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As the saying goes, you only get out what 
you put in. 

Which is why you should talk to CHIPS 
even before you begin to design your next AT, 
PS/2-compatible or laptop microcomputer. 

We pioneered the CHIPSet'" approach to 
microcomputer design. 

Today, we're the industry leader. With 
the widest range of VLSI silicon 
solutions. And the most extensive 
portfolio of integrated software 
support and system design services 
you'll find anywhere. 

We'll help you push the 
envelope of AT performance and 
economy With the fastest 286 
and 386 microprocessor-based 
solutions for both desktop and 
laptop systems. 

Our NEAT"and NEATsx"' 
CHIPSets build speed and per­
formance into your AT systems 
through proprietary architectural 
innovations that allow faster data 
communications between our 
tightly coupled silicon subsystems. 

Our LeAPset"' CHIPSets for 
mid-to-high-end laptop computers 
integrate unique power control 

and conservation features. And feature the first 
VG/\ controller for flat panel graphic displays. 

And in the PS/2-compatible market we 
offer the most complete line of CHIPSet solutions 
and system design services in the industry 

But what makes this concept so successful 
isn't just the industry's broadest line of products. 

It's an approach to microcomputer design 
that starts at the system level. 

And that translates into higher system per­
formance, increased functionality and quicker 
time to market. And 100% compatibility with 
industry standard architectures throughout 
the entire system. 

Whether you're designing a high-perform­
ance 386 workstation, a compact 286 laptop, 
or a complete PS/2-compatible family 

At CHIPS, we work with you as a partner 
from the beginning of the design process to the 
day you ship product. 

Our Design Services Organization can 
help you with everything from technical con­
sultation to the design of an entire turnkey 
microcomputer system. 

What's more, our Integrated Software 
Organization will ensure system compatibility 
by providing BIOS and software drivers designed 
specifically for your company's individual 
hardware enhancements. 

No other vendor can help you put more 
into your design than CHIPS. 

So if you want to get more out of your 
systems, call 800-323-44 77 and put more into 
your design where it really counts. 

At the system level. With CHIPSets from 
CHIPS and Technologies. 

•••••• •• • • ••••• • •••• ® 

CHIPS 
The CHIPSet™is the system. 

Chips and Technologies, Inc , 3050 Zan her Road, Dqi1 M·4, Sanjose, CA 95134 PS/2, Micro Channd and VGA are tradrntarhs of Interna!lona1 Bu.~mess Mach mes CorporatLOn CHIPS 15 a reg1S1ered trademark 
and CHIPSet, Nf.AT. Nf.ATsx and LtAPsec are irademarh.s of Chips and Technologies, Inc Copyngh101989, Chips and Technologies, Inc 
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Integrated Asynchronous 
DMA Control for 
AT or Micro ChannelN 
Architectures 

16-bit VGA Graphics 
Control for 256 Color 
High Resolution 
VGA Display 

Hard Dish Control for 
MFM, RLL, and 
ESDI Drives 

Integrated Cache and 
DRAM Control for High 
Speed Memory Access 
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Integrated Data Buffer/ 
Controller with User 
Programmable Feature 
Options 

D 

Multifunction Com­
munications and Floppy 
Dish Interface Control 

Integrated System 
Peripherals Control with 
Optimized Interface for 
AT or Micro Channel Bus 

Integrated CPU and 
Bus Control to 25 MHz 
and Beyond for AT or 
Micro Channel 
Architectures 
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Single Chip Protocol 
Controller for 3270 
Terminal Emulation 
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Integrated System and 
VGA BIOS and 
Device Driver Support 
for Full System 
Compatibility 
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Dale has been perfecting the 
elements of partnering for nearly 
three decades. We began with a 
commitment to be the absolute 
best supplier of fixed resistors and 
associated components. The best 
at a technology which many said 
couldn't be improved . But we've 
done it. 

When the industry was ready to 
surface mount, we were ahead of the 
game with the largest selection of 
resistive components available. 
When ship-to-stock came on the 
scene, our ZIP® program was the 
first to eliminate the need for receiving 
inspection while guaranteeing on-time 
delivery. And , since 1972, our inno-

Dale® Can. 

vative electronic data interchange 
(EDI) system has grown into an 
international network. 

Behind this solid supply com­
mitment is a quality structure 
for which perfection is seen as an 
attainable goal. It encompasses 

Dale Electronics, Inc., 1122 23rd Street, Columbus, Nebraska 68601 

everything from Certified Suppliers 
to Quality Circles to fully integrated 
Statistical Process Control. 

Partnering. There's only one 
components supplier with the 
experience, size and commitment 
to make it work to your ultimate 
advantage. Dale can . Contact your 
Dale Representative or phone our 
Corporate Marketing Department 
at ( 402) 563-6359. 

Dale Makes Your Basics Better 
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SIEMENS 

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

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

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

TYPE BITS SPEED ACCURACY• TEMP RANGE FEATURES 

SDA081 2 12 17µs ±0.SLSB -40°C/+85°C Sett-calibrating 

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

SDA0808 8 13µs ±0.5 LSB -40°C/+125°C Faster and more accurate 
than the industry standard 

"Total Unadjusted Error (TUE) over entire temperature range 

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

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

CIRCLEN0.2 

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

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

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

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

C> 1989 Siemens Components, Inc. M15A002 



2.5KHz to 500MHz 250mWonly $199 
POWERFUL up to +23dBm undistorted output 

FLAT within 1d8 over the entire band. 2.5KHz to 500MHz 

UNCONDITIONALLY STABLE regardless of load 

DAMAGE-RESISTANT built-in voltage regulator; supply 
voltage 24V, 0.35A 

RUGGED operates from -55 to +85° C, withstands 
shock and vibration, ground equipment 

COMPACT only 3.75 by 1.8 by 2.6 in. 

finding new ways .. 

Packed with these super performance features, 22dB flat gain 
and a typical VSWR of 1.3 to 1, the ZHL-6A amplifier is ideally 
suited for your latest broadband systems designs. And where 
space is critical, its height can be cut in half, to only 0.9 in., by 
removing the heat sink and attaching the unit to your chassis. 

Running tests in your lab or on the production line covering all 
or segments of the 2.5KHz to 500MHz range and need more 
output from sweep or signal generators? It's not necessary to 
purchase and connect/disconnect an assortment of amplifiers 
when the ZHL-6A does it all. .. at an attractive price of only $199. 

For a super price/performance amplifier, order a ZHL-6A, 
available for immediate delivery with a one-year guarantee. 

setting higher standards 

EDN April 27, 1989 

r;;;J M iniA~;~l~,~~.~C!o~ 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 

Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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liinv SPOT switches 
absorptive ... reflective 

finding new ways ... 
setting higher standards 

de to 4.6GHz trom$32~~4) 
Tough enough to pass stringent MIL-STD-883 tests, useable 

from de to 6GHz and smaller than most RF switches, Mini-Circuits' 
hermetically-sealed (reflective) KSW-2-46 and (absorptive) 

KSWA-2-46 offer a new, unexplored horizon of applications. Unlike 
pin diode switches that become ineffective below 1 MHz, these GaAs 
switches can operate down to de with control voltage as low as -5V, 

at a blinding 2ns switching speed. 

Despite its extremely tiny size, only 0.185 by 0.185 by 0.06 in ., these 
switches provide 50dB isolation (considerably higher than many larger 
units) and insertion loss of only 1dB. The absorptive model KSWA-2-46 

exhibits a typical VSWR of 1.5 in its "OFF" state over the entire frequency 
range. These surface-mount units can be soldered to pc boards using 

conventional assembly techniques. The KSW-2-46, priced at only $32.95, 
and the KSWA-2-46, at $48.95, are the latest examples of components 

from Mini-Circuits with unbeatable price / performance. 

Connector versions, packaged in a 1.25 x 1.25 x 0.75 in. metal case, 
contain five SMA connectors, including one at each control port to 

maintain 3ns switching speed. 
Switch fast ... to Mini-Circuits' GaAs switches. 

SPECIFICATIONS 
Pin Model KSW-2-46 KSWA-2-46 

Connector Version ZFSW-2-46 ZFSWA-2-46 
FREQ. RANGE dc-4.6 GHz dc-4.6 GHz 

INSERT LOSS (db) typ max typ max 
dc-200MHz 0.9 1.1 0.8 1.1 

200-1000MHz 1.0 1.3 0.9 1.3 
1-4.6GHz 1.3 1.7 1.5 2.6 

ISOLATION (dB) typ min typ min 
dc-200MHz 60 50 60 50 

200-1 OOOMHz 45 40 50 40 
1-4.6GHz 30 23 30 25 

VSWR (typ) ON 1.3:1 1.3 
OFF 1.4 

SW SPEED (nsec) 
rise or fall time 2(typ) 3(typ) 

MAX RF INPUT 
(bBm) 

up to 500M Hz +17 +17 
above 500MHz +27 +27 

CONTROL VOLT - 8V on, OV off - 8V on, OV off 

0 MiniA~.~lr.~Yllo§ OPER/STOR TEMP. - 55 ° to +125°C -55° to +125° C 

PRICE (10-24) $32.95 $48.95 

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

$69.95 $79.95 

C 117 REV. E 
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ELECTRONIC TECHNOWGY FOR ENGINEERS AND ENGINEERING MANAGERS 

On the cover: Using the latest genera­
tion of user-programmable logic devices 
could be the key to your next successful 
design. See the Special Report, which 
begins on pg 146. (Photo courtesy Actel; 
concept and photography by Imagina­
tion; keyboard provided by KeyTronic) 
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SPECIAL REPORT 
User-programmable gate arrays 146 

The first generation of programmable logic devices (PLDs) al­
lowed you to vacuum up five or 10 TTL devices into one package. 
The latest programmable devices, FPGAs, can replace many more 
TTL devices.-Charles H Small, Associate Editor 

DESIGN FEATURES 
Design linear circuits that 
serve digital system needs 

165 

Digital circuits require a slew of analog support circuits to pro­
vide life support in the real world. Many of these functions are 
related to memory support and range from power-sense circuits 
to voltage supplies for programming onboard, nonvolatile memo­
ries.-Jim Williams, Linear Technology Corp 

Designer's guide to dynamic RAMs-Part 3 183 
To implement a DRAM system, you need a DRAM controller, 

which acts as a liaison between the CPU and the DRAM. This 
article, part 3 of a 4-part series, presents the basics of DRAM­
controller design. Parts 1 and 2 of this series introduced the funda­
mentals of DRAMs and the architectural options available to the 
DRAM-system designer. Part 4 will consider DRAM-board 
layout.-Robert Adams and Gregory Scavone, Texas Instruments 

Hybrid-IC techni<J.ues increase 
power in motor-drive circuits 

195 

Thick-film, hybrid-circuit motor drivers not only let you save 
board space, but also preserve the motor-drive ICs' overtempera­
ture protection and provide a high drive output.-Ed Goodell, 
Omnirel Corp 

Continued on pa,ge 7 
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Introducing 
surfuce-mount optocouplers 
ready for action. 

HPs new family of high-reliability 
military optocouplers in 20-ter­
minal LCC packages are the perfect 
choice for all your high-perform­
ance surface-mount applications. 

Measuringjust .350 inch square, 
our new 20-terminal LCC gives 
each channel of the dual-channel 
configuration full circuit inde­
pendence. All in the industrys 
smallest standard leadless chip 
carrier. 

Which makes it ideal for light­
weight, compact systems with 

6 

HP 89WWZ 
C U.S. A. 

6731 8838 

high component density. 

While its small in size, its big in 
performance. You get high-output 
gain from low-input current or 
high-speed logic gates with data 
rates up to 20 Mbaud. Wide Vee 
from 4.5 to 20 volts. And a unique 
AC/DC logic interface. 

Our new family of surface-mount 
hermetic optocouplers are built to 
deliver the same high quality and 
reliability you've come to expect 
from our 16-pin and 8-pin hermetic 
optocouplers. 

CIRCLE NO 11 

HP is a qualified manufacturer of 
these custom hybrid microcircuits. 
And all of our optocouplers meet 
tough DESC requirements. 

If you'd like to know more about 
HPs new family of hermetic opto­
couplers in 20-terminal LCCs,just 
circle the reader service number. 
We'll show you how easy it is to 
take action. 

F//'09 HEWLETT 
~~ PACKARD CG08803 

EDN April 27, 1989 



Continued from page 5 

You can now find U-interface /Cs from 
a variety of manufacturers (pg 53). 

EDN magazine 
now offers 

Express ~eq uest, 
a convenient way 

to retrieve product 
inforn1ation by 
phone. See the 
Reader Service 

Card in the front 
for details on how 

to use this free 
service. 

Ex11.ress1 1111~ 
Request., 
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TECHNOLOGY UPDATE 

ISDN ICs: The U interface comes of age 53 
Most of the issues involving the U interface have been resolved 

by the standards committees. However, resolving the issues 
doesn't mean that there is a unifying standard.-Michael C 
Markowitz , Associate Editor 

IOM-bps twisted-pair Ethernet: 
An Ethernet LAN standard emerges 

73 

Before long, board and system designers may have to contend 
with designing local-area-network (LAN) interfaces based on the 
emerging IEEE-802.3 lOBaseT standard, which will allow data 
transmission over standard phone lines at lOM bps.-David Shear, 
Regional Editor 

Attenuators solve transmission problems 93 
Digitally programmable attenuators are useful for almost any 

application in which you need to control signal-amplitude levels. 
-Tom Ormond, Senior Editor 

Micropower op amps hit new lows 117 

You no longer need to sacrifice de performance for low power 
consumption when you design with micropower op amps. These 
devices are now available with input offset voltages as low as 
5 µ V and input offset drifts of 0.05 µ V /°C.-Peter Harold , 
European Editor 

PRODUCT UPDATE 
60-MHz operational amplifier 
DSP debugger 
SCSI-2 disk-drive-array controller board 
5114-in. Winchester drives 

DESIGN IDEAS 
Self-biasing reference consumes low power 
Single cell lights LED 
Amplifier handles duplex line 
Single-chip µP acquires Basic 
Reactive limiter protects transformer 

135 
136 
138 
140 

219 
220 
221 
221 
224 

Continued on page 9 
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THE UNISITE PROGRAMMER: 
BECAUSE STATE-OF· THE-ART 

IS A STATE OF CHANGE. 
PROGRAMMING TECHNOLOGY THAT 
SUPPORTS ADVANCED DESIGNS­
TODAY AND TOMORROW. The 
UniSite"''s universal programming 
technology is the fastest and easiest 
way to keep up with new devices 
and packages. Its software-config­
ured pin driver system provides a 
single site for programming any DIP 
device up to 48 pins, including PLDs, 
PROMs, IFLs, FPLAs, EPROMs, 
EEPROMs and microcontrollers. 

The optional ChipSite™ module 
supports logic, memory and micro­
controllers in the most popular 
surface-mount packages-PLCCs, 
LCCs and SOICs. Or add SetSite™ 
to gang program up to eight 40-pin 
EPROMs, or set program a single file 
into multiple EPROMs. 

INSTANT ACCESS TO NEW DEVICES. 
The UniSite's device algorithms and 
system software are stored on 3112" 

micro diskettes, which are updated 
several times per year. To update 
the UniSite, simply load new master 
diskettes. 

FAST, EASY.PROGRAMMING. Menu­
driven operation with step-by-step 
prompts makes programming simple. 
For added convenience, you can 
operate the UniSite from an ASCII ter-

Data l / OCorporatlon 10525Willows Road N.E. , P.O . Box 97046, Redmond, WA 90073-9746, U.S.A . (206) 867-6899/Telex 15-2167 
Data l / OCanada 6725 Airport Road, Sune 302, M1ss1ssauga, Ontario L4V 1V2 (416) 676-0761 
Oata 1/0 Europe World Trade Center, Strawmskylaan 633, 1077 XX Amsterdam, The Netherlands + 31(0)20-6622866/Telex16616 DATIO NL 
Oata l / OJapan Sumitomoseime1 H1gash1shmbash1 Bldg ., BF, 2-1-7, Higash1-Shmbash1, Minato-Ku, Tokyo 105, Japan 

!031432-6991/Telex 2522685 OATAIO J 

© 1989 Data 1/0 Corporation CIRCLE NO 12 

minal or from a PC using the provided 
terminal emulator. On-screen help 
messages are available throughout 
operation. 

To speed parts selection, the 
UniSite provides a built-in list of 
devices by manufacturer name and 
number. You can also save your most 
frequently used programming param­
eters and jobs for instant recall. 

DESIGN FREEDOM FOR TOMORROW. 
When leading-edge designers need 
to use the latest devices, they need 
the programming freedom only the 
UniSite provides. Call Data 1/0® today, 
and ask about the UniSite. Because 
state-of-the-art never stops changing. 

1-800-247-5700 
Ext. 659 

Corporation 
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G300 eve • PROGRAMMABLE VIDEO TIMING GENERATOR • COLOR LOOK-UP TABLE • 

Baltimore (301) 995 6952 New York (914) 897 2422 Denver (303) 368 0561 Santa Clara (408) 727 7771 Atlanta ( 404) 



FULL BITMAP MANAGEMENT • TRIPLE 8·BIT DAC • PHASE-LOCKED LOOP • G300 eve 

If the chip in question is the new 

IMSG300 Color Video Controller 

(eVe) from INMOS, the answer is 

quite simply, "all of it". 

Through high integration, INMOS 

has combined total graphics control and 

data conversion onto a single 84 pin 

device. This includes a color look-up 

table, programmable video timing gen­

erator, full bitmap management, triple 

8-bit video DAes and a phase-locked 

loop. 

Because the IMSG300 is programm­

able, it is easily interfaced to any 

processor or monitor that may be used 

in your system. The G300 promotes the 

technique of using software drawing 

algorithms as opposed to designing 

them in hardware. This dramatically 

reduces design-in time and allows for 

easy upgradability. 

The IMSG300 also provides an 

optional 24-bit pixel mode for full color 

as well as pseudo color, an on-chip 

phase-locked loop for generating all 

high frequency clocks, and a 32-bit 

multiplexed pixel port for achieving 

pixel rates up to llOMHz. 

Only the IN MOS G300 eve gives 

you all the options • 0 

you need to tailor orr=umos· 
your systems exactly the way you want 

them - both now and in the future. 

The INMOS G300 eve single chip 

solution. Find out more today. 

IN MOS, PO Box 16000, Colorado Springs, 

Colorado 80935. Tel: (719) 630 4000 

242 7444 Dallas (214) 490 9522 Minneapolis(612) 932 7121 Boston (617) 229 2550 Orange County (714) 957 6018 
CIRCLE NO 13 



Seventeen MIPS with 
a single 3~bit RISC chip. Shrink 
wrapped development soft. 
17MIPS N 

7.5 MIPS ware. ow. 
SMIPS ANSI C o timizin 

Performance Now P g 
compiler by Metaware. Assefil 
biers by Microtec. Architectural 
simulators. Hardware debug 
module by Step Engineering . 

• 
IC 
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$64 

All available from AMO. 
Behavioral 

$21 

models from Logic AutOffia:w 
tion. Real time OS by Ready 
Systems. Logic analyzer inter-­
faces from HP. And more. 

Remember why you 
wanted to be an engineer? 

This is why. 
TM 

• Call toll free (800) 2929AMD. Advanced Micro Devices. Inc .. 901 Thompson Place. PO. Box 3453. Sunnyvale. CA 94088. ~ 

29K is a trademark of AMD © 1989 Advanced Micro Devices. Inc 

EDN April 27, 1989 
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Fujitsu's new RISC ·chip­
e ment. 

Buff 
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Break out! 

Get your computer to market before your 
competitors. 
When you need to be first, nothing helps more than 
getting a head start. And nothing will get you started 
faster than these new SPARC™ devices from Fujitsu. 

Not just a speedy microprocessor-but a complete 
high performance RISC chip-set. One that accelerates 
the development cycle of powerful minis, PCs and 
workstations. And eliminates 
many components plus the 
time it takes to integrate 
them. Yet, offers a high 
degree of design flexibility. 

MB86901 (IU) MB86911 (FPC) 

wide range of hardware and software development tools. 

A proven architecture from a proven supplier. 
SPARC is multi-sourced and proven over time. We first 
implemented it for the Sun 41200 workstation over 
two years ago and have been producing it in volume 
ever since. Using the same Fujitsu manufacturing 
know-how that has made us a world leader in gate 
array and memory production. 

MB86920 (MMU) 

The S-25 chip-set is a third­
generation product 
designed at our Advanced 
Products Division in Silicon 
Valley. Where our 
engineering teams continue A complete chip-set to 

speed up your product 
development. • 25MHz • Single & double precision • 64·entry TLB 

to advance the 
state-of-the-RISC-art-supported 
by the resources of a multi­
billion dollar worldwide 
organization. 

Fujitsu's new S-25™ chip-set 
includes a 25 MHz, 32-bit 
Integer Unit (IU) for high-

• 40ns / cycle 
• 15MIPS 

floating point arith. • Fully associative 
• ANSI / IEEE 754· 1985 std. • 64-Gbyte physical 
• 64-bit int. data paths address 

speed processing. A Memory Management Unit 
(MMU) ideal for the UNIX® environment and tailored 
for SPARC processors. And a Floating Point Controller 
(FPC) that allows interface to the IU and supports 
IEEE single and double precision arithmetic. 

Break outs-without breakdowns! 

In addition, these devices are fully supported by a 

Enjoy the competitive advantage of getting to market 
first! Rely on an architecture and supplier who can 
get you there. On time. On spec. On budget. 
When you want to be first , we're the first ones to call. 
(800) 523-0034 

FUJITSU 

FUJITSU MICROELECTRONICS. INC. 

Advanced Products Division 

50 Rio Robles, Bldg. 3, Sanjose, CA 95134-1804 

CIRCLE NO 15 

SPARC is a trademark of Sun Microsystems, Inc. 
S-25 is a trademark of Fujicsu Microdectronics, Inc. 
UNIX ~' regislerecl l!ldemark of AT & T. 
© Copyrigtu 1988 Fujitsu Microelectronics, Inc. 
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Now There's No Compromise Between 
Functionality And Integration With Our Complete 
IC Logic, Layout, And Analysis Toolset. 

It's an uncompromised, netlist-driven toolset 
putting you in the driver's seat to faster IC design times. 
We've combined the industry's most powerful circuit 
design and analysis tools, with the most widely used 
layout tools. 

That means complete integration between tools, as 
well as between your design and engineering teams. 
And it all runs in your networked EDA environment­
whether you work on a Sun, Digital, or any other 
popular platform. So you can combine Valid's high­
performance tools with any of your existing tools to 
extend and protect your investment. 

The result is increased productivity, and the 
certainty of winning the race to market. 

16 

The High -Performance Valid Toolset. 
Logic design begins with Valid GED~ an easy-to­

use schematic capture system that accelerates design 
entry It lets you graphically express designs at any level 
of hierarchy including block diagrams and flat 
schematics. Captured designs can be graphically 
verified with Advantage™ using the same procedures, 
terminology, and symbols as traditional workbench 
methods to address your analog design requirements. 

For functional and timing analysis, use our 
ValidSIM™ tool. You can also link our RapidTEST fault sim­
ulator to get smooth, efficient fault analysis prior to test. 

For layout of block and cell-level design, there's our 
ValidLED™ editor that gives you complete transistor­
level editing. And there's also our powerful, user­
configurable EDS III editor, with direct compatibility to 
GDS II databases. 

EDN April 27, 1989 



EPL, our versatile and interactive user-program­
ming language lets you automatically create difficult 
and complex geometries. For chip assembly, there's our 
Compose™ environment. It's netlist-driven and accepts 
pre-defined cells or blocks from any library. All of 
which means you can automatically place, route, and 
compact any design, and guarantee correct-by-
design layouts. 

For analysis there's ValidDRC/ EXTRACT™ which 
provides hierarchical verification tools, and Valid­
COMPARE™ gives you an interactive logic-to-layout 
verifier. 

Integrated into our toolset is TIMEMILL™ for 
transistor level simulation directly from your layout. It 
gives you event-driven timing simulation and critical 
path analysis so you can tackle large, high-speed IC 
designs quickly and accurately And for CAM outputs, 
EDN April 27, 1989 

just link your designs to our Fast Mask Software (FMS). 
It provides both optical and electron beam pattern 
generation, as well as high-speed electrostatic plotting. 

Together, the Valid IC design system gives you 
the performance needed to finish far ahead of the 
competition. 

For more control, greater productivity, and no 
compromises, call Valid today and bridge the gap 
between functionality and integration: 1-800-821-9400 
(In California, 408-432-9400 ext. 2311). Let us put 
you in the driver's seat of high-performance IC design. 

© 1988 Valid Logic Svstems. EDS Ill and GOS II were developed bvGE Cal ma. Other brands or product 
names are trademarks or registered trademarks of their respective holders. 
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Even though our products have 
been to Jupiter and beyond, you can 

still find them out in your garage. 
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Whether it's one of the switches 
in your automobile, or connectors 
used in space exploration, you'll find 
the products of ITT ElectroMechanical 
Components Worldwide everywhere. 

With seventy-five years of leader­
ship in the electronics industry, ITT 
EMC Worldwide is one of the world's 
leading suppliers of electronic compo­
nents. With manufacturing facilities, 
engineering centers and customer ser­
vice representatives in virtually every 
part of the world. 

Our history is one of innovation, 

EDN April 27, 1989 

and ever-increasing capabilities. That's 
precisely why many of our products 
go on to become industry standards. 

At ITT EMC Worldwide, we 
build reliability into every product we 
sell. That's why you'll find us in every­
thing from appliances to satellites. 

Our philosophy of "building 
in" quality control and testing means 
that you get the best possible product, 
every time. What's more, ITT EMC 
Worldwide manufactures and sells 
quality test accessories, to assist you 
in building a quality product as well. 

CIRCLE NO 16 

No matter where in the world 
you are, chances are we have an office 
nearby. So drop us a line today. Even 
though we're an international com­
pany, we may be closer than you think. 

1851 East Deere Avenue 

Post Office Box 35000 

Santa Ana, CA 92705-6500 

Or call (714) 261-5300 

I mm ElectroMechanical 
..L..L Components Worldwide 

Discover aur strengtJ1s. 
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FLUKE AND PHILIPS - THE GLOBAL ALLIANCE IN TEST & MEAS U REMENT 
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Finally! The one thjng 
you've always wanted in a 

low--cost logic analyzer: 
No restraint. 

