaces wi thout chang ing cab les 
or adding jumpers. 

MAX232A PROPAGATION OELAY 

10 

~ 
<.n 
C:; 
0 
> 

-10 

TIME (µs) 10 

The MAX232A improves propagation delay and symmetry 

Pick a High-Speed Dual Transceiver for Your Application 
External 

Supply 
Shutdown 

Part Guaranteed 
Caps 

Current 
& Three- Features Price* 

Number kb/sec No Load 
(µF) 

(mA) max 
State 

MAX222 116 0.1 10 Yes MAX232A + 1 OµA Shutdown Mode $2.65 

MAX232A 116 

-f"--1 
10 No Guaranteed 116kbits/sec Data Rate $2.65 

MAX233A~_ 116 e 10 No MAX232A with no External Capacitors ~1 
MAX242 116 1 10 Yes MAX222 + Receivers Active in Shutdown $2.65 

MAX243 116 0.1 10 No Simplifies Cabling-No Jumpers S2.65 
· I OOO·up FOB USA sugges1ed resale 

RS-232 at l / lOth the Power! 

FREE Interface Design Guide 
Including: Application Notes+ Complete Data Sheets• Cards For Free Samples 
Simply circle the reader response number, contact your Maxim representa tive or 
Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale , CA 94086, 
(408) 737-7600. FAX (408) 737-7 194. 

~Ill ~J XI ~Ill 
Distributed by Arrow, Bell/Graham, Elmo, Hall-Mark, Nu Horizons, Pioneer, and Wyle. Authorized Maxim Representatives: Alabama. (205) 830-0498; Arizona. 
(602) 730-8093. Cal1forn1a, (408) 248-5300, (619) 278-8021. (714) 261-2123; (818) 704-1655: Colorado, (303) 799-3435, Connecticut . (203) 384-1112; Delaware. !I 
(609) 778-5353. Florida, (305) 426-4601 , (407) 830-8444 , Georgia , (404) 447-6124 , Idaho, (503) 292-8840; Illinois, (708) 358-6622, Indiana, (317) 844-8462. Iowa, 
(319) 393-2232, Kansas. (816) 436-6445, Lou1s1ana . (214) 238-7500 . Maryland . (301) 644-5700 , Massachusetts . (617) 329-3454 , Michigan . (313) 352-5454 . 
Minnesota, (612) 944-8545, M1ss1ss1pp1 , (205) 830-0498, Missouri , (314) 839-0033. (816) 436-6445: Montana . (503) 292-8840; Nebraska, (816) 436-6445. Nevada. 
( 408) 248-5300, New Hampshire, (617) 329-3454: New Jersey, (201) 428-0600, (609) 778-5353, New Mexico, (602) 730-8093, New York. (201) 428-0600, (607) 754-217 1, 
N Carolina, (919) 851-0010, Ohio, (216) 659-9224, (513) 278-0714, (614) 895-144 7, Oklahoma, (214) 238-7500; Oregon. (503) 292-8840, E Pennsylvania. (609) 778-5353, 
W Pennsylvania, (614) 895-1447 , S Carolina, (919) 851-0010, Tennessee, (404) 447-6124: Texas. (214) 238-7500. (512) 835-5822, (713) 789-2426, Utah, (801) 561-5099. 
Virginia. (301 )644-5700: Washington, (206) 823-9535, W. Virg1n1a, (513) 278-0714: Canada, (416) 238-0366. (6 13) 225-5161 , (604) 276-8735. (514) 337-7540 

Maxim 1s a registered trademark of Maxim Integrated Products © 1991 Max im Integrated Products 
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After thousands 
of hours, the major CAE 
suppliers have reached 

an agreement. 

MINCdesign 
synthesis tools 
work right every time. 

/ 

n 

MINC's design tools 
are based on next

generation technology. .. 
not just a new software 

In system design, you want " N ' '"-- revision. They're recognized 
every advantage you can get. as the highest quality, because 
Which is why, after thousands of hours they work right every time. And now 
of evaluation, suppliers like Mentor thatMINC software is available in both 
Graphics, Valid, Teradyne, Racal-Redac UNIX and DOS, you can enjoy the 
and lntergraph/Dazix have chosen to advantages of our programmable logic 
integrate MIN C's PLD/FPGA design tools stand alone, as well as an 
technology in their systems. integrated CAE solution. 

MIN C's design synthesis software Of course, we don't expect you to 
lets you design with program- spend thousands of hours evaluating 
mable logic independent ~-·;ii__ our logic synthesis tools 
of specific devices or , ' " - ~ • to see if they're right for 
architectures. It handles ~, i p G you. The first time you try 
top-down, multiple , •· , them, we're sure you'll 
device and large, sophis- "'"""'" agree. Call or FAX for 
ticated designs. complete information. 

MINC 
] 
.; 

~ 
& 

'----- -------------- I N C 0 R P 0 R A T E D -----------------~ii 

Mine Incorporated, 675 5 Earl Drive, Colorado Springs, CO 80918 (719) 590-1155 Fax: (719) 590-7330 
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OUR MEMORY 
CAN GET 

FLAMMABILITY 

On foimmability, our module people take great pauu 

to aJJure that our product.J meet Jtandard.J. 

Aa a ruult, we guarantee that el'ery Sam<11mg memory 

11wr)u/e meet.J or e.....:ceed.J the 94V-O U1u)erwriter<1 

Laboratory foime cWJi/ication. 

ELECTROSTATIC DISCHARGE 

~ Unlike typical mor)ufu, Sanwuzg memory 

l"l"f H modulu-inclur)ing tho.Je tt.Ji.ng our 
4-meg DRAMa-arr thoroughly tuted 

1 for all the important characteriAic.J. 

~ And although the people who r)o th/4 are nice, 

~ kind /ol/cJ-well, when it comu to quality J) '- - control they can get tuty. To guarantee 

.Jpec<1 on elecf!wtatic di1charge, for uZJta nee, 

they tut to a.Jaure each pin "'ill withatanr) 

a 1mizimum o/ 2000 volt.J. 

LEAKAGE 

Even in the era of the 4-meg DRAM, there'.J .Jtill 

.Jtu:h a thing aJ a module with leaky puZJ. 

Many manu/acture1'.J j1Mt don't iJUpect /or leakage. 

You gue.tJed it, our team r)ou comprehen.Jive tutJ. 

All pit1<1onall11wdu/u are 100% tutelJ to the data 

<1heet leakage .Jpecification. 



MODULE PEOPLE 
A BIT TESTY. 

O · 

POWER CONSUMPTION 

/11 thi.J day all{) age there are enough 

power-hungry thing.J 'vithout your memory 

modulu getftil!J that way. You want them 

to co11.Jw11e what they .Jay they wdf. Ow.., are 

thoroughly tuted not to e.·rceai the .Jpec. 

\ I / 
/ 

' 

-
DIMENSIONAL CONTROL 

A too-big or too-.Jmall module i.111 't good for 

much. Sanuung modulu are tuted to perf ectfy 

match JEDEC .Jtandard dtinen.JWIZ.J, 

including 50 ± 3 md thi.cknu.J. Since they are, and 

are aUO te.Jted Oil afl the other f eature.J 

detaderJ here, we can't .Jee why you'd ever buy 

from anyone eue. For uz/ormatwn 

on moriulu with our 4-meg DRAM.J, or the rut 

of ow· fin e, write to the tuty people at 

Memory Module Marketuzg, 

Sanuung Semi.conducto1; 3725 North Firat Street, 

San Jo.Je, CA 95134. Or cafl 1-800-669-5400, 

or 408-954 7229 . 

•• co SAMSUNG 
Semiconductor 
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COVER 35 ICS BUILD OFF-LINE ISOLATED SWITCHERS 
FEATURE IC controllers run universal off-line switchers that need no isolated feedback 

from the output to input. 

ELECTRONIC 51 SYNTHESIS TOOLS MOVE INTO THE MAINSTREAM 
DESIGN REPORT Top-down design is fueling the demand for synthesis that's tightly integrated 

with the overall environment. 

DESIGN 71 FRAMEWORKS: DEBUNKING THE MYTHS 
APPLICATIONS A look at GAE-environment basics and trade-offs leads past the hype to a fair 

evaluation of the software's capabilities. 

PRODUCT 119 MICROCONTROLLER EASES CLOSED-LOOP SERVO CONTROL 
INNOVATION The merger of an 8-bit controller and DSP capability yields a compact solution 

for drives and other hardware. 
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OUR CIASSIC™ EPLDs CUT 

~ EP330PC I 

"'"' '""" ~. ' .. . ~- .. 

• 

They also cut your product 

costs, with prices low enough to 

impact your bottom line . 

As for logic delays, we've 

cut them down to a remarkably 

low 12ns. 

So now you can cut something from your design: PALs 

and GALs. Because our Classic parts give you a combination 

of speed, density and flexibility you won't find in other PLDs. 

All of which helps you cut the time it takes to produce a 

superior design. 

For example, our 20-pin, 8-macrocell EP330 is the perfect 

replacement for over 20 types of PALs and GALs. It stretches 

counter frequencies to 125 MHz while sipping one-fourth 

the power of a standard PAL. And its quiet output switching 

circuitry allows the EP330 to run faster in-system than 

a lOns 16V8. 

Our 24-pin, 16-macrocell EP610 delivers 60% more 

logic density than a 22Vl0. And unlike a 22Vl0, the 15ns 

EP610 consumes a mere 20µA in standby. And its registers 
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WGIC DELAYS. 

can be programmed for D-, T-, JK- or SR-operation or for 

asynchronous clocks. 

To replace multiple PALs and GALs with a single chip, 

try our 44-pin EP910 or 68-pin EP1810. Both offer superior 

logic density and greater 1/0 at a lower cost than any other 

mid-range CMOS PLD. 

Our Classic EPLD family also helps you get to market 

faster. Thanks to a host of powerful logic development tools 

from Altera and third parties. 

What's more, we offer the industry's broadest, most 

flexible line of CMOS PLDs. With devices ranging from 20 

to 100 pins, and logic densities from 8 to 192 macrocells, 

there's an EPLD for every logic design task. 

So call Altera today 

at (408) 984-2800 

for more information. And discover 

programmable logic that's a cut above the rest. 

0 

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

Classic Isa trademark of Altera Corporal ion. Other brands or products are trademarks of their respective holders. 1991. Altera Corporation. 
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ANCOT's SCSI instruments are powerful, easier to use, and cost less. Proven 
in use worldwide, Ancot's portable equipment travels from bench to field and back 
again without ever slowing down. They are time and labor saving instruments, for 
design, manufacturing, repairing, and inspection applications. 
Call today for product data sheets, demo disc, or to make arrangements for a free 
evaluation unit in your facility. •.:;[ 

4151 322
_
5322 

[ A. N C CJ T ] fax: (415) 322-0455 
~ D Fl p D Fl A T I D N ll5 Constitution Drive 

Menlo Park, CA 94025 

CIRCLE 94 FOR U.S. RESPONSE 
CIRCLE 95 FOR RESPONSE OUTSIDE THE U.S. 

ATTENTION 

REACH 
DESIGN & 
DEVELOPMENT --\e 
ENGINEERS 

ELECTRONIC DESIGN subscribers are highly educated engineers and 
managers in the electronics original equipment market.Select by: Job 
Function, Type of Industry, Project Responsibility, Purchasing Influ
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Picture your flat panel display using Cirrus Logic controller chips. They 
actually add colors to your display capabilities for more realistic shading. 

The same panel looks flat without our enhanced VGA capabilities. And it 
will lose face faster without our optimized power management system. 

How To Avoid Losing Face On 
Your Color LCD Display. 

Face it. The first thing everybody notices 
about your newest laptop is the display 
quality. Is it bright? Are the images clear 
and well modeled? Are the colors vivid? 

With Cirrus Logic LCD VGA controllers, 
your answer is yes. Which is why we're the 
leading supplier of display controller chips 
in the laptop and notebook market. 

For life-like 3-dimensional imaging, 
Cirrus Logic color LCD controllers offer 
technology leadership for your color 
products. With direct support for the 
latest active-matrix color LCD panels. 
Our controller chips do more than support 
your panel's color capabilities -they 
enhance it with full VGA color support 
and a fuller color palette. To give you color 
so good it competes with CRT quality. 

Our monochrome solutions give you 
displays that PC Magazine called "the stars 
of our VGA color-mapping tests"* with 
up to 64 shades of gray. And with a lower 
dot clock rate, your power consumption 

c 0 s 

is lower than other solutions for longer 
battery operation. 

Cirrus Logic LCD controllers are fully 
compatible with the popular PC video 
standards and will work with LCD, plasma, 
or electroluminescent displays. 

Simplify your design job. A higher 
level of integration gives you all this in 
the smallest form factor available. We 
also supply software and hardware design 
notes and full design support. You get the 
results you want quickly and easily. 

Design a more competitive product. One 
that looks better - and makes you look 
better. That lasts longer on a battery. Use 
the display solutions from a proven technol
ogy leader in laptop and motherboard VGA: 
LCD controller chips from Cirrus Logic._ 

lcet the picture. Get more infor- :-1 
I mati.on on LCD controllers. Cirrus 

I Call 1-800-952-6300, :~Leo 
Laskfordept. LL34 _ _ _ ~~~~;r 

Bulletin 

CIRRUS LOGIC 
N G T H E G A P 

Cinus Logic monochrome 

LCD controllers will also 

make everything from 

realistic scanned images to 

business charts look tastier. 

© 1991 Cirrus Logic, Inc .. 3100 West Warren Avenue, Fremont, CA 94538 1415) 623-8300; Japan: 462· 76-0601 ; Singapore: 65-3532122; Taiwan: 2· 718-4533; West Germany: 81-52-2030/6203 
Cirrus Logic and the Cirrus Logic loge are trademarks of Cirrus Logic. Inc. All other trademarks are registered to their respective companies. •PC Magazine, March13, 19!ll, p. 204. 
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MACH210 1800 

MACH 120• 1200 

MACH 220• 2400 

MACH 130 1800 

MACH 2JO• 3600 

· Available 04 1991 

64 

48 

96 

64 

128 

AMO Presents The MACH™ Family Of 
High Speed, High Density PLDs. 

Nothing can squash an elegant. high density design 
faster than a slow; unpredictable and expensive PLO. That's 
why we've developed the MACH PLO family-for both 
density and speed. 

The MACH family gives you everything you need in a PLO 
on state-of-the-art CMOS: Densities up to 128 macrocells 
or 3600 equivalent gates. Clock speeds up to 66.7 MHz. 
And absolutely predictable, worst-case delays as low as 
12ns per 16 product term macrocell. 

And they work for peanuts. The MACH family can bring 
your costs down as low as a penny per gate-up to 40% 
Max. System 1/ 0 Hard-Wired less than other high density PLDs. 
Delay Speed Pins Option With the MACH family you'll 

12ns 667 fv'!Hz 44 MASC 110 

12ns 667 MHz 44 MASC 2lo get to market faster, too. Because 
1Sos soMHz 68 MASC120 it's supported by most popular 
1sns soMHz 68 MASC220 design tools: Including ABEL"." CUPL"." 
15ns 50MHz 84 MASC 130 LOG/iC'MINC. OrCad~ and AMD's 
15

"' soMHz 
84 

MASC
230 own PALASM" software. There's also 

hardware and software support from over 20 additional 
FusionPLD partners. 

Every MACH part migrates easily to a pin-compatible 
hard-wired MASC™counterpart-for high volume orders 
with no redesign, no NRE, no performance glitches, no 
problems. 

So don't horse around with slow; unpredictable, high 
density PLDs-start designing with the MACH family from 
AMD. Call 1 ~800~222~9323 for more information. 

~ 
Advanced Micro Devices 

90 1 Thompson Place. PO. Box 3453. Sunnyvale.CA 94088 © 1991 Advanced M icro Devices. Inc. 
MACH and MASC are trademarks. and PALASM is a registered trademark of 

Advanced Micro Devices. Inc. All brand or product names mentioned are trademarks 
or registered trademarks of their respective holders. 
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At $6(),000 each, only two oft 

Option A Available from most EDA suppliers 

The Conventional Workstation Package 
There used to be only limited choices. For $60,000 
or so, you could get overpriced EDA software and a 
single PCB design environment. It also came with 
free, virtually endless levels of frustration, because 
these systems are hard to use and even more difficult 
to learn. Which made productivity look something 
like an inverted bell curve. 

Option B Available only from OrCAD 

The OrCAD Sun Productivity Package 
Now, OrCAD brings you better options- OrCAD 
EDA tools and a high-performance UNIX® environ
ment on the Sun SPARCstation™. Put OrCAD tools in 
the hands of an entire PCB design team for the same 
$60,000 or so. Get four times as many workstations. 
And with OrCAD's intuitive, easy-to-learn tools, your 
designers will set a new precedent for productivity. 

OrCAD® 



h~ EDA options make sense 

Option C Available only from OrCAD 

The OrCAD Sun Vacation Package 

Or with the same budget, you can set up one PCB designer 
with a truly inspiring, high-performance environment, 
including a hot car, a fast boat, and a view! 
With OrCAD EDA tools and a Sun SPARCstation, you'll 
have enough cash left over to requisition these extras. It's 
outrageous. But it is a feasible solution to creating excep
tionally happy, motivated design engineers. 

To find out how OrCAD 
can solve your PCB design 
challenges, call us today at 
( 503) 690-9881 for the sales 
office nearest you. 

More Designs From More Designers 
Than Anyone in the World 
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LCD Proto Kit 
Everything you need to 
start your LCD application 
.... create complex screens 
in just a few hours! 

5 Pin 
Power 
DIN. 

Alternate 
Power 
Connector. 

Kit provides 
serial inter
face to IBM 

PC for quick 
prototyping. 

Board also 
supports 

displays up 
to 240 x 128 

pixels. 

Interface to 
6 soft keys or 

4 x 4 key matrix. 

* The 
CY325 

LCD 
Windows 

Controller 
provides 

parallel or 
serial high

level control 
of Instrument

size LCDs. Up 
to 256 built-in 

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

graphics are main
tained in separate 
planes, facilitating 

special effects. 
Complete User 

Manual included. 

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 

$495 - Kit 
Popular LCD Starter Kit. 

8051 Assembler 
and QuickBasic. 

LCD Paint* for 
creating your own 

araphics 
images. 

Demo routines 
preprogrammed 

into 8751 for 
immediate 

gratification. 

($595 pre-assembled & tested) 

*The CY325 40-pin CMOS LCD Controller 
IC 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 

EDITORIAL 

REDUCING THE Buzz-0-METER READING 

0 
ne of this issue's highlights is the informative and interesting article 
on page 71, "Frameworks: Debunking the Myths," by Steven E. 
Schulz of Texas Instruments. No matter what your specialty, you 
should read this article, because few design engineers will be able 

to exist totally outside a CAE design environment for long. Author Schulz 
discusses the industry's latest buzzwords, putting them in perspective and 
cutting through the marketing hype that surrounds many of the developments 
in computer-aided engineering tools today. In one section of the article he notes, 
"If you've glanced at any industry magazine in the last two years, you're 
probably aware that OODB ranks very high on the Buzz-0-Meter, right next 
toC++." 

Schulz's Buzz-0-Meter comment is right on the money. However, if 
anyone thinks that engineers reading industry magazines have it difficult 
wading through a morass of buzzwords, he should know that editors have 
it tougher-we deal every day with words or phrases that would wrap the 
needle on the Buzz-0-Meter around the peg at least a couple of times. We'd 
rather not think about, for example, the number of times we've heard the 
quiet, confident, authoritative voice of a marketer saying, "And what's 
more, this development (you name it) represents a total solution." We, of 
course, must indicate our understanding by nodding gravely (but then we 
sometimes must decide how to handle another competitor's "total solution" 
we heard about yesterday). 

Still, doesn't every profession have its own colorful language, its own 
lingo? What's really important is the ability to grasp the significance behind 
those words and phrases. Although they may be the products of some 
marketer's fertile imagination, each one, when it was coined, probably had 
some technical basis. It was intended not only to grab attention, but also to 
convey some information. After all, many marketers in this business were 
engineers first. The problem, however, arises when a buzzword takes on a 
life of its own. The original technical basis is forgotten as vendor after 
vendor broaden the scope of its meaning-without broadening the scope of 
his product. 

This may be an excellent way to cut a product's time-to-market to zero, 
but it's clearly not a contribution to technology. In any case, we hope you 

enjoy reading Steve Schulz's article. 
We, for our part, promise to continue 
to do all we can to put an editorial 
shunt around the old Buzz-0-Meter. 

Editor-in-Chief 
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up to 1900MHz rro$ 25 SPECIFICATIONS: all spec limits are 4.5 u from mean 

Now available, a large variety of tiny, ultra-rel high 
performance mixers to handle your applications from extra wideband, 

high isolation, low two-tone third-order IM, to very low +3dBm LO power. 
Mini-Circuits' new LRMS-series Ultra-Rel1

" mixers are 
ottered with a difference ... unprecedented reliability. Units are 

manufactured with Ultra-Rel diodes, all-welded construction, metal stubs 
to all connections, and to 4.5 sigma performance repeatability. Each 

Ultra-Rel1 " LRMS mixer can withstand strenuous shock and vibration, will 
perform over a -55° to +100°C range, and is guaranteed for five years. 

Aim for 4.5 sigma repeatability in your product designs 
by specifying Mini-Circuits' Ultra-Rel1

" LRMS mixers, available for 
immediate delivery in tape-and-reel format (500 units, 16mm width) at 

prices from $6.25. 

Ufl'Jj'ftJI .ft~1N I. llH•ft5j with extra long life due to unique HP monolithic 
diode construction, 300°C high temp. storage, 1000 cycles 

MllV~11r thermal shock, vibration, acceleration, and mechanical 
~j ~ shock exceeding MIL requirements. 

5-YR. GUARANTEE * 

finding new ways .. 
setting higher standards 

Model Freq. Range 
LO. RF 

LRMS-2L 800-1000 
LRMS-1 OMOO 
LRMS-lW 2.0-750 
LRMS-2 5-1000 
LRMS-20 5-1000 
LRMS-2U 10-1000 
LRMS-5 5-1500 
LRMS-llA 1400-1900 

LRMS-lLH 2.0-500 
LRMs-2LH 5-1000 
LRM$-5LH 10-1500 

LRMS-lMH 2.0-500 
LRMS-2MH 5-1000 
LRM$-5MH 10-1500 

LRMS-1 H 2.0-500 
LRMS-2H 5-1000 
LRMS-2UH 10-1000 
LRM$-5H 10-1500 

(MHz) LO Conv. Loss 
IF Level Mean (X) 

(dBm) mid-band 
(dB) 

DC-200 +3 6.6 
DC-500 +7 6.4 
DC-750 +7 5.8 
DC-1000 +7 6.8 
DC-1000 +7 6.8 
10-1000 +7 6.5 
DC-1000 +7 6.0 
40-500 +7 7.0 

DC-500 +10 5.8 
DC-1000 +10 6.6 
DC-900 +10 5.4 

DC-500 +13 5.7 
DC-1000 +13 6.6 
DC-900 +13 5.8 

DC-500 +17 6.3 
DC-900 +17 7.2 
10-750 +17 7.1 
DC-900 +17 7.2 

t;;IMini-CircuitS~~~~E·~~~AND-
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 Telexes: 6852844 or 620156 
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L-R lsol. 
Mean (X) 
mid-band 

(dB) 

24 
45 
45 
38 
40 
46 
41 
25 

47 
40 
38 
44 
44 
46 

44 
36 
38 
45 

Price 
$ 

(1-9) 

6.95 
6.25 
6.75 
6.95 
7.25 

11.45 
13.95 
16.95 

7.95 
8.95 

14.95 

8.95 
9.95 

15.95 

10.95 
11 .95 
14.45 
17.95 
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So would you like the number 

Yes, it's true some 
design teams see us 
as the emergency 
number of devel
opment systems 
providers. 

Many more, however, 
use Appl~ed Microsystems 

more productively 
by calling us in 
earlier-at the 
start of their 
embedded 

systems project. 

Out of our experience comes tools and support 
to help your design team work like a team. 

Long before the sirens ever 
begin to sound. 
Development systems 
for today's embedded 
systems. 

It's getting much more 
complicated in there. Like, 
several megabytes of code 

C l991 Applied Microsystems Corporation, P.O. Box 97002, Redmond, WA 98073-9702 USA. All rights reserved. AMC-25. Olher names indicated by ®and n• are registered trademarks of their respective holders. 



for Applied Microsystems? 

in a 32-bit design. Which 
means more engineers to 
write it, often within very 
different, even mismatched 
environments. 

Our modular develop
ment system architecture 
helps bring your design 

together by integrating your 
computer environment 
with our high performance 
emulators, debuggers, 
simulators and compilers. 

We even offer a 
networked system for Sun® 
setups. And a common 
interface for all our systems 
for easier 16- or 32-bit 
development. 

All so your design 
team can begin 
working like a 
real team. 
We work with 
the processors you 
work with most. 

Megahertz for mega
hertz, our tools run with the 
best, such as the powerful 
68020/030 or i960TMCA 
microprocessors. 

In fact, we have 
alliances with Motorola~ 
Intel®and others. This 
enables us to deliver fully 
tested, compatible devel
opment systems sooner to 
support your processor's 
unique features. 

Moreover, supporting 
your development efforts 
is our only business. So 
unlike others who just 
dabble in development, 
we have to be better at it. 

Which may explain 
why companies have 
called upon us to set up 
over 15,000 development 
systems worldwide. 
Call before your 
development days 
are numbered 

It's never too early to 
talk with us about your 

upcoming design 
projects. 

In fact, you can 
start now by calling 
for our brochure on 

what you should 
expect from a 

development systems 
company (and can't afford 
not to get). 

Just call 
1-800-343-3659 
(in Washington, 
206-882-2000). 

And of course, 
we'll be happy to take 
your emergency calls, too. 

1t1 m1m 

Applied 
Microsystems 
Corporation 
Where it all comes together. 

For the name of your m!attst distributor in Europe, call 44.(0}296-625462. Europe Fax 44-296-623460. Or contact Applied MicrosySlems Corporation, Ltd., AMC House, South Street, Wendover, Aylesbury, Bucks, 
HP22 6EP, United Kingdom. In Japan, call 03-493-0770.japan Fax 03-493-7270. Or con1act Applied Microsystems japan, Ud., Nihon Seimei, Nishi-Gotanda Building, 7-24-S Nishi-Gotanda, Shinagawa-KU, Tokyo Tt41 , japan. 
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Multi-Turn Cermet Trimmer 
Measures Only 3/8" Square 

f"'I 

IS?tCT ~ 

cw 
3 2 I rrr 

Spectrol's 3/8" square multi-turn cermet 
trimmer, the Model 64, offers five package/ 
terminal styles to choose from. The unit is 
available in three side-adjust and two top
adjust versions, with pin configurations to 
suit any standard PCB application. This low 
cost space saver is available in resistance 
ranges from 10 ohms to 2 megohms with a 
± 10% resistance tolerance. It also features 
solder plated terminals, an integral multi
finger wiper contact, superior setability and 
stability, a TEMPCO of± 100 PPM/°C, a CRV 
of 3%, and is sealed for solvent and aqueous 
cleaning. Power rating 0.5 Wat 85°C. 

Spectral Electronics Corporation 
4051 Greystone Drive, Ontario, CA 91761 

Phone: (714) 923-331 3 Fax: (714) 923-6765 
CIRCLE 170 FOR U.S. RESPONSE 
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Spectral Offers Low Cost 
Single-Turn Precision Pots 

Spectral offers single-turn precision potenti
ometers for position sensing and panel control 
applications. These rugged, low cost 1-5/16 
inch diameter pots offer a choice of resistive 
elements and are well suited for industrial 
usage where reliable service and long life are 
essential. The Model 132 features a low noise 
wirewound element. The Model 138 and Model 
139 feature infinite resolution with conductive 
plastic and cermet resistive elements, respec
tively. Other specifications include a resistance 
range of 5!1 to 2M!1, standard linearity of 
0.5%, operating temperature of - 55°C to 
+ 125°C and the choice of center taps, con
tinuous rotation or mechanical stops. 

Spectral Electronics Corporation 
4051 Greystone Drive, Ontario, CA 91761 

Phone: (714) 923-3313 Fax: (714) 923-6765 
CIRCLE 172 FOR U.S. RESPONSE 
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TECHNOLOGY BRIEFING 

TECHNOLOGY Is KEY To COMPETITIVENESS 

T 
he competitiveness ofU .S. industry is like that 
old cliche about the weather: Every body talks 
about it, but nobody does anything about it. 
Hopefully, this similarity will end now that in

dustry has some well thought out findings and recom
mendations from the Council on Competitiveness. In
terestingly, in a two-year study of U.S. industrial 
competitiveness, the Council chose to focus on technol
ogy. The electronics industry didn't fare well in the 
study. Nor did a category critical to our industry-engi
neering and production technologies. 

The Council was founded in 1986 as a nonprofit, non
partisan organization of chief executives from business, 
higher education, and organized labor. The group re-

' JOHN NOVELLINO 
TEST & MEASUREMENT 

leased its conclusions this spring in a report entitled, Gaining New Ground: 
Technology Priorities for America's Future. Council Senior Associate David 
W. Cheney recently discussed the findings and recommendations in his keynote 
address at the Test Engineering Conference in Atlanta. 

Cheney, who was the assistant director for the report, offered three basic con
clusions. First, several generic technologies form the basis of the defense and 
civilian sectors of the economy. Included are electronic components in general 
and IC production and test equipment. Second, the U .S. is losing ground in these 
technologies. Finally, although the reasons for our decline are complex, they 
can be pinpointed in distinct patterns of strength and weakness. 

The two areas of greatest concern to our industry are electronic components 
and engineering and production technologies. In the components arena, which 
includes hardware used in various types of electronic equipment, the U.S. is do
ing fairly poorly, said Cheney. The report breaks engineering and production 
into three subcategories. The first includes such technologies as scientific in
struments, CAE, and systems engineering. The second is what the Council 
called commercialization and production systems. Cheney noted that these ar
eas are essential to our success but, unfortunately, are among our greatest weak
nesses. The third subcategory is process equipment, including robotics and IC 
fabrication and test equipment. The U .S. is also shaky in many of these manu
facturing technologies, he said. 

A number of factors are to blame, including government funding that 
stresses basic research over support for "precompetitive applied R&D," said 
Cheney. Also, we have underemphasized manufacturing. "Our best engi
neers have often gone into product rather than pro.cess engineering," he said. 
"Much of our weakness in electronic components is due to weaknesses in low
cost, high-quality manufacturing." 

The remedies recommended in the report assign supporting roles to gov
ernment and the universities. Government must boost precompetitive re
search and create an economic and regulatory environment that encourages 
investment in technology. The universities must perform some of the indus
try's fundamental research requirements and produce graduates who meet 
industry's needs.Needless to say, though, the primary responsibility falls on 
the shoulders of industry. 

A key recommendation for U.S. industry is cooperative relationships, particu
larly between suppliers and final product manufacturers. "We believe that U.S. 
industry needs to develop new patterns of cooperation in precompetitive tech
nology while maintaining vigorous competition in product development," says 
Cheney. "U.S. industry should establish more effective technology networks to 
cooperate in technology. Industry organizations have focused on regulatory is
sues and lobbying. In general, they have not been very active in technology." 

The Council has proposed some good ideas. It's time to stop talking about re
gaining our competitive edge and take some action that will restore it. 

D!J ELECTRONIC DESIGN 
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Delta-Sigma Self-Calibration 

Don't miss 
the world's best 

A/D & DI A Converter 
Seminar 

8 to 24 bits de to 4 MHz 
*Delta Sigma DAC Live Demonstrations Weigh Scales Image Processing 

*Application Schematics Latest Data Sheets Medical Military 

*AES/EBU/SPDIF Tx & Rx Anti-Aliasing Digital Audio Instrumentation 

*Board Layout Grounding Industrial Control Space 

*1.5 mW, 20 bit ADC Test Techniques Seismic Modems 

* New this year. 

AL Huntsville Jan 23 Palo Alto Sep 11 MI Detroit Oct 14 OR Portland Oct9 
ALB Calgary Sep 4 Newark Sep 10 Grand Rapids Oct 15 Portland Mar4 

Edmonton Sep 5 co Denver Oct II MN Minneapolis Oct 16 PA Ft. Washington Jan 15 
AZ Phoenix Jan 30 CT Waterbury Oct22 MO St. Louis Oct 18 Pittsburg Feb 7 

Tucson Jan 29 FL Clearwater Feb 19 NC Raleigh Jan 21 QBC Montreal Sep 25 
BC Vancouver Sep 6 Ft. Lauderdale Feb20 NH Nashua Oct 24 TX Austin Feb 11 
CA Los Angeles Feb 26 Orlando Feb 18 NJ Cherry Hill Jan 14 Dallas Feb 13 

Los Angeles Sep 19 GA Atlanta Jan 22 Saddle brook Nov21 Houston Feb 12 
San Diego Jan 28 IA Cedar Rapids Oct 17 NM Albuquerque Jan 31 UT Salt Lake City Oct 10 
San Fernando Feb 27 IL Arlington Hts. Nov 7 NY Buffalo Nov 18 VA Falls Church Jan 17 
San Fernando Sep 17 Oakbrook Nov 8 Long Island Nov22 WA Seattle Oct 8 
San Gabriel Sep 18 IN Fort Wayne Feb4 Rochester Nov 19 Seattle Mar5 
San Jose Sep 12 MA Andover Oct24 Syracuse Nov20 WI Madison Nov 6 
San Jose Mar3 Boxborough Oct23 OH Cleveland Feb6 Milwaukee Nov 5 
Santa Barbara Sep 13 Newton Oct23 Columbus Feb5 
Orange County Sep 20 MD Baltimore Jan 16 ONT Ottawa Sep 27 Sept, Oct, Nov dates are 1991 
Orange County Feb 25 Toronto Sep 26 Jan, Feb, Mar dates are 1992 

CALL CRYSTAL SEMICONDUCTOR TODAY FOR RESERVATIONS 

J/91 ~ •• i//9f i//9f J/119 • 

1-800-888-5016 . ..... . ~. 
.., .... J/91 • •• .., 512-445-7222 
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r to 3Gffz fromS114s 
lowpass, 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 

CD .., 
" .!1 

~ 
0 

LOW PASS 

frequency 

HIGH PASS 

"'ITL i:::i_ : 

0 ' 
.2 ' 
0 : 
~ ' I 

~ ' ' 
~ : : 

frequency 

BANDPASS 

NARROWBAND IF 

I LJ· ' ' ;::: : : 

~ !!:. ':![ 
FREQUENCY 

low pass de to 1200MHz 
PASSBAND, MHz fco, MHz 

(loss < 1dB) (loss 3db) 
MODEL 

NO. Min. Norn. 

PLP- 10.7 DC-11 14 
PLP-21.4 DC-22 24.5 
PLP-30 DC-32 35 
PLP-50 DC-48 55 
PLP-70 DC-60 67 
PLP-100 DC-98 108 
PLP-150 DC-140 155 
PLP-200 DC-190 210 
PLP-250 DC-225 250 
PLP-300 DC-270 297 
PLP-450 DC-400 440 
PLP-550 DC-520 570 
PLP-600 DC-580 640 
PLP- 750 DC-700 770 
PLP-800 DC-720 800 
PLP-850 DC-780 850 
PLP-1000 DC-900 990 
PLP-1200 DC-1000 1200 

high pass de to 2500MHz 
PASSBAND, MHz fco, MHz 

(loss < 1dB) (loss 3db) 
MODEL 

NO. Min. Min. Norn . 

PHP-50 41 200 37 
PHP-100 90 400 82 
PHP-150 133 600 120 
PHP-175 160 800 140 
PHP-200 185 800 164 
PHP-250 225' 1200 205 
PHP-300 290 1200 245 
PHP-400 395 1600 360 
PHP-500 500 1600 454 
PHP-600 600 1600 545 
PHP- 700 700 1800 640 
PHP-800 780 2000 710 
PHP- 900 910 2100 820 
PHP-1000 1000 2200 900 

bandpass 20 to 70MHz 
CENTER PASS BAND, MHz 

FREQ. (loss < 1dB) 
MODEL MHz Max. Min. 

NO. FO F1 F2 

PIF- 21 .4 21.4 18 25 
PIF- 30 30 25 35 
PIF-40 42 35 49 
PIF- 50 50 41 58 
PIF-60 60 50 70 
PIF-70 70 58 82 

narrowband IF 
CENTER PASS BAND, MHz 

FREQ. LL 1 .5dB max. 
MODEL MHz 

NO. FO F1-F2 

PBP- 10.7 10.7 9.5-11.5 
PBP-21 .4 21.4 19.2-23.6 
PBP-30 30.0 27.0-33.0 
PBP-60 60.0 55.0-67.0 
PBP- 70 70.0 63.0-77.0 

STOP BAND, MHz VSWR 
(loss>20dB) (loss>40dB) pass- stop-

band band 
Max. Max. Min. typ. typ. 

19 24 200 1.7 18 
32 41 200 1.7 18 
47 61 200 1.7 18 
70 90 200 1.7 18 
90 117 300 1.7 18 

146 189 400 1.7 18 
210 300 600 1.7 18 
290 390 800 1.7 18 
320 400 1200 1.7 18 
410 550 1200 1.7 18 
580 750 1800 1.7 18 
750 920 2000 1.7 18 
840 1120 2000 1.7 18 

1000 1300 2000 1.7 18 
1080 1400 2000 1.7 18 
1100 1400 2000 1.7 18 
1340 1750 2000 1.7 18 
1620 2100 2500 1.7 18 

STOP BAND, MHz VSWR 
(loss>20dB) (loss>40dB) pass- stop-

band band 
Min. Min. typ. typ. 

26 20 1.5 17 
55 40 1.5 17 
95 70 1.8 17 

105 70 1.5 17 
116 90 1.6 17 
150 100 1.3 17 
190 145 1.7 17 
290 210 1.7 17 
365 280 1.9 17 
440 350 2.0 17 
520 400 1.6 17 
570 445 2.1 17 
660 520 1.8 17 
720 550 1.9 17 

STOP BAND, MHz VSWR 
(loss > 10 dB) (loss > 20 dB) 1.3:1 typ. 
Min. Max. Min. Max. total band 
F3 F4 F5 FS MHz 

4.9 85 1.3 150 DC-220 
7 120 1.9 210 DC-330 

10 168 2.6 300 DC-400 
11 .5 200 3.1 350 DC-440 
14 240 3.8 400 DC-500 
16 280 4.4 490 DC-550 

STOP BAND, MHz STOP BAND, MHz PASS-
LL > 20dB LL > 35dB BAND 

VSWR 
F5 FS F7 F8-F9 Max. 

7.5 15 0.6 50-1000 1.7 
15.5 29 3.0 80- 1000 1.7 
22 40 3.2 99-1000 1.7 
44 79 4.6 190-1000 1.7 
51 94 6 193- 1000 1.7 

c::J Mini-Circuits 
P.O. BOX 350166, Brooklyn, New York 11235-0003 (718) 934-4500 FAX (718) 332-4661 TELEX 6852844 or 620156 WE ACCEPT AMERICAN EXPRESS 

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) 

18.95 
18.95 
18.95 
18.95 
18.95 
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~ 
IRW 
JRF'l44 
JRF520 
IRW 
JRF540 
IRF6.10 
JRF6(0 

IRFB.ltJO 
IRFBG30 
1fEXSense9 
IRC124 
IRCZ34: 
IRC530 
IRC540 
IRC640 
IRC634 
IRC730 
IRC830 
IRC840 

IRF624 
IRF644 
IRF7'lO 
IRW 
IRF820 HEXDIP"' 
JRF8.1> IRFD lZO 
IRF840 IRFD014 
IRF9Z24 IRFD024 
IRF9Z.34 IRFDllO 

--m1'i\C'.I ._~--IRE0120 

FUUPAK 
IRFl724 
IRFl530 
SOT-89 
IRFSlZO 

D-PAK 
IRFR014 
IRFR024 
IRFR120 
IRFR220 
IRFR310 
IRFR320 
IRFR420 
IRFR9014 
IRFR9024 
TRFR9120 

IRFP350 
IRFP300 
IRFP440 
IRFP448 
IRFP450 
IRFP460 
IRFP9140 
IRFP9240 
IRFPC40 
IRFPC50 
IRFPE40 
IRFPE50 
IRFPF40 
IRFPG50 
T0-3 
IRF140 
IRFl50 

~--IRRl.AOe--

IRF460 
IRF9140 
IRFAC50 
IRFAE50 
IRFAF40 
IRFAF50 
1RFAG50 
T0-39 
IRFF024 
IRFFllO 
IRFF120 
IRFF130 
IRFF42Ci 

They can copy these numbers. 
Bllt they caiit copy these. 
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Gate stress T0-220 time to failure HEXFET IRFSJO under avalanche Electrical defects (PPM) 

As IR HEXFETs® hold their lead in power in the industry. In AOQLs you can take right past 
MOSFETs, our competitors become bolder and incoming inspection to your production line. 
bolder in attempting to duplicate our success. And in our Generation III HEXFET process 

They're using our part numbers. And in some that's optimizing cell density and providing 
cases, they've even put "IR" in front of them. unparalleled performance per square inch. lil _,, 
They've thought of everything. Except performance, The bottom line: If you're buying 
ruggedness and reliability. FETs, make sure they're IR, as in 

The numbers in the charts tell the story. You'll International Rectifier. Or you 
find them in our guaranteed avalanche ratings. Our just might get a signed and 
quarterly reliability reports, the most comprehensive numbered copy. 

I I~~RllNTERNATIONAL RECTIFIER 
WORLD HEADQUARTERS· 233 KANSAS ST, El SEGUNDO, CA90245, U.S.A. (2/J) 172-2000. TWX9/0.J48-629/, TELEX 472-0403 
EUROPEAN HEADQUARTERS: HURSTGREEN, OXTED, SURREYRH8988, ENGLAND TELEPHONE (0883) 713215, TELEX95219 
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TECHNOLOGY NEWSLETTER 

ELECTRONIC MIRROR A semiconductor device fabricated by strained-layer epitaxy can receive and 
reflect light waves generated by a laser. The unusual property of the device, 

REFLECTS LASER LIGHT called a reflectance modulator, allows the construction of optical reflectors 
that operate under electrical control and reflect light at a wavelength of 1060 nm-the wave
length of most low-cost industrial lasers. Developed at Sandia National Laboratories, Albu
querque, N.M., the strained-layer-superlattice device could find its way into the high-power 
transmit/receive units of phased-array and synthetic-aperture radars. The modulator can 
impress the microwave signal information onto a laser signal so that the data can be processed 
at a common, remote location. Prior to this development, reflectance modulators had been 
limited to operating at about 870 nm (gallium-arsenide wavelengths). However, by straining 
the lattice structures and using lattice-mismatched quantum wells in a stable structure, the 
wavelength of the light reflected can increase to 1060 nm. The superlattice layers formed by 
molecular-beam epitaxy consist of alternating layers of indium-gallium-arsenide and alumi
num-gallium-arsenide. That region forms the quantum-well resonator, and is then surrounded 
by thicker layers of InGaAs and GaAs that form the mirrors for the quantum-well resonators. 
Contact Ian Fritz, (505) 844-7789. DB 

KLYSTRON DELIVERS 40 KW An air-cooled depressed-~~llector ~lystron puts o_ut 40 kW for UHF transmit
ters. I ts developers at Ph1hps Semiconductors, Emdhoven, The Nether lands, 

FOR UHF TRANSMITTERS claim that it's the highest power yet for an air-cooled tube. The YK1283 has a 
frequency range from 470 MHz to 810 MHz, features high efficiency-its figure of merit is up 
to 13070-and has high reliability and long life. The forced-air-cooled klystron, of metal-ceram
ic construction, focuses electromagnetically. Four continuously tunable external cavities are 
fitted with digital frequency indicators. Aside from the depressed collector, the YK1283 has a 
high-stability dispenser-type cathode and a nonintercepting annular beam-control electrode 
for low-voltage beam modulation. JG 

JSDN SPREADS THROUGH Growing interest in Integrated Services Digital Network (ISDN) services in 
California is prompting Pacific Bell, a subsidiary of the Pacific Telesis 

THE GOLDEN STATE Group, to step up its deployment of the technology, which it offers as Centrex 
IS (Integrated Systems). The company cites two reasons for the increased interest. First, busi
ness organizations are becoming more aware of the benefits of ISDN for desk-to-desk net
working, file transfer, remote LAN access, personal-computer LAN bridging, Group IV fac
simile, and customer-service call management. The second reason is new ISDN-based applica
tions, such as Pacific Bell 's Realty Link, are finding homes in a variety of new markets among 
business and residential customers, and manufacturers of central-office switches, ISDN ter
minal equipment, and computer-software developers. The multichannel Realty Link connects 
all participants in a transaction for exchange of voice, data, and images. ML 

EUROPEAN BUSINESS The Commission of the European Community has officially designated fre
quencies from 880 to 890 MHz, and 933 to 935 MHz, for Digital Short Range 

RADIO ARRIVES Radio (DSRR). The announcement heralds the arrival of business citizens
band radio in Europe. The frequencies will be available, without license, for point-to-point com
munications over distances up to about 6 km maximum, depending on antenna height. DSSR 
uses a trunking scheme, in which a pair of handheld transceivers can grab an available channel 
for the transceivers' exclusive use during a conversation to ensure security. DSRR radios will 
be available soon from Motorola-Storno and Philips. PF 

CAN HITS THE ROAD IN The long-awaited CAN (controller area network) protocol for networked 

M B A 
electronic controllers in road vehicles will first appear in the Mercedes-Benz 

ERCEDES· ENZ UTOS S-Class autos now in production. CAN chips are currently available from sev
eral major semiconductor manufacturers. As a transmitter, the chip sends messages over the 
network data bus in a standard format specified by the CAN protocol. As a receiver, it deter
mines the source, content, validity, and priority of messages on the bus, and routes informa
tion to the host processor as needed. The International Standards Organization is planning to 
introduce CAN as the sole standard for high-speed control systems. In the U.S., the Jl939 
Control and Communications Network Subcommittee of the Society of Automotive Engineers 
adopted CAN as the architecture for its proposed recommended practice. ML 
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IBM TAKES AIM AT Visualization chores call for crun~hing_ a ~ountain of ~ata. Dev~loped in just 
two years, IBM Corp.'s Power V1suahzatJon System 1s essentially a super-

THE BIG PICTURE computer dedicated to turning data into 3D images. At the system's core is a 
server that runs up to 32 Intel i860 microprocessors in parallel. So equipped, the system can 
calculate 2.5 Gflops, outrunning minisupercomputers and high-end scientific workstations. It 
supports up to 1 Gbyte of shared memory. Storage in disk arrays handles up to 170 Gbytes. 
The High-Performance Parallel Interface, which affords connections to mainframe and su
percomputers, shuttles 100 Mbytes/s. The system, available in late November, ranges in price 
from $600,000 to $2 million. A scaled-down version of the visualization software for IBM's 
RISC System 6000 workstations will be available in late December for $5,900. SVT 

VOICE SYSTEM A presentation by Tokyo-based Fujitsu Ltd. at this year's ICASSP in Toron
to, Canada, revealed a major breakthrough in voice-recognition technology. 

RECOGNIZES 100 KWORDS Given about 200 training words, a Fujitsu system can teach itself to distin
guish between 100,000 words. Prior systems used in Japanese factories to recognize product 
names could only recognize about 1000 words. Fujitsu's approach analyzes the sound seg
ments of a word, instead of treating the whole word as a unit. Operating on a base of 200 
words, the system builds a network of sound discriminations fine enough to identify 100,000 
words. A second major advance is the speed at which the system can cross-reference the 
speech data and find a word in its vocabulary. That speed is 50 times faster than conventional 
voice-recognition systems. For more information, contact Fujitsu News Center, Michael Solo
mon Assoc., 400 Madison Ave., Suite 1501, N.Y., NY 10017. (212) 755-7680. ML 

UK VME·BOARD MAKER Radstone Technology pie, Towcester, Northampton, United Kingdom, says 
• • it has become the first manufacturer of off-the-shelf military-specification 

GETS NATO APPROVAL VMEbus systems to gain NATO AQAP-13 approval for software-quality 
standards. The standard of the U.K. Ministry of Defense applies to all software and firmware 
produced for military applications. Its approval complements AQAP-1 registration relating to 
hardware. AQAP-13 requires that all aspects of software quality are documented and audit
ed-from software design, through coding, test, and configuration control, to dispatch. Docu
mentation is available to customers worldwide, enabling them to test these quality assurance 
procedures against their own standards. PF 

FIRST MNP 10 DATA/FAX Rockwell International's Digital Communications Div., Newport Beach, 
Calif., is ready to ship the first MNP 10 data/fax modem chip sets. MNP 10 is 

M 0 DEMS READY TO DEBUT the adverse-channel protocol necessary for cellular, portable, and other poor
q uality land-line applications. Initial products with MNP 10 enhancements are the RC2324AC 
data modem for V.42 and V.42bis applications, and the RC9624AC data/fax modem with send 
and receive, 9600-baud facsimile capabilities. MNP 10 options are also planned for the single
package, low-cost V.32 family, including the RC96AC data/fax modem and the RC144AC 
data/ fax modem operating at 14.4 kbaud (V.32bis). Future dial-up products are also slated to 
have the MNP 10 option. For more information, call the DCD technical documentation voice
mail system 1-800-854-8099, or 1-800-422-4230 in California. ML 

MAC BOARD TO BOOST An ~dd-in board for the Apple Mac II f.amily with the floating-po!n.t ~apacity 
equivalent to more than ten Mac Ilfxs 1s under development at DJVJsJOn Ltd., 

FP MATH 1 OX Chipping Sodbury, Bristol, U.K. The Mac Watt uses an Intel i860 processor to 
achieve a peak performance of over 40 MIPS, and a Lin pack benchmark of 10.7 double-preci
sion MFLOPS, making it useful for computational physics and chemistry, finite-element anal
ysis, and advanced-graphics applications. A video board (the DVHSP) with multiple i860s 
running in parallel can provide even more computational power (like 35,000 Z-buffered, Gor
aud-shaded, 100-pixel polygons/s) for high-speed graphics rendering. The Mac Watt board has 
a choice of i860 processor speed (25, 33, or 40 MHz) and carries up to 16 Mbytes of DRAM. A 
dedicated communications processor carries out high-performance NuBus 110 in parallel 
with the i860 running the applications program. Software supported includes a dNIX860 run
time kernel and handling-system facilities. Development tools include fully optimizing ANSI 
C and Fortran 77, a macro assembler and linker, and a symbolic debugger. The board has 
expansion slots for an additional processor, specialized I/O, and graphics modules, and will 
come bundled with a library of development tools and a compiler. PF 
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C WUI llrwlNt-Pa('ka.rd Co. TMNJDIOIYED 

In a de power supply. 
Now, put a dependable, 30-watt de 
power supply on your bench for 
just $300'~ You'll get the low 
noise your work demands (200 µV 
rms). Constant-voltage or constant
current operation. And built-in 
reliability ensured by conservative 
design margins and rigorous 
environmental testing. 

Outstanding value in a de power 
supply. It's just one in a full line 
of basic instruments developed 
by HP to give you uncompro
mising performance at an 
affordable price. 

W To order, call HP DIRECT, 
1-800-538-8787, Ext.1Wll. 

We'll ship your order the day it's 
received. Instruments come with a 
sixty-day, money-back guarantee. 
All you need is a -

VISll" "°"""'°"' company purchase -
order or credit card. 

HP30.Watt E3610A E3611A power supplies 

i 1 Range1 8V,3A 20V, 1.SOA 

o J Range2 15V,2A 35V, 0.85A 

Load or line 
0.01%+2mV regulation 

Ripple and noise 
200 µ V rms/2 mV P1> (10 Hz-10 MHz) 

•U.S. list price 

There is a better way. 

F//d'I HEWLETT 
~al PACKARD 

CIRCLE 208 FOR U.S. RESPONSE 

CIRCLE 209 FOR RESPONSE OUTSIDE THE U.S. 



Oki's Advanced ASIC Tools 
Reduce Your Risk. 

A 
s an ASIC designer for high
pe1formance systems, you 
know the sinking feeling of 
working for weeks on a high-
density design--0nly to have 
it crash. You know the risks 
involved in designing with 
tools that offer no assur
ances-Will path delays meet 
spec? Will routed signals 
violate timing? Will power 
problems cause unexpected 
voltage drops? 

Coupled with our 0.8µm 
leading-edge sea-of-gate 
technology and our high-level 
support-such as Verilog, 
Synopsys, and !KOS-these 
Oki software tools not only 
optimize ASIC performance 
but also optimize design time. 

So go ahead and take the 
plunge. Call 1-800-0KI-6388, 
Dept. 050, for Oki's ASIC 
capabilities brochure. See how 

risk-free ASIC design can be. 
Oki's advanced tools 

provide the lift you need to 
dive comfortably into the 
highest levels of ASIC design: 

Oki ASIC Design Tool Support for O.Bµm, 1.0µm, and 1.2µ m 

Timing-driven layout -
enables control of critical net 
and path delays, better ensur
ing a design-to-silicon match. 

Clock tree structures -
automatically route logic 
signals where you want them 
and when you want them, 
optimizing clock distribution. 

Power calculator - locates 
and corrects power distribu
tion and dissipation problems, 
increasing overall system 
reliability. 

Vendor Platform Operating System/Rev Description 

Cadence Sun/SPARC Sun OS 4.1.1 Simulation 
Solbourne Verilog 1.5C Fault grading 

Design verification 

IKOS 4.0 up Simulation 
.Fault grading 

Mentor HP/Apollo DNIX 5.03, Sun OS 4.1.1 Capture 
Graphics DNx Series Digital application 6.1 Simulation 

Digital application 6.3 Design check 
HP9000 Digital application 8.0 (in qualification) 
Sun/SPARC Parade Layout 
Solbourne Clock Structures 

Synopsys Sun/SPARC Sun OS 4.1.1 Design synthesis 
Interface to Mentor, Valid, Viewlogic Test syntl1esis 

Valid Sun/SPARC Sun OS 4.1.1 Design capture 
Sun-3 GED, ValidSIM, Simulation 

RapidSIM Design check 
DECstation 3100 UL TRIX, ValidSIM, GED 
IBM RS6000 GED, ValidSIM, RapidSIM 

Viewlogic Sun/SPARC Sun OS 4.1.1 Design capture 
Workview 4.0 Simulation 

PC386 DOS 3.3, Workview 4.0 

TRANSFORMING TECHNOLOGY INTO CUSTOMER SOLUTIONS 

Product and company names are trademarks and registered trademarks of their respective companies 



WHEN YOU PLUNGE INTO ASIC DESIGN, 
YOU WANT SUPPORT TOOLS THAT WORK. 

~ ~~~ductor 
785 North Mary Avenue 
Sunnyvale, CA 94086-2909 
1-800-0Kl-6388, Dept. 050 

CIRCLE 196 FOR U.S. RESPONSE 

CIRCLE 197 FOR RESPONSE OUTSIDE THE U.S. 



At Astec we create I by design. 
The result is t e new ightning 
power supply series. 

Astec introduces the new Lightning ALS Series, the smallest 
medium wattage power supplies in the industry. 
The ALS Series achieves its small size through unique thermal 

packaging by integrating an efficient heat sink with the housing. 
This results in higher density, more efficient performance, and 
higher reliability through fewer parts. 

The ALS Series is available in the wattage range from 300 watts to 
550 watts and one to four outputs . The multiple output ALS 304 
offers 325 watts in an 8.5" long package, and the single output ALS 
301 offers 300 watts in 6.5" . 

(##) 
ASTEC 

ASTEC STANDARD POWER 
Division of Astec America , Inc. 
401 Jones Road 
Oceanside, CA 92054-1216 
Telephone: 619-757-1880 
Facsimile: 619-439-4243 

Standard features include universal input, high auxiliary channel 
peak loading capability, power fail and inhibit signals, and a versatile 
mounting design. 
The ALS lives up to the Astec standard of high reliability , 

outstanding quality, and leading edge technology. It accommodates 
an almost endless range of applications, from serving the 
fundamental needs of computer and peripheral applications to the 
more complex power requirements of communication and network 
systems. · 
To find out how Lightning can strike your application , call the toll

free number below for literature. 

For information or literature please call: 

1-800-233-9973 
CIRCLE 98 FOR U.S. RESPONSE CIRCLE 99 FOR RESPONSE OUTSIDE THE U.S. 



TECHNOLOGY ADVANCES 

COMPLEMENTARY BICMOS PROCESS WITH 
EEPROM ATTACKS MIXED-SIGNAL ASICS 

A new modular 10-to-
22-m ask process 
provides virtually 

any kind of silicon transis
tor a mixed-signal ASIC. 
Developed by Exar Corp., 
San Jose, Calif., the de
vices can range from sim
ple n- and p-channel MOS 
transistors to high-speed 
vertical npns and pnps, and 
include EEPROMs with 
floating gates. Exar, 
claims that its E2CBiCMOS 
process is the first to offer 
such a full mix of capabili
ty. It permits adding non
volatile memory to high
and low-voltage, and high
and low-speed, analog and 
digital circuits, and builds 
p- and n-channel MOS tran
sistors thatsustains40Vin 
open-drain output stages. 
Polysilicon resistors can 
also be laid down atop ox
ide and pinned out to high 
voltages. 

A modular process is ide
al for building a wide range 
of ASICs because whatev
er the performance or fea
ture needed, it's available. 
On the other hand, custom
ers don't have to pay for 
processing they don't need 
in a modular process. Also, 
when chips are redesigned 
for purposes of upgrading 
or cost cutting, process 
changes can be made with
out affecting unaltered cir
cuits. Designers can pick 
the mix of transistors that 
will do the job most eco
nomically. 

Based on 2-µm, double
polysilicon, double-metal, 
the process can be scaled to 
operate from 3 to 18 V of 
maximum s upply rail s. 
Exar is now migrating the 
technology to a 1.6-µm pro
cess, to be available by the 
end of the year. 

Modularity is achieved 
by using common process 
modules during fabrica
tion and a minimal addition 
of thermal steps (such as 
diffusion). Consequently, 
device characteristics 
aren't changed when add
ing (or subtracting) device 
types.New devices are cre
ated with mask and im
plant steps without adding 
thermal steps. If additional 
thermal steps are re
quired, they're performed 

in a sequence that ensures 
they won't impact device 
characteristics. 

Designers needing fast 
complementary circuits 
for high-speed/ wideband 
analog circuitry can avail 
themselves of 18-V vertical 
pnps with fts of 700 MHz 
(see the figure, a). Vertical 
npns with fts of 1.5 GHz are 
also possible (see the fig
ure, b). 

The process can be used 
to create an op amp or oth-

Isolated vertical pnp 

Base Base 

Psubstrate 

(a) 

Verticalnpn 

BPSG 
BPSG 

Field oxide 

Pepi Pepi 

N + buried layer 

P substrate 

(b) 

Poly1 NMOS 

PMOS 

Pepi 

N + buried layer 

Psubstrate 

BPSG = Boron-doped polysilicon glass 
(c) 
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er analog circuit with per
formance previously un
available from mixed-sig
nal IC technologies. If you 
need more bandwidth but 
still want complementary 
circuits and can settle for 5-
V rails, a finer-geometry 
vertical pnp sporting an ft 
of 1.5 GHz, and a sibling 
npn with an ft of 4 GHz, are 
possible. If you're willing 
to work with all npns for 
high-speed circuitry, later
al pnps are available for de 
circuits from a non-compli
mentary version of the pro
cess . The bipolar transis
tors also build good refer-

EE PROM 
Floating 

poly 1 gate 

Lateral pnp 

N + buried layer 

Pfield 

BSPG 



ences and combine low-in
p u t noise with high
current output drive while 
minimizing silicon area. 

For dense logic, analog 
switches (or multiplexers), 
switched-capacitor cir
cuits, or low-bias-current 
op amps, CMOS transis
tors can be added (see the 
figure, c). Or, if bipolar
trans is tor attributes 
aren't needed, analog cir
cuits with or without logic 
can use a less-complex 
(lower-cost) all-CMOS ver
sion of the process. In ei
ther version, the switch-ca
pacitor circuits (filters and 
digital-to-analog and ana
log-to-digital converters) 
use the process' high-q uali
ty interpoly capacitors (see 
thefigure, b, again). 

The low-bias current de
vices lend themselves to 
processing photodiode cur
rents and buffering high
impedance sensors. In ad
dition, the threshold volt
age of the CMOS devices 
can be modified so that the 
chips can operate from 
voltages as low as 1 V, 
which is ideal for hearing
a id and other battery
powered applications. 

The new process' EE
PRO M capability not only 
adds a wide range of digital 
memory functions, but 
also permits post-packag
ing trimming of analog cir
cuits, such as an op amp's 
offset voltage or a refer
ence's output voltage. If 
only a simple 5-V, single
polysilicon CMOS process 
is needed, just 10 mask 
steps are required. A chip 
with a full complement of 
all device types, on the oth
er hand, takes 22 mask 
steps. In between, 16 mask 
steps can provide 5- and 15-
V analog and digital 
CMOS, or 15-V CMOS plus 
EEPROMs, or 5-V CMOS 
and bipolar devices. 

TECHNOLOGY ADVANCES 

The final wafer cost in
creases only 40% from a ba
sic 16-mask process to a 22-
mask version. The increase 
is 60% from the simple 10-
mask process to 22 masks. 

FLIP-ON-FLEX ASIC PACKAGE 
LIFTS PLANAR-BOARD BURDEN 

The process is presently 
used in beta sites for inter
nal custom and semicus
tom designs. Ultimately, it 
will be the basis of a mixed
s i gn al standard-cell li
brary, which with soft
ware tools can be put in the 
hands of customers. 

Starkey Laboratories 
Inc., Eden Prairie, Minn., 
which builds hearing aids 
that go into the ear canal, is 
a hearing-aid beta site. The 
firm needed a chip that 
draws less than 1 mA from 
a 1-Vbattery, has low input 
noise, is tiny, and offers 
user-programmable fre
quency response. The Exar 
design team used bipolar 
devices for the low-noise 
front end, CMOS for the 
DSP filters, and EEPROM 
to store the filters' user
pro gram ma bl e coeffi
cients. The front end 
achieved a noise level 25 dB 
below earlier designs. 

A wide range of disk
drive chips for Seagate 
Technology, Scotts Valley, 
Calif., represents a disk
drive beta site. The CMOS 
lends itself to low-power 
data-separation circuits. 
The bipolar devices can be 
used in the read channel, 
combining low noise with 
wide bandwidth to build 
programmable filters and 
amplifiers. The fast verti
cal pnps come in handy in 
the charge pump, the volt
age-con trolled-oscillator 
section of the phase-locked 
loop, and the AGC and ac
tive filter section of the 
pulse qualifier. 

For additional informa
tion, call Ilhan Refioglu at 
(408) 434-6400. 

FRANK GOODENOUGH 

Cutting down the size 
and weight of elec
tronic subassemblies 

is always a key concern for 
designers. But doing so in 
an assembly that must 
withstand temperature ex
tremes is a challenge unto 
itself. Now, a joint re
search effort has yielded a 
technology for mounting 
flip-chip ASICs on flexible 
circuitry.Notonlythat, the 
qualities inherent in the 
flex-circuit material lends 
the technology to extreme
temperature applications, 
such as in automobiles. 

Flip-on-flex technology 
holds promise as a inexpen
sively mass-producible 
means of achieving a 
small, light package that 
frees designers from the 
spatial constraints of pla
nar circuit boards. The 
technology enables elec
tronics to be placed on a 
substrate that can be 
wrapped around limiting 
mechanical components 
such as actuators and pow
er supplies. The technolo
gy was developed by re
searchers at Cherry Semi
conductor, East Green
wich, R.I., and Sheldahl 
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Inc., orthfield, Minn., 
and is the subject of a joint 
paper that promises to be 
among the highlights of 
the Surface Mount lnter
na tio n al Conference, 
which runs from Aug. 25-
29 in San Jose, Calif. 

"The goal is to make flip
chip technology available 
to a greater audience," 
said Barbara Gibson, an 
applications engineer in 
Cherry Semiconductor's 
Semicustom Group. 
"We've gotten to the level 
of SMT, and you can't get 
much smaller if you're go
ing to retain the traditional 
concept of a package. So 
the next logical leap is to 
get rid of the package." 

Flip chips, which are un
packaged silicon die whose 
bonding pads take solder 
bumps instead of wire ball 
bonds, have traditionally 
been attached to palladium 
silver or copper traces on 
ceramic substrates. Ce
ramic was used because of 
the 320°C temperatures in
volved in reflowing the 
chips' tin-lead solder 
bumps. Also, the thermal 
coefficient of expansion 
(TCE) of the substrate and 
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silicon had to be similar 
enough to prevent the me
chanical forces produced 
by temperature cycling 
from rupturing the solder 
joints. 

That's where Sheldahl's 
N ovaclad, a high-tempera
ture, adhesiveless polyi
mide-copper laminate, 
comes in. Because there's 
no adhesive layer bonding 
the copper foil and polyi
mide dielectric, the sub
strate is more resistant to 
solvents and moisture. But 
its key attribute when 
serving as a flip-chip sub
strate is its dimensional 
stability. Also, by carefully 
matching the TCE of the 
specific polyimide film 
with that of the copper 
film, the result was a very 
dimensionally stable lami
nate. The material permits 
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the copper layer's full ther
mal properties to be used. 

In developing the attach
ment process, the two com
panies' researchers chose 
a flip chip with an asym
metric bump pattern, 
which would be more likely 
to show joint fatigue (see 
the figure). As joint fa
tigue occurs, microfrac
tures appear and get worse 
with each additional ther
mal cycle until the inter
connection breaks. 

The next step for the 
Sheldahl and Cherry Semi
conductor researchers was 
to define the assembly pro
cess. Initially, it was as
sumed that a solder paste 
for the flex circuit should 
have a similar composition 
to that of the solder bump 
on the flip chip. The high 
lead content of this paste 

drove the reflow profile 
over 300°C. It was soon 
found, however, that the 
solder mask wouldn't tol
erate such high tempera
tures. That prompted the 
move to a eutectic solder al
loy, which reduced the 
maximum reflow tempera
ture to 225°C, eliminated 
mask degradation, and still 
formed visually acceptable 
solder joints. The eutectic 
alloy also proved to be com
patible with existing sur
face-mounting proce
dures. 

Test assemblies were 
built and subjected to a 
three-part analysis involv
ing electrical, physical, and 
visual testing. All of the in
terconnections on each as
sembly were tested for 
electrical connectivity, and 
all showed good connectiv-

ity on each joint. No signifi
cant problems turned up 
after examining the sam
ples with a scanning elec
tron microscope. 

Still other samples were 
subjected to shear testing, 
in which a cantilevered arm 
applies a known force par
allel to the substrate-chip 
interface. Basically, the 
idea is to find out how much 
force it takes to knock the 
chip off the substrate. The 
flip chips mounted on No
vaclad required an average 
of 1.6 kg of shear force to 
dislodge them from the 
flexible material. The same 
chip, mounted on a ceramic 
substrate, took a nominal 
1.3-kg force to be removed. 
Thus, it was shown that the 
flip-on-flex attachment is 
stronger than that formed 
using a high-temperature 

Every connecting product for every kind 
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solder and a ceramic sub
strate. 

Once the process was de
fined, the researchers set 
out to automate it. Doing 
so would provide repeat
ability for test-sample pro
duction as well as prove 
that the process was viable 
for future application. The 
work involved stenciling, 
automated die placement, 
and infrared reflow. 
Thanks to the dimensional 
stability of the Novaclad 
substrate, registration of 
paste proved to be possible 
on multi-circuit arrays. 
Component placement was 
done using standard high
s peed optica l surface
mounting equipment. Af
ter component placement, 
the panels were fed by con
veyor into an IR-reflow 
oven. A few trial runs pro-

of connection. 

duced samples for thermal 
testing. 

One-third of the auto
mated-process samples 
were coated with a low
stress epoxy encapsulant. 
All of the assemblies were 
placed in an air-to-air ther
mal chamber and cycled be
tween - 65 and + 150°C, re
maining for 20 minutes at 
each temperature and 
spending 20 seconds in 
transit between chambers. 
The results were that inter
mittent contacts arose in 
several of the unencapsu
lated samples between 50 
and 100 thermal cycles. Af
ter 200 cycles, 75% of the 
uncoated samples had in
termittentcontacts. In con
trast, the encapsulated 
samples passed through 
1000 thermal cycles with 
no intermittent contacts. 

The intent for the assem
bly process was to make it 
as straightforward as pos
sible, Gibson said. "We 
used readily available com
mercial equipment. There 
are no special require
ments. We've just taken 
standard technology and 
applied it in a very thought
ful manner," she ex
plained. "We wanted to de" 
velop a process that 
wouldn't be foreign to a hy
brid-assembly house." The 
only caveat, according to 
Gibson, is that the two com
panies have no handle as 
yet on the technology's lim
itations. 

According to Gibson, 
only single-layer circuitry 
has been done using the 
N ovaclad material, but 
there's no reason why mul
tilayer circuits can't be 

constructed. Placing com
ponents on both sides of 
the material is also a possi
bility, she said. At present, 
researchers are working 
with 16-mil pitches on the 
flex circuitry, but that's 
likely to come down in the 
future. Similarly, bump 
counts are just now mov
ing from 14 to 18, but Gib
son sees cou·nts in the 20s 
as relatively unchalleng
ing. The company's com
mercial intentions for the 
assembly technology in
clude the control electron
ics in 1.8-in disk drives, 
which are extremely vol
ume-limited assemblies. 
Other foreseeable applica
tions include automotive 
tasks both under the hood 
and inside the passenger 
compartment. 

DAVID MALIN/AK 
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That's AI&T "Customerizing~" 
~is your one-stop quality 

source for everything from cable to 
splic ing and test equipment. 

Whether it 's data cable, composite cable, 
optical cable or fiber, AT&T has it all. 

Along with 110 Connecting Blocks, 
ST® Connectors, FDDIJumpers, and any 
number of other connecting products. 

Everything you need in copper and fiber 
optics for the transmission of voice, data, 
image, and remote sensing. 

Everything you need for all your appli
cations, such as LAN and harsh environment, 
off-the-shelf or custom designed. 

-

Technical support? We'll work side-by-side 
with you to design special situation 
connections. And we'll provide system as well 
as component solutions. 

You also have AT&T's assurance of product 
quality and reliability Backed by the design 
and technology expertise of AT&T Bell 
Laboratories. And by a century of AT&T cable 
and apparatus manufacturing experience. 

Giving you everything you need. Exactly the 
way you need it. That's what we mean by 
"Customerizing:' 

For more information, just give AT&T a call 
at 1800 344-0223, ext. 1053. 
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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 

dJ 

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. 

FUJITSU MICROELECTRONICS, INC., Advanced Products Division. 77 Rio Robles, San Jose, CA 95134-1807. Ph: 408-456-1161 Fax: 408-943-9293. 
FUJITSU MICROELECTRONICS A51A l'fE 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: 81-3-3216-3211Fax:81-3-3216-9771. KML CORP. (Rep., Korea): Ph: 82-2-588-2011 Fax: 82-2-588-2017. 
PACIFIC MICROELECTRONICS, PTY. LTD., (Rep., Australia): Ph: 61-2-481-0065 Fax: 61-2-484-4460. 

FUJITSU MIKROELEKTRONIK GmbH (Dreieich-Buchschlag. Germany): Ph: 06!03-6900 Fax: 06!03-690122. 
SPARClite is a trademark of SPARC International, exclusively licensed to fujitsu Microelectronics, Inc. SPARC is a registered trademark of SPARC International. Inc. 

CIRCLE 120 FOR U.S. RESPONSE CIRCLE 121 FOR RESPONSE OUTSIDE THE U.S. 



COVER FEATURE 

IC CONTROLLERS RUN UNIVERSAL OFF-LINE 
SWITCHERS THAT NEED N 0 ISOLATED FEEDBACK 

FROM THE OUTPUT To INPUT. 

ICS BUILD OFF-LINE 
ISOLATED SWITCHERS 

FRANK GOODENOUGH 

very electronic system re
quires a power supply, yet its 
design often seems to be left to 
the last minute. But power
supply design isn't all that sim
ple, particularly if the supply is 
of the switching type and tight 
regulation specifications are 
required. A specialist is usually 

needed in this case with attendant cost and 
time-to-market problems. 

Now a pair of controller ICs, the LT1103 
and LT1105 from Linear Technology, are al
tering that scenario. These "do-it-yourself" 
devices allow even a system designer with no 
power-supply experience to easily and quick
ly build a 100-W, universal, off-line switching
regulator supply having 1% line and load reg
ulation. All that's needed besides the control
ler IC are a power MOSFET, a transformer, 
diodes, and a handful of passive parts (see the 
figure). Moreover, no negative feedback is 
required across the isolation barrier from 
output to control circuitry. As a result, sys
tem designers now have the advantages of 
quicker time-to-market, lower product cost, 
smaller product size, and lower power dissi
pation. 

Using the LT1103 and LT1105, engineers 
can create "custom" de-de converters. They 
can put them on their own pc boards close to 
where a regulated de voltage is needed. Such the ac power line is rectified, filtered, isolat
supplies save time, space, and dollars, and . ed, and often preregulated by a central sup
give the system designer added management ply. The supply's output, ranging anywhere 
control of distributed power. The controllers from 24 to several hundred volts, is distribut
can handle voltages limited only by the rating ed throughout the system to pc boards or oth
of the power FET, and 1000-V FETs are now er subsystems. Within each subsystem, de-de 
available. converters (switching regulators) provide the 

Distributed power represents a growing required subsystem voltages. High voltages 
trend in system-power management. Here, are distributed to increase efficiency by cut-

E L E C T R 0 N I C D E S I G N EE) 
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OFF-LINE IC 
SWITCHING-REGULATOR CONTROLLERS 

ting IR losses in the cabling, and to 
significantly cut copper costs and 
the space required for the cabling. 

A power supply using the LT1103 
or LT1105 controller I Cs can run off 
domestic or international ac power 
lines over a range of 85 to 270 V ac. 
The transformer provides input-to
output voltage isolation and powers 
the chip. It also supplies the negative 
feedback for control while offering 
tight line and load regulation. The 
chips are the first controllers with 

Bridge rectifier and EMI filter 

85·270 V ac 

15 v 

that mix of performance and fea
tures. 

To put it another way, when oper
ating in the fully-isolated flyback 
mode, the supply achieves line and 
load regulation within 1% without 
bringing negative feedback from the 
output across the isolation barrier . 
This contrasts with most isolated 
off-line supplies that require an op
toisolator to provide feedback from 
the output to the input of the control
ler 's error amplifier. Isolators, how-

~-c R, Trickle.current resistor 
o, 

Oscillator 

ever, drift with time and tempera
ture, which results in variations in 
loop gain and stability. Moreover, 
the additonal components crossing 
the isolation barrier reduce supply 
reliability. 

The LT1103 is rated for up to 100 
W of power. If more than 100 W of 
power is needed, the LT1105 can 
drive / control higher-current FETs 
to build higher-power switchers with 
similar features and performance. 

Un like most conLrollers, the 

Transform;.;;.e=.rr~-rvvv...........o 

Zener diode ls~lated 
primary 
winding 

Windings for c additional outputs 

v •• , 

V;0 (17·30 V) 

r ----- ----- ----- - --------------, ~ 
LT1103 I J 

Gate bias (15 V) Gate-bias detector : 
I Ysw (Vswitch) 

Oscillator I 2·A, 600·V MOSFET 

(feedback) 

OVLO 

>--+---- M Logic ~ (powerswitch) 

I Power switch 

Reference 
(SV) 

I 
I 
I 
~Current.sense resistor 

0.15 I 

: V c (compensation) 
..,._ _________ sv-----1---'1'-<>___, 

I 
I 
I 
I 
I 
I 
I 

Compensation 
network 

L-----------------------------~ 
SS (soft start) 

I N 0 NEGATIVE FEEDBACK is needed across the isolation barrier in the LT1103/1105 off-line switching-regulator controller IC, 
which provides 1% line and load regulation for an isolated load. Instead, the IC uses the amplitude of the flyback pulse at the output of the 
transformer's bias winding. Er.I 
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OFF-LINE IC 
SWITCHING-REGULATOR CONTROLLERS 

LT1103 doesn't drive the FET's gate 
from zero to a positive voltage to 
turn it on. Rather, operating in 
what's called a common-gate config
uration, the chip holds the FET's 
gate at+ 15 V de. The collector of the 
chip's npn power switch connects to 
the FET's source, and its emitter 
connects to ground. When the npn 
switch is turned on at the start of a 
pulse-width-modulated (PWM) cy
cle, it connects the FET's source to 
ground, putting 15 V between the 
FET's gate and source and turning 
the FET on hard. Because all of the 
FET's current flows through the 
chip's 2-A maximum power switch, 
maximum power from an LT1103-
based power supply is a function of 
that current and the voltage applied 
to the FET's drain, which is about 
lOOW. 

The higher-power (over 100 W) 
LT1105 can control virtually any 
power FET. The 1105 contains a sec
ond npn power transistor located be
tween the collector of its power 
switch and the chip's + 15-V rail to 
form a 1-A totem-pole output with 
push-pull-driven pull-up and pull
down transistors. It drives the gate 
capacitance of virtually any power 
FET, switching it between ground 
and+ 15 Vat rates up to 200 kHz, and 
turning the FET on and off in under 
100 ns. 

With the LT1103 and LT1105, de
signers can build constant-frequen
cy PWM, current-mode switchers. 
The IC's npn switch is turned on at 
the start of each oscillator cycle, 
which then turns on the external 
power-FET switch in series with it 
(see the figure, again). The switch's 
current is sensed by a 0.15-.!1 on-chip 
resistor between the emitter of the 
npn switch and ground. The voltage 
across the resistor is amplified by 
the current amplifier and applied to 
the comparator. The comparator 
trips when the output of the current 
amplifier exceeds the voltage on the 
control/ compensation pin, V C• turn
ing the switch off. During normal op
eration, V c is the output of the sam
pling error amplifier. The output, in 
turn, is a function of the supply's out
put voltage, except for the first 750 
ns after the switch is turned on. 

E L 

That's because when the switch 
turns on, current spikes caused by 
external parasitic capacitance and di
ode-stored charge may trip the com
parator early. A blanking circuit (on 
the comparator output) prevents 
tripping during the first 750 ns of 
each cycle. 

BOOT IT UP 
Before going into detail about the 

sampling error amplifier and how it 
gets its feedback signal, let's boot up 
the circuit and move backwards 
through the control loop. Yes, 
switchers (not just PCs) get booted 
up. That's because it's inefficient 
and impractical to power a switch
ing-regulator controller from a high
voltage de source, such as the recti
fied ac line. Therefore, most trans
former-based switchers incorporate 
a low-voltage auxiliary winding on 
the transformer-inductor to power 
the controller, and drive the external 
power switch once the circuit is run
ning (see the figure, again). Howev
er, the controller needs bootstrap cir
cuitry to get it going. 

When power is first switched on, 
the chip is fed a trickle current of 
about 1 mA through resistor R1 from 
the high-voltage source to the Vin 
pin. This current charges the regula
tor-input filter capacitor C1 until Vin 
reaches 16 V. During this period, the 
chip's quiescent current runs about 
200 µA. The startup circuit keeps all 
of the internal voltage regulators off 
and the circuit doesn't try to switch. 
Dissipation in the trickle resistor 
runs under 1/2 W. When Vin reaches 
16 V, the internal 5- and 15-V linear 
regulators turn on and switching be
gins. If enough rectified-de power is 
received from the auxiliary winding 
via diode D1 to keep Vin above 12 V, 
the switching continues: The boot-up 
is successful. 

If Vin drops below 12 V, the FET
drive detection circuit locks out the 
switching. Vin continues to fall as the 
I C's operating current (about 18 mA) 
discharges the capacitor. Once Vin 
drops below 7 V, the regulators turn 
off, the chip returns to the dormant 
state, and the bootstrap operation 
starts up again. Such a "burp-start" 
mode indicates a fault condition or an 

ECT R ONIC DESIG 
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incomplete power-feedback loop. 
The LT1103 / 1105 also contains 

soft-start (SS) circuitry, which can 
force the supply to come up to volt
age and charge the capacitor on its 
output without drawing large surge 
currents. The SS feature is imple
mented with the 40-µA current 
source connected to the SS pin, the 
pnp clamp connected between the SS 
pin and V c' and a capacitor to ground 
on the SS pin (not shown in the fig
ure). However, unlike the circuitry 
of most controllers, internal circuits 
in the chip perform a similar func
tion. Still, the soft-start circuit is 
there if a longer startup time is re
quired. The V c and SS pins also en
able users to program a switch-cur
rent limit below 2 A. During normal 
operation, V c is between 1.25 and 
4.25 V, which represent low and high 
currents, respectively. 

Bringing the V c pin below + 150 
m V activates the chip's shutdown 
circuit, putting it in a "sleep" mode. · 
When shutdown is activated, SS is 
reset to 0 V and the quiescent cur
rent drops to 200 µA. A current of 
400 µA must be pulled from V c until 
the internal regulators turn off, af
ter which just 50 µA keeps it asleep. 

FLYBACK ISOLATED 
Just where does the sampling er

ror amplifier get its negative feed
back from? How does it know what 
the supply's output voltage is doing? 
When operating in the "isolated-fly
back" mode, the feedback pin gets 
its input to the error amplifier from 
the flyback pulse on the auxiliary 
winding. Though this technique has 
been used, regulation was limited to 
between 5% and 10%. The feedback 
circuitry in the LT1103 and LT1105 
correct for four error sources: the 
spike on the leading edge of the fly
back pulse, the droop in the de level 
of the pulse, imperfect coupling be
tween transformer windings, and 
parasitic resistances in the windings 
and the diodes. 

When the power switches (internal 
npn and external FET) are turned on, 
the primary winding of the trans
former sees the de input voltage 
while the secondary and auxiliary 
windings (also called bias or boot
N m 
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You'll Find Som 
At Both Ends With 

We've all seen the light regarding Ethernet on 
twisted-pair. Now wed like to show you the full 
spectrum in lOBASE-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 MA Us. At the hub end. the IMR™ 
(Integrated Multiport Repeater) integrates eight 

transceivers and an expansion port on one chip. 
and replaces over a dozen I Cs. 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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faster. supplying you with complete board level 
solutions. And.we're behind you all the way 
with IO years experience in Ethernet. including 
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And of course. all our IOBASE-T products 
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Lumped parasitic A
bout a half dozen com
mon switching-regula
tor topologies currently 
exist (ELECTRONIC DE

SIGN, July 25, p. 53). But when 
people are involved, whether op
eration is from the ac line or some 
other lethal source, the topologies 
used are reduced to just two in 
most situations-flyback and for
ward. Each topology lends itself 
to turning the inductor into a 
transformer to provide isolation 
between the high voltage and the 
load and human or semiconductor 
host. 

resistance 
r---Wv--[>1---.--<> Yout 

However, to have regulation, 
the feedback loop from the out
put/load back to the controller 
must be closed. In most cases, fly
back and forward topologies re
quire some scheme to bring a sig
nal, representing a direct function 
of the output voltage, back 
across the isolation barrier to 
the controller. While various 
schemes, such as modulation 
and chip sets with the reference 
on the load side of the barrier, 
have been tried (both of which 
need an additional transformer), 
the most common approach em
ploys an optoisolator. Optoisola
tors introduce errors over time 
and temperature. They as well as 
other schemes also represent 
one or more extra components 
that must cross the harrier. With 
multiple devices determining a 
supply's input-to-output isola
tion, the supply itself must usu
ally be submitted for regulatory 
agency (UL, VDE) approval. 

If all of the isolation can be pro
vided by one transformer wind
ing, agency approval may be limit
ed to the transformer. Using a 
technique called flux sensing, the 
flyback topology lends itself to 
such a situation. If the turns ratio 
(N) between the sense and second
ary windings of the transformer 
and the value of the flyback volt
age are known, the output voltage 
should be known (see the trans-

Secondary 
winding 

• 

~ ( ~m"''" l"'•l •odl• ~To controller's feedback 
input and bias supply 

former-circuit figure). 
However, a large spike caused 

by the leakage inductance oc
curs on the leading edge of the 
flyback waveform when the 
switch turns off. This spike is a 
function of coupling between the 
primary and secondary windings 
and load current. The poorer the 
coupling and the greater the 
load, the higher the spike-and 
the longer it lasts. In a "real" 
transformer, perfect coupling is 
impossible. And to get the high
voltage isolation required for 
agency approval, coupling must 
be sacrificed. A large, nasty, 
spike results and the peak-de
tected output of the sense wind
ing carries a large error, lower
ing output voltage and dropping 
load regulation to as low as 8%. 

In addition, after the leakage
inductance spike dissipates, the 
flyback pulse sags due to parasit
ic resistance in the secondary 
winding, the output diode, and the 
capacitor, as well as nonlinear be
havior of the transformer. Blank
ing circuits enable the LT1103/ 
1105 to ignore the spike, increas-

Ei] E L E C T R 0 N I C 
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Leakage.inductance spike 

Time to sample flyback 
voltage for highest accuracy 

I 
Flyback pulse 

Voltage on flux.sensing windings 

ing the accuracy to about 5%. The 
accuracy is further improved to 
about 3% by sampling the fly back 
pulse just before it collapses to 
zero (discontinuous mode) or just 
before the switch turns on (contin
uous mode). At this time (the 
"time to sample the flyback volt
age'}, voltage from the sense 
winding is related to the output 
by: 

V = V out+ VF+ (Is) (RP) 
sense N 

where v out = the output voltage, 
VF = diode forward voltage, 18 = 
secondary current, Rp = parasitic 
transformer secondary resis
tance and diode resistance, and N 
= secondary-to-sense-winding 
turns ratio. 

Circuitry sensing switch cur
rent compensates for the errors 
defined by the last term in the 
equation, representing secondary 
parasitics. It pumps current into 
the feedback pin proportional to 
load current, bringing regulation 
to within better than 1%overnom
inal line and load changes. 

G N 



Introducing 
the New Generation 

A 
New 
Classic 
We designed our new 
12-bit CMOS A/D 
converter with you in 
mind .. . by adding several 
innovative features to 
the standard ADC574 
pinout. ADS574 and 
ADS?? 4 drop into most 
applications without any 
system modifications, use 
minimal power, and 
operate from a single 
+5V supply. Complete 
with on-chip sample/ 
hold , clock , reference , 
µP interface, three-state 
outputs, and internal . 
scaling resistors , ADS574 
and ADS?? 4 set a new 
standard for your design. 

574 A/D 

A New 
Standard in 
Savings 
Replace your old 
standard with our new 
classic and 
save ... design 

ADC574 input ranges, 
ADS574 and ADS774 use 
only one-fourth the 
power of that old 
standard . On-chip 
sampling combined w ith 
our new skinny-DIP 
package (0.3" wide) or 
SOIC gives you a lot 
more board space. And , 
our pricing sets a new 
standard-starting at 
$14. 15* 

FREQUENCY SPECTRUM (±10V, 2kHz Input) 

time, power, 
board space -20 1--+---+---1- :::~1• 
and money. -4o H------1---+-SNR-·_n.+-

1
• ___ ~ 

~ 
Designed to ·~-
operate from - ..;;o 

a single t -oo 1--+----+---+----1--------1 

power supply 
while still 
supporting 
all of the 

-too 

-120 

0 10 

Frequency (kHz) 

15 2() 

Innovative 
Features 
• Throughput time 

(acquire & convert) 
25µs max .. ...... ADS574 
8.5µs max .... .. . ADS774 

• Power consumption 
lOOmW max ... ADS574 
120mW max ... ADS774 

• Single +5V supply 

• Guaranteed AC , DC 
performance 

• Industry standard 
input ranges 

• Industry standard 
digital interface 

• Compact 0.3" or 0.6" 
wide _28-pin plastic or 
ceramic DIP, 28-pin 
SOIC , die 

• F'omS14.15 • • 

Try it 
We ' re so convinced that 
our new parts are the 
next industry standard
we ' 11 give you the first 
one free! Just call 
1-800-548-6132 for 
samples and detailed 
data sheets or contact 
your local Burr-Brown 
sales office for assistance. 

Burr-Brown Corp. 
P.O . Box 11400 
Tucson , AZ 85734 

• U.S. OEM prices. in lOOs. 
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is for Just call 
1-800-4-HARRIS, 
ext. 1405,for more 

information. 

is for Resolutions 
from 4 bits to 18. 

is for Bandwidths 
from DC to video. 

means Counts 
up to 200, 000 with 

the HI-7159. 

isforEPROM 
controlled error 

correction in our 
ICL7115, ICL7121 

and ICL7134. 

stands/or 
Knowledge that our 
application support 

people provide. 

is for Low. 
That's all the power 
our CA3306 flash 

converter consumes. 

means 
Microprocessor
compatible and 

simple interfaces for 
all your designs. 

,, .. 
_ .. 

means Stability 
over temperature, 

a guaranteed Harris 
design criterion. 

is/or Test 
instrumentation. 
The perfect place 
to put our A-to-D 

andD-to-A 
converters to 

the test. 

is for Unique like 
our HI-7153. It 's an 

8-channel MUX, 
a track-and-hold 

amp, and a 10-bit 
ADC in one. 

is for the Value 
we give you 

through superior 
price/performance. 

Harris covers A to D 
For everything you need in 

data conversion, there are only 
six little letters to remember. 
H ·A·R·R·I·S. 

No wonder. Because Harris 

is the leader in high-precision 
and high-speed data acqui
sition, with the industry's 
broadest line of A-to-D and 
D-to-A converters. Plus all the 



stands for Flash 
converter speeds up 
to 20 MSPS, and 
resolutions from 

4 to 8 bit. 

is for No. Because 
there are no missing 

codes in Harris 
converters. 

stands/or 
Worldwide service 

and support. 

is for Guaranteed 
specs over 

temperature ranges 
from commercial 

to military. 

stands for Output 
Options. Choose 

current or voltage 
output. 4 to 14 bits. 31h 

to 51h digits. 
AnduptolOl 

segments. 

means eXcellent. 
That's the kind of 
selection you get 
from Harris. 

is for Handheld 
instrumentation 

converters, like our 
ICL71XX/amily. 

is for Packages 
from military 

hermetic to SOIC. 

stands for Year-round 
release of the 

latest information 
on products and 

applications. 

and D to A from A to Z. 
op amps, switches, and MUXes 
you need to create a front end 
that's Al. 

So for more information 
on our ND converters, and 

our complete line of signal 
processing devices, call 
1-800-4-HARRIS, ext. 1405. 

~HARRIS 
~ SEMICONDUCTOR 
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is for Imaging. It's 
an ideal application 

for our CA3300 
andHI-5700 

series. 

is for Quality 
we build into all 

our designs. 

is for Zero. Which 
is the exact number 

of competitors 
who cover data 

conversion like us. 
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strap windings) go to negative volt
ages that reflect the turns ratios. 
Current flows only in the primary as 
the transformer stores energy. 
When the switches turn off, the volt
age across them increases (the fly
back voltage) until the energy in the 
transformer's leakage inductance 
dissipates. The flyback voltage is 
clamped by the diode plus the Zener
diode snubber network across the 
primary. 

The energy stored in the trans
former transfers through the sec
ondary and bias windings to the 
windings ' outputs. The voltages 
across the primary and bias wind
ings are set by the de output voltage 
and the turns ratio after the energy 
in the leakage inductance dissipates. 
This relationship holds until the en
ergy in the transformer drops to zero 
or the switches turn on again. Both 
cases result in the voltage across the 
other windings dropping to zero or 
going negative. 

The sampling error amplifier 
takes advantage of the fact that the 
voltage across the bias (auxiliary) 
winding, during at least a portion of 
switch off time, is directly propor
tional to the de output voltage of the 
secondary winding. The output of 
the bias winding is passed through 
diode D2 and divided down by R2 and 
R3 and applied to the feedback pin. D2 
prevents the feedback pin from be
ing pulled negative and forward-bi
asing the chip's substrate when the 
output of the winding goes negative. 
The first 1.5 µs of the fly back pulse is 
blanked in order not to sense the 
leakage-inductance spike on the fly
back pulse's leading edge (see 
"Switching-supply input-to-out
put isolation simplified with flux 
sensing, "p. 40). 