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

UNRESTRAINED PERFORMANCE 

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

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

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

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

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

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

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

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

CIRCLE NO 17 

PHILIPS 

Expansion slots for extra memory, modem 
or other PC options. 
UNRESTRAINED SUPPORT 
Count on a one-year warranty and all the 
application and service assistance you'll 
ever need. From Fluke-the people who 
believe that extraordinary technology 
deserves extraordinary support. 
TEST THE DIFFERENCE 
Call Fluke today at 800·44-FLUKE 
ext. 77. And look into a logic analyzer 
that unleashes your potential instead of 
tying your hands . 

~~~~e~'.~~MJBzgg . lrx: . PO Box C9090. MIS 250C, 

U.S .. 206·356·5400 CANADA: 416·89CJ.7600 
OTHER COUNTRIES: 200·356·5500 

© Copyright 1988 John Fluke Mfg. Co .. Inc. 
All rights reserved. Ad No. 058lP3655 

PM 3655·100 MHz· LOGIC ANALYZER 
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NEWS BREAIZS 
EDITED BY JOANNE DE OLIVEIRA 

IN':t'EL INTRODUCES THE 80486 CPU 
Soon after the release of its 80860 RISC processor, Intel Corp (Santa Clara, CA, 

(408) 987-8080) announced the availability of its long-awaited 80486 32-bit CISC 
processor. The 486 is 100% binary compatible with the existing 386 CPU. Imple­
mented in 1-µm technology, the 486 contains over one million transistors and inte­
grates the functions of a 387 numeric coprocessor and an 82385 cache controller 
as well as paging and memory management. Intel claims the chips offer a twofold 
to fourfold performance increase over the popular 386/387 combination. The 486 
has a 32-bit internal architecture and 32-bit data and address buses. At 25 MHz, the 
486 operates at 15 to 20 VAX MIPS and executes 37,000 Dhrystones/sec. Samples of 
the 486 will be available in the third quarter of 1989; production quantities will 
be available in the fourth quarter. Beta-site testing of first-run samples is now 
taking place. The 486, which will initially be available in a 25-MHz version, costs 
$950 (1000) and comes in a 168-pin PGA package. Samples of a 33-MHz version will 
be available in the fourth quarter. 

Along with the 486, the company has introduced the 82596 LAN coprocessor and 
the 85C508 programmable logic device (PLD). The 32-bit 82596 LAN coprocessor is 
optimized for file servers and single-user and multiuser workstations and minicom­
puters. The 82596CA (for the 486) costs $88; the 82596DX (for the 386) costs $65 
(1000). Samples are available now; production quantities will be available in the 
fourth quarter. The 85C508 PLD provides high-speed, function-specific performance 
to reduce the interface-chip count in 486 and 33-MHz 386 systems. Packaged in a 
28-pin PLCC, the 85C508 costs $14 (1000); production quantities are available now. 

-Dave Pryce 

32-BIT CONTROLLER FEATURES INTELLIGENT 16-BIT TIMER 
The 68332 32-bit microcontroller from Motorola's Microprocessor Products Group 

(Austin, TX, (512) 891-3260) is the first member of the 68300 family, a group of 
controllers specifically designed for embedded applications. The 68332's features 
were defined by a joint effort between Motorola and Delco Electronics, and General 
Motors has announced plans to utilize the 332 to manage a variety of automotive­
control functions in its next generation of automobiles. The 332 consists of five 
modules: a processing core based on the 68020 microprocessor with additional in­
structions optimized for embedded-control applications, a second processing unit 
that services timing events, a module that provides full synchronous and asynchro­
nous communication capability, a system-integration module that reduces external 
logic components and provides on-chip system-debugging capability, and 2k bytes 
of static RAM. The two processing units, the CPU and the TPU (time processing 
unit), are completely independent; the TPU's RISC-like instruction set can simultane­
ously service as many as 16 timing events without the CPU's intervention. The 
modular architecture of the 68332 enables Motorola to interchange a host of features 
and options for different applications. Future 68300 products that are currently 
under development include EEPROM, DMA, A/D, and ROM products. The 68332 is 
fabricated in 1-µm CMOS and operates from a 5V supply. The controller requires an 
input clock of 32.75 kHz; on-chip frequency-multiplication circuitry creates an inter­
nal clock of 16.77 MHz. The 68332 comes in a 132-pin plastic quad flat pack. Samples 
are available for $125; volume production will begin in the fourth quarter of 1989. 
A hardware evaluation board is available for $332.-Anne Watson Swager 
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NEWS BREAIZS 
GRAPHICAL sorrwABE LINKS ASIC DESIGN TO TEST 

Tektronix (Beaverton, OR, (800) 245-2036) has announced a graphics-based soft­
ware link between ASIC design and test. It allows you to display stimulus files as 
state or timing diagrams and to edit them extensively. In its initial release, the 
$5000 Tekwaves package runs on Apollo workstations and supports Tektronix's 
LV500 ASIC verifier. The software can import files created by simulators from Men­
tor, Daisy, Valid, Teradyne, and GenRad. It uses tester-hardware description files 
in a not-yet-final version of EDIF (the Electronic Data-Interchange Format). Cur­
rently, only the LV500 is described in this format, but Tektronix expects that other 
ATE vendors will make EDIF tester-description files available as soon as the format 
becomes final. Furthermore, Tektronix plans to offer the software in versions that 
run on additional vendors' workstations. These enhancements should make 
Tekwaves suitable for use in almost any company that designs or tests ASICs. 

-Dan Strassberg 

INTEL WINS EPROM EXCLUSION ORDER 
The International Trade Commission (ITC) has ruled that Intel's patents on EPROM 

technology have been infringed. ITC issued an exclusion order preventing seven 
companies from importing and selling certain EPROM devices in the US. The seven 
companies are All-American Inc, Atmel Corp, Cypress Electronics Inc, General Instru­
ment Corp, Hyundai Electronics Industries Co Ltd, Microchip Technology Inc, and 
Pacesetter Electronics Inc. The ruling prohibits importing, assembling, testing, mar­
keting, distributing, and selling of the affected EPROMs. The products in question 
are the 64k-, 256k-, 512k-, and lM-byte EPROMs. The ruling further prohibits the 
importation of Hyundai electronic equipment containing such EPROMs. 

-Richard A Quinnell 

SUPPORT FOR SCANNABLE DESIGNS GROWS IN BOARD AND ASIC TEST 
As final adoption of the IEEE Pll49 testability-bus standard nears, two companies 

whose products are in the mainstream of board test and ASIC verification have 
announced products that support the testing of scannable designs. (The term "scan­
nable" refers to several specific design-for-test methodologies.) Teradyne Inc (Boston, 
MA, (617) 482-2700) has announced a $20,000 software package called BSD (boundary­
scan diagnostics) that can be used with its L200 combinational (functional/in-circuit) 
board-test systems. The BSD package specifically addresses the problem of fault 
isolation. Asix Systems Corp (Fremont, CA, (415) 656-8664) has announced a scan-test 
module, a $50,000 combination of hardware and software that can be used with its 
Asix-1 ASIC-development system and Asix-2 production test system. Teradyne and 
Asix join Gillytron Inc (San Jose, CA, (408) 435-3043), in supporting the testing of 
scannable parts. Several months ago, Gillytron, a relatively new company, an­
nounced complete, low-cost systems dedicated to the testing of scannable devices. 

-Dan Strassberg 
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How to say speed 
in 3 ns or less. 

Our customers design the world's 
fastest systems. 

Thday, that means clock rates of 
50 MHz, and more. In system­
critical memory and logic, ITL just 
can't keep up. 

ECL can. Here is the speed you 
need, to design desktop supercom­
puters, fast networks, advanced 
graphics, and more. 

New, ECL RAM and PLO parts, 
fabricated in our new 0.8 micron 
bipolar and BiCMOS technologies. 

RAMs and PLDs with speeds up to 
40% faster than the fastest compo­
nents previously available. The new 
parts are available in lOK/lOKH­
compatible, lOOK-compatible, and 
low power versions, too. 

Our data book has the full ECL 
story. As well as the entire Cypress 
Semiconductor high-performance, 
low-power product line. 

Say you want 
one, and it's 
yours, free, fast. 

Data Book Hotline · 
~ 1-800-9S2-63otr 

--::; .:3'~ Ask for Dept. C48. 
CYPRESS 
SEMICONDUCTOR 

*l-800-387-7599 In Canada, (32) 2-672-2220 In Europe. Cypress Semiconductor, 3901 North First Street, San lose, 
CA 95134 Phone: (408) 943-2666, Tulex821032 CYPRESS SNJUD, 1WX 910-997-0753. 0 1989, Cypress Semiconductor. 
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NEWS BREAIZS: INTERNATIONAL 

100-Jlllz LOGIC ANALYZER BREAKS TJIB £1000 PRICE BAB.BIER 
Including two TTL-level data pods, the LA3200 32-channel, 100-MHz logic analyzer 

from Thurlby Electronics Ltd (St Ives, UK, TLX 32475) costs £996. A 48-channel 
version of the analyzer, designated the LA4800, costs £1195. In synchronous (state­
analysis) mode, the instruments provide three external clock inputs, each with a 
separate clock qualifier and a maximum input frequency of 25 MHz. In asynchronous 
(timing-analysis) mode, they can capture data on all input channels at an internal 
clock rate as high as 25 MHz, or data on eight of the input channels at a clock rate 
of 100 MHz. With suitable data pods, they can also capture glitches. 

Each input channel is configurable to a memory depth of lk or 8k bits, and you 
can transfer captured data into two nonvolatile reference memories. The logic ana­
lyzer's trigger facilities include four full-width trigger words that you can logically 
combine to produce trigger terms for the instrument's 4-step trigger sequencer. The 
trigger sequencer allows you to introduce conditional statements-for example, 
IF-THEN-ELSE commands-and includes event counting at each of its four steps. 
You can also AND glitch words with the trigger words. Trigger arming can be condi­
tional on the result of a comparison between the trace and reference memories. The 
analyzers have a 640 x 200-pixel, back-lit LCD on which you can display state infor­
mation in a variety of formats, or display as many as 16 annotated timing traces. 
An RS-423 interface is standard. Options include an IEEE-488 interface and a range 
of disassemblers for 8- and 16-bit µPs.-Peter Harold 

LCD-DRIVER CHIP SET OPERATES AT VERY LOW POWER 
Capable of operating at a number of multiplex rates, and drawing only 20 µA of 

supply current, the PCF8578 row/column driver can drive 8-row x 32-column or 32-
row x 8-column dot-matrix LCDs. The chip set is equally suited to driving 7-segment 
LCDs, starburst LCDs, and LCDs of other formats. By adding PCF8579 column drivers, 
each of which typically adds only another 20 µA to the total amount of current 
drawn, you can drive an LCD as large as 32x1280 pixels at a multiplex rate of 1:32. 
Each PCF8579 controls 40 LCD columns. 

The devices, manufactured by Philips' Components Div (Eindhoven, The Nether­
lands, TLX 35000; in the US: Signetics Corp, Sunnyvale, CA, (408) 991-2000, incorpo­
rate a pixel-mapped display RAM, which can, if required, double as scratch-pad 
memory. Display refreshing is automatic, and the on-chip display RAM features 
autoincrement addressing and display bank switching. The drivers have an I2C bus 
interface for overall control of display-system parameters. They operate from a 2.5 
to 6V supply over the - 40 to + 85°C temperature range. The drivers are available 
in 56-lead surface-mounting very-small-outline packages, or in a form suitable for 
tape-automated bonding or chip-on-glass assembly methods. Both devices are priced 
at around $3.30 (50,000).-Peter Harold 
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21st Century CMOS Technology, NOW 

0.4 micron/&ns SCRAMs 
First of a New Generation of 3.3V Center-Pin 
Power and Ground Products. 
Performance now offers two 6ns SCRAMs: P3C3148 1Kx4 and P3C3 l 4 7 
4Kxl. These SCRAMs are superfast Static CMOS Random Acces.5 
Memories. Future superfast products, using center-pin power and 
ground with a 3.3 volt power supply, will include SCRAMs with 4Kbit to 
256Kbitdensities and popular logic parts such as buffers, transceivers, 
latches, flip-flops, comparators, registers and gate arrays. 

"It has been clear for some time that the primary consideration which could 
limit the use of future generations of CMOS technology in the highest speed 
applications were issues associated with constraints that have been 
hangovers from bipolar m circuit implementations. If those constraints 
are not removed, then either performance will be compromised or serious 
application problems will result. It is easy to see the value of the changes 
that are needed to take maximum advantage of the attributes of the fine 
line CMOS technology in the sub half-micron regime (PACE Ill). Therefore, 
we have decid£d to invest a significant part of our Company's technical and 

marketing resources to help make the 
transition from a m environment to 

an optimized CMOS environment. 
As the J3 volt supply, low lead 

inductance product line emerges 
with 0.4 micron PACE JO Technol­
ogy, the uncompromised perform­

ance will overcome resistance to 
change and we will have a 

'kinder& gentler' speed." 

Tom Longo 

4K Bit Density Static RAM Speeds 
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Performance's PACE III Technology,whichfeatures 0.4 micron effective 
gate length, 0.75 micron line widths and 250ps gate delay, offers a 40 
percent speed improvement even with a 35 percent voltage reduction . 
Superfast 6ns SCRAM performance is available now with significantly 
lower power dis.5ipation. 

Typical Address to Dataout Delay: 4Kxl SCRAM 

p.· ' . -

" 

~\ 1 

~.;;_ , 
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Performance's superfust 3.3 volt products incorporate multiple center 
power and ground pins as well as reduced signal swings to dramatically 

reduce ground bounce and simplify signal interconnection is&tes such as 
reflections, cross talk and ringing. 

For further information or to order SCRAMs call or write: 

~~!!!~lfc"!~f: 
610 E.Weddell Drive, Sunnyvale, CA 94089 (408)734-9000 
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the world's largest selection 
500Hz to 5GHz from $249 
Over 200 models, from low-cost rugged industrial to Hi-Rel military I space approved types, 
with LO power level requirements from +?dBm to +27dBm. We otter this wide variety 
of models, up to 5GHz, to allow you to select exactly what you need .. . 
pin, surface-mount, T0-8, flatpack, and connector package type~. the specific frequency 
range your design involves, the optimum LO drive level, and a host of special types. 

In addition to load-insensitive 
mixers, quadrature mixer I 
modulators, and our ~-:A 
new ULTRA-REL™ ~ . !fi 
mixers with a five-year 
guarantee, we otter a 
large number of MIL­
mixer types tested to 
MIL-M-28837 /A, TX and 
TXV screened. All units 
carry our exclusive 0.1 % AOL 
guarantee ... not a single 
reject in a shipment of 1,000 units. 

For the most comprehensive 
computer characterization of mixers 
(isolation, conversion loss, intermod, 
and VSWR vs frequency) , call or write 
your closest Mini-Circuits' rep or 
distributor or our office 
for a free copy of our 
RF I IF Signal Processing 
Handbook, Vol. 1 . 
CIRCLE NO 19 

F123-1 REV. ORIG. 

finding new ways ... 
setting higher standards 

Mini-Circuits 
A Division of Scientific Components Corporation 

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







Oki's new PSCC provides automatic 
support for protocols-together 
with great networking flexibility 

The new Protocol Serial Communications 
Controller (PSCC) from Oki Semiconductor is a 
highly innovative VLSI device which automatically 
supports LAPB and LAPD HDLC protocols and saves 
you from having to program and manage them. With 
a speed of 10 Mb/s, the PSCC also gives you great 
networking flexibility. 

Integrated functions 
The PSCC combines a full-duplex HDLC 

channel, on-board DMA controller, and 520 bytes of 
internal RAM. It allows you to send and receive 
messages directly from memory and frees system 
intelligence for higher level functions. It automatically 
supports the update and comparison of state variables 
for multiframe transmission. In addition, the PSCC 
supports collision and priority detection. · 

For even greater integration, the PSCC will be 
imbedded in Oki's high-performance 16-bit nXP 
microcontroller which will support all seven OSI 
levels of the ISDN. 

Great flexibility 
Easy interface is provided to standard 16-bit CPUs 

and to multiplexed buses. The PSCC can be easily 
customized to support different serial communications 
protocols. The high speed of the PSCC allows you 
to create a small inexpensive network, then to expand 
to a LAN, and later move into ISDN-all supported 
by Oki. 

OSI Reference 
Model 

You can count 
on Oki 

ThePSCC 
is only one of the 
ways Oki can save 
you timeand 
help you realize 
competitive 
advantages. You 
can also count 
on Oki for exten­
sive experience, 
creative solu­
tions, and proven 

reliability in every aspect of semiconductor device 
design and manufacturing. We invite you to put the 
full resources of Oki Semiconductor to work for you. 

,-----------------------
! Automatic protocol support from Oki. 
I 
I 
I 
I 

D Please send the complete technical data package on the 
MSM6872, the first member ofOki's Protocol Serial 
Communications Controller (PSCC) family. 

D Please call. We have immediate requirements. 

I Phone 
I 
I Name 

I Title 

I I Company EDN042789 

I Attach coupon to business card or letterhead and return to: 
PSCC Customer Service Oki Semiconducto[ 785 North Mary 

I Avenue, Sunnyvale, CA 94086. Phone: (408) 720-1900. L ______________________ _ 

OKI 
SEMICONDUCTOR 
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DECstation 3100 
workstation. 

Here's a whole new measure of 
desktop power for UNIX™ users. 
Employing state-of-the-art RISC 

30 

technology, the DECstation'" 3100 
workstation gives you 14 MIPS of 
power at less than $1000/MIP. It's 
the first in Digital's family of UNIX­
based RISC workstations, giving you 
complete hardware and software 

are. 
integration with installed VAX'" 
systems and industry-standard UNIX 
environments. 
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DECsystem 3100 
multi-user computer. 

The new general purpose 
DECsystem'" 3100 computer delivers 
up to 14 MIPS of power to up to 64 
people, working concurrently. The 

newest member of Digital's RISC 
family of computers brings RISC 
technology to multi-user UNIX 
environments. With up to 24 MB of 
main memory and up to 1.6 GB of 
disk storage, the DECsystem 3100 
computer is the most cost-effective 

access to high performance computing 
for an entire department. 

For more complete information, 
call your local Digital sales office, 

orcall 1-800-369-8000 
Digital 

has 
it 

now 

©Digital Equipment Corporation 1989. The Digital logo, Digital has it now, DECst~t ion, VAX and DECsystem are trademarks of Digital Equipment Corporation. UNIX is a registered trademark of American Telephone and Telegraph Company. 
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Introducing two ways 
single be 

CPU-37. The workhorse ofVME. 
Now you can harness all the power of VME and the 68030 with our new, 

low-cost single board computer. 
The new VME/PLUS™ CPU-37 comes with either a 16.7 or 25 MHz 

68030, SCSI and floppy disk controllers, VMEPROM and 1 MB of memory. 
Options include an Ethernet controller and up to 4 MB of memory. 

With the CPU-37, you now have the power of four boards in one. 
Thus reducing your system cost, weight and space requirements. 

In addition, software products such as UNIX, PDOS, VxWorks, OS-9, pSOS, 
VRTX32 and C EXECUTIVE will be available. Plus our Running Start™ 
development package will let you start writing your 
applications quickly-under UNIX, PDOS or MS-DOS. 

So if you need lots of horsepower without the 
thoroughbred price, hitch up with CPU-37. 

I() 1988 Force Computers. lnc. VME/PLUS and Running Slart arc trademarks of FORCE COMPUTERS INC. UNIX is a trademark of AT&T. PDOS is a trademark of Eyring Research Institute. Inc. VxWorks is a trademark of Wind River Systems. Inc. 05-9 is a trademark of 
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to get horsepower in 
ard computers. 

CPU-30. The pacesetter of VME. 
Our new CPU-30 shares all the hardworking virtues of the CPU-37, plus it's 

faster on its feet. 
In fact, it offers the highest level of performance and functionality in 

a 68030 single board computer. And just like CPU-37, our single slot 
CPU-30 has multiple configurations that meet your exact needs. 

The real reason the CPU-30 is such a winner is our 280-pin gate array 
with 22,000 gates. It handles interprocessor communication and high speed 

data transfers much more efficiently. The result is significantly increased system 
throughput in multiprocessing applications like factory automation, simulation, 
test and instrumentation. 

It all adds up to the highest VME system performance you can get. 
So if that's what you want, why horse around? 
Call us at (800) BEST-VME for CPU-37 and CPU-30 Data 

Sheets and our 1988 Data Book. Count on Force for your 
total VME solution. 

VME at its best. 
FORCE COMPUTERS INC. FORCE COMPUTERS GmbH 
3165 Winchester Blvd. Daimlerstrasse 9 D-8012 OHobrunn 
Campbell, CA 95008-6557 Telefon (089) 600 910 
Telephone (408) 370-6300 Telex 524190 fore-ct 
Telefax (408) 374-1 146 Telefax (089) 609 7793 

Microwave systems corporation. pSOS is a trademark of Software Components Group, Inc. VRTXJ2 is a trademark of Ready Systems, Inc. C EXECUTIVE is a trademark of JMI Software Consultants. Inc. MS-DOS is a registered trademark of Microsoft Corporation. 

EDN April 27, 1989 CIRCLE NO 23 33 



,-~~~ 
~\. __ ./ ¥) 
'is,"'~\. / ~ K"°";> 

"''':: J" { , 
\...,._.'-A . 

' 'X - -,.-------2~J ~---........ -'-- - --... 
/ , ----~---~ ~---~ · o~ 

/ / hy;;.l;-:;;A-TI~ -; '.;_-1/-'7°'/';---;~~ \:--~~'6>W\ ... - ~....... I 'i' TRANSIENT \ , \ 
/ , '• . -, \ \ I \\ \°\ 

/
/ f--1:___ :.::!':::__/ 1--/ \ I -·.;·~=- ~ '\ 
/7 I I '---~!-----~\ " 

/ .tY !-{.: L.IBRARY I ~·.'-:..·- MO!liit C/\Q\.Q ~ \ 

/ ((_7 .":-- \\ ~' \ 
/ / { - __ ---L -------~'='\ 

\~~""'>'~ .............. , , .,. .. •. ,., • n • • rrr • •I• IT• r I'll ITTf7V7TllJlj!Jj) 

~ MICRO-CAP 111: /fl 

THIRD-GENERATION INTERACTIVE 
CIRCUIT ANALYSIS. MORE POWER. 

MORE SPEED. LESS WORK. 
MICRO-CAP m;· the third generation 

of the top selling IBM® PC-based interac­
tive CAE tool, adds even more accuracy, 
speed, and simplicity to circuit design and 
simulation. 

The program's window-based opera­
tion and schematic editor make circuit 
creation a breeze. And super-fast SPICE­
like routines mean quick AC, DC, Fourier 
and transient analysis - right from 
schematics. You can combine simulations 
of digital and analog circuits via integrated 
switch models and macros. And, using 
stepped component values, rapidly gener­
ate multiple plots to fine-tune your circuits. 

We've added routines for noise, impe­
dance and conductance - even Monte 
Carlo routines for statistical analysis of 
production yield. Plus algebraic formula 
parsers for plotting almost any desired 
function. 
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Transient analysis 

Schematic editor 

Monte Carlo analysis 

CIRCLE NO 24 

Modeling power leaps upward as 
well, to Gummel-Poon BJTand Level 3 
MOS- supported, of course, by a built-in 
Parameter Estimation Program and 
extended standard parts library. 

There's support for Hercules~ CGA, 
MCGA, EGA and VGA displays. Output for 
laser plotters and printers. And a lot more. 

The cost? Just $1495. Evaluation ver­
sions are only $150. 

Naturally, you'll want to call or write for 
a free brochure and demo disk. 

-- -~=-- -- ----- -- -- -- - -- - --- __ .,,_ -- --- --------- -- ----- ---- -- - -
1021 S. Wolfe Road, 
Sunnyvale, CA 94086 
(408) 738-4387 

M/Cf/0-CAP Ill is a rogistered tmdemark ofSpectnim Software. 
Hercules is a rogistered tmdemark of Hercules Computer TecbnologJ< 
18'11 is a rogistered tmdemark of International Business Machines, Inc. 
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SIGNALS & NOISE 
Alien grads should be 
free to stay in the US 
I read Jon Titus's editorial "Send 
alien graduates home" (EDN, Octo­
ber 27, 1988, pg 57), and I was sur­
prised. As a former "alien gradu­
ate," I am very resentful of the fact 
that Jon's editorial advocated that 
foreign students should be forced 
to go home after graduation. If you 
walk into any high-tech business to­
day, you will find a substantial num­
ber of engineers who were born 
abroad, many of them enjoying the 
wealth of this country. The oppor­
tunity to attend high-quality uni­
versities and to work in environ­
ments that offer professional devel­
opment, challenges, and opportuni­
ties allows them to return some of 
the debt they owe this country for 
letting them reside here. Many of 
us have contributed heavily to the 
success of the industry in this coun­
try. Many innovations and inven­
tions were developed by foreign­
born scientists and engineers who 
selected this country as their new 
home. 

Jon mentioned in his editorial 
that foreign-born engineers are tak­
ing jobs away from US citizens, but 
he did not mention that many of 
them opened businesses that em­
ployed many US citizens. Some ex­
amples are Dr Wang, Bose, and 
many other entrepreneurs. So 
please at least consider the positive 
aspect of having "foreigners" stay 
in the US. 

I understand Jon's concern about 
the underdeveloped countries and 
the need for skilled people to help 
in their development; however, I do 
not feel that the US government 
should force professionals to be­
come a foreign-policy tool. Let the 
people decide whether they want 
to help in the development of their 
countries of origin (by the way, 
some of those countries were hell 
on Earth for those people). In addi­
tion, I resent the idea that a coun­
try's need should dictate my profes-
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sional interests: If I would like to 
be an EE, CE, ChE, etc, I'll make 
the decision. 

As an engineering manager, I 
have recruited engineers in the 
past, and it was next to impossible 
to find engineers with the skills and 
talent I needed. In spite of exten­
sive advertising and the willingness 
to pay a fair wage, I could not find 
engineers to fill the jobs (many 
trade magazines were stating that 
there was a severe shortage of engi­
neers). 

I am just wondering about the 
quality of information available to 
Jon. He stated in the editorial that 
foreign engineers "often work for 
less." In 18 years of working in the 
US, I never experienced salary dep­
rivation because I was a foreigner. 
Yes, there might be some busi­
nesses that practice discrimination 
toward foreigners , but any reputa­
ble one would not do it, and I can 
testify from my own experiences. 

Jon also mentioned his summer 
visit to a developing country and 
his observations regarding the en­
ergy being used, and how wasteful 
it was compared to solar or wind 
energy. Without knowing the de­
tails of his trip or the depth of his 
investigation, I would venture to 
assume that the issue is more politi­
cal than technical. Solar and wind 
power are well-established tech­
nologies, and the issue is how to 
introduce them, not how to engi­
neer or invent them. You will find 
similar issues in many Third-World 
countries. We, the foreign-born en­
gineers, can do very little to influ­
ence political issues. Our skills are 
in the technical field, and in the 
right environment, we can do mir­
acles. 

On behalf of all the foreign-born, 
American-educated engineers, I 
would like to state that we would 
like to have free choice in selecting 
our home. This country is a con­
glomeration of nationalities, relig­
ions, races, creeds, and professions, 

Quick! 
Send us a 

skekh of the 
circuit you need. 

We'll design a proto­
type network for your 
review and arrange 

for samples. Bradford special­
izes in resistor, capaci- -
tor, inductor and diode 
combinations ... in space- and 

~;~--·~·~·· ~~=:~~~i~~uits. 
· Standard or 

special packaging. Excellent 
operational stability 
( ± l /2% ilR/l ,000 hrs., f 
typical). Get the kind of spe­
cial attention that can acceler­
ate your project and keep you 
under budget. Contact: 

Bill Shaffer 
Bradford Electronics, Inc. 
550 High Street 
Bradford, PA 16701-9520 
(814) 362-5717 

liaAJJFQR/UiECTRIJN/CS l!!!!!!'!.f ~ 
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From the experience leader in emulation, the widest selection of 
microprocessor development support, hosted on IBM® PC-XT/AT, 
PS/2"', Macintosh II '", VAXT" , and Sun Workstation"' . 

+ C-Thru™ integrated C source-level debugging, including setting 
breakpoints and stepping by source line, tracking variables in 

native format, stack-frame trace-back. 

+ Show-Tgme™ performance analysis by software activity 
distribution and interaction frequencies, with detailed timing 

histograms and advanced breakpointing. 

EZ-PRO Supports ... 
1802, 1805, 1806AC, 6303R, 6301Vl, 63701VO, 6301XO, 6303YO, 6303X, 6303Y, 
6309, 6309E, 64180RO, 64J80Rl, (10 MHz), 647180, 6502 , 6503 , 6504, 6505, 6506, 
6507, 6512, 6513, 6514 , 6515 , 6800, 6802 , 6808 , 6801. 6803, 68HC05C4, 
68 HC05C8, 68 HC05D2, 68HC05E2, 68HC05E3, 6809, 6809E, 68HCUA2 , 68HCUA8, 
68000, 68008. 68010, 8031, 8051. 8032 , 8052 , 8344, 80C515, 8035, 8039 , 
8040, 8048, 8049, 8050, 8085, 8086, 80C86, 8088, 80C88, 8096, 8097, 80C196, 
80186 , 80C l 86 , 80188 , 80Cl88 , 80286, 8X300 , 8X305 , NSC800 , Z80H, 2180 

... and more 

A american automation 
2651 Dow Avenue • Tustin, CA • 92680 • Tel: (714) 731-1661 • FAX: (714) 731-6344 

IBM is a registered trademark of International Business ~·fa.chines. VAX and MicroVAX are registered trademarks of 
Digital Equipment Corporation, Macintosh is a registered trademark of Apple Computer, Inc., Sun Workstation is a 
registered trademark of Sun Microsystems. Inc. 
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SIGNALS & NOISE 

and let it stay that way; that is what 
made this country great. 
Amos Friedner 
Engineering Manager 
Digital Equipment Corp 
Marlboro, MA 

Letting alien grads stay 
in the US benefits everyone 
The advice to "send alien graduates 
home" (October 27, 1988, pg 57) ig­
nores the larger perspective on im­
migration and naturalization. The 
current policy answers the basic US 
need for an optimal population base, 
while spreading benefits globally. 

The US Department of Justice 
took a well-considered decision in 
1966 to admit 200,000 foreign na­
tionals yearly to the USA as immi­
grants. This decision was the result 
of a study on US demographics that 
projected the population growth to 
be insufficient to sustain the econ­
omy at a viable level beyond the 
year 2000 or so. Immigrants thus 
provide that vital extra fodder 
needed for the insatiable economic 
and industrial giant that the USA 
will continue to be throughout the 
21st century. To suggest that for­
eign graduates should be returning 
while the less-educated immigrants 
remain is unfair. 

Returning home is not the only 
way an immigrant can help his or 
her native land. The US and the 
"donor" countries reap mutual long­
term benefits from the immigrant 
population. Poland, Israel, and Ja­
pan are just a few of the countries 
deriving advantages through their 
native sons and daughters living in 
the USA. And the favor is by no 
means one-sided. 
M K Sadagopan 
AT&T Bell Laboratories 
Naperville, IL 
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The Fastest Way 
To Catch A Bus. 

VME, VSB, Multibus or 
Micro Channel. 

Have your new boards 
Q.. and systems up and running 

C ~' in record time. Off-the-shelf 
.__.. bus interface chips from PLX 

Technology get you to market faster and 
save a bundle in the process. 

Pour on the power with bus control chips 
driving up to 64mA. Choose from a variety 
of master controllers, slave controllers, and 
other devices for immediate, space saving 
solutions. All of our chips incorporate on­
board Schmitt trigger inputs and metastable 
hardened circuitry. 

PLX packs everything into slim, 300-mil 
by 24-pin DIPs, or 28-pin LCC packages. 

Suddenly, valuable board space is opened 
up, leaving you loads of extra room to imple­
ment that breakthrough design. Best of all, 
you'll finish way ahead of your competition . 

Get on the fast track with bus interface 
chips from PLX Technology. Call us at 415-
960-0448. Or write PLX Technology, 625 
Clyde Ave., Mountain View, CA 94043. 
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Big Tester 
Performance At A 
Benchtop Price. 

F 
or a fraction of the price of large pro­
duction testers, designers can now 
easily perform timing verification and 

margin analysis on their own ASICs, using a 
turnkey system with the critical timing of the 
million-dollar machines. 

Tek's new LV 500 ASIC Verification System 
is a true designer's solution , integrated into 
a 50 MHz. 256-channel , 64K deep benchtop 
system with a test head just 17 inches square. 

Using a simple menu structure and 
concepts familiar to the designer. the LV 500 
combines elementary operation with astonishing 
performance, made possible by integrating all 
256 bidirectional channels onto a single PCB. 
Results include: 
- More accurate simulation, 
even for complex synchronous 
devices. The LV 500 lets you 
vary cycle length and timing 
for each of 16 clock generators 
on a cycle-by-cycle basis. 
- Familiar operation for example, 
template-based test cycles replicate the every­
day timing diagrams of your IC book. 
- Graphic displays. See clearly when 
devices are operating too close to parametric 
boundaries. 

Thanks to its high degree of integration. the 
LV 500 rarely needs calibration. OUT fixturing is 
simplified . And capacitance loading is reduced 
to about 25 pF, further contributing to the system 's 
accurate results . And it is compatible with virtually 
all logic simulators. 

Don't wait for chips to fail in production 
-or worse, for products to fail in the field. 
Start putting ASIC verification where it does the 
most good: in the hands of the designers them­
selves. For more information or a demonstration. 
contact your Tek sales representative. Or call 
1-800-245-2036. 

COMMITTED TO EXCELLENCE 
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YouKno-w 
Mitsubishi. 

Fiber Optic Transmission ... there 
are many possibilities. The market­
place will determine which designs 
and components succeed. But today, 
fiber optic system designers face 
many questions. 
- How can fiber-to-the-home system 
costs be significantly reduced for 
commercial viability? 
- Is it possible that FDDI-compatible 
LANs can become cost-effective for 
PCs and workstations? 
- Are there components that meet 
CATV supplier requirements for 
AM transmission on fiber? 

Mitsubishi 
Knows 
Qptical 
Transmission. 

Addressing these issues requires a 
partnership with the right optoelec­
tronic supplier. One with a broad, 
integrated product base and sensible 
solutions. That's what Mitsubishi 
Electronics offers. We view market 
needs from our customer's perspec­
tive. We understand the critical 
issues. And we're addressing them 
now. 

We've pioneered many new ideas 
for the industry. In fact, Mitsubishi 
was the first company to connector­
ize (singlemode) 1300nm laser diodes, 
providing smaller, lower cost options 
to DIP packages. Then we replaced 
the 1300nm laser with a CD laser to 
reduce costs even more. These inno­
vations are proving critical for the 
commercial realization of fiber-to­
the-home and expansion of fiber 
LAN markets. 

As a result, Mitsubishi's connec­
torized lasers are being successfully 
evaluated in fiber-to-the-home and 
computer LAN applications right 

now. And, it appears that this pack­
age may become an industry stan­
dard since many users are beginning 
to specify connectorized laser packages. 

Mitsubishi Electronics offers a 
broad range of laser transmitters and 
receivers in all three fiber windows, 
from 780nm to 1550nm. Our product 
line includes DFB lasers, PIN and 
APO detectors, SLEDs, ELEDs and 
data links .. . all available in a wide 
selection of packages. 

As your design goals come into 
focus, working closely with 
Mitsubishi can result in sensible 
solutions. And, you'll have the assur­
ance of commitment from a solid, 
integrated optoelectronic supplier 
who will be here for the long-term. 

FIBER-TO-HOME. 
MAKING HIGH VOLUME 
VIABLE 

Lowering fiber-to-the-home 
system costs requires lasers that 
can be produced in high volume 
production quantities. Traditional 
DIP packages with fiber pigtail 
cannot be mass produced cost­
effectively. So, Mitsubishi 
developed a singlemode, 
connectorized laser package spe­
cifically for automated high vol­
ume production. 

With several fiber-to-home 
pilot programs in progress, 
Mitsubishi lasers offer extremely 
high reliability ( > 100 million 
hours MTTF) over a wide tem­
perature range and rugged 
packaging. 

Regional Sales Offices: SOUTH CENTRAL, Carrol lton, TX (214) 484-1919 NEW ENGLAND, Woburn, MA (617) 938-1220 SOUTHEAST, Boca Rotan, FL (407) 487-7747 
NORTHWEST, Sunnyvale, CA (408) 730-5900 NORTHERN, Minnetonka, MN (612) 938-7779 MID-ATLANTIC, Piscataway, NJ (IOI) 981-1001 CANADA , S1. Laurent, Quebec, (514) 337-6046 
SOUTHWEST, Torrance, CA (Zl3) 515-3993 NORTH C ENTRAL, Mt. Prospect, IL (3 12) 298-9223 SOUTH ATLANTIC, Norcross, GA (404) 368-4850 
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DATA COMMUNICATIONS. 
FDDI AND ALTERNATIVES 

FDDI-compatible LANs can 
work for PC and workstation 
applications. Mitsubishi is devel­
oping a new FDDI-compatible 
data link that will provide a cost­
effective alternative to LEDs at 
both ends (transmitter and 
receiver) of a fiber link. 

By using mass produced, C D 
lasers and Si PIN detectors, 
Mitsubishi has reduced fiber 
optic LAN system costs for more 
applications. 

Application 
Fiber-to-the-home 
Fiber-to-the-home and Telecommunications 
AM CATV Transmission 
Data Communications (FDDI) 
Data Communications 
Telecommunications 

TELECOMMUNICATIONS 
Mitsubishi developed Si ICs 

for laser transmitters and receiv­
ers, offering size reduction and 
improved performance. We're 
supplying InGaAs APDs and 
DFB lasers for high-performance 
transmission systems. We also 
offer 780nm, 870nm, 1200nm, 
1300nm and lSSOnm lasers for 
WDM designs and bi-directional 
transmission. And, we are devel­
oping a SONET transceiver to 
meet the emerging standards. 

Mitsubishi Part Number Description 

CATV: AM FIBER 
TRANSMISSION POSSIBLE 

With experience in AM, FM 
and digital video applications, 
Mitsubishi offers some of the 
highest power devices available 
( > lOmW from a singlemode fiber) 
for better S:N ratio in CATV 
transmission. 

We have also developed a 
1300nm DFB laser module with 
isolator that features low RlN 
and high linearity for AM 
transmission. 

FU-01SLD-N(4406)/FU-04PD-N 780nm laser and detector in singlemode connectorized modules. 
FU-11SLD-N/FU-13PD-N 1300nm laser and detector in singlemode connectorized modules. 
FU-45SDF 1300nm DFB laser with opto-isolator and TE cpoler. 
MF-13125DF-T/R 1300nm LED/PIN 125MB/S transmitter/receiver 
FU-01LD-N(4406)/FU-03PD-N 780nm laser and detector in multimode connectorized modules. 
FU-33AP Long wavelength lnGaAs APD module. 

' MITSUBISHI 
Quality through commitment. 6' ELECTRONICS 
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AREA SALES OFFICES: CENTRAL AREA, Toshiba America Electronic Components, Inc., (312) 945-1500; EASTERN AREA, Toshiba America Electronic Components. Inc., (617) 272-4352; NORTHWESTERN AREA, Toshiba America Electronic 
Components, Inc .. (408) 737-9844; SOUTHWESTERN REGION , Toshiba America Electronic Components. Inc. (714) 259-0368; SOUTH CENTRAL REGION, Toshiba America Electronic Componenls. Inc .. (214) 480-0470; SOUTHEASTERN 
REGION, Toshiba America Electronic Components. Inc .. (404) 368-0203; MAJOR ACCOUNT OFFICE, FISHKILL, NEW YORK, Toshiba America Electronic Components. Inc., (914) 896-6500; MAJOR ACCOUNT OFFICE, BOCA RATON , FLORIDA, 
Toshiba America Electronic Components, Inc .. (305) 394-3004. REPRESENTATIVE OFFICES: ALABAMA, Montgomery Marketing, Inc. , (205) 830-0498; ARIZONA, Summit Sales. (602) 998-4850; ARKANSAS, MIL-Reps, (512) 346-6331; 
CALIFORNIA (Northern) Elrepco. Inc., (415) 962-0660; CALIFORNIA (LA & Orange County) Sager Electronics, Inc., (818) 712-0011, (714) 957-3367, (San Diego County) Sager Electronics. Inc .. (619) 944-4188; COLORADO, Straube 
Associates Mountain States. Inc .. (303) 426-0890; CONNECTICUT, Datcom, Inc., (203) 288-7005; DISTRICT OF COLUMBIA, D.G.R .. Inc., (301) 581-1360; FLORIDA, Sales Engineering Concepts, (813) 823-6221. (305) 426-4601, 
(305) 682-4800; GEORGIA, Montgomory Marketing , Inc., (404) 447-6124; IOAHO, Components West. (509) 922-2412; ILLINOIS, Carlson Electronic Sales. (31 2) 956-8240, AW Kunz. (314) 966-4977; IOWA, Carlson Electronics. (319) 
377-6341 ; KANSAS, DU Electronics, (316) 744-1229; LOUSIANA, MIL-Reps, (713) 444-2557; MAINE, Datcom, Inc , (617) 891-4600; MARYLAND, D.G.R., Inc., (310) 583-1360; MASSACHUSETTS, Datcom, Inc., (617) 891-4600; 
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SERVICE IS OUR KEY COMPONENT 

Now Toshiba introduces a new level of performance in 
gate arrays. It's the TC120G Series, and it features typical 
gate delays of only 400 picoseconds. That's 35% less than 
our own industry-leading TCHOG Series. The secret is our 
1.0 micron CMOS process, and, of course, our proven Sea of 
Gates non-channeled architecture. 

The new TC 120G Series is upwardly compatible from 
the HOG, and supported by compatible CAD tools. In fact, 
our VLCAD-11 System has been designed to permit the easy 
upgrade conversion of HOG systems to 120G technology. 

The TC 120G Series can provide the size and speed for 
consolidating high speed circuits into a single package. 
It is especially good for 
high performance appli-

TOSHIBA 
THE POWER IN GATE ARRAYS 

cations like mainframe 1-s_ERIES ____ 1--r_c_u OG_-+-_r_ci2-0G---1 
GATllS 3.498 to 37,932 to 

CPU's, minicomputers 129,042 129,042 

and telecommunications ,_G_ATE_L_EN_Gr_tt _ _ ,___1.s_µ,_n --+--1 µ_m____, 
GATE SPEED 0.6 ns 0.4 ns 

switching systems. PART NUMBERS 14 

If you don't need 
129,000 gates, don't 

AVAILABILITY NOW 

All Si-Gate double-layer metal. 

NOW 

worry The TC 120G Series is available in 5 master array sizes 
ranging from 37,932 to 129,042 raw gates. So you can design 
in just the right size for your ASIC application. And now 
to help you even more, we've opened two new ASIC design 
centers. That brings the total to five in the United States. 
For complete information, contact your nearest Toshiba 
Regional Sales Office: Northwestern: ( 408) 737-9844, 
Southwestern: (714) 259-0368, Central: (312) 945-1500, 
South Central: (214) 480-0470, Eastern: (617) 272-4352, 
Southeastern: ( 404) 368-0203. Or call 1-800-888-0848 
ext. 517 today. 

In Touch with Tomorrow 

TOSHIBA 
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

© 1989 Toshiba America, Inc. W.S-88-0-04-1 

MICHIGAN, Action Components Sales. (313) 349-3940; MINNESOTA, Electric Component Sales, (612) 933-2594; MISSISSIPPI, Montgomery Marketing, Inc., (205) 830-0498; MISSOURI , D.L.E. Electronics, (316) 744-1229, R.W. Kunz, 
(314) 966-4977; MONTANA, Components West, (206) 885-5880; NEBRASKA, OH . Electronics. (316) 744-1229; NEVADA, Elrepco. Inc , (415) 962-0660; NEW ENGLAND, Oatcom, Inc , (617) 891 -4600; NEW HAMPSHIRE, Datcom. Inc., 
(617) 891-4600; NEW JERSEY, Nexus Technology, (201) 947-0151 ; NEW MEXICO, Summit Sales. (602) 998-4850; NEW YORK, Nexus Technology, (201) 947-0151; NEW YORK (Upstate), L O. Allen, (315) 437-8387; NORTH/SOUTH 
CAROLINA, Montgomery Marketing, Inc., (919) 467-6319; NORTH/SOUTH DAKOTA, Electric Component Sales, (612) 933-2594, J.R. Thornberry, (216) 248-4995; OKLAHOMA, MIL-Reps, (214) 644-6731; OREGON, Components West, 
(503) 684-1671 ; PENNSYLVANIA, Nexus Technology, (215) 675-9600; PENNSYLVANIA (Western), J.R. Thornberry, (216) 248-4995; RHODE ISLAND, Oatcom , inc., (617) 891-4600; TENNESSEE, Montgomery Marketing , Inc., 
(205) 830-0498; TEXAS , MIL-Reps, (512) 346-6331, (713) 444-2557, (214) 644-6731 , UTAH, Straube Associates Mountain States, Inc. (801) 263-2640; VERMONT, Oatcom, Inc , (617) 891-4600; VIRGINIA, D.G.R, Inc., (301) 581-1360; 
WASHINGTON, Components West, (206) 885-5880, (509) 922-2412; WES'I VIRGINIA, O.G.R., Inc. , (301) 581-1360; WISCONSIN , Carlson Electronics, (414) 476 2790, Electric Component Sales, (612) 933-2594; WYOMING, Straube 
Associates Mountain States. Inc .. (303) 426-0890; CANADA, BRITISH COLIJMBIA, Components West, (206) 885-5880; ONTARIO , Electro Source, Inc., (416) 675-4490, (613) 592-3214 ; QUEBEC , Electro Source, Inc., (514) 630-7486. 
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The newe magnetic materials 
has a reputation for excellence that's 40 years strong. 

Since 1951, you've known us as PERMAG. We 
began with 2 men, a IQft in Brooklyn and an idea. 
Today we employ over 400 people in 11 plants in 
the United States, Great Britain and Europe. 
Today, we're DEXTER MAGNETIC MATERIALS 
DIVISION, part of the Dexter Corp., a Fortune 500 
company producing specialty materials. Today, we 
are the world's largest stocking distributor of mag­
netic materials with full fabricating facilities and 
engineering assistance at each location. 
We are permanent magnets - everything 
from Alnico 5 right through to the newest 

grade of neodymium-iron-boron. We're linear ferrites 
- from powder to cores to toroids. With all the 
associated hardware. We're magnetic shielding 
materials. We're magnetic assemblies of every 
description. We're DEXTER MAGNETIC MATERIALS 
DIVISION. Call 1 800-345-4082. We'll send catalogs. 
We'll answer your technical questions. We'll fill 
your order - normally within 24-hours. Or we'll 
send a seasoned sales representative to discuss 

your problems. At DEXTER MAGNETIC 
MATERIALS DIVISION, you've got a 
world of experience going for you. 

THE DEXTER CORPORATION 

Atlanta, Boston, Chicago, Dallas, Detroit/Tol'.ldo, Los Angeles, Minneapolis/St. Paul, New York, San Francisco. Middlesex, England and Planegg, West Germany. 
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00 PATENT PENDING? 

Jesse H Neal 
Editorial Achievement Awards 
1987' 1981 (2), 1978 (2), 
1977, 1976, 1975 

American Society of 
Business Press Editors Award 
1988, 1983, 1981 
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Thankfully, the Fourier integral above was never patented. It's probably 
safe to say that in the early 1800s, when J B J Fourier analyzed heat 
conduction, he never thought of applying for a patent on his formulas. 
Today though, many mathematicians are applying for and receiving pat­
ents for their work. Those patents may stifle many further developments. 

Certainly new inventions, processes, and techniques should be able to 
take advantage of our patent system-a system that offers inventors the 
right to exclude others from using their invention for 17 years. (Keep in 
mind that the patent system itself offers no protection. Inventors must 
protect their patented inventions on their own either through licenses or 