After the 1.5-µs blanking period, 
the first stage of the error amplifier 
tracks the difference between 4.5 V 
and the feedback voltage V FB· This is 
done until it drops rapidly because 
the energy in the transformer is be
ing used up, or the switches turning 
on again. The error voltage (4.5 V -
V FB), just prior to this time, is at its 
most-accurate value. The voltage is 
sampled, held, buffered, and applied 
to the second stage of the error am-

m E 

plifier. When the switches turn on, 
the second-stage sample-and-hold 
amplifier samples the held and buff
ered error signal for 1.5 µsand holds 
it for the rest of the period. The droop 
rate in the hold mode determines the 
controller's minimum operating 
rate, which is about 10 kHz. The held 
voltage is converted to the current 
output of the error amplifier that 
drives the V c pin. 

TRICKS OF THE TRADE 
At the heart of innovation in ana

log design lie circuit tricks. One form 
of such tricks (long used by Carl N el
son, the chips ' designer in his earlier 
switching-regulator ICs) includes 
handling multiple tasks with one cir
cuit or pin. For example, the V c pin 
not only sets the current limit and 
shuts down the chip, but an RC net
work from the chip to ground also 
frequency compensates (stabilizes) 
the feedback loop. 

Fixing three additional error 
sources to achieve true 1% regula
tion represents a second example of 
such single-solution design. Imper
fect coupling between the secondary 
and the bias windings, and parasitic 
resistance in the windings and in the 
diodes, cause errors in the output 
voltage as the load current in
creases. Therefore, additional cir
cuits force a small current, propor
tional to the peak switch current, 
into the feedback pin to provide first
order output-load compensation. 
This current increases at a rate of 15 
µA / A of switch current. This com
pensating current, passing through 
the external resistor R4 in series with 
the V FB pin, generates a linear de
crease in the feedback voltage corre
sponding to the increase in switch 
current. 

The chip 's sawtooth oscillator 
needs just one capacitor between the 
oscillator pin and ground. A 400-pF 
device results in a nominal switching 
frequency of 100 kHz. Though the 
oscillator and the rest of the I C's cir
cuit (and , of course, the power 
MOSFETs) will run at higher fre
quencies, 200 kHz remains a practi
cal upper limit to maintain line and 
load regulation while still exploiting 
the smaller inductors and capacitors 
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permitted by the high frequency (rel
ative to say 40 kHz). 

As noted previously, the LT1103 is 
designed to drive an external power 
FET from the switch-voltage pin V sw 
in the common-gate (cascode) config
uration. The technique offers the ad
vantage of sensing switch current 
on-chip in place of an external, ex
pensive, low-value, sense resistor 
(the LT1105 requires a sense resis
tor). The technique requires biasing 
the FET's gate at a voltage high 
enough to guarantee that it is on 
when its open-collector source drive 
is on. A total of 15 V is provided. 
That's enough to take care of the 10-
V drive specification from the FET's 
data sheet, plus 1 V for typical satu
ration voltage, and sufficient spare 
voltage to handle temperature ef
fects and process tolerances. The 
gate-drive circuit sources 30 mA into 
a capacitive load without stability 
problems, and its on-chip current lim
it takes over at 70 mA. If Vin drops 
below 17 V, the 15-V output also 
drops. Running about 2 V lower, it 
tracks the decreasing Vin until the 
chip shuts down. Because of the 
gate-bias detector circuit, the star
tup window is reduced to 6 V, and to 4 
V when biased from the 15-V rail, 
when the gate is biased from Vin 
(which it can be). In the LT1105, the 
gate-bias detector is connected to the 
15-V rail. 

LOOP DE LOOP 
A special circuit senses V sw just 

prior to turning on the switch. It's 
tied to the FET's source and should 
represent the bias voltage on the 
gate when the switch is off. When 
the FET switch first turns off, its 
drain potential increases due to fly
back action until it's clamped by the 
snubber network. The source volt
age also increases due to flyback ac
tion, parasitic capacitive coupling 
within the FET, and parasitic lead in
ductance. An extra diode, D3, from 
the source to either the gate or to the 
Vin pin (as shown in the figure) pre
vents fault conditions that could 
damage the FET. The diode clamps 
the source to one diode drop above 
the source or Vin limiting gate-source 
reverse bias. 
G N 



e1antec opens your window 
to the video world I 

PIN BW(MHz) S/R(V/µs) l/O(mA) @IOOpcs 

B.2020 so soo ±32.5 $ 3.30 

B.2120 100 7SO ±80 3.7S 

B.2030 120 2000 ±6S 4.3S 

B.2070 200 700 ±70 8.7S 

B.21n ISO 1200 ±70 8.4S 

B.2424 160 200 ±50 12.00 

ilantec 
HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS 

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

B.2090 
DC Restore Amplifier 
• 100 MHz Bandwidth 
• 0.1 dB Flatness to 20 MHz 
• dG = 0.0 I%, dP = 0.02°at NTSC 
• Nulls D.C. Input Offset of Video 

Signal During Back Porch Period 
• $6.75@ 100 pcs. - P-DIP 

EL2082 200 MHz Current Mode Multiplier 
APPLICATIONS 
• Level adjust for video signal 
• Video faders and mixers 
• Signal routing multiplexers 
• Variable active filters 
• Video monitor contrast control 
• AGC 
• Receiver IF gain control 
• Modulation/Demodulation 
• General "cold" front-panel control of AC signals 

-·' ';'."" ~,-=, .. ·~~~-~?;~ ;:~:-~~ 
- .• _, ~~· 2.': ffe'""'.'!-,;,~ 

~~ Vlllll lI 
PIN BW(MHz) S/R(V/µs) l/O(mA) @ IOOpcs 

B.2001 70 2000 ±160 $ 2.4S 

B.2002 180 2000 ±160 2.9S 

B.2003 100 1200 ±230 3.4S 

B.2072 730 800 ±70 S.9S 

, ~ -~I l ~ 1: ·- ~ I 
BW(MHz) S/R(V/µs) 

SS 2SOO 

90 3000 

l/O(mA) @IOOpcs 

± I.SA $ 8.9S 

9.9S 

EL2082 200 MHz Current Mode Multiplier 
FEATURES 
• Flexible inputs & outputs, all ground referred 
• 150 MHz large & small-signal bandwidth 
• 46 dB of calibrated gain control range 
• 70 dB isolation in disable mode @ I 0 MHz 
• 0.15% di ff gain & 0.05°diff phase performance at NTSC using app. circuit 
• Operates on ±SY to± I SY power supplies 
• Outputs may be paralleled to function as a multiplexer 
• $S.95 @ 100 pcs. - P-D!P 

CALL e[antec FOR OTHER VIDEO-SPECIFIC SOLl'TIONS 

-{8)33J.6314ext311 For Utenture()IJy-eit 

ElANTEC, INC. • 1996 Tl'Ob Cmwt • Milpitas, CA 95035 • (408) 945-1323 • (800) 333-6314 • FAX (408) 945-9305 
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You Design Actel FP 
You Do A PLD But Th 

Use PLO Tools. Fost. Fast. Fast. 100% Automatic Place And Route. 

You design Actel FPGAs using 
the some tools as you would o PLD: 

Our FPGAs ore rea l speed demons. 
Whatever application you may 
be working on, our ports w ill 

give you the kind of performance 
you 're looking for. 

Coupled with your PLD tools, 
Actel 's Action Logic™ System (ALS) 

A BEL;" CU PL;" LOG/ iC™ ond 
PGADesigner.™ But thot's where 

the simi lari ty ends. 

Announcing A Simple Way To Get 
From PLDs to FPGAs. 

If you're a PLD 
designer with an interest 
in fast, flexible FPGAs, 
but you think you don't 
have time to learn new 
design techniques, we'd 
like to change your mind. 

Actel's ALES™ 1 
program translates the 
output of PLD tools like 
CUPL' and LOG/iC™ 
into logic optimized for 
our ACT™ devices. 

Entire FPGA designs can 
be developed with PGA 
Designer~ ABEL' 4.0 
includes optimization for 
Actel devices. You don't 
have to give up your 
existing PLD design tools 
or Boolean equations. 

Actel devices offer 
everything you want in 
an FPGA. Like high I/0 
and flip-flop counts. 
And 100% automatic 

place and route gets you 
to market fast. 

Once your FPGA 
is designed, our Action 
Logic™ System (ALS) 
converts the captured 
design into a completed 
device in minutes. To give 
you true, high-density, 
desktop-configurable, 
channeled gate arrays. 

Other FPGA man
ufacturers fall short on 
design verification. Our 
exclusive ActionProbe™ 
diagnostic tools, give you 

software lets you create your 
own FPGAs - using a 386 PC or 
workstotion - right at your own 

desk. W ith Auto Place and Route 
that's proven in thousa nds 

of applications. 

100% observability of 
internal logic signals. 
So you don't have to 
give up testability for 
converuence. 

It's never been 
easier to make your inno
vative designs a reality. 
We offer you a complete 
family of powerful 
FPGAs, like the AlOlO 
and Al020, available 
in 44, 68 and 84 pin 
PLCC versions and 
implementing up to 273 
flip-flops or up to 546 

c 1991 Actel Corporation, 955 E Arque~ Ave .. Sunnyvale, CA 940~6. ACT, Action Logic, Activator. ALES, PUCE, and ActionProbe are trademarks of Actel Corporation. 
AH other proclucts or brand names mentioned are trademarks or registered trademarks of their respective holders. 



GAs The Sam.e Way 
e Similarity Ends There. 

More Flexibility And Capacity. 

Designing with Actel FPGAs 
gives you more freedom than you 

ever imagined. More gates. 
More flip-flops. More 1/0. In fact, 

our new A 1280 is the largest 
FPGA in the world . 

latches. And the first 
member of our ACT 2 
family, the powerful 
A1280. With 8,000 
gates, up to 998 flip-
flops, and 140 I/0 pins, 
its the highest capacity 
FPGA today. And 
our A1240-1 is the 
fastest. In the A1240-l, 
16-bit counters run at 
75 MHz, 16-bit accum-
ulators at 33 MHz. 
Enough capacity and 
speed to handle almost 
any application. 

Small Footprint. 

Actel FPGAs give you for more 
gates per square inch. As much as 
ten times as many as the densest 

PLDs. That con save a lot 
of real estate. 

The superior 
speed, capacity, and auto 

998 

place and route capabil-
ities of our FPGAs are 
made possible by Actel's 684 

revolutionary PLICE™ 
antifuse programming 341 

element. The advanced 
technology that makes 
our family of FPGAs an 

293 

ideal way to unleash your 
engineering creativity. 147 

Call 1-800-
228-3532 for more 
information on Actel 
FPGAs. 

More Fun. 

Designing Actel FPGAs is so 
simple that you'll hove more time 
to do the things that mode you 
wont to become on engineer 

in the first place. Or iust relaxing . 
You 've earned it. 

Broad Family With High Capacity 
A/2817 

A12-'tl 

Al22S 

A /'172/JA AIP.?PA 

34 57 69 83 104 140 

l/OPINS 

Risk-Free Logic Integration 

CIRCLE 190 FOR U.S. RESPONSE CIRCLE 191 FOR RESPONSE OUTSIDE THE U.S. 



Put Our List 
On Your List 

Our list can help you do the other things 
you have on your list. Such as buy a car. 
estimate social security . . . start the 
diet. .. check out investments ... 

Our list is the Consumer Information 
Catalog. It's free and lists more than 200 
free and low-cost government booklets on 
employment, health, safety, nutrition, 
housing, Federal benefits, and lots of ways 
you can save money. 

So to shorten your list, send for the free 
Consumer Information Catalog. It's the thing 
to do. 

Just send us your name and address. 
Write: 

Consumer Information Center 
Department LL 
Pueblo, Colorado 81009 

A public service of this publication 
and the Consumer Information Center 

Cl~~~ of the U.S. General Services Administration 

OFF-LINE IC 
CONTROLLERS 

Once the energy in the leakage in
ductance spike dissipates and the pri
mary is regulated to its flyback volt
age, the diode shuts off. Now the 
source floats and its voltage is close 
to that of the gate. If the voltage 
sensed at V sw is below 10 or above 
20, the circuit prevents switch turn 
on. As a result, the FET can't dissi
pate high power in a non-saturated 
state (gate drive too low) or from ex
cessive gate-source voltage. Howev
er, during this condition, the oscilla
tor continues to run. Switch cycles 
are thus skipped until the gate-bias 
voltage comes back within its limits 
or the circuit shuts down. 

Both LT1103 and LT1105 control
lers also contain an overvoltage lock
out (OVLO) circuit, which can be im
plemented with a divider from the 
high-voltage regulator input to the 
OVLO pin. If the voltage on that pin 
rises above 2.5 V, switching is inhib
ited. If OVLO isn't needed, the pin is 
tied to ground. 

Both LT1103 and LT1105 are avail
able in two packages, the former in 7-
and 11-pin power SIPs, and the latter 
in 8- and 14-pin DIPs. The LT1103 in 
the 11-pin SIP provides all of the con
troller's features, while the 7-pin 
model (which is the same size as a 
T0-220) lacks the SS, OVLO, and ref
erence pins and functions. Similarly, 
the 14-pin LT1105 is full-featured, 
while the 8-pin model is shy of SS, 
reference-output, and OVLO fea
tures. SS can be initiated at the V c 
pin with external active devices.D 

PRICE AND A VAILABILTY 
The LT1103 and LT1105 controllers are/or 
operation over the commercial tempera
ture range ofO to 70 °C. However, the chips 
will take the military temperature range. 
For example, they can be used in chip and 
wire hybrids. In quantities of 1000, the 
LT1103goesfor$6.50eachin the 11-pinSIP 
and $5.10 each in the 7-pin SIP Its com
panion LT! 105 goesfor$4.25 each in the 8-
pin DIP Pricing isn't available for the 14-
pin DIP version. 

Linear Technology Corp., 1630 McCar
thy Blvd., Milpitas, CA 95035-7487; Bob 
Scott, (408)432-1900. CIRCLE 511 

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 
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526 
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ll?'A National 
~Semiconductor 

Higher integration. Higher speed. 
Less power. Less space. 

SCSI never had it so good. 
Introducing the industry's 

next-generation 
quad EIA-485 transceiver. 

Today's SCSI designs need 
faster, more reliable signal trans
missions to increase perform
ance. And they require highly 
integrated transceivers with 
smaller footprints to save precious 
board space. They need 
National's DS36954. 

Our newest quad EIA-485 
transceiver is small enough to 
save space in the most compact 
SCSI designs and fast enough 
to meet SCSI's need for speed. 
And that makes the DS36954 the 
best device for high-speed, 
parallel, multipoint and com
puter 1/0 bus applications. 

Four transceivers in one. 
By integrating four trans

ceivers in a single 20-pin PLCC 
or SOIC package, our new quad 
device lets you reduce part counts 

DS36954Specificatlons 
Min. (ns) Typ. (ns) Max. (ns) 

DRIVER 
CPLH 9 15 19 
CpttLD 9 12 19 
tsKD 3 6 

RECEIVER 
tru-1 9 14 19 
CpttLD 9 13 19 
tsKD 1 3 

L-FAST is a registered trademark of National Semiconductor 
Corporation . ~ 1991 National Semiconducmr Corporation. 

and save valuable board space: 
A single DS36954 in a PLCC takes 
up 60% less space than four 
separate transceivers in DIPs and 
20% less than four SOI Cs. And 
just five DS36954s are needed to 
complete a SCSI interface, com
pared to 18 single transceivers 
with competitive solutions. 

More speed on less power. 
The DS36954 is fabricated 

in L-FAST,® an advanced linear 
bipolar process that allows 
higher performance with lower 
power consumption. It operates 
at 10 Mega-transfers per second, 
yet it draws under 20mA per trans
ceiver, 60% less than conventional 
bipolar transceivers. And that com
bination increases your system's 
performance and reliability. 

The innovator in interface. 
The DS36954 joins a long list 

of National interface break
throughs, including the industry's 
first CMOS EIA-232 drivers and 
receivers, the first CMOS EIA-422 
line drivers and receivers, and 
the first EIA-485 military-grade 
drivers, receivers and transceivers. 

For a datasheet, call us at 
1-800-NAT-SEMI,Ext.137. We'll 
tell you more about the DS36954, 
a device that gives you higher 
integration and speed without 
sacrificing board space and 
power consumption. 

And for SCSI, it doesn't get 
any better than that. 

ll?'A National 
~Semiconductor 

NORTH AMERICA: P.O. Box 7643, Mt. Prospect, IL 60056-7643 (Tel: 1800628 7364 , ext. 137; Fax: 1800888 5113); EUROPE: RaiffeisenstraBe 10, D-8016 Feldkirchen , Germany 
(Tel: 49 8141 103 O; Fax: 49 8141 103 515); HONG KONG: 15th Floor, Straight Block, Ocean Centre, 5 Canton Rd.,Tsimshacsui, Ho ng Kong (Tel: 852 7371600; Fax: 852 736 9921); 

JAPAN: 4-15, Nishi-shinjuku,Shinjuku-ku ,Tokyo,Japan 160 (Tel: 8133299 7030; Fax: 813 3374 4303). 



Tek's complete digital 
characterization system. 

Because a mask is a 
terrible thing to waste. 

Even the smallest timing errors can trash today's high

speed designs. But for the cost of a single turn, you can 

beat the odds and reduce your time to 

market with the world's best AC 

characterirntion system. 

On the stimulus side, 

feature a revolutionary digital 

architecture with up to I 8 channels 

and full functionality to 630 MHz. 

You can stress timing margins by 

adjusting each channel's edge 

placement with 10 ps resolution at all frequencies. 

In acquisition, Tek's 11801A with modular sampling 

heads measures crosstalk, metastability, 

setup and hold times, and characterizes 

controlled impedances using 

TOR - with 1 ps measure

ment resolution, up to 136 

channels, and high-impedance 

probing to 2.5 Ghz and .25 pF. 

Push the limits without 

pushing your luck: let your Tek 

sales engineer show you the charac

terization system that easily pays for 

itself. Or call 1-800426-2200 for 

assistance. 

One company measures up. 

Tektronix· 
COMMITTB>TO EXCEUENCE CIRCLE 176 FOR U.S. RESPONSE 

CIRCLE 177 FOR RESPONSE OUTSIDE THE U.S. 

Copyright© 1991, Tektronix, Inc. All righls reserved. 85A-187575 



ELECTRONIC DESIGN REPORT 

SYNTHESIS TOOLS 

SYNTHESIS TOOLS 
MOVE INTO THE 

MAINSTREAM 

he electronics industry 
is seeing a considerable 
upswing in synthesis 
vendors and products. 
Many vendors have en
tered the market, while 

others have added to their existing 
offerings. Why? Because engineers 
are finally accepting the idea of soft
ware designing their circuits. Activi
ty in the synthesis market is fed by 
designers' interest in top-down de
sign, a methodology that becomes 
appealing as complexities increase 
and time-to-market times decrease. 

ELECTRONIC DES I G 
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LISA MALINIAK 

TOP-DOWN 
DESIGN Is 
FUELING THE 
DEMAND FOR 
SYNTHESIS 
THAT'S TIGHTLY 
INTEGRATED 
WITH THE 
OVERALL 
ENVIRONMENT. 

Top-down design methodology, in 
which engineers start a design at a 
high level of abstraction, is built 
around synthesis technology. There 
are different levels and types of syn
thesis. Basically, any type of synthe
sis provides an automated link be
tween levels of abstraction. For in
stance, hardware-description-lan
guage (HDL) synthesis is t he 
process of turning an abstract text 
description of a design into gates. 
The most popular HDLs are VHDL 
and Verilog. State machines, Bool
ean equations, and truth tables are 
other ways of detailing a circuit that 
needs to be created. 

In an HDL-based design method
ology, a textual representation is 
first verified, then synthesized into 
gates, and verified again before be
ing handed off to physical design. 
HDL synthesis contains two ele
ments: translation and optimization 
(Fig. 1). Translation turns the regis
ter-transfer-level (RTL) description 
into a gate-level design, and optimi
zation does technology-specific de
sign transformations to meet area 
and speed goals set by the user. 

Circuits can also be synthesized 
from an HDL used to express a cir
N ID 



cuit's behavior. Behavioral descrip
tion is a level of abstraction higher 
than an RTL description. The differ
ence between the two is that a behav
ioral description has no implied ar
chitecture in its representation, 
while an RTL level description has a 
definite, implied architecture.1 

In addition to the gains brought 
about by creating a circuit at a high 
level of abstraction, there are many 
other advantages to synthesizing a 
design from an HDL: 

ELECTRONIC DESIGN REPORT 

SYNTHESIS TOOLS 

• Designers are more productive be
cause they don't have to manually 
enter gate-level descriptions. 

• The combination of automated op
timization and the ability to quickly 
explore design alternatives results 
in higher-quality final results . 

• The pre- and post-synthesis net
work models will be equivalent be
cause of the automated bridge be
tween the RTL and gate levels. 

• Designers don't have to intimately 
know each ASIC vendor's libraries 
because the technology-specific as
pects of the design are automatic. 

• The high-level descriptions are 
technology independent and retar
getable, allowing for an easy change 
of vendor. 

• Synthesis from an HDL facilitates 
reuse because RTL descriptions are 
technology-independent and easier
to-read than net lists.2 

LINKING SYNTHESIS AND SIMULATION 

A
s ASIC complexity ex
ceeds 50,000 gates, tradi
tional gate-level sche
matic entry can no long

er keep pace-the design becomes 
unmanageable. Top-down design 
promises engineers the ability to 
quickly and efficiently describe 
and simulate complex ASICs. Us
ing VHDL-based synthesis and 
simulation tools, engineers can 
cash in on that promise. 

Designers can use VHD L to 
specify a system, board, or IC; 
verify the functionality of their 
hardware through simulation; 

and then, with a minimum of man
ual effort, complete the design us
ing synthesis. Combining VHDL 
synthesis and simulation in one 
environment greatly improves en
gineering productivity. It also en
sures that all components of the 
system, board, or ASIC will work 
together, improving the product's 
time-to-market. 

A comparison of the traditional 
and VHDL-synthesis-based ap
proaches to design illustrates the 
differences between the two. A 
traditional methodology for ASIC 
design uses schematic capture for 

Chip definition 

Traditional ASIC design process 

Module design Chip design 

Concept Define 
architecture 

Logic design and 
schematic capture 

Gate·level 
module simulation 

Logic design 
iterations and 
resimulation 

•Logic errors 
•Loading 
•Clock skew 

Interconnect 
modules 

Gate·level 
chip simulation 

Modify 
architecture/ logic 
and resimulation 

design description and gate-level 
simulation for verification. On the 
other hand, the language-based 
approach includes behavioral-lev
el simulation, and architectural
logic and test synthesis for imple
mentation. 

In the traditional approach, 
chip architecture is selected early 
and the design is developed block 
by block (Fig. a). After each mod
ule is implemented and verified at 
the gate-level, one full chip-level 
simulation is used to verify over
all ASIC functionality. Finally, 
the entire ASIC design is re-

viewed for testability, 
with modifications made 
as required. 

With this methodolo
gy, the later the stage at 
which errors are found, 
the greater the loss of 
time and effort in correct
ing them. Because the de
signer is working at the 
gate level throughout 
this process, the entire 
chip's functionality can 
only be verified at the 
full-chip simulation 
stage. If the design 
doesn't meet its objec
tives (or worse, if it meets 
the ASIC specifications 
but still doesn't "play" in 
the system), all or part of 

• Design style Manual OFT, ATG Release the design process must 
be redone. 

• Timing errors 

l•I 
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In contrast, today's 
VHDL-synthesis-based 



However, despite their successes, 
synthesis tools do have some prob
lems. For instance, how do engineers 
test gates that they didn't create? 
What types of difficulties crop up 
when synthesis vendors use differ
ent subsets of VHDL? And how are 
graphically-oriented hardware de
signers supposed to adapt to textual 
HD Ls? 

Testability is a key issue. As de
signs get larger, building testable 
designs and generating test vectors 

design methodology en
ables engineers to devel
op a model of the ASIC 
and the environment of 
the target system if de
sired, so that chip func
tionality can be verified 
early-on in the design 
process with a VHD L 
simulator(Fig. b). Graph-
ical user interfaces tuned 
to VHDL standards and 
the designer's need to 
manage a large number 
of VHDL processes, 
packages, variables, and 
signals will help speed 
the transition of new us-
ers from the graphical 
capture of gates to lan
guage-based hardware 
design. Once the system 
specification has been 
completed and functionality veri
fied, the design of its ASIC com
ponents may begin. 

Optimizing an RTL structure 
from a VHDL behavioral descrip
tion, called micro-architectural 
synthesis, is more than just trans
lation from VHDL to RTL. Micro
architectural synthesis optimizes 
the use of ALUs, registers, multi
plexers, and control logic the 
same way logic-optimization tools 
optimize the use of gates, flip
flops, and buffers. When com
bined with an ability to create 
state machines and data paths 
from a unified design description 
(from a single process in the case 
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fo r them will be crucial. Today, 
though, it may not be as critical as 
some people make it out to be, de
pending on how engineers use syn
thesis. For instance, if engineers en
ter a large description into the syn
thesis tool and come up with an ex
tremely large gate-level design, then 
test vectors will be absolutely neces
sary. But if they synthesize block by 
block using test vectors that can be 
simulated, it's not a big problem. 

In addition, engineers must decide 

whether or not they want to pay the 
overhead resulting from synthesiz
ing test structures. For example, a 
test methodology like full scan will 
use up silicon area because of the 
scan elements that are inserted. 

Another potential problem with 
synthesis tools is that they all sup
port varying subsets of VHDL. In 
fact, an IEEE committee is currently 
working on standardizing a subset 
of VHDL for synthesis. Because 
many constructs in VHDL can't be 

Synthesis·based design methodology 

Concept 

Chip definition 

Define chip 
functionality and 

architecture 

Architectural design 
iterations and 
resimulation 

Verify ASIC 
functionality 

after 3.5 weeks 

of VHDL), micro-architectural 
synthesis minimizes the restric
tions on design style for system 
specification, and enables the use 
of compact design descriptions. 

Following micro-architectural 
synthesis (or beginning with an 
RTL structure if not using high
level synthesis tools), detailed log
ic is synthesized automatically, 
balancing cost, performance, sili
con utilization, and other technol
ogy trade-offs as defined by the 
user. Test synthesis adds test log
ic and ensures that the design will 
be testable. 

Though the final gate-level sim
ulation of the entire design is still 
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Module design 

Synthesize 
correct logic 

Logic design 
iterations and 
resimulation 

•Cost 
• Performance 
• Technology trade-offs 
• Test synthesis 
• OFT analysis 

Chip design 

Gate·level 
chip simulation 

A TG formatting 

Release 

required, its purpose is to verify 
the design's readiness for release 
to layout. The idea isn't only to 
build the ASIC correctly, but to 
build the correct ASIC. A design 
environment that combines 
VHDL synthesis and simulation 
enables designers to rapidly de
scribe and then verify their ASI Cs 
in a system environment without 
generating gate-level designs, ei
ther manually or through logic 
synthesis and other commercially 
available tools. 

Contributed by Steve Deuf,sch, 
technical director of the ASIC 
product group for Racal-Redac. 
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AMP MICRO-EDGE SIMM sockets 
give you all the advantages you need 
for maximum packaging flexibility. 
Straight, slant, and right-angle 
versions provide just the board
space/stack-height combo you want. 

Straight and slant versions come 
in single or dual styles on .100" and 
. 050" centers. Our latest right-angle 
versions offer .100" or .050" centers; 
50-mil styles give you a choice of 
.125", .160", or .250" card slot heights 
to simplify tight packaging with either 
single- or double-sided modules. 

Contact designs offer very low 'cam
in' insertion force and high normal pad 
forces for easy, secure seating. Contact 
deflection accommodates all standard 
JEDEC-specified modules, and contacts 
'float' to handle uneven thermal expan
sion. Choose gold or tin on contact 
mating surfaces to match your require
ments. Liquid crystal polymer housings 
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assure strong, durable ramps; patented 
metal latches (LCP on .125" r.a. styles) 
provide positive module retention . 

For product literature and more 
information, call our Product Infor
mation Center at 1-800-522-6752 
(fax 717-561-6110). In Canada call 
416-475-6222. AMP Incorporated, 
Harrisburg, PA 17105-3608. 
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synthesized, each vendor chose a dif
ferent group of constructs for their 
tool. For instance, Jeff Fox, vice 
president for ASIC tools for Racal
Redac, claims that Racal's synthesis 
tool accepts a fairly large subset of 
VHDL. Because of that, says Fox, 
users can mix behavioral, data-flow, 
and structural descriptions. In addi
tion, Racal supports such VHDLcon
structs as "while" and "runtime" 
loops. 

The support of various VHDL sub
sets currently doesn't pose a prob
lem for most synthesis users be
cause there doesn't need to be porta
bility between synthesis tools. Usu
ally, engineers only employ one 
vendor's synthesis tool. But as the 
market matures and engineers do 
use more than one tool, portability 
could pose the same problem it does 
with VHDLsimulators. VHDLsimu
lators all support different subsets, 
causing a problem with model porta
bility. That's because engineers 
might need to simulate a model built 
with language constructs not sup
ported by their present simulator. 

One stigma has plagued HDL
based synthesis from its beginning: 
How do graphically-oriented hard
ware engineers adapt to designing 
with a high-level language? Accord
ing to Robert Mendes da Costa, di
rector of marketing for the Design 
Synthesis Div. of Mentor Graphics 
Corp., there's a segment of the mar
ket that will adopt language-based 
design methodology. A significant 
number of people, however, wish to 
design using the same methodology 
in which they were taught. And to
day's designers innovate graphical
ly. For example, state-machine de
scriptions, parametrizable macro 
functions, data-flow descriptions, 
and functional-block descriptions ap
peal to the majority of the market. 
There are lots of productivity bene
fits to a graphical approach. 

That's not to say HDLs aren't a 
good method for describing a design. 
Engineers may even mix input meth
ods in many of today's tools. In this 
type of situation, however, integrat
ing synthesis with the overall design 
environment becomes crucial. Say 
an engineer has a state-machine de-
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scription in graphics and a VHDL de
scription for a controller in one de
sign. The environment must have 
synergy between what can be cap
tured, simulated, synthesized, and 
tested. This mixed design-entry 
methodology starts to demand much 
tighter integration among tools. 

Integration is also important for 
overall productivity. But, as Jeff 
Lewis, group marketing manager 
for HDL products at Synopsys Inc. 
points out, there are varying levels 
of where integration is necessary be
cause of where the iteration loops oc-

HDL design methodology 

RTL VHDL source 

RTL simulation 

Synthesis 
~ - - -- , 
I Translation I 
I to gates I 
I I 
I Gale·level I 
I optimization I 
L _ ___ _ _J 

Gate·level 
simulation 

Gate·level sign.off 

Source: Synopsys 

1. AN HDL-BASED design 
methodology includes the development of 
a design description, that description's 
validation, a synthesis step, and a final 
verification step. It's easy to see that 
synthesis is at the heart of this top-down 
design style. 
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cur. Simulaton is one area where a 
strong bond is necessary. For exam
ple, engineers designing with a non
integrated product may find out that 
certain VHDL constructs they were 
using for simulation aren't synthesi
zable. This wouldn't happen if the 
simulator and synthesis tool were 
closely coupled. Also, libraries sup
ported by a simulator might not be 
supported by a synthesizer, and the 
timing specifications for simulation 
libraries may be different from those 
of the synthesis libraries. A design 
environment with that much dispari
ty creates lots of errors and wastes 
much time. "The best type of top
down design environment is one 
where designers don't see the syn
thesis tool, and that requires integra
tion," according to Mentor's Robert 
Mendes da Costa. 

In addition to simulation, synthe
sis should be closely coupled to back
end tools, like those for IC and board 
layout. Prasad Subramaniam, super
visor of the CAD external service 
group, explains that there's a lot of 
feedback from those tools that can 
help the synthesis tool when it's tak
ing another crack at a design. 

Also, users who decide to buy 
point tools are going to be spending 
much time and money making them 
talk to each other. To ease this prob
lem, many vendors will concentrate 
on creating higher levels of integra
tion between synthesis and the rest 
of the design cycle (see "Linking 
synthesis and simulation," p. 52). 
The total design-iteration time from 
design specification to gate-level 
simulation comes into play when us
ers are deciding to buy tightly-inte
grated tools . Abrar Ahmed, product 
manager for Mentor's Design Syn
thesis Div. , explains that "point tools 
may be fast, but when they have to 
share data with another tool, it adds 
long delays into the total iteration 
time. This is a problem because the 
mainstream designer is more fo
cused on solutions than making point 
tools work together." 

Vantage Analysis Systems Inc., 
Fremont, Calif., is addressing the in
tegration problem with its Vantage 
Synthesis Associate Program (VSA). 
VSA is a consortium of synthesis 
G N 
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vendors working with Vantage to 
verify that its synthesis tools work 
correctly and efficiently with the 
Vantage VHDL simulator. The in
creasing number of VHDL synthesis 
products makes it important for en
gineers to know how much of the 
VHDL language the synthesis tool 
covers. With VSA, users gain assur
ance that there's sufficient intero
perability between the simulator and 
synthesis tools . The primary effort 
of VSA is to verify the interfaces be
tween the simulator and synthesis 
tool by checking that the synthesis 
tool reads and writes VHDL correct
ly. VSA Program members include 
Compass Design Automation, Das
sault Electronique, Exemplar Logic, 
LSI Logic, Mentor Graphics, Racal
Redac, and Teradyne. Because Van
tage is already a member of Syn
opsys CAE Partners Program, there 
was no need for Synopsys to join 
VSA. Vantage has received many of 
the synthesis tools and will perform 
most of the validation work. 

The growth of the synthesis mar
ket shows that designers are begin
ning to reap the rewards of synthesis 
technology . While the synthesis 
market has been and is currently 
dominated by Synopsys, new prod
uct offerings from different vendors 
will challenge its synthesis leader
ship. Synopsys offers the Design 
Compiler synthesis product, as well 
as the ECL Compiler for ECL de
signs and the Test Compiler to syn
thesize test structures. 

Synopsys released the latest ver
sion of its Design Compiler at the De
sign Automation Conference (DAC) 
several months ago. According to 
the company, the most important as
pect of this upgrade was the tighter 
integration with other design tools, 
which produces a smoother flow of 
data throughout the design cycle. 
For example, Version 2.2 of the De
sign Compiler now has a transparent 
interface to the Zycad accelerators. 

Version 2.2 establishes a much 
tighter joint between the company's 
synthesis tools and its VHDL Sys
tem Simulator. As a result, the De
sign Compiler family can write 
VHDL timing reports that can be 
read directly by the simulator for 
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12. THE SCHEMATIC in the lower left of the screen is being built graphically from 
large functional blocks using Mentor's AutoLogic Blocks tool. For example, the stack 
pointer is a state machine with 10 states and 100 gates. Approximately 1300 gates are 
contained in this schematic. 

gate-level simulation with synthe
sized logic timing. 

There are also links to physical
layou t data from such place-and
route tools as the Gate Ensemble 
product from Cadence Design Sys
tems Inc. Chip-layout data may be 
back-annotated into the synthesis 
tools for timing verification, en
abling engineers to confirm that the 
post-layout timing parameters meet 
or exceed those specified during the 
synthesis process. 

A new source-to-gate linkage con
nects a synthesized structural sche
ma tic with the associated HDL 
source code. The link simplifies the 
transition between the RTL and gate 
levels when tracking problems in a 
design. Engineers can highlight syn
thesized modules and structural ele
ments by selecting a statement or 
group of statements in the original 
HDL source code. Conversely, se
lecting a structure will highlight the 
appropriate HDL code. 

Valid Logic Systems Inc. and LSI 
Logic Corp. have both integrated the 
Synopsys tools into their design envi-

L EC TRON IC DESI 
AUGUST22, 1991 

ronments. The Synopsys tool is tight
ly integrated within Valid's recently 
announced top-down design environ
ment. It includes the company's 
VHDL simulator and Concept com
pound-capture tool. With Concept, 
users can enter a design with graph
ics or text. The graphics are auto
matically converted to VHDL text. 
In addition, Concept will instinctive
ly determine whether or not a VHDL 
description is ready for synthesis by 
the Synopsys tool. Although the Syn
opsys synthesizer works well in this 
environment, Valid has plans to ac
quire its own synthesis technology in 
the near future . 

LSI Logic uses the Synopsys syn
thesis tool with some of its own tech
nology in the company's Silicon 1076 
product, a concept-to-silicon, top
down design system based on 
VHDL. In the system, a Synthesis 
Manager prepares data for three 
synthesis products that create gate
level net lists from RTL code. The 
Logic Block Synthesizer generates 
speed- or area-optimized gate-level 
net lists of logic functions from pa
G N 



Tap into 25 years of experience at our high-speed and mixed· 

signal design seminars. You'll learn new techniques that'll get 

your applications to work more quickly, and you'll get design 
manuals that put all this information right at your fingertips. 

Perfect on-time 

delivery- it's our goal and at 97% 

we're getting close, thanks to our 
continuous improvement process 

based on Total Quality Management. 
Over 150 TQM teams make the cus

tomer and quality improvement the 

focus of our entire organization. A 

focus that gets translated into not 
just catchy slogans, but real action. 

Our Spectrum CAD Tool is 100 

times faster than traditional 

SPICE programs, so it makes 

quick work of mixed-signal 

ASIC design cycle time. 

In the disk drive market, 

you've got to be fast 

- in both performance 
and time-to-market. 

That's why seven of the 

top 10 disk manufac
turers rely on Analog 

Devices for mixed· 
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Today, Analog Devices offers more high-performance mixed-signal 
components than anyone else. And we get them to you fast. So if you want 
mixed-signal ICs that'll help you design faster performing products, from 
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at 1-800-262-5643. 
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rametrized procedure calls in the 
VHDL RTL code. The Memory Com
piler generates fast memory struc
tures from parametrized calls in the 
RTL code. Finally, the RTL Synthe
sizer synthesizes the rest of the RTL 
code into a gate-level net list. It then 
optimizes the complete net list for 
speed and area. 

Mentor Graphics hopes to be the 
synthesis leader by 1993. According 
to the company, it will do that by pro
viding customers with the best top
down environment in the market 
based on its AutoLogic synthesis 
technology and tight integration 
with the rest of its design tools. For 
example, a common compiler for the 
Mentor simulation and synthesis 
tools ensures correct interpretation 
of a model. This is important because 
two separate compilers with two sep
arate tools introduces inaccuracies 
into the model, possibly producing a 
bad design once it's synthesized. 

The Mentor products currently 
available include AutoLogic, Auto
Logic Blocks, and PLDSynthesis. 
AutoLogic is a logic-synthesis and 
optimization tool for ASIC and IC de
signers. It can create and optimize 
circuits from such inputs as state 
machines, graphical high-level mac
ro functions , schematics, net lists, 
PLA tables, and Boolean descrip
tions. AutoLogic Blocks is an option 
to the AutoLogic product that lets 
engineers specify designs in graphi
cal high-level macro functions , state 
machines, or Boolean equations 
(Fig, 2). These descriptions are then 
synthesized with the AutoLogic 
product. PLDSynthesis generates 
and fits designs into programmable 
logic. 
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Three other synthesis products 
will be available from Mentor by the 
end of the year. AutoLogic FPGA is 
an option to AutoLogic that provides 
architecture-specific optimization 
for Actel, Altera, and Xilinx field
programmable gate-array (FPGA) 
families. AutoLogic VHDL synthe
sizes circuits from VHDL descrip
tions. Design Architect integrates a 
schematic editor, a symbol editor, a 
VHDL editor, and a compiler into a 
unified environment. Future an
nouncements include a product to ad
dress test synthesis. 

FPGA synthesis is also available 
from Exemplar Logic Inc. The Ex
emplar Release 1.0 software pack
age includes tools for compilation, 
synthesis and optimization, architec
tural analysis, and library and sche
matic generation. Users can com
pare speed and area results for vari
ous FPGA architectures. The system 
can also analyze CMOS gate-array 
architectures. 

The system accepts VHDL, net 
lists, CUPL, PLA truth tables, Pa
lasm, and Open ABEL as inputs. It 
then synthesizes the input into an in
ternal logic format that's optimized 
for a specific FPGA or ASIC device 
architecture. The final output is ei
ther a vendor-specific or EDIF net 
list. 

Release 1.0 is based on three core
optimization algorithms. One pro
vides limited fan-in optimization for 
the Xilinx FPGA architecture. An
other handles multiplexer-based op
timization for the Actel architecture. 
And the third offers fast CMOS map
ping for retargeting designs to 
AS I Cs. 

Cadence Design Systems an-

nounced its synthesis technology 
early this year. The technology is 
found in the form of two products, 
the HDL Synthesizer and Optimizer. 
The Synthesizer works from Verilog 
input now, but will support VHD L by 
the end of the year. It automatically 
partitions a design by recognizing 
relationships between circuit ele
ments. A trade-off curve shows con
straint-based implementation alter
natives early on. The Optimizer pro
vides optimization and mapping for 
gate-level designs created by the 
Synthesizer. 

HDL Synthesizer and Optimizer 
were developed as an integral part of 
the company's front-to-back design 
system for ICs, ASICs, and pro
grammable logic. Thus, only one li
brary is used by all of the design 
tools (simulation, synthesis, timing 
analysis , and fault simulation). In ad
dition, the common delay-calculation 
capability ensures accuracy and con
sistency between design and analy
sis tasks. And tight integration with 
the rest of the design environment 
facilitates forward and backward 
transfer of data. According to J ac
queline Taylor, Cadence's product 
marketing manager, the company is 
focusing considerable energy on cre
ating a very tight fit between the 
simulation and synthesis technolo
gy. It wants to ensure that there's 
lots of fl exibility to how the designer 
can describe a circuit at a high level 
and still get fast simulation results 
and then synthesize that description. 

The SilcSyn VHDL System from 
Racal-Redac integrates three kinds 
of synthesis: architectural, logic, and 
test. Architectural synthesis is for 
behavioral design and high-level op-
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Picture this-a PC monitor that 

offers the same color and clarity as 

a high-end engineering workstation 

costing as much as 20 times more. 

Our pin-compatible RAM·DAC is 

literally redefining the low end of 

the PC monitor market. 

Marball. Original image courtesy of University 

of Califomia, Davis. 

'Try, try again' is a costly way for manufacturers to find the best design 

:: 

solution. So to help our customers find answers to tricky problems 

the first time around, technical application engineers are just a 

phone call away. In some instances, they're even located right on 

the customer's premises. 

After analyzing semiconductor suppliers, many of the leading 

oscilloscope and spectrum analyzer manufacturers chose 

Analog Devices for their mixed-signal components. One reason 

is our ability to deliver high performance at high levels of inte

gration -for example, our AD640, which replaces a chain of 
discrete log-amps for higher accuracy. 

With our motion control ICs, several major aircraft companies are staying right on course. High reliability and 

accuracy are hallmarks of our 2580, AD598 and the rest of our nearty 400 defense-qualified products. 

Today, Analog Devices offers a better line of high-performance mixed
signal components than anyone else. And no one has a better record for 
reliability, or more experience in analog, DSP and mixed-signal ICs. If you 
want mixed-signal components that'll help you design better products, the 
best thing to do is to call us at 1-800-262-5643. 
Continuous Edge Graphics is a trademark or Edsun Laboratories 

ADSP-2111- Better integration on 

the best architecture in the industry. 

Adds an 8116-bit host port to the two 

serial ports, timer, hardware com

panding and memory already on the 

ADSP-2101. And like all our DSPs, 

it's got fast, flexible arithmetic, wide 

dynamic range and a single cycle 

fetch of two operands (on- or off

chip). Plus it's code-compatible with 

the rest of our DSP family, so what's 

written today will be useful tomorrow. 

ADV7141 - 0ur new Continuous Edge 

Graphics '" RAM-DAC gives users of 

standard low-end color monitors bet· 
ter graphics on their PCs. Graphics 

that are virtually the same as those 

produced on expensive engineering 

and scientific workstations. It does 

this by eliminating jagged edges, 

providing photo-realistic colors and 

shading, and displaying text compara

ble to a 300-dpi laser printer. 

AD75028-This custom ASIC passes 

the test for a top automatic test 

equipment manufacturer. Serving the 

function of 21 separate 12· and 8-bit 

D/A converters and providing on-chip 

static RAM, it also has seven channels 

of level setting (other monolithics 

only have four), and can automatically 

remove gain and offset errors. 

1111111111 ANALOG 
WDEVICES 

CIRCLE 212 FOR U.S. RESPONSE CIRCLE 213 FOR RESPONSE OUTSIDE THE U.S. 



ELECTRONIC DESIGN REPORT 

SYNTHESIS TOOLS 

13. SYNTHESIS AND 0 PTIMIZATION are performed by the Unix-based LS-
2000 tool from Integrated Silicon Systems. It can synthesize from a high-level description or 
optimize an existing design for speed and area. 

timization . Logic synthesis opti
mizes the design for speed and area 
in gate-array and standard-cell li
braries. Finally, test synthesis de
signs circuits for testability and test
pattern generation. In addition, the 
SilcSyn product meshes tightly with 
Racal-Redac's recently-announced 
VHDL 2000 simulator. 

Two different types of synthesis 
technology are available from View
logic Systems Inc. The company's 
VHDL Designer product features 
gate-level schematic generation 
from VHDL inputs. Users can simu
late the design before and after it's 
synthesized. The Retargeter is a 
technology retargeting tool. It can 
combine existing PLD designs, opti
mize for speed and area, and retar
get them into an FPGA or ASIC. 

One big advantage to the Viewlo
gic synthesis technology, says Ray
mond McCann, the company's syn
thesis marketing manager, is how 
tightly it's integrated with the rest 
of View logic's CAE environment. He 
points out that the tight integration 
is exemplified in the way the View lo
gic tools generate live, workable 
schematics. Some other tools synthe-
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size a design, and then run the re
sults through a schematic-genera
tion program, resulting in a picture 
of the schematic. But with the View
logic Viewgen product, users gener
ate a live schematic that can be edit
ed and is an entire database of its 
own. In addition, Viewgen also high
lights the critical design path. 