infringement lawsuits.) However, until recently, the US Patent and Trade­
mark Office has turned down patent applications that cover mathematical 
formulas or algorithms. It used to be that inventors couldn't patent proc­
esses that could be performed mentally or with paper and pencil. In short, 
you couldn't patent mental exercises. 

But, you could patent an algorithm if it was tightly coupled to a piece 
of hardware. For example, if you implemented a new fast Fourier trans­
form algorithm in a patentable circuit, the patent could cover both the 
hardware and the algorithm it implemented. So, as long as the algorithm 
was claimed as part of the circuit, you could patent it. Now however, the 
US Supreme Court is taking a more liberal view of what types of formulas 
and algorithms you can patent. 

The New York Tirnes reports that in 1981 the Supreme Court expanded 
patent coverage to include the application of a mathematical formula to a 
known process. In 1982, a lower court ruled that an algorithm could be 
protected as long as it applied to physical elements or process steps. 

We take exception to the courts' rulings. Mathematical formulas and 
algorithms should remain unpatentable. Certainly, it is proper if someone 
wants to protect the implementation of an algorithm by placing it deep 
within an integrated circuit, by copyrighting program listings, or by licens­
ing it as a trade secret. However, protecting the basic idea may bring 
many areas of mathematical research to a halt. Investigators who might 
benefit from patentable work will be reluctant to share their research 
results with fellow researchers. It's hard to imagine the state of the 
software industry if shell-sort, bubble-sort, and floating-point-math algo­
rithms had received patents. 

On the other hand, some might argue that there is little incentive to 
spend years of research and months of programming to develop an algo­
rithm into useful form unless the algorithm can be patented. That's a valid 
point, but again, it should be the implementation that receives a patent, 
and not the underlying mathematical principle or process. To stay competi­
tive, and to foster an exchange of mathematical thoughts and ideas, we 
need an atmosphere that's free of restrictive patent protection for underly­
ing and abstract principles. 

/J . 
~~. u Editor 
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Introducing the MAX fumily. 
At u_Q to 50 MHz, it's twice the speed 

of any other high density EPLD. 

MAX is the only family of EPLDs that can give you the combination 
of speed and density you need in your next 
system design. 

And not just raw speed, but pre­
dictable speed as well. 

Because MAX's unique architec­
ture gives you predictable delays 
between all corners of the chip. 

M~f.P\.OS 

And that means no more hair-pulling 
over lost speed. No gate array timing 
skews. No more multiple design itera­
tions to get the speed you thought you 
were going to get in the first place.The 

It ' bl t rf OnlyMAXgivesyou resu IS more USa e sys em pe ormance thecombinationothighdensityandtast 

at system clock rates u p to 50 M Hz. performance you need tor your most advanced designs. 

Which makes MAX the fastest family of high density CMOS EPLDs in the world. 
For example, with our EPM5032, you can design a bus controller that runs at 32MHz while 

utilizing 32 registers and up to 32 product terms feeding a single register. 
For really big jobs like state-of-the-art OMA controllers, our EPM5128 has an array of 256 

logic expanders, 128 macrocells and 521/0 pins that can easily soak up all the logic you need. 

Fast, high density controller designs 
can be implemented with the 
EPM5032, 32-macrocell MAX EPLD. 

EDN April 27, 1989 

All of these logic functions can be designed fast, too. In just a 
matter of hours, in fact. Because MAX is supported by software thafs 
easy to design with. Speeding you to market with a product that 
uses fewer parts, for unbeatable cost savings. 

Thafs why the MAX family is destined to become the new standard 
for logic design. 

For more information, call Altera today: 1-800-545-3377 
And we'll bring you up to speed on high density EPLDs. 

CIRCLE NO 31 

3525 Monroe Street, Santa Clara, CA 95051 
(408) 984-2800 

© 1988, Altera Corporation. 
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Hitachi's Hi--Bi CMOS'" Process Makes High--speed, 
Energy--efficient Performance a Reality 
Hummingbirds are light, agile, and incredibly fast. 
They consume energy efficiently as they dart from 
flower to flower, beating their wings faster than the 
human eye can follow. This kind of high-speed, 
power-efficient performance has not been available in 
a semiconductor-until now. Finally, no compromises. 

Hitachi brings you second generation Bi-CMOS­
Hi-BiCMOS-the advanced process technology that 
delivers ECL-like speed with power consumption com­
parable to CMOS. Hi-BiCMOS transcends generic 
Bi-CMOS by intermixing bipolar and CMOS 
structures at the basic cell level, for power-efficient, 
high-speed performance. 

Hitachi has more than three years' experience 
fabricating Hi-BiCMOS parts. We've refined 

Hi-BiCMOS into a reliable, high-yield process. 
You're assured of a dependable supply of devices, in 
production quantities-all with Hitachi's legendary 
quality. 

A broad variety of mainstream devices, with 
leading edge performance, is now available as a result 
of Hitachi's Hi-BiCMOS process. Hitachi's newest 
IM DRAMs use Hi-BiCMOS to achieve a fantastic 
35ns access time. These fast memories feature high­
performance with non-multiplexed addressing. They 
come in cool-running plastic packaging, and 
perform at half the access time of standard high­
speed DRAMs. 

Hitachi's Hi-BiCMOS SRAMs deliver 256K 
densities, with TTL I/O and 20ns access speeds. 



That's enough density to build large cache memory 
arrays with unusually high hit rates. Plus, you have 
the product to support super system performance. 
And, we have 256K, lSns ECL I/O devices now, 
with lOns available in the near future. 

Hitachi's Hi-BiCMOS gate arrays use advanced 
1.3-micron structures with LO-micron effective 
lengths. On a system level, Hi-BiCMOS densities 
reduce chip count delays for performance com­
parable to ECL, but without EC.Di power and heat 
penalties. The HG29MIOO gives you: fast 400 ps 
gate delays with CMOS power consumption levels, 
advanced capabilities with 10,000 gates, 4.6K bits of 
on-board RAM and up to 220 I/Os. The HG21 T30 
offers you 3,000 gates and 90 I/Os with both ECL 
and TTL interfaces. 

Hitachi's Hi-BiCMOS technology helps you 
eliminate frustrating design compromises. You can 
count on Hitachi's Hi-BiCMOS process to deliver 
the speed, density, and low-power performance in 
reliable, quality parts. For more information, call 
your local Hitachi Sales Representative or 
Distributor Sales Office today. 

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

@HITACHI" 
~ make things possible 
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NOTES FOR POWER 

Now you have a choice for~ 

Standard devices for maximum performance. 
Introducing three new off-the­
shelf single-chip Switch Mode 
Power Supply controllers that 
save space, money and time. 

The new 16-pin ML4825 has 
all the features and performance 
of a UC1825, plus a powerful 
package of enhancements. 

For single-ended designs, the 
ML4823 is pin compatible with 
the UC1823 and adds all the 
enhancements of the ML4825. 

A third new controller, the 
ML4809, is packed with extra 
features and functions for better 
compensation, easier starting 

and synchronization. 
The ML4809 starts with all 

the features of the ML4825, 
then adds even more. 
Synchronization: 
• separate clock I/O pins 
• wide dynamic range VCO 
• toggle flip-flop output 

and preset inputs 
Stability: 
• on-chip programmable 

ramp compensation 
• blanker to reject turn-on 

spike 
• completely independent 

error ramp 

Micro Linear Standard PWM CantroUers Prooide Maximum R::rjormance 

Start-up/Fault conditions: 
• 7 V hysteresis on under­

vol tage lockout 
• full reset with program­

mable delay 

PART T PE SOFT START 
y I RESET 

I 
- -- -

ML4825 COMPLETE 

UC1825 PARTIAL FLOAT 50 nS 

----UC1 823 PARTIAL FLOAT 50 nS 

Micro Linear/ Unit:rode Comparison 

These three new standard 
single-chip controllers are so 
good, they'll easily satisfy the 
demands of most high-frequency 
SMPS designs. 

For those power supplies 
with special needs that can't be 
met by an "off-the-shelf" IC, 
you'll need a semi-custom con­
troller designed and built to 
exacting standards. 

And we know just where you 
can find one. 
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SUPPLY DES I G NE RS 

our power supply controller. 

ASIC devices for maximum flexibility. 
Introducing the new FB3480, a 
semi-custom array specifically 
designed to meet more challeng­
ing demands of high frequency 

using Micro Linears library 
of "soft macros'.' These macros 
implement a full complement 
of logic, comparator and other 

with a+ 2% tolerance over 
the full temperature range, and 
a programmable threshold 
under-voltage lockout circuit. 

Switch Mode Power .----~--~----~­ The chip also 
contains two 
totem-pole 2A 
output driver 
cells to quickly 
charge and dis­
charge the high 
gate capacitance 
of power 

Supply applications. 
The FB3480 is a 

new concept in 
semi-custom IC 
technology. Most 
other analog semi­
custom I Cs are a 
collection of general 
purpose transistors, 
resistors and other 
components which 
can be connected in 
different ways to 
perform different 
IC functions . Not 
the FB3480. Its 

••• 

specifically designed for SMPS 
control. This unique array con­
tains high-performance internal 
core cells optimized to perform 
the functions found in all PWM 
controllers. In addition, the 
array contains a large area of 
uncommitted transistors and 
resistors which can be con­
figured to your specifications 

EDN April 27, 1989 

I 

USER 
CONFIGURABLE 

DEVICES 

MOSFETs. 
For more 

information on 
the new single­
chi p standard 
and semi-custom 
SMPS control-

FB3480Array EnabtesEasy CustomDesign lers from Micro 
functions to make your custom- Linear, call ( 408) 433-5200, 
ized controller unique. This extension 900. 
"core cell" and "soft macro" Or write: 
design approach provides a cus- Micro Linear, Dept. SP, 
tomized solution with a mini- 2092 Concourse Drive, 
mum of cost and effort. San Jose, CA 95131 

The core cells feature a 1989Mir roL1ncar 

1 Mhz oscillator, a 5 Mhz band-
width 6V/µSec slew-rate error 
amplifier, a voltage reference 

CIRCLE NO 33 

il'9~ Micro Linear 
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Marshall has always been driven to 
provide the best in electronic components. 
And in 3. 511 disk drives, that means the 
latest from Sony. 

Extremely compact yet powerful, these 
drives are the result of Sony's overriding 
commitment to quality. With superior head 
position accuracy and a high resistance to 
shock vibration, they' re available in 1 MB 
and 2MB versions. You can also order 
them in a subcompact l 11 height for easier 

('Authorized Locations) 
AL Huntsville (205) 881-9235' 
AZ Phoenix (602) 496-0290' 

Tucson (602) 790-5687' 
CA lrvine(714)458-5301' 

Los Angeles (818) 407-4100' 
Sacramento (916) 635-9700' 
San Diego (619) 578-9600' 

San Francisco (408) 942-4600' 
CO Denver (303) 451-8383' 
CT Connecticut (203) 265-3822' 
FL Fl. Lauderdale (305) 977-48SO' 

Orlando (407) 767-8585 • 
Tampa (813) 573-1399' 

GA Atlanta (404) 923-5750' 
IL Chicago (312) 490-0155' 

IN Indianapolis (317) 297-0483' 
KS Kansas City (913) 492-3121' 

Wichita (316) 264-6333 ' 
MA Boston (508) 658-0810' 
MD Maryland (301) 622-1118' 
Ml Michigan (313) 525-5850' 
MN Minneapolis (612) 559-2211' 
MO St. Louis (314) 291-4650' 

integration into all your applications. 
Or you can order a drive installed in a 
pre-assembled 5 Y4 11 kit. 

Call Marshall today for all your elec­
tronics needs, including Sony disk drives. 

And find out for yourself how driven 
we really are. 

marshal I 
NC Raleigh (919) 878-9882' 
NJ N. New Jersey (201) 882-0320' 

Philadelphia (609) 234-9100· 
NY Binghamton (607) 798-1611· 

long Island (516) 273-2424" 
Rochester (716) 235-7620' 

OH Cleveland(216)248-1788. 
Dayton (513) 898-4480' 

Westerville (614) 891-7580. 
DR Portland (503) 644-5050' 
PA Pittsburgh (412) 953-0441· 
TX Austin (512) 837-1991' 

Brownsville (512) 542-4589. 
Dallas (214} 233-5200· 
El Paso (915) 593-0706' 
Houston (713) 995.9200· 

San Antonio(512) 734.5100· 
UT SaltlakeCity(801)485-1551 • 
WA Seattle (206) 486-5747" 
WI Wisconsin (414} 797-8400. 
In Canada: G.S. Marshall Co. 

Montreal (514) 683-9440. 
Ottawa (613) 564-0166' 
Toronto (416) 458-8046' 
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TECHNOLOGY UPDATE 

Most of the issues 
involving the U in­

terface have been 
resolved by the 

standards commit­
tees, and IC ven­
dors are gearing 
up to supply the 

chips. However, re­
solving the issues 

doesn't mean that 
there is a unifying 

standard. 

Michael C Markowitz, 
Associate Editor 
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ISDN ICs 

The U interface 
comes of age 

T
he Integrated Services Digi­
tal Network's (ISDN) U in­
terface is, in the words of one 
IC vendor, "defined, but vul­
nerable." Some of the vul­

nerabilites revolve around the test and 
maintenance features and call set-up and 
tear-down. But most of these problems 
are addressable in software, and the 
committee charged with defining the U 
interface is committed to reverse com­
patibility. As a result, many IC vendors 
have begun to introduce their versions 
of U-interface ICs. 

But all is not rosy and waiting for you 
to begin the design of your network ter­
mination (NTl) equipment or central of­
fice (CO) and private automatic branch 
exchange (PABX) line cards (LT) for 

situation in Europe, however, is not as 
clear. 

Unlike in the US, each European PTT 
(Post, Telegraph, and Telephone Ad­
ministration) owns all of the NTls tied 
to its network. As a result, the PTTs 
control both sides of the U interface. 
The monopoly exercised by each of the 
PTTs has manifested itself in conflicting 
line-code standards; there are currently 
six options offered in Appendix 6 of the 
CCITT Blue Book. The French and Ger­
man PTTs have chosen 4B3T (four bi­
nary, three ternary); British Telecom is 
leaning toward 2B1Q (two binary, one 
quaternary). 

Two other issues further confuse the 
European picture. First, the potential 
exists that all of the PTTs may become 

the U interface. The 
TlEl.4 (Telecommuni­
cations Interface) sub­
committee of the Ex­
change Carrier Stan­
dards Association has 
issued and the Ameri­
can National Standards 
Institute (ANSI) has 
published Tl.601-1988, 
which defines the U in­
terface for North Amer­
ica. The specification, 
which is also being 
adopted in Japan, speci­
fies a line code of 2B1Q 
(2 binary, 1 quater­
nary). According to 
Tom Starr, chairman of 
the TlEl.4 subcommit­
tee, this line code offers 
maturity, the best tech­
nology, and the largest 
base of support. The 

Hardware- and software-deve/,opment tools, like this PC-based ISDN 
evaluation system from Siemens, help you with code generation, chip 
emulation, and test-measurement requirements. 
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Seagate's 3.5'' drives 
Now with AT interface 

Seagate's field proven ST157 product line now 
features embedded controllers with an AT® inter­
face. These reliable to-the-bus solutions offer 
improved cost/performance over non-integrated 
solutions. 

The ST125A, ST138A and ST157A provide 2L 
32 and 43 megabytes of formatted capacity respec­
tively, and feature 28 or 40 msec typical access 
times, with an impressive 50,000 hour MTBF. All 

models support the standard 16-bit AT task file 
interface, 1:1 interleave capability, an internal data 
rate of 7.5 megabits/second, and up to 4 mega­
bytes/second at the interface. 

For more information on the drives that off er 
a lower cost of connection and higher system per­
formance for OEMs and systems integrators, call 
your nearest Seagate sales office, or call Seagate 
directly at 800 468-DISC or (408) 438-6550. 

~Seagate 
The first name in disc drives 



TECHNOLOGY UPDATE 
ISDN ICs 

part of the private sector or be 
deregulated, a la Ma Bell and Brit­
ish Telecom. Secondly, 1992, the 
year the European Community is 
scheduled to become a true common 
market, is looming large on the ho­
rizon and could hasten the privitiza­
tion and deregulation efforts al­
ready underway. 

Finally, Tom Starr indicated that 
the TlEl.4 subcommittee issued 
the Tl.601.1988 specification with 
some areas of the U interface left 
for further study. For example, the 
TlMl.2 (Telecommunications Main­
tenance) subcommittee is looking at 
some potential changes to the 
physical layer of ISDN, which de­
fines the R, S, T, and U interfaces. 
Any changes to the spec will appear 
in the form of an addendum to the 
ANSI standard. Although Starr ex­
pects some changes to impact the 
design of currently available U­
interface ICs, he promises that the 
committee is making every effort 
to provide downward compatibility. 

The ISDN Basic Rate Network 
consists of a collection of ISDN­
compatible and -incompatible equip­
ment connected across interfaces. 

A second-source agreement between AT&T 
and Intel for the Q-chip U-interface IC set , 
which is shown here in both vendors' pack­
ages, ensures the availability of the set. 

For the uninitiated, ISDN is a vir­
tual alphabet soup of abbreviations; 
therefore, a brief description should 
help clarify the network. Fig 1 
might help you visualize what can 
be an incredibly confusing mess. 
Also see the box, "An ISDN glos­
sary" for a more complete descrip­
tion of these ISDN terms. 

Terminal equipment type 1 (TEl) 
is an ISDN terminal, like a digital 
telephone. You can connect TE ls 
directly to the ISDN at an S inter­
face. Terminal equipment type 2 
(TE2) is a nonISDN terminal, like 

TELEMENTARY 
DEVICE 

an RS-232C or X.21 terminal, that 
you connect through an R interface 
to a terminal adapter (TA). You can 
only connect nonISDN terminals to 
the S interface of the network 
through a terminal adapter (TA). 
The S interface connects to the T 
interface through a network termi­
nation type 2 (NT2) box. This box 
is an ISDN PABX that functions 
as a multiplexer concentrating two 
or more TEls or TAs. 

A network termination type 1 
(NTl) box provides physical and 
electrical termination between the 
4-wire S or T interface and the 2-
wire U interface. The Sand Tinter­
faces are electrically identical, al­
though the protocols that operate 
over them are slightly different. 
The T interface exists only to link 
NT2 boxes to an NTl box. Finally, 
the U interface connects the local 
exchange termination (LT) at the 
central office (CO) to the NTl box 
at the customer's location. 

As specified by the TlEl.4 com­
mittee, the U-interface requires a 
single twisted-pair transmission 
medium. The interface standard 
provides for data transmission over 

COMPUTER 
TERMINAL 
TE1 

DIGITAL 
TELEPHONE 
TE2 

TE1 

NETWORK 
TERMINATOR 
NT2 NETWORK 

TERMINATOR 

DIGITAL 
TELEPHONE 
TE1 

TERMINAL 
ADAPTER 
TA 

R 
INTERFACE $ INTERFACE 

SUBSCRIBER'S HOME OR OFFICE 

NT1 

T 
INTERFACE 

LINE TERM INATOR 
(LINE CARD) 
LT 

u 
INTERFACE 

SUBSCRIBER'S 
LINE 

EXCHANGE 
TERMINATOR 

v 
INTERFACE 

CENTRAL 
OFFICE 

Fig 1-The ISDN consists of many different segments, which are called interfaces. To obtain maximum effectiveness at a particular 
interface, the ISDN terminators read a signal in one format and convert it to the proper format for the next step in the path. 
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5.5 km (18,000 ft) of 0.5-mm (24 
AWG) cable. However, you can use 
ICs like Precision Monolithics' LIU-

ISDN MODEL 

01 Serial Data Receiver ($12 in 100-
piece quantities) to recover data 
over the U interface and act as re­
peaters for longer-distance trans­
mission. The LIU-01 automatically 
adjusts for the signal attenuation 
and frequency distortion caused by 
long transmission lines. Another, 
more expensive, approach to long­
distance transmission is to use U­
interface ICs in a back-to-back con­
figuration as repeaters. 

The digital subscriber line con­
sists of the transceivers in the LT 
at the switch end of the U interface The U-interface chip is only one piece of the ISDN puzzle. Each vendor suwlies a 
and those in the NTl box at the number of other pieces, like this family of parts from Mietec. 

subscriber's end of the interface. 
Full-duplex signals can be sent over 
the same pair of wires. The trans­
ceiver's job is to separate the sig­
nals traveling in both directions 
across the wires and to subtract the 
digital bit streams that it sends 
from the total· bit stream, regard­
less of the corruption that might 
have occurred during the transmis­
sion of the signal. Corruption may 
result from bandwidth limitation, 
crosstalk, line echoing, or noise. 

The U interface sends and re­
ceives data at an effective bit rate 

of 160k bps: 144k bps for the 2B + D 
data, 4k bps for embedded-opera­
tion-channel (eoc) messages, and 
12k bps for framing and mainte­
nance functions. To correct for sig­
nal echoing at the terminations, the 
U interface uses echo cancellation. 

The transceivers in the U inter­
face use adaptive echo cancelers, 
equalizers, and line-code encoders 
and decoders to transport data over 
the copper arteries at high speed. 
The echo cancelers provide about 
60 dB of echo cancellation. The line 

TABLE 1-ISDN LI-INTERFACE ICs 
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LINE LENGTH 
COMPANY/PARTNER PART NO. LINE CODE AT DIAMETER 

AMO/SIEMENS Am2090 483T 9.5 km AT 0.6 mm 
Am2091 2810 IN DEVELOPMENT 

ATT/INTEL T7262/T7263 281Q 5.5 km AT 0.4 mm 
T7260/T7261 AMI 5.5 km AT 0.4 mm 

INTEL/ATT i89122/i89123 281Q 5.5 km AT 0.4 mm 

MIETEC MTC2071 483T 8.2 km AT 0.8 mm 

MITEL MT8910 281Q 5.5 km AT 0.5 mm 

PHILIPS/SIGNETICS PC82390 483T 8 km AT 0.6 mm 

SIEMENS/AMO PE 82090 483T 9.5 km AT 0.6 mm 
PEB2091 2810 IN DEVELOPMENT 

NOTES: ALL 2B1Q DEVICES PASS ALL 8ELLCORE LOOPS. 
0.4 mm IS APPROXIMATELY EQUAL TO 26AWG. 
0.5 mm IS APPROXIMATELY EQUAL TO 24AWG. 
0.6 mm IS APPROXIMATELY EQUAL TO 22AWG. 
0.8 mm IS APPROXIMATELY EQUAL TO 20AWG. 

PRICE AND 
QUANTITY 

$289 AT 100 
$121AT100 

$95 SAMPLES 
$50 SAMPLES 

$130 AT 100 

$120 AT 1000 

$61.10 AT 1000 

$50 AT 1000 

$90 AT 1000 
$70 AT 1000 

codes allow for the reduction of the 
transmitted data from two bits to 
one bit in 2B1Q and from four bits 
to three bits in 4B3T-but at the 
expense of some signal-to-noise 
bandwidth. 

The MT8910 Quaternary Net­
work Interface Circuit (QNIC) from 
Mitel uses the 2B1Q line code. An 
onboard Decision Feedback Equal­
izer (DFE) compensates for in­
tersymbol interference (ISI) caused 
by bridged taps, gauge changes, 
and other impedance mismatches. 
The chip also includes nonlinear and 
jitter compensators to ensure high 
performance in the presence of im­
perfect implementations. 

Like many of the ISDN IC suppli­
ers, Mitel has a proprietary bus 
structure, the ST-BUS, for its 
ISDN ICs. Each vendor's proprie­
tary bus conforms to the ISDN 
standards, but the standards only 
apply within an interface. To maxi­
mize flexibility and allow for future 
innovation,_ the specification treats 
the actual implementation of the 
boxes containing the interfaces as 
black boxes. Only the input and out­
put data formats are specified by 
the CCITT and TlEl.4 committees. 
For example, any vendor's S inter-
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The Analog ASIC Solution 

All the pieces-from Raytheon, your development partner: 

Raytheon's RLA Linear Array Fam­
ily of user-configurable macrocell 
arrays-and full design support. 
(RLA 40, 80, UO, and 160) 

0 Configurable macrocells: 4, 8, 12 
or 15 gain blocks that can be config­
ured into a variety of analog func­
tions to achieve your system's needs. 

0 Design support: Raytheon offers 
a comprehensive design kit contain­
ing applications and design docu­
mentation , 200X plots , a printed 
circuit board , and 23 macrocell 
kit parts. 

1 SPICE develo ped by University o f Ca li fo rnia 

Software includes SPICE' model 
data files that can run on PCs and 
various workstations. 

Application engineers provide per­
sonalized service and full support 
from design conception through 
product delivery. Take advantage 
of Raytheon 's extensive experience 
in custom and semicustom products. 

0 And more: Choose from a wide 
variety of packages including plastic 
and ceramic DIPs , SOICs , PLCCs , 
and LCCs in commercial , industrial 
and military temperature ranges. 

CIRCLE NO 35 

Analog ASICs need not be a puzzle . 
Not with Raytheon 's RLA Family. 
And the support we provide with 
more than 15 years' experience as a 
supplier of high-volume commercial 
custom and semicustom devices . 

Call us for complete RLA program 
information and details on the RLA 
Macrocell Array Design Kit. 

Raytheon Company 
Semiconductor Division 
350 Ellis Street 
Mountain View, CA 94039-7016 
(415) 966-7716 

Raytheon 
Where quality starts witlifu11dame11tals. 
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face chip can talk to any other ven­
dor's S interface chip. But if you're 
designing an NTl, you would want 
to use a single vendor's S- and U­
interface chip set structured around 
that vendor's bus to simplify both 
the hardware and software designs. 

with bit periods of 488 nsec. All 
data that the QNIC transmits 
across the U interface arrives via 
this bus. 

together, so you can utilize the 32-
bit ST-BUS more efficiently. 

Mietec's U-interface IC is a 4B3T 
device, the MTC-2071 U Interface 
Circuit (UIC). You can configure 
this chip in LT or NT mode, de­
pending on which side of the inter­
face the chip resides. Further, the 
architecture of the chip lets you 
time-multiplex as many as eight 
UICs in burst mode. In this mode, 
the chip multiplexes data in 32 1-bit 
wide time slots. 

Mitel's ST-BUS is a 2048k-bps 
bidirectional serial port that con­
sists of 32 8-bit channels per 125-
µsec frame. The frame pulse defines 
the frame boundaries, and the pulse 
repeats every 125 µsec. Each of the 
32 channels is 3. 9 µsec in length 

You select the operating mode of 
the QNIC using three pins. You use 
one pin to put the chip into master 
or slave mode, another pin selects 
between single- and dual-port op­
eration, and the third pin routes 
data through the Control/Data ST­
BUS output in dual-port mode. Ad­
ditionally, the QNIC has a provision 
for daisy chaining multiple devices Perhaps due to the high develop-
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An ISDN glossary 

2BIQ LINE CODE-Line code in which two binary 
bits are converted into one quaternary bit for trans­
mission across the U interface. 
4B3T LINE CODE-Line code in which four binary 
bits are converted into three ternary bits for trans­
mission across the U interface. 
B CHANNEL-A switchable, optionally transpar­
ent, 64k-bps channel. Two B channels are included 
in the basic-rate service. 
BASIC RATE-An ISDN access rate of 192k bps 
allocated as two B channels of 64k bps, one D chan­
nel of 16k bps, and 48k bps of overhead for framing 
and error detection. 
CO-Central office. The telephone switching loca­
tion nearest to the customer's premises. 
D CHANNEL-A channel whose primary purpose 
is to convey signaling information between a termi­
nal and the network switch but whose surplus capac­
ity can be used for user-packet data and other data, 
such as telemetry. It operates at 16k bps for basic­
rate access and 64k bps for primary-rate access. 
ISDN-Integrated Services Digital Network. ISDN 
supports both digitized-voice and data transmission. 
LT-Line Termination. A line card that provides 
termination of the subscriber loop at the PBX or 
central office. 
NTI-Network Termination 1. A box that provides 
physical and electromagnetic termination of the 2-
wire U-interface transmission line and conversion 
into the 4-wire S or T interface. 
NT2--Network Termination 2. A box that provides 
switching and concentration of a subscriber's lines 
at the S interface. 

PABX-Private automatic branch exchange. An 
automatic, private switchboard linked to the central 
office via a trunk line. 
PRIMARY RATE-An ISDN access rate of either 
l.544M bps-23 B channels and one D channel, 
which is the North American and Japanese stan­
dard--0r 2. 048M bps-30 B channels and one D 
channel, which is the European standard. 
R INTERFACE-Connects a terminal adapter (TA) 
to nonISDN (TE2) equipment, often through an RS-
232C port. 
S INTERFACE-A reference point on the customer 
side of the NT2 to which you can connect either an 
ISDN terminal (TEI) or a TA; for example, the 
interface through which a digital telephone could 
connect to a PABX. This interface accommodates 
point-to-point and point-to-multipoint operation. 
TA-Terminal Adapter. Connects nonISDN termi­
nals (TE2) to the digital network via the S interface. 
The interface between the TA and the TE2 is the 
R interface. 
TEI-Terminal equipment type 1. Standard ISDN 
terminal equipment that you can connect to the S 
or T interface. 
TE2-Terminal equipment type 2. An analog or non­
ISD N digital terminal. 
T INTERFACE-Electrically identical to the S in­
terface, the T interface has a different protocol than 
the S interface to link NT2 boxes to the NTI box. 
U INTERFACE-A twisted-pair subscriber loop 
that provides basic-rate access to the NTI reference 
point from the ISDN network. This interface only 
supports point-to-point operation. 
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AND 
STOPS HERE 
PMI's free Precision Decisions 
selector guide disk eliminates the 
search of your entire library for the 
analog or data conversion IC essen­
tial to your design. 

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

Precision Decisions also features 
pricing, Mil/ Aero and SSM Audio 
product listings, new product guide, 
sales office listing, and part number­
ing system. Free quarterly updates 
ensure you have current information 
available. 
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PMI offers the latest design 
tools to make your job easier. Call us 
andfi~omilieoili~~%~~n 
help you. 

JPMI) 
Precision Monolithics, Inc. 
A Bourns Company 

1500 Space Park Drive 
P.O. Box 58020 

To receive your free copy of Precision 
Decisions, call 800-843-1515 or 
complete and mail the coupon below. 
Your next search for an analog IC 
will start and stop with PMI. Santa Clara, California 95052-8020 

-----------------------, 
!please send me a free copy of Precision Decisions I 
I Name:~~~~~~~~~~~~~~~~-
1 Title: I 
I Company: I 
I Address: I 
I Phone Number: I 
I Check boxes that apply: I 
I D I would like to recieve free quarterly updates of Precision Decisions I 
L D Also send me PMI's full line catalog EDN042789_J 
-----------------------

ALTAMONTE SPRINGS: (407) 260·9780, ATLANTA: (404) 263-7995, BOSTON: (508) 794-0026, CHICAGO: (312) 250-0808, 
DALLAS: (214) 690-3495, DENVER: (303) 792-9595, DETROIT: (313) 227·2190, LOS ANGELES: (818) 886·6881 , 
MILPITAS: (408) 942·8060, ORANGE COUNTY: (714) 637-9602, PHILADELPHIA: (215) 953·1070 
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ment costs associated with design­
ing ISDN chips, many vendors have 
agreed to partnerships whereby 
they either split the engineering 
costs and agree to second-source 
each other's ICs or license chips in 
return for other considerations. 
Among the partnerships announced 
to date are those between Siemens 
and Advanced Micro Devices, Intel 
and AT&T, National Semiconduc­
tor and SGS-Thomson, and Philips 
and Signetics. 

Siemens was one of the driving 
forces behind the Deutsche Bundes­
post's acceptance of the 4B3T line 
code. Needless to say, the company 
has a 4B3T U-interface chip, the 
PEB2090 ISD N Echo Cancellation 
Circuit (IEC). Siemens has organ­
ized the IEC to fit onto its ISDN­
Oriented Modular (IOM) bus, which 
is similar to and compatible with the 
General Component Interface (GCI) 
bus. According to Dataquest, a 
market research firm in San Jose, 

U REFERENCE 
POINT 

Lour+ C4 TERMINATION 
IMPEDANCE 

MT8910 FO 
'--------I L,N _ ONIC 

TERMINATION 
IMPEDANCE 

DSTi 

Lotn + DSTo 

5V 

POWER SUPPLY 
AND 

POWER FEED 

S REFERENCE 
POINT 

Due to proprietary bus structures, many ISDN chip families interface easily. Here, a 
Mitel 8910 acting in a slave mode terminates the subscriber line from the CO and extracts 
the clock from the data. The QNIC outputs a 4096k-bps bit clock and feeds an 8-kHz frame 
clock to the SNIC. 

CA, the GCI bus has been adopted 
and is supported by such vendors 
as Siemens, AMD, National Semi­
conductor, SGS-Thomson, Plessey, 
Philips, and Signetics. Siemens is 

modifying its 2090 chip to transmit 
and receive 2BIQ line code; it's 
planning to name the new part the 
PEB2091. 

A number of othe1· 4B3T alterna-

For more information ... 
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For more information on the ISDN U-interface ICs discussed in this article, contact the following manufacturers 
directly, circle the appropriate numbers on the Information Retrieval Service card, or use EDN's Express Request 
service. 

AT&T 
Dept 51AL330240 
555 Union Blvd 
Allentown, PA 18103 
(800) 372-2447 
in Canada, 
(800) 553-2448 
Circle No 720 

Intel Corp 
3065 Bowers Ave 
Santa Clara, CA 95051 
(408) 765-8080 
Circle No 721 

Mietec 
Raketstraat 62 
1130 Brussels 
Belgium 
(32) 2-728-1811 
TWX65299 
FAX 322-242-7552 
Circle No 722 

Mite! Corp 
350 Legget Dr 
Kanata, Ontario 
Canada K2K 1X3 
(613) 592-2122 
in North America, 
(800) 267-6244 
FAX 613-592-6909 
TLX 053-3221 
Circle No 723 

National Semiconductor 
2900 Semiconductor Dr 
MS16-171 
Santa Clara, CA 95052 
(408) 721-2358 
Circle No 724 

Philips Components Div 
Box 218 
5600 MD 
Eindhoven, The Netherlands 
(040) 783749 
TLX35000 
Circle No 725 

SGS-Thomson Microelectronics 
1000 East Bell Rd 
Phoenix, .A'l 85022 
(602) 867-6100 
Circle No 726 

Siemens Components Inc 
2191 Laurelwood Rd 
Santa Clara, CA 95054 
( 408) 980-4500 
Circle No 727 

Signetics Corp 
811 E Arques Ave 
Sunnyvale, CA 94088 
(408) 991-2000 
Circle No 728 
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16-BitCMOS 
__ · crocontrollers. 

More nctions 
and More Memory 

• p. 
Now 

-

From · tsubishi. 
32K bytes EPROM or ROM. 2K 

bytes RAM. Two UARTs, with on­
board baud rate generator. 8-bit, 
8-channel A-D converter. Eight 
multi-function 16-bit timers that 
operate in five modes (timer, event­
counter, one-shot, pulse-period and 
pulse-width), and pulse-width modu­
lation. 12-bit watchdog timer. Inter­
rupt controller. 68 independently 
programmable 1/0 ports. All on-chip. 

Plus, linear access for 16 mega-

IBM is a registered trademark of International Business 
Machines Cmporarion. 

EDN April 27, 1989 

bytes external memory. Powerful 
instruction set optimized for high­
performance operation. High effi­
ciency hardware multiply and divide 
instructions. And, configurable for 
8- or 16-bit external operation. All 
in low power, 1.3 µm silicon-gate 
CMOS technology. All part of a 
broad 16-bit MCU product line. 
IBM~ -PC based development and 

software support tools. Plus, masked 
ROM, ROM-less and OTP ROM 

versions and prototyping adapters. 
All available now from Mitsubishi. 

Driven by your applications, we put 
more on-chip and give you more 
choices, so you can reduce system 
component count, save board space, 
lower overall design costs and get 
products to market fast For more 
information call now. (408) 730-5900 
Ext 2106. 1050 E. Arques Avenue, 
Sunnyvale, CA 94086. 

6 MITSUBISHI 
6' ELECTRONICS 

Applications~Driven Microcontrollers 
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we know there's no special time for ideas. We also know that 
if your design involves transformers and/or inductors, we can 
help you make sure it's right Before it gets to breadboard. 

Meanwhile, you may want to read our free Transformer 
Application Guide. It's loaded with food for thought. Like 
how to determine VA rating. How to size rectifier circuits. 
How to estimate secondary RMS voltage. How to determine - ~ 
capacitor factors. And much more. 

Simply write us at East Bridgewater, MA 02333. Or call 
1-800-422-1107. In Massachusetts, call (508l 378-5260. 

JiOXBORO Bon Appetitl 

Foxboro/Power Components Group 
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ONE WEEK TURN AROUND 
ON OUR PCB DESIGN SERVICE OR /T'S FREE! 

National Design , Inc . Is the only PCB 
designer you ' II see that can make this 
Incredible offer. How can they do It? 
Simple . NOi has: 

• Senior level designers and 
electrical engineers on staff 

• State-of-the-art Cadnetix ' s 
workstations and routing 
engine on site 

• Gerber photoplotter 

• Custom designs of up to 
1400 IC ' s on a single 
circuit board . 

- Fortune 100 references available on request -

National Desig n 

"Specializing In high speed printed circuit board design" 

National Design , Inc. • 9171 Capital of Texas Hwy. North 
Houston Building , Suite 230 • Austin, Texas 76759 

Phone (512) 343-5055 • FAX (512) 343-5053 • Modem (512) 343-5054 

• Applies to digital circuits only , NET LIST Input must also be provided . 
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tives are currently available, and 
the 2B1Q !Cs will soon join the 
party. But be aware that the line­
code disparity requires that you 
know where your design will oper­
ate and that you design flexibility 
into your product, so you can adjust 
the circuitry if the need arises. Ad­
ditionally, although the U interface 
has been standardized, that stan­
dard is not yet etched in stone. You 
obviously don't want to have to re­
design your NTl or line card be­
cause you failed to properly analyze 
the market. EDN 
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IDT's 4K x 16 CMOS SRAM 

Works Like 3 Chips in 1! 
The core of the IDT 71502 is a 

4K x 16 CMOS static RAM. But sur­
rounding that core are features that 
will make your mouth water. Fea· 
tures that make the IDT71502 work 
like 3 chips in 1. 

It's a Writable Control Store 
The IDT 71502 SRAM is ideal for 

microprogram writable control store 
use. There are on-chip features like 
width and depth expandability plus 
high-speed serial load and readback. 
A selectable pipeline register with 
selectable flow-thru bits. There's a 
parity generator for better system 
reliability. And a breakpoint compara­
tor coupled with IDT's Serial Protocol 
Channel (SPC™) that allows in­
system debug and diagnostics. All 
these features combined with a 25 ns 
clock access time make the IDT 71502 
a one-chip solution to your micropro­
gram design. 

We offer you a wide range of 
high-speed module solutions: 
the IDT7M6032 (16Kx32), the 
SPC is a trademark of Integrated Device Technology. 

Nowat25ns! 

IDT7MB6042 (8Kx112), and the 
IDT7M6052 (4Kx80). 

It's a Data Recorder 
In its data acquisition mode, the 

IDT71502 captures 16 bits of data at a 
fast 25MHz rate. Simply clock the on­
chip address generator and store up to 
4K sequential samples. Block data 
transfers are a piece of cake. And you 
can monitor system performance in 
real-time. 

It's a Logic Analyzer 
Want to include logic analysis 

capability in your system? With the 
IDT71502 it's a simple matter to per­
form diagnostic bus monitoring com· 
bined with real-time stop-on-event 
system analysis. And SPCI"M with the 
on-chip comparator lets you preset 
address and data breakpoints. 

Packaging 
Package options include 48-pin 

plastic or side-brazed DIPs, a 48-pin 
LCC and a 52-pin PLCC. MIL-STD· 
883C versions are also available. 

CIRCLE NO 37 

Call For More Information 
If you have questions concerning 

price, availability, or technical issues , 
call our Marketing Hotline at 
(800) 544-SRAM. 

If you need technical literature, 
we'll send you a free copy of the 1989 
IDT Data Book Supplement. It con· 
tains complete information on our 
other CMOS product lines (including 
SRAMs, FIFOs, Dual-Ports, RISC 
Processors, VLSI Building Blocks, 
ECL I/O RAMs, FCT/FCTA Logic, 
Modules, and much more). Or write 
to: Integrated Device Technology, 
Corporate Marketing, 3236 Scott 
Blvd., P.O. Box 58015, Santa Clara, 
CA 95052-8015 

When cost-effective performance counts 

G 
Integrated 
Device Technology 
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F L U K E A N D PHILIPS T H E G L 0 B A L 

FLUKE 

+1dB.---------T 

+ 1 dB. 
0 SPEC. 

- 1 dB. ~--.----.----.----.----.---..--1 
200 400 600 800 1000 

FREQ.-MHZ 

60608 typical level accuracy vs. frequency at -127 dBm. 
Sample: 38 units. Solid line: worst case. Shaded: Typical (75%). 

Getting the performance you expect 
from your instruments can sometimes 
be a pain. But not when it comes to 
the Fluke 60608 RF signal generator. 
It delivers more performance than 
you thought you paid for, even at 
the extremes. 

On paper, most general purpose RF 
signal generators look pretty much the 
same. 

But how they perform in your real-world 
test environment is another matter. 
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Take the Fluke 60608. Its specified 
amplitude level accuracy in a typical work­
ing environment is± 1 dB. Nothing surpris­
ing there. Except that this performance is 
available over the entire dynamic range of 
-127 dBm to + 13 dBm. What's more, as 
the chart above shows, typical perform­
ance is much better: 2:1 or more. Even at 
-127 dBm. And in the over range areas to 
+ 16 dBm and-140 dBm, the 6060B typi­
cally stays within its ±1 dB specification. 

That means the devices you test can 

be specified and measured more precisely 
with increased confidence. Your test yields 
go up. And you can process more workload 
with a single signal generator. 

What is the key to this extra margin of 
performance? Attention to the details. Soft­
ware compensation techniques. And out­
standing linearity and repeatability over the 
6060B's amplitude and frequency range. 

Which means you can be sure of your 
measurements. From instrument to instru­
ment. Test to test. 
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A LLI AN C E I N 

The 6060B also offers a number of 
amenities that make it easy to use. Unclut­
tered front panel layout. Bright digit edit­
ing. Stored front panel set-ups. Increment 
stepping. And relative amplitude and fre­
quency. To name a few. 

The 6060B is just one member of a 
family of general purpose RF signal gener­
ators from Fluke, each designed to deliver 
more performance than you thought you 
paid for. 

Test the true performance of the 
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T E S T & M E A S U R E M E N T 

The 1.05 GHz Fluke 60608. 

6060B for yourself. Because what you 
don't know might hurt you. Call Fluke toll­
free at 1-800-44-FLUKE and arrange 
for a demonstration. 

Fluke6060B 
10 kHz - 1.05 GHz 
+ 13 dBm maximum output level 
±1 dB level accuracy 
-60 dBc spurious 
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PHILIPS 

+ 

John Fluke Mfg. Co., Inc., P.O. Box C9090, M/S 250C, 
Everett, WA 98206. U.S.1206) 356·5400. Canada 1416) 
890-7600. Other countries: 1206) 356-5500. Specifications 
subject to change without notice. ©t988 John Fluke Mfg. Co., 
Inc. All rights reserved. Ad no. 08BH6060. 

FLUKE 
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PROCESSOR PERIPHERAi S. 
QUICK OR YOU'RE DEAD. 

Samsung's hot new micro-: as many of them as you want, 
processor peripherals are the : because we're a high-volume 
fastest industry-standard family : supplier and we have parts 
made by anyone. : ready for immediate delivery 

We offer these CMOS parts : in quantity. 
with top speeds of 10 Mhz, 12 : Of particular note: our 82C37 
Mhz, and even 16 Mhz. : OMA Controller, which at 10 

And in a world : SAMSUNG'SCMOSMICROPROCESSORPERIPHERAL' : Mhz is the fastest 
where the drive for : PART sPEED AVAILABLE : made. Also: our 
speed takes no pris-: ~~~""' 1.3Mb,,...i~ Now : 53C80 SCSI Inter-
oners, that kind of : ~~~~:,.,,,., 5 8 

'
0

"'h· Now : face, and our blow-
performance can ~~~;sc>A 8

·'
0

"'h· Now : the-doors-off, per-
just about save ~:~ . .,011., 

8
·'

0
"'h• Now : formance-boost-

your life. '""'r"' : ing 1- and 4 -Mb 
KS82C54A 8. 10 Mhz Now 

8086/286/386 ' ""~·'T;m" : DRAM Control-
KS82C55A 8, JO Mhz Now 

Programmable • J fr t' t l microprocessors P•nph"'" "''""' : er, a rec iona e y 
have steadily got-: ~';:.2..~~~""o"" 8

'
10

"'h· Now : known as the Sys-
ten faster. But to-: ~~';;8'C:""''°' 8

·
10

"'h· Now : tern Accelerator. 
day, they' re slowed ~ ~~~,o11., 8

' '
0 

Mh. Now • Microprocessor 
down by micro-: ~s;~~'~k '0·'2·'rnh. Now : peripherals from 

• h Genera.tor s Th £ processor penp - : Kss2c288 10. 12.16Mh. Now : amsung. e ast-
al h h 1 80286 Bus Controller f · 1 d er st at aven t. Kss2c289 10. 12. 16Mh. Now : est am1 y ma e, 
Our new parts ~=~~~A,-b;,., •.GMh• Now : they're designed 

change that. They ~~~;~;"" 2s.•oMh. Now : to let y our CPU 
will let your fast ~:~eo"'ro"" 6.8.io"'h• J,.. : run at the speeds it 
CPU run the way sec : was meant to. 
it was meant to~ fast. In a world where you 're either 

Besides being fast, Samsung's : quick or you 're dead, we think 
peripherals are in CMOS, which : you'll find them extremely helpful. 
means they're low in power : Call Microprocessor Periph­
dissipation and will keep your : eral Marketing now for samples, 
designs cool. And unlike most : databooks, or application notes, 
peripherals, they're available: at 1-800-669-5400 or 408-
through the entire line in PLCC : 922-7754. Or write to Micro­
surface mount packaging, in : processor Peripheral Marketing, 
addition to DIP. : Samsung Semiconductor Inc., 

Best of all, these speedy periph- ~ 3725 No. First Street, San Jose, 
erals are for real: you can get : CA 95134-1708. 



Anything this system can think of, 
Now there's a family of test systems that will change the way you think 
about Analog VLSI testing. 
The system on the left thinks up new device 
designs so fast that most test systems can't 
keep up with it. Except the one on the right. 
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Teradyne' s revolutionary A500. The only 
system that's ready to test the most complex 
"system silicon" devices as fast as you can 
dream them up. In fact, the A500 is already 
helping many leading companies cut critical 
product development time and bring their 
advanced products to market faster, and with 
a lower overall cost to test. 
Now, you can test anything from 
standard linear to mixed-signal AVLSI. 
Teradyne has taken its revolutionary A500 
architecture and created two new, compati­
ble systems. The A510, a workstation-based 
standard linear tester, with the lowest cost 
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this system can test. 
to test per test head, and the A520, which 
packs all the performance of an A500 into 
a smaller footprint at a lower capital cost. 
Teradyne's new A500 family not only gives 
you the capability to test the range of today's. 
devices, it's ready to help you test tomor­
row's devices, as well. 
The A500 family shares an architecture 
based on today's "open systems" standards­
dual Sun computers, a UNIX operating system, 
powerful C-based IMAGE™ software and 
Ethernet TCP/IP networking. In addition, 
each system provides full tester simulation 
on stand-alone workstations, with graphic 
debug and analyzer to0ls as powerful as any 
CAD I CAE tools. 

Spend your time testing designs 
instead of designing tests. 
If you want to help your company bring next­
generation products to market faster, pre­
vent premature product rollouts and cut test 
engineering costs drastically, use the system 
on the left. Which can only lead you to the 
system on the right. 
For more thoughtful details , call Beth Sulak at 
(617) 482-2700, ext. 2746. Or call your nearest 
Teradyne sales office or write: Teradyne, Inc., 
321 Harrison 

~~~~~~: .. ~:; ;~. )~ ~ 
Massachusetts ~ 
02118. H-e measure quality. 
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~ 
111.odetn leaders 

like Silicon Systetns' 
IC solutions. 
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Advanced Single-chip Products and Custom Solutions 
Some leading modem manufacturers come to 
us for new custom developments. Others pre­
fer choosing chips from our established family 
of single-chip modems. And some leaders 
come to us for both. 

It's not surprising. Silicon Systems offers 
the only complete family of highly-integrated 
single-chip modems. These fully-compatible 
modems cover all the primary operating 
modes-both domestic and foreign-from 
Bell 212A/l03 through V.21, V.22, V.22 bis, and 
V.23. And this family also includes the lowest­
power 5-volt products available. 

But beyond the standards-Silicon 
Systems stands as the custom modem IC 
leader who has shown the industry how to 
put analog and digital functions, including 
DSP, on the same chip. So bring your communi­
cations problems to the leader. Together, we 
can develop innovative custom IC designs-

to give your company's present products the 
competitive edge, or to blaze the way for a 
whole new generation of your products. 

If your company manufactures modems, 
PC's, pay phones, facsimile systems, or other 
related communications equipment-you can 
have the modem technology of tomorrow by 
connecting with Silicon Systems today. 

Call Now! 
(714) 731- 7110, Ext. 3575 

For immediate product information, contact 
your local representative or distributor, and for 
the complete modem story, contact: 
Silicon Systems, Inc., 
14351 Myford Road, Tustin, CA 92680. 
Phone: (714) 731-7110, Ext. 3575. 
European Hdq. U.K. Ph : (44) 7983-2331. 
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Laptop to desktop. VGX performance 
that won't fence you in. 

Single-chip VGA for Laptops. 
Compact, powerful laptop systems demand a 

single-chip VGA solution for high-quality graphic 
display.The CHIPS 82C455 VGA controller is the 
choice of major laptop 0 EMs because it delivers this 
quality in production quantities. Today. VGA color 
applications are intelligently converted to 16 shades 
of crisp, flicker-free, high-contrast grayscale for all 
laptop screen technologies. Battery life is extended 
with power-down features. And backward compati­
bility protects your user's software investment. Today. 

Super VGA for Desktops. 
For desktop applications, equip your AT and 

PS/2™ systems with VGA performance 5 times faster 
than the industry standard. The CHIPS 82C452 Super 
VGA controller's optimized memory architecture 
uses inexpensive DRAMs to deliver performance 
comparable to more expensive VRAM-based 
VGAs. You also get extended high-resolution 
modes, including 640 x 480 in 256 colors. The 452 
Super VGA is gu,aranteed to outpeiform all DRAM­
based VGA cards. 

•••••• •• •• ••••• • •••• ••••••• • • • •••••••••••• 
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\.iii,.:» 
The CHIPSet™ is the system. 

For more information on the best performance in single-chip VGA solutions 
from laptop to desktop, call 1-800-323-4477, Dept MC-8. 

Chips and Technologies, Inc. 3050 Zanker Road, San Jose, CA 95 134. VGA and PS/2 are trademarks of I BM Corporation. CHIPS and CHIPSet is a 
registered trademark and a trademark, respectively, of Chips and Technologies, Inc. © 1989, Chips and Technologies, Inc. 
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TECHNOLOGY UPDATE 

The proposed 
IEEE-802.3 

1 OBaseT standard 
will allow Ethernet 
LANs to transmit 
data over 99% of 
the installed tele­

phone lines. 

David Shear, 
Regional Editor 

lOM-BPS TWISTED-PAIR ETHERNET 

An Ethernet LAN 
standard emerges 

B 
efore long, board and system 
designers may have to contend 
with designing local-area-net­
work (LAN) interfaces based 
on the emerging IEEE-802.3 

lOBaseT standard, which will allow the 
transmission of data over standard 
phone lines at the full lOM-bps data 
rate. The standard is nearing ratifi­
cation, and you may soon have to design 
a compatible LAN interface into almost 
any type of system you develop. Help 
is on the way. Many vendors are pre­
paring lOBaseT-compatible transceiver 
chips, and some of the parts are already 
available. 

The maximum length of twisted-pair 
cable that the lOBaseT standard allows 
is lOOm. Statistically, this length will 
allow you to use lOBaseT-compatible 
equipment with 99% of 
the currently installed 
phone lines. This ability 
to use the phone lines in­
stead of the expensive 
and cumbersome coaxial 
cables that the current 
lOM-bps Ethernet stan­
dard uses will increase 
the proliferation of Eth­
ernet LAN s. In some 
cases, a LAN interface 
will prove to be a better 
choice than either the RS-
232C or the IEEE-488 
type as a system's stan­
dard interface. 

Ethernet is currently 
the most popular local­
area network. Industry 

most popular LAN for the foreseeable 
future. 

The IEEE-802.3 standard defines 
both the CSMA/CD and the physical 
layer. CSMA (carrier-sense multiple ac­
cess) is the part of the standard that 
defines medium-access control. The 
CSMA standard uses a contention 
method that is probabilistic; in other 
words, it doesn't guarantee that any 
particular station will have access to the 
transmission medium. A station wishing 
to transmit must first listen to the chan-
nel. If the line is clear, it can send its 
message. Otherwise, it must wait for an­
other opportunity to transmit. 

Keep in mind that Ethernet in its pre­
sent form may not meet your real-time 
needs, because it doesn't let you deter­
mine the worst-case data-transmission 

observers expect that The proposed JOBaseT standard will allow Ethernet systems to 
Ethernet will remain the send data over 99% of the installed phone lines. 
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TECHNOLOGY UPDATE 
lOM-bps twisted-pair Ethernet 

time. This situation can certainly be 
a problem for real-time applica­
tions. If you must be able to deter­
mine the worst-case response time 
in such an application, you may 
have to use other LANs. 

The "CD" in CSMA/CD stands 
for collision detection. When two or 
more stations begin to transmit at 
the same time, they detect the mes­
sage collision by seeing corrupted 
data on the bus. After detecting the 
collision, each station that is trying 
to transmit waits a random length 
of time and tries again. 

Physical-layer options 
IEEE-802.3 also defines the 

physical layer, or the medium over 
which the LAN transmits data (Fig 
1). The original physical layer speci­
fied for Ethernet is 10Base5, which 
stands for lOM-bps baseband with 
a maximum segment distance of 
500m. In this bus topology, each 
station connects to a transceiver 
module called a medium-attachment 
unit (MAU). The cable specified for 
10Base5 is expensive and cumber­
some. 

To make Ethernet easier for end 
users to employ , the 10Base2 
(Cheapernet) option was created. 
Cheapernet is also a bus topology, 
but it uses thinner, less-expensive 
coaxial cable. Its interconnections 
are inexpensive T connectors, and 
the MAU can be integrated into the 
station. 10Base2 provides for a 
maximum segment distance of 
200m. 

The 1Base5 (StarLAN) option 
was created to allow Ethernet sys­
tems to use existing phone lines. 
This option is a star topology that 
matches the way that telephones 
are wired into a building. The topol­
ogy looks like that of any other bus­
based Ethernet LAN. 1Base5 
LANs operate at only lM bps, but 
their maximum distance between 
nodes is 500m. 

Recognizing the need for a lOM-
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5011 
TERMINATION 

5011 
TERMINATION 

Fig I-The JEEE-802.3 standard has many physical-layer options that you can mix and 
match to meet varying requirements. 

bps twisted-pair Ethernet LAN 
that could operate at the same 
speed as the other physical-layer 
options, Synoptics, 3Com and other 
firms created a limited-distance 
version that could do just that. 
From these ideas came the stan­
dards effort for lOBaseT, or lOM­
bps baseband on unshielded 

twisted-pair lines (common tele­
phone lines). 

lOBaseT LANs will be able to use 
existing phone lines to a ma)Cimum 
distance of lOOm. Statistically, 99% 
of the installed phone lines fall 
within that limit. The limited dis­
tance will permit lOM-bps data 
rates, which will allow the entire 
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DTE 

Fig 2-The JOBaseT standard uses a star topology that requires interface and control 
electronics at both ends of the twisted-pair cable. 
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network to operate at full speed. 
At present, lOBaseT LANs can 

be expensive. They have a star to­
pology, which requires repeaters in 
the wiring closet (Fig 2); the re­
peaters add to the total cost of using 
the lOBaseT LAN. The user's cost 
will include not only the cost of a 
lOBaseT station, but the cost of the 
repeater on the other side of the 
twisted-pair cable. Remember that 
the user will consider the whole cost 
when deciding whether or not to 
buy your product. 

lOBaseT-based LANs do have 
the potential for low cost, however. 
As more of the interface is inte­
grated in a single chip, and as the 

volumes increase , the costs will go 
down. Eventually, you may even 
consider incorporating a lOBaseT 
interface instead of an RS-232C or 
IEEE-488 type in your systems and 
instruments. 

The standard is on the way 
The lOBaseT standard is solidify­

ing, but it's not yet complete. The 
standard will probably be ratified 
within a year. Some IC manufactur­
ers feel that the stahdard is close 
enough that they can safely make 
products available. Other vendors 
are waiting for a completed specifi­
cation before creating lOBaseT­
compatible ICs. 

One of the intrepid vendors to 
come out with a lOBaseT-compat­
ible chip is NCR. The company of­
fers the 92C02, a digital transceiver 
that uses external analog line driv­
ers and receivers (Fig 3). The chip 
is intended for use with a LAN con­
troller and a Manchester encoder/ 
decoder. It includes digital pre­
equalization, collision detection, 
SQE (signal-quality error) test, a 
jabber timer, and link-beat genera­
tion and detection for testing link 
integrity. The 92C02 costs $15 
(5000). 