FRENCH SYNTHESIS 
The synthesis technology from 

Dassault Electronique was first 
used by the company internally in 
1986, yet it's only been marketed for 
a little over a year. The product, 
called Frenchip, synthesizes all 
types of logic. In addition to the Bool
ean techniques of two-level minimi
zation and factorization, Frenchip 
uses specialized algorithms to syn
thesize structured logic, such as ad
ders, comparators, and multipliers. 

Frenchip supports top-down de
sign based on hierarchical block dia
grams. Using this approach, engi
neers can break down their designs 
into lower levels and write behavior
al models for basic blocks. The 
blocks correspond to logical func
tions that are familiar to engineers, 
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like state machines, multiplexer 
trees, and counters. The software as
sembles blocks hierarchically, and 
can integrate blocks designed out
side the synthesis product. It also 
synthesizes test structures, and sup
ports internal-scan, boundary-scan, 
and built-in self-test (BIST) func
tions. The system includes tools to 
distribute clock signals and to insert 
the ASIC pad ring. 

Once individual blocks are synthe
sized, Frenchip calculates the load
ing of interblock nets, taking into ac
count statistical wire loading. Then, 
where needed, it resizes compo
nents , inserts buffers, and builds 
buffering trees. Working hierarchi
cally, it builds the complete chip with 
no gate-count limitation. 

Teradyne Inc. has integrated the 
Frenchip tool into its new top-down 
design environment called the Multi
Sim Architect. In addition to the syn
thesis tool, the environment consists 
of the Vantage VHDL simulator, 
and Teradyne's timing-analysis and 
test-vector-generation software. 
One major reason Teradyne chose 
the Dassault tool was because of it's 
test-synthesis capabilities. The com
pany claims that MultiSim Architect 
will cover complete ASIC design, 
from design to test. 

AT&T announced its synthesis 
technology at DAC this year. High
Level Design System has a perfor
mance-driven synthesizer that opti
mizes ASIC performance through 
full-chip resynthesis, buffer inser
tion, and cell-replacement algo
rithms. This technology should pave 
the way for FPGA to gate-array or 
standard-cell migration and vice
versa. These same resynthesis tech
niques can optimize area or perfor
mance within one-chip technology. 

The system also has behavioral 
and structural synthesizers, a ma
crocell compiler, a net-list-to-sche
matic generation module, a simula
tor, a waveform-display module, net
list compilers, and an EDIF 2.0 net
list interface. These modules work 
efficiently with 50- to 100-kgate 
ASICs, and are oriented toward opti
mizing the capture, behavioral simu
lation, verification, and synthesis 
phases of IC design. 
G N 



More gadgets for 

less money, and make 

it work better - that's the 

only way to survive in consumer 

electronics, the most competitive market 

there is. That's why three ofthe top five Japanese 

electronics firms rely on us to meet their mixed· 

signal needs in applications ranging from CD players to 
video cameras. 

We ' re far from your local component boutique. Over 

half of our $540 million in revenues comes from inter

national sales. And with manufacturing and stocking 

facilities on just about every continent, getting products to 

you quickly is a snap. Plus multiple manufacturing facilities 

allow us to take advantage of the right talent and processes for 

the job at hand. 

With billions of dollars in annual sales at stake, the 

video game market is anything but child's play. One 

leader in this market found that with our DSP they 

could create more realistic and interactive games. 

As a result, they're driving away with a bigger share of 

the market. 

Today, Analog Devices offers more cost-effective solutions to your high
performance mixed-signal needs than anyone else. Solutions that are surpris
ingly affordable, whether they're available off the shelf or developed for a 
specific application. To find out more about how we can help you develop 
products more efficiently, or for a free copy of our recent Mixed-Signal 
Technology white paper, call us at 1-800-262-5643. 

SOUNDPORT DACs-We've made 

these DACs cost-efficient by making 

them complete with output amplifier, 

reference and digital logic interface. 

Perfect for high-fidelity digital audio 

and multi-media applications, these 

mixed-signal ICs achieve SNRs as 

high as 108 dB and THDs as low as 

0.0025%. 

AD712- If you're working in profes· 

sional audio and compact disc ap

plications, you'll like the sound of 

this-an IC that combines two high· 

perfonnance op amps in one compact 

package. You get low offset voltage 

and low input bias currents coupled 

with superb transient response, ambi

ence, clarity and dynamic range. 

ADSP-2105- High performance DSP 

at an incredibly low price. So low, in 

fact, you can now consider DSP in a 

host of new applications. And since 

it's pin-compatible with the ADSP-

2101, and code-compatible with all of 

our other DSP processors, upgrading 

is easy and inexpensive. 

r.ANALOG 
WDEVICES 

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

CIRCLE 214 FOR U.S. RESPONSE CIRCLE 215 FOR RESPONSE OUTSIDE THE U.S. 



_____ ome eo e 
~ · we're 
owerc 
o sesse 

• 
WI -- --~ .......... 



Okay, we 
admit it. We're 
hopeless per

its 

fectionists. Driven to produce the 
best boards at the best price. 

Take our new MVME187 and 
MVME167 single board computers, 
for instance. Best in performance at 
23 MIPS (RISC) and 20 MIPS ( CISC), 
respectively. Best in value at $174 
(RISC) and $200 ( CISC) per MIPS. 

Which comes out to just $3,995 
per board. And which compares 
rather nicely with the $8,000 to 
$12,000 you could pay for the com
petition's boards. 

Based on the 88100 and 68040, 
Motorola's highest performance 

32-bit micro-
}: processors, 

theMVME187 
and MVME167 employ VME D64 
architecture. Boosting the VMEbus 
bandwidth to a full 40MB/s. And 
both boards come with four 32-bit 
timers, as well as SCSI and Ethernet 
connections. 

Naturally, since they're made 
by Motorola, you can expect the 
best ~ quality. ~he Malcolm ,~f.17£ 
Baldrige Award 1s a power- A,~Si:;/v 
ful testament to that fact. .,~ 

So call 1-800-234-4VME for a 
free color brochure. And see why 
so many people are obsessed with 
Motorofa. products. 

® MOTOROL,A 
Computer Group 

For a free brochure, call 1-800-234-4VME. 

Motorola and the@ are registered trademarks of Motorola, Inc. ©1991 Motorola. AU rights reserved. 
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• 365 Standard Models 
• Single, Dual & Triple Output 
• Remote Disable Pin Standard 
• Up to 1 OOV DC Output now 

Standard 
• SOOV DC Isolated Input to 

Output 
• All Units Shielded 

MIL·STD·883 UPGRADES 
AVAILABLE 

• Expanded operating temp. 
( - 55°C to + 85°C) 

• No Heat Sink Required 
• Stabilization Bake 

(125°C ambient) 
• Temperature Cycle 
(- 55°C to + 125°C) 

• Hi temp., full power burn in 
(100% power, 125°C case 
temp.) 

PICO also manufactures over 850 
standard DC-DC converters and over 
2500 ultra-miniature transformers, 
inductors and new AC-DC power suppl ies. 

Delivery
stock to 
one week 

"'-4,i- 9:ee ~~,,,, 
Or • ·69 or 

~li~;e:,6 ct1r:::f,.sss 
Pf CO Ocata1~ 

Electronics, Inc. 
453 N. MacQuesten Pkwy. Mt. Vernon. N.Y. 10552 

Call Toll Free 800·431 · 1064 
IN NEW YORK CALL 914·699·5514 
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ELECTRONIC DESIGN REPORT 

SYNTHESIS TOOLS 

Behavior-level circuit descriptions 
in either C or VHDL are turned into 
optimized gate-level descriptions by 
the behavioral-synthesizer module. 
Capture and synthesis of functional 
primitives, such as state machines, 
ALUs, counters, and registers, at 
the RTL level is performed by the 
Structural synthesizer. It also cre
ates C models to specify each one's 
behavior, and provides logic synthe
sis of the captured primitives using 
standard-cell libraries. 

The core synthesis engine is based 
on an intensely enhanced version of 
Berkeley's MIS. It's closely integrat
ed with a fast and accurate timing 
analyzer that can support multiple 
delay models. Integrated constraint
capture, hierarchy-viewing, and tra
versal functions are available 
through graphical and textual inter
faces. 

Also announced at DAC was a six
year agreement between AT&T and 
Dazix, an Intergraph Co., to jointly 
develop and market synthesis tech
nology. Dazix will market products 
for C and VHDL synthesis, test syn
thesis, structural synthesis, and tim
ing-driven synthesis within its Si
multaneous Engineering Environ
ment. In addition, Dazix and AT&T 
will begin developing and integrat
ing advanced behavioral synthesis 
tools. 

ASIC Synthesizer is the synthesis 
product from Compass Design Auto
mation. The company claims it's the 
only synthesis technology available 
today that has the compilers and 
ASIC libraries to create an entire 
ASIC chip, including the pad ring, 
from an HDL input. It accepts either 
Verilog or VHDL as input. The input 
description includes all of the infor
mation needed to make a complete 
chip, such as memory elements, da
tapaths, control and random logic, 
pad-ring description, as well as the 
specific performance criteria. 

The tool first checks the HDL in
put for construct errors and syntax 
problems because some constructs 
may not be synthesizable. It also 
evaluates the HDL description to de
termine which of its design tools best 
suits the performance criteria. These 
tools include the Logic Synthesizer, 

Datapath Compiler, and memory 
compilers. ASIC Synthesizer then 
synthesizes the design using those 
tools. 

Before the actual synthesis pro
cess is run, users can specify wheth
er or not the run should include the 
physical layout of the design. If the 
run is a first attempt, for instance, 
users may want to do a simulation 
before running the complete chip 
through physical-design tools. Com
pass also automates the test-devel
opment process with compilers that 
perform automatic test-vector gen
eration, scan and functional block 
isolation, probabilistic fault grading, 
and automatic test-program devel
opment. 

Engineers just getting started 
with synthesis may want to consider 
the products from Integrated Silicon 
Systems Inc., a set of two low-cost 
logic-synthesis and optimization 
tools for standard cells, gate arrays, 
and FPGAs. Instant Logic version 
2.2 runs on 80386- and 80486-based 
PCs, and costs only $995. It can syn
thesize logic net lists from truth ta
bles, Boolean equations, or state ma
chines, and can optimize existing log
ic net lists for speed or size. Instant 
Logic also works with language com
pilers, such as CUPL and ABEL, so 
that engineers can convert existing 
PLDs into optimized ASICs. 

The company also offers a more 
advanced synthesis product for Unix 
platforms called LS-2000, which 
costs $4995 (Fig. 3). LS-2000 has hier
archical design capability and more 
advanced synthesis and optimization 
algorithms than does Instant Logic. 
Both products will add support for 
Verilog and VHDL inputs in the near 
future.D 

References: 
1Carlson, Steve, Introduction to 
HDL-based Design Using VHDL. 
Mountain View, Calif.: Synopsys 
Inc., 1990, p. 2-3. 
2Carlson, p. 4. 
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The SCSI bus. 
Plnlverfulenoughto 

lay you out flat. 
Tuke it from people who know

better than anyone. SCSI complexity is 
growing. Through evolution in 
the bus. Through endless 
new configurations. 

Still, SCSI's a "stan
dard'.' And, as an integrator 
or peripheral manufacturer, you 
can't simply ''pass:' You're in. For 
host adapter firmware development, 
driver design, device evaluation, test
ing and inspection. Or for peripheral 
firmware design, testing, support and 
repair. And you need the tools and sup
port that ensure productivity, accuracy 
and compatibility. For today's SCSI 
tasks- and tomorrow's. 

That's why Adaptec's Development 

Systems Operation came into being a 
half decade ago. And why we're here 
today; with proven success in SCSI test 

and development tools. With a cus
tomer list that's a worldwide 

"Who's Who" in computers, 
peripherals, telecom

munications and a 
dozen other industries. 

It's also why our 4th-generation 
SCSI Development and Test System 

and our array of task-specific test sys
tems- from our Bus Analyzer to our 
Disk Basher-bring a unique level of 
confidence. About host/device emula
tion, upgrading, service and support, 
third-party resources and the other 
issues that determine the success 

ofSCSI-related endeavors. SCSI chal
lenges. Adaptec solutions. That's 
virtually SCSI's past. So, if SCSI's part 
of your future, you'll want to call or 
write us soon. We can't promise to end 
SCSI complexity. But we can deliver 
tools and support powerful enough to 
make you, not SCSI, the master. So 
nothing ends up fiat out except the 
speed and accuracy of your SCSI 
design and test activities. 

adaptec 
When you 're serlous about SCSI. 

691 South Milpitas Blvd. 
Milpitas, CA 95035 
1-800-227-1817 ext. 53 
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FASTEST IMAGE PROCESSING 
ON A SINGl.E PC/AT BOARD 

"Our DT2867 Integrated Image 
Processor combines real-time 
processing and precision image 
acquisition on a single PC/AT board. " 

- Fred Molinari, President 

Real-Time Processing 
• 75 MHz, 16-bit processor 

• Simultaneous acquisition and processing 

Precision Image Acquisition 
• Programmable gain, offset, and reference 

• Square pixels 

Optional 32-Bit, 25 MFLOP DSP Board 
• 10 MHz OT-Connect™ interface to DT2878 

Advanced Processor 

Extensive Development Software Included 
• Subroutines callable from Microsoft C 

• Device driver and utilities 

Quantity pricing available 

FAST 5 day delivery 

Call for FREE Catalog 

(508) 481-3700 
In Canada, call (800) 268-0427 

DT2867 Processing Times 
Full 640 x 480 image 

True Frame Averaging (to 256 frames) 

Histogram 

Math and Logic 

3 x 3 Binary Morphology 

3 x 3 Convolution 

7 x 7 Convolution 

real-time 

real-time 

real-time 

.043 sec 

.043 sec 

.30 sec 

THE LEADER IN DATA ACQUISITION ANO IMAGE PROCESSING 

DAR TRANSLATION. 
World Headquarters: Data Translation, Inc .. 100 Locke Drive, Marlboro, MA 01752·1192 USA, 15081481-3700, fax 15081481-8620, Tix 951646 
Un~ed Kingdom Headquarters: Data Translation Ltd .. The Mulberry Business Park, Wokingham, Berkshire RGl 1 2QJ. U.K..17341 793838. fax 17341 776670, Tix 94011914 
Gennany Headquarters: Data Translation GmbH, Im We1lerlen 10, 7120 B1et1ghe1m-81Ssingen, Germany 7142-54025, fax 7142-64042 
International Sales Offices: Australia 121699-8300; Belgium 121466-8199; Bra11l ll ll 24(}()598; Canada 14161625-1907; China 111513-7766' 1222; Denmark 42 274511 ; Finland 101351 lBOO; France Ill 69077802; Greece Ill 361-4300; 
Hong Kong 151448963; India 122123-1040; Israel 52-545685; Italy 12182470.1; Japan 131502-5550, 1315379-1971 ; Korea 121718-9521; Malaysia 3-2486788; Netherlands 1701399-6360; New Zealand 191415-8362; Norway 12153 12 50; 
Poland 1221 580701 ; Portugal Ill 7934834; Singapore 338-1300; South Afnca 1121 803-7680/93; Spain Ill 555-8112; Sweden 181 761 78 20; Swrtzerland Ill 723-1410; Taiwan 121 3039836 

OT-Connect 1s a trademark and Data Translation 1s a registered trademark of Data Translation, Inc. All other trademarks and registered trademarks are the property of their respective holders. 
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DESIGN APPLICATIONS 

FRAMEWORKS: 
DEBUNKING THE MYTHS 

A LOOK AT GAE-ENVIRONMENT 
BASICS AND TRADE-OFFS LEADS 
PAST THE HYPE To AF AIR 
EVALUATION OF THE SOFTWARE'S 
CAPABILITIES. 

ne of the most fascinating aspects of the CAE industry is how 
quickly a new buzzword finds its way into vendors' glossy litera
ture. The pamphlets unabashedly claim years of market leader
ship long before the rest of us have settled on a workable defini
tion for the term. 

Such is the case with one of the hottest buzzwords around-yes, that's 
right-framework. If you're a CAE vendor competing for market share, you've 
just got to have one. Or at least appear to have one. In glossy brochures, custom
ers find myriads of vague descriptions accompanied by colorful screen shots, 
none of which seem particularly similar to (or different from) each other. From 
my years of involvement in analysis of CAE vendors to aid strategic planning ef
forts, I've amassed file drawers of CAE propaganda. Nonetheless, a closer 
study of framework technology suggests that it will be a key component of CAE 
environments in the coming years. 

Recently, I was amused by a typical CAE brochure espousing the virtues of 
standards and openness. The vendor claimed that "we support industry stan
dards-only better!" Are frameworks truly "open" or "standard," or do they 
merely represent the latest marketing ploy? What is a framework? Why does 
anyone need them? 

In the mid-1980s, as CAE tools flooded the market, it seemed engineering pro
ductivity fell behind the tools' price tags. The increasing "islands of automa
tion" left users on their own. Vendors had proprietary tools and interfaces that 
ran on proprietary platforms. The industry needed a structure to handle com
munication-to the data, to the tools , and to the user. The tool orientation began 
to yield to process orientation, which focused on optimizing the entire design 
process. In this environment, the framework was born. 

A framework may be defined as a software infrastructure that provides a 
common environment for the communication and integration of tools in a pro
cess. The tools share the resources of the framework, blurring the traditional 
concept of a "tool." Ultimately, the engineer doesn't care about tool interfaces 

STEVEN E. SCHULZ 
Texas Instruments Inc., 6500 Chase Oaks Blvd., 
Plano, TX 75023; (214) 575-2744. 
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DESIGN APPLICATIONS 

UNDERSTANDING 
FRAMEWORKS 

--- --1 ,- --- -

Tool 1 1 I Tool 2 
I I 

L _ _ __ J L ____ J 

Framewort services 

Graphical user Interprocess Process·llow 
interlace communication management 

Design· data Networt Configuration 
management and manager licensing versioning 

Operating-system software 

Workstation hardware 

1--- - -

1 

I 
Tool (n) 

L ____ J 

Database 
management 

Programmatic 
language 
interlace 

1 1. FRAMEWORKS PROVIDE discrete services that interface with the operating 
system and the tools. Chief among these services is a common user interface. 

or even the tools themselves. His methodology built around this con
sole concern is the results. There- cept might permit multiple engineer
fore, much of a framework's value ing disciplines to perform parallel de
can't be seen directly. Rather, it's sign analyses (perhaps automated) 
embodied in its effectiveness at without interrupting the primary de
meeting quality and cycle-time ob- signer's train of thought. 
jectives. Process-flow management helps 

The definition of a framework is users to properly sequence and in
vague, so I prefer to think in terms of voke tools that use related design 
the services it offers to the tools and data. The mechanics of process-flow 
the user (Fig. 1). The most conspicu- management are quite simple, using 
ous (and perhaps best-known) ser- timestamps on files or ASCII strings 
vice is a common user interface extracted from reports. Typically, 
(CUI), which handles keyboard and it's much more difficult to program 
mouse input to an application in a the rule base upon which the deci
consistent manner.Nearly all frame- sions are made. The actual relation
works available on workstations to- ships and dependencies among tools 
day use a graphical user interface are often company-specific, calling 
(GUI) for this task, such as Motif or for some internal effort to exploit 
Open Look, giving a slick appear- this feature. 
ance to forms, icons, and gadgets. Database management stores 
Meta-functions that operate across and retrieves data for the tools using 
tools, such as window sizing, pop-up a common database. A common data
menus, and on-line help, can share base doesn't need an identical record 
the same graphical appearance re- structure across all tools, but it 
gardless of the tool. should provide a standardized means 

Interprocess communication of accessing the data. Several frame
(IPC) allows tools to communicate works include databases that recog
with each other directly, without the nize whether the most recent version 
need to access disk files. IPC is used of data resides in memory or on disk, 
to highlight a selected signal name in and will handle all paging of data as 
multiple tools, or to run some partic- the tool requests it from the frame
ular task whenever a design is modi- work. The trade-offs between object
fied. The tools need not reside on the oriented databases (OODB) and rela
same workstation, or even in the tional-database (RDB) technology 
same workgroup. A well-planned that must be considered carefully 

m E L E C T R 0 N I C D ' E S I 
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concern their respective perfor
mance and/ or capacity and adapt
ability to changing needs. In gener
al, relational databases are better 
for static data while object-oriented 
databases may be better for dynamic 
data types. 

A design-data manager can com
plement the database aspects of the 
framework by giving a users a view 
into his data on the system. The data 
is shown grouped in logical clusters 
that match the engineer's natural 
way of thinking. Often, the utilities 
appear as hierarchical, icon-based 
trees of design data along with icons 
for available tools. 

Network licensing acts as an ap
plication broker to a group of work
stations within a given network, per
mitting a tool's authorization key to 
be "checked out" for use by another 
workstation. This can be a cost-sav
ing feature for certain high-cost 
tools that are used occasionally 
across many nodes. Frameworks 
adopted this capability from stand
alone licensing products that have 
existed for several years. 

The importance of configuration 
management and version control 
has grown in proportion to the com
plexity of design data and applica
tion side files. These functions are 
critical for frameworks with internal 
database manipulation, such as an 
OODB. The versioning must be accu
rately reflected within special files 
used by the database manager. 
These files, containing metadata 
about the design, are created when a 
design is imported into its known en
vironment. 

A programming language is usu
ally included to customize the frame
work for a particular use. The lan
guage may control loosely-coupled 
interfaces or redefine pop-up menus 
and forms. Programming is general
ly required to support custom pro
cess-flow management. Most GAE 
vendors rely on their proprietary lan
guages for all in-house tool integra
tion functions . 

Overall, the common goal of these 
services is to improve productivity 
by freeing the user from the tedious 
details of data management and low
level interaction. This isolation-layer 
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concept isn't new-consider the ex
ample of an operating system. I ex
pect frameworks to become the oper-
ating system of the 1990s for engi
neering tools. If you doubt that a 
framework approach might ever be 
considered an operating system, just 
take a close look at the success of 
Windows 3.0! 

Now to introduce yet another 
buzzword: concurrent engineering 
(CE). Most definitions of CE seem to 
agree on phrases like "simulta
neous, parallel design process ," 
"top-down design," and "multi-disci
plinary team." It should be empha
sized that CE isn't a product, it's a 
philosophy. The concepts are deeply 
rooted in the quality, cost, and time
to-market pressures underscored in 
our current business environment. 
One tenet of electrical design auto
mation is to move all known design 
and process constraints to the front 
of the verification stage, where er
rors may be corrected faster and 
more cost effectively by orders of 
magnitude. This approach is fully 
consistent with the goals of CE. 

Experts on CE generally agree 
that the four key components of CE 
are organization, methodology, com
munication, and requirements. 
Frameworks provide enabling tech
nology for improved design-data 
communication, but CE clearly in
volves much more than what a 
framework can provide. The full ben
efit of frameworks (or design auto
mation, for that matter) can only be 
achieved after a carefully chosen 
methodology has been defined, com
municated, and implemented. 

DESIGN APPLICATIONS 

UNDERSTANDING 
FRAMEWORKS 

to the code, and tool encapsulation, 
which can often be done using file
based interfaces. It may be possible 
for your company to encapsulate Me
Too's new product into Monolithic's 
framework, once all data flows, such 
as inputs, outputs, and dependen
cies, are clearly understood. This 
would offer macro-level process con
trol for tool invocation, near-trans
parent data feeds, and perhaps man
agement of files needed and/ or pro
duced by Speedy-Sim VHDL. How
ever, the required user interface, 
database access , and system re
sources (such as X-windows or Sun
view) will remain the same as before. 
Only planned cooperation between 
code developers at Me-Too and 
Monolithic can truly integrate the 
two separate products into one uni
fied environment. 

Although integration brings the 
fastest communication between 
tools, encapsulation may be ade
quate for many environments. Of
ten, the framework controls the invo
cation and sequencing of tools, in
cluding the encapsulated tool (Fig. 
2). But the process of using that tool 
in a design flow is more complex. The 
outputs from tool (n-1) are written to 
disk as usual, but the file data is re
formatted for input to tool (n). This 
requires the ability to extract file 

data from tool (n-1), as well as de
tailed knowledge of tool (n)'s data-in
put structures. Once the conversion 
is made, tool (n) may be loaded. No 
framework services are available 
during tool execution, such as inter
action with other tools (as with IPC). 
Upon exit, a second converter must 
reformat the output for use by tool 
(n+ 1). Encapsulation of many tools 
proceeds in a similar fashion. For 
each encapsulated tool, there may be 
specific libraries or side files re
quired. Data will not be written to 
the common database, and will not 
be accessible to other tools unless 
file conversion is specifically per
formed for the second tool. Multiple 
versions of the same data can some
times create problems in determin
ing which files to keep for archival or 
configuration management. 

If you've glanced at any industry 
magazine in the last two years, then 
you're probably aware that OODB 
ranks very high on the Buzz-0-Me
ter, right next to C++. Today's 
frameworks are based on either ob
ject-oriented or relational database 
technologies, each claiming to be su
perior for the CAE process. What 
differentiates these two database 
approaches? 

Let's begin with an understanding 
of how each is organized. RDBs 

Framework 

Tool (n-1) 

Qualification and 
termination 

I 

Qualification and 
termination 

Out 

Qualification and 
termination 

Tool (n+ 1) 

1 ~~----------~~ 

I 
I 
I 
I 

Tool (n) 

I Tool-specific 

1 
____ ____ da~n~raries __ 

Encapsulated tool 

Imagine that you're attending a 
demonstration by a new upstart 
CAE company, Me-Too Systems Inc. 
The factory representatives mention 
that their new product, Speedy-Sim 
VHDL, is already integrated with a 
variety of vendor toolsets, including 
integration under Eagle-the soon
to-be-released framework from 
Monolithic Design Systems, their 
archrivals. How can this be? Is 
framework integration really that 
quick and simple? 

There's a substantial difference 12. IN THIS EXAMPLE of a tool's encapsulation under a framework, the framework 
between to?l integration, w~i~h g~n- controls the invocation and sequencing of tools. Conversion of data and tool-specific 
erally reqmres custom mod1ficat10n libraries may be required. 
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Memories of Tomorrow 

• 
32M Mask ROMs. Available Today. 

Tomorrow's products won't run on yesterday's memories. 

For devices that give you an edge in density, technology and 

overall performance, come to NEC. We've developed a full line 

of memories for next-generation products. And we're ready to 

ship them today. 

Our 32M mask ROMs feature a 0.6µ CMOS process and 

HSuper Isolation" technology. They give you twice the density 

of our 16M mask ROMs, without any increase in package size 

or access time. Offering 200ns access speed, our 32M mask 

ROMs come in 42-pin 600-mil DIPs. Mask programmable 

organizations are x16 and x8. Package options include 44-pin 

600-mil SOPs. 

Timely introduction of new products is vital in the 

fast-paced 90's. By tailoring chips, packages and 

testing to meet your system needs, NEC can 

shorten your development cycle. For more 

information on the advantages of partnership 

with the leader in memory technology, contact NEC today . 

• 
From the leader in memory technology 

For fast answers, call us at: 
USA Tel:1-800-632-3531 . Fax:1-800-729-9288. Germany Tel 0211 -650302. Telex:8589960. The Ne1herlands Tel:040-445-845. Telex:51923. 
Sweden Tel:08-753-6020. Telex:13839. France Tel:1-3067 -5800. Telex 699499. Spain Tel:1-419 -4150. Telex:41316. Italy Tel02-6709108. Telex:315355. 
UK Tel :0908-691133. Telex:826791. Ireland Tel:01 -6794200. Fax:01 -6794081. Hong Kong Tel755-9008. Telex:54561. Taiwan Tel:02-719 -2377. Telex:22372. 
Korea Tel:02-551-0450. Fax:02-551 -0451. Singapore Tel 253-8311. Fax 250-3583. Auslraha Tel:03-267-6355. Telex:38343. 
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store data in records (also known as data between applications. Persis- part numbers or component-delay 
tuples) comprising multiple fields. A tent objects may be thought of as values. But as clock rates rise and 
primary key field guarantees one-to- permanent variables that remember concurrent-engineering concepts 
one mapping with the records en- their values upon program reentry. take shape, more accuracy will be re
tered. Any field may be searched and Disk storage of persistent objects quired to use dynamic data that 
reported, but sorting may take a may simply mirror the binary in- changes with the design's evolution. 
long time. Therefore, it's common memory structure. This eliminates This is a primary driving force to
for additional index files to be creat- massive reformatting of data during ward using OODB in CAE tools. 
ed that relate back to the master disk reads or writes. Tools using an One goal for both frameworks and 
(Fig. 3). Each index is presorted and OODB may not even be aware of the concurrent engineering is global op
filtered in one or more specific fields existence of a disk other than declar- timization, in which small trade-offs 
so as to provide quick, efficient ac- ing certain objects as "persistent." in performance, reliability, size, cost, 
cess to the related information in the Most problems with OODBs arise and other factors result in the best 
master database. These index files from a lack of programming experi- overall design. In reality, this goal 
take a while to build and are calls for major cultural 
usually created in a batch Master database changes within most organi-
operation. To speed up ran- zations, as well as more spe-
dom access, an offset table cific, rule-based tools that 
in the file header may point make estimates based upon 
to a desired record. It's also a design's current state . 
common to use a structured One CAE framework uses a 
query language (SQL) to ex- spreadsheet metaphor to 
tract data based upon a set program such rules directly 
of rules and dependencies. into a flexible tool to sup-
These access languages are port "what-if" analysis. 
relatively fast and efficient. Threshold violations can 

Object-oriented data- then be monitored using 
bases don't use the same re- graphical gadgets like me-
cord/ field format. Instead, ters, LEDs, or thermome-
they treat information hier- ters. The key to this capabili-
archically, with certain data ty is straightforward access 
types belonging to other to the database from within 
data types (Fig. 4). This hier- the cell expressions. An en-
archy extends in n dimen- tire new breed of "meta-
sions to accommodate the tools" such as these can be 
complex relationships expected to evolve over the 
found in simulation of real- next several years. The un-
world properties. OODBs derlying idea of mathemati-
are characterized by class- cal or Boolean calculations 
es, methods, and attributes derived from simple design-
associated with an instance 13. RELATIONAL DATABASES access data based database access will be a 
of a given object type. An upon a primary key and a set of presorted fields. Any field may significant impetus toward 
object consists of groupings be sorted, but doing so may take some time. One way around global optimization. 
of hierarchical data along this problem is to create additional index files that relate back If you thought that CAE 
witli the operations that tothe master. tools had expanded to con-
may be performed on them. sume the maximum possible 
The actual value of a P,roperty at- ence (mostly in C++) or from perfor- amount of system resources, think 
tached to an object need not be em- mance problems stemming from ex- again. Frameworks are additional 
bedded into one flat file. OODBs gen- cessive disk activity. overhead layers that need lots of pro
erally use larger quantities of small- As mentioned previously, RDB cessing power, RAM, and disk space 
er files, each of which may contain technology is best suited for static to themselves. The extra checks on 
one or more objects. Thus, changing data, and OODB technology is best design rules, database integrity, and 
one value of any property occurs al- suited for dynamic data. Both tech- so forth all eat up their share of clock 
most instantaneously, which is much nologies have disadvantages related cycles . Slower tool invocations 
faster than rebuilding an entire to the way in which the data is orga- should be more than offset by the 
RDB. nized and stored. Although CAE benefits gained in total simulation-

In addition, OODBs can improve data is a mixture of static and dy- cycle time and support of a desired 
interactive speed by sharing in-mem- namic data, most data consists of methodology. 
ory structures while manipulating static information, such as internal In 1988, a coalition of EDA ven-
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It's the fastest 
electrostatic plotter 

ever built. 

Buckle your seat belt and return your 
tray-table to the full upright position. 
Because with CalComp's new 68000 
Series, 400 dpi color electrostatic plotter, 
you're going to fly. 

Humming under the slick new skins 
is the latest high performance, RISC
based CPU-processing data faster than 
ever before. 

Plotting speed is awesome too-a 
head-spinning 2.0 ips. 

And with its standard 4:1 mux, con
current overlap loading-for simultane
ous plotting and data processing-and 
auto take-up reel, the 68000 can speed 
along virtually non-stop, completely 
unattended. 

Of course, you can run in cut-sheet 
mode, too. 

Plot quality is extraordinary. You get 
the sharpest lines and most vibrant 
colors because the system automatically 
optimizes plotting speed to plot density, 
and because CalComp's EnviroClean TM 

Tuner System's Auto Replenisher continu
ously monitors and maintains consistent 
color density of the toner. 

Even with all the high performance 
features, the 68000 Series is easy to run 
and maintain. You command all its fea
tures from a simple, four-button control 
panel. And you have front access to toner 
and media. 

Reliability is excellent. And CalComp 

supports you with a 1-year on-site war
ranty and a full line of supplies. 

A quick call is all it takes to find out 
more about the fastest electrostatic 
plotter: call 800-932-1212. In Canada, 
call 416-635-9010. 

We're expecting to hear from you. 

\\edrawon 
your irnaginaiion:M 

-r)/Ca/Comp 
A Lockheed Company 

CalComp, P.O. Box 3250, Anaheim, Ca 92803. ©1991 CalComp. EnviroClean and We draw on your imagination are trademarks of CalComp. 
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AVANTEK MMICs NATURE, 
AT A NATURAL PRICE 

High Performance RF/ 
Microwave Circuits in Tiny 
SMD Packages 
Fresh idea. A growing family of DC to 5.0 
GHz. amplifiers, active mixers, and other 
high performance monolithic microwave 
!Cs (MM!Cs), at design conscious prices
as low as $0.95 each in 10,000 piece quanti
ties. Avantek's new ISOSAT'" process yields 
a harvest of silicon MM!Cs in plastic SMD 
packages for portable, handheld, and low
power high-volume designs, where size and 
cost are as critical as RF performance. 

Cellular, Spread Spectrum, 
Fiber Optics, GPS-Any RF/ 
Microwave Application 
Avantek, the pioneer of commercial and 
defense RF/microwave solid-state, offers 
the ISOSAT family of plastic MM!Cs in bulk, 
tape and reel. High-volume, low-cost cir
cuits that meet your highest requirements 
for low power consumption, bandwidth, 
low noise (as low as l.7dB), high gain, 
stability and cascadeability. ISOSAT prod
ucts make your linear design goals easy and 
efficient. 

Get a Little Help from Your 
Friends 
Avantek has over 50 field specialists around 
the world to assist in developing your RF I 
microwave designs. And, Avantek ISOSAT 
amplifier product data is available for use 
in all major CAE libraries, such as EEsof 
Touchstone'." 
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With over 20 major stocking locations, and 
a worldwide trans-shipment operation, 
Avantek has the largest RF/ microwave 
semiconductor distribution network in the 
world. We meet the demands of the most 
demanding JIT programs, or supply critical 
prototypes with the same matchless service 
and support. 
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1-(800) AVANTEK for Fast 
Delivery 
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NAND2 MUX4 

:::C):>- v 
j MY DESIGN 

MY_DESIGN 
-------------------, 
: Class: sheet I 
I Attributes: date= 08/U1/91 I 

Owner= Joe N. Juneer I 
I Methods: simulate, layout, edit 
I Sub-classes: components, sheets, signals I 
-- ----~-- --- - --J 

~~ ~~ 
,-------- -- ,-----------

1 I 
I Class: component I I Class: component r 
I Attributes: pkg =DIP I Attributes: pkg= DIP 
I Methods: extract, edit I I Methods: extract, edit I 

Sub-classes: symbol , model I Sub-classes: symbol , model 
I I I 
L ----~-- -- L I 

,--~-I ,-~--1 ,---~==I 
I Class: symbol I I Class: model I I Class: symbol I I Class: model I 
L ____ _J L _ _ _ _ _J L ___ _ _J L __ _ _ _J 

14. OBJECT-ORIENTED DATABASES dynamically arrange data using classes, 
attributes, and methods in a hierarchical relationship. Because they can share in-memory 
structures while manipulating data between applications, these databases boost speed. 

dors formed the CAD Framework alone tools, many factors must be 
Initiative (CFI) to remove traditional considered when evaluating frame
CAD and CAE tool integration barri- work capabilities, including the in
ers. Among the more than 40 organi- tended use within your company. 
zations represented are tool and There are essentially three alterna
workstation vendors, semiconductor tives: (a) try to buy a prepackaged 
suppliers, and end users. Although framework complete with all desired 
progress is in the early-definition tools and interfaces; (b) purchase a 
stages, CFI promises to provide the do-it-yourself framework product 
first truly open protocols for tool and roll your own tool interfaces; or 
communication and bring users one (c) add new tool interfaces to a pre
step closer to vendor independence. packaged environment. The follow
Achieving vendor independence has ing addresses just a few key issues 
been the holy grail of CAE. Even to consider for any evaluation. 
standards accepted throughout the If the product is purchased as part 
industry are subjected to various of a CAE toolset, what features are 
forms of distortion, including subset provided with the framework and 
dialects, supersets, and good-old- how thoroughly are those features 
fashioned ambiguity. Frameworks used by the tools themselves? Can 
provide the enabling technology for the framework services be accessed 
vendor independence, but solid com- for tool customization, such as pop
mitment must come from the CAD/ up menus, icons, or supplemental 
CAE industry to achieve this lofty programs to perform company-spe
goal. CFI is an excellent means to cific tasks? And if you look beyond 
that end. the tool capabilities to the overall 

Because frameworks aren't stand- process flow, does the framework 
ELECTRONIC DESIG 
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DESIGN APPLICATIONS 

UNDERSTANDING 
FRAMEWORKS 

fill present and future needs? 
If your firm intends to provide cus

tom tool integration or encapsula
tion using a framework, how power
ful are the framework services? Are 
they applied consistently? What op
tions exist for levels of integration? 
Can you integrate the same toolkits 
that the vendor uses for optimal per
formance? Can you integrate at a 
higher level for optimal isolation 
from change? What training courses 
are offered for developers? 

Other issues will be common to all 
framework users. How does system 
performance degrade with respect 
to network traffic, multiple opened 
applications, or disk paging? How 
many megabytes are consumed in 
RAM and on disk? Can data be pro
grammatically passed into and out of 
the framework to communicate with 
other frameworks? 

Standards will play an increasing 
role with frameworks. Each compa
ny must select its own requirements 
for workstation platforms, operat
ing systems, graphical interfaces, 
X.11 requirements, network proto
cols, common databases, and many 
other factors. As CFI evolves, so will 
the standards for extension lan
guages, IPC mechanisms, file for
mats, and so on. 

If any framework candidates sur
vive such scrutiny, then it's time to 
arrange for in-house evaluations us
ing real tools, real design scenari
os-even real engineers! Most ven
dors will allow at least 60 days for 
evaluations, so take the time to de
velop a formal plan with clear objec
tives. Give serious consideration to 
how the framework would be used in 
your current business climate and to 
how it might be stressed over the 
next three to five years. Also, re
search the vendor for financial sta
bility and trends, future direction, 
and your firm's ability to influence 
the product's future direction. 

As frameworks begin to take on 
the real challenges facing them, 
their true place in CAE history will 
become evident. I expect it will take 
several years for CFI to forge a 
"plug-and-play" tool environment 
among cooperating vendors, but it'll 
be well worth the wait. Developers 
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will spend more of their time und~r
standing relationships and depen
dencies among tools, and will rely 
upon such languages as C, C++, 
Scheme, and others to accomplish 
the integration of tools . The concept 
of software backplanes, already 
available from several vendors for 
multi-algorithmic simulations, will 
become standardized to attract more 
niche players, even an occasional 
competitor's tool. 

Frameworks will begin to support 
formal mechanisms for passing data 
between their own managed data
base and those of other frameworks 
on the network, allowing for even 
more integration across disciplines. 
System tools for structured analysis 
and high-level design will slowly 
blend into the framework tapestry 
as an integral part of the total design 
process. This will provide require
ments traceability through the com
mon database. On-line documenta
tion on CD-ROM will help to fight the 
uphill learning-curve battle. Flexi
ble, rule-based tools will emerge as 
common engines for monitoring crit
ical design parameters, without the 
need for brute-force recalculation of 
every last detail. The soon-to-evolve 
structured approach to design can 
lead to reusable design fragments, 
all categorized by the database in 
ways that can be queried and refer
enced by designers on demand. 

The time is right for the CAE in
dustry to tackle its communication 
and interface problems head-on and 
tear down the walls of proprietary in
terfaces and dialects that have made 
"full CAE solutions" so difficult for 
users to create.D 

Steven E. Schulz, member of the 
Group Technical Staff and GAE 
systems engineer in the Automa
tion and Engineering Technology 
division of Texas Instruments, Pla
no, Texas, holds a BSEE from the 
University of Maryland. 

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 
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Qualifimtions: From JAN Class B QPL through 883 Levels Band S, UI'MC's 
SystemASI~ are qualified for the toughest missions. In fact, our 1.5-micron Ul'D 
is the only readily-available JAN QPL gate array and our 1.2-micron UI'E-R is avail
able to 883 levels B and S. 

Produds: With up to fJ0,000 usable gates and 2561/0s, SystemASICs are the most 
capable arrays available. Their tours of duty include the NASA/JPL Mars Observer. 

CAOCAE: Be prepared with SystemASIC toolkits to map out the design, simula
tion, and verification of your AS!Cs on Mentor Graphics® and Valid workst.ations. 
SystemASIC CAD/CAE helps you evade risks and capture the objective faster. 

System De<iigrt Our team of veterans helps you sweep through difficult sr.;tems 
design and keep your program on course. Tactical support includes SystemASIC 
Megafunctions- like RAM, 1553 bus interfaces, and RISC processor. 

RADSP~: Outflank special screening with RAD-SPEC SystemAS!Cs, guaran
teed to meet MlL-M-38510 radiation levels with off-the-shelf pricing and delivery. 

Seni.re: SystemASIC deploys your AS!Cs faster, with less risk. Whatever the 
challenge - sr.;tem design, special screening, packaging, or delivery schedule -
UI'MC's SystemASIC special forces deliver. No wonder that customers like 
Honeywell and Rockwell have given U'IMC special vendor se!Vice awards. 

The SystemASIC mission: Deliver semicustom solutions for the toughest ASIC 
assignments. Beyond high-rel, SystemASIC unites products, technology, qualifica
tions, and support geared specifically to meeting aerospace and defense require
ments. And SystemASIC means more than products; it means methodologies to 
get AS!Cs from concept through production on-time and with minimal risk, and 
the total commitment of people to see the mission through. Our forces are fully 
equipped to handle your objective, with a MIL-SID-976 certified facility, in-house 
radiation t.esting, environmental screening, and high-pincount packaging and auto
mated testing. SystemASIC products are supported by the latest Mentor and Valid 
toolkits and qualification through JAN Class S. So call in the SystemASIC special 
forces. When the going gets t.ough, SystemAfilC delivers. 

For more information on SystemASICs, 
call: 1-800-MIL-Ul'MC 

1575 Garden of the Gods Rd. 
Colorado Springs, Colorado 80907 
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Spec Qualidyne -- and expect to satisfy your 
tightest requirements. Each power supply 
includes a robust main and up to eight high 
current, floating DC outputs. Wide user-adjust
able output ranges, power fail signal, auto AC 
line select, DC input, integral DC ball-bearing 
fan, margining , inhibit. and 0.99 PFC are 
among the features and available options. 

Size Total Output Voltage Range/Max. Amps 

User Configurable 

• User-Adjustable 
Wide Range Outputs 

• 200 to 1000 Watts 
• AC or DC Inputs 
• Modular Flexibility 
• 1 to 9 Floating Outputs 

High Power 

• Compact: 5 x 5" or 
5x8" Cases 

• 750 to 3000 Watts 
• AC or DC Inputs 
• 1 or 3-Phase AC 
• Auto Current Share (N + 1) 

(HxWxL) Watts Output 1 Output 2 Output 3 

2x4.5x9' 250W 5V/30A 12-15V/10A 12-24V/2A 

2x4.5x9' 250W 5V/30A 12-15V/10A 12-15V/3A 

2.5x5x10' 400W 5V/50A 12-15V/15A 12-24V/3.5A 

2.5x5x10' 400W 5V/50A 12-15V/15A 12-24V/3.5A 

2.5x5x11 ' 400W 2-6V/60A 5-15V/12A 5-15V/12A 

2.5x5x11 ' 400W 5-15V/24A 5-15V/12A 5-15V/12A 

2.5x5x11 .5' 500W 5V/70A 12-15V/15A 12-24V/3.5A 

2.5x5x11.5' 500W 5V/70A 12-15V/15A 12-24V/3.5A 

3x5x14.25' 600W 5V/80A 5-24V/10A 5-24V/10A 

3x5x14.25' 600W 5V/100A 5-24V/10A 5-24V/5A 

3x8x14.25' 1000W 5V/150A 5-15V/20A 5-15V/10A 

Complete line of quality power 
supplies from 100 to 3000 Watts. 

1',ualid11ne 3055 Del Sol Blvd., San Diego, CA 92154 
(&19) 575-1100 fax: (&19) 429-1011 Lambda Group of Unitech pie 

CIRCLE 166 FOR U.S. RESPONSE CIRCLE 167 FOR RESPONSE OUTSIDE THE U.S. 

Output 4 

2-6V/3A 

5-15V/3A 

5-15V/6A 

2-6V/6A 

2-6V/12A 

2-6V/12A 

5-15V/6A 

2-6V/6A 

5-24V/5A 

5-24V/5A 

5-15V/10A 

Output 5 

5-24V/5A 

5-24V/10A 



U P D A T E 

TEST & MEASUREMENT 
A SPECIAL EDITORIAL FEATURE 

Increased functionalitv 
enhances DMMs 
The digital multimeter 

(DMM) field may be ma
ture, but it certainly isn't 

stodgy. As with most test and 
measurement instruments, the 
ubiquitous (or nearly so) DMM 
has experienced a growth in 
functionality and analysis capa
bility. Increased use of micro
processors makes this higher 
performance possible, while 
holding prices at or below those 
of older, less capable units. 