The lOBaseT standard specifies 
that transceiver chips use Man­
chester encoding, which makes it 
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Fig 3-This digitat"transceiver interface, which uses the NCR 92C02 transceiver, contains all of the functions currently defined in the 
JOBaseT specification. 
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The future of computer operating 
systems is UNIX~ and the fastest way 
of getting to its next release, V.4, is 
Motorola's 88000 microprocessor. 

While other companies seem to 
promise the same thing, only 
Motorola's 88000 has the solution. 
Today. 

Because the 88000 has the only 
published Binary Compatibility Stan­
dard (BCS) on UNIX System V 3.2. 

The 88000 BCS assures manufac­
turers of having application software 
on hand immediately by enabling 
release 3.2 application software to 
execute under release 4. 

That's one reason AT&T chose 
the 88000 BCS as the early development 
platform for their V.4 Application 
Binary Interface. 

Designers moving software for 
other hardware platforms· will spend 
months recompiling. 

We think software vendors have 
better things to do with their time. 

And systems manufacturers 
more important things 

d h ·#S Malcolm Baldrige to 0 t an Winner 1988 Na~onal 
wait for them. i\~ty 

Don't waste ~# 
another second. 
Call us today. 1-800-441-2447. 

® MOTOROLA 

1989. Motorola. Inc. 
All names indicated by® are registered trademarks of their respective holders. 
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possible to have a 5-MHz compo­
nent in the signal. At other times 
the signal can be 10 MHz, depend­
ing on the data being sent. The sig­
nal's clock rate is 10 MHz. Man­
chester encoding allows you to send 
the data and the clock signal over 
the same wire. 

Because the twisted-pair wire is 
similar to a lowpass filter , it has 
greater attenuation at 10 MHz than 
at 5 MHz. Therefore, the 5-MHz 
components of the signal must be 
attenuated prior to transmission so 
that they'll be at the same power 
level as the 10-MHz components 
when they reach the receiver. 

To condition the signals prior to 
transmission, lOBaseT transceiver 
chips use pre-equalization or predis­
tortion methods. This conditioning 
makes it easier to reconstruct sig­
nals correctly at the receiving end. 

AUi 
CONNECTOR 

l 

T7220 

TRMT 

TRMT 

AUi 
RECEIVER 

AND 
SQUELCH 

The lOBaseT transceiver chip im­
plements the SQE test function af­
ter every transmission. This func­
tion tests the collision-detection cir­
cuitry. It must be disabled in ap­
plications in which the transceiver 
is used in a repeater. 

Stop that runaway transmitter 
A jabber timer monitors each 

transmitter and disables it if it con­
tinuously transmits for more than 
a preset amount of time. The link­
integrity function uses a link-beat 
method. This method continually 
checks the integrity of the link be­
tween the station and the repeater. 
If no data is sent within a preset 
amount of time, a link pulse is sent 
along the twisted-pair wire. The in­
terface at the other end of the 
twisted pair then responds. If the 
originator receives this response, 
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the integrity of the line is intact. 
lOBaseT transceiver chips also in­

clude a loop-back function, which 
makes lOBaseT equipment compat­
ible with software written for other 
Ethernet physical layers. Some 
software expects to see the trans­
mitted data come back through the 
receiver. When using a bus topol­
ogy, you can easily see the data be­
ing transmitted, because your sys­
tem is connected to the bus. A 
twisted-pair system isn't directly 
connected to a bus, however, so the 
interface must provide this loop­
back feature. 

The 92C02 is designed to use the 
Adapter Unit Interface (AUI), so 
you can incorporate the chip in an 
external Medium Attachment Unit 
(MAU). You can use this MAU to 
replace other lOM-bps MAUs when 
converting existing stations for use 

] WAVE J CONSTRUCT 

] F~~~R 

FILTER 
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~ 
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D II 
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Fig 4-Because it has the AUi and twisted-pair line drivers and receivers on chip, the AT&T T7220 twisted-pair medium-attachment 
unit (MAU) provides a single-chip solution for replacing MA Us that are compatible with other versions of the Ethernet physical layer. 
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Versatec announces drastic 
reductions on electrostatic plotters. 

,. ... ______ _..II\ 

'# . - ., 

'l1 I 

I I 
I I 
I I ._ ________ ;.1 

Introducing a plotter that's half the usual 
size and weight. 

And half the price you'd expect to pay for 
electrostatic performance. 

Yet our 8500 Series gives you all the quality 
you've come to expect from Versatec. The 
leader in electrostatic technology for over 
two decades. 

And while squeezing down the size of our 
plotters, we managed to squeeze out a lot 
more performance. The plot time is drastically 
reduced because the information is processed 
by the plotter , freeing your computer for other 
projects. 

Also note that compared to pen plotters, 

the 8500 has 6 to 20 times more throughput. 
Now that's fast. But the 8500 Series is easy 

EDN April 27, 1989 

to handle as well. Media loading is up front. 
You simply plug in the system and it's 
ready to plot. 

A unique user-friendly keypad takes 
anyone through the plotting process quickly, 
easily and in plain English. A built-in micro­
floppy drive stores plotter setups and con­
figurations on-disk. Which means no more 
time-consuming setups. 

The 8500 Series is also the first plotter 
that's literally ready-to-roll. Its built-in casters 
let you move quickly to any location for 
sharing. You can also share the 8500 through 
networking with a plot server. 

With optional features the 8500 also 
automatically cuts and winds plots. Up to 999 
copies, overnight, completely unattended 
if you want. And it's available in both 400 and 
200 ppi resolution, in either 24" or 36" formats . 

You also get full support for 906/907 and 
HP-GL pen plotter data formats. So designers 
have the freedom to use virtually any major 
CAD package they choose. 

Incidentally, the same technology that 
reduces the size of the 8500 also makes it 
three to four times more reliable than the 
industry standard. Which means you'll have 

CIRCLE NO 46 

little need for the most comprehensive service 
and support organization in the world. 

For more information on our 8500 Series, 
call our toll-free number now: 

~,--...... ::1:; 
\ $19!Joo I 
~-- I in California, ___ ,,, 

(800) 341-6060. 
But do it now. Because choosing any 

other electrostatic plotter could have drastic 
consequences for your budget. 

•--VERSATEC .,,. A XEROX COMPANY 
Engineering Systems D1v1sion 

We deliver performance. 
Versatec Inc. 
2710 Walsh Avenue, Santa Clara, CA 95051 
Versatec 1s a trademark al Versatec Inc. Xerox 1s a trademark 
ol Xerox Corporation. HPGL 1s a trademark of Hewlett-Packard. 
906/907 1s a trademark of Cahfom1a Computer Associates. 
c 1989, Versatec Inc. 
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with twisted-pair cable, or you can 
connect the 92C02 directly to the 
Manchester encoder/decoder and 
LAN controller when the system is 
not using an MAU. 

The AT&T T7210 Manchester de­
coder and interface chip is based on 
a linear CMOS process. The T7210, 
which costs $15 (10,000), includes 
predistortion control and a loop­
back function. It also has Man­
chester decoding, so it connects di­
rectly to a LAN controller. The 
LAN controller provides the Man­
chester-encoding function. 

Currently, the T7210 doesn't in­
clude an SQE-test function, a jab­
ber timer, or link-integrity func­
tions. These functions were added 
to the specification after AT&T cre­
ated the T7210. By the time the 
standard is completed, AT&T ex­
pects to offer a single-chip solution 
that includes the line drivers and 
receivers. 

You can't easily use the T7210 to 
replace an MAU, because the chip 
lacks AUI signals and some other 
functions. The AT&T T7220 is de­
signed to be a twisted-pair MAU 
(Fig 4). Like the NCR 92C02, the 

T7220 includes pre-equalization, 
collision detection, an SQE-test 
function, a jabber timer, link-beat 
generation and detection, and a 
loop-back function. In addition, it 
includes line drivers and receivers 
for both the AUI and the twisted­
pair cables, as well as four LED 
drivers for collision, transmit, re­
ceive, and jabber indicators. It sells 
for $15 (10,000). 

Intel has its own version of the 
T7210, thanks to an arrangement 
with AT&T. Intel and AT&T have 
signed a product- and technology­
exchange agreement to develop 
LAN devices jointly. The Intel 
82504TA is identical to the T7210 
and costs $30 (10,000). 

Synoptics has had a VLSI trans­
ceiver available for some time; the 
product costs $5.50 (10,000) plus a 
licensing fee. The transceiver is 
based on Lattisnet, the company's 
proprietary version of a lOM-bps 
twisted-pair Ethernet. Lattisnet is 
not compatible with the current 
version of lOBaseT. Furthermore, 
the part is available only via a li­
censing agreement. 

Designing a lOBaseT interface 

For more information ... 
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For more information on the lOBaseT interface chips discussed in this article, 
contact the following manufacturers directly, circle the appropriate numbers 
on the Information Retrieval Service card, or use EDN's Express Request 
service. 

AT&T Microelectronics 
555 Union Blvd 
Dept 50AL330240 
Allentown, PA 18103 
(800) 372-2447 
In Canada, (800) 553-2448 
FAX (215) 266-2935 
Circle No 713 

Intel 
Literature Dept 
3065 Bowers Ave 
Santa Clara, CA 95052 
(800) 548-4725 
(916) 351-5237 
Circle No 714 

NCR 
Microelectronics Div 
2001 Danfield Ct 
Fort Collins, CO 80525 
(800) 334-5454 
(303) 226-9500 
FAX (303) 226-9556 
Circle No 715 

Synoptics Communications Inc 
501 E Middlefield Rd 
Mountain View, CA 94043 
(800) 872-8023 
FAX (415) 967-8710 
Circle No 716 

into your design is risky at present, 
because the standard is as yet unra­
tified. It's quite possible that the 
standard could change enough to 
cause problems for anyone who de­
signs with the lOBaseT information 
that's currently available. 

Still, most IC manufacturers are 
claiming that they will have a 
lOBaseT-compatible product by the 
time the standard is completed. If 
you decide to design with one of 
these chips now, it's wise to put 
your Ethernet interface onto a 
plug-in board. That way, in the 
event that the standard requires 
major modifications, your redesign 
effort will be minimal. 

In sum, LAN s provide many ad­
vantages, such as increased commu­
nication within an organization, the 
common use of databases to make 
information widely available, and 
the sharing of resources throughout 
an organization. And they're rap­
idly becoming even more popular. 
You'd be wise to keep an eye on 
Ethernet LAN technology, there­
fore: Before long, you'll very likely 
be asked to design a LAN interface 
into your system. LAN s are here 
to stay. EDN 
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•SX 3159R3 

SPRAGUE As you might expect, Sprague was first to offer Option H 'High Random Vibration 
and High Shock' Mil Style CLR79 Tantalum-cased Tantalum Capacitors. Now MIL 

TANTALUMS C~ ,4. l\i.. T Style CLR79 and CLR8 l to MIL-C-39006/22and 125 
"-! ~ are available in all four case sizes (TI thru T 4) and in 

all voltages (6 thru 125 YDC). The Sig random 

TAKE f 1 H ~ ~ SHAKES vibration capability is provided by unique 
• cathode construction at no extra cost to users. 

Performance characteristics are backed with over 50 million hours of documented testing. 
For technical information, write to Technical Literature Service, Sprague Electric 
Company, P.O. Box 9102, Mansfield, MA 02048-9102. 
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TEXAS INSTRUMENTS REPORTS ON 

HIGH--PERFO 
Speed, power, drive, noise - system logic 
design can be a long series of trade--offs. 
To put the odds in your favor, get our free 
BiCMOS and ACL Performance 
Data--Packs. 

Boosting system performance 
and cutting power consump­

tion is a common design goal, but get­
ting there needn't involve as many 
trade-offs as it used to. Because now, 
Tl's BiCMOS and Advanced CMOS 
Logic (ACL) families combine the 
speed and drive you need with low­
power operation and enhanced signal 
integrity. We want to prove it to you 
with our free Performance Data-Packs. 

On your screen, see how our 
BiCMOS chips stack up 
Our BiCMOS technology calculation 
software tool (BCT Cale) makes per­
formance evaluation simple. Just place 
the disk into your TI or IBM®-com­
patible PC with Lotus® and enter the 
performance parameters you want to 
check out. You'll see exactly how Tl's 
high-performance BiCMOS logic 
stacks up against other available 
bipolar and CMOS devices. Call 
or use the return card today. 

'"~_,.need cMO• L.ov•c 
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LOW--POWERLOGIC 

Tl's BiCMOS logic: 
Use it to cut power without 
compromising performance 
By combining bipolar and C MOS 
technologies, TI BiC MOS gives you 
the best of everything. 

Switching speeds are comparable to 
advanced bipolar devices. You get the 
48/64-mA drive current needed for 
high-capacitive loads and backplanes. 
This meets the drive requirements 
of industry-standard buses such as 
Multibus® and VMEbus ™. 

Yet Tl's BiCMOS family can reduce 
disabled currents as much as 95% and 
active currents as much as 50% com­
pared to bipolar equivalents. As a 
result, total system power savings can 
be more than 25%. 

TTL l/O provide enhanced signal 
integrity, power-down backplane inter­
face, and backplane-level standards. 

There are more than 60 members in 
the BiCMOS fa mily, including 8-, 9-, 
and 10-bit latches, buffers, drivers, and 
transceivers-whatever you need to 
make your bus-interface design a high­
performance reality. 

Again, check it all out for yourself 
with our BiCMOS Performance 
Data-Pack. 

Tl's EPIC ACL logic family: 
Use it to keep performance up 
and squelch "ground bounce" 
This is the first advanced CMOS 
logic family designed to improve sys­
tem perforn1ance while reducing the 
simultaneous switching noise or 
"ground bounce." 

Performance is comparable to 
advanced bipolar devices , supporting 
frequencies up to 125 MHz and pro­
viding the 24-mA output capable of 
driving 50-ohm transmission lines. 
It's a perfect match fo r core and local 
bus interface. 

The fam il y is fabricated using Tl's 
EPIC"' one-micron CMOS process, so 
power consumption is the lowest of 
any CMOS fam il y, essentially zero 
standby. 

Noise levels are as much as 50% 
lower compared to conventional ad­
vanced CMOS logic. That's because 
Tl's family has two distinctions going 
for it: Innovative packaging and a cir­
cuit-design technique called OEC™ 
(Output Edge Control) that smooths 
the sharp edges of the output wave­
form which are a major cause of simul­
taneous switching noise . 

A unique pinout arrangement 
creates a "flow-through" architecture. 
This simplifies board design and can 
save up to 32% in board space because 
you don't need passive components to 
control noise as you usually do with 
end-pin devices. 

Tl's more-than-300-member 
family includes versions com-
patible with CMOS and TTL 
voltage levels. Simulation 
models are available 
for both BiCMOS 
and ACL 
devices. 

™ MegaChip, EPIC, and OEC are trademarks of Texas 
Instruments Incorporated. 
VMEbus is a trademark of Motorola, Inc. 

® IBM is a registered trademark of International Business 
Machines Corporation. Lotus is a registered trademark 
of lorus Development Corporation. Multibus is a 
registered trademark of Intel Corporation. 

© 1989 Tl 08-8451 
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Call l-800-232-3200, 
Inquiry 3004, for your free 
Performance Data-Packs 
A call or a card wi ll start your 
BiCMOS Performance Data-Pack on 
its way to you. Included are our per­
formance calculation software and our 
BiCMOS data book and product 
bulletin. 

Our ACL family Performance Data­
Pack includes: 
• TI ACL Designer's Handbook that 

describes methods for handling the 
technical issues facing advanced-logic 
design engineers. 

• TIACL 
Data Book that 

contains detailed 
specifications and 

applications information 
on family members. 

• TI ACL Qualification Data 
that provides reliability and 

characterization data, die photos, 
and application derating factors. 

It's all free and it's all yours by mak­
ing a call°or by completing the return 
card, today. 

TEXAS .. 
INSTRUMENTS 
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INTRODUCING THE FASTEST 
8" DISK DRIVE IN THE WORLD. 

A new standardfor speed 
The Sabre™ 2HP, a two-head parallel 

disk drive with unparalleled performance. 
The Sabre 2HP design permits reading 
and writing from. two heads simultaneously. 
As a result the drive attains an incredible 
6MB per second ( 48MHz) transfer rate. 

Splitting of data on "writes" and 
combining data on "reads" is transparent 
to the disk controller adaptor so changes 
to your system are minimized. 
For super performance 

The Sabre 2HP features a capacity of 
1,154 megabytes, a 15 millisecond average 
seek and industry standard IPI-2 interlace. 
Plus, a synchronized spindle capability 
permits powerful multi-drive configurations. 
A Sabre for the task 

In applications where rapid reading 

and writing of data is paramount, the 
Sabre 2HP has no equal. It's the storage 
device for applications where enormous 
quantities of data must be handled very 
quickly. It's ideally suited for medical 
imaging, high-speed graphics, animation 
or other technical or scientific process­
ing applications. 

Get the high-performance edge . .. 
Sabre Disk Drives from Jmprimis. 

For the authorized distributor nearest you call: 
Arrow Electronics: 1-800-777-ARROW 
Anthem Electronics: 

Northwest Region 
Central Region 
Eastern Region 
Southwest Region 

1-800-395-3502 
1-800-395-3517 
1-800-395-3511 
1-800-395-3501 
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IMPRIM/S-----· 
A Subsidiary of Control Data 
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~rfect protection 
dOffiiit have 
to be ugly. 

Your design will need protection from the tough reality of 
the workplace. Take a look at enclosure systems from 
RITIAL. They are not only tough and functional , but 
aesthetically beautiful , too. 

See for yourself with our comprehensive handbook. 
It's filled with the most advanced packaging 
solutions ... a "how-to book" on protection ! 

Plus our warehouses throughout the country maintain 
an inventory of over 200,000 units for off-the-shelf just in 
time delivery, anywhere. Fast. 

So, why put your ideas in an ugly, inadequate box that 
makes your sophisticated system look like everyone 
elses? Just give us a call at 1-800-637-4425 and we'll 
send you our full-line handbook. It's free, and the 
information may keep you from losing your head. 

Take your design all the way to perfection .. . 
switch to RITIAL. 

RITTAL Corporation 
P.O. Box 1284 
3100 Upper Vcllley Pike 
Springfield. OH 45504 
Phone: (513) 399-0500 
Fax: (513) 390-5599 
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One company offers 
1,2,5, & lO:MHz 12-bit sampling 

AID converters. DATEL. 
Superiordynantlcperfonnance 
brings both harmonic distortion 
and signal-to-noise ratios to 
new lows. 

We're working hard at DATEL to bring 
you new lows - to create new highs in 
perfonnance. The lawest harmonic distortion. 
The lawest non-linearity. The lawest absolute 
accuracy errors. The lawest power consump­
tion. The lawest physical size. And the lawest 
price. All to produce the highest dynamic and 
static perfonnance in sampling ND converters 
available anywhere. 

Features unavailable anywhere 
else in all models include an inter­
nal sample hold with full power input 
bandwidth higher than Nyquist frequency, 
together with a functionally complete 
architecture. DATEL has truly produced 
the First complete Family of 12-bit AOCs. 

With DATEL, you now have four new 
reasons guaranteed to shorten your AOC 
selection cycle. &>ttom-line, compare these 
converters with our competition and you11 
see that there is no reason to look anywhere 
else. Call us at (508) 339-300). 

Sampling Effective Bits at rno •at Power Price Model Nyquist Nyquist Package Rate Frequency Frequency Dissipation (1-9) 

ADS-112 lMHz 11.0 -73dB 1.3 watts 24-pin DDIP $259 

ADS-132 2MHz 11.0 -73dB 2.9 watts 32-pin TDIP $346 

ADS-131 SMHz 10.6 -69dB 4.2 watts 40-pin TDIP $549 

ADS-130 lOMHz 10.6 -69dB 4.5 watts 40-pin TDIP $775 

•THO (Total Harmonic Distortion) 

DC 0.5 

FFT Magnitude Spectrum 

DC 

Effective Bits Curve 

INNOVATION AND EXCELLENCE IN PREOSION DATA ACQUISillON. 
DateL Inc., 11 Cabot &>ulevard, Mansfield, MA 02048. (508) 339-300) 
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Preferred Stock. 
Resistive component buyers are 
a savvy bunch. So when they 
invest heavily in a particular 
company's parts year after year, you 
know they expect favorable dividends. 

And get them from Bourns, their 
preferred stock. Bourns earns its 
blue-chip status by continually 

reinvesting in its product lines. 
Strong Investment 

For example, Bourns technology 
has resulted in complete lines of ~ 
SMD process-compatible 
trimmers, resistor networks 
and chip resistors. Rotary optical 
encoders that cost less than half as 
much as other devices. Chip resistors 
that resist tombstoning. Custom sensor 
capabilities offering virtually infinite 
design solutions. 
Over the Counter 

And of course, Bourns has in place 
the strongest distribution network h~ ~ 
in the industry. You can buy /I' 
Bourns stock over the counter at more 
than 300 locations. 

So return the coupon for complete 
details on Bourns preferred stock 
offerings. It's one of the surest 
investments you can make. 

THERE'S STILL NO EQUIVALENT 

BourN, Inc., 1200 Columlll• A-, Rive-. ~ 12507; 
(714) 781 ·5500; European HHdquattora: ZugerllruM 74. 8340 Bur. 
S•-- 042·333333;-.: 070-874400; F,_: 01-40033804; 
-y: 0711·22930: 1-021-3117001; U- Kingdom: 
027S-e82382; "818 P8Clflc HMdquorlora: 1401 Clllcolp Conn. 
1.a. -· 18 ---· .... "°"" (1112) 5-1112171 ; ..._...(II) 3'N331; - (821-t; 
Jlperltl111Sq Mtera:2ndfloor, llmeM ..... 
•T-~T'*'°"tet, 
........ (lll)-Mtt 
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toElantec, 
video design engineers 
are no lopger worried 
about going in the red. 

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

Bright red. Like 
never before possible 
with an IC. 

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

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

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

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

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

Free Selection Guide. For a copy of Elantec's Selection 
Guide, circle the bingo number or write Elantec. ••

19
•

1
._, 

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

Elantec: 1996 Tarob Court , Mi lpitas, CA 95035. Telephone: (408) 945-1323, Fax: (408) 945-9305 © 1989 Elantec 
European Sales: 87 Jermyn Street, London, SW1 Y6JD, England . Tel: 44-1-839-3841, Telex: 917835, Fax : 44+930-0751 
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TECHNOLOGY UPDATE 

Digitally program­
mable attenuators 
let you automati­

cally control signal 
amplitudes with­
out introducing 

any impedance or 
phase distortion. 

Tom Ormond, 
Senior Editor 

EDN April 27, 1989 

Attenuators solve 
transmission problems 

D
igitally programmable at­
tenuators are useful for al­
most any application in 
which you need to control 
signal-amplitude levels. You 

can, for example, use them in applica­
tion that involve radar signals, tele­
communications networks, automatic 
test equipment, video attenuation, am­
plifier gain control, variable burst gen­
eration, logarithmic DI A conversion, 
and frequency synthesis. You can also 
use attenuators to extend the range of 
power meters, prevent burnout or over­
loading problems in sensitive equip­
ment, and set standards for loss meas­
urements. Today's programmable at­
tenuators suit not only a variety of appli­
cations, but a wide range of frequencies 
as well; the selection of available pro­
grammable attenuators lets you accom­
modate frequencies from the kilohertz 
to the gigahertz range. 

To understand how programmable at­
tenuators can help you solve transmis­
sion problems and control signal ampli­
tudes easily, consider the role that they 
play in a telecommunication system. In 

a typical telephone network, each link 
between a subscriber's home and the 
central office constitutes a local loop. 
The receiving equipment at the central 
office must interface with thousands of 
transmitter signals. These signals are 
sent over links that have widely varying 
lengths and loss characteristics. If the 
receiving equipment is calibrated to in­
terface with the most remote transmit­
ter in the system, the transmitters from 
closer sources overload the receivers. 

To prevent this overload condition, 
you could use unique transmitters, 
which are designed to meet the mini­
mum receiver requirements when they 
operate in a particular local loop. Al­
though this scheme will work, it isn't a 
very viable solution· from an economic 
standpoint. Using a digitally program­
mable attenuator at the receiving end 
of each local loop, however, is a less 
expensive and more effective solution. 
As each loop comes on line, the installers 
at the central office can adjust the at­
tenuator to ensure that the incoming 
transmissions are well within the estab­
lished limits of the receiving equipment. 

Operating over de to 1 GHz, the M DA Series attenuators from Alan Industries feature total attenuation 
specs ranging from 15 to 127 dB, a switching time of 6 msec, and a switch life of 107 operations per bit. 
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Now, what about 
the other 95% 
of your design? 

weve got the guts! 
Make us prove it. Call (800) 227-1817, ext. 982 and 

ask for our new capabilities brochure. 

One standard. O defects. 

Signetics 
a division of North American Philips Corporation 

PHILIPS 
Copyright 1988 North American Philips Corporation. 

CIRCLE NO 54 
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This system not only prevents sig­
nal-saturation problems, but also 
eliminates the need for custom re­
ceivers and transmitters. 

Are you there, Watson? 
Sierra's SC11310 programmable 

gain/loss circuit is just one of the 
attenuators that you can use to in­
crease the efficiency of a telecom­
munication system. This device is 
designed to provide precise inter­
face levels in telecommunication 
equipment and voice-line circuits. It 
is also well suited to diagnostic ap­
plications involving loopback con­
trol circuits. In this case, the 
SC11310 is usually located in front 
of the codec on the line card, which 
is in the central office. 

The SC11310 features a 0.05-dB 
gain/loss error, -60-dB t9tal har­
monic distortion, 40-m W power dis­
sipation, and a 10-dBrnCo idle­
channel noise level ("dBrnCo" re­
fers to decibels above reference 
noise, C-message weighted). The 
device works from supply levels of 
± 5V and has large- and small­
signal band widths of 200 kHz 
and 1.5 MHz, respectively. The 
SC11310, which sells for $4.92 (100), 
is housed in a 20-pin DIP. 

Processed in low-power CMOS 
technology, the SC11310 consists of 
latch circuitry, control logic, and a 
gain/loss network that includes a 
string of four op amps that are con­
nected in series. You control the cir­
cuit's operation by using 10 inputs: 
the G0 through G7 inputs, the Si/GL 
input, and the mode pin. The G0 

through G7 inputs generate an 8-bit 
word that controls the magnitude 
of the gain/loss setting in 0.1-dB 
steps. The Si/GL input selects 
either the amplification or the at­
tenuation, and the mode pin estab­
lishes one of two control modes. 

When the mode pin is high, the 
circuit has 511 distinct setting 
steps, and the gain varies from 
-25.5 to +25.5 dB. The Si/GL pin 

EDN April 27, 1989 

To accommodate high frequency and power needs, Daico Industries offers a line of 7-bit 
attenuators that operate over the 30- to 500-MHz range and accept input power levels of 13 
dBm. They operate from a 5V supply. 

selects the gain/loss function to pro­
vide a total dynamic range of 51 dB. 
When the mode pin is low, the 
SC11310 has 481 distinct setting 
steps, and the gain varies from - 24 
to + 24 dB, resulting in a total dy­
namic range of 48 dB. 

The PST (parallel/serial/through) 
pin lets you operate the SC11310 
in one of three ways. If you apply 
5V to the PST pin, you can control 
the chip over the parallel bus. The 
circuit will have gain when the Si/ 
GL pin is at 5V, and it will have 
loss when the Si/GL pin is at -5V. 
The WR writes the data into the 
chip. Data latches into the SC11310 
on the rising edge of WR, and the 
new gain/loss value is effective im­
mediately. 

If the PST pin receives OV, you 
can interface the SC11310 through 
the serial port-the Si/G L pin in 
this case. The SC pin serves as the 
shift clock, and WR acts as the en­
able clock. After nine SC pulses, 
data latches into the chip on the ris­
ing edge of WR, and the gain/loss 
status becomes effective. At the 
same time , the internal register 
holds the previous gain/loss value 
during the serial shift to prevent 
the output from making any unpre­
dictable changes. 

If the PST pin receives - 5V, the 
SC11310 interface operates in the 
"through" mode. In this mode, the 
attenuator's internal circuitry ig­
nores WR and SC, and the data that 
you place on the parallel bus (using 
switches) is effective at all times. 
The through mode is essentially de­
signed for applications that don't re­
quire a microcontroller. 

Step up the frequency 
Keep in mind that all IC-type at­

tenuators aren't restricted to voice­
frequency applications . Many of 
these devices, such as Topaz Semi­
conductor's CDG4460 and 
CDG4469, accept frequencies from 
5 to 40 MHz. 

The CDG4460 is a 6-bit, 40-MHz 
attenuator that is designed for 
video applications. It will attenuate 
signals over a 0 to 15. 75-dB range 
in 0.25-dB increments. When oper­
ating in a 750 system, the unit 
maintains constant input and output 
impedance over the entire attenu­
ation range. The onboard data latch 
lets you use predetermined attenu­
ation settings or recall attenuation 
settings from memory. Housed in 
a 16-pin hybrid package, which oc­
cupies 1 in. 2 of board space, the 
CDG4460 operates from ± 6 to 
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± 15V supplies and dissipates 0.5 
µW typ. 

The CDG4469, on the other hand, 
is an 8-bit attenuator that is de­
signed for applications that require 
a wide range of attenuator settings. 
Featuring a usuable frequency 
range of 5 MHz, the unit attenuates 
signals over the 0 to 127.5-dB range 
in 0.5-dB steps. The attenuator can 
accommodate analog input voltages 
as high as 6V rms, and it has a con­
stant input impedance of 6500 . The 
CSG4469 is housed in a 16-pin hy­
brid package. It operates from ± 6 
to ± 15V supplies and dissipates 0.5 
µW max. 

Both of these digitally controlled 
attenuators are designed and fabri­
cated with a combination of CMOS/ 

DMOS ("DMOS" is double-diffused 
MOS) integrated-circuit and hybrid 
technologies. The CMOS/DMOS 
portions consist of the CMOS input 
logic and the level translators that 
drive the DMOS F ET switches. 
The attenuator ladder is made of 
thick-film resistors that are depos­
ited on a ceramic substrate. 

The attenuators' control logic ac­
cepts CMOS logic levels and pro­
vides internal level translation for 
the DMOS FET gates, which are 
tied to either the positive or the 
negative supply rail. The comple­
mentary logic controls the FET 
switches in pairs. The resistor at­
tenuator ladder is designed to en­
sure that the series FETs and the 
thick-film resistors provide the ma-

Evaluation boards ease testing procedures 

Evaluation boards are a vital factor in the accep­
tance of new ICs, because they provide designers 
with a complete, ready-to-use test system. Most 
semiconductor vendors acknowledge this fact, but 
few have the resources and/or the commitment to 
offer evaluation boards. EDI Corp tries to fill this 
void; the vendor's ADG446X-l board lets you assess 
the attenuation performance of CDG4460 and 
CDG4469 programmable attenuators from Topaz 
Semiconductor before you incorporate the devices 
into your system. 

jority of the attenuator level set­
tings. The shunt FETs and the re­
maining thick-film resistors com­
bine to maintain a constant attenu­
ator input impedance. In addit ion, 
both devices contain diodes to pro­
tect the inputs against damage from 
high static voltages or electrical 
fie lds. The CDG4460 and the 
CDG4469 cost $28.21 and $23.50 
(100), respectively. 

Attenuators that are based on IC 
technology work well in applica­
tions that involve frequencies rang­
ing to tens of megahertz. However , 
you can also use attenuators for ap­
plications that demand even higher 
frequencies. Although the devices 
in this high-frequency category em­
ploy different fabricat ion tech-

When you test the 6-bit CDG4460, the board uses 
pin 5 for the latch-enable signal and pin 13 for the 
latch-reset signal. The board uses these two pins 
for attenuation control when you test the 8-bit 
CDG4469. You can use either onboard DIP switches 
or external logic to control all the attenuator pins, 
as well as the latch enable and the latch reset. The 
external logic accesses the board via a cable that's 
connected in parallel with the DIP switches through 
a double-row header connector. The header has only 
ground pins on the outer row to facilitate the cable­
termination process. 

To facilitate the testing process, the ADG446X-1 evaluation 
board from EDI Corp lets you excercise the 6- and 8-bit attenu­
ators from Topaz Semicondv.ctor. The board can serve as a test 
fixture or a ready-made development vehicle for a variety of 
applications. 
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The board's pullup resistors connect to a 5V sup­
ply that's generated by an onboard 3-terminal regu­
lator; they guarantee that the DIP switches' Off 
position designates logic high. All the board's 
switches connect to ground through high-value pull-

down resistors. This arrangement lets you safely 
transfer test-signal control to external circuits that 
automatically override the DIP-switch settings. 

The board's power-input sockets are labeled y+ 
and v-. You can use the attenuators by applying 
± 6 to ± 15V to these pins. The ADG446X-1 is priced 
at $105 and comes with one attenuator, data sheets 
for the board, and application literature. 
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Packages-· 
Low Cost to High Rel 
The MMIC performance you need is available 
in a range of packages to fit your overall 
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sys~m esig an ost e.eJante~s 
new Pac age '86" 85 mil surface mo~t 
plastic packa e) c mbines premil!m per- 1 

, forrianc~ with!low_q?st. ~oth Package "W 
andlthe mdustfY standard SOf-143, a1re avail­
abl~ on tape and reel, making them ideal 

I r~r low ~?s.t: h}gh v01u~e applicati9ns. For 
high rehab1hty

1 
appllcat10hs, such as spate 

, or military environm~nts, we of(er MODAMP , 
' MM!Cs in a range of hermetic metal/ceramic 
! packages. MOIDAMR packages include: 

• SOf-143 Plastic 
• 4-Pac Plastic 
• 85-Mil Plastic 
• 85-Mil Plastic 

Surface Mount 

· • micro-XStripline 
·• 70 Mil Hermetic 
• 100 Mil Hermetic 
• 200Mi1Be0 
• 230 Mil Flange 

CIRCLE NO 121 

North 'America · 
. Eastern: (301) 381-2600 

Central: (214) 437-5694 
1 We5tem: (805) 373-3870 

Epropean: , ( 44) 276-6857.53 

0 AVANTEK 
3175 Bowers Avenue 
Santa Clara, California 95054-3292 

+ 

+ 
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niques, their performance levels are 
just as impressive as the IC~type 
attenuators' performance. 

FREQUENCY 

Daico Industries, for example, 
provides three attenuators that op­
erate in the RF range; the 7-bit step 
attenuators operate over the 30- to 
500-MHz range. The attenuators 
are available in 38-pin DIPs and in 
packages that include integral 
SMA-type connectors. They accept 
13-dBm input power levels and op­
erate over the full military tem­
perature range ( - 55 to + 125°C). 

Each of the seven control inputs 
includes a CMOS or a TTL driver. 
These drivers control the parallel 
PIN-diode switches, which activate 
or deactivate the resistor pads that 
make up the attenuation chain. 

01===== 

20 30 

V+ • +15V, V- • - 15V 
RG • 150!1, RL • 760 

ATTENUATION SETTING 

0 .75d8 

40 50 

The CMOS-compatible DA0285 
and the TTL-compatible DA0295 
are low-power attenuators that fea­
ture a 63. 5-dB total attenuation 
range, which you can select in 0.5-
dB steps. Operating from 5V de, the 
devices draw 30 and 50 mA, respec­
tively. Their typical insertion loss 
is less than 6 dB, and their maxi­
mum VSWR is 1.35:1. Both models 
have a maximum switching speed 
of 5 µsec and an RF transient time 
of 3 µsec. Their attenuation accu­
racy varies with different settings; 
at a 0.5-dB attenuation setting, the 

Suitable for portable applications, the 6-bit attenuat.or from Topaz Semiconduct.or con­
sumes 0. 5 µ.A of current from suwlies that can provide from ± 6 to ± 15V . The CDG4460 
features a total attenuation of 16 dB in 0.5-dB increments and operates over de to 40 MHz. 
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attenuators' accuracy is 0.125 dB. 
At all other attenuation settings, 
their accuracy is 0.15 dB± 2% of the 
attenuation setting. 

The third model in the series, the 
DA0617, is designed for high-speed 
applications. Over the frequency 
range of 45 to 250 MHz, the unit 
provides 0 to 63.5-dB attenuation 
in 0.5-dB increments. The high­
speed TTL drivers enable the 

For more information ... 
For more information on the programmable attenuators discussed in this 
article, contact the following manufacturers directly, circle the appropriate 
numbers on the Information Retrieval Service card, or use EDN's Express 
Request service. 
Alan Industries Inc 
Box 1203 
Columbus, IN 47202 
(812) 372-8869 
FAX 812-372-5909 
Circle No 708 

Daico Industries Inc 
2351 E Del Amo Blvd 
Compton, CA 90220 
(213) 631-1143 
TWX 910-346-6741 
Circle No 709 

EDI Corp 
Box 366 
Patterson, CA 95363 
(209) 892-3270 
Circle No 710 

Sierra Semiconductor Corp 
2075 N Capitol Ave 
San Jose, CA 95132 
( 408) 263-9300 
FAX 408-263-3337 
TLX 384467 
Circle No 711 

Topaz Semiconductor 
1971 N Capitol Ave 
San Jose, CA 95132 
(408) 942-9100 
TWX 910-338-0025 
Circle No 712 

DA0617 to achieve a 7-nsec transi­
tion time and a 25-nsec total switch­
ing time. 

The DA0617 has a second inter­
cept point of 82 dBm and a third 
intercept point of 34 dBm. It also 
has a 50-m V transient voltage level 
and an 8-dB maximum insertion 
loss. Its VSWR measures 1.35:1 
max. One drawback of this device, 
however, is that you trade power 
consumption for high speed; operat­
ing from a 5V supply, the 617 draws 
640 mA. The DA0617 costs $555; 
the DA0285 and the DA0295 are 
priced at $511 (100). 

Like Daico's high-frequency at­
tenuators, the MDA Series of pro­
grammable attenuators from Alan 
Industries employ PIN-diode 
switches to activate or deactivate 
the 'TT-type resistor pads in the at­
tenuation network. This line of at­
tenuators, however, is designed for 
ATE (automatic test equipment) 
applications and operates over de 
to 1 GHz. The attenuators include 
one EMI/RFI filter for each control 
bit and a common filter for the 
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WITH NO 
HEAT SINK. 

150WATT 
DC-DC CONVERTER 
• 48 & 300 voe input-5, 12, 15, 24, 28V 
outputs • Parallelable with auto current 
sharing-No master slave • Fault tolerant­
True N + 1 redundancy with hot plug-in capa­
bility • Industry standard pin out • Constant 
frequency-No beat frequency problems • 
Non-shutdown OVP • Logic on/off • Five­
sided shielding • Ruggedized design ­
Meets MIL 8100 • UL/CSA/VOE compliance 
• Thermal protection - Auto reset • Input 
overvoltage protection • Optional output 
good signal ± 10% • 935,000 hour MTBF 
per MIL HNBK 217E • 80% plus efficiency 
at full load. 

CIRCLE NO 55 

Call or fax today for a free brochure. 
From the pioneers of switching 
power supplies-celebrating 26 years 
of service. 

RO ASSOCIATES 
246 Caspian Dr., P.O. Box 61419, Sunnyvale, CA 94088 
Phone: 408/744-1450 Fax : 408 /744-1521 
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WE CAN SERVICE 
YOU FASTER 

THAN THE 
COMPETITION ... 

because Reliability Incorporated 
assures fast delivery of the DC/DC 
converters you need. This combined 
with the fact that they are 1003 

_,,,,,---., burned-in and 
... ~,;~:) triple tested 

_:._ ----:--....::...::.:...~-- ;,._,;~-1/ guarantees you 
/'--~1!11 l .>' '-" ii l' bl - - u~'/.' ~X) a re Ia e so~rce 
~ ~/I ft~.tfR i{f for your design 

-___: _ .l:[.[fff~tl'J~10hl~) ':: needs. Our 
-·-()Czn ·-----~, 5 Watt and 

/ ""(/ -~ 25 Watt 
~A?-..Jr~ TELCOM-PAC® 

DC/DC converters are short circuit 
protected and input/output isolated 
with no derating to 71°C. And, these 
are only two examples from our 
product line of over 150 one to 25 Watt 
DC/DC converters. 

So don't be kept waiting. Call 
our Power Sources Division today at 
(713)492-0550. 

Quality~ Reliability 
A Zero-Defects Company 

Reliability Incorporated U.S.A. 
P.O. Box218370 
Houston, Texas 77218 
Phone: (713)492-0550 
Fax: (713)492-0615 

(b Reliability® 
CIRCLE NO 56 

UPDATE 
Programmable attenuators 

ground or negative rail. 
The Series consists of four models 

that feature attenuation specs of 15 
(Model 50MDA15), 31.5 (Model 
50MDA31.5), 63 (Model 50MDA63), 
and 127 dB (Model 50MDA127). The 
4-bit 50MDA15, the 6-bit 
50MDA63, and the 8-bit 50MDA127 
all feature 1-dB attenuation incre­
ments; the 6-bit 50MDA31.5 attenu­
ates signals in 0.5-dB increments. 
At 500 MHz, the parts' attenuation 
accuracy is ± 0.5 dB ( ± 1 dB for the 
50MDA127 when the attenuation 
level is above 32 dB). At 1 GHz, 
the accuracy is ± 0. 75 dB for the 
50MDA15 and 50MDA31.5, ± 1 dB 
for the 50MDA63, and ±0.7 dB for 
the 50MDA127 ( ± 1.5 dB for the 
50MDA127 when the attenuation 
level is above 32 dB). 

The units' maximum insertion 
loss ranges from 2 to 3 dB, and their 
switching speed is 6 msec max. The 
maximum VSWR for all four at­
tenuators is 1.3:1 at 500 MHz and 
1.4:1 at 1 GHz. The PIN-diode 
switches are rated for 107 opera­
tions per bit. Their on- and off-level 
control signals are 17 to 26.5V de 
and 0 to 5V de, respectively. The 
RF connectors are available in 
SMA, SMB, and SMC styles. The 
prices for MDA Series attenuators 
range from $220 to $410. EDN 

Article Interest Quotient 
(Circle One) 

High 515 Medium 516 Low 517 
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Quick. 

Name the three 
requirements 
for highest 
performance 
system design. 



At Tektronix, technology innovation means 
excitement in broadcasting and video. 

When you watched the Seoul Olympics, 
you saw the results of Tektronix television 
innovation in action. 

Consider hundreds of video sources, covering 
hundreds of Olympic events. A non-stop torrent 
of video images routed live over miles of links 
through a central switching system that synchro­
nizes all those asynchronous signals, to let the 
producer switch at will from any live, tape, or 
computer source. 

Then add magic. 
Complex digital manipulations, dissolves, cuts, 

overlays, and graphics, delivered in real time, to 
broadcast standards without a second's pause. 

Tektronix Grass Valley Group provides the in­
novation for the switching and graphics. 

Tektronix Television Group provides the test 
equipment, ensuring a feed quality high enough 
to satisfy the most finicky producer. 

Cypress Semiconductor supported that inno­
vation with high performance, erasable PLDs 
that let Tuktronix pack faster, more reliable logic 
into less board space. 

Tektronix also specifies our high speed, low 
power PROMs and SRAMs, to speed digital informa­
tion through the system at broadcast video rates. 

Equally important, we helped Tektronix assure 
the highest system reliability, by delivering parts 
with rock-solid dependability demanded by the 
world's largest broadcasters-Tektronix customers. 

lOns 
512Kx8 SRAM Module 

NEW 

25ns 



15ns 
2Kx8PROM 
NEW 

What's new in high performance 
memory? A lot. 

Our own innovations for high performance 
systems designers cover quite a spectrum. 

Including our new, 4K ECL RAM in 0.8 
micron BiCMOS, with record-breaking 3ns 
access times, for the next generation of high­
rewing systems. 

We continue to innovate in our proven, 0.8 
micron CMOS process, too. With brand new, 25ns 
256K SRAMs in seven different configurations. 

With new, 45ns 256K PROMs-also available 
in optional, windowed packages, for reprogram­
ming flexibility. 

And, we are introducing new, board-saving, 
time-saving Static RAM Modules-available off­
the-shelf, or in custom configurations. 

All in all, the highest 
performing, lowest power 
~ VLSI in recent memory. 

~:} .:~ 
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wo. nnovation. 
At Siemens, technology innovation means a 
new and better way to look at medical images. 

Medical information from a variety of diagnos­
tic sources-Computed Tomography, Magnetic 
Resonance Imaging, Digital Radiography, Ultra­
sound, Nuclear Medicine, or Positron Emission 
Tomography-is now captured digitally. 

In fact, hospitals capture 10-15 Gigabytes daily. 
Siemens Picture Archiving and Communi­

cations System (PACS) is arguably the most 
advanced, innovative system for retrieval and 
display of this vital diagnostic information. 

Banks of high resolution 1280x1024, 120 Hz 
displays give professionals the familiar multi­
viewer format and clarity of film, but with impor­
tant new innovations. 

Viewers can adjust gray-scale, invert gray­
scale, swap images, overlay images, magnify on 
the fly, pan, or run "cine" image sequences up 
to 30 frames-per-second, all in real time. 

Whatever they need to perform diagnosis 
rapidly and accurately. 

At 120 Hz, the system is pumping data at over 
100 M/bytes per second through look-up tables to 
display memory. 

Cypress Semiconductor streamlines that inno­
vation, with high speed SRAM for look-up tables, 
and high speed programmable logic-Siemens 
uses up to 105 PLDs per board, and up to four 
boards per system-to perform the blazing state­
machine and multiplexing functions that these 
image calculations require. 

20ns 66MHz 
SrnchfOllOlls 
State Machine PLO 
NEW 
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Macrocel/ 5000 Gate 
Programmable Gate Array 

NEW 

20ns 
Macrocell 1200 Gate 
Programmable 
Gate Array 

NEW 

TSns 
PLO 

NEW 

Whati new In high ~rlormance 
programmable logic? A lot. 

Programmable logic is one of the industry's 
fastest growing segments. New performance 
levels and new circuit densities, together with 
innovative architectures and optional reprogram­
mability, mean dramatic new opportunities 
for high performance systems designers. 

Cypress Semiconductor innovations in EPLDs 
include the CY7C330 state machine, now capable 
of66MHz. 

Our popular 22V10 now delivers 15ns 
performance. 

For new ECl.rbased designs, our ECL 16P4 
PLD, in our 0.8 micron BiPolar STAR"' process, 
offers a record-breaking 2.5ns access time. 

And we're introducing exciting new Program­
mable Gate Arrays-including our CY7C342, 

with up to 5K gates, and just 
30ns propagation delay! - ~ -- ""':~: .:. -· 
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ree. nnovation. 
High performance CMOS microprocessors are 
changing the way computers are designed­
lrom desktop to workstation to minicomputer. 

RISC. 
Ours is based on SPARC;" the Scalable Pro­

cessor ARChitecture originally developed by Sun 
Microsystems, and now an emerging industry 
standard. 

Scalability means the same architecture can 
be applied to a variety of systems- from next­
generation embedded controllers, to PCs that 
challenge workstations, to workstations that 
challenge supercomputers, to next-generation 
minicomputers, and beyond. 

Cypress RISC performance means those new 
systems will set systems performance records. A 
few examples: 

ARIX. Innovators there are rewriting the 
rules for minicomputer systems. Using our 
RISC family in multiprocessor configurations, 
designers are creating systems that will set new 
performance standards for commercial UNIX 
multi-user systems. 

We make that innovation easier, with logic 
that sets standards for performance, while eas­
ing design-in. 

Sun Microsystems. Today, innovators are devel­
oping the next generation of workstations, based 
on the Cypress Semiconductor RISC family. 

Expect new workstations that will aggressively 
attack the old rules for workstation price-per­
formance. Last year's rules. 

Definicon. Now you can open up a PC-AT and 
install Definicon's innovative, SPARC-based, 
12 MIPS board-a board with all the power of a 
workstation. 

You create a system capable of running the 
same software that runs on the popular Sun-4 
workstation. An excellent, low-cost 
development platform for RISC 
development, including em­
bedded control applications. 

20ns 
16Kx16 Cache RAM 

NEW 

25ns 
8Kx 16 Cache RAM 

NEW 

33MHz 
Floating Point Unit 

NEW 



3Sns 
16-Bit Microcontroller 

NEW 

2Kx9FIFO 

NEW 

3SMHz 

30ns 
16 Bit Slice 

NEW 

Whati new in high performance 
microprocessing?~ lot. 

Our SPARC-based RISC Integer Unit-the 
CY7C601-now runs at 33MHz, delivering 24 
VAX MIPS without breathing hard. 

It's the cornerstone of our RISC family, which 
includes a Cache Controller/Memory Manage­
ment Unit, Cache RAM, and Floating Point Unit. 

Your RISC development efforts are supported 
by the broad array of SPARC-based workstations 
available now. Workstations that, in tum, support 
a broad array of development software and third­
party development tools. 

For 80386-based systems, our new CY7Cl84 
and CY7Cl83128K Cache RAMs give you the per­
formance you need for clock rates to 33MHz. 

And all our parts-LOGIC, PROM, SRAM, 
PLO-give you the speed you need to tum high 

performance processors into 
market-leading systems. 
~ ""•'. ~= 
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The innovatori handbook. 
Call and iti yours. 
• CMOS High Speed SRAMs. 

• CMOS High Speed PROMs. 

• CMOS High Speed PLDs. 

• CMOS High Speed RISC. 

• BiCMOS Ultra High Speed ECL SRAM. 

• Bipolar ECL PLOs. 

• Multichip SRAM Modules. 

• PLO Programming Tools. 

• Military Products. 

-- ~ - - ;:oo..··~ .. 

~.-:. "" ........ . ·;.~ ... ..., 
i.1111' 
~ 

.f _E ~-CYPRESS 
_ ?' SEMICONDUCTOR 

*1-800-387-7599 In Canada. (32)2-672-2220 In Europe. 
Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134 Phone: (408) 943-2666 
Telex 821032 CYPRESS SNJUD, TWX 910-997-0753. ' 
©1989 Cypress Semiconductor. SPARC is a trademark of Sun Microsystems Incorporated. 
i~AR 15 a ~a~em~rk of_Aspen Sem_1conductor Corporation. UNIX is a registered trademark of AT&T 
en~~~~:~en~e een introduced m the last two quarters or have had significant performance . 



s eet says it's 
perfect for 

Y ou won't hear that 
from Emerson & 
Cuming , because we know 
that you're not in a one-size-fits­
all business. When you need a 
specific product for a critical 
application, we give you the 
largest selection in the industry. 
So you're sure of getting the 
most appropriate technology for 
your product. 

Wi th Emerson & Cuming, 
you choose from every major 
adhesive, coating and encapsu­
lating chemistry with packaging 
options from drums to syringes. 
Our product line contains hun­
dreds of original E&C products 
wi th extensive performance 
histories and applications docu­
mentation in processes like 
yours. And if you don't find 
exactly what you need, we will 
adapt our chemistries to meet 
your specific design or perfor­
mance requ irements. 

We also give you the 
resources and support you need 

to make the most of any pro­
cess. Our open-lab policy lets 
you bring unique application 
and production challenges into 
our labs where you can work 
out solutions side-by-side with 
our chemists. As part of W.R. 
Grace & Co., we keep you in 
touch with one of the most 
comprehensive R&D networks 
in the business. And our toll ­
free technical support line and 
direct personal. sales support are 
there to help you anywhere in 
the U.S. 

Learn more. 
To speak with an Emerson 

& Cuming sales representative, 
or to receive a copy of our 
catalog or specific technical 
li terature, write or call us today, 
toll -free 1-800-832-4929. In 
Massachusetts, 617-938-8630. 

Emerson & Cuming, Inc. 
77 Dragon Court 
Woburn, MA 01888 

EMERSON 
&CUMINCTM 

a GRPCE company 

Making today's products better. Making tomorrow's products possible. 

CIRCLE NO 57 
© 1989, Emerson & Cuming, Inc. 
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Modular plugs and jacks. 
In surface-mount. Shielded. 
Our modular plug and jack designs 
have always been a great concept, 
especially for 1/0. 

And we have the whole, big scoop 
on breadth of line. 

Strip-form mod plugs allow termination 
with high-speed application tooling. 

We offer you 
the standards. Pre­
loaded plugs that 
mass terminate 
round or flat-oval 
wire. And our standard 
top- and side-entry 
jacks with selective gold 
contacts for longer life 
at lower cost. 

Shielded mod plugs 
in fully-loaded 6- and 

8-position versions 
have insulation-piercing 

terminals. Shielded jacks 
in board-ground or 

panel-ground designs. 

Or the surface-mount 
modular jacks. With all the features 

of our standard line in low-profile, 
vapor-phase-compatible modules that 
integrate easily with accepted process­
ing, even robotic insertion. 

EDN April 27, 1989 



And plain of vanilla. 
Or shielded. The industry's only 

low-cost modular shielded plugs and 
jacks. With a minimum of 20dB shield­
ing effectiveness from 30MHz to 500 
MHz. Redundant shielding tabs. Fully 
intermateable with standard product 
and conforms to FCC regulations. 

And nowhere else can you find 
the tooling capability AMP offers 
you. A production hand tool that's 
acknowledged to be the best in the 
industry. Our low-cost field/prototype 
tool. And benchtop and high-speed 
application machinery. 

Details on all our "flavors" are 
ready for you. Just give us a call. 

Call 1-800-522-6752 for literature 
on AMP Modular Connectors. 
AMP Incorporated, Harrisburg, 
PA 17105-3608. 

Interconnecting ideas 

EDN April 27, 1989 

AMP production hand tool cuts 
cable, strips cable jacket, 

and mass terminates 
loose-piece plugs. 
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The most uninhibited 
vacuum in history. 

Four and a half years ago, Freedom™ was nothing more 

than a great idea. Today it's a great product. The world's 

only full-size vacuum that operates totally cord-free. Only 

from Eureka. With a little help from Gates Energy Products. 

Freedom offers everything you'd ever expect from a 

Eureka upright-durability, quality and cleaning effective­

ness. And, thanks to its revolutionary design, the conve­

nience of cordlessness. Made possible by a rechargeable 

112 

Gates battery. A 12-volt, 5-amp hour sealed-lead monobloc 

battery mounted in a portable snap-in battery pack. 

Of course, it wasn't easy. And some people said it 

couldn't be done. How, they asked, could a battery be 

powerful enough without being too heavy and costly for 

the market to bear? 

But at Gates we believed in Freedom and committed 

our resources to making it happen. That involved many 

EDN April 27, 1989 



The power 
that set it free. 

people and years of close cooperation and hard work. The 

result was a battery that surpassed all others in run time 

and shelf life, with the light weight and affordability con­

sumers demand. 

Sure, it took time. But that's because we like being a 

part of your project from the beginning. With a full range of 

technical and applications engineering support, backed by 

a broad line of standard and custom-designed rechargeable 

cells and batteries in both sealed-lead and nickel-cadmium. 

All intended to help you develop a product that really works. 

At Gates we believe that great ideas deserve to 

become great products. Maybe that's why we're the com­

pany the idea people turn to most. So, give us a call at 

1-800-627-1700. And 

experience the power 

of your great idea. 

CIRCLE NO 59 The power of great ideas. 



VF Technology ••• 
The Bright Decision 
Futaba, a world leading manufacturer of vacuum fluorescent displays, 
offers a wide assortment of display tubes in many sizes and formats. Also, 
Futaba offers display modules with all the electronics required to refresh the 
display and easily interface with host system. 

GRAPHIC DISPLAY 
Both front glass phosphor, which provides maximum viewing angle and 
uniform surface appearance, and conventional back glass phosphor, with 
optimum brightness and software dimming capabilities, are available. All 
Futaba graphics modules offer complete drive electronics, bit mapped 
control with a DC/DC converter. All active components are surface mounted 
onto a single board. 

DOT MATRIX MODULES 
Utilizing Futaba's dot matrix displays, a completely intelligent line of "dot 
modules" is available. Each includes all drive, power supply and micro­
processor components surface mounted onto a single board . Surface 
mounted technology results in higher reliability and allows for a smaller 
overall package and lower cost. All dot modules require only a 5V DC power 
source and can accept parallel or 8 possible serial baud rates. 

GRAPHIC DISPLAYS/MODULES 
Futaba Futaba Pixels Brightness Module 
Dis~la~ Module {Row X Char.} (FT-L) Dimensions {in.) 
GP1013A GP1013A02 64X34 200 3.35X2.95XO. 7 
GP1005B GP1005B03 128X64 400 7 .28X3.35X1. 77 
GP1010B GP1010801 176X16 200 7.32X2.16X1.70 
GP1009B GP1009B03 240X64 200 6.2X2.76X1 .57 
GP1006B GP1006B04 256X64 200 9.84X3.35X1 .77 
GP1002C GP1002C02 320X240 100* 7.10X6.30X1 .60 
GP1018A GP1018A01 400X240 40 7.10X6.30X1 .61 
GP1004C GP1004C03 640X400 30 9.65X7.3X1 .85 
GP1019A GP1019A03 640X400 35 7.10X6.70X2.56 

*Different Versions Available 

DOT MATRIX/CHARACTER DISPLAY MODULES 
Futaba Futaba 
Dis~la~ Module 
16LD03G M16LD03B 
16SY03Z M16SY03B 

20SD01Z M20SD01 
20SD42Z M20SD42 
40SD02Z M40SD02 
40SD42Z M40SD42 
202SD03Z M202SD03 
402SD04Z M402SD04 
MANY OTHER NEW MODULES 
DISPLAYS AVAILABLE SOON 

711 E. State Parkway 
Schaumburg, IL 60173 
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Char. 
XRow 
16X1 
16X1 

20X1 
20X1 
40X1 
40X1 
20X2 
40X2 

Dot Char. 
Format Ht. (in.} 
5X7 0.433 
14 SEGMENT 0.200 
ALPHANUMERIC 
5X7 0.200 
5X12 0.344 
5X7 0.200 
5X12 0.344 
5X7 0.200 
5X7 0.200 

Telephone: (312) 884-1444 
FAX: (312) 884-1635 

Module 
Dimensions (in.} 
8.90X1 .95X.98 
4.92X1 .32X.83 

6.3X1 .97X.75 
7.1X2.16X.88 
9.45X2.16X.88 
9.45X2.16X.88 
6.7X2. 56X.90 
10.43X2. 56X. 90 

CIRCLE NO 60 

Compact, flat panel graphic displays and modules 
present clean, sharp images, whether for text or full 
graphics application. 