The dynamics of the DMM 
are changing some of the tradi
tional ways users look at the 
range of available instruments. 
The conventional categories are 
handheld, bench, and system in
struments. But some handheld 

BY J 0 H N 

New technology makes an old stand
by more powerful and economical. 

NOVELLINO 

DMMs, which are usually out with an instrument without instrument control. 
thought of as troubleshooting IEEE-488 on it;" says Gary Pin- Users' changing needs are re-
aids for field technicians, have kerton, marketing manager at fleeted in movement away from 
become capable enough to in- Keithley Instruments. "It's not the "vanilla-flavored, one-size-
trude on the domain of the low- even worth offering the option fitf.-all meters of the past," ac-
end bench instruments. of not having IEEE-488, even cording to David Haug, a prod-

On the other hand, the dis- though many customers put the uct planner at John Fluke Mfg. 
tinction between high-end instrument on the bench and Co. "There's a trend toward 
bench instruments and system don't use the bus. They want to higher-performance, higher-
units is even more blurred . know that if they do want to cost instruments with more fea-
Many engineers are using sys- automate that test in a lab envi- tures. And then there's a lot of 
tern instruments in bench top ap- ronment, they have the ability to growth at the other end, in in-
plications-that is, setting up do it." struments with more basic per-
the measurement with front- formance," he says. "The trend 
panel controls rather than A lthough the IEEE-488 bus is toward the two ends, and I 
through a computer interface. is still the most popular guess you'd call it a thinning out 
These users often need the in- link, users are increasingly inter- in the middle." 
creased accuracy and resolution ested in the RS-232 interface. As widespread as DMM use 
typical of system DMMs. In ad- It's not that an RS-232 serial has been in the past, the instru-
dition, they usually want that in- port is any easier to use than the men ts are even more popular 
terface capability for future use. IEEE-488 bus. Rather the RS- now, says Keithley's Pinkerton. 

In fact, computer interfaces 232 connection is seen as an eco- And users are getting more for 
are now offered on many DMMs nomical way to set up a mini- their money than ever before. 
that would typically be consid- system. Most engineers already "DMMs have a lot more func-
ered bench instruments. "At the have computers with serial tionality in them for a lower 
higher end, we may never come ports, making them suitable for price, as most every other prod-
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• MORE FUNCTIONALITY FOR DMMS • 

uct has," notes Pinkerton. "But 
they've also taken on the func
tional capability of other prod
ucts." 

For instance, many units now 
include a reasonably good fre
quency counter. Also, peak de
tection, a feature that's usually 
found in digital oscilloscopes, is 
now available in a number of 
DMMs at a much lower cost 
than an oscilloscope. Some man
ufacturers are even adding 
switch matrix cards to their 
DMMs. 

"We found that a lot of our 
customers need to do multiple
point testing, and plugging a 
switch card into the DMM low
ers their development cost and 
time considerably," notes Pin
kerton. "Ease of use is also sig
nificantly better because they 
have only one instrument to 
work with." 

T
oday, users can also pur
chase more performance 

for the DMM dollar. Engineers 
who had to settle for 4-f /2-digit 
resolution a few years ago can 
now afford to replace that in
strument with a 5-1/2- or 6-1/2-
digit unit. This price perfor
mance improvement is especial
ly important in applications 
where measurement speed is 
critical, because resolution is 
typically traded off for increased 
speed. 

Microprocessors are largely 
responsible for the DMMs' 
boost in functionality. As is the 
case in digital oscilloscopes, 
more and more DMMs include 
multiple processors. One device 
may act as a CPU. A separate 

whether its performance match
es the intended application. The 
basic specifications include 
ranges, accuracy, and resolu
tion, plus bandwidth for ac mea
surements. "Users of high-per
formance DMMs are much 
more likely to dive into the 
specification sheet," says Keith
ley's Pinkerton. "If it doesn't 
have that 20 ppm of accuracy on 
de, they're not going to look at 
it." Atthe high end of the system 
line, however, users must also 
look at several other factors, 
such as the instrument's "intelli
gence," speed, and trigger capa
bility. 

Because a high-end system 
DMM will most likely be linked 
to a computer, the instrument's 
intelligence is important to the 
overall system performance, ac
cording to Dixon Hill, Hewlett
Packard's product manager for 
DMMs. Users should know how 
many commands the meter can 
handle. They should also know 
whether part of their measure
ment program can be download
ed into the instrument so that it 
can run without repeated com
munication with the host com
puter, says Hill. 

The DMM's cost may be a 
small fraction of a total mea-
surement setup's price, includ
ing the software cost. Therefore, 
the test engineer needs a DMM 
that has predictable perfor
mance and will behave well on 
the bus. "They want an instru
ment that works cleanly on the 
bus, one that doesn't hiccup or 
lose commands," says Fluke's 
Haug. Most major manufactur
ers offer clean instruments with 

microprocessor may be used to logical command structures. 
ensure that data transfers over 
the bus are as fast as possible. A T he DMM's own speed 
third device might be needed to specifications are the next 
run a more complex, multiline concern. There are two factors: 
display. By using several dedi- the instrument's basic measure
cated processors, the DMM can ment speed and how fast the 
perform its newly acquired func- DMM can make function/range 
tions without compromising changes. The latter is particular-
speed. ly important in automated test 

Of course, the first consider- setups that will make measure
ation when choosing a DMM is ments over a wide range of val-

Using dedicat
ed processors 
allows a DMM 
to perform its 

newly acquired 
functions with· 

out compro
mising speed. 

ues or even among different pa
rameters. Together, instrument 
speed and intelligence will deter
mine the DMM's effectiveness 
in a system environment. 

Finally, a user looking at 
high-end DMMs should exam
ine the instruments' trigger ca
pabilities. Sophisticated test 
programs may require multilev
el trigger conditions to capture 
measurements at the desired 
time or location on a waveform. 

Although ease of use is a con
cern for all test engineers, it's not 
usually a prime criterion for top
of-line system DMMs. " I think 
that people are willing to give up 
some ease of use on the high end 
for more measurement sophisti
cation," says Hill. 

But at the next tier, the mid
dle-level system DMMs, users 
expect more ease of use. "I don't 
need all that speed and sophisti
cation and maybe not the linear
ity and the stability that I need 
on the high end," explains Hill. 
"But I want something more 
than just the basic product." 
Though their specifications will 
be a little looser, these middle
level instruments can include 
such features as internal switch 
cards and the ability to down
load subroutines. 

On the other hand, low-end 
system DMMs consist of"work
horse products" that make the 
standard voltage, current, and 
resistance measurements, says 
Hill. Engineers using these in
struments typically make lots of 
measurements from the front 
panel, even though the meters 
can be linked to computers and 
used in a rack-mounted system. 
Hill notes that feedback from 
buyers ofHP's entry in this cate
gory, the HP 3478, shows that 
70% of them are used on bench
es rather than in systems. 

HOW VALUABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE 53 1 
CIRCLE 532 
CIRCLE 533 
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30 Years of High Performance Solutions Made Slmple by Semtech 
Contact Customer Service for Your Nearest Representative and Distributor. 
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Finally, engineering software that clears the 
way to problem solving without programming. 

return; } 

main () { 
int busid, stat, MTA, MLA; 
char conunand[MAXCHARS]; 

busid=open ( 11 /dev/hpib7 11
, O_RDWR); / * open raw HP-1lS£~-; 

MTA=hpib_bus_status(busid, CURRENT_BUS_ADDRESS) + 64; 
MLA=hpib_bus_status(busid, CURRENT_BUS_ADDRESS) + 32; 
stat = BUTTON_BIT ; 
sprintf(conunand, 11 KM%020 11

, stat);/* 2 octal digits*/ 

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

Q 1991 Hewlett-Packard Co. TMMSO IOSNED 

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

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 algorithms-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 124 FOR U.S. RESPONSE 
CIRCLE 125 FOR RESPONSE OUTSIDE THE U.S. 

general-purpose tool for analysis 
and presentation of existing data. 
HP VEE-Test includes HP VEE
Engine and adds extensive 1/0 
capability, including soft panels 
and device 1/0 objects for $5,000*. 

So, if progranuning is keeping 
you from solutions, call 1-800-
752-0900. Ask for Ext. 2382, and 
we'll send a brochure on clearing . 
the way with HP VEE. 
* U.S. list prices. 

There is a better way. 

Ff/~ HEWLETT 
~all PACKARD 



Wring The Most Performance 
From Your DMM Users must learn how to take advan

tage of today's more powerful DMMs. 

B Y D A L E CI G 0 Y 
Keithley Instruments Inc., 28775 Aurora Rd., Cleveland OH 44139; (216) 248-0400. 

Modern digital multi
meters (DMMs) offer 
more sensitive measure

ments and more sophisticated 
features than ever before. The 
measurement realm of the 
DMM now includes lower volt
ages (microvolt to nanovolt), 
lower currents (nanoamp), and 
higher resistances (100 MO). 
The instruments make these 
measurements with a wide vari
ety of speed options, resolutions, 

on the display is 100 nV. On the 
other hand, 7-1/2-digit and 8-1/ 
2-digit DMMs typically offer a 
sensitivity of 10 nV. So the reso
lution of an 8-1/2-digit meter is 
100 times that of a 6-1/2-digit 
meter, but the sensitivity is only 
better by a factor of 10. The re
sult is an effective resolution 
lower than the specified resolu
tion on the most sensitive range 

even small voltage differences 
can create large measurement 
errors. For example, at 10-µ V, a 
2-µ V offset caused by tempera
ture gradients results in a 20% 
error. 

A copper-to-copper junction 
has the smallest thermoelectric 
potential. But a typical junction 
of a test lead made of stranded 
copper wire and a beryllium-

filters, noise reduction tech
niques, programmable integra
tion, internal memory, and mul
tiplexing features. But to take 
advantage of these exceptional 
specifications and features, us
ers must employ new tech
niques. Simply connecting test 
leads to a circuit may not be 
enough to obtain the specified 
accuracy. 

Test lead High input jack 
1. If the circuit test 
points, test leads, and 
DMM input jacks are 
made of dissimilar 
materials, four ther
mocouple junctions re
sult. Temperature gra
dients across these 
junctions can cause 
measurement inaccu-

Material A (Material 8) (Material C) 

J1 Jl 
DMM 

J2 J4 

Testlead Low input jack 

racies. 
Material A 

(Material B) (Material C) 

For potentials greater than a 
few millivolts, de voltage mea- (Table 1). On higher voltage 
surements can be made by set- ranges the difference isn't as no-
ting the voltmeter to the proper ticeable. 
range, connecting the input The effect of the test setup 
leads across the potential in the must also be considered. For 
circuit, and reading the display. low-voltage measurements, 
But a number of applications- thermoelectric voltages are the 
including thermocouple mea- most common source of error. 
surement, superconductivity, These voltages occur when con-
and standard-cell compari- ductors made of dissimilar ma-
sons-involve measurements in terials are joined together and a 
the sub-millivolt range. Achiev- temperature gradient exists be-
ing the needed accuracy and res- tween them. For example, if the 
olution at these lower voltages circuit test points, the test leads, 
requires not only higher-perfor- and the DMM input jacks are of 
mance DMMs, but also more so- dissimilar materials, four ther-
phisticated techniques. mocouple junctions are created. 

brass jack could produce several 
microvolts of offset. Therefore, 
constructing test setups with 
conductors of similar materials 
would be an ideal solution. 

If this isn't possible, other 
steps can be taken. For instance, 
low-thermal cadmium-tin sol
der has a thermal EMF 10 times 
lower than that of lead-tin sol-
der. In addition, connections 
made by crimping copper 
sleeves and lugs results in cold
welded copper-to-copper junc
tions that generate even less 
thermal EMF (Table 2) . 

Resolution isn't the only fac- Differential heating of junctions o bviously, temperature 
tor to consider when measuring J 1 and J 3 with respect to J2 and J 4 gradients within the test 
voltages at this level. A 6-1/2- generates thermal voltages that setup should be minimized. Test 
digit DMM with a 200-m V appear in series with the source's leads, cables, and fixtures 
range could resolve 200.0000 voltage (Fig. 1). should ideally reach thermal 
mV. The least significant digit In the sub-millivolt range, equilibrium with the DMM and 
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• DMM CAPABILITIES • 

DMM 

High input Low input 

Shield connected 
to DMM low input 

,------, I 
I Circuit 

under 

..=_Voltage 
source 

I test I 
L ____ _J 

Noise shield 

other test instruments. One 
technique is to place all junc
tions in close proximity and pro
vide good thermal coupling to a 
common, massive heat sink. 
Coupling must be through elec
trical insulators with high ther
mal conductivity. Most com
mon electrical insulators, how
ever, aren't good heat conduc
tors. So special insulators such 
as hard anodized aluminum, be
ryllium oxide, specially filled ep
oxy resins, sapphire, or dia
mond, must be used. 

In addition , allowing test 
equipment to warm up and 
reach thermal equilibrium in a 
constant ambient temperature 
minimizes thermal EMF effects. 
When the test system is in ther
mal equilibrium, any remaining 
thermal EMF will be relatively 
constant with respect to time. 
Therefore, it can be compensat
ed by zero controls on the instru
ment. To keep the ambient tem
perature constant, equipment 
should be kept away from direct 
sunlight, air-conditioning ducts, 
and similar sources of hot or 
cold air. Wrapping connections 
in insulating foam, such as poly
urethane, also minimizes tem
perature fluctuations due to air 
movement. 

To summarize, engineers can 
diminish thermal effects in high
performance DMMs by follow
ing some simple rules. The high
and low-connection test lead 
wires should be made of the 

2. A simple but effec
tive shielding tech
nique is to enclose the 
circuit under test in a 
metal box, which is 
connected to the low 
input jack. 

same material, the temperature 
differentials across the measure
ment system should be lessened, 
and the DMM should be al
lowed to stabilize on the re
quired range for about five min
utes. Moreover, the proper mea
surement range should be used 
to avoid overloading the attenu
ator components. Users should 
also periodically inspect connec
tions and remove copper oxide 
or other corrosion products that 
will create thermal EMFs. 

As mentioned earlier, today's 
DMMs run much faster than 
their counterparts of just a few 
years ago. A typical 4-1/2-digit 
multimeter in the early 1980s 
could make fewer than 10 read
ings per second. In the late 
1980s, speed increased to about 
100 readings per second. Today, 
many 4-1/2-digit meters have 
reached the 1000 reading per 
second mark. In fact, some me
ters surpass this, but they're gen
erally lower-resolution , high
speed digitizers such as digital 
storage oscilloscopes. 

Several factors, however, in
fluence measurement speed. Us
ers must understand these fac
tors. They must also compre
hend how the measurement set
up affects them and, therefore, 
the actual measurement speed 
that can be attained. 

One important consideration 
is analog settling time. Because 
connecting a multimeter to a de
vice under test causes a step 
change in the measurement cir-

Specified 

cuit, a transient with the stan
dard RC time constant will re
sult. The resistance is typically 
the input resistance of the multi
meter and other stray resistance. 
The capacitance is distributed 
capacitance due to the multi
meter, the cabling, and other 
components. For an accurate 
reading, several time constants 
must elapse between the connec
tion of the instrument and the 
measurement conversion. 

Filter settling time must also 
be considered. Because any fil
tering done by the multimeter is 
subject to transients in the mea
surement circuit, the input filter 
must stabilize before an accurate 
measurement can be made. Fi
nally, once the signal and filter 
have stabilized, the analog-to
digital conversion time will af
fect the time required to make a 
measurement. 

To take advantage of a 
DMM's high specified 

measurement speed, users must 
configure the meter in certain 
functions and modes. In general, 
the top speeds are attainable 
only at the meter's lower resolu
tions and only when storing data 
into internal memory. 

As noted, the status of the 
measurement filter, whether an
alog or digital , affects the 
DMM's speed . And users 
should know that the filter may 
be enabled without their knowl
edge. For example, some meters 
have an internal filter in addi-

Effective 
resolution Performance Sensitivity Noise floor resolution• 

s'h Low 1 µV 10µV 4'/2 
s'h Typical 1 µV 5µV 51

/ 2 

s'/z Best 100nV 2µV s'/z 
6'/2 Low 1 µV 10µV s'h 
61

/ 2 Typical 100nV 3µV 6'/z 
61

/ 2 Best 100nV 2µV 61
/ 2 

7'/2 Low 100nV 4µV s1
/ 2 

71/2 Typical 10nV 1.2µV 61
/ 2 

71/2 Best 10nV 800nV 6'/2 

s1
/ 2 Low 100nV 1 µV 6'/2 

s1
/ 2 Typical 10nV 200nV 71/2 

s1
/ 2 Best 10nV 100nV 71/2 

'Usable resolution without the noise floor 
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tion to a "front-panel" filter. An 
indicator light normally shows 
whether the front-panel filter is 
enabled. 

An internal filter, which is 
usually enabled in the high-reso
lution modes, ordinarily doesn't 
have a front-panel indicator. In 
fact, users may not know that 
the meter has an internal filter or 
when it's enabled unless they 
check the instrument's instruc
tion manual. As a result, high
resolution readings are typically 
slower than low-resolution 
readings. But an enabled filter 
will slow down both high- and 
low-resolution measurements. 

DMMs use several types of 
analog-to-digital converters 
(charge balance, dual slope, re
circulating remainder, etc.), al
though most are variations on 
the integrating converter. The 
integrating ADC cycle includes 
several phases: 

1. During the reference phase, 
the converter checks the refer
ence voltage. 
2. In the signal phase, the device 
integrates the signal in the pre
scribed time. 
3. In the zero phase, it checks the 
value of zero for offset correc-
ti on. 
4. Finally, the converter takes all 
of the data from each phase and 
calculates the reading. 

Normally, the DMM uses a 
multiplexing scheme to route 
signals through these phases. 
Some meters let users eliminate 
the reference and zero phases, 
which increases the conversion 
speed considerably. However, if 
the reference and zero aren't 
checked on each conversion, the 
measurement may drift over a 
period of time. For fast reacting 
experiments, this usually isn't a 
problem. To optimize perfor
mance, users should stabilize the 
circuit by allowing the multi
meter to warm up and reach 
thermal equilibrium. At ther
mal equilibrium, there's less 
drift on the measurement. 

• DMM CAPABILITIES • 

noise, at the DMM's input can 
also adversely affect measure
ments. The general term for 
electromagnetic interference 
over a wide range of frequencies 
is radio-frequency interference 
(RFI). RFI can be particularly 
troublesome at low signal levels, 
but a severe RFI problem can 
also affect measurements at high 
signal levels. The high input im
pedances of high-end DMM's-
10 GO on some ranges-aggra
vate RFI problems. 

Zero delay 

Positive delay 
(post-trigger) 

Trigger point 

(1) 

Measurement 
starts here 

Trigger point 

Measurement 
starts here 

~ 
Delay 

RFI is caused by such sources 
as radio or TV signals and some 
types of electronic equipment, 
including microprocessors and 
high-speed digital circuits. In
terference also results from im
pulse sources, like arcing high
voltages. Even ac line voltages 
can cause interference in some 
environments. 

1111 

Shielding is a good way to 
stop electromagnetic fields from 
interfering with the measure
ment. Shields can be built to en
close the circuit being measured, 
the measuring instrument, and 
even the person running the ex
periment. Generally, however, 
shielding the circuit under test 
and the measurement equip
ment is sufficient. 

Measurement 
starts here 

Negative delay 
(pre-trigger) 

Trigger point 

(C) 

A simple metal box enclos- 3. Some more sophis- the characteristics of the signal 
ing the circuit under test is ticated DMMs include from the circuit under test. 

a trigger delay fea-
probably the easiest shielding ture. Users can then As noted, however, filters de-
technique. The box can be built start the measurement crease measurement speed and 
as an extension of the meter's at the trigger point reduce response time. The effect (a), after the trigger 
low-input connector, with that (b), or before the trig- on measurement speed depends 
lead connected to the metal ger (c). on the type of filter employed. 
shield (Fig. 2). If circuit low is For example, a running-average 
not floating above ground, the filter averages a number of sam-
shield may also be connected to pies to get one "good" reading. 
earth ground for safety pur- The filter buffer must fill before 
poses. Using a coax cable to sur- the readings are averaged. This 
round the DMM's high input is delays the first good reading, but 
also a good idea. after the filter buffer is full, the 

Noise that does get to the in- meter runs at the programmed 
put can be filtered by either in- speed. 
ternal or external filters. Nu- To hasten the response to 
merous filter types can be large step changes, some filters 
used-weighted average, run- place a "window" around the 
ning average, and exponential displayed average. As long as 
filters, for example. Each type the new samples being stored in 
has its own special attributes, so the filter buffer are within this 

External interference, or filters should be chosen based on window, the displayed value is 
ELECTRONIC DESIGN• TEST & MEASUREMENT SPECIAL EDITORIAL FEATURE• AUGUST 22, 1991 

m 



Materials 

Cu-Cu 
Cu-Ag 
Cu-Au 
Cu-Cd/Sn 
Cu-Pb/Sn 
Cu-Cu/Zn 
Cu-Kovar 
Cu-Si 
Cu-CuO 

based on the weighted average. 
But if a new sample is outside of 
this window, the filter buffer is 
cleared, and must fill again with 
new samples before a good read
ing is available. 

External filters can also be 
used to reduce the noise on the 
input signal. A simple RC filter 
is a common choice. Again, 
many types of analog filters are 
available, depending on the ap
plication and whether the prob
lem is low-frequency noise, like 
power-line anomalies, or high
frequency noise, like RFI. 

Another consideration that 
becomes more important when 
making sensitive DMM mea
surements is nulling of offsets. 
Offsets abound in measure
ments. Fortunately, most multi
meters incorporate a feature 
known as null (also zero, rela
tive, or suppress), which "nulls 
out" the offset of the measure
ment circuit. Users must exer
cise care when they want to 
check the null with such factors 
as time and range. 

The simplest explanation of 
offsets and how they are nulled 
may be for low-resistance mea
surements. Shorting the test 
leads together shows the test
lead resistance on the display. 
Using the null feature cancels 
the test-lead resistance and sub-

• DMM CAPABILITIES • 

Potential 
(µ.V/"C) 

< 0.2 
0.3 
0.3 
0.3 
1 to3 
1 to 3 
40 
400 
1000 

_( 

Source 

offsets are properly nulled is 
fairly standard: 
1. Disable the null feature. 
2. Select the range that will be 
used. 
3. Connect the test leads to the 
DMM input. If four-wire resis
tance measurements are to be 
made, short all four wires to
gether at the measurement 
point. Allow the thermal EMFs 
to stabilize. For higher-resolu
tion meters (6-1/2 digits and 
above), Kelvin test leads or 
shielded leads should be used 
where appropriate. 
4. Enable the null feature. 
5. Remove the short and con
nect the test leads to the signal or 
resistance to be measured. 

Although each step of this 
procedure is important for prop
er zeroing, it's especially critical 

Computer 

IEEE-488 bus 

Signals 
Multiplexer 

I II II I Signals 

Circuit 
under 
test 

end DMMs has increased to 
where they resemble a DSO, al
though with a much lower band
width. As a result, users can set 
the meter to trigger at a certain 
point on the input signal, but ei
ther delay the meter from start
ing the analog-to-digital conver
sion or analyze the signal just 
prior to the trigger. 

The relevant parameter is the 
trigger delay, which tells the in
strument where to begin storing 
readings relative to the trigger 
point. If the trigger delay is zero, 
no delay occurs. If the parame
ter is negative, then pre-trigger
ing will occur and the meter will 
store readings taken just before 
the trigger point. If the parame
ter is positive, post-triggering is 
in effect and the measurement 
sequence begins at a pro-

I 
Signals 

DMM 

4. For more complex to allow the reading to stabilize. grammed time after the trigger 
::::.~~~t~:St~!~s~~~- Otherwise, the measurement (Fig. 3). 
proach may be best. could drift over time, because Finally, engineers involved in 
Typically, the DMM the zero value would remain test and measurement should 
and other instrumen-

tracts this "offset" from every talion is connected to constant but the offset would consider a systems approach to 
subsequent reading. The process a computer that acts still be changing. DMM setups. Although virtual-
is similar for other DMM mea- as a controller. ly any measurement can be 
surement functions: de and ac A relatively new feature made manually using simple in-
voltage, and de and ac current. found on more sophisti- struments, in some cases it takes 
Some meters, however, require cated DMMs is pre- and post- a considerable amount of work. 
that the null feature be used for trigger capability. In the past, Often, a systems approach-
each range to achieve specified this feature was exclusive to dig- connecting instruments togeth-
accuracy. ital storage oscilloscopes er through the IEEE-488 bus 

The procedure to ensure that (DSOs). But the speed of high- and using a computer as a con-
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Two new ways 
for you to 

make sensitive 
LCZ measurements. 

Even if 
you're sensitive 

about price. 

Keithley has found a 
way to fit accuracy and 

value into the same LCZ meter. 
In fact, we've found a couple of ways. 

Introducing the affordable Keithley 
LCZ meters: a benchtop Model 3321 and a 

multifeatured Model 3322. Both deliver 0.1 % 
basic accuracy, 4-112-digit resolution, 

automatic setting of function and equivalent 
circuits, multiple test frequencies, and more. 

The 3322 adds binning and deviation 
capabilities, plus other value features. 

Now, make reliable measurements with ease. 
Obtain more accurate test results. And, have 

some money left in the budget - maybe for 
some Keithley test fixtures? 

Looking for a meter to make sensitive AC 
measurements? Talk toa manufacturer 

that's also sensitive about price. Call 
Keithley Instruments at 1-800-552-1115. 

KEITHLEY INSTRUMENTS 
CIRCLE 136 FOR U.S. RESPONSE CIRCLE 137 FOR RESPONSE OUTSIDE THE U.S. 



Frankly Fenton . when I named 
you Manager of excess inventory. 
this isn 't what I had in mind. 

--···- ··- ·--t 
. EXCESS ,. 

ahd . 
OBSOLETE I 

- INVEHfoR'{ I 
! 

? 

Turn your excess inventory into a 
substantial tax break and help 

send needy kids to college as well. 

Call for your free guide to learn how 
donating your slow moving inventory can 

mean a generous tax write off for your company. 

Call 708-690-0010 
Peter Roskam 

Executive Director 

E&L 
P.O. Box 3021 , Glen Ellyn, IL 60138 

Fax (708) 690-0565 

Excess inventory today ... student opportunity tomorrow 

•DMM 
CAPABILITIES • 

troller-is a better solution. 
For instance, data obtained 

from such a setup can be stored, 
modified, used in calculations, 
and output to other devices. Not 
only can the automated system 
collect data much faster than a 
manual system, the computer's 
data-processing ability can elim
inate the need for manual com
putations. 

Also, eliminating the labori
ous, time-consuming task of set
ting instruments by hand should 
reduce the number of mistakes. 
Carefully written software can 
virtually eliminate errors. And 
with the proper software, repeti
tive test procedures can be com
pletely automated. This is espe
cially useful in production test
ing, when many components or 
assemblies must be tested. Once 
a test procedure is automated, 
little operator skill is required to 
perform complex tests. Typical
ly, only a simple go/no-go signal 
is needed. 

In general, the systems ap
proach requires the user to think 
through the measurement se
quence, connections, and accu
racy requirements. A key con
sideration is selecting the appro
priate instruments. Although 
systems vary from application to 
application, they generally in
volve connecting all devices to 
one bus, with the inputs and out
puts in the appropriate locations 
(Fig. 4) . Though various instru
mentation buses have been de
veloped, the IEEE-488 bus is the 
most widely used for multi
meters. 

Dale Cigoy, an applications engi
neer at Keithley Instruments, re
ceived his bachelor's degree in 
electronic engineering technolo
gy from Capitol College, Laurel, 
Md. 

HOW VALUABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE 537 
CIRCLE538 
CIRCLE 539 
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We put SoftBench on Sun. 
So you can put your CASE 
on autopilot. 
SoftBench automates all those 
tedious, repetitive tasks in the 
software development process. 
This gives your developers 
more time to think and speeds 
up the project life cycle, while 
reducing errors 
and rework 
And now it 
runs on 

Sun SPARCstations, as well as 
HP and Apollo workstations. 
A tool integration platform, 
with its own set of tools, Soft
Bench provides distributed 
computing services, tool com
munication, and a common user 
interface that's easy to learn 
and 'l!Se. Add Encapsulator, and 
you can integrate your favorite 
CASE tools. Now and in the 
future. Without even having to 
change source code. 

CIRCLE 202 FOR U.S. RESPONSE 
CIRCLE 203 FOR RESPONSE OUTSIDE THE U.S. 

SoftBench will make your soft
ware development process far 
more efficient, cost-effective 
and accurate than ever before. 
It will protect your present and 
future hardware and software 
investments, too. 
Call 1-800-637-7740, Ext. 
2196 for complete product 
information. And get the best 
CASE environment under 
the Sun. 

F//0- HEWLETT 
~~ PACKARD 

C> 1991 Hewlett-Poackard Company CSSEOOl 



WHO NEEDS 
THE SIGNAL 
PROCESSING 
WORKSYSTEM? 

Anyone involved in DSP and communications design can benefit 
from the Signal Processing WorkSystem~ Because SPW'" is the only 
complete, integrated CAE software tool for signal processing design, 
simulation, analysis and implementation. 

Satellite communications. Modems. Mobile radios. Cellular phones. 
Radar. Sonar. Speech encoding. Voice processing. Image processing. 
Digital audio. Multimedia. Automotive electronics. Robotics. Neural 
nets and pattern recognition. Data compression. HDTV Biomedical 
instrumentation. All these and much more can be designed using 
SPW on industry-standard platforms from Sun, DEC and HP/Apollo. 

That's why over 200 of the world's leading telecommunications, 
aerospace and electronics companies around the world now use SPW 

With SPW you first create a high-level, hierarchical design using 
its extensive libraries of DSP and communications function blocks, 
as well as your own custom blocks. SPW then automatically converts 
your design into an error-free simulation program that can accept 
real-world signals and parameters for accurate design analysis. 

SPW also provides several optional paths to implementation, 
including bit-accurate fixed-point simulation, VHDL generation, logic 
synthesis and other ASIC/PCB support. A code generation system 
produces generic-C for fast prototyping on any DSP platform, links 
SPW to DSP chips from AT&T, Motorola and TI, and supports boards 
from leading vendors. 

To preview the Signal Processing WorkSystem, call ( 415) 574-5800 
for a free video demonstration tape. In fifteen minutes, you'll see 
how SPW can save hundreds of hours and thousands of dollars in 
DSP design. 

C ffiDl/CO® 
SYSTEMS,INC 
919 East Hillsdale Blvd. , Foster City, CA 94404 ( 415) 574-5800 
CIRCLE 114 FOR U.S. RESPONSE CIRCLE 115 FOR RESPONSE OUTSIDE THE U.S. 
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DIGITAL MULTIMETERS 

De volts/amps Ac volts/amps Resistance 

Digits/ Accuracy 2 Max Accuracy 2 Max Max 
Manufacturer Model/Price Frequency1 (V/A) (V/A) (V/A) (V/A) Accuracy2 (MD) Remarks 

American Reliance Inc. 160H/ 3'/21 0.5% 1000/10 1% 750V/10 0.5% 20 
9952 E. Baldwin Pl. $89.95 50-1000 Hz 
El Monte, CA 91731 

3000/ 33/4/ 0.5% 1000/20 1% 750/20 0.3% 40 (800) 654-9938 
(818) 575-5110 $129.95 50-1000 Hz 

170NL/ 3'/21 0.1% 1000/10 0.5% 750/10 0.25% 20 True RMS. 
$149.95 50-1000 Hz 

3010/ 33/4/ 0.25% 1000/20 1% 750/20 0.3% 40 4-MHz counter. 
$149.95 50-1000 Hz 

250NL/ 41/2/ 0.05% 1000/10 0.5% 750/10 0.1% 20 True RMS. 
$199.95 50-1000 Hz 

3100/ 33/41 0.25% 1000/20 1% 750/20 0.3% 40 400µA and 4 mA ranges; 
$199.95 50-1000 Hz drop proof. 

700T/ 41/2/ 0.05% 1000/10 0.5% 750/10 0.1% 20 True RMS; 200-kHz 
$199.95 50-1000 Hz counter. 

3200/ 33/4/ 0.25% 1000/20 1% 750/20 0.3% 40 Contamination- and water 
$229.95 50-1000 Hz resistant. 

3130/ 33/41 0.25% 1000/20 1% 750/20 0.3% 40 4-MHz counter; capaci-
$239.95 50-1000 Hz lance measurement. 

Analogic lnc./Data Precision DP100/ 5'/2/ 0.003%/ 450/2 0.25%/0.6% 450/2 0.007% 20 True RMS; 25-MHz 
8 Centennial Dr. $595 20 Hz-50 kHz 0.05% counter; RS-232; digital 
Peabody, MA 01961 filter; 4-wire resistance. 
(508) 977-3000 

Beckman Industrial Corp. DM27XL/ 31/2/ 0.5%± 1/ 1000/10 1.2%± 3/ 750/ 10 1.2% 2000 20-MHz counter; capaci-
3883 Ruffin Rd. $109 45 Hz-500 Hz 0.75%± 1 1.8%± 4 lance measurements. 
San Diego, CA 92123-1898 

RM2725/ 4/ 0.25%±31 1000/10 2.5%± 8/ 750/10 0.5%± 1 40 True RMS. (619) 495-3200 
$149 45 Hz-30 kHz 0.75%± 8 1.7%± 8 

HD153/ 3'/2/ 0.25%± 1/ 1500/10 0.75%± 3/ 1000/10 0.5%± 2 20 Transient, overload pro-
$169 45-1000 Hz 0.75%± 1 1.5%± 2 tection; waterproof. 

HD110/ 3'/2/ 0.25%± 1/ 1500/10 0.75%± 3/ 1000/10 0.5%± 1 20 Same as HD1 53. 
$209 45-5 kHz 0.75%± 1 1.5%± 3 

B&K Precision 2703/ 3'/zt 0.8% 1200/10 1% 850' /10 1% 20 Diode test; 'RMS. 
6470 W. Cortland St. $44 50-500 Hz 
Chicago, IL 60635 

28028/ 3'/2/ 0.7% 700/ 2.3% 700' /N.A. 2% 20 Probe style; diode test; (312) 889-1448 
$64 40-500 Hz N.A. data hold; 'peak. 

2704/ 3'/21 0.5% 1200/10 1% 850' / 10 1% 20 Capaci tance diode, tran-
$65 50-500 Hz sistor tests; 'RMS. 

2701/ 3'/zt 0.5% 1100/ 1.25% 1100' / 0.75 2 'RMS. 
$69 40-500 Hz 0.25 0.25% 

2905/ 31/2/ 0.5% 1200/10 1.25% 850' /10 0.7% 20 Capacitance, diode, tran-
$79 40-1000 Hz sistor tests; 'RMS. 

340A/ 31/z/ N.A. N.A. 1% 850/300 1% 0.002 Data hold; ac clamp me-
$95 50-60 Hz ter. 

2860/ 3'/2/ 0.5% 1200/20 1.25% 750' /20 0.75% 20 Diode test, 'RMS. 
$99 40-500 Hz 

2906/ 31/z/ 0.25% 1200/10 1% 850'/10A 0.5% 20 Diode, transistor, temper-
$99 40-1000 Hz ature tests; 'RMS. 

2911/ 33/41 0.5% 1200/10 2% 850' / 10 1% 40 Diode testk; bar graph; 
$99 45-1000 Hz 'RMS. 

377/ 3'/zt 0.5% 1000/10 1% 750'/10 1% 2000 200-kHz counter; 'RMS. 
$99 50-500 Hz 

350A/ 31/2/ 0.5% 1200/ 1.2% 850/1000 1.2% 0.2 Clamp meter; peak and 
$120 40-500 Hz 1000 data hold; diode test. 

388-HD/ 3'/2/ 0.5% 1200/20 1.25% 800' /20 0.75% 2000 200-kHz counter; 'RMS. 
$129 40-1000 Hz 

2912/ 33/4/ 0.3 1200/10 1 850' /10 0.3 40 400-kHz counter; 'RMS. 
$149 40-500 Hz 

2940/ 41/z/ 0.05 1200/20 0.75 850/20 0.1 20 Diode test; data hold; 
$160 40 Hz-5 kHz 200-kHz counter. 
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T SCSI TESTER STRESSES 
TARGET DEVICES 

The INI-350 SCSI initiator/error 
generator performs comprehensive 
stress tests on all types of SCSI tar
gets, including disk and tape drives, 
printers, and processors. The system 
works with SCSI-1 and SCSI-2 de
vices, executing standard commands 
as well as custom commands or com
mand formats . Using an NCR 
53C700 SCSI chip, the INI-350 han
dles transfer rates up to 6 Mbytes / s 
in synchronous mode and 5 Mbytes / s 
in asynchronous mode. The instru
ment can generate a wide variety of 
error conditions to test the full range 
of hardware or software conditions 

in the target and to simulate awk
ward initiator timings. The INI-350 
is available now at a price of $4900. 

A ncotCorp. 
115 Constitution Dr. 
Menlo Park, CA 95025 
(415) 322-5322 
~CIRCLE 495 

T DEBUG TOOL OFFERS 
GRAPHICAL INTERFACE 

Built on the standard X-windows and 
Motif interface environments, the 
Vista Grande graphical debug tool 
simplifies device debugging and lets 
test engineers troubleshoot a device 
under test. The software uses menus 
and windows to guide users to the 

DIGITAL MULTIMETERS 
De volts/amps Ac volts/amps 

Digits/ Accuracy 2 Max Accuracy 2 Max 
Manufacturer Model/Price Frequency1 (V/A) (V/A) (V/A) (V/A) 

B&K Precision 2907/ 311z1 0.1 1200/10 0.75 850* /10 
6470 W. Cortland St. $195 40-1000 Hz 
Chicago, IL 60635 

2832/ 31/1/ 0.5 1000/20 1 1000· 120 (312) 889-1448 
$195 45-500 Hz 

2945/ 41/1/ 0.05 1200/20 0.75 850/20 
$259 40 Hz-5 kHz 

2831A/ 31/2/ 0.1 1200/20 0.5 1000· 120 
$295 40 Hz-40 kHz 

2833/ 41/2/ 0.05 1000/20 0.5 1000· 120 
$356 40 Hz-50 kHz 

Datron Instruments Ltd. 1362/ 61/2/ 0.003% + 2/ 300/1 0.04%+100/ 300/1 
(Wavetek) $4065 10 Hz-1 MHz 0.03% + 10 0.03 + 10 

Hurricane Way 
1062/ 511z1 0.002%+ 1/ 1000/1 0.025%+ 10/ 1000/1 Norwich Airport 

Norwich, Norfolk $4945 10 Hz-1 MHz 0.01%+ 4 0.2%+ 100 
NR6 6JB UK 1271/ 8'/z/ 0.0007% + 0.25/ 1000/1 0.006% + 10/ 1000/1 
011-44-603-404824 $6040 1 Hz-1 MHz• 0.005 + 2 0.02 + 100 

1281/ 81/z/ 0.0003% + 2/ 1000/1 0.006% + 10/ 1000/1 
$9625 1 Hz-1 MHz 0.0025% + 2 0.02% + 100 

Extech Instruments Corp. 380501/ 31/2/ 0.5%/1.2% + 1 1000/20 1.2%+5/ 750/20 
150 Bear Hill Rd. $79 N.S. 2.5% + 5 
Waltham, MA 02154 

380165/ 3'/z! 0.5% + 1/1%+1 1000/10 1%+4/ 750/10 (617) 890-7440 
$89 50-500 Hz 2.5% + 4 

380166/ 311z1 0.5%+ 1/1%+ 1 1000/10 1%+4/ 750/10 
$99 50-500 Hz 2.5% + 5 

ACA-Clamp On/ 31/1/ 0.5%/N.A. 1000/ 1.5%/ 750/300 
$99 10-1999 Hz N.A. 2% + 4 

380168/ 311z1 0.5%+1/1% + 1 1000/20 1%+4/ 750/20 
$109 40-400 Hz 2.5%+4 

380196/ 31/z/ 0.5%/1.5% 1000/20 1.5%/ 750/20 
$119 N.S. 2.5% 

380198/ 311z1 0.5%/1.5% 1000/20 1.5%/ 750/20 
$139 N.S. 2.5% 

John Fluke Mfg. Co./ 70/ 33/•I 0.5% + 1/ 1000/ 2%+2/ 750/ 
Philips Test & Measurement $69 45-1000 Hz N.A. N.A. N.A. N.A. 

P.O. Box 9090 
73/ 311z1 0.7%+1/N.S. Everett, WA 98206 1000/10 3%+2/ 750/10 

(800) 443-5853 $99 45-1000 Hz 3%+2 

(206) 347-6100 75/ 31/2/ 0.5%+1/ 1000/10 2% + 2/ 750/10 
$139 45-1000 Hz 1.5%+2 3%+2 

(seep. 102 for key) 

function key they want to see and to 
complete a series of tests or program 
modifications without the need to re
compile. Vista Grande supplements 
the Vista Toolbox, which helps pro
grammers create, debug, and ana
lyze test programs. The new soft
ware adds a graphical interface to 
Vista Toolbox, including such visual 
cues as waveform symbols and tac
tile-looking on-screen buttons. Vista 
Grande will be supplied with all Vista 
Toolbox versions 1.6 and higher. 

Credence Systems Corp. 
47211 Bayside Pkwy. 
Fremont, CA 94538 
(415) 657-7400 
~CIRCLE 496 

Resistance 

Max 
Accuracy2 (Mfl) Remarks 

0.2 20 *True RMS; capacitance 
diode, logic tests. 

0.75 20 Capacitance, diode tests; 
*RMS. 

0.1 20 *True RMS; diode test; 
200-kHz counter. 

0.2 20 Diode test; ac voltage to 
40 kHz; *RMS. 

0.1 20 *True RMS; 200-kHz 
counter; diode test. 

0.004% + 3 10 VXI module; true RMS. 

0.003% + 1 10 True RMS; up to 200 
readings/s. 

0.001% + 0.5 1000 *Opt.; true RMS; self .cali-
bration; GPIB. 

0.0006% + 2 1000 True RMS; self calibra-
tion; GPIB. 

2% + 2 20 

5%± 10 2000 Includes logic probe. 

5%± 10 2000 Includes type K thermo-
meter. 

N.A. N.A. 

3% + 1 20 Drop-proof to 4 ft. 

3% 20 Analog arc display; extra 
large LCD. 

3% 20 

0.5% + 1 32 Bar graph; auto-ranging; 
diode, capacitance tests. 

3%+1 32 Bar graph; auto-ranging. 

2.5% t 1 32 Diode, continuity tests; 
bar graph; auto-ranging. 

(continued on p. 97) 
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DIGITAL MULTIMETERS 

De volts/amps Ac volts/amps Resistance 

Digits/ Accuracy 2 Max Accuracy 2 Max Max 
Manufacturer Model/Price Frequency1 (V/A) (V/A) (V/ A) (V/A) Accuracy2 (M!1) Remarks 

John Fluke Mfg . Co./ 21/ 3'/21 0.5%+1/ 1000/10 2%+2/ 750/10 2.5%+1 32 Diode, continuity tests; 
Philips Test & Measuremenl $139 45-1000 Hz 1.5%+2 3%+2 bar graph; auto-ranging. 

P.O. Box 9090 
77/ 31/2/ 0.3% + 1/ 1000/10 2% + 2/ 750/10 2%+1 32 Diode, continuity tests; Everett, WA 98206 

(800) 443-5853 $165 45-1000 Hz 1.5% + 2 3%+2 bar graph; auto-ranging. 

(206) 347-6100 23/ 3'/21 0.3% + 1/ 1000/10 2%+2/ 750/10 2% + 1 32 Diode, continuity tests; 
$165 45-1000 Hz 1.5% + 2 3% +2 bar graph; auto-ranging. 

79/ 33/41 0.3%+1/ 1000/10 1%+2/ 750/10 0.4% + 1 32 20-kHz counter; bar 
$185 45-1000 Hz 0.5% 1.5% graph. 

29/ 33/4/ 0.3%+1/ 1000/10 1% +2/ 750/10 0.4% + 1 32 Same as Model 29. 
$185 45-1000 Hz 0.5% 1.5% 

83/ 33/4/ 0.3% + 1/ 1000/20 1% +3/ 1000/20 0.4% + 1 40 Diode; capacitance tests; 
$215 45 Hz-5 kHz 0.4% + 2 1.2% +2 200-kHz counter. 

25/ 3'/21 0.1% + 1/ 1000/10 0.05% + 3/ 1000/10 0.2% +2 32 Diode, continuity, conduc-
$225 40 Hz-30 kHz 0.75% + 2 1.5% +2 tance tests; auto ranging. 

27/ 3'/21 0.1%+1/ 1000/10 0.5% +3/ 1000/10 0.2% +2 32 Same as Model 25 plus 
$225 40 Hz-30 kHz 0.75% + 2 1.5% +2 min./max. and relative. 

85/ 33/41 0.1% + 1/ 1000/10 0.5% +2/ 1000/10 0.2% + 1 40 Diode, capacitance, duty 
$255 45 Hz-20 kHz 0.2% + 2 0.6%+2 cycle, capacitance tests. 

37 I 3'/21 0.1% + 1/ 1000/10 0.5%+3/ 1000/10 0.2% + 1 32 Diode, continuity tests, 
$269 40 Hz-30 kHz 0.75% + 2 1.5% + 2 min./max. modes. 

87/ 33/4/ 0.1% + 1/ 1000/20 0.7% + 4/ 1000/20 0.2% + 1 40 Diode, capacitance tests, 
$300 50 Hz-20 kHz 0.2% + 2 1% +2 200-kHz counter. 

PM2518/ 4/ 0.1'lo + 0.02%/ 1000/20 0.5% + 0.1%/ 1000/20 0.3% + 0.1°/,3 100 Diode, continuity tests, 
$300 40 Hz-40 kHz 0.5% + 0.1%3 0.06% + bar graph. 

0.3%3 

8024B/ 3'/21 0.1% + 1/ 1000/2 0.75% +2/ 750/2 0.15% + 1 20 Diode, conductance tests; 
$344 45 Hz-5 kHz 0.75% + 1 1.5%+1 peak hold; temperature. 