iMM&~~··~;~~~~~~~-1~b~~ild~=~~l~d8*~~,~~~ 

~~~~~~~~~~~~~~~E1~1blD~•llll•w;•a11••lllll 

2 x 40 character (display) 

2 x 40 character (module) 

Pattern flexibility and pleasing appearance are offered by 
Futaba in dot displays and modules. 

Futaba also offers a complete catalog of alphanumeric, 
segmented displays. 

Futaba supports its products with design engineering 
and system integration assistance. Call or write today. 
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# 1 in Thntalum Chips ... and 
We've Only Touched the Surface! 

Mepco/Centralab SMD® tantalum chips reduce your system's size and increase its performance in every application - military, 
telecommunications, information systems, medical, automotive - and give you the broadest selection. 

For peak reliability and volumetric efficiency, systems designers take our patented, conformally coated "Blue Chip®" to heart -
in fact, it's used in 95% of the world ' s implanted pacemakers. And it's the only military hi -rel chip (CWR06 to MIL-C-55365) 
approved to reliability levels M, P. R, B, C and D! 

Our "Star Chip®", the cost-effective alternative for your high -volume industrial applications, pro­
vides design flexibility not available with molded chips. Its patented features make it ideal 
for super computer (cryogenic) use, and for 
switching power supplies at 100 kHz and greater. 

Our "Ultra Chip" is the ultimate in real estate ef­
ficiency, and our uniform-sized " Molded Chip" 
(approved to MIL-C- 55365, Type CWR11) is 
available at very attractive prices. 

A leader in leaded parts, too. 
Our axial -leaded, hermetically sealed cylindrical 
and modular wets and solids meet the re ­
quirements of MIL-C-39006, -39003, and more. 
With capacitances from 0.004 7 to 22,000 µF, for 
operation on 3 to 630 vdc. And large-capacity 
programs to meet your dock-to -stock and J -1-T 
requirements. 

Mail to: Mepco/Centralab 
Attn: Corp. Advertising 
2001 W. Blue Heron Blvd. 
P.O. Box 10330 
Riviera Beach, FL 33404 

Please send me the following: 

0 Surface Mount Device Catalog 
0 Leaded Resistor/Capacitor Data Book 
0 Please have a sales representative call 

Name/Tille ________________________ _ 

Firm/Oepl./Div. _______________________ _ 

Address/MS -------------------------

I 
I 
I 
I 
I 
I 
I Write for our catalogs and get acquainted with 

America's broadest line of tantalum chip 
capacitors - from Mepco/Centralab, the active 

City/State/Zip ____________ Phone ( I 
leader in passive components. -----------------------~~~we~ 

PHILIPS e 
®SMD is a service mark of North American Philips Corporation. 
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liiillilliiiliiillA field-use fiber optic 
connector so tough, you could 
roll a 5 ton truck over it. A Parallel 
Interconnect that allows a gas-tight 
interface in 60 seconds flat. A cabling 
assembly enabling a single connector 
to handle electronic signals, fiber 
optics and power supply. 

These are but a few 
innovations in interconnections 
from ITT Cannon. But we couldn't 
have done it without you. Because 
success throughout our company 
relies on a thorough knowledge 
of your company's environment. 

Take strategic partner­
ing, for example. We don't create 
a custom solution by shaking your 
hand and jotting down a few notes. 
When we design-in, we get inside 
your environment. 

Then there's Cannon's 
near-zero defect rate. It got that 
way, and stays that way, because we 
test each product in a carefully 
simulated environment. 

As for delivery, we built 
a dependable system by studying 
the needs and scheduling realities 
of our customers' business environ­
ments worldwide. 

And Cannon stays price 
competitive by always asking the 
question, "How will this connector 
be used?" Considering the connec­
tor's ultimate environment has taught 
us that keeping quality high ends 
up costing our customer less. 

So if you'd like a part­
ner who will take the time to learn 
about your environment, take a 
moment to contact ITT Cannon 
at (714) 261-5300. 

Wor/,dwide Headquarters 
1851 Ea.st Deere Avenue 
Post Offue Box 35000 
Santa Ana, CA 92705-6500 

ITT Cannon 
A11 rrr EkrtroMtthaniccJ Compm1n1ts Htwldwidt> WmfM">' 

Discaver our strengths. 
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TECHNOLOGY UPDATE 

The latest micro­
power op amps 

not only draw less 
current than their 
predecessors, they 
also operate from 

lower voltages. 

Peter HaroUJ, 
European Editor 

Micropower op amps 
hit new lows 

Y 
ou no longer need to sacrifice 
de performance for low power 
consumption when you design 
with micropower op amps. 
These devices are now avail­

able with input offset voltages as low 
as 5 µ V and input offset drifts of 0.05 
µ V/°C, and micropower op amps with 
1-µ V input offset voltages are already 
on the horizon. However, some perform­
ance tradeoffs, such as speed versus 
power, still remain. Table 1 (see pgl24) 
details the basic specifications of a range 
of op amps that have a maximum quies­
cent supply-current rating of 500 µA or 
less at 25°C. 

Op-amp manufacturers finally got the 
message that you don't always want to 
run micropower devices from ± 15V 
supply rails. You can now get guaran­
teed performance at low supply volt­
ages. Low-voltage supplies are not only 
desirable to save power 
consumption; but more 
often than not, they are 
all that's available in 
battery- or solar-pow­
ered equipment. In ad­
dition, low-voltage op­
eration lets you power 
op amps from the same 
supply as logic cir­
cuitry. As a result , 
many manufacturers 
now provide full specifi­
cations for their devices 
at these low supply volt­
ages-typically ± 2. 5V 
but sometimes as low as 
± l.5V. Thus, you can 

are also increasingly specified for single­
supply operation instead of or in addi­
tion to split-supply operation. When you 
operate a conventional split-supply op 
amp from a single supply, you may be 
faced with having to generate an artifi­
cial ground that's midway between the 
supply's ground and positive rails. This 
step is usually necessary to ensure that 
the op amp stays within its common­
mode input-voltage limitations. How­
ever, op amps that are specified for sin­
gle-supply operation have a common­
mode input-voltage capability that in­
cludes ground. These op amps can han­
dle input signals that swing right down 
to ground potential. 

Check carefully to ascertain whether 
the op amp's output has a similar capa­
bility. If the device won't drive its open­
circuit output to ground, you'll have to 
add a power-consuming pull-down resis-

design them in with con- The OP290 preciswn, dual, micropower op amp from PM/ i.s fully 
fidence. specified for supply voUages in the 1.5 w 15V and -1.5 w - 15V 

Micropower op amps _ra_n..:..ge_s_. ------------------
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TOUCH HERE 

You've just discovered a computer input system that eliminates hours of basic training. With a Carroll Touch system, the user simply touches the 

screen. That's all there is to it.• Carroll Touch input systems - the first made to meet military specifications-satisfy the stringent requirements 

of command and control systems. Touch vi rtually eliminates user error by eliminating buttons, knobs, switches and other more complicated input 

methods. Touch systems are rugged. Reliable. Easy to use. And they allow for excellent display clarity.• VVe want to tell you more about touch 

technology from Carroll Touch - the world 's leading manufacturer of touch input systems. For immediate answers about touch system 

specifications, just pick up the phone. Reach out and touch (512) 244-3500. 

,.,... ~'~~~~~M!?c~~~ 
V In Touch With Technology ©1989 Carroll Touch 
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TECHNOLOGY UPDATE 
Micropower op amps 

the best input offset-voltage specifi­
cations-5 µ V maximum at 25°C­
are currently achieved by chopper­
stabilized devices. These devices in­
clude Maxim's MAX-422, MAX-423, 
and MAX-432, and Teledyne Semi­
conductor's TSC900 micropower op 
amps. 

The HA5154 i.s a quad micropower op amp from Harris that achieves a 6Vlµsec slew rate 
and a full-power bandwidth of 95 kHz. 

Maxim will add another low­
power precision op amp to its offer­
ings later this year. Designated the 
MAX425 Superamp, it will employ 
two active error-correction schemes 
to keep all sources of input offset­
voltage error to less than 1 µ V at 
25°C . The device's input offset­
voltage drift will be a mere 0.05 µ V/ 
°C over the full military tempera­
ture range. The input bias current 
will be 1 pA max at 25°C, rising to 
100 pA max at 85°C. The power­
supply current, however, will be as 
large as 1.2 mA for supply voltages 
in the 2.5 to 7.5V and -2.5 to 
-7.5V ranges. The lowest grade 
version of the MAX425 Superamp 
is expected to sell for around $5 
(100). 

tor to achieve a OV output. 
Ideally, the greater the common­

mode input- and output-voltage 
ranges of the op amp, the greater 
the dynamic range you'll be able to 
use for your analog signals. When 
you're operating on supply voltages 
of 5V or less, maintaining dynamic 
range through several op-amp 
stages can be essential to ensure 
that your signal doesn't get lost in 
the noise. Advanced Linear Devices 
claims to be the first company to 
provide low-voltage, low-power op 
amps with common-mode input- and 
output-voltage ranges that include 
both supply-rail voltages. In the fu­
ture, you'll see an increasing num­
ber of op amps with this rail-to-rail 
input and output capability. 

Low V 08 maintains precision 
In the past, low power consump­

tion and precision de performance 
didn't go hand in hand. That situ­
ation is rapidly changing. Micro­
power op amps with maximum in-

EDN April 27, 1989 

put offsets of 1 m V are now com­
monplace, and several devices have 
maximum input offset-voltage 
specifications of 100 µ V or less. But 

• L • --_ __ ...,,,,,.. 

Although it's not included in the 

The OP97 preci.sion op amp from PM! consumes 1/eth the power and '!20th the input bias 
current of the company's OP07 device yet has the same de performance. 
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TECHNOLOGY UPDATE 
Micropower op amps 

table because of its maximum sup­
ply-current specification of 600 µA, 
PMI's OP97 is a precision op amp 
that's close on the heels of currently 
available chopper-stabilized micro­
power devices. The device has a 
maximum input offset voltage of 25 
µ V at 25°C and an offset-voltage 
drift of 0.6 µ V/°C. And because it 
doesn't employ chopper techniques 
to achieve these specifications, the 
OP97 won't introduce the clock­
related ripple and noise that often 
appears on the input and output of 
chopper-stabilized op amps. This 
factor is of particular significance if 
your design requires wide-band fre­
quency response. The OP97 costs 
$1.60 (100). 

Another company attacking the 
market for precision micropower op 
amps is Raytheon. Later this year, 
the company's semiconductor divi­
sion is set to introduce the RC4097, 

+ SV 

INPUT 

ov 

ALO 1701 

+ SV 

OUTPUT 

ov 

Offering rail-to-rail common-mode input­
and output-voltage ranges, the ALD1701 
CMOS micropower op amp from Advanced 
Linear Devices suits low-voltage, single­
supply applications. 

a micropower op amp with a maxi­
mum input offset voltage of 15 µ V 
and an input offset-voltage drift of 
0.3 µ Vl°C. The device's provisional 
data sheet also specifies a maximum 
input bias current of ± 100 pA at 
25°C. The input bias current in-

For more information ... 

creases to a maximum of ± 250 pA 
over the commercial temperature 
range and ± 600 pA over the mili­
tary temperature range. Prices for 
the RC4097 are expected to start 
at around $2. 75 (100). 

Some micropower op amps have 
extremely good input bias-current 
and input offset-current specifica­
tions. Analog Devices' best grades 
of the AD-548 and the AD-648, for 
example, have maximum bias cur­
rents and input offset currents of 
10 pA and 5 pA, respectively, at 
25°C. As a result, you can drive the 
inputs from high-impedance sources 
without incurring excessive de er­
rors. The AD-548 and the AD-648 
cost $0. 75 and $1.25 (100), respec­
tively. 

However, before choosing a mi­
cropower op amp for its bias current 
and input offset-current specifica­
tions, carefully check how these pa-

For more information on the micropower op amps described in this article, contact the following manufacturers directly, 
circle the appropriate numbers on the Information Retrieval Service card, or use EDN's Express Request service. 
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Advanced Linear Devices Inc 
1180F Miraloma Way 
Sunnyvale, CA 94086 
( 408) 720-8737 
FAX 408-720-8297 
Circle No 661 

Analog Devices 
One Technology Way 
Norwood, MA 02062 
(617) 329-4700 
TWX 710-394-6577 
Circle No 662 

Burr-Brown Corp 
International Airport Industrial Park 
Tucson, AZ 85734 
(602) 746-1111 
FAX 602-889-1510 
Circle No 663 

Harris Semiconductor 
Box 883 
Melbourne, FL 32902 
( 407) 724-3800 
Circle No 664 

Linear Technology Corp 
1630 McCarthy Blvd 
Milpitas, CA 95035 
(408) 432-1900 
FAX 408-434-0507 
Circle No 665 

Maxim Integrated Products Inc 
120 San Gabriel Dr 
Sunnyvale, CA 94086 
(408) 737-7600 
FAX 408-737-7194 
Circle No 666 

National Semiconductor Corp 
2900 Semiconductor Dr 
Santa Clara, CA 95052 
(408) 721-5000 
TWX 910-339-9240 
Circle No 667 

Precision Monolithics Inc 
1500 Space Park Dr 
Santa Clara, CA 95052 
( 408) 727-9222 
FAX 408-727-1550 
Circle No 668 

Raytheon Co 
Semiconductor Div 
350 Ellis St 
Mountain View, CA 94039 
(415) 968-9211 
TWX 910-379-6484 
Circle No 669 

SGS-Thomson Microelectronics 
Via C Olivetti 2 
20041 Agrate Brianza 
Italy 
(039) 65551 
TLX 330131 
Circle No 670 

SGS-Thomson Microelectronics 
1000 E Bell Rd 
Phoenix, AZ 85022 
(602) 867-6100 
TLX 249976 
Circle No 671 

Siemens AG 
Zentralstelle fur Information 
Postfach 103 
8000 Munich 1 
West Germany 
(089) 2340 
TLX 5210025 
Circle No 672 

Siemens Components Inc 
2191 Laurelwood Rd 
Santa Clara, CA 95054 
(408) 980-4500 
Circle No 673 

Siliconix Inc 
2201 Laurelwood Rd 
Santa Clara, CA 95054 
(408) 988-8000 
FAX 408-727-5414 
Circle No 674 

Teledyne Semiconductor 
1300 Terra Bella Ave 
Mountain View, CA 94039 
(415) 968-9241 
TWX 910-379-6494 
Circle No 675 

Texas Instruments 
Semiconductor Group 
Box 809066 
Dallas, TX 75380 
(800) 232-3200 
Circle No 676 
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A: To make you look good. 
Your schematic is supposed to be the best answer to 
someone else's design problem. Think of how great you'll 
look when you present a solution with no glitches, timing 
violations or other problems. 

Why OrCAD/VST? 

A: OrCAD/VST enables you to interac­
tively verify your design as it develops. A 
netlist from OrCAD's powerful Schematic 
Design Tools is all that's required to get 
started. 

Verification of your design doesn't have to be handled at 
the prototype stage (or worse yet, the production stage). 

Contact your local OrCAD repre­
sentative for further information 

1. WA, OR, MT, ID, AK 
Seltech, Inc. 
(206) 746-7970 

2. N. CA, Reno NV 
Elcor Associa tes 1 nc. 
(408) 980-8868 

3. So. CA 
Advanced Digital Group 
(714) 897-0319 

6. NE, KS, IA, MO 

A: OrCAD/VST features a user interface 
similar to OrCAD/SDT Ill, including 
easy-to-use menu driven commands and 
powerful keyboard macros. Your 
valuable time is spent designing and 
testing rather than trying to learn a new 
system. 

A: OrCAO/MOD extends OrCADNST 
to PLDs. A set of PLD Simulation 
Modeling Tools. OrCAD/MOD produces 
models of PLDs for OrCADNST to use in 
simulation of the larger circuit in which 
the PLD will operate. 

Walker Engineering, Inc. 
(913)888-0089 

7. TX, OK, AR, LA 
Abcor, Inc. 
(713)486-9251 

8. Ml , E. WI , IL 
Macke lle r Associates 
(313) 335-4440 

9. IN, OH, KY, WV, W. PA 
Frank). Carnpisano, Inc. 
(513) 574-7111 

12. MS, AL, GA 
Elec tro-Cadd 
(404) 446-7523 

• EVISlll driven 12-state functional 
imulator 

• 16,000+ events/sec. on an 8 MHz AT 
• 65,000+ events/sec. on a 20 MHz 386 
• Over 14,000 gate capability without 

additional memory 
• Logical analyzer display format (virtual 

screen displays 50 channels) 
• User selectable min. and max. displays 
• Includes component models of TTL, 

ECL, CMOS. Memory devices & 
utilities for creating custom models 

• OrCAD's excellent support: 
technical staff, 24 hour BBS, I year free 
product updates, and a trained sales and 
support network. 

Call or write today for your FREE Demo 
Disk and brochure. 

1049 S.W. Baseline Street Suite 500 
Hillsboro, Oregon 97123 

(503) 640-9488 

4. Las V2gas NV, UT, AZ, NM, CO 
Tusar Corporation 

10. TN, VA, NC, SC 
Tingen Technical Sales 
(919) 878-4440 

13. E. PA, NJ, NY, DE, MD, DC 
Beta Lambda, Inc. 

BC, AB, SK, MD 
lnterworld Electronics & 
Computer Industries, Ltd . 
(604) 984-4171 

'· 

)R8839 

(602) 998-3688 

ND, SD, MN, W. WI 
Corns tra nd , Inc. 
(612)788-9234 

11. FL 
High Tech Support 
(813) 920-7564 

(201) 446-1100 

14. CT, RI, MA, VT, NH, ME 
DGA Associates, Inc. 
(617) 935-3001 

CIRCLE NO 64 

16. ON, PQ & Maritirnes 
Electralert, LTD. 
(416) 475-6730 
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New BoardSite In-Circuit Programmers 

PROGRAM 
YOUREPROMS 
ON THE 
BOARD! \ -
Data l/O®'s in-ci rcuit pro­
gramming expertise can 
dramatically reduce your 
production programming 
costs. We can help you 
streamline your assembly 
process. reduce device 
inventory and handling, 
and eliminate device 
sockets. 

Now in-circuit program­
ming is easier than ever. 
BoardSite'" brings new 
levels of flex ibility and 
economy to in-circuit pro­
gramming. It's PC-based 
for versatility and low sys­
tem cost. Easy, do-it-your­
self configurations mean 
fast. in-house changes and 
low NRE costs. And the 

multi-level , menu-driven 
user interface makes oper-

ation easy. ~ 
CALL TODAY for ~ 

your FREE copy ... ,. 
of "Introduction · _-~..., 
To In-Circuit . ....., 
Programming" ', • 
plus more /-./ 
about BoardSite. ...$ 
1-800-247-5700 

Ext. 973 

DATAl/O 
Corporation 

CIRCLE NO 66 

UPDATE 
Micropower op amps 

rameters vary over the device's op­
erating temperature range. The 
bias current of most FET-input op 
amps tends to double for every 10°C 
rise in temperature. Although bipo­
lar-input op amps tend to have 
higher bias currents to begin with, 
their bias current varies with tem­
perature at a much lower rate. For 
example, a bipolar-input op amp 
with a 25°C bias-current specifica­
tion of 5 nA will exhibit a typical 
bias-current variation of only 1 or 
2 nA over its entire operating tem­
perature range. 

Speed/power tradeoffs remain 
Unfortunately, like all op amps, 

micropower op amps suffer from an 
inevitable speed-vs-power tradeoff. 
Even devices at the 500-µA limit 
for inclusion in the table don't have 
unity gain x bandwidths greater 
than 2 MHz. Although PMI's OP421 
has a typical unity gain x bandwidth 
of 1. 9 MHz, that figure only applies 
for supply voltages of ± 15V. The 
device meets the 500-µA limit only 
if you operate it on ± 2.5V supplies. 
At these supply voltages, its 
gain x bandwidth falls to around 1.6 
MHz. The OP421 sells for $1.80 
(100). 

Micropower op amps with a maxi­
mum supply current of 250 µA typi­
cally achieve unity gain x 
bandwidths of around 1 MHz. If you 
require very low power consump­
tion and have to use op amps that 
draw only a few tens of microam­
peres from low-voltage supplies, 
you'll have to put up with unity 
gain x bandwidths of 100 kHz or 
less. EDN 

Article Interest Quotient 
(Circle One) 

High 518 Medium 519 Low 520 
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SIEMENS 

Multi-Channel optocouplers cut 
costs and save board space! 
Attention single channel 
optocoupler user! 
Our quad- and dual-channel devices, 
available in both phototransistor and 
photodarlington versions, offer these 
important benefits over single­
channel couplers! 
• Greater than 40% savings in 

PC board real estate 
• A 33% reduction in pin count­

reducing assembly time and costs. 
• Lower cost per channel 
• Reduced component count­

each Quad replaces 4 singles; 
each Dual replaces 2 singles­
increasing system reliability. 

• More closely matched current 
transfer ratios 

Siemens ... 

Siemens Multi-Channel Coupler Family 
Industry Standard Dual Quad 

CTR(%) Single Channel Channel Channel 

Type: Phototransistor 

20(Min) 4N25/4N26/I L 1 /HI IA2/AACT2 ILCT6/ILD1/AACT6 IL01 
10 4N27/4N28 ILCT6/ILD1 ILQ1 
50 IL5/HllA1 ILDS ILQS 

100 4N35/4N36/4N37 ILD2 ILQ2 
40,63,100& 160 CNY 17 Series ILD610-1, -2, -3, & -4 -
50,20& 100(1) HllAA3/HllAA1/HllAA4 I LD250/I LD251 /ID L252 -

Type: Darlington 

400 (TYP) (2) IL30/HllB3 ILD30 ILQ30 
400 (2) IL31/HllB2 ILD31 IL031 
400 (3) IL55 ILD55 ILQ55 
800 4N32 ILD32 ILQ32 
800 4N33 ILD33 IL033 

Footnotes: (1) bidirectional input; (2) BVcrn = 30V; (3) BVcrn = 55V 

Siemens Components, Inc. , 
Optoelectronics Division, 
19000 Homestead Road, 
Cupertino, CA 95014 
(408) 257-7910. 

Siemens National Distributors: 
Hall-Mark and Marshall 
Siemens Regional Distributors: Advent 
Electronics, Inc .. Almo Electronics, Insight 
Electronics, Quality Components, Summit 
and Western Microtechnology. 

your partner for the future. 
CIRCLE NO 153 
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TABLE 1-REPRESENTATIVE MICROPOWER OP AMPS 
MAXIMUM 

MAXIMUM INPUT 
OP AMPS SUPPLY- QUIESCENT SUPPLY MAXIMUM INPUT INPUT BIAS OFFSET 

PER VOLTAGE RANGE CURRENT PER OP AMP• OFFSET VOLTAGE CURRENT CURRENT 
MANUFACTURER TYPE NUMBER PACKAGE M (µA) (mV) (nA) (nA) 

ADVANCED LINEAR ALD1701G 300 MAX, FOR Vs= ± 2.5V 10 0.050 0.030 
DEVICES ALD1701 1 ±1 TO ±6 (ABS MAX) 250 MAX, 120 TYP FOR Vs= ± 2.5V 4.5 0.030 0.025 

ALD1701B 2 TO 12 (ABS MAX) 250 MAX, 120 TYP FOR Vs= ±2.5V 2 0.030 0.025 
ALD1701A 250 MAX, 120 TYP FOR Vs= ± 2.5V 0.9 0.030 0.025 

ALD1706G 50 MAX, 20 TYP FOR Vs= ±2.5V 10 0.050 0.030 
ALD1706 1 ± 1 TO ±6 (ABS MAX) 40 MAX, 20 TYP FOR Vs= ±2.5V 4.5 0.030 0.025 

ALD1 706B 2 TO 12 (ABS MAX) 40 MAX, 20 TYP FOR Vs= ± 2.5V 2 0.030 0.025 
ALD1706A 40 MAX, 20 TYP FOR Vs= ± 2.5V 0.9 0.030 0.025 

ALD2701 ± 1 TO ±6 (ABS MAX) 
250 MAX, 120 TYP FOR Vs= ±2.5V 10 0.050 0.030 

ALD2701B 2 2 TO 12 (ABS MAX) 
250 MAX, 120 TYP FOR Vs= ±2.5V 5 0.030 0.025 

ALD2701A 250 MAX, 120 TYP FOR Vs= ±2.5V 2 0.030 0.025 

ALD4701 ± 1 TO ±6 (ABS MAX) 
250 MAX, 120 TYP FOR Vs= ±2.5V 10 0.030 0.025 

ALD4701B 4 
2 TO 12 (ABS MAX) 

250 MAX, 120 TYP FOR Vs= ±2.5V 5 0.030 0.025 
ALD4701A 250 MAX, 120 TYP FOR Vs= ±2.5V 2 0.030 0.025 

ANALOG DEVICES AD548-J, -A, -S 200 MAX, 170 TYP 2 0.020 0.010 
AD548-K, -B, -T 1 ±4.5 TO ± 18 (ABS MAX) 200 MAX, 170 TYP 0.5 0.010 0.005 

AD548C 200 MAX, 170 TYP 0.25 0.010 0.005 

AD648-J, -A, -S 200 MAX, 170 TYP 2 0.020 0.010 
AD648-K, -B, -T 2 ±4.5 TO ±18 (ABS MAX) 200 MAX, 170 TYP 1 0.010 0.005 

AD648C 200 MAX, 170 TYP 0.3 0.010 0.005 

BURR-BROWN OPA21G 
1 ±2.5 TO ± 18 (ABS MAX) 

325 MAX 0.5 50 4 
OPA21E 230 MAX, 200 TYP 0.1 25 1 

OPA201-AG, -RG 1 500 MAX, 425 TYP 0.5 50 4 
OPA201-BG, -SG SEE ±2.5 TO ± 18 (ABS MAX) 500 MAX, 425 TYP 0.2 40 2 

OPA201CG COMMENT 500 MAX, 425 TYP 0.1 25 1 

HARRIS HA5141 1 150 MAX, 100 TYP 6 100 10 
80 MAX, 45 TYP FOR Vs=5V 

HA5142 2 ±1 .5 TO ±15 150 MAX, 100 TYP 6 100 10 
3 TO 30 80 MAX, 45 TYP FOR Vs=5V 

HA5144 4 150 MAX, 100 TYP 6 100 10 
80 MAX, 45 TYP FOR Vs= 5V 

HA5151 1 250 MAX, 200 TYP 3 250 50 
250 MAX, 200 TYP FOR Vs=5V 

HA5152 2 ±1.5 TO ±15 250 MAX, 200 TYP 3 250 50 
3 TO 30 250 MAX, 200 TYP FOR Vs=5V 

HA5154 4 250 MAX, 200 TYP 3 250 50 
250 MAX, 200 TYP FOR Vs= 5V 

LINEAR LT1078-M, -C 2 75 MAX, 47 TYP AT Vs=± 15V 0.35 10 0.35 
TECHNOLOGY 55 MAX, 39 TYP AT Vs=5V 0.12 10 0.35 

LT1078-AM, -AC 2 65 MAX, 46 TYP AT Vs= ±15V 0.25 8 0.25 
±0.9T0±15 50 MAX, 38 TYP AT Vs=5V 0.07 8 0.25 

LT1079-M, -C 4 1.8 TO 30 75 MAX, 47 TYP AT Vs= ±15V 0.35 10 0.35 
55 MAX, 39 TYP AT Vs=5V 0.15 10 0.35 

LT1079-AM, -AC 4 65 MAX, 46 TYP AT Vs= ±15V 0.25 8 0.25 
50 MAX, 38 TYP AT Vs=5V 0.10 8 0.25 

L T1178-M, -C 2 25 MAX, 17 TYP AT Vs=± 15V 0.48 6 0.35 
21 MAX, 14 TYP AT Vs =5V 0.12 6 0.35 

LT1178-AM, -AC 2 21 MAX, 16 TYP AT Vs= i15V 0.35 5 0.25 
±0.85 TO ± 15 18 MAX, 13 TYP AT Vs=5V 0.07 5 0.25 

LT1179-M, -C 4 1.7 TO 30 25 MAX, 17 TYP AT Vs= ±15V 0.48 6 0.35 
21 MAX, 14 TYP AT Vs=5V 0.15 6 0.35 

LT1179-AM, -AC 4 21 MAX, 16 TYP AT Vs=± 15V 0.35 5 0.25 
18 MAX, 13 TYP AT Vs=5V 0.10 5 0.25 