PM2618/ 4/ 0.07% + 0.02%/ 1000/20 0.4% + 0.1%§ 1000/20 0.2% + 0.1%3 100 200-kHz counter; 10-MHz 
$350 40 Hz-10 kHz 0.4% + 0.1%3 0.6% + 0.3% logic detection. 

8062A/ 4'/21 0.05%+2/ 1000/2 0.5% + 10/ 750/2 0.1% +2 300 Diode, continuity tests; 
$359 20 Hz-30 kHz 0.3% + 2 0.75% + 10 true RMS. 

8010A/ 3'/21 0.1%+1 / 1000/10 0.5% +2/ 750/10 0.5 + 1 20 True RMS ; diode, conduc-
$359 45 Hz-50 kHz 0.3% + 1 1% +2 tance tests. 

8025B/ 3'/21 0.2% + 1/ 1000/10 0.5% +3/ 1000/10 2%+10 32 Diode, continuity tests; 
$380 40 Hz-30 kHz 0.75% + 2 1.5%+2 min./max., relative. 

8012A/ 3'/21 0.1% + 1/ 1000/2 0.5% + 2/ 750/2 0.2% + 1 20 Diode, conductance tests; 
$389 45 Hz-50 kHz 0.3% + 1 1% + 2 true RMS. 

86/ 3'/21 0.3% +2/ 1000/20 1.5% +5/ 1000/20 1% +20 400 Duty cycle, RPM, pulse 
$399 45 Hz-5 kHz 1% + 2 1.5% +5 width; 200-kKz counter. 

8060A/ 41/2/ 0.04% + 2/ 1000/2 0.2% + 10/ 750/2 2%+3 300 Same as 8062A. 
$429 20 Hz-100 0.2% + 2 0.75% + 10 

kHz 

PM2718/ 4/ 0.04% + 0.0211 1000/20 0.3°/o+ 0.1 %§ 1000/20 0.15%t 100 Same as PM2618 plus 
$430 40 Hz-100 0.4% + 0.1% 0.4% + 0.3% 0.05% data hold. 

kHz 

88/ 3'/21 0.15% + 2/ 1000/20 1.5% +5/ 1000/20 1% +20 400 Same as Model 86 plus 
$459 45 Hz-5 kHz 0.8%+2 1.5% +5 smoothing, low-ohms. 

8050A/ 41
/2/ 0.03% + 2/ 1000/2 0.5% + 10/ 750/2 0.25% +3 20 Diode, conductance tests; 

$479 20 Hz-20 kHz 0.3% + 2 1% + 10 true RMS; dBm function. 

45/ 5/ 0.02% +2/ 1000/10 0.08%/ 750/10 0.05% +2 100 True RMS; diode, continu-
$635 20 Hz-20 kHz 0.05% +2 0.5% + 10 ity tests; 1-MHz counter. 

PM2525/ 51/2/ 0.02% + 0.01 %f 2000/10 0.2% + 0.1%/ 2000/10 0.1% + 2 True RMS; capacitance, 
$795 20 Hz-100 0.1%+0.05% 0.4% + 0.15% 0.05°/,3 time, continuity tests. 

kHz 

8840A/ 5'/2/ 0.004% + 4/ 1000/2 0.14% + 100/ 700/2 0.01% +3 20 True RMS opt.; up to 100 
$875 20 Hz-100 0.04% + 4 0.4% +200 readings/s. 

kHz 

8842A/ 51/2/ 0.0025% +2/ 1000/2 0.07% +80/ 700/2 0.005% +3 20 True RMS opt.; up to 100 
$1095 20 Hz-50 kHz 0.05% + 4 0.4% + 200 readings/s. 
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DIGITAL MUlTIMETERS 
De volts/amps Ac volts/amps Resistance 

Digits/ Accuracy 2 Max Accuracy 2 Max Max 
Manufacturer Model/Price Frequency1 (V/A) (V/A) (V/A) (V/A) Accuracr (M!l) Remarks 

John Fluke Mfg. Co./ PM2534/ 31/ 2-61/ 2/ 0.005% + 0.0013%/ 300/3 0.04% + 300/3 0.02% + 300 Up to 100 measurements/ 
Philips Test & Measurement $1095 40 Hz-5 kHz 0.15% + 0.01%3 0.02%/ 0.0033% s; GPIB programmable us-

P.O. Box 9090 0.2% + 0.1%3 ing English commands. 
Everett, WA 98206 

PM2535/ 31/2-61/2/ 0.005%+ 0.0013%/ 300/3 0.04% + 300/3 0.02% + 300 Same as PM2534 plus ad-(800) 443-5853 
(206) 347-6100 $1395 40 Hz-5 kHz 0.15% + 0.01%3 0.02%/ 0.0033% vance data collection, 

0.2% + 0.1%3 control, and processing. 

8840A-AF/ 5'/2/ 0.004%+ 3/ 1000/2 0.14% + 100/ 700/2 0.01% + 3 20 Up to 100 readings/ s; 
$1525 20 Hz-100 0.04%+ 4 0.4% + 200 true RMS; de voltage ra-

kHz tio. 

8920A/ 3'/21 N.A. 0.5%+/N.A. 700/N.A. N.A. N.A. True RMS; ac or ac + 
$2195 10 Hz-20 kHz de; dB measurements. 

8921A/ 3'/21 N.A. 0.5%+/N.A. 700/ N.A. N.A. N.A. Same as 8920A but with-
$2195 10 Hz-20 kHz out recorder output. 

8922A/ 3'/21 N.A. 0.5% +/N.A. 700/ N.A. N.A. N.A. Same as 8920A with low-
$2295 2 Hz-11 kHz er-frequency capability. 

8520A/ 5'/2/ 0.005% + 1/ 1000/ 0.1% t 650/ N.A. 0.007% + 2 10 Max.-min., limits tests; 
$3795 10--1000 Hz N.A. N.A. 0.03% I GPIB standard. 

N.A. 

8505A/ 7'/21 0.001%+8/ 1000/1 0.1%+ 1000/ 1 0.003% + 0.8 100 Current, ac voltage, and 
$3995 10 Hz-1 MHz 0.03%+ 10 0.012%3/ resistance opt. 

0.06% + 9 

8522A/ 5'/2/ 0.005% + 1/ 1000/ 01% t 650/N.A. 0.007% + 2 10 Same as 8520A but with 
$5885 10 Hz-1 MHz N.A. N.A. 0.03% I parallel and BCD inter-

N.A. face. 

8506A/ 7'/21 0.0006% +60/ 1000/1 0.016%/N.A. 500/N.A. 0.003% + 0.8 100 Thermal RMS for ac volt-
$7995 10 Hz-1 MHz 0.03'/o+ 10 age. 

Hewlett-Packard Co. E2373A/ 3'/21 0.5%+2/ 1000/10 1.2% + 4/ 750/10 0.7% + 1 30 Diode test; auto-ranging. 
19310 Pruneridge Ave. $99 to 500 Hz 1%+ 2 2%+ 5 
Cupertino, CA 95014 

E2377A/ 3'/21 0.3% + 2/ 1000/10 1%+ 3/ 750/10 0.7% + 1 30 Data hold; rugged version (800) 752-0900 
$169 to 1000 Hz 1%+ 2 2% + 5 (E2378A) , $189. 

HP 3468A/B/ 31/2-51/2/ 0.0072%+ 2/ 300/3 0.26% + 102/ 300/ 3 0.011% + 2 30 True RMS; auto ranging. 
$910 20 Hz- 300 0.14%+ 6 1%+ 163 

kHz 

HP 3478A/ 5'/2/ 0.004% + 2/ 300/3 0.2% + 70/ 300/3 0.011% + 2 30 True RMS; auto ranging ; 
$995 20 Hz- 300 0.11 %+ 40 0.72% + 163 up to 90 readings/s. 

kHz 

HP 3466A/ 4'/21 0.03%+ 1/ 1200/2 0.3% + 20/ 1700/2 0.03% + 1 20 True RMS; diode test; 
$1770 20 Hz-100 0.15%+ 2 0.9% + 35 auto ranging. 

kHz 

HP 3457A/ 31/ 2-6 1/2/ 0.0017%+ 6/ 300/1.5 0.13% + 300/1 0.0035%+6 3000 True RMS; 1.5-MHz 
$3260 20 Hz-100 0.02%+ 104 2800/ counter; up to 1350 read-

kHz 0.25% + ings/s. 
2800 

HP 3437A/ 31/2/ 0.05%+ 1.6/ 10/ N.A. N.A. N.A. N.A. N.A. System voltmeter; pro-
$5060 to 1 MHz N.A. vides trigger delay. 

HP 3456A/ 31/ 2-6 1/2/ 0.0015% + 2/ 1000/ 0.08'/o + 73/ 1000/N.A. 0.003% + 2 1000 True RMS; up to 330 
$6060 10 Hz- 250 N.A. N.A. N.A. readings/s. 

kHz 

HP 3458A/ 81/2/ 0.0004%/ 1000/1 0.09%/ 1000/ 1 0.001% 1000 10-MHz counter; up to 
$6595 to 10 MHz 0.0015'/o 0.03'/o 100,000 readings/s. 

HP 3455A/ 51/ 2-61/ 2/ 0.005%+ 3/ 1000/ 0.05% + 50/ 1000/N.A. 0.0035% + 5 0.01 True RMS; integrating 
$8100 30 Hz- 1 MHz N.A. N.A. N.A. system voltmeter. 

Keithley Instruments Inc. 169/ 3'/21 0.25% + 1/ 1000/2 1% + 5/ 1000/2 0.2% + 1 20 400-V input protection. 
28775 Aurora Rd . $280 45 Hz-5 kHz 0.75% + 1 1.5%+ 1 
Cleveland, OH 44139 

175/ 4'/21 0.03%+ 1/ 1000/ 10 0.5% + 20/ 750/10 0.05% + 1 (216) 248-0400 200 100-point memory; digital 
$495 20 Hz-100 0.15%+ 2 0.8% + 20 calibration. 

kH2 

179A/ 41/2/ 0.04% + 1/ 1200/20 0.5'/o + 15/ 1000/20 0.04% + 1 20 1-nV sensitivity; 15-µV 
$540 45 Hz-20 kHz 0.2% + 2 1%+ 15 pk-pk noise. 

197A/ 5'/2/ 0.011% + 2/ 1000/10 0.35% + 100/ 750/10 0.018% + 2 220 150 readings/s; 500-point 
$659 20 Hz-100 0.1 %+ 15 0.8%+ 100 memory. 

(seep. 102 for key) kHz (continued on p. I 00) 
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8ince other 12-bit ADCs need 
four tiines the SP.ace to go half as fast 

at twice the price, we use the term 
h>mpetitiorllightly. 

Maybe we are being 

a little boastful 

when we say 

that compared 

to the AD671, every 

other 12-bit monolithic ND converter is a lightweight. But see if you 

don't agree. 

The AD671 comes in a 24-pin skinny DIP package. (Other ND 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 500ns. (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 ND 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. 
CIRCLE 90 FOR U.S. RESPONSE 

CIRCLE 91 FOR RESPONSE OUTSIDE THE U.S. 

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 

inputsignalsofOto + 10V, Oto + 5 V 

or ± 5 V, and it outputs data in offset/ 
straight binary or two's complement 

format. 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. 

1111111111 ANALOG 
WDEVICES 

Analog Devices, One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106. Distribution, offices and applications support available worldwide. 



DIGITAL MULTIMETERS 
De volts/amps Ac volts/amps Resistance 

Digits/ Accuracy 2 Max Accuracy 2 Max Max 
Manufacturer Model/Price Frequency1 (V/A) (V/A) (V/A) (V/A) Accuracy2 (M!1) Remarks 

Keithley Instruments Inc. 177/ 41/2/ 0.03%+ 1/ 1200/2 0.5%+ 15/ 1000/2 0.04%+1 20 
28775 Aurora Rd . $745 45 Hz-20 kHz 0.2%+1 0.2%+1 
Cleveland, OH 44139 

199/ 41/2-51/2/ 0.006%+2/ 300/3 0.15%+200/ 300/3 0.008%+3 300 $1395 with 8-channel (216) 248-0400 
$995 20 Hz-100 0.05%+ 15 0.007%+2 scanner. 

kHz 

195A/ 31/2-51/2/ 0.025%+6/ 1000/2 0.3%+200/ 700/2 0.025%+5 20 1000 readings/s. 
$1195 20 Hz-50 kHz 0.01% + 0.5 0.04%+10 

196/ 31/2-61/2/ 0.0038%+20/ 300/3 0.15%+ 100/ 300/3 0.007% +2 300 100-point data logger; rel-
$1395 20 Hz-100 0.05% + 5 0.6%+ 100 alive references. 

kHz 

193A/ 31/2-61/2/ 0.003%+20/ 1000/3 0.35% +300/ 700/2 0.005%+20 220 1000 readings/s; second 
$2795 20 Hz-100 0.09% + 10 0.6% +300 channel opt. 

kHz 

Leader Instruments Corp. 856/ 41/2/ 0.05%±21 1000/3 0.4%±30/ 750/3 0.07%±2 30 True RMS, dBm and dB 
380 Oser Ave. $800 40 Hz-100 0.7%±2 1.7%± 40 relative. 
Hauppauge, NY 11788 kHz 
(800) 645-5104 

LCD 100/ 31/2/ 0.35% ±31 1000/ 1%± 5/ 750/0.320 0.4%±3 32 Also a 3-Msample/s 1-ch. (516) 231-6900 
$925 40-500 Hz 1%±3 0.320 1.5%± 3 DSO. 

300/ 31/2/ 0.35%±3/ 1000/ 1%±5/ 750/0.320 0.4%± 3 32 Also a 30-Msample/s 2-
$1995 40-500 Hz 1%±3 0.320 1.5%± 3 ch. DSO, data logger, and 

logic scope. 

Protek D-906/ 31/2/ 0.7%/1.5% 200/10 1.2%/N.A. 500/N.A. 1.5% Overload protection. 
P.O. Box 59 $29.95 40-500 Hz 
Norwood, NJ 07648 

D-930A/ 31/2/ 0.75%/1% 500/0.2 1.2%/1.2"/o 500/0.2 1% 20 Diode test, data hold, (201) 767-7242 
$35 40-500 Hz auto ranging. 

0-902/ 31/2/ 0.5%/0.5% 1000/10 1.2"/o/N.A. 750/10 1% 20 
$39 40-500 Hz 

D-903/ 31/2/ 0.5"/o/0.75"/o 1000/2 1.2%/N.A. 750/N.A. 0.75"/o 2 Diode test. 
$39 40-500 Hz 

D-935A/ 31/2/ 0.75%/N.A. 500/ 1.2%/N.A. 500/N.A. 1"/o 20 Diode test; data hold. 
$40 40-500 Hz N.A. 

D-927/ 33/4/ 0.3%/0.5% 1000/4 0.5%/1% 750/20 0.5"/o 40 Bar graph; capacitance 
$69 40-500 Hz test; auto ranging. 

D-990/ 31/2/ 0.5%/0.75% 1000/ 10 0.75%/1% 750/10 0.75% 20 Bar graph; auto ranging; 
$69.50 40-500 Hz data hold. 

D-945/ 41/2/ 0.05% + 2/ 1000/10 0.05% + 10/ 750/10 0.2% + 5 20 Diode test; overload pro-
$89 40-500 Hz 0.3% + 2 0.75% + 10 tection. 

D-910F/ 31/2/ 0.5%/0.5% 1000/20 0.5%/0.75% 750/20 approx. 0.3% 20 Diode, capacitance tests; 
$99.50 40-500 Hz 200-kHz counter. 

D-981/ 33/4/ 0.3%/1.5% 1000/10 1.2"/o/1.5% 750/10 0.7% 40 Bar graph; capacitance 
$130 40-500 Hz test; 1-MHz counter. 

D-4500E/ 41/2/ 0.05%/0.3% 1000/20 0.5%/0.75% 1000/20 0.2% 20 Diode, capacitance tests; 
$149 40-500 Hz 200-MHz counter. 

Simpson Electric Co. 487/ 33/4/ 0.1% + 1/ 1000/10 0.5%+2/ 750/10 0.2% + 1 30 Bar graph; data and peak 
853 Dundee Ave. $199 15 Hz-20 kHz 0.75% + 1 1.2%+2 hold ; auto-ranging. 
Elgin, IL 60120-3090 

470/ 31/2/ 0.15% + 1/ 1000/10 1% + 5/ 750/10 2% +2 20 Diode test. (708) 697-2260 
$200 45-1000 Hz 1% + 1 2%+5 

488/ 33/4/ 0.1% + 1/ 1000/10 0.75%+3/ 750/10 2%+1 30 True RMS; auto-ranging; 
$239 14 Hz-20 kHz 0.75%+1 1.5%+4 data and peak hold. 

463/ 31/2/ 0.1% + 1/ 1000/2 0.5%+2/ 750/2 0.25%+2 20 Battery or ac operation; 
$260 20 Hz-20 kHz 0.5% + 2 0.5%+2 overload protection. 

461-2R/ 31/2/ 0.1%+1/ 1000/2 0.5%+2/ 750/2 0.25%+2 20 True RMS; battery or ac 
$290 20 Hz-50 kHz 0.5%+2 1%+2 operation. 

474/ 41/2/ 0.03% + 2/ 1000/10 1% +5/ 750/10 0.4% + 2 20 Diode test. 
$300 45-1000 Hz 1%+1 2%+5 

467-2/ 31/2/ 0.1% + 1/ 1000/2 0.5%+5/ 750/2 0.25%+1 20 True RMS; differential 
$310 20 Hz-100 0.5%+1 1.5%+5 peak hold; bar graph. 

kHz 

(seep.102 for key) (continued on p. 102) 
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w catch the bugs that defy logic. 

LocKUP 

PARITY 
ERROR 

The llP16500A logic anal
ysis system shows what's 
bothering your designs. 
Power up a new design and 
you're in for a battle. That's when 
you need the HP 16500A logic 
analysis system. With one modu
lar system, you can focus mea
surement power on those press-

INCORRECT 

REGISTER 

VALUE 

UNEXPECTED 

EXCEI'TION 

ing problems. Before things get 
out of hand. 

Choose from a wide range of 
modules. The state/timing mod
ule provides advanced capabili
ties, including 100 MHz state 
speed for debugging RISC and 
high-end CISC processors. 
There's a 1 GSa/s scope for sin
gle-shot troubleshooting. A 1 GHz 
timing module for precision time
interval measurements. And pat
tern generation for functional 
testing. 

And you get the industry's broad
est microprocessor and bus sup
port ... more than 100 solutions to 
speed and simplify debugging of 
virtually any microprocessor 
based design. Plus an intuitive 

RANooM 
OUTPUT 

J 

REPEATING 

REsET 

full-color, touch-screen interface 
to make setup and operation easi
er too. 

So take control of the debugging 
process. Call 1-800-452-4844. 
Ask for Ext.2601 and we'll send 
a brochure on the analysis system 
that can catch the toughest bugs 
before they start bothering you. 

There is a better way. 

F'//0- HEWLETT 
~~ PACKARD 

* ln Canada call l-800-387~7. Dept. 429. 
0 1991 Hewlett-Packard Co. TMCOL123/ED 
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T ANALYZER MEASURES 
MICROWAVE TRANSITIONS 

The HP 71500A microwave transi
tion analyzer measures amplitude 
and phase as a function of time, fre
quency, and power for signals from 
de to 40 GHz. The two-channel, sam
pler-based instrument measures rise 
and fall times as fast as 25 ns, set
tling times, and transitions of 
switched and RF pulses. Other mea
surements include on-off ratio, de
lay, switching time, isolation, and 
peak and average power. The HP 
71500A is part of the HP 70000 modu
lar measurement system. A com
plete instrument, the HP 71500A, 
costs $42,900. The HP 70820A micro
wave transition-analyzer module 
costs $32,500, and the HP 70004A col
or display and mainframe costs 
$10,400. Delivery is in 12 weeks. 

Hewlett-Packard Co. 
19310 Pruneridge Ave. 
Cupertino, CA 95014 
(800) 752-0900 
~CIRCLE 497 

T SYSTEM DEVELOPS 680XO 
CODE ON VAX/ VMS HOSTS 

An enhanced software development 
package and a high-performance em
ulator system form an integrated 
tool chain for engineers developing 
Motorola 680XO code on VAX/VMS 
hosts. The software, Validate/XEL, 
features enhanced Status and Set 
Status commands, a scrollable view
port, better context-sensitive help, 
command history, command aliases, 
macro capability, reduced object
module load times, and the ability to 
call routines in target memory from 
macros. The EL1800 emulator sup
ports all 68000 microprocessors with 
an event monitor system, a sophisti
cated breakpoint and triggering sys! 
tern, and up to 2 Mbytes of RAM 
overlay memory. Systems are avail
able immediately starting at$35,000. 

Applied Microsystems Corp. 
5020148th Ave. N.E. 
Redmond, WA 98073-9702 
(206) 882-2000 
~CIRCLE498 

DIGITAL MOL Tl METERS 
De volts/ amps Ac volts/ amps 

Max Max Digits/ Accuracy 2 Accuracy2 

Manufacturer Model/Price Frequency1 (V/ A) (V/ A) (V/A) (V/A) 

Simpson Electric Co. 464-4/ 3'/21 0.1%+ 1/ 1000/10 1%+ 5/ 750/10 
853 Dundee Ave. $360 20 Hz-100 0.5% + 1 1.5%+ 5 
Elgin, IL 60120-3090 kHz 
(708) 697 -2260 

460-6/ 4'/21 0.07% + 1/ 1000/10 1.0%+ 35/ 750/10 
$500 20 Hz-100 0.75%+ 1 1.5% + 35 

kHz 

Tektronix Inc. DM250/ 3'/21 0.5% + 1/ 1000/10 1.25%+ 5/ 750/10 
P.O. Box 500 $135 40-500 Hz 1.5% + 3 2.5%+ 5 
Beaverton, OR 97077 

DM251/ 33/4/ 0.3% + 2/ 1000/10 (800) 426-2200 0.7% + 5/ 750/10 

(503) 627-7111 $199 40-1000 Hz 0.8%+ 4 1%+ 5 

DM252/ 33/41 0.1%+ 2/ 1000/10 0.5% + 5/ 750/10 
$219 40-1000 Hz 0.8% + 4 1%+ 5 

CDM250/ 3'/21 0.5% + 1/ 500/10 1%+ 4/ 500/10 
$345 45-500 Hz 1%+ 3 1.5%+ 4 

Yokogawa Corp. of America 7551/ 5'/21 0.005%+ 3/ 1000/2 0.2%+ 100/ 700/2 
2 Dart Rd. $895 to 100 kHz 0.07% + 20 0.5% + 200 
Newnan, GA 

7552/ 5'/21 0.005%+ 3/ 1000/20 (404) 253-7000 0.2% + 100/ 700/2 
$995 to 100 kHz 0.07% + 20 0.5% + 200 

7561/ 61/2/ 0.003%+ 15/ 1000/2 N.A. N.A. 
$1195 N.A. 0.05%+ 20 

7562/ 6'/21 0.003%+ 15/ 1000/2 0.15% + 100/ 700/2 
$1295 to 100 kHz 0.05%+ 20 0.8%+ 200 

7563/ 6'/21 0.003% + 10/ 200/ N.A. N.A. 
$1995 N.A. N.A. N.A. 

1 Response range for ac measurements. 
2 Percent or percent and digits. Best long-term accuracy, regardless of range. 
3 Percent of reading plus percent of range. 
4 Measures de in ac + de mode. 
N.A.: Not applicable. 
N.S.: Not specified. 

T NOTEBOOK ADDS 
NUMEROUS CAPABILITIES 

Labtech Notebook/XE is an extend
ed edition of the widely used general
purpose data-acquisition, analysis, 
and control software. Additional ca
pabilities in the DOS, Windows 3.0, 
and OS/2 versions of Notebook/XE 
include multiple real-time screen dis
plays, additional windows per 
screen, larger setup capabilities , 
more display types, support for re
mote instrumentation and extended 
memory, and CGI graphics drivers 
that free up more memory. In its 
Unix and VMS versions, Notebook/ 
XE takes advantage of X-Windows, 
so multiple users on X-servers can 
access the software and I/O hard
ware. Lab tech Notebook/XE is 
available within 2 weeks, starting at 
$2495 for the DOS version. 

Laboratory Technologies Corp. 
400 Research Dr. 
Wilmington, MA 01887 
(508) 657-5400 
~CIRCLE499 

Resistance 

Max 
Accuracy2 (MO) Remarks 

0.5% + 1 20 True RMS; diode test; 
overload protection. 

0.15%+ 5 20 True RMS; diode test; dB 
readings; pulse detection. 

1.5% +5 20 Diode test; analog bar 
graph; data hold. 

1.5% + 5 40 100 Hz-1 MHz counter; 
analog bar graph. 

1%+ 5 40 100 Hz- 1 MHz counter; 
analog bar graph. 

1.5% + 5 20 

0.011%+ 5 200 Memory card; GPIB or 
RS-232C. 

0.011% + 5 200 True RMS; memory card; 
GPIB or RS-232C. 

0.009% + 30 200 Memory card; GPIB or 
RS-232C. 

0.009% + 30 200 True RMS; memory card; 
GPIB or RS-232C. 

0.005% + 25 20 12 thermocouple inputs; 
platinum RTD inputs. 
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Radstone Technology Corporation 
20 Craig Road, Montvale, NJ 07645-1737 
Call Toll-Free: (800) 368-2738 
Eastern Region : (201) 391-2700 
Central Region: (708) 304-0202 
Western Region: (408) 727-4795 

A multiple syste_ms-Withill-a-syslc!m atehitecture fanning 
tightly'coup/ed sub-sysfems capable of lndepe11~nt and 
patallfl operation. ' 

The VME Sub-syste.m Bus give~ yo~ ; ., -~ ·. · 
•A proven system solution tliat'.s multi-vendor sourced and industry 

accepted. ' 
• Highly fJexible multiple bus capability today. 
•Multiple sy.ste17's within a systeln. 
•Wide range of product$: CPUs, 1/0 and memory. 
• Freeflow+ architecture that elimmates system bottlenecks. 
• Increased system efficiency: VSB for data/VME for nies~ge passing. 
If you're rooking for a way to get next generation bus architecture per
forman<:e right 'no~ look at VSB. Radstone will support your efforts with 
the world's most complete line of VME/VSB processor, VO and memory 
boards and the world's only line of Freeflow+ architecture boards. Call 
us to take advantage of the ancient wisdom of VSB ... now. 

BUSCON/91-EAST" 
SEE USAT 
BUSCOW111 EAST 
BOOTH11011 

R 
TECHNOLOGY 
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T BOARDS MAKE MAC II AN 
AUDIO SIGNAL ANALYZER 

The Audio Frequency Fourier Ana
lyzer (AFFA) is a Macintosh II-based 
2-channel, dual-display signal ana
lyzer. The analyzer includes the NB
DSP2300 digital-signal processing 
board, the NB-A2100 audio-frequen
cy data-acquisition board, and the 
Lab View 2 graphical software sys
tem. Full-power bandwidth is de to 20 
kHz, with an amplitude flatness of 
±0.015 dB. Frequency accuracy is 
within 0.01%. The AFFA kit ($7495) 
includes a run-time Lab View system 
for engineers who need an operate
only, standalone analyzer. The kit 
with the full Lab View development 
system costs $8995. The AFFA VI 
manuals alone cost $495. 

National Instruments Corp. 
6504 Bridge Point Pkwy. 
Austin, TX 78730-5039 
(800) 433-3488 or (512) 794-0110 
~CIRCLE 500 

T SOFTWARE INTEGRATES 
DEVICE-ANALYSIS SYSTEMS 

The Integrated Diagnostic Environ
ment (IDE) is a fully-integrated soft
ware environment that brings to
gether systems and equipment used 
in device analysis. The package 
works with electron-beam and fo
cused-ion-beam systems, micro
probers, scanning electron micro
scopes, emission microscopes, laser
cu tting systems and other equip
ment. All systems can be placed 
under workstation control, connect
ed by a common Ethernet backbone 
and using one software interface 
and one set of operating procedures. 
Cost depends on configuration, but 
typical systems start at $40,000. De
livery is within 90 days. 

Schlumberger Technologies 
1601 Technology Dr. 
San Jose, CA 95110-1397 
(408) 437-5129 
~CIRCLE 501 

T BOARD TESTER SUPPORTS 
MANY PROCESSOR TYPES 

With support for almost 90 micropro
cessors, the 9100FT Troubleshoot
ing TestStation tests loaded pc 
boards incorporating the latest 
RISC, CISC, and DSP devices. The 
instrument employs emulative test
ing, which emulates the micropro
cessor in the unit under test (UUT). 
Six standard techniques are used: 
signature analysis, logic-level detec
tion, frequency and event counting, 
pulsing, and vector driving. The 
9100FT can connect to the kernal in 
two ways-through a memory inter
face pod that can be easily reconfi
gured for different microprocessor 
types, or through a microprocessor
specific interface pod. Either method 
enables the 9100FT to gain control of 
the UUT's bus. A typically config
ured 9100FT Troubleshooting Test
Station costs less than $50,000. De
livery is within 6 weeks. 

John Fluke Mfg. Co. Inc. 
P. 0. Box 9090 
Everett, WA 98206-9090 
(800) 443-5853 or (206) 347-6100 
~CIRCLE502 

T SYSTEM EMULATES 
80C186/C188 AT 16 MHZ 

The Zaxpac 2000 for the 80C186/ 
C188 microprocessors offers 16-
MHz real-time emulation with en
hanced mode support. The ERX emu
lator that forms the basis of the sys
tem also supports the 80C187 copro
cessor chip. Composed of an 
emulation module (boardset) and a 
personality module, the ERX emula
tor can be configured to plug into an 
IBM PC/ AT or compatible. This ar
rangement takes advantage of the 
high-speed parallel interface offered 
by the AT bus. The emulator is avail
able with the Paradigm Systems De
bug/ERX interface, which is a cus
tomized implementation of Borland 
International's Turbo Debugger. 
The Zaxpak 2000 for the 80C186/ 
C188 costs $14, 785 with Debug I 
ERX. The system costs $12,990 with 
the ER-ICE symbolic debug soft
ware interface in place of the De
bug/ERX software. 

ZaxCorp. 
2572 White Rd. 
Irvine, CA 92714 
(800)421-0982 or (714)474-1170 
~CIRCLE 503 

If you stop for gas at Wally Bonfield's 
service station, be prepared to fill up on 
a few good stories. One of his favorites is 
how he built his retirement nestegg
with U.S. Savings Bonds, the Great 
American Investment. "Bonds have al
ways been there for me;' he says proudly. 
Become the next Great American 
Investor. Call us to find out more. 

U.S. SAVINGS BONDS 

THE GREAT AMERICAN INVESTMENT 

1-800-US-BONDS 
A publ ic service of this publication. 
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SPDT switches with built-in driver 
absorptive or reflective de to 5GHz 

Truly incredible ... superfast 3nsec GaAs SPOT reflective or absorptive 
switches with built-in driver, available in pc plug-in or SMA connector models, 
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 
are available for immediate delivery with a one-year 
guarantee. 

SPECIFICATIONS 
Price (1 -9 qty) YSW-2-50DR (pin) 

lYSW-2-50DR (connector) 

YSWA-2-50DR (pin) 
lYSWA-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 

Absorptive 

Reflective 

1000 500-
2000 

1.3 1.4 
37 40 
37 31 

20 20 

RF input, max dBm 22 22 
(no damage) 20 ("off" port), 24 (total) 

$19.95 
$59.95 

$23.95 
$69.95 

2000-
5000 

1.4 1.9 
28 

20 
24 22.5 

26 

11.ndi·ng new ways .. vswR (on), typ 1 4 1 251 11 4 1.35 1 1.4 Video breakthrough 30 30 30 30 30 
setting higher standards to RF, typ(mV p-p) o Sw1tch1ng speed, typ (nsec) I 3 o 3 o 3 o 3.0 3.0 

Mo~ n; :£~N~E ~5~!3'18) 934-4500 Fax (718) 332-4661 Telexes: 6852844 or 620156 

1.5 
30 

3.0 
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IDEAS FOR DESIGN 

CIRCLE 

521 ACTIVEBRIDGE 
USES CMOS GATES 

DAVE CUTHBERT 
Tektronix Inc., P.O. Box 500 W3/100, Beaverton, OR 97077; (503) 690-7036. 

BAT1 

+ 
BAT2 

T
his bridge circuit, using two 
CMOS hex inverter chips, 
ensures that a battery sup
plies the correct polarity, re

gardless of how the terminals are 
connected (Fig. la). All six gates are 
paralleled in inverter U 1 to form one 

80 

60 
Rs (n) 

40 

20 

low-impedance inverter. Inverter U2 
is connected in the same configura
tion. 

A simplified schematic shows that 
when BATl is positive and BAT2 is 
negative, FETs Q2 and Q3 are on 
(Fig. lb). When BATl is negative and 
BAT2 is positive, transistors Q1 and 
Q4 are on. 

Inputs of 1.5 to 7 V can be used if 
the circuit is built with 74HC04 chips. 
Using 4049 chips boosts the allowa
ble voltage ranging up to 3 to 18 V 
(Fig. 2). The bridge can also be em
ployed as an active rectifier for 
square-wave signals. D 

1. TWO CMOS HEX inverter 
chips are configured to form an 
active bridge, thus supplying the 
correct polarity to the circuit (a). In a 
simplified schematic, it can be seen 
that when BATl is positive and BAT2 
is negative, transistors Q2 and Q3 are 
on; when BATl is negative and BAT2 
is positive, transistors Q1 and Q4 are 
on (b). 

0-+-~--.~~~~--.~~-.--~~~~~~~~~~~----1 

0 2 4 6 8 10 12 14 16 18 
Vin (V) 

12. TWO DIFFERENT CHIPS CAN BE USED FOR DIFFERENT 
voltage ranges, 74HC04s or 4049s. The bridge resistance is graphed against the varying 
supply voltages. 

CIRCLE 

5 2 2 GENERATE PARITY 
FOR 6805 CHIP 

NOOR SINGH KHALSA 
EG&G Inc., P.O. Box 809, MS E-1, Los Alamos, NM 87544; (505) 667-0200. 

T he full-duplex, asynchro- PARITY: STA TEMP1 
nous serial communication LSRA 

port of the Motorola 68HC05 EOR TEMP1 

family of low-cost, single- STA TEMP1 
LSRA 

chip static microcontrollers contains LSRA 

an optional ninth bit that can be em- EOR TEMP1 

ployed as a parity bit. However, the 
AND #$11 

microcontroller doesn't contain a BEQ P2 

parity flag for the accumulator. One EOR #$11 

possible way to generate parity for 
P2: RTS 

E L E c T R 0 N I c D E s 
AUGUST22, 1991 

the microcontroller is to shift and 
count carries. Another method, one 
that's faster and less time-variant, is 
a software implementation of the old 
9-bit odd/ even TTL parity-genera
tor-checker IC, the 74180 (see the fig
ure). Using this procedure, alternate 

; Save a copy of the data byte in local RAM 
; Shift Accumulator once 
; Exclusive OR even bits with odd bits 
; Save a copy of the intermediate result 
; Shift Accumulator twice 

; Exclusive OR alternate intermediate bits 
; Mask ott all but bit 4 (parity of upper 
; nybble) & bit 0 (parity of lower nybble) 
; If both bits are zero, parity is zero. Z flag = 1 
; XOR with 11 H. If both bits are 1, parity is zero 
; Otherwise Ace has a value of 01H or 10H, Z = 0 

I G N IIilJ 



Data 

::::J~ 
~=:j 

bits 

::::J~ 
~=J 

Accumulator 4 

Accumulator 0 

IDEAS FOR DESIGN 

D-p 

bits are exclusively 
ORed in succession. 

I A SOFTWARE IMPLEMENTATION of a 74180 
chip generates parity for a 6805 microcontroller. The program 
exclusive ORs alternate bits in succession. 

The parity routine 
that's shown gener
ates one parity bit 
for the byte in the 
microcontroller's ac
cumulator. The rou
tine requires one 
temporary storage 
register in the local 
RAM (TEMPl). If 
the parity bit is zero, 
then the routine re
turns with a zero 
flag.0 

CIRCLE 

523 ACTIVE FILTER GETS 
HIGHER FREQUENCIES 

MICHAEL A. WYATT 
SSO Honeywell Inc. , 13550 Hwy. 19 S., MS931-4, Clearwater, 

FL 34624; (813) 539-5653. 
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I
n an active low-pass 
filter based upon 
complementary 
transistors Q1 and 

Q2, the transistors re
place the unity-gain-con
figured op amps of con
ventional designs (Fig. 
1). Although less accu
rate at low frequencies 
and de, this configuration 
is characterized by low
cost, high-frequency op
eration and good power
supply flexibility . These 
features aren't easily at
tained with conventional 
op amp designs. 

Each transistor is con
nected as an emitter fol
lower, with resistors R3 
and R4 setting the nomi
nal emitter currents. The 
V be rise in Q1 (pnp) is off
set by the V be drop in Q2 
(npn). This supplies a 
first-order cancel of the 
V be's (and temperature 
coefficients) in Q1 and Q2, 

and makes it possible to 
operate at de with reason
able accuracy. 

One example features 
a 1-MHz third-order low-

pass VCVS filter design with Q1 as 
the second-order section and Q2 as 
the first-order section (see the fig
ure, a). For an accurate filter re
sponse, the ratio of C2/ C1 needs "pre
distortion" in the second-order sec
tions to compensate for the less
than-uni ty voltage gain of the 
sections' emitter follower. 

The ratio of C2/ C1 can be calculat
ed as ({2 + G-1) , where {is the sec
ond-order damping and G is the emit
ter-follower voltage gain. In a sec
ond example, the fourth-order ver
sion of the first circuit can be seen 
(see the figure, b). 

Single-supply operation is possible 
by grounding Q1's collector and one 
end of resistor R4 (see the figure, c). 
This is a single-supply version of the 
first circuit. R3 and R4 have been re
duced to supply more emitter cur
rent from the single 5-V supply. 

Many variations of this filter are 
possible by interchanging, cascad
ing, or using high-pass sections, or 
by using higher-frequency transis
tors orJFETs.D 

IFD WINNER 
IFD Winner for 
March 28, 1991 

David Cuthbert, Tektronix, Inc. , 
TV Waveform Displays Div., M.S. 
W3 100, P.O. Box 500, Beaverton, 
OR 97077. His idea: "Get Nega
tive Rail Using CMOS Gates." 

IFD Winner for 
April 11, 1991 

Jim Williams, Linear Technology 
Corp. , 1630 McCarthy Blvd., Mil
pitas, CA 95035; (408) 954-8400. 
His idea: "Distortion Stays Un
der 9 PPM." 

VOTE! 

Read the Ideas for Design in this 
issue, select your favorite, and cir
cle the appropriate number on the 
Reader Service Card. The winner 
receives a $150 Best-of-Issue 
award and becomes eligible for a 
$1,500 Idea-of-the-Year award. I THE 1-MHZ low-pass filter has Q1 as the second

order section and Q2 as the first-order section (a). 
Modifications make a fourth-order filter (b). Grounding 
Q/s collector and one end of R4 allows one supply (c). 

IIiI) E L E C T R 0 N I C 
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If Youe CONTROIS 
CAN'T TAKI Tei H111,You Win. 

DesignAire"' air condition
ers, fans and heat exchangers 

not only protect 
your electronics, 
they also protect 
your reputation. 

In fact, we're 
so confident about 
the design, quality 

and service of our air condi
tioners, that we'll let you try one 
for 60 days. Free: 

And to help 
you select the best 
Hoffman Environ
mental Control 
Product for your 

application, we'll give you a free 
CIRCLE 130 FOR U.S. RESPONSE 

CIRCLE 131 FOR RESPONSE OUTSIDE THE U.S. 

selection software program. 
For more information 

and the name of your 
local distributor, call 
612-422-2177 
'See oismbutor for deld1i'> 

A Pentair Company 



NEED BROAD-BAND COAXIAL RELAYS? 
FROM 2 TO 24 THROW, MATRIX HAS THE ANSWER 

Our versatile 7000 series of 
coaxial relays have band-widths 
from DC up to 800 MHz. They're 
available from 2 to 24 throw. 
And by using our 9000 series 
cross-straps, switching matrices 
of any size can be configured. 

Why have Matrix broad-band 
relays become the industry 
standard? Because we construct 
them of precision machined 
anodized aluminum alloy, all 
signal shield paths are silver 
plated, and basic switch ele
ments are hermetically sealed 
in nitrogen filled gas envelopes 
with rhodium plated contacts to 
insure non-stick operation. 

The end result is extremely 
low crosstalk, EMI and VSWR. 
Another plus, all switchpoints 
are individually field replaceable. 

The units are plug compatible 
with Matrix 6100A and 1600 
Series Logic Modules for com
patibility with RS-232, RS-422 
and IEEE-488 Interface busses 
as well as 16 bit parallel. 

Non-blocking Matrix configu
ration may be easily assembled 

•
MATRIX 
SYSTEMS CORPORATION 

5177 NORTH DOUGLAS FIR ROAD 
CALABASAS, CALIFORNIA 91302 

SEE US AT THE ELECTRO '90 SHOW-
HYNES CONVENTION CENTER, BOOTH # 1734 

using our self-terminating relays 
and 5100A series power dividers. 
Built-in Video/RF amplifiers 
allow zero insertion loss designs. 

So if you're looking for broad
band relays, it pays to deal with 
Matrix. After all, we've been 
designing state-of-the-art reed 
relay and semiconductor switch
ing systems for over 18 years. 

Our customers include gov
ernment agencies, defense 
contractors, the TV industry, 
ATE and telecommunications 
companies-and more. 

Phone: 818-222-2301 
FAX: 818-222-2304 

CIRCLE 142 FOR U.S. RESPONSE CIRCLE 143 FOR RESPONSE OUTSIDE THE U.S. 



MARKET FACTS 
S 

emiconductor companies based in 
the U.K. can relax a little. The re
cession may not be over just yet, 
but at least it won't get worse, 

according to forecasts from the Electronic 
Components Industries Federation. Growth in 
1991 will amount to about 1.9%, to make a total 
available market (TAM) of £1220 million (or 
$2.074 billion US at an exchange rate of 1 £ = 
$1.70 US). 

That's roughly equal to the world average 
for growth in semiconductors. The 2% uptick 
improves on last year's 6.6% downturn in the 
U. K. and falls far short of 1989' s 11% growth, 
for a best·ever total available market in the 
U. K. of £1282 million. The London component 
industry trade association predicts halcyon 
days to return to the British market in the 
next twelve months, forecasting growth of 
16.4% in 1992 and 19.7% in 1993. 

Weak demand and price pressure on 
DRAMs hindered 1990 sales of integrated 
circuits. But a9.9% fall in the value of discrete 
components sales is a sobering indication of 
the problems the U.K. manufacturing indus
try faces, says the ECIF. Countering that are 
increasing memory needs of Windows 3 users 
and use of laser printers with up to 8 Mbytes 
of built-in memory. These trends are buoying 
street prices and demand for DRAMs. Memo
ry earnings are expected to rise by 2.7% in 
1991 to £300 million. 

Memory chips will account for more than 
30% of semiconductor sales by 1993, topping 
£500 million a year. Microprocessors are hot 
in the U.K., with sales growth in 1991 slated to 
rise by 3.4%. to £245 million; 32-bit processors 
are the driving force behind this market, 
which will grow at twice the rate of the U.K. 
semiconductor market as a whole, reaching 
£385 million in 1993. 

Longer term, the consumer electronics sec
tor is holding up, with the U.K. now a net 
exporter for color TVs, and with direct satel
lite broadcast (DSB) receivers expecting a 
sales boost from the 1992 Olympic games. 
Consumer semiconductor sales will rise by 
19.7% between 1991and1992 to £158 million. 

The automotive sector is strongest ·for 

U. K. chip sellers, with a staggering 38% 
growth predicted for the next 12 months. But 
in dollar (or pound sterling) terms it's the 
smallest sector at just £54 million in 1992. By 
1993, though, sales of chips for automobiles 
will overtake sales of military-grade devices. 

Military products now account for less 
than 5% of U.K. semiconductor sales and that 
share is declining fasl Data processing is 
still the shining star of the U.K. semiconduc
tor market accounting for more than 35% by 
value at £503 million in 1992. Non-keyboard 
embedded computers that conform to stan
dard PC architectures are broadening the 
marketplace. 

The telecommunication sector has been 
flat, with order cutbacks by British Telecom. 
But new communication services are expect-

ed to stimulate demand for ISDN and mobile 
terminal equipment such as pocket tele
phones, videotelephones, and facsimile termi
nals. In addition, mobile communications are 
pushing demand for microwave discrete com
ponents. 

Exchange rate fluctuations over the last 
three years mean that when pounds sterling 
are converted to dollar values at prevailing 
rates, a different impression of the U.K. mar
ket emerges. In 1990, the sterling value of the 
market was 6.6% less than 1989; when convert
ed to dollars, 1990 didn't look too bad with a 
1.9% increase. The currency markets worked 
the other way round in 1990 and 1991 and 
although the market grew by 1.9% in pounds 
sterling, converting to dollars shows a 3.2"/o 
decline.-Peter Fletcher 
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a low-cost alternative to sharing 
printers and plotters by local
area networks, the Port Authority 
from ASP Computer Products has 

16 ports for linking PCs lo printers and plot
ters. The three models have a variety of serial 
and parallel port combinations; each port can 
have its own baud rate and values for end-of
file timeoul With the Port Authority, most 
PCs can be linked to printers and plotters 
using telephone-type, modular RJ12 cables. If 
the designated ouput device is busy, the buff
er spools the job until the path is clear. Each 
model has a 256k buffer, expandable to 4 
Mbytes. The P A800 model, which has 8 ports-
4 serial and 4 parallel-sells for $895 while 
the PA1600, with 16 ports-12 serial and 4 
parallel-sells for $1375. Contact ASP, 1026 
W. Maude Ave, Suite 305, Sunnyvale, CA 
94086; ( 408) 7 46-2965; fax ( 408) 7 46-2803. 

CIRCLE 451 

S 
ometimes it takes longer to track 
project time than to do the pro
jecl To remedy that, a Job Activi
ty Time Tracking System from 

Bolvad Communications runs on PCs and 
compatibles and doesn't require a graphics 
card. With a Windows-like interface, 
JATTS' s employee module tracks time for 
jobs; the data can then be uploaded to the 
manager module, which also enables a de
partment head or manager to home in on a 
specific job or track a departmenl To prevent 
tampering, the manager module has a securi
ty check. The software sells for $75 from Bol
vad Communications, 139 Ashley Cl, Cherry 
Hill, NJ 08003; (609) 428-4315. CIRCLE 452 

T 
he HTBasic Advanced Math Li
brary is a collection of fast com
piled subroutines for use in signal 
processing and numerical analy-

sis. The library can be called from a PC-based 
engineering Basic. Routines include proba
bility density functions, curve fitting, fast 
Fourier transforms, digital filtering and win
dowing, built-in waveforms, root finding as 
well as Bessel and relation functions. HTBa
sic, compatible with HP 9000 Series Basic, of
fers HP-style IEEE-488.2 commands, data-ac
quisition and RS-232 instrument control 
statements, along with screen, plotter, and 
printer graphics. The library, available for 
$400 in the U. S, requires the DOS 386 ver
sion of HTBasic, which sells for $925. 

Contact TransEra, 3707 North Canyon Rd, 
Provo, UT 84604; (801) 224-6550; fax (801) 224-
0355. CIRCLE 457 

QuICKLOOK 
0 F F E R S Y 0 U C A N' T R E F U S E 

T 
he National Institute of Standards 
and Technology awards $20 mil
lion in grants to develop promis
ing generic technologies. Open to 

individual companies or joint ventures, the 
NIST Advanced Technology program isn't re
stricted to any field of technology. Deadline 
for proposals is 3 pm EDT Sepl 25. Contact the 
Advanced Technology Program, A430 Ad
ministration Bldg, NIST, Gaithersburg, MD 
20899. CIRCLE 453 

A 
monthly technical brief on fuzzy 
logic theory and its appplication 
to problems is free from The Hun
tington Group. The group special-

izes in real-time, embedded processor and 
fuzzy logic systems. Free to U. S., Canadian, 
and Mexican residents, the brief costs inter
national subscribers $10 per year to cover 
postage. Contact The Huntington Group, 883 
Santa Cruz Ave, Ste. 27, Menlo Park, CA 
94025; (415) 325-7554. CIRCLE 454 

... Pers1ecaves on Time-11-larket 
BY RON KMETOVICZ 
President, Time to Market Associates Inc. 
Cupertino, Calif.; (408) 446-4458, fax (408) 253-6085 

m orking with inexperienced people on a project is the 
norm rather than the exception at most companies. For 
instance, you add individuals to the project team who are straight out of 
college. Or you hire someone from another company. Or perhaps, the team 

absorbs those workers moving from one job to the nexl You also may have to accommodate 
a career person who just invested in retraining. Or you have to make room for a manager 
who did such a fine job on that last project that he or she was just promoted to work in an 
area that offers more challenge-your area. 

To gain effective job performance, you must take into account the diverse distribution of 
individual talents. Dealing with inexperienced workers is an opportunity to put results 
from the definition and planning phases to use during the execution phase. 

The definition can help communicate the reason for the project and the general direction 
the team will follow to achieve its objectives. To people doing something for the first time, 
knowing where they fit in and why their work makes a difference really helps. This 
information can contribute to generating that " can do" spirit within a team. The team's en
thusiasm, dedication, and cooperation can be built around a common motivational vision of 
the future. In so doing, the stage is set for having the team focus on the tasks at hand, 
building experience and expertise that benefits the execution phase, while discouraging 
nonproductive actions. 

The plan and, in particular, the to-do lists, serve to set in concrete the expected output 
from each individual as a function of time over the execution phase. This ordered list tends 
to communicate to the team member the exact nature of the job. With the activity assign
ment report, it becomes very clear what must be performed and when it should be complet
ed. For people new to their jobs, this can be the road map to success as they track their 
progress against the plan and share the results with their manager. 

Individually, or with management cooperation, the individual can look for areas of 
improvement to accelerate work that is lagging behind the scheduled completion date. The 
impact that late completion of one task has on others can be directly measured. Corrective 
actions can be synthesized to keep work on schedule. In all, this produces a win-win 
situation by placing focus on the right task at the nght time. 

In certain cases, it becomes clear to the individual and the management team that the 
appropriate assignment has not been made. Having a good plan makes it possible to make 
the necessary adjustments. Early detection of task delay (in most cases, it can be observed 
in a matter of a few weeks) makes it possible to take this action before affecting the 
scheduled completion date of major project/program milestones. 



QUICKLOOK 
, TIPS ON INVESTING 

m ave fluctuating market prices caused you to invest at the high 
and sell at the low? Have you ever planned an investment and de
layed it because of timing concerns? If you are like many engi
neering investors today, you would like to participate more ac

tively in the financial markets, but you're not sure of the right time to invest 
And when you think the time is right, it may not be convenient for you to con
tact your broker or otherwise invest Or perhaps you don't have enough assets 
to invest 

Many mutual fund companies offer a program that can help take the 
market timing worry out of investing and make it more convenient too: the 
systematic investment plan. With it, you make regular investments, usually 
monthly or quarterly, of a set amount in the mutual fund(s) of your choice. The 
plan can: 
Build wealth. A systematic investment 
plan is a disciplined, long-term strategy 
that can help you build your investment 
over time so that you may enjoy the com
pounding power of an increasing invest
ment base. It is unrealistic for many indi
viduals to invest, for example, $100,000 at 
once. Investing a smaller amount, howev
er, and adding to it regularly still allow 
you to take advantage of the market's 
growth potential. 

Since the dividends and capital gains 
produced by a mutual fund's underlying 
securities are paid out in proportion to the 
number of shares owned, shareholders 
who invest several hundred dollars get 
the same return per dollar as those who invest hundreds of thousands. Of 
course, the total value of any earnings keeps growing as you invest more. 

Reduce volatility. Systematic investing helps reduce the possibility of 
making a lump sum investment at the wrong time-when the price is at a 
high. Smaller regular monthly or quarterly investments give you a lower av
erage cost per share over the long term, or dollar-cost averaging. An exam
ple below, though not showing actual performance, illustrates how dollar-cost 
averaging can help turn a fluctuating market into an advantage: 

Monthly investment Share price Shares acquired 

$500 $10 50 
$500 $5 100 
$500 $10 50 

Total $1,500 $25 200 

Average cost per share: $7.50 ($1,500 invested divided by 200 
shares acquired) 

Average price per share: $8.33 ($25 divided by 3) 

You can see how a systematic investment plan may help you reduce volatil
ity by smoothing out the market's highs and lows and also help you work 
toward your long-term goals. Because a systematic investment plan involves 
continuous investment throughout periods of fluctuating price levels, you 
should consider your financial ability to meet your systematic investment 
schedule before you decide to participate. Although no formula can protect 
against losses in a declining market or ensure profits, systematic investing 
can be a valuable part of your overall investment strategy. The time to invest 
is when you have ready assets. 

Henry Wiesel is a financial consultant with Shearson Lehman Broth
ers, 1040 Broad St., Shrewsbury, NJ 07702; (800) 631-2221 or (800) 
221-0073 in NJ Wiesel invites readers' questions and comments. 

DRAM SURVEY 

WHICH VENDORS SUPPLY 
YOUR DRAMs? 

0% 10% 20% 30% 40% 50% 60% 
Source: a survey of Electronic Design readers by Penton Publishing Inc. 

Percentages total more than 100% because readers 
gave multiple answers. 

Q U I C K N E W S: E 0 U C A T I 0 N 

A 
series of Japanese language courses help engineers 
translate and understand Japanese printed materi
als without leaving work. By audiographic telecon
ferencing, voice and computer screens of text, data, 

and graphics are transmitted live to remote locations with 
ordinary phone lines. 

Students talk with the instructor and use an electronic pen to 
create or annotate materials on a PC. Basic Technical Japanese 
I introduces most of the grammar needed for reading in the 
sciences and engineering and covers 140 of the most often used 
kanji in these areas. Basic Technical Japanese II completes the 
grammar necessary for reading technical documents and cov
ers 225 more kanji. Contact Jim Davis, Department of Engi
neering, Professional Development, Room 4, General Engineer
ing Building, 1527 University Ave~ Madison, WI 53706; fax 
(608) 262-6707. CIRCLE 455 

D 
ocal-area networks are the focus of a two-day semi
nar from the Data Tech Institute that covers physical 
and protocol aspects of networks, standards, incon
nectivity, gateways, hosts, servers, and user devices. 

It also deals with criteria for selecting a network, along with 
implementation considerations, product evaluations, and cost 
comparisons. The network course will be held in Morristown, 
NJ~ Sept 11-12; St Louis, Mo~ Sept 18-19, and other locations 
around the U.S. Fee is $795. Contact Data Tech Institute, P. 0. 
Box 2429, Clifton, NJ 07015; (201) 478-5400; fax (201) 478-
4418. CIRCLE 456 



Build a Better Test System 

D eveloping a PC-based test system 
with standard hardware and 
software saves valuable 

development time and produces a 
higher quality system. That's why 
National Instruments hardware and 
software products are built upon industry 
standards. 

Our GPIB boards use the NAT 4882"" chip 
for complete IEEE-488.2 compatibility. 
And our LabWindows®software combines 
powerful development tools with standard 
programming languages. 

With LabWindows, you have the software 
tools you need to integrate all of the 
hardware in your test system. Use high
level 488.2 routines to simplify system 
programming or use drivers from the 
LabWindows Instrument Library to control 
your GPIB and VXI instruments without 
programming them at all. 

LabWindows has tools for all phases of 
your development-data acquisition, 
analysis, and presentation. You can even 
create a graphical user interface so your 
test system is easy to operate. 

CIRCLE 154 FOR U.S. RESPONSE 

CIRCLE 155 FOR RESPONSE OUTSIDE THE U.S. 

To learn how to build a better test 
system, give us a cal l. 

y.NATIONAL 
, ~!!Q!!!!!!!: 

Corporate Office 
6504 Bridge Point Parkway 
Austin, TX 78730-5039 
512) 794-0100 
(800) 433-3488 (U.S. and Canada) 

International Branch Offices 
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UNITED KINGDOM (0635) 523 545 

© Copyright 1991 National Instruments Corp. All rights reserved. 



PEASE 
PORRIDGE 

WHAT' s ALL THIS Box 
STUFF, ANYHOW? 

be related to when the parts were not 
shoved all the way down in the socket. 
Well, the I x R drop could change a lit
tle-but this part only drew 55 mi
croamperes, and the IR drop could only 
be 100 nanovolts, whereas we were see
ing 300 microvolts-equivalent to 0.03 
degrees, for less than an eighth ofan inch 

T 
here are many things I do 
with cardboard boxes. I 
stow papers in some of the 
nice boxes we get our Xerox 

paper in, and we stow circuits and 
parts in other boxes. And when people 
complain that our printers are running 
too loud, we glue some foam rubber in
side a big box and clap it over the 
printer. That usually makes 13to18 dB 
of improvement. The complaints are 
hushed, along with the printer noise. 

But that's not the box I want to talk 
about today. I want to talk about the 
big (5 cubic-feet of volume) cardboard 
box with the Calibration Stickers on it. 
Most days, this box sits up on top of a 
tall cabinet, but about once a month we 
pull it down and put it to work. 

About 5 years ago, we introduced a 

BOB PEASE 
OBTAINED A 
BSEE FROM MIT 
IN 1961 AND IS 
STAFF 
SCIENTIST AT 

ATJONAL 
SEMICONDUCT
OR CORP., 
SA TACLARA, 
CALIF. 

new temperature 
sensor IC, the 
LM34. It comes in 
a small T0-46 her
metic transistor 
package, and also 
in T0-92 plastic. 
And we had the 
production parts 
meeting an accu
racy spec of± 1° F, 
on a decent frac
tion of production. 
But how do you 
test a temperature 
sensor? And, how 
do you calibrate 
the tester? You 
calibrate a volt
age detector by 
putting the same 

------- voltage into two 
units and making 

sure that you get the same answer 
from them. So, with a temp sensor, you 
have to put two (or more) parts in the 
same temperature environment and 
make sure they all give the right an
swer. In our case, we had several kinds 

of temp sensors, with a precision 
platinum RTD (Resistance 
Temperature Detector) as 
our primary calibration 
standard. It cost about 
$800 15 years ago, and I 
shudder at today's re
placement cost. 

So we put a little centrifugal 

of movement. 
We finally set up some parts with 

long leads, eschewingthe socket, and 
moved the device under test around 
in the airstream. We found that there 
were temperature gradients in the 
air flow coming out of the tube. We 
tried a longer hose, but that did not 
make the gradients much better.We 
thought about using a different 

kind of hose. But before 
we could do that, 

I decided 

blower to blow air through a piece of 
corrugated plastic hose and over some to try 
of the I Cs and also over one or more of a big box for 
our precision calibrated platinum the air to stir 
thermometers. We set up two sockets around in, to circulate and mix and 
side-by-side so we could put in two swirl.Then,afterawhile,theairpoured 
units and cross-compare them with out onto the DUT's sockets. When we 
quicker response, because devices in looked for gradients, they were gone, 
the same package will have about the at the level of0.003°F. So we taped the 
same time-constant. wholethingtogethersecurely.Butone 

After a few days, one of the techni- day we saw somebody trying to take 
cians was trying to take some precise some cardboard boxes away to make 
data in order to give them to other en- the lab look neater. We realized we 
gineers as "Golden Units." The tech- had to make sure our box would be 
nician griped that he was getting in- recognized as valuable. So we made 
consistent results-and they seemed to up a big Calibration Sticker and 

ELECTRONIC DESIG llE 
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PEASE 
PORRIDGE 

lapped one on all four sides . 
Now, we could have had a stirred 

oil bath, but that't:. messy and bulky, 
and the settling time isn't really 
much faster than moving air. And 
when you can use a big leftover card
board box, the price is right, and it's 
more fun, too. 

Could we have perhaps used a 
'ome\Yhat .smaller cardboard box? 
Maybe, but we would have to do a cal
ibration on it, and that wouldn't be 
worth the effort. 

Now, around room temperature, 
this cardboard box is fine, but at hot 
and cold temperatures, we normally 
u ea littleoven. Buteverybodyknows 
the e are terrible gradients when you 
run it at 125°C,or -55°,oreven at room 
temp! So we put in a box to surround 
the DUTs. Small help. Then we added 
a metal plate (about 118-in.-thick alu
minum) so we could strap the platinum 
thermometer (we had a compact one, 
about 8 in. long) to the same plate that 

Turn your 
excess inventory 

into a substantial tax break 
and help send needy 

kids to college. 

Call for your 
free guide 

to learn how donating your 
slow moving inventory 
can mean a generous 

tax write off 
for your company. 

Call 708-690-0010 
Peter Roskam 

Executive Director 

P.O. Box 302 1. Glen Ellyn, IL 60138 
Fa (708) 690-0565 

Etcess inventory today ... .. 
student opportunity tomorrow 

theDUTsweresetinto.Still,therewere 
errors. The hot air coming from the 
oven's duct would blow on one corner of 
the box and heat it worse than another 
side of the box. And the whole process 
was quite slow if you kept the box cover 
closed. If you want to guess how many 
hours of tests we ran to discover which 
parts really had what error at what tem
perature, it was plenty. 

We finally boiled the testing prob
lem down to two problems-we had to 
get a quick response when we changed 
the temperature, as if the box were 
open, and we had to get minimum gra
dients when we were near the final 
temperature. We solved the problems 
withaboxinabox. The outside box had 
some small slits and baffles, so the 
oven's air could not blow directly on 
the inner box. Then we put a lever on 
the cover so we could open the cover to 
get fast response for 98% of the tem
p era tu re change. After that, we 
turned the lever and closed the cover 

Frankly Fenton, when I named 
you Manager of excess inventory, 
this isn 't what I had in mind. 

to get a nice slow settling 
And all it took was a box inside a 

box, inside the oven. Could we have 
used cardboard for that? Well, in 
concept we could have, but it would 
get pretty flaky after just a few 
hours at 125°C, so of course we used 
copper-clad material, which was 
reasonably stable and easy to work 
with (the covers did keep warping a 
little bit, and we had to keep flatten
ing them out) . When the boxes were 
closed, the gradients between the 
metal plate, the 25 parts mounted in 
it, and the platinum sensor were re
ally quite acceptable, <0.05°F. 

All for now. I Comments invited! I 
RAP I Robert A. Pease I Engineer 

Address: 
Mail Stop C2500A 
National Semiconductor 
P.O. Box 58090 
Santa Clara, CA 95052-8090 
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Our OSF seminars are 
so up-to-date, you'll think 
we're inventing them 
as we go along. 

Of course, we aren't. But it's safe 
to say we're on the cutting edge. 
After all, everyone who's attended 
HP's OSF technology seminars 
has found them to be quite the 
mind-expanding experience. 
All seminars are conducted by 
highly skilled HP engineers. 
'frained as instructors specifically 
for these courses. And teaching 
the latest on OSF technology. 
Here's just a sample of what you'll 
learn during these three cranium
stretching days: 

Introduction t.o Programming 
with OSF/Motif Widgets and the 
X Tuolkit. After the introduction, 
you'll learn how sophisticated 
interfaces are created using the 
OSF/Motifand X programming 

libraries. There'll also be dis
cussions of code samples to dem
onstrate the capabilities of 
OSF/Motif. 

OSF/1-Tuchnical Overview 
of the OSF/1 Operating Syst,em. 
You'll learn how OSF can integrate 
several advanced system technol
ogies, while providing symmetric 
multiprocessor support. Also pre
sented will be a thorough overview 
of the architecture and features 
of the OSF/ 1 operating system. 

The OSF Distribut.ed Computing 
Environment. You'll get an intro
duction and an overview of both 
the fundamental distributed ser
vices and the data sharing services 
of the OSF Distributed Computing 
Environment. More importantly, 

you'll learn how DCE addresses 
the industry-wide problem of dis
tributed computing in a hetero
geneous environment. 

Detroit, Sept. 9 Dallas, Oct.15 
Pittsburgh, Sept.11 Denver, Oct. 15 

Minneapolis, Sept. 23 Indianapolis, Oct. 21 

Phoenix, Sept. 24 Atlanta, Oct. 29 
Chicago, Sept. 25 Paramus, Nov. 11 

Albuquerque, Oct. 1 Fullerton, CA Nov.12 

Mt. View, CA Oct. 7 Rockville, Nov. 13 

Boston, Oct. 9 

So call 1-800-4 72-5277, Ext. 91 
now for more information, or 
t.o enroll. 

F//9'1 HEWLETT 
~e.. PACKARD 
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A REVOLUTIONARY ADVANCE IN 
SPARC MULTIPROCESSING. 
The industry's first integrated SPARC"' 
multiprocessing solution - the CY7C605 
Multiprocessing Cache Controller /MMU. 

High-performance systems designers have 
migrated to RISC in a race for performance. 
Just as rapidly, there is a movement to 
multiprocessing, which represents the most 
cost-effective way to load more power into a 
single system. 

Multiprocessing RISC design is not 
simple. There are substantial technological 
challenges, particularly in the area of 
multi-level memory systems. 

Now we offer a breakthrough to help you 
implement multiprocessing systems rapidly. 

Cache coherency without stealing processor 
cycles - a leap in performance. 

Maintaining cache coherency is one of the 
biggest problems to solve in shared memory 
multiprocessing systems. 

This approach solves it 

Pin compatible with our CY7C604 Uniprocessing 
Cache Controller/MMU, this new device lets you 
cascade to build cache size to 256K 

SPARC multiprocessing is now enabled. Now you can design-in multiple high-performance SPARC 
chipsets. Our revolutionary Multiprocessing Cache Controller and Memory Management Unit 
(CMU-MP/CY7C605) provides memory management facilities and a unique cache architecture 
for higher performance. Our complete SPARC chipset solution shortens your time to market. 

It is the only VLSI solution that performs 
concurrent bus snooping and processor 
execution. 

Our unique dual cache tag directories 
provide for simultaneous bus snooping and 
processor access to cache. No other cache 
management unit provides dual tags on-chip. 

As a result, your system maintains cache 
coherency without stealing execution cycles 
from the microprocessor. 

You get multiprocessing with the most 
efficient cache coherency protocol available, 
allowing data to pass from CPU to CPU in a 
single clock cycle. That translates directly to 
higher performance systems. 

MBus compliant. 
MBus compliance means you have a 

SPARC-standard, plug-and-play route to 
even more powerful, higher rewing systems. 

An integrated part of the industry's 
highest performance SPARC chipset. 

Our chipset approach simplifies the 
complexities of multiple CPUs working 
together in a shared memory system. 

This VLSI solution means you don't have 
to design and pay for boards full of logic to 
accomplish fast multiprocessing. 

It is all available now. 
For more information on the industry's 

most complete multiprocessing solution, 
please call for our literature package today. 

Multiprocessing 
Information 
Hotline: 
1-800-952-6300. * 
Ask for Dept. C3V. 

'(32) 2-652-0270 in Europe.© 1991 Cypress Semiconductor, 3901 North First Street. San Jose, CA 95134. Phone: 1 (408) 943-2600, Telex: 821032 CYPRESS SNJ UD, TWX: 910-997-0753. 
SPARC is a registered trademark of SPARC International , Inc. Products bearing the SPARC trademark are based on an architecture developed by Sun Microsystems. Inc. 



PRODUCT INNOVATION 

MICROCONTROLLER EASES 
CLOSED-LOOP 

SERVO CONTROL THE MERGER OF AN 
8-BIT CONTROLLER 

DAVE BURSKY 

AND DSP CAPABILITY 
YIELDS A COMPACT 
SOLUTION FOR DRIVES 
AND OTHER HARDWARE. 

he shrinking hard-disk drive, which has gone from 3.5-in. 
formats to 2.5-in., with sub-2-in. formats not so far off in 
the future, is pushing disk-controller-chip designers to in
crease the integration level of the drive control circuits. 
The control designers are further stressed because most 
of the small drives embed the control and interface circuits 

right in the drive, unlike previous generation systems that typically used a 
separate controller card which plugged into the system bus. Designing the 
highly integrated controllers used for such systems often requires knowl
edge spanning several areas of expertise-knowledge that often goes be
yond the level any one company can accumulate. 

By pooling their engineering teams to work in parallel with each other, two 
companies, Oak Technology Inc. and Zilog Inc., are taking on the drive-con
trol area. They've jointly defined a two-chip combination that can replace 
most of the digital logic and some of the analog circuitry typically found in a 
hard-disk drive. 

Zilog will combine its high-integration microcontroller expertise with digi
tal-signal processing to handle internal spindle control of the hard-disk drive 
and the read/write head servo control. Oak Technology will handle the data
path interface from the recovered serial data stream to the parallel integrat
ed-device electronics (IDE) interface. The Oak Technology circuit will also in
clude Reed-Solomon error checking and correction, buffer-control logic for a 
large off-chip DRAM-based buffer, power-management circuitry, and inter
rupt-handling capability. The combination of the two chips will produce the 
highest-integration commercial solution for hard-disk-drive control. Zilog 
expects to sample its controller this quarter, while Oak plans to have samples 
ready near the end of the year. 

The Zilog Z86C94 microcontroller combines a Z8 CPU core, a 16-bit auxilia
ry DSP block, 8-bit analog-to-digital and digital-to-analog converters, a serial 
peripheral interface, and a pulse-width modulator (Fig. 1, left). That combi
nation of features suits the controller for applications required in disk and 
tape drives, such as digital closed-loop servo control. It also suits it to applica-
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Output Input 

Port3 

Universal 
asynchronous 

receiver-transmitter 

Three 16-bit 
counter-timers 

32-by-16-bit divider 

16-by-16-bit multiplier 

Interrupt control 

Port2 

Vee 

1 

HIGH-PERFORMANCE 
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Address strobe -----. ~~~~• Data~rooo 

GND Crystal 

i 

ALU 

Flags 

Register pointer 

Register file 
(256 by 8 bits) 

Porto 

Machine timing and 
instruction control 

Program 
counter 

Port1 

Read/Write 

DSP RAM 
(bank 1) 

ADC 

8 channels of 
analog inputs 

1/0 (bit programmable) Address or 1/0 (nibble programmable) Address/data or 1/0 (byte programmable) 

Digital-signal processor 

DSPRAM 
(bank 2) 

DAC 

Instruction 
mapping 

Pulse-width 
modulator 

Analog output Pulse-width-modulation 
output 

1
1. DEDICATED MULTIPLIER and divider logic on the ZS controller core give the basic CPU a good computation speed (left). 
However, for closed-loop servo control systems in such applications as disk drives, even faster computations are required. Consequently, a 
dedicated block of logic optimized for digital-signal processing was added to the control chip (right). The block features a single-cycle 
multiplication capability, multiple memory banks, and a multichannel analog-to-digital converter. 

tion in voice/ data processing, auto
motive systems, and high-end con
sumer products. The combination of 
DSP hardware for fast numeric com
putations (including a hardware mul
tiplier circuit) and fast ADCs and 
DACs provides engineers with plen
ty of design margin with which to im
plement the closed-loop servo. 

The Z8 CPU core already contains 
an enhanced-computation capability. 
Its hardware multiplier can perform 
a 16-by-16-bit multiplication in a 
mere l. 7 µs, or a 32-by-16-bit division 
in just 2 µs. Still, even shorter com
putation times are needed for some 
embedded control applications. 

To maximize the chip for such com
putations, a block of logic optimized 

m!J E 

for digital-signal processing was in
corporated on the chip. That DSP 
block, an offshoot of a DSP core ma
croce 11 Zilog licensed last year, 
serves as a slave processor to the Z8 
CPU core. 

SELF-CONTAINED RAM 
The DSP block has its own 128 

bytes of RAM for use as program 
storage, and another 256 bytes (128 
words) of RAM storage for related 
data (Fig. 1, right). The data-storage 
area in the DSP block is set up as two 
banks of RAM, each containing 64 
words-ideal for handling data and 
coefficients. Of those 256 bytes, 208 
are also mapped into the Z8 CPU's 
address space to simplify parameter 
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passing. 
The streamlined DSP block exe

cutes most instructions in just one 
clock cycle. Thus, a 16-by-16-bit mul
tiplication and accumulation pipe
lined operation is completed in just 
one cycle. Six clock cycles is all it 
takes to complete a scalar 16-by-16-
bit mulitplication and accumulation 
operation. For a system with a 10-
MHz clock, that translates into a 
time of 100 to 600 ns. 

As many as eight channels of ana
log inputs can be sampled and then 
digitized and fed to the Z8 CPU core 
or the DSP block. To achieve a 2-µs 
conversion time, a half-flash con
verter architecture was used on the 
chip. The output DAC circuit has a 

I G N 



Get your technology news where the rest 
of the world does ... first! 

Electronic Design: 
Leader of the pack since 1952 

Electronic Design is the industry's 
most-often quoted electronics 
publication. There's a good reason 
for this: Electronic Design is always 
the first to report on and describe 
new technologies as they occur. 
We're proud of this reputation. 

Lots of engineering publications talk 
about new products, new issues, and 
new technology. New items are the 
essence of news reporting. 

But when you read about new 
technology or new implementations 
of technology in an electronics 
magazine - any electronics magazine 
- it's likely that the story was first 
discussed in Electronic Design. 

Why do leading manufacturers 
select Electronic Design as the 
vehicle for their significant product 
introductions? Because they know 
that Electronic Design is the ideal 
environment for their important 
debuts. Each issue contains the 
latest information on tools and 
techniques to help shorten the 
design cycle, helping our readers to 
incorporate the latest products and 
technology into .their designs. 

Proven leadership in circulation 
and editorial makes Electronic 
Design the source of critical design 

information for 165,000 global 
readers. And we're first with the 
information you need in your job. 

After all, why should you wait and 
read about it somewhere else 
tomorrow? 

YES! 
I want my 

technology news as 
it happens. 

r----------Y€S!T;;irt~yte~~~~~~;;;~~itha.pp;.;----------l 

I Please begin my subscription lo Electronic Design immediately. I 
I I I 1 year, 24 issues for $85.00. I 
I I 

I Name: I 
I Address: I 

: City : State: Zip: --- : 
I I 

I For subscriptions to Canada, add $75.00; foreign subscriptions, add $145. I 
I I 

I Send to: Penton Publishing, P.O. Box 95759 I 
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Spindle motor 
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~------+--f--------------~ Spindle motor control 
Position servo 

Servo ASIC 

Servo bus 

Non-return-to-zero 
data .------"'L-.-, 

Head ~--+--+---1 Read channel 
Oak Technology 

hard-disk controller 

Control 
PC/AT bus (IDE interface) 

RAM 

Head/disk assembly Embedded controller 

12. WITH TODAY'S BEST integration efforts, the main chip count in a disk drive can be reduced to four logic chips plus memory. In 
addition to the combination controller and DSP unit from Zilog, and the data·path controller from Oak Technology, two other chips comprise 
the typical complement embedded in the disk drive: a servo chip for the head movement, and a read-channel chip to link to the head. 

settling time of about 3 µs and in-1 tor output, which can be used to con-1 The Z8 CPU core employed in the 
eludes a 4-bit digitally-controlled trol motors, can operate at frequen- 86C94 microcontroller IC is more 
gain stage. The pulse-width-modula- cies as high as 40 kHz. than just the CPU. Along with the 

When considering DSP, take 



basic instruction processor, it in
cludes a number of system re
sources. The chip has three 16-bit 
counter-timer circuits (two of which 
have 6-bit prescalers, one has a 4-bit 
prescaler). One of the counter-timer 
circuits also has five capture and 
three compare registers, which 
should simplify the task of timing in
terface. 

There are also 25 1/0 lines on the 
86C94 microcontroller IC that permit 
the microcontroller chip to control 
many system aspects. For program 
and data storage, the chip can ad
dress 64 kbytes of external memory. 
In addition, the chip contains a 256-
byte register file with 236 general
purpose registers . 

ON-CHIP OSCILLATOR 
To help minimize system complex

ity, an on-chip oscillator lets the cir
cuit run from a crystal or be driven 
by an off-chip clock. Dual serial in
terfaces are included on the chip for 

HIGH-PERFORMANCE 
DISK-DRIVE CONTROL 

communications. One of those ports 
is fully asynchronous, and enables 
the chip to communicate with most 
system consoles. The other port, a 
simpler, synchronous serial inter
face is available to serve as a low-pin
count chip-to-chip communications 
bus. 

Like the Oak Technology chip, the 
microcontroller chip includes three 
power modes that make it possible 
for the chip to serve in power-sensi
tive applications, such as laptop com
puters. 

In today's disk drives, the state of 
the art in analog integration will still 
require some power control for the 
spindle motor and some high-quality 
analog circuitry for the read-channel 
data recovery. However, combining 
the 86C94 microcontroller IC and the 
controller from Oak Technology will 
trim the chip count to just four chips 
(not counting the buffer- or pro
gram-storage memory chips). 

That low chip count would solve 

the space problems with 3.5-in. and 
even most 2.5-in. disk drives (Fig. 2). 
As semiconductor IC processing 
technology improves and the blocks 
get implemented in a submicron 
CMOS process, the Zilog and Oak 
Technology chips could eventually 
merge into a single control chip.D 

P RICE AND AVAILABILTY 
The Zilog Z86C94 microcontroller comes 
in either an 84-lead plastic-leaded chip 
carrier or an 80-lead plastic quad-sided 
flat package. In lots of 1000, the controller 
starts at $15 each. At present, prices 
haven't been set for the host-control chip 
from Oak Technology. 

Oak Technology Inc., 139 Kifer Ct., Sun
nyvale, CA 94086; Scott Alberts, (408) 737-
0888. CIRCLE 512 

Zilog Inc., 210HaciendaAve., Campbell, 
CA 95008; Paul Vroomen, (408) 370-
8000. CIRCLE 513 

How v ALU ABLE? 
HIGHLY 
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SLIGHTLY 
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a look at the full Spectrum. 
At Spectrum Signal Processing we're putting DSP to work with a 

full range of OEM and development solutions. 
We begin by working with you at every step of your design. We 

utilize the industry's most complete line of DSPs, buses and interfaces 
and provide all of the development tools and technical applications 
support you'll ever need. Then our Quality Management Program 
ensures that we build quality in. 

What this means is a tailored DSP solution that works immediately 
and easily - whatever your application. Including 
telecommunications, military, medical monitoring 
and diagnostics. Even digital audio, multimedia 
and array processing. 

So call today for your free catalog to see 
our spectrum of DSP Development Tools and 
OEM Solutions: 1-800-663-8986 (U.S.) or 
604-438-7266 (Canada). And let us help 
you put DSP to work. 

CIRCLE 164 FOR U.S. RESPONSE 
CIRCLE 165 FOR RESPONSE OUTSIDE THE U.S. Putting DSP to work 



Introducing an indispensable tool 
for the entire OEM design engineering team: 

The Exposition And Conference For OEM Design Engineering 

A total design resource for the East Coast! 
Explore a whole new world of design possibilities in the Design 91 Exhibit Hall , 
September 24-26, 1991. See thousands of products, materials , systems and services from 
leading manufacturers - representing every design technology. It's all at the New Jersey 
Meadowlands Convention Center for you to see, test and compare. Save time and effort -
and get your product off the drawing board in record time . 

Learn new techniques and practical solutions you can use now. "Design the Right 
Product . .. Design the Product Right," is the theme of the Design 91 conference. 
Learn how companies like yours are using concurrent engineering to enhance 
productivity, improve product performance, and increase profits. 

Design 91 makes it easy to get up to date. 
The Meadowlands Convention Center is easily accessible by car, train or plane. With 
over 8000 free spaces on site, there's no need to worry about parking. And plenty of 
affordable hotels and restaurants are nearby. So eliminate the hassle and expense of long 
business trips. Get up to date in a single day at Design 91 , September 24-26, 1991. 

~1991 Exp'.:'.n~anage.'.:nt Associates , Inc . _____________________ ~ I 

D YES! I want to be part of the only East Coast event for OEM Design Engineering. 
Please send me: Application for free admission to the Exhibit Hall 

The Conference Brochure 

D 
I'm interested in purchasing exhibit space. Please send information. 
Please Print 

Name: 

B 

-----------------------------~ 

Title: -------------------------------

Company: ---------------------------~ 
Address: -----------------------------
City: State: Zip: ____ _ 

Telephone: ( ) FAX: ( ) 
L---------------------------------~ 

By Mail: Design 91 , Expocon Management Associates, Inc ., 7 Cambridge Drive, P.O. Box 1019, Trumbull, CT 06611 

• FAX 203/374-9667 • Phone: 203/374-1411 



NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

FAST-SPINNING OPTICAL-DISK DRIVE 
SUSTAINS 1-MBYTE/S DATA READS DAVEBURSKY 

D
elivering the highest sus
tained transfer rate of any 
optical-disk drive, the Ricoh 
R05031E can deliver data 

at a sustained rate of 1 Mbyte/s to 
the host interface, and at SCSI-1 or 
SCSI-2 data rates in bursts of up to It 
256 kbytes . The magneto-optical 
drive achieves some of the speed 

thanks to an increased spindle speed 11111111111111111111111 of 3600 rpm-that's twice the speed I • 1-

~~tf ::iv~~i~!~~~~~:~~;, ;~:t:~;: 11111 
.. ;J, I 

also backwards- compatible with the 
previous-generation drives because 
it includes a half-speed mode that 
drops the spindle rotation speed to files of up to that amount in bursts 
1800 rpm. across the drive's embedded SCSI in-

In addition, the drive achieves an terface. That interface can handle 
average access time of just 37 ms- SCSI-1 or SCSI-2 protocols and com
that's a third or less the access time mands, and will allow burst trans
for most other optical drives. The av- fers at effective rates of up to 4 
erage seek time is also an impressive Mbytes/s. 
28 ms. To get the short access time, To get the short access time, Ricoh 
the drive employs a new single-step designers came up with the direct
direct-seek head-movement scheme seek scheme. The scheme lets the op
and a split-head optical system. Stor- tical head refer to the actual grooves 
ing up to 650 Mbytes per optical disk on the media by using track-cross 
(up to 297 Mbytes /side, formatted), signals. By counting the crossings, 
the fully ISO-standard-compatible the head can be moved directly to the 
drive now lets rewritable optical me- desired track position. 
dia take a place in a computer sys- In previous drives, the access pro
tem's main storage hierarchy. Previ- cedure was a two-step process con
ous optical drives were too slow and sisting of a coarse seek and a fine 
were often relegated to secondary seek. And the coarse and fine seeks 
storage. were referenced to an off-disk scale 

Although the drive can read data embedded in the carefully aligned 
at 1 Mbyte / s, data can be written to drive. 
the disk at only half that speed-500 Another improved feature is the 
kbytes /s. The reason for the 50% re- split-head optical system. The mov
duction in transfer rate is the two- ing portion of the head now contains 
pass approach required by the mag- only the obj.ective lens and the mirror 
neto-optic storage technique, which prism portions of the optical system, 
erases the disk on the first pass and rather than the entire optical sys
then writes the new data on the sec- tern. That split of the head reduces 
ond pass. If the verify option is se- its weight to just 35 grams, versus 
lected, the drive would require a about 100 grams in previous optical 
third pass to read the written data to drives. Less weight means faster 
verify that the data were written cor- movement and shorter access times. 
rectly. Consequently, the drive 's One negative aspect of the split op
transfer rate decreases to 333 tics is that a more powerful laser di
kbytes /s. ode is needed because the disk sur-

A large built-in dual-ported RAM face is now further away from the 
buffer of 256 kbytes can send data originating point of the beam. The 
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higher-power laser diode, in turn, re
quires forced-air cooling to minimize 
the heat build up in the small con
fines of the drive. 

Furthermore, the optics are kept 
in a dust-proof sealed environment 
that's separate from the electrical 
portion of the system. This improves 
data integrity and prevents ambient 
air from being swept past the optical 
head by a small built-in cooling fan. 
Thus, the drive can boast an error 
rate of just one bit out of every 1012 

bits read. The R05031E drive also 
has an MTBF of over 30,000 hours. In 
addition, optical data cartridges are 
available from Ricoh. The cartridges 
have a guaranteed lifetime of more 
than 10 years and can handle over 10 
million erase and write cycles. 

In single-unit quantities, the mag
neto-optic drive sells for $3990, in
cluding power supply and one optical 
data cartridge. OEM discounts will 
be available. The drive will also be 
sold as an external storage device in 
a case with power supply. Optical 
disks will sell for $230 each in small 
quantities. Along with the introduc
tion of the new drive, the company 
reduced prices for its existing optical 
drive, the R0-5030EII , from $3900 to 
$3450. Samples are available from 
stock. 

Ricoh Corp., File Products Div., 
5150 El Camino Real, Ste. C-20, Los 
Altos, CA 94022; Ken Yokoo, (415) 
962-0443. CIRCLE 571 
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UNIVERSAL INPUT 
3 11 x5 11 SWITCHERS 

SU30P 

SU40P 

SU65P 

• 85-264 VAC universal input 
• 30W/40W/65W output power 
• Single to quad outputs 
• compact footprints 

2.76"x5.12"x1 .5"(30w series) 
3"x5"x1 .5"(40W series) 
3.5"x6"x1 .7"(65W series) 

1.Fully agency approved 
2.Available from stock 
3.Low cost 

Call today for quantity pricing 
and complete details on standard 
or custom-made products. 

~ (~M[@)~}~~l Fall '91 
October 21-25, 1991 
Las Vegas, Nevada 

Booth No. 80665 

0 t=~m~~~JHC:J: 
6818-G Patterson Pass Road, 
Livermore, CA 94550 
TEl:(415)373-1008 
Fax:(415)373-1168 
Tlx:559291 FORTRON UD 
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NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

HIGH-PERFORMANCE LASER 
PRINTERS BASED ON RISC 

Two new additions have been 
made to Texas Instruments ' mi
croLaser printer family, the mi

croLaser Turbo and the microLaser XL 
Turbo. Both models are built with RISC 
processors to increase performance, 
producing images up to six times faster 
than standard 68000-based printers. 

While the printers maintain the fea
tures of the family 's earlier models , 
they offer some significant advan
tages. These include intelligent switch
ing between interfaces and emulation 
without any user intervention. They 
also feature PostScript Level 2 from 
Adobe, giving users access to the latest 
version of the standard page-descrip
tion language. Both printers ship with 
35 PostScript fonts. Also included is 
PCL 4 emulation, giving users the ben
efit of both PostScipt and HP LaserJet 
Series II compatibility. 

The difference between the Turbo 
and the XL Turbo is in the printing 
speed. '!'he Turbo is capable of 9 pages / 
minute, while the XL Turbo can do 16 

12-IN. OPTICAL DRIVE 
HOLDS 28 GBYTES 

By employing a five-cartridge maga
zine in a 12-in. optical drive, users can 
store up to 28 Gbytes of data. The 
LF4500 RapidChanger's high-speed 
disk changer requires less than 3 sec
onds to exchange cartridges. To meet 
the needs of changing environments, 
cartridges can be moved between sin
gle- and multiple-cartridge standalone 
drives and jukebox configurations. The 
RapidChanger is designed to fill the 
gap between the single-cartridge drive 
LECTRONIC DES 
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pages/ minute. Both models come with 
2.5 Mbytes of RAM (2 Mbytes on the 
processor board and 0.5 Mbytes on the 
main controller board). Up to 8 Mbytes 
can be added. More fonts can be ac
cessed by attaching an external disk 
drive through a SCSI interface. Both 
models will be available in September. 
The microLaser Turbo sells for $3199; 
the XL Turbo costs $5199. 

Texas Instruments Inc., Informa
tion Technology Group, P. 0. Box 
20:2230, ITG-9122, Austin, TX 78720; 
(800J 527-3500. UO&llitl 
• RICHARDNASS 

and the jukebox. It employs a sliding 
magazine rather than the conventional 
elevator mechanism used in other mul
tiple-cartridge systems. The magazine 
slides laterally within the drive hous
ing. The Rapid Changer offers an 80-ms 
access time and transfers data at 700 
kbytes /s. It's available with a pedestal 
or in a 19-in. rack-mount configuration. 

Laser Magnetic International Co., 
4425 Arrows West Dr., Co lorado 
Springs, CO 80907,· (719) 593-
4269. ta/@IEW 

8-IN. DISK TRANSFERS 
27 MBYTES/S 
High-volume data-processing bottle
necks are eliminated by the Sabre Par
allel Transfer Disk (PTD) from Seagate 
Technology. The 8-in. drive transfers 
data at 27 Mbytes /s and has a storage 
capacily of 2.3 Gbytes. The high data
transfer rate is achieved by simulta
neously employing nine read / write 
heads. The drive's average seek time is 
12 ms. The Sabre PTD, which is avail
able now, was jointly developed by Sea
gate and Cray Research Inc. Cray re
cently announced a proprietary imple
mentation of the Sabre PTD. 

Seagate Technology, 920 Disc Dr., 
Scotts Valley, CA 95066; (408) 438-
6550. IH/;lHlftjl 
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Control any 
IEEE-488 (HP-IB, GP-IB) 
device with our cards, cables, 
and software for the PC/AT/386, 
EISA, MicroChannel, and NuBus. 

VXI FUNCTION GENERATOR 
FEATURES SWEEP MODES 
The Model 1370 programmable sweep/ 
function generator covers 0.01 Hz to 12 
MHz in a one-slot C-size VXIbus mod
ule. The instrument works as a continu
ous, triggered, burst, or gated signal 
source, producing sine, triangle, 
square, square-complement, de, or ex
ternal-width waveforms. Sweeping can 
be either linear or logarithmic. The unit 
can send or receive triggers from any 
of the eight VXIbus TTL trigger lines. 
Output levels range from 100 m V to 10 
V pk-pk into 50-D., and 200 m V to 20 V 
pk-pk into an open circuit. Users can 
program the offset to vary the wave
form baseline from -5 to +5 V into 50 
n, or to vary the de output in the de 
mode. The unit runs the Standard Com
mands for Programmable Instruments 
(SCPI). The Model 1370 costs $2695, 
with delivery in 4 to 6 wee)<:s. 

Wavetek San Diego Inc., 9045 Balboa 
Ave., San Diego, CA 92123; (800) 874-
4835. IHl;&lltk1 

DESIGN-TO-TEST SOFTWARE 
OFFERS NEW FEATURES 
TDS Release 4.0 offers a significantly 
improved graphical interface and new 
WaveBridge modules with advanced 
tester features and flexible support for 
a wide range of test-program-genera
tion methods. The TDS design-to-test 
software also includes menu software, 
enhancements to Verilog input and out
put converters, increased perfor
mance, and expanded network licens
ing. The WaveBridge modules convert 
simulation data from one or more 
waveform databases into a structured 
form. Then they analyze the data and 
report problems that would prevent the 
target tester from reproducing the 
waveforms. WaveBridge runs 300% 
faster than previous software. The 

E L E 

NEW PRODUCTS 
11$iiai!MU•tl 

graphical interface, WaveMaker, inter
actively displays test-compatibility re
ports and pinpoints problems, allowing 
users to create, capture, display, ana
lyze, and modify digital stimulus and 
response data. The Verilog input con
verter now reads Verilog VCD fi les, 
and the output converter produces Ver
ilog VHDL stimulus files. TDS Release 
4.0, which is available now, starts at 
$20,000, depending on configuration. 
Upgrade options start at $10,000. 

TSSI, 8205 S. W. Creek side Pl., Beaver
ton, OR 97005; (800) 642-9281 or (503) 
643-9281. lltli&flwl 

You get fast hardware and 
software support for all the 
popular languages. A software 
library and time saving utilities 
are included that make instrument 
control easier than ever before. 
Ask about our no risk guarantee. 

BOARD OFFERS IEEE-488 
LINK FOR OEM USE 
The Personal488/ 0EM-P is designed 
for OEMs who want to integrate an 
IEEE-488.2 interface into their prod
ucts. The hardware-software package 
features C-linkable libraries of IEEE-
488.2 functions, DMA and interrupt
driven I/O capability, 8- and 16-bit 
hardware options, and high-perfor
mance RS-232 support. The Person
al488/0EM-P development kit includes 
an I/O adapter board that fits into a 
half-size PC bus expansion slot, a soft
ware interface consisting of a linkable 
library of Microsoft C routines, and 
complete documentation. The 8- and 16-
bit development kits cost $795 and $895, 
respectively. OEM pricing for 100-unit 
quantities is $195 and $295 each, re
spectively. 

/Otech Inc., 25971 Cannon Rd., Cleve
land, OH 44146; (216) 439-4091. 
lifl;&flW 
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RUN-TIME TOOL DEBUGS 
80386SX SOFTWARE 
The CodeTAP 386 SX run-time soft
ware development tool is designed to 
transparently debug software pro
grams running on the Intel 80386SX 
microprocessor. The system differs 
from other run-time tools, such as soft
ware monitors, in its ability to monitor 
and control execution in the target 
without using target memory or I/O 
capability, or requiring prior-code 
changes. Code can be generated by a 
variety of popular compilers with addi
tional support. The ability to debug us
ing original source code enhances pro
ductivity. Code TAP 386 SX allows engi
neers to single-step through all modes, 
both protected and real, and the diffi
cult code in between. A windowed, 
mouse-driven interface makes it easy 
to oversee target operations. The sys
tem operates at full clock speeds. The 
use of custom gate array technology al
lows full access to data structures, ar
rays, dynamic variables, and access 
and execution breakpoints. The com
plete tool chain consists of a Target Ac
cess Probe for the 80386SX, an RS-232 
communications adapter, a windowed 
source-level debugger, and software. 
The system works with PC/ AT and 
compatible hosts . CodeTAP 386 SX is 
available now with a starting price of 
$5995. 

A pplied Mic rosy s tem s Co rp., 5020 
148th Ave. N.E., R edmond, WA 98073-
9702; (206) 882-2000. llf/;&llti:I 

Free: 
Informative 
catalog 800-234-4232 
Applications help (617) 273-1818 

C!:fi 
Capital Equipment Corp. 
Burlington, MA. 01803 
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NEW PRODUCTS 

TEST MODULE SPEEDS ACQUISITION, ANALYSIS 

The HMXlO high-speed digital 
measurement system adds 200-
MHz digital data acquisition 

and comprehensive digital analysis ca
pabilities to the SigmaSeries and Ad-

c 

vance Functional TestStations. When 
combined with the Spectrum functional 
test and diagnostic software, the 
HMXlO increases diagnostic resolution 
and reduces program development 
time for testing complex digital and 

Put away your pencil, eraser and aspirin. 
TimingDesigner makes it easy to enter and 
modify timing diagrams in minutes instead of 
hours. And it makes doing a thorough job of worst 

case timing analysis fun ... not a headache! 
~ TimingDesigner calculates 
timing margins and instantly 
highlights timing violations. You 

can increase clock speeds, 
minimize parts costs, and still be 

sure your circuit will work when 
manufactured. 
~ TimingDesigner automatically 

·generates complete, clear, 
standardized timing documentation. 

~ TimingDesigner runs under 
Windows™ 3.0, which means it 

supports hundreds of printers, plotters, 
graphics cards, and interfaces with other 

Windows 3.0 applications. 

Be a hero! Use TimingDesigner to give 
your company more reliable, competitive 
designs. Call Chronology today at 
1 ·800-800-6494 and find out how to get 
a free demonstration. 

CHRONOLOGY 
2721 152nd Ave. NE• Redmond, WA 98052 
(206) 869-4227 •FAX: (206) 869-4229 

New V1.2 ·Added Features, Lower Price! 
CIRCLE 112 FOR U.S. RESPONSE 
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mixed-signal boards. 
To acquire a waveform from the de

sired node on a unit under test (UUT), 
the HMXlO samples asynchronously in 
several modes up to 200 MHz and syn
chronously in several modes up to 40 
MHz. The system then analyzes the 
waveform by comparing it to an arbi
trary but predefined list of criteria 
called measurement steps. Access to 
UUT nodes is through manual probing 
or test-fixture connections through 
multiplexer pods. 

Interactive software menus ease 
HMXlO setup and operation. Users 
first select the sources for the input, 
start, trigger, and stop functions . Then 
they specify the input threshold level. 
Finally, they define the number of iter
ations and the number of edges in each 
sample. 

A Waveform Display Window helps 
operators acquire waveforms interacti
vely, learn or verify a board's nodal-op
erating characteristics, and build a da
tabase of reference waveforms. The 
Editor Window specifies measurement 
criteria and saves them in a database. 
Once defined, the measurements can 
be run interactively or with the Spec
trum fault dictionary for automatic di
agnosis. 

The SigmaSeries HMXlO is available 
on a 6-week delivery schedule at a list 
price of $9995. 

John Fluke Mfg. Corp., PO. Box 
9090, Everett, WA 98206; (800) 443-
5853. IH/;/Hlltlil 
• JOHN NOVELLINO 

TIMING GENERATOR ADDS 
PRECISION TO VXI SETUPS 
With 5-ns resolution over a 5-kHz to 20-
MHz range, the Model 6459 provides a 
high-precision timing generator for 
VXIbus test systems. The generator, 
housed in a one-slot C-size module, out
puts up to eight timing strobes that are 
sourced onto the VXI local bus. The 
system's digital test modules can select 
these signals for use as stimulus, re
sponse, or stimulus-data formatting 
timing waveforms. The function of 
each timing waveform can be assigned 
to separate channels or groups and 
data-format waveforms. The 6450 Se
ries test executive firmware will auto
matically allocate the strobes without 
programmer intervention. The Model 
6459 costs $5900, and delivery is within 
16 weeks after receipt of an order. 

Racal-Dana Instruments Inc., 4 Good
year St., Irvine CA 92718; (800) 722-
3262. tahMEt:ul 
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ONE UNIT DOES SPECTRUM, 
NETWORK ANALYSIS 

Acombination spectrum/net
work analyzer performs fre
quency, distortion, phase, 

group-delay, return-loss, and imped
ance measurements over a 10-Hz to 
150-MHz range. The HP 3589A offers 
the capabilities of a dedicated spectrum 
and network analyzer for the cost of a 
spectrum analyzer alone. The company 
introduced a pair of 50- and 75-D S-pa
rameter test sets to be used with the 
analyzer. 

The HP 3589A's time-gated, spec
trum-analysis option facilitates mea-

MULTIFUNCTION COUNTER 
OFFERS 0.5-PPM TIMEBASE 
The Model 1856 counter measures fre
quency, period, average period, and to
tal counts over a 5-Hz to 1.3-GHz range. 
For improved accuracy and repeatabili
ty, the unit includes a temperature
compensated crystal-oscillator time
base. The timebase features 0.5-ppm 
stability at 23°C, +5°C; and 1-ppm sta
bility from O to 50°C. Sensitivity at 1.3 
GHz is 50 m V. For accurate very-low
frequency measurements, the Model 
1856 uses period measurement. The pe
riod-function's range is from 0.285 µs 
to 0.2 seconds. In the totalize mode, the 
unit counts up to 99,999,999 pulses 
from 5 Hz to 10 MHz. The counter ex
ceeds FCC requirements for adjusting 
transmitter frequency. The Model 1856 
counter is available at a suggested list 
price of $485. 

B+ K Precision, 6470 W. Cortland 
Ave., Chicago, IL 60635; (312) 889-
1448. Gtfiill1:tl 

surement of burst or time-varying sig
nals, which are common in applications 
like communications, disk drives, and 
optoelectronics. By making readings 
only during the desired portion of a sig
nal, this option allows standard mea
surements (noise level, signal-to-noise, 
and distortion) on difficult dynamic sig
nals. Also, new functions make it easy 
to interface the HP 3589A with down
converters, high-frequency analyzers, 
and receivers by correcting for phe
nomena like frequency inversion. 

The analyzer makes measurements 
in 50- and 75-D environments and of
fers group-delay, polar, and Smith
chart formats. For audio or broadband 
analysis, the analyzer performs log 
sweeps and includes a 1-Mn input. The 
S-parameter test sets add complete 2-
port-analysis capability. 

A standard PC keyboard can be used 
to program the instrument using HP 
Instrument Basic. A built-in 3-1/2-in. 
disk drive saves test results, measure
ment states, and programs. 

Prices for the HP 3589A analyzer 
start at $21,750, with delivery estimat
ed within 2 weeks. The HP 35689A and 
HP 35689B 50- and 75-D test sets cost 
$3650 and $4000, respectively. 

Hewlett-Packard Co., 19310 Prun
eridge Ave., Cupertino, CA 95014; 
rsoo; 752-0900. t@@lli:U 
• JOHN NOVELLINO 

COMP ACT UNIT EXTENDS 
IEEE~88BUST0300M 
IEEE-488 users can extend their bus 
system to 300 m without compromising 
performance or modifying application 
programs by using a pair of GPIB-130 
bus extenders. The expanded system 
can handle up to 28 devices, 14 attached 
to each extender. The compact unit (94 
by 76 by 24 mm) maintains the ability to 
respond to parallel poll commands to 
the full 300 m. Data transfers in the 
buffered mode are made at 900 kbytes/ 
s, regardless of cable length. In the un
buffered mode, which uses IEEE-488 
handshaking to confirm each byte at 
the sender and receiver, transfer rates 
reach 790 kbytes/ s at 5 m and decrease 
to 140 kbytes/s at300 m. The GPIB-130 
is available immediately at a price of 
$995. 

National Instruments, 6504 Bridge 
Point Pkwy., Austin, TX 78730-5039; 
(800) 433-3488 or (512) 794-0100. 

IW;&llt,-U 
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PICO 
Electronics, Inc. 

453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 

Call Toll Free 8 00·431 • 1064 
IN NEW YORK CALL 914•699·5514 

Send for P/CO's new catalog featuring 
Ultra Miniature Transformers /Inductors / 

DC-DC Converters 
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POWER RECTIFIERS 
COME IN SMT PACKAGES 
Two plastic surface-mounted packages 
house power Schottky and ultra-fast 
rectifiers. The 1-A package contains 
the MURS105T3 series of ultra-fast 
rectifiers with ratings from 50 to 600 V. 
The 3-A package carries the 
MURS305T3 series of rectifiers, also 
rated from 50 to 600 V, and the 
MBRS320T3 series of Schottky rectifi
ers rated from 20 to 40 V. A low-Vr 
(0.395 V) version of the Schottky device 
is available. The rectangular devices 
are easier to handle than conventional 
leadless diode packages and come on 
tape and reel for automated assembly. 
Pricing for the Schottky devices ranges 
from $0.78 to $1.12 in the 1-A package 
and from $1.02 to $1.08 in the 3-A pack
age. Ultra-fast rectifiers range from 
$0.74 to $0.94 in the 1-A package and 
from $0.96 to $1.16 in the 3-A package. 
All pricing is for quantities of 2500. De
livery is from stock to four weeks. 

Motorola Inc., 5005 E. McDowell Rd., 
Phoenix, AZ 85008; Larry Bax ter, 
(602) 244-5757. lilO&llii# 

NEW PRODUCTS 

PROXIMITY SENSOR 
WITHSTANDS HIGH SHOCK 

An inductive proximity switch now 
comes housed in an extra-thick, hard
ened-steel mechanical housing that 
withstands physical contact. The 
"banking screw" is a rugged device 
that incorporates an electronic switch
ing output that's protected against ex
cessive shock loads. Sensor life is pro
longed by preventing wear and crack
ing of the brittle ferrite core, which 
would destroy the circuit's integrity. 
Typical applications include use in X-Y 
mechanical slides. Call for pricing and 
delivery. 

Baumer E lectric Ltd., 122 Spring S t., 
C-6, Southington, CT 06489; (203) 621-
2121. litl;&llit:bt 

I LEISTER I Contact-free soldering 
. and de-soldering 

of SMD, DIP and pin grid components and connec
tors in a matter of seconds with the Leister-Labor " S" 
hot-air tool. Electronic control of temperature and air 
supply, ESD safe. Over 400 special nozzles available. 

Ask for free brochure UW 169 
Brian R. White Co. Inc., 313 Henry Station Road 
Ukiah, CA 95482 phone: (707) 462-9795 

Farmingdale, NJ 07727 phone: (908) 938-2700 
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CIRCLE 135 FOR RESPONSE OUTSIDE THE U.S. 

TIME-DELAY FUSE 
SAVES BOARD SP ACE 
Time-delay performance in a space-sav
ing subminiature molded package is 
featured in the Pico III Slo-Blo fuses. 
Available in ratings of 112 A through 7 
A at 125 V, the fuses are well suited for 
applications with an inrush current 

that would typically open a fast-acting 
fuse. The time-delay feature helps 
solve the problem of nuisance fuse 
blowing. The fuse's high lead-pull 
strength means greater durability dur
ing installation. Call for pricing and de
livery. 

Littelfuse Inc., 800 E. Northwest Hwy., 
Des P laines, IL 60016; (708) 824-
1188. 11{/;&lli#t 

RF POWER TRANSISTORS 
IN SOT-223 PACKAGES 
Claimed as the world's first RF power 
transistors in a standard SOT-223 sur
face-mounted package, the BLT50, 
BLT80, BLU56, and BLU86 are all ca
pable of dissipating 1 W. The devices 
save considerable pc-board area and as
sembly time for such equipment as 
pocket and handheld cellular and porta
ble mobile radios. The BLT50 and 
BLU56 are optimized for use at 470 
MHz and voltages of 7.5 V and 12.5 V, 
respectively. The BLT80 and BLU86 
are for use in 900-MHz equipment and 
are also rated at 7.5 and 12.5 V, respec
tively. Pricing is in the $1.30 range for 
lots of 1000. Delivery is in 8 to 12 weeks. 

Philips Components, Discrete Prod
ucts Division, 2001 W. Blue Heron 
Blvd., Riviera Beach, FL 33404; (407) 
881-3308. fah&llit:U 
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GET FULL-MOTION SPEEDS 
OF 30 FRAMES/S 
Built around the LSI Logic JPEG chip 
set, the Visionary real-time JPEG com
pression board achieves CCIR-601 reso-
1 u tion at full-motion speeds of 30 
frames/s. The board connects to avid-

eo-capture card, enabling real-time vid
eo data or stills to be privately ex
changed between the LSI chips and the 
frame buffer. This avoids any bottle
necks associated with the ISA bus. Vi
sionary and an appropriate frame buff
er can replace an analog video disk to 
reduce the cost and complexity. The 
board and its associated software run 
under DOS or Windows 3.0. 

Rapid Technology Corp., Amherst 
Commerce Park, Suite 43, 4226 Ridge 
Lea Rd., Amherst, NY 14226; (716) 
833-8533. ta!t&lltNI 

IMAGE-COMPRESSION 
CARD RUNS REAL TIME 
An AT-bus add-in card, compatible with 
the Joint Photographic Experts Group 
standard for image compression, can 
compress color or gray-scale video im
ages by factors as high as 100:1. The 
Vidcom board accepts NTSC or PAL 
video signals from TVs, VCRs, Cam
corders, etc. It first digitizes the im
ages and then compresses them with 
its on-board CL550B compression pro
cessor chip (built by C-Cube Microsys
tems). The board can transfer uncom
pressed data at a rate of 27 .65 Mbytes / 
s to the hard-disk subsystem; however, 
such a rate can't be handled by the AT 
bus. When compressed using an 80:1 
ratio, the data rate drops to just 345.6 
kbytes/ s-a very manageable transfer 
rate for most hard-disk drives. Both 
real-time compression and decompres
sion can be done by the board, which 
delivers an NTSC 'analog signal to its 
output connector. Image resolutions 
can be as high as 8192 by 8192 pixels by 
24 bits. The Vidcom card connects with 
a cable to a standard VGA card and 
overlays its output onto the VGA dis
play. Available next quarter, the card 
sells for $995 in single units. 

Specom Technologies Co rp., 3673 
Enochs St., Santa Clara, CA 95051; 
(408J 736-7832. ta!ttallt:PI 
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CLASSIFIED ORDER FORM 
BUSINESS 
SERVICES 

BILL TO: 
Name __________ _ 

Company _________ _ HARDWARE AND SOFTWARE 
Address __________ _ 

City/ State/ Zip ________ _ 

Telephone _________ _ 

Size of Ad _________ _ 
Month of Issue ________ _ 
Insertion/ PO# ________ _ 

Signature _________ _ 

AD COPY: Maximum 35 words per inch. Type 
your ad copy on company letterhead, include 
logo or special instruction. Mail with order 
form. 

ELECTRONIC DESIGN 
Classified Advertising 
1100 Superior Avenue 
Cleveland , OH 44114 

(216) 696-7000, ext. 2520 

DEVELOPMENT SERVICES 
· We specialize in developing microprocessor/FPGA based 

products/systems and embedded software development. 
· Custom Windows V3.0 and networking software development. 

· Can help with part of or handle the entire project. 

· Full Microprocessor Oevek>pment Systems, J21CE, CAO/CAM, 
and PCB layout system. 

· Oevelopmem for LAN, Multibus, VME, PC, MCA, and STD. 

lcT Applied Computer Techniques, Inc. 
Tel. (407) 851 ·2525 lncorpor•lod 1978 

FAX YOUR ORDER! 
To Advertise in 

Penton Classifieds, 

FAX: (216) 696·1267 
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Bill Giller (408) 441-0550 
James Theriault (408) 441 -0550 
Sales Admm1strator. Amber Hancock 
2025 Gateway Pi., Suite 354 
San Jose, CA 95 110; (408) 441-0550 
FAX (408) 44 t -6052 or (408) 441-7336 

Texas/Southeast: Biii Yarborough 
12201 Merrit Dr., Suite 220, Dallas, TX 75251, 
(214) 661-5576 FAX: (214) 661-5573 

Direct Connection Ad & DAC Sales Representative: 
Jeanie Griffin (201) 393-6080 

Canada: T any Chisholm 
Action Communicat1ons 
135 Spy Court , Markham, Ontario L3R 5H6 
Phone: 416-477-3222 FAX: 416-477-4320 

Netherlands: W.J.M. Sanders, S LP.A.S. 
Oosterpark 6-P.O. Box 25 
1483 DeRyp, Holland Phone: 02997-1303 
Telex· 13039 SIPAS NL Telelax: (02997)-1500 

France, Belgium, Spain: Claude Bnl 
IMS Pans, c/o IDG Communications France 
Cedex 65, 92051 Pans la Defense-France 
Phone: 33 149 04 7 900 FAX: 33 t 49 04 7 878 

Germany, Austria, Switzerland: Fnedr1ch Anacker 
lnterMed1a Partners GmbH 
Kalernberger Slrasse 247, 5600 Wuppertal 1 
Wesl Germany Phone: 02-02-711-091/92 

Hong Kong: Tom Gorman, China Consultant Intl 
Guardian Hse, Ste 905 
32 01 Kwan Road, Happy Valley, Hong Kong 
Phone: 852 833 2 181 FAX: 852 834 oo<'U 

Israel: lgal Elan, Elan Marketing Group 
22 Daphna St., Tel Aviv, Israel 
Phone: 972-3-6952967 FAX: 972-3-268020 
Toll Free in Israel only: 177-022- 133 1 

Italy: Cesare Cas1ragh1, Casiragh1 Cesare, S.A.S 
Via del Colli 1, 22070 Guanzale, Como, Italy 
Phone: 39 31 976 377 FAX: 39 31 976 382 

Japan: Hirokazu Morita, Japan Advert1smg Communications 
New Gunza Bu1d1ng 3-13 
Gunza 7-chome, Chuo-Ku, Tokyo 104 Japan 
Phone: 011-81-3-3571-8748 FAX: 011-81-3-51 t-8710 

Korea: Young Sang Jo, Business Communicat1ons Inc. 
K.P.O. Box 1916, M1dopa Building 146, 
Dang1u-Dong, Chango-Ku, Seoul, Korea 
Phone: 011-82-2-739-7840 FAX: 011-82-2-732-3662 

Singapore, Australia, New Zealand: Omer Saker 
Media Development Ltd ., 17B Washington Plaza 
230 Wancha1 Road , Hong Kong 
Phone: 834-5978 FAX: 893-9411 

Taiwan: Tomung Lai, United Pacific International 
No. 311 Nanking E. Rd ., Sec. 3 
Taipei , Taiwan R.O.C. Phone: 01 t -886-27- 150-75 1 
FAX: 011-886-27-169-493 

United Kingdom: John Maycock 
Hultons Buildings, 146 Wesl St. 
Sheffield, England S 1 4ES Phone: 742-759186 

NEW PRODUCTS 
COMMUNICATIONS 

CHIP SET SIMPLIFIES 
FIBER TRANSCEIVERS 

Atwo-chip transceiver chip set --~----
for fiber-optic-based Ethernet 
local-area networks lowers the 

cost of implementing the IEEE 802.3 fi
ber-optic interrepeater link (FOIRL) 
standard. The FOIRL standard allows 
Ethernet links to extend the distance 
between repeaters to as much as 1000 
m, broadening the area covered by an 
Ethernet network. 

The two chips consist of the ML4661 
FOIRL transceiver and the ML4621 fi
ber-optic quantizer. Together, the 
chips provide· all of the functions re
quired to implement an internal or ex
ternal IEEE 802.3 FOIRL medium-at
tachment unit. The 4621 can be directly 
connected to standard Manchester en
coder/ decoder chips or an attachment
unit-interface cable. 

The transmitter section of the 
ML4661 can directly drive a fiber-optic 
LED. Support functions, such as jab
ber, 1-MHz idle-signal generation, and 
signal-quality-error (SQE) test, are all 
integrated on the chip as well. Five net
work-status LED drivers are available 
to control the indicator. The receiver 
portion accepts an ECL input coming 
from the ML4621 quantizer chip. Logic 

HIGH-DENSITY CAM 
BOOSTS LAN THROUGHPUT 
The PNC1480 contents-addressable 
memory (CAM) is designed to eliminate 
throughput bottlenecks in the address
filtering operations of bridges, routers, 
and gateways of high-speed LAN s. 
Configured as 1 kword by 64 bits, the 
memory chip uses a logic comparator 
within each memory-bit cell to produce 
a constant search time of 100 ns or less. 

Individual bits and words in the 
PNC1480 CAM can be masked for com
parison. The 64-bit field width can be 
partitioned as areas of CAM and RAM 
on 16-bit boundaries. 

For use in gateways, on-chip logic on 
the PNC1480 CAM automatically con
verts data between Ethernet and to
ken-ring formats. Cascaded devices 
can be addressed as one large CAM, or 
as specific CAMs in a chain. The 5-V 
CMOS device has TTL-compatible in
puts and outputs, and comes in a 28-pin 
DIP or a 44-pin PLCC. Pricing is $70 
each in quantities of 100. 

GEC Plessey Semiconductors, 1500 
Green Hills Rd., Scotts Valley, CA 
95066; ( 408) 438-2900. lill;&lli:U 

removes the 1-MHz idle signal and the 
attachment-unit-interface output is ac
tivated when the receive squelch crite
ria is exceeded. A link-monitor function 
is also included to provide a warning 
signal if light levels are too low. 

Both chips operate from a 5-V supply 
and are housed in 28-lead plastic leaded 
chip carriers. In 1000-unit lots, the 
ML4661 goes for $21 apiece, while the 
ML4621 sells for $6.50 each. Both are 
available from stock. 

Micro Linear Corp., 2092 Concourse 
Dr., San Jose, CA 95131; Charles 
Yager, (408)433-5200. 
lill;&ll'@I 

• DAVE BURSKY 

lOBASE·T TRANSCEIVER 
CONSERVES POWER 
A CMOS lOBase-T transceiver draws a 
typical 35 mA, compared with the 350 
mA required by equivalent bipolar de
vices, and just 250 µA in a power-down 
mode. In external asynchronous media
attachment-unit (MAU) applications, 
the 83C94 transceiver is used on a cir
cuit board outside the data-terminal 
equipment and connected through a 
standard Ethernet auxiliary-unit inter
face (AUi). AUi signals transmit and 
receive data, and report collisions. LED 
outputs on the 83C94 indicate MAU 
functions, such as transmit, receive, 
link integrity, jabber, collision, and au
topolarity detection and correction. In 
embedded applications, the chip func
tions with a data-link controller as a 
Manchester code converter. With sur
face-mount packaging, Seeq's chip-set 
solution occupies about 3.4 in.2 of board 
space. The 83C94 is available now in a 
28-pin DIP or PLCC for $9.75 each in 
lots of 1000. 

Seeq Technology Inc., 1849 Fortune 
Dr., San Jose, CA 95131; (408) 432-
7400. till@lli:tl 
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DIRECT CONNECTION ADS 
New Products/Services Presented By The Manufacturer. 
To Advertise, Call JEANIE GRIFFIN At 201/393-6080 

ELECTRONIC TEST ACCESSORIES 
Over 12,000 time-saving/problem-solving solu
tions to common testing , hookup and assembly 
applications. Just ask for it. 

E.Z~HOC>K 
P. 0. Box 450, A read ia , CA 91066 

(818) 446-6175 •Fax: (818) 446-0972 

E-Z HOOK CIRCLE 407 

Instrument Control and Data Acquisition 
Free 1991 color catalog of instrumentation products for 
personal computers and workstations-application 
software with graphical user interfaces acquires 
data from RS-232, GPIB, or VXI instruments and PC 
data acquisition boards, and analyzes and presents 
data. Includes data acquisition, GPIB, and VMEbus 
controller boards, and signal conditioning. 

National Instruments 
6504 Bridge Point Parkway, Austin, TX 78730 

(512) 794-0100, (800) 433-3488, Fax: (512) 794-8411 

NATIONAL INSTRUMENTS CIRCLE 413 

**** " The Best 8051 Emulator" 

Sii cabie 

8051 SEE EEM 90191 
Pages D 1320-1323 

PC based emulators for the 8051 family 
8031, 8032, 8051, 8052, 80C152/154/321/4511452/5 1FA/51GB/515/517/5351537/ 
552/5621652/851, 80532, 8JC4511552/6521751175218 51, 8344, 87C451/552/7511 
752, 8751, 8752, 055000 + CMOS . 

• PC plug·in boards or RS-232 box. 
• Up to 30 MHz real·lime emulation. 
• Full Source-level Debugger w/complete C-variable support. 
• 48 bit wide, 16K deep trace, with "source line trace." 
• " Bond-out" pods for 805t , 83C552, 83C451, 83C652, 

83C751, BOC515/BOC517, 83C752 

Prices: 32K Emulator 8031 $1790; 4K Trace $1495" rus only) 

CALL OR WRITE FOR FREE DEMO DISK! 
Ask about our demo VIDEO 

nDHau 51 E. Campbell Avenue 
Campbell , CA 95008 
FAX (408) 378-7869 

CORP O R ATI O N (408) 866-1820 

SEE US AT EMBEDDED SYSTEMS 
CONFERENCE BOOTH #316 

Call 408·378-2912 
Nohau's 24·hour 

1nformat10ncenterto 
receive into via your FAX 

CIRCLE 414 

RACK PANELS 

ADS 

Rland R2 MF 
Transceivers 

M-986 transmits and 
receives CCITT Rl or R2 
forward and backward 
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 / output format 
• Complete microprocessor interface 
• 40-pin IC, 5-volt power, crystal time base 

1·800-426-3926 
Or: 206-487-1515 Fax: 206-487-2288 

;t:EL"'CCNE® 
iiijlijiefhllij!ijelijll[.jij~f 

fn Jelewm fnte!fi= Components 
Teltone Corpora tion, 22121-20th Avenue SE, Bothell, WA 98021 

TEL TONE CIRCLE 421 

v<i'o 
- · .9v<i'?s o.; 

I . . < :c~ll: 

T[ESl))(J~ 
P-.CBlocJ Diagram-Simulah!r 

. - ' · 1: 
. . i : ·. 

Modems, DSP/ satcom, nav, controls~;. 
Times are tough: shorter schedu,l~s: . ;. 
more complexity. TESL:Acan help 1_yqu: . ~ . 
•Detect gotch.as before oreadboarding • . · .·· 
•Find the best design alternatives fast. : / · 
•See the effects: filters on signals & loop~. 

cp-noise, multipath & adjacent channels .. 
•Simula.le mixed-signal ASICs & syste~~
• Put a lab on your desk for just $695! · 

Demo disk: 404-751-9785. Fax:404-664-5817 
TESOFT Box 305, Roswell, GA aoon 

TE SOFT CIRCLE 405 

• Schematic Entry • SPICE Simulation 
• Model Libraries •Waveform Graphics 
lntusoft has it all at an Affordable Price! 
INTEGRATED, EASY TO USE SIMULATION ENVIRONMENT, F EATURING : 

A powerful SPICE (lsSPICE) 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 
lsSP1ce, complete systems are available for $815. 

v:;1~?~w~!~:~~d IE' P.O. Box 710 San Pedro, 
Information Kiii intusoft CA 90733-071 O 

Tel. 213-833-0710 Fax 213-833-9658 

INTUSOFT CIRCLE 401 
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GLOBE 

~ 

CAPTIVE 
PANEL SCREWS 

Globe Electronic Hardware's 
captive panel screws are 
available in stainless 

steel, brass or steel 
and can be finished 
to meet Mil, QQ and 
other standards in 

forty-two protective 
and decorative finishes. 

Globe, the specialists in 
custom screw machine parts, 

wi ll also fabricate a captive 
panel screw to your specifications. 
Call , write or fax to receive Globe's 

comprehensive 204-page catalog on 
captive panel screws and our exten
sive line of electronic hardware. 

GLOBE ELECTRONIC HARDWARE 
34-24 56TH STREET • WOODSIDE, NY 11377 
(800) 221-1505 • NEW YORK: (718) 457-0303 
FAX: (718) 457-7 493 

GLOBE ELECTRONIC HARDWARE CIRCLE 409 

llnl1P.IP.n ............... 

U.S.A WATAHAN NOHARA INTERNATIONAL. INC 

TEL (800)366-3515 

NOISE LAB CIRCLE 415 

The Only Low Cost/High Performance 
Arbitrary Waveform Generator 

AWG502 
A must for Engineering Development or Production Test. 
* IBM AT compatible board * Two analog output channels + 24 digital outputs * Up to 50 Megapoints/sec output each channel * 12 bit resolution * 10 output filters per channel * Frequency synthesizer * 64k words RAM per channel with segment looping * The best sottware support on the market 
Full price is $3500. Phone Today for immediate information. 

S1gnatec, Inc . 
.,, 357 Sheridan Street, Suite 119 

Corona, Californ ia 91720 
(714) 734-3001 

SIGNATEC FAX (
7141 734

-
4356 

CIHCLE 416 

Free Catalog 
The World's Largest Collection of Adapters & 
Accessories for VLSI/Surface Mount Devices 
• Emulator Pods & Adapters • Debugging Accessories 
• Debug Tools· • Prototyping Adapters 
• Programming Adapters • Custom Engineering 
• Socket Converters 

Emulation Technology, Inc. 
2344 Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 
EMULATION TECHNOLOGY 

Br 
CIRCLE 408 

MURRIETIA CIRCUITS CIRCLE 412 

IF YOU USE HIGH 
PERFORMANCE 

PLDs ... 

If you need trouble-free programming and functional 
testing , then the PfLOT-U40 is for you . Many program
mers just cannot handle the demands of today's high 
speed CMOS devices. We currently support 5ns bipolar 
PALs, 7ns GALs, all MACH devices , EP-1800, Xilinx , 
E/EPROMs. PROMs, micros, etc. Starting from $1 ,095 . 
Made and supported in USA. Please call us at: 

408-243-7000 , 800-627-2456, Fax 408-736-2503 

f; e~~'~a~!~I~n~a~ c~~4~8~ 
ADVIN CIRCLE 402 

ADS 

Instant 
Microcontroller 

Instant C Programming 
Don't use a microprocessor, use a SmartBlockTM 
microcontroller module to build your custom 
controller. Our low cost Dynamic CT" makes 
programming a snap. 3.5 x 2.5 inch module 
includes microprocessor, memory, time/date 
clock, eeprom, watchdog , serial ports and more. 
As low as $59 in quantity. The efficiency of a 
custom design without the headaches. 

Z-World Engineering 
1340 Covell Blvd., Davis, CA 95616 USA 

Tel : (916) 753-3722 
Regular Fax : (916) 753-5141 

Automatic Fax: (916)-753-0618 
(Call from your fax , hear computer voice, use 

touchtone dial to request desired data sheets. ) 

Z·WORLD ENGINEERING CIRCLE 417 

IEEE 488.2 
Hardware for IBM PC/AT, 

Micro Channel, Sun, 
Macintosh, DEC, 

and NeXT. 

Software for DOS, 
UNIX, VMS, rrenu-driven 

IEEE 488 extenders, analyzers, 
converters, analog 1/0, and digital 110. 

Call for your free IEEE catalog 

lDtech 
IOtech, Inc. • 25971 Cannon Road 

Cleveland, Ohio 44146 • (216) 439-4091 
IOTECH CIRCLE 410 

1111111111[. :] 
• A A 

::=:=:=:=:=:=:=::::.; = --- ---
ELECTRONIC DESIGN AUTHOR'S GUIDE 
Thinking of writing a technical article for publication in 
Electronic Design?' This 12-page brochure contains just 
about everything you need to know about the process: 
submitting the outline, tips on writing the manuscript, 
prepaling the artwork, and more. 

ELECTRONIC DESIGN 
611 Route #46 West 
Hasbrouck Heights, NJ 07604 

ELECTRONIC DESIGN 
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"Tango-Schematic ••. Corvette" power 
at a Chevette'" price." 

"I've tried other popular 
schematic entry packages but I 
find that Tango-Schematic 
puts its perfom1ance and 
pov.reriul features right at my 
fingertips in an easy-to-use 

interface. I always 
recommend 
Tango
Schematic." 

Tango-Schematic, feature
rich and easy to use, is a 
truly complete program 
for schematic capture. Its 
affordable price includes 
great documentation and 
tech support and a money
back guarantee. 

Sec for yourself. Call today to order you r 
free schematic entry evaluation package. 

800 488-0680 
6 t9 554- tOOO • FAX: 6 t9 554- 1019 

ACCEI. Technologies, Inc. 
6825 Flanders Drive • San Diego, CA • 92 121 • USA 
Coni.acc us for the representative neares1 you. 

ACCEL TECHNOLOGIES CIRCLE 400 

Data 1/0 Wall Chart 
FAX us the name and serial number 

of your device programmer, and you'll 
qualify for a FREE copy of Data IIO®'s 
1991 Wall Chart, listing more than 4,000 

devices in 12 device 

*U.S. list price only. DATAl/O 

DATA 1/0 CORP. CIRCLE 419 

CARBORUNDUM NON-INDUCTIVE 
BULK CERAMIC RESISTORS 

New brochure presents high-performance ceramic resistors 
designed to exceed performance of conventional film, 
composition and wire-wound resistors. Designed for higher 
voltages, energies or frequencies, Carborundum non
inductive bulk ceramic fixed resistors are available in three 
types: AS--high voltage/energy for capacitor crow bar 
circuits, pulse-forming networks, impulse voltage generators, 
snubber circuits; A--high resistance for grounding resistors , 
voltage dividers ; SP--high-power/frequency loads for 
parasitic suppression, current limiting, snubber circuits. 

Brochure also has information on Carborundum thermistor 
and varistor products 

The Carborundum Company Electric Products Division 
P.O. Box 664 Niagara Falls, N.Y. 14302 
Telephone 716-278-2521 Telefax 716-278-6270 

CARBORUNDUM CIRCLE 406 

To: Data 1/0 FAX #: (206) 869-7423 
Subject: My FREE Wall Chart 

Fil'SI Ml. Last 

Title:-------------
Company:-----------
Address:-----------
Mail Stop:-----------
City/State/Prov.: _________ _ 

Zip/Postal Code:---------
Phone Number: ( ), _____ _ 
Brand/model Area Cmfe 

of my programmer••---------
Serial number __________ _ 

Or call l-800-3-DatalO (1-800-332-8246). 
** We'// accept any braml 

of de1-ice programmer. 

DATA 1/0 CORP. 

DATAl/O 

CIRCLE 420 

~ 
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1991 SCHEDULE 
Issue Date: Ad Close Issue Date: Ad Close 

Sept. 12 Aug. 16 Nov. 7 Oct. 11 
Sept. 26 Aug. 30 Nov. 21 Oct. 25 
Oct. 10 Sept. 13 Dec. 5 Nov. 8 
Oct. 24 Sept. 27 Dec. 19 Nov. 20 

To Advertise, Call JEANIE GRIFFIN At 201/393-6080 
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LOW COST 
Data Acquisition 

Cards for 
PC{}CT/AT 

.,: ~~.: : "/: 8:~· :I 
• • ••• •• 1 . . . . . . ·-

[I2 Bit ND & DIA PCL711S 295 
• A/O converter. 8 single-ended channels: Uses A0574 device: Conversion time 

• g,~S:O~,~c11r::ti~~~~~~11;r3111i8f,it ~;~lu~:~~a~~o T~i~1'0vMO~t~~~~~ngc. 
: mriiill~l ~~:111:,~~~~r:rp~~i~~~!c;~~: ~~:~ ~~J~~~~kl~~.~.cl. 

[12 Bit A7I>&-0/ATPCL8f21= $3-951 
• AIU converter: 16singlc ended inpu15; Uses A0574; Conversion time less 

• ~/~~~~~~~l~~;r!'~~~~~~:~~~ti~~'.'6:;1t~:~g3c~~c·~~'V. " 5V, ~ IV. 
: g~~i!a~~~~~~~~~;.~11iw:;~~1~:1n~8!~~:~~~~::-~'i~r ~~2§i4l 
I Fast 12 Bit ND/A [PCL718] $IBJ 

• A/O con,·uter: J6singlc ended or 8diffcrcntial channels: 12 bits resolution; 

~~:~i~~:!~i360,~ ~~~j~"c1:1:'::S~rd)~ 1~~ CC:~1;f!~r:(~'ii~nal). 
: :>r~~!:~c:~04i::~~c~s~0~~~1~~~~:2ji~·it~;1~'u~i~i~~~:"t!~: 1~fV2. 1 v 
• Digita l l/O:l6lnl0u1(111..coml:tiblc): P~111mma~e Counler{Timer (8254). 

• ~~MS,: !1~~~sf.~ftT~~H. ~~1fr1~~kBASIC included. Supported by 

I 6 Channel 12 bit D/A [PCL726] ~ 
• Output Ranges: 010 +5V,Oto + IOV, :!.5V, :t IOV,orsink 4·20mA. 

: ~~1i::F1/~ei61~fg~iar1~~~1iZ~d :!.1~~~~t~~~~~~~u(f.ltd~~;:S~f~7.: " s mA. 
MC/ VlSA / AMEX Ca/11odayfordaia.sheeu! 

~ 
B&C MICROSYSTEMS INC. 

750 N. Pu1oria A•·r, Sunnyva le, CA '4086 USA 
TEL: (408)730-5511 f'AX:(408)730·5521 

B&C MICROSYSTEMS CIRCLE 403 

PROTEUS - UNIVERSAL 
DEVICE PROGRAMMER from $995 
• Programs virtually all Mrmory & Logic De,ices on the market 
• 40 pin.s .s tandard: Upgradeable internally to 104 pin.s, and via external 

:idaptcr module IO a total of 296 pins: DAC generated programming voltages 
• Interfaces 10 any IBM -PC/XT/AT/PS2 'ia parallel port (cahle included) 
• Optional snap-in palmtop PC for stand-alone operation 
• User friendly menu driven software wi1h built-in full screen memory. fuse 

map and test editor; Fully integrated Algor-ithm Dr\Clopment En•·irnnmt-nl 
allow~ users 10 add parts 10 the device library or modify existing devices 

• P™'e rful Macro Language all™'S for Balch Mode Operalion 
• True State Machine Testing capability (all pins clocked simultaneously) 

: ~~~~:;~r~;~:! f ~EtE;~Qg~1~i~tT~t;~5~~r~~~(u~~~~·;6~~1~z ~)s) 
: ~~~!;r~~1~~11~~r:~~~ad~~~~g1~C~~~~~i;o~e~~~e:iJ::~1~~r~~ logic devices 
• True 100% ll ardware Selr-Ca~bration & Diagnoslics via builHn ND 

convener with 25mV resolution 
• Device insertion de:ection (detects reversed and shifted insertions) 
• Adapter Modules for GANG, PLCC, JEIDA Cards; Device I landlcr Interface 
• Add11ional Adapter Modules and Software Package<; allow reconfiguration as 

(PCB) Tull'r, Data l.oggl'r, Con trollrr, Programmable Powl'r Supply 

MC/ VISA / AMEX Ca!l 1odayfordatashee1s! 

~
. B&C MICROSYSTEMS INC. 

' 750 N. Pasloria A•·e., Sun nyva le. CA 9-1086 USA 
TEL,(408)730-55 1 t FAX, (408)730-552 t 

B&C MICROSYSTEMS CIRCLE 404 

Program PLCC devices on your DIP programmer. The 
PLCC sockets are live-bug auto-eject style providing 
positive alignment and push-in/pop-out mechanism. 
Accepts NEW CERQUAD erasable package/ 
AMO MACH-110 & 210 .... ........ . PA-MACH-210 ...... $115. 
28 DIP to 44 PLCC.. .. .... .. .......... new ! I 

20 pin PALs... .................... ........ PA20-20D ............... $90. 
20 DIP to 20 PLCC (dead bug loading) new 11 

2764 thru 27512 , 27C011 ......... PA28-32 ...... ............ $90. 
28 DIP to 32 PLCC....... new!! 

2701 o thru 27080 ..................... PA32-32 .... .............. $90. 
32 DIP to 32 PLCC.. .... new 11 

27202-3, 27210-27280, 87C75PF .PA280-44 .............. $115. 
40 DIP to 44 PLCC.................... new 11 

CALL or FAX for full device llstl 

CALL (315) 478-0722 FAX (315) 475-8460 
Logical Systems Corporation 

P.O. Box 6184, Syracuse NY 13217 USA 

LOGICAL SYSTEMS CIRCLE 411 
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25KHz to 2000MHz 
from$450 

ULTRA·RELn 
MIXERS 
5-YR. GUARANTEE * 

Our tough SBL-mixers just got 
tougher, by including Mini-Circuits ' 
exclusive Ultra-Rel diodes that can 
endure 160 hours of test at a scorching 
300°C. Rugged , more reliable mixers in 
your systems lower production and test costs 
and increase systems reliability. 

Over the past fifteen years, millions of SBL-units 
were installed in formidable industrial and commercial 
applications. Under severe operating conditions, they have 
earned the reputation as the world 's most widely accepted 
mixers, based on quality, consistent performance in the field , 
and lowest cost. 

In addition to the Ultra-Rel diodes, each SBL contains 
components that can withstand the strenuous shock and 
vibration requirements of MIL-STD-28837 along with more 
than 200 cycles of thermal shock extending from -55 to +100°C. 
Every Ultra-Rel™ SBL-mixer carries a five-year guarantee. 

Unprecedented 4.5 sigma unit-to-unit repeatability is also 
guaranteed, meaning units ordered today and next year will 
provide performance identical to those delivered last year. 

Tougher SBL-mixers, spanning 25KHz to 2000MHz, with 
+7dBm, +10dBm, and +13dBm LO models, priced from $4.50 
(10 qty) are available only from Mini-Circuits. Don 't settle for 
a substitute or equivalent .. . insist on Ultra-Rel™ SBLs. 

finding new ways 

SBL SPECIFICATIONS (typ). 
Frequency Conv. Loss Isolation (dB) LO Level Price, $ ea. 

Model (MHz) (dB) 
SBL -1 1 -500 5.5 

L-R L-1 
45 40 

(dBm) (10 qty) 
+7 4.50 

• SBL-1 X 10-1000 6.0 40 40 +7 6.25 
SBL-1Z 10-1000 6.5 35 25 +7 7.25 
SBL-1-1 0.1-400 5.5 35 40 +7 7.25 
SBL-3 0.025-200 5.5 45 40 +7 7.25 

• SBL-11 5-2000 7.0 35 30 +7 18.75 
SBL-1 LH 2-500 5.8 68 45 +10 5.50 
SBL-1-1 LH 0.2-400 5.2 64 52 +10 8.25 

• SBL-1XLH 10-1000 6.0 40 55 +10 7.25 
SBL-2LH 5-1000 5.9 61 54 +10 8.25 
SBL-3LH 0.07-250 4.9 60 53 +10 8.25 

• SBL-11 LH 5-2000 7.0 45 30 +10 19.75 
SBL-1 MH 1-500 5.5 45 40 +13 9.80 
SBL-1ZMH 2-11 00 6.5 40 25 +13 11.70 

• IF not DC coupled 

* ULTRA•REL"' MIXERS 5 yr. Guarantee 
with extra long li fe due to unique HP monolithic diode construction, 
300°C high 1emp. storage, 1000 cycles thermal shock, vibration, 
acceleration, and mechanical shock exceeding MIL requirements. 

setting higher standards 
CIRCLE 152 FOR U.S. RESPONSE 

CIRCLE 153 FOR RESPONSE OUTSIDE THE U.S. r;;::;;I Mini-Circuits 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 Telexes: 6852844 or 620156 
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60x Less Power. 
Linear introduces the 

industry's first CMOS/Schottky 
low power RS485 transceiver
the LTC485. This rugged new 
part meets the RS485 interface 
standard and is pin compatible 
(DIP and SOIC) with the industry 
standard 75176 bipolar device
but the LTC485 consumes 60 
times less power. With an inno
vative new technology that 
combines CMOS transistors and 
Schottky diodes, Linear's new 
LTC485 withstands drive volt
ages above and below the power 
supply rails without latch up. Its 
supply current is 300 microam-

LTC485 differential driver output. , 

TOUGH PRODUCTS 
FOR TOUGH APPLICATIONS. 

peres typical and 500 microam
peres maximum. The LTC485 
driver output skew is a very low 
5nS. During power up and power 
down, the outputs remain glitch 
free. The LTC485 is available 
in 8 lead DIP and SOIC pack
ages. Commercial, industrial 
and military temperature grades 
are available. Pricing in 100-up 
quantity in plastic DIP is $1.35 
and samples are available now. 
For a free sample and a datasheet 
contact: Linear Technology 
Corporation, 1630 McCarthy 
Blvd., Milpitas, CA 95035. 
Or call 800-637-5545. 
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