MAXIM ICL76-1 x D, -2x D 1, 2 15 0.050 0.030 

ICL76-1 x B, -2x B 1, 2 ± 1 TO ±8 
250 MAX, 100 TYP AT lset = 100 µ.A ; 

20 MAX, 10 TYP AT lset=10 µ.A 5 0.050 0.030 

ICL76-1 xA, -2x A 1, 2 
FOR Vs = ±5V FOR ALL GRADES 

2 0.050 0.030 

ICL76-3 x E, -4 x E 3, 4 20 0.050 0.030 
250 MAX, 100 TYP AT lset= 100 µ.A ; 

ICL76-3 xC, -4xC 3, 4 ± 1 TO ±8 22 MAX, 10 TYP AT lse1=10 µ.A 10 0.050 0.030 

ICL76-3xB, -4xB 3, 4 
FOR Vs= ±5V FOR ALL GRADES 

5 0.050 0.030 

MAX422C 500 MAX, 300 TYP 0.010 0.100 0.200 
MAX423C 1 ±2.5 TO ±16.5 500 MAX, 300 TYP 0.010 0.100 0.200 

MAX422-E, -M 500 MAX, 300 TYP 0.005 0.030 0.060 
MAX423-E, -M 500 MAX, 300 TYP 0.005 0.030 0.060 

MAX432-E 1 ± 2.5 TO ± 16.5 500 MAX, 300 TYP 0.010 0.100 0.200 
MAX432-C 500 MAX, 300 TYP 0.005 0.100 0.200 

NATIONAL LF441 1 250 MAX, 150 TYP 5 0.100 0.050 
SEMICONDUCTOR LF441A 1 ±5 TO ±18 (ABS MAX) 200 MAX, 150 TYP FOR Vs= ±20V 0.5 0.050 0.025 

LF442 2 250 MAX, 200 TYP 5 0.100 0.050 
LF442A 2 ± 5 TO ± 22 (ABS MAX) 200 MAX, 150 TYP FOR Vs= ±20V 1 0.050 0.025 
LF444 4 FOR A-SUFFIX VERSIONS 250 MAX, 200 TYP 10 0.100 0.050 

LF444A 4 200 MAX, 150 TYP FOR Vs= ±20V 5 0.050 0.025 

NOTES: 
1) THE TABLE LISTS OP AMPS THAT HAVE A MAXIMUM SUPPL y CURRENT SPECIFICATION OF 500 µ.A OR LESS AT 25°C. 
2) ALL LISTED SPECIFICATIONS ARE THOSE THAT APPLY FOR AN AMBIENT TEMPERATURE OF 25°C UNLESS OTHERWISE INDICATED. 
3) LISTED SPECIFICATION APPLIES FOR Vs = ± 15V UNLESS OTHERWISE STATED. 
4) PRICE LISTED IS FOR THE LOWEST GRADE DEVICE. 
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MINIMUM COMMON-MOOE MINIMUM OUTPUT- TYPICAL GAIN 
INPUT-VOLTAGE RANGE> VOLTAGE RANGE3 x BANDWIDTH> TYPICAL SLEW RATE3 PRICE• 

M M (kHz) (V/;<SEC) PACKAGE TYPES (100) COMMENTS 

+Vs 10 -Vs +Vs 10 -Vs 
700 FOR Vs= ±2.SV 0.7 FOR Vs= ±2.SV DIP-8, S0-8, DICE $1.55 
1000 FOR Vs= ±5V 1 FOR Vs= ±5V 

+Vs 10 -Vs +Vs 10 -Vs 
400 FOR Vs= ±2.SV 0.17 FOR Vs= ±2.5V DIP-8, S0-8, DICE $1 .89 
300 FOR Vs= ±1V 0.17 FOR Vs=± 1V 

+Vs 10 -Vs +Vs 10 -Vs 
700 FOR Vs= ±2.SV 0.7 FOR Vs= ±2.SV DIP-8, S0-14, DICE $1 .90 
1000 FOR Vs= ±5V 1FORVs=±5V 

+Vs 10 -Vs +Vs 10 - Vs 
700 FOR Vs= ±2.SV 0.7 FOR Vs= ±2.SV DIP14, S0-24 $3.63 
1000 FOR Vs= ±5V 1 FOR Vs=±5V 

± 11 ±12 1000 1.8 DIP-8, 10-99 $0.75 

± 11 ±12 1000 1.8 DIP-8, 10-99 $1 .25 

-12.5 10 +14.3 -13.710 +14 300 0.2 DIP-8 $325 

HAS TWO DIGITALLY SELECTABLE 
± 12.5 ±13.5 500 0.18 DIP-14 $4.05 DIFFERENTIAL INPUT STAGES FEED-

ING ONE OUTPUT STAGE 

± 10 
±10 SINGLE: DIP-8, 10-99 HA5141: 

0 10 3 FOR Vs=5V 
1.0 10 3.8 FOR 400 1.5 DUAL: DIP-8, 10-99 $4.05 

Vs=5V QUAD: DIP-14 

±10 
± 10 

6 
SINGLE: DIP-8, 10-99 HA5151: 

010 3 FOR Vs=5V 
1.0 10 3.2 FOR 1300 

4.5 FOR Vs=5V 
DUAL: DIP-8, 10-99 $4.05 

Vs=5V QUAD: DIP-14 

±13 
LT1078: 

-15 10 +13.5 010 4.2 FOR 200 FOR Vs =5V 
0.1 FOR Vs=± 15V DUALS: DIP-8, 10-5 $2.80 

0 10 3.5 FOR Vs =5V 
Vs=5V 

0.07 FOR Vs =5V QUADS: DIP-14 LT1079: 
$350 

±13 
LT1178: 

-15 10 +13.5 010 4.2 FOR 85 FOR Vs=± 15V 0.04 FOR Vs=± 15V DUALS: DIP-8, 10-5 $3.00 
0 10 3.5 FOR Vs =5V 

Vs=5V 
60 FOR Vs =5V 0.025 FOR Vs =5V QUADS: DIP-14 LT1179: 

$3.50 

ICL7612: -5.1 10 +5.3 
480 AT lset =100 ;<A 0.16 AT lset =100 ;<A ICL761x: 

SINGLES: AVAILABLE AS PROGRAM-
ICL7616-A, -B: -5.1 10 +3 SINGLES: DIP-8, 10-99 MABLE BIAS CURRENT AND FIXED 
ICL7616D: -5.1 10 +2.7 ±4.9 AT Vs= ±5V FOR Vs= ±5V FOR Vs= ±5V DUALS: DIP-8, DIP-14, 

$0.75 
100-;<A BIAS-CURRENT VERSIONS 

OTHERS: -4.0 m +4.2 AT 44 AT lset =10 ,.A 0.016 AT lset =10 ;<A 10-99 
ICL762x: DUALS: HAVE FIXED 100-;<A BIAS 

lset=100 ;<A FOR Vs= ±5V 
FORVs=±5V FOR Vs±5V $1 .20 CURRENT 

ICL7642: -4.0 m +4.4 
480 AT lset =100 ;<A 0.16 AT I set= 100 ;<A ICL763x: TRIPLES: HAVE PROGRAMMABLE 

FOR Vs= ±5V 
ICL7631, ICL7632: -4.0 10 ±4.9 AT Vs= ±5V FOR Vs= ±5V FOR Vs= ±5V TRIPLES: DIP-16 $1.89 BIAS CURRENT 

+4.2 AT lset =100 ;<A FOR 
44 AT lset =10 ;<A O.Q16 AT lset =10 ;<A QUADS: DIP-14 ICL764x: QUADS: AVAILABLE WITH FIXED 

Vs= ±5V 
FOR Vs= ±5V FORVs=±5V $1 .79 10-;<A OR 1-mA BIAS CURRENT 

MAX422: DIP-8, T0-99 MAX422: 

-1510 +12 ±14 125 0.125 MAX423: DIP-14, $4.95 CHOPPER STABILIZED 
S0-16, DICE MAX423: 

$5.45 

-15 10 +12 ±14 125 0.125 DIP-8 $6.22 
CHOPPER STABILIZED; REQUIRES 
NO EXTERNAL CAPAClmRS 

±11 SINGLES: DIP-8, S0-8, 
LF441 : 

±16 
10-99 

$0.50 
±11 

±12 1000 1 DUALS: DIP-8, 10-99 
LF442: 

± 16 $0.90 
± 11 

QUADS: DIP-14, S0-14, 
LF444: 

±16 
SMD-14 $1 .45 

KEY: 
•INDICATES A FIGURE THAT IS APPLICABLE OVER THE DEVICE'S FULL OPERATING TEMPERATURE RANGE 
ABS MAX =ABSOLUTE MAXIMUM MAX =MAXIMUM 
COM =COMMERCIAL TEMPERATURE RANGE MIL =MILITARY TEMPERATURE RANGE 
DIP-xx =DUAL-IN-LINE PACKAGE (xx DENOTES NUMBER OF PINS) SO-xx =SMALL OUTLINE SURFACE-MOUNT PACKAGE (xx DENOTES NUMBER OF 
FP-xx =FLAT PACK (xx DENOTES NUMBER OF LEADS) LEADS) 
IND =INDUSTRIAL TEMPERTURE RANGE SMD-xx =0.3-in.-WIDE SURFACE-MOUNT PACKAGE (xx DENOTES NUMBER OF LEADS) 
LCC-xx =LEADLESS CHIP CARRIER (xx DENOTES NUMBER OF LEADS) TYP =TYPICAL 

EDN April 27, 1989 125 



TABLE 1-REPRESENTATIVE MICROPOWER OP AMPS (CONTINUED) 

MAXIMUM 
MAXIMUM INPUT 

OP AMPS SUPPLY- QUIESCENT SUPPLY MAXIMUM INPUT INPUT BIAS OFFSET 
PER VOLTAGE RANGE CURRENT PER OP AMP3 OFFSET VOLTAGE CURRENT CURRENT 

MANUFACTURER TYPE NUMBER PACKAGE M (µA) (mV) (nA) (nA) 

NATIONAL LM146 ± 1.5 TO ± 22 (ABS MAX) 63 MAX, 35 TYP AT lset • 1 µA 5 20 -
SEMICONDUCTOR LM246 4 ± 1.5 TO ± 18 (ABS MAX) 75 MAX, 35 TYP AT lset• 1 µA 7 100 -
(CONTINUED) LM346 ± 1.5 TO ± 18 (ABS MAX) 75 MAX, 35 TYP AT lset • 1 µA 7 100 -

LM4250 100 MAX AT 'set• 10 µA 5 50 10 

1 ± 1 TO ± 18 (ABS MAX) 11 MAX AT lset • 1 µA 3 7.5 3 
LM4250C 100 MAX AT lset • 10 µA 6 75 20 

11 MAX AT l5e1•1 µA 5 10 6 

LP124 ± 1.5 TO ± 16 (ABS MAX) 32 MAX, 21 TYP AT Vs • 5V 2 4 1 
3 TO 32 (ABS MAX) 

LP324 
4 

± 1.5 TO ± 18 (ABS MAX) 38 MAX, 21 TYP AT V9 =5V 4 10 2 
3 TO 32 (ABS MAX) 

LP2902 ±1.5TO±13 (ABS MAX) 
3 TO 26 (ABS MAX) 

38 MAX, 21 TYP AT V9 =5V 4 20 4 

PRECISION OP20H 95 MAX, 60 TYP 1 40 4 
MONOLITHICS 70 MAX, 45 TYP FOR Vs= ±2.5V 

OP20.C, -G 1 ±2.5 TO ± 15 85 MAX, 57 TYP 0.5 30 2.5 
5 TO 30 55 MAX, 40 TYP FOR Vs= ±2.5V 

OP20-B, -F 80 MAX, 55 TYP 0.25 25 1.5 
63 MAX, 44 TYP FOR Vs= ±2.5V 

OP21G 420 MAX, 250 TYP 0.5 150 6 
300 MAX, 190 TYP FOR Vs= ±2.5V 

OP21-B, -F 
1 ±2.5 TO ±15 

360 MAX, 235 TYP 0.2 120 5 
230 MAX, 170 TYP FOR Vs = ±2.5V 

OP21-A, -E 300 MAX, 230 TYP 0.1 100 4 
275 MAX, 180 TYP FOR Vs= ±2.5V . OP22-H 210 MAX, 180 TYP AT lset•10 µA 1 50 3 

21MAX, 18 TYP AT lset•1 µA 1 10 3 
OP22-B, -F 

1 
±1.5TO ±15 190 MAX, 160 TYP AT 'set=10 µA 0.5 35 2 

3 TO 30 19 MAX, 16 TYP AT lset=l µA 0.5 7.5 2 
OP22-A, -E 170 MAX, 150 TYP AT lset=10 µA 0.3 30 1 

17 MAX, 15 TYP AT lset=1 µA 0.3 5 1 

OP32G 200 MAX, 150 TYP AT lset = 10 µA 1 50 3 
21 MAX, 15 TYP AT 1591= 1 µA 1 10 3 

OP32-B, -F 
1 ±1 .5T0±15 190 MAX, 150 TYP AT lse1=10 µA 0.5 35 2 

3 TO 30 19 MAX, 15 TYP AT 1591=1 µA 0.5 7.5 2 
OP32-A, -E 170 MAX, 150 TYP AT 'set=10 µA 0.3 35 2 

17 MAX, 15 TYP AT lse1=1 µA 0.3 5 2 

OP220-C, -G 110 MAX, 103 TYP 0.75 30 3.5 
67.5 MAX, 62.5 TYP FOR Vs= ± 2.5V 0.75 30 3.5 

OP220-B, -F 2 ±2.5 TO ± 15 95 MAX, 75 TYP 0.3 25 2 
5 TO 30 62.5 MAX, 57.5 TYP FOR Vs= ± 2.5V 0.3 25 2 

OP220-A, -E 85 MAX, 70 TYP 0.15 20 1.5 
57.5 MAX, 50 TYP FOR Vs= ±2.5V 0.15 20 1.5 

OP221.C, -G 450 MAX, 425 TYP 0.5 120 7 
325 MAX, 275 TYP FOR Vs = ± 2.5V 0.5 120 7 

OP221-B, -F 
2 

±2.5 TO ± 15 425 MAX, 400 TYP 0.3 100 5 
5 TO 30 300 MAX, 250TYP FOR Vs=±2.5V 0.3 100 5 

OP221-A, -E 400 MAX, 300 TYP 0.15 80 3 
275 MAX, 225 TYP FOR Vs = ± 2.5V 0.15 80 3 

OP420H 150 MAX, 98 TYP 6 40 6 
100 MAX, 50 TYP FOR Vs= ±2.5V 6 40 6 

OP420-C, -G 4 ±2.5 TO ± 15 115 MAX, 90 TYP 4 30 2.5 
5 TO 30 75 MAX, 42.5 TYP FOR Vs = ± 2.5V 4 30 2.5 

OP420-B, -F 90 MAX, 83 TYP 2.5 20 1.5 
50 MAX, 35 TYP FOR Vs = ±2.5V 2.5 20 1.5 

OP421H 500 MAX, 225 TYP FOR Vs= ± 2.5V 6 150 20 

OP421.C, -G 4 ±2.5TO ±15 375 MAX, 175 TYP FOR Vs=±2.5V 4 80 10 

OP421-B, -F 5 TO 30 450 MAX, 300 TYP 2.5 50 5 
250 MAX, 150 TYP FOR Vs = ±2.5V 2.5 50 5 

OP90G 
± 0.8 TO ± 18 (ABS MAX) 20 MAX, 14 TYP 0.45 25 5 

OP90F 1 1.6 TO 36 (ABS MAX) 15 MAX, 9 TYP FOR Vs= ±1 .5V 0.25 20 5 
OP90-A, -E FOR ALL GRADES 0.15 15 3 

OP290G 
±0.8 TO ± 18 (ABS MAX) 20 MAX, 12.5 TYP 0.5 25 5 

OP290F 2 15 MAX, 9.5 TYP FOR Vs=± 1.5V 0.3 20 5 
OP290-A, -E 1.6 TO 36 (ABS MAX) 

FOR ALL GRADES 0.2 15 3 

OP490G 
±0.8 TO ±18 (ABS MAX) 20 MAX, 15 TYP 1 25 5 

OP490F 4 15 MAX, 10 TYP FOR Vs= ±1 .5V 0.75 20 5 
OP490-A, -E 1.6 TO 36 (ABS MAX) 

FOR ALL GRADES 0.5 15 3 

SGS-THOMSON TS271 200 MAX, 150 TYP AT lset=25 µA , 10 0.15 • 0.1 
MICROELECTRONICS TS271 -1, -M 

4 TO 10 Vs= 10V 10 0.3 0.2 . 
1 TS271A 15 MAX, 10 TYP AT lset • 1.5 µA, 5 0.15 • 0.1 . 

TS271B Vs = 10V FOR ALL GRADES 2 0.15 • 0.1 . 
SIEMENS TAE1453 1 

400 MAX, 250 TYP FOR SEE ± 1 TO ± 18 (ABS MAX) 5.5 150 15 
COMMENT Vs = ±5V TO ±15V 

NOTES: 
1) THE TABLE LISTS OP AMPS THAT HAVE A MAXIMUM SUPPLY.CURRENT SPECIFICATION OF 500 µA OR LESS AT 25°C. 
2) ALL LISTED SPECIFICATIONS ARE THOSE THAT APPLY FOR AN AMBIENT TEMPERATURE OF 25°C UNLESS OTHERWISE INDICATED. 
3) LISTED SPECIFICATION APPLIES FOR Vs=± 15V UNLESS OTHERWISE STATED. 
4) PRICE LISTED IS FOR THE LOWEST GRADE DEVICE. 
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MINIMUM COMMON-MODE MINIMUM OUTPUT- TYPICAL GAIN 
INPUT-VOLTAGE RANGE• VOLTAGE RANGE• x BANDWIDTH' TYPICAL SLEW RATE• PRICE• 

M M (kHz) (V/l'SEC) PACKAGE TYPES (100) COMMENTS 

LM146: $500 
± 13.5 ±12 100 0.04 DIP-16 LF246: $300 PROGRAMMABLE BIAS CURRENT 

LM346: $1.25 

±13.5 ±12 200 AT lset=10 ~ 0.2 AT lset=10 ~ DIP-8, S0-8 $1.20 Fl)LLY SPEC'D FOR Vs= ±1.SV 
±0.6 FOR Vs= ±1.SV ±0.6 FOR 70 AT lset=1 ~ 0.03 AT lset=1 ~ 

Vs= ±1.SV 

LP124: DIP-14 
LP124: $2.75 

-Vs TO (+Vs-1.5) 
0.8 TO 3.4 FOR 

100 FOR Vs=SV 0.05 FOR Vs =5V LP324: DIP-14, S0-14 
LP324: $0.57 

Vs=5V LP2902: 
LP2902: DIP-14, S0-14 

$0.75 

-15 TO +13.5 
±14.t 

0 TO 3.5 FOR Vs=5V 
0.7 TO 4.1 FOR 100 0.05 DIP-8, T0-99, DICE $3.20 

Vs=5V 

-14.5 TO +13.5 -13.7 TO +13.9 600 0.25 DIP-8, T0-99, DICE $2.50 

±13.5, ±0.75 
FOR Vs=± 1.5 

-15 TO +13.5 ±14, ±0.8 250 AT lset=10 µA 0.08 AT lset =10 µA 
DIP-8, T0-99, DICE $2.50 PROGRAMMABLE BIAS CURRENT 

0 TO 3.5 FOR Vs =5V FOR Vs=± 1.SV 15 AT l5e1=1 µA 0.008 AT I set = 1 µA 
±14, ±0.8 

FOR Vs= ±1.SV 

±13.8, ±0.75 
FOR Vs = ±1.SV 

-15TO +13.5 
± 14, ±0.8 -1000 AT l5e1 =10 µA -0.6 AT lse1 =10 µA DIP-8, DICE $2.25 PROGRAMMABLE BIAS CURRENT 

FOR Vs=± 1.5V 100 AT lset =1 µA -0.06 AT lset =1 µA 
±14, ±0.8 

FOR Vs = ± 1.5V 

±14, 0.8 TO 4 
FOR Vs=5 

-15 TO +13.5 ±14, 0.7T04 
200 0.05 DIP-8, T0-99, DICE $3.50 

0 TO 3.5 FOR Vs =5V FOR V5 =5V 
±14, 0.7 TO 4 
FOR V5 =5V 

± 13.5, 0.8 TO 4 
FOR Vs=5V 

-15 TO +13.5 ± 13.8, 0.7 TO 4.1 
600 0.3 DIP-8, T0-99, DICE $3.50 0 TO 3.5 FOR V5 =5V FOR V5 =5V 

± 13.8, 0.7 TO 4.1 
FOR V5 =5V 

± 13.8, 0.9 TO 3.8 

-15 TO +13.5 
FOR V5 =5V 

0 TO 3.5 FOR V5 =5V 
±14, 0.8 TO 4 

150 0.05 DIP-14, LCC-20, DICE $1.80 
FOR V5 =5V 

±14, 0.7 TO 4.1 
FOR V5 =5V 

0.9 TO 3.8 FOR 

-15 TO +13.5 
V5 =5V, 0.8 TO 3.9 

0 TO 3.5 FOR V5 =5V FOR V5 =5V 1900 0.5 DIP-14, DICE $1.80 
± 14, 0.7 TO 4 
FOR V5 =5V 

-15 TO +13.5 
±14 

0 TO 4 FOR V5 =5V 
OT04FOR 25 0.012 DIP-8, DICE $1 .65 

V5 =5V 

-15 TO +13.5 
± 13.5 

0 TO 4 FOR Vs=5V 
OT04 FOR 20 0.012 DIP-8, S0-16, LCC-20, $2.50 

V5 =5V DICE 

-15 TO +13.5 
±13.5 

DIP-14, S0-16, LCC-28, 
OT04FOR 20 0.012 $3.30 

0 TO 4 FOR V5 =5V 
V5 =5V 

DICE 

0 TO 9 
8.7 AT lset =25 µA 700 AT lse1 =25 µA 0.6 AT lse1 =25 µA DIP-8, S0-8 

$0.29 
PROGRAMMABLE OP AMP 

8.8 AT lse1 =1.SµA 100 1'f l5e1=1.SµA 0.04 AT lse1 =1.SµA (1000) 

AVAILABLE AS DUAL AND QUAD OP 
(-V5 -0.2) 10 (+V5 -1.8) -14.710 +14.9 - 1.0 DIP-6, S0-6 DM 1.40 AMPS WITH A SUPPLY CURRENT OF 

750 µA MAXIMUM PER OP AMP 

KEY: 
•INDICATES A FIGURE THAT IS APPLICABLE OVER THE DEVICE'S FULL OPERATING TEMPERATURE RANGE 
ABS MAX=ABSOLUTE MAXIMUM MAX =MAXIMUM 
COM =COMMERCIAL TEMPERATURE RANGE MIL =MILITARY TEMPERATURE RANGE 
DIP-xx =DUAL-IN-LINE PACKAGE (xx DENOTES NUMBER OF PINS) SQ.xx =SMALL OUTLINE SURFACE-MOUNT PACKAGE (xx DENOTES NUMBER OF 
FP-xx =FLAT PACK (xx DENOTES NUMBER OF LEADS) LEADS) 
IND = INDUSTRIAL TEMPERATURE RANGE SMD-xx =0.3-in.-WIDE SURFACE-MOUNT PACKAGE (xx DENOTES NUMBER OF LEADS) 
LCC-xx = LEADLESS CHIP CARRIER (xx DENOTES NUMBER OF LEADS) TYP =TYPICAL 
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TABLE 1- REPRESENTATIVE MICROPOWER OP AMPS (CONTINUED) 

MAXIMUM 
MAXIMUM INPUT 

OP AMPS SUPPLY· QUIESCENT SUPPLY MAXIMUM INPUT INPUT BIAS OFFSET 
PER VOLTAGE RANGE CURRENT PER OP AMP3 OFFSET VOLTAGE CURRENT CURRENT 

MANUFACTURER TYPE NUMBER PACKAGE M (µA) (mV) (nA) (nA) 

SIEMENS TAF1453 1 
350 MAX, 250 TYP FOR 

(CONTINUED) SEE ± 1 TO ± 18 (ABS MAX) 
Vs=±5VTO ±15V 

4 100 10 
COMMENT 

SILICON IX 
L144C 133 MAX 10 250 70 

LF144-A, -B 
3 ±1 .5TO ±15 

117 MAX 5 200 50 

TELEDYNE TSC900B 0.0005 
SEMICONDUCTOR TSC900A 

1 ±2.25 TO ±8 400 MAX AT Vs= ±5V 0.015 0.080 TYP 
200 MAX, 140 TYP AT Vs= ±5V 0.005 0.050 0.0005 

TYP 

TEXAS TLC251C 
INSTRUMENTS TLC251AC 20 MAX, 10 TYP AT LOW BIAS; 10 o.600· 0.300 • 

TLC251BC 1 1.4 TO 16 300 MAX, 150 TYP AT MEDIUM BIAS 5 o.600· 0.300 • 
FOR Vs=10V FOR ALL GRADES 2 0.600' 0.300 • 

TLC25L-2C, -4C 
20 MAX, 10 TYP FOR Vg.=10V; 10 0.600' 0.300 TLC25L-2AC, -4AC 

TLC25L-2BC, -4BC 
2, 4 1.4 TO 16 2 TYP FOR Vs=1 .4V 5 0.600· 0.300 

FOR ALL GRADES 2 0 .600· 0.300 

TLC25M-2C, -4C 
300 MAX, 150 TYP FOR Vs=10V; 10 0.600' 0 .300 • 

TLC25M-2AC, -4AC 
TLC25M-2BC, -4BC 

2, 4 1.4 TO 16 2 TYP FORVs=1.4V 5 o.600· 0 .300 • 
FOR ALL GRADES 2 o.600· 0.300 • 

TLC271C 
10 0.600· 0.300 

TLC271AC 300 MAX, 143 TYP AT MEDIUM BIAS; 
5 0.600· 0.300 

TLC271BC 
3 TO 16 FOR C-SUFFIX 

23 MAX, 14 TYP AT LOW BIAS 
2 0.600· 0.300 

TLC2711 1 
GRADES 

FOR Vs=10V 
10 2 . 1 

TLC271AI 
4 TO 16 FOR I- AND M-

280 MAX, 105 TYP AT MEDIUM BIAS; 
5 2 1 TLC271BI 

SUFFIX GRADES 
17 MAX, 10 TYP AT LOW EIAS 

2 2 1 TLC271M FOR Vs=5V FOR ALL GRADES 
10 35 15 

TLC27L-2C, -4C 10 o.soo· 0.300· 
TLC27L-2AC, -4AC 

3 TO 16 FOR C-SUFFIX 5 o.soo· 0.300· 
TLC27L-2BC, -4BC 

GRADES 
23 MAX, 14.5 TYP FOR Vs= 10V 2 o.soo· 0 .300· 

TLC,27L-21, -41 2, 4 17 MAX, 9.5 TYP FOR Vs=5V 10 2 1 . 
4 TO 16 FOR 1- AND M-

TLC27L-2AI, -4AI 
SUFFIX GRADES 

FOR ALL GRADES 5 2 1 
TLC271.-2BI, -4BI 2 2 1 
TLC27l-2M, -4M 10 35 15 

TLC27L· 7C, -9C 
0.8 FOR Vs= 10V o.600· 0.300 • 

TLC27L-71, -91 2, 4 
3 TO 16 i=OR C-SUFFIX 

23 MAX, 14.5 TYP FOR Vs=10V 0.5 FOR Vs=5V o.600· 0 .300 • 
GRADES 

17 MAX, 9.5 TYP FOR Vs=5V 
0.8 FOR Vs=10V 2 1 

4 TO 16 FOR I- AND M- 0.5 FOR Vs=5V 2 1 TLC27L-7M, -9M 
SUFFIX GRADES 

FOR ALL GRADES 
0.8 FORVs = 10V 35 15 . 
0.5 FOR Vs=5V 35 15 

TLC27M-2C, -4C 10 o.600· 0 .300 
TLC27M-2AC, -4AC 

3 TO 16 FOR C-SUFFIX 5 o.600· 0 .300 • 
TLC27M-2BC, -4BC 

GRADES 
300 MAX, 143 TYP FOR Vs=10V 2 0.600' 0 .300 • 

TLC27M-21, -41 2, 4 
4 TO 16 FOR I- AND M-

280 MAX, 105 TYP FOR Vs=5V 10 2 1 
TLC27M-2AI, -4AI 

SUFFIX GRADES 
FOR ALL GRADES 5 2 1 

TLC27M-2BI, -4BI 2 2 1 . 
TLC27M-2M, -4M 10 35 15 

TLC27M-7C, -9C 
0.8 FOR Vs= 10V o.600· 0.300 

TLC27M-71, -91 2, 4 
3 TO 16 FOR C-SUFFIX 

300 MAX, 143 TYP FOR Vs=10V 
o.5 FOR vs ~ 5v o.600· 0 .300 

GRADES 
280 MAX, 105 TYP FOR Vs = 5V 

0.8 FOR Vs=10V 2 1 

TLC27M-7M, -9M 
4 TO 16 FOR I- AND M-

FOR ALL GRADES 0.5 FOR Vs = 5V 2 1 
SUFFIX GRADES 0.8 FOR Vs " 10V 35 15 

0.5 FOR Vs=5V 35 15 

TL03-1C, -2C 1, 2 1.5 FOR Vs= ±15V 0.2 0.1 
3.5 FOR Vs= ±5V 0.2 0.1 

TL03-1AC, -2AC 1, 2 0.8 FOR Vs=± 15V 0.2 0.1 
2.8 FOR Vs= ±5V 0.2 0.1 

TL03-11, -21 1, 2 
280 MAX, 217 TYP 1.5 FOR Vs=± 15V 0.2 0.1 

±5 TO ±15 250 MAX, 192 TYP FOR Vs= ±5V 3.5 FOR Vs= ±5V 0.2 0.1 
TL03-1 Al , -2AI 1, 2 

FOR ALL GRADES 0.8 FOR Vs=± 15V 0.2 0.1 
2.8 FOR Vs= ±5V 0.2 0.1 

TL034-C, -I 4 4 FOR Vs = ±15V 0.2 0.1 
6 FOR Vs= ±5V 0.2 0.1 

TL034-AC, -Al 4 1.5 FOR Vs=± 15V 0.2 0.1 
3.5 FOR Vs=±5V 0.2 0.1 

TLC1078C 2 0.6 FOR Vs= 10V o.600· 0.300 • 
0.45 FOR Vs =5V o.600· 0.300 • 

TLC10781 2 1.4 TO 16 FOR C-SUFFIX 
23 MAX, 14.5 TYP FOR Vs=10V 0.6 FOR Vs=10V 2 1 

GRADES 
17 MAX, 9.5 TYP FOR Vs = 5V 0.45 FOR Vs=5V 2 .. 1 

TLC1079C 4 3 TO 16 FOR I-SUFFIX 
FOR ALL GRADES 1.15 FOR Vs= 10V o.600· 0.300 • 

GRADES 0.85 FOR Vs=5V o.600· 0.300 
TLC10791 4 1.15 FOR Vs = 10V 2 . 1 

0.85 FOR Vs=5V 2 . 1 

NOTES: 
1) THE TABLE LISTS OP AMPS THAT HAVE A MAXIMUM SUPPLY-CURRENT SPECIFICATION OF 500 µA OR LESS AT 25°C. 
2) ALL LISTED SPECIFICATIONS ARE THOSE THAT APPLY FOR AN AMBIENT TEMPERATURE OF 25°C UNLESS OTHERWISE INDICATED. 
3) LISTED SPECIFICATION APPLIES FOR Vs=± 15V UNLESS OTHERWISE STATED. 
4) PRICE LISTED IS FOR THE LOWEST GRADE DEVICE. 
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MINIMUM COMMON-MODE MINIMUM OUTPUT- TYPICAL GAIN 
INPUT-VOLTAGE RANGE> VOLTAGE RANGE> x BANDWIDTH> TYPICAL SLEW RATE' PRICE• 

M M (kHz) (V/µSEC) PACKAGE TYPES (100) COMMENTS 

AVAILABLE AS DUAL AND QUAD OP 
(-Vs-0.3) 10 (+V8 -15) -14.710 +14.9 - 1.0 DIP-8, S0-8 DM 2.00 AMPS WITH A SUPPLY CURRENT 

OF 750 µA MAXIMUM PER OP AMP 

PROGRAMMABLE BIAS CURRENT 
±12 ±10 600 0.4 DIP-14, FP-14 $15.90 (FIGURES QUOTED ARE FOR AN 

Rset=3!l) 

-510 +15 FOR Vs= ±5V 
-4.9 10 +3.9 FOR 

700 FOR Vs• ±5V 0.2 DIP-8, DIP-14 $2.17 CHOPPER STABILIZED 
Vs= ±5V 

I 

010 8 FOR 
100 AT LOW BIAS 

0.04 AT LOW BIAS 
-0.2 10 +9 FOR Vs =1CN V5 =1CN 

SETTING 
SETTING THREE PROGRAMMABLE BIAS 

700 AT MEDIUM DIP-8, S0-8 $1.88 
010 0.2 FOR Vs=1 .4V 0 10 0.45 FOR 

BIAS SETTING FOR 
0.6 AT MEDIUM BIAS CURRENT SETTINGS 

V5 =1.4V 
V5 =1CN 

SETTING 

0108FOR TLC25L2: 
-0.210 +9 FOR V5 =1CN Vs=1CN 100 FOR Vs =1CN 0.04 FOR Vs =1CN DUALS: DIP-8, S0-8 $3.13 

0 to 0.2 FOR Vs =1 .4V 0 10 0.45 FOR 12 FOR V5 =1 .4V 0.001 FOR Vs = 1.4V QUADS: DIP-14, S0-14 TLC25L4: 
Vs=1.4V $5.21 

0108FOR TLC25M2: 
-0.2 10 +9 FOR Vs =1CN Vs=1CN 700 FOR Vs=1CN 0.6 FOR Vs=1CN DUALS: DIP-8, S0-8 $3.13 
0 10 0.2 FOR Vs =1.4V 010 0.45 FOR 12 FOR Vs=1.4V 0.001 FOR Vs =1.4V QUADS: DIP-14, S0-14 TLC25M4: 

V5 =1 .4V $5.21 

-0.210 +9 FOR Vs=1CN 
635 AT MEDIUM 0.62 AT MEDIUM BIAS 

BIAS FOR Vs=1CN FOR Vs=10V 
-0.2 10 +4 FOR Vs= 5V 

0.05 TO 8 FOR 110 AT LOW BIAS 0.05 AT LOW BIAS 
FOR COM (-C) AND 

Vs=1CN FOR Vs=1CN FOR Vs=1CN THREE PROGRAMMABLE BIAS 
IND (-1) GRADES DIP-8, S0-8, LCC-20 $0.47 

0 10 9 FOR Vs=10V 
0.05 10 3.2 FOR 525 AT MEDIUM 0.43 AT MEDIUM BIAS SETTINGS 

Vs=5V BIAS FOR Vs=5V FOR V5 =5V 
010 4 FOR Vs=5V 85 AT LOW BIAS 0.03 AT LOW BIAS 

FOR MIL (-M) GRADES 
FOR Vs=5V FOR V5 =5V 

-0.2 ·ro +9 FOR Vs =1CN 
-0.2 TO +4 FOR V 5 =5V 0.05 TO 8 FOR DUALS: DIP-8, S0-8, TLC27L2: 

FOR COM (-C) AND 
V5 =10V 110 FOR V5 =1CN 0.05 FOR Vs =1CN LCC-20 $0.77 

IND (-I) GRADES 
010 9 FOR Vs=1CN 

0.05 10 3.2 FOR 85 FOR V5 =5V 0.03 FOR V 5 =5V QUADS: DIP-14, S0-14, TLC27L4: 

0 10 4 FOR V5 =5V Vs=5V LCC-20 $1 .25 

FOR MIL (-M) GRADES 

-0.210 +9 FOR Vs=10V 
-0.210 +4 FOR V5 =5V 

0.0510 8 FOR DUALS: DIP-8, S0-8, TLC27L7: FOR COM (-C) AND 
Vs=1CN 110 FOR Vs=10V 0.05 FOR V5 =10V LCC-20 $159 

IND (-1) GRADES 
010 9 FOR V5 =10V 

0.05 10 3.2 FOR 85 FOR Vs=5V 0.03 FOR Vs =5V QUADS: DIP-14, S0-14, TLC27L9: 

0 10 4 FOR Vs=5V 
V5 =5V LCC-20 $2.61 

FOR MIL (-M) GRADES 

-0.210 +9 FOR V5 =10V 
-0.2 10 +4 FOR Vs =5V 

0.05 TO 8 FOR DUALS: DIP-8, S0-8, TLC27M2: FOR COM (-C) AND 
Vs=10V 635 FOR V5 =10V 0.62 FOR V5 =10V LCC-20 $0.77 IND (-1) GRADES 

0 10 9 FOR Vs =1CN 
0.05 10 3.2 FOR 525 FOR V 5 =5V 0.43 FOR Vs =5V QUADS: DIP-14, S0-14, TLC27M4: 

010 4 FOR Vs=5V Vs=5V LCC-20 $1.25 

FOR MIL (-M) GRADES 

-0.210 +9 FOR Vs=10V 
-0.2 10 +4 FOR Vs =5V 

0.0510 8 FOR DUALS: DIP-8, S0-8, TLC27M7: 
FOR COM (-C) AND 

Vs=10V 635 FOR Vs =10V 0.62 FOR Vs =10V LCC-20 $159 
IND (-1) GRADES 

010 9 FOR Vs=10V 
0.05 10 3.2 FOR 525 FOR Vs =5V 0.43 FOR Vs =5V QUADS: DIP-14, S0-14, TLC27M9: 

0 10 4 FOR Vs=SV V5 =5V LCC-20 $2.61 

FOR MIL (-M) GRADES 

SINGLES: DIP-8, S0-8, TL031: 

- 11510 +14 1100 FOR 
LCC-20 $057 

-1510 +4 FOR 
12510 +13 

Vs= ±15V 
2.9FORV5 =±15V DUALS: DIP-8, S0-8, TL032: 

±3 FOR Vs=5V 2 FOR Vs= ±5V LCC-20 $0.77 
Vs=±5V 1000 FOR Vs= ±5V QUADS: DIP-14, S0-14, TL034: 

LCC-20 $1.42 

0.025 10 8.2 FOR DUALS: DIP-8, S0-8, TLC1078: 
-0.210 +9 FOR V5 =10V Vs=10V 110 FOR Vs =10V 0.047 FOR Vs =10V LCC-20 $2.76 
-0.2 10 +4 FOR Vs =5V 0.025 10 3.2 FOR 85 FOR V5 =5V 0.032 FOR V 5 =5V QUADS: DIP-14, S0-14, TLC1079: 

Vs=5V LCC-20 $4.01 

KEY: 
"INDICATES A FIGURE THAT IS APPLICABLE OVER THE DEVICE'S FULL OPERATING TEMPERATURE RANGE 
ABS MAX =ABSOLUTE MAXIMUM MAX =MAXIMUM 
COM =COMMERCIAL TEMPERATURE RANGE MIL =MILITARY TEMPERATURE RANGE 
DIP-xx =DUAL-IN-LINE PACKAGE (xx DENOTES NUMBER OF PINS) SO-xx =SMALL OUTLINE SURFACE-MOUNT PACKAGE (xx DENOTES NUMBER OF 
FP-xx =FLAT PACK (xx DENOTES NUMBER OF LEADS) LEADS) 
IND =INDUSTRIAL TEMPERATURE RANGE SMD-xx =0.3-in.-WIDE SURFACE-MOUNT PACKAGE (xx DENOTES NUMBER OF LEADS) 
LCC-xx =LEADLESS CHIP CARRIER (xx DENOTES NUMBER OF LEADS) TYP =TYPICAL 
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You tho~ht you'd have it 
made in the shade by 

designing around the 38bSx:· 

You expected more. 

Get The Performance 
You Need From The 
Harris 80C286. 

With Harris, 
you get what 

you expect from 
the 80C286: speed, 

low power, reliable oper­
ation and fast delivery. 

Our 80C286 provides 
the extra performance you 
need (details are in our 
Application Note 111). 
For example, at 16MHz, 
our 80C286 can outper­
form the 80386SX by up 
to 25 % when executing 
8086 and 80286 code -

the industry 's largest base 
of installed software. At 
20MHz, there's no com­
parison - there is no 
20MHz 80386SX. 

And that's another 
key to processor selection 
- a growth path for the 
future. Our 80C286 offers 
you a wide performance 
range - from 12.SMHz to 
16MHz through 20MHz 
and on to 25MHz - so 

you can migrate simply 
and smoothly when you 
want additional through­
put. And it's available 
today, not in six or twelve 
months. 

Another measure of 

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

So hang on to your 
hardware and software 
investment. Send for our 
technical information 
outlining all the 80C286's 
performance advantages. 
For top performance and 
reduced system cost, move 

CIRCLE NO 67 

to the fastest 286 yet - the 
Harris 80C286. 

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

A,.,. · NOT __ _.. 

- =- 11oc2•• 
·---;: .. - ~·":' 

What your vision of the 
future demands. Today. 

m HARRIS \&I SEMICONDUCTOR 

HARRIS RCI GE INTERSIL 



LEADTIME INDEX 
Percentage of respondents 

<;, 
;s;. 

<;, 
;s;. 

~ 
% 

~ 
% 

~ ~ 
~.., 

~ ~ 
.,,, 

IS' ~ ~ ':S. 
IS' ~ ~ ':S. 

,; 
~ ~ <& 

Ill ,; 
~ ~ <& 

Ill 

\ il' ~ 'i"\ 'i~'c. \ il' ~ 'i"\ 'i~'c. 
\ \ i<. \ i<. i<. i<. i<. ~ i<. 

~ ~ i \\\\ ~ ~ ~ ~ ~ ~ ~~\\ 
ITEM ~ \ \ '1J. \ '1J. ::;1(0 ::;1!0 ITEM ~ '1J. '1J. '1J. '1J. '1J. ::;1(0 ::;1!0 

TRANSFORMERS . Dry reed 0 37 25 38 0 0 8.9 9.9 

Toroidal 0 17 66 17 0 0 8.4 11.0 Mercury 0 0 25 75 0 0 13.6 8.4 

Pot-Core 8 8 53 23 8 0 10.0 11.0 Solid state 0 50 0 50 0 0 9.2 9.7 

Laminate (power) 0 15 62 23 0 0 8.9 7.9 DISCRETE SEMICONDUCTORS 
CONNECTORS Diode 28 20 32 20 0 0 6.2 5.7 

Military panel 33 0 33 17 17 0 9.6 9.6 Zener 22 26 17 35 0 0 7.5 5.8 

FlaVCable 18 35 35 12 0 0 5.7 6.3 Thyristor 13 25 25 37 0 0 8.4 5.4 

Multi-pin circular 22 0 56 22 0 0 7.8 6.9 Small signal transistor 21 21 16 42 0 0 8.4 6.2 

PC (2-piece) 8 33 33 26 0 0 7.6 5.3 MOSFET 20 13 40 27 0 0 7.7 7.2 

RF/Coaxial 11 33 33 23 0 0 7.1 5.7 Power, bipolar 8 25 42 25 0 0 7.9 6.3 

Socket 12 41 35 12 0 0 5.8 4.3 INTEGRATED CIRCUITS, DIGITAL 
Terminal blocks 7 20 53 20 0 0 7.9 5.4 Advanced CMOS 15 15 40 30 0 0 8.2 5.5 

Edge card 7 40 40 13 0 0 6.4 5.2 CMOS 23 14 45 18 0 0 6.8 6.2 

D-Subminiature 6 50 31 13 0 0 5.9 4.6 TIL 35 13 35 17 0 0 5.8 4.5 

Rack & panel 10 30 40 20 0 0 7.1 5.5 LS 36 23 27 14 0 0 5.0 4.9 

Power 9 27 45 19 0 0 7.3 5.6 INTEGRATED CIRCUITS, LINEAR 
PRINTED CIRCUIT BOARDS Communication/Circuit 20 0 40 30 10 0 10.3 6.7 

Single sided 5 42 42 11 0 0 6.3 5.1 OP amplifier 14 8 57 21 0 0 8.0 6.6 

Double sided 0 38 54 8 0 0 6.6 6.2 Voltage regulator 19 25 37 19 0 0 6.6 5.9 

Multi-layer 0 17 66 17 0 0 8.4 8.8 MEMORY CIRCUITS 
Prototype 8 75 17 0 0 0 3.6 3.9 DRAM 16K 18 18 10 45 9 0 10.6 12.3 

RESISTORS DRAM 64K 9 18 18 45 10 0 11.5 14.3 

Carbon film 30 35 35 0 0 0 3.8 3.4 DRAM 256K 8 17 25 42 8 0 11 .0 14.8 

Carbon composition 30 26 35 9 0 0 4.9 4.5 DRAM 1M-bit 9 10 27 45 9 0 11.7 14.8 
Metal film 26 30 39 5 0 0 4.7 3.5 SRAM 4K x 4 10 10 30 40 10 0 11 .4 12.4 
Metal oxide 0 38 54 8 0 0 6.6 3.1 SRAM SK x 8 8 0 31 38 15 8 14.6 15.4 
Wirewound 20 20 55 5 0 0 5.7 4.0 SRAM 2K x 8 11 0 11 78 0 0 12.9 14.5 
Potentiometers 5 41 36 18 0 0 6.8 5.9 ROM/PROM 8 9 50 33 0 0 9.3 11 .4 

Networks 20 40 35 5 0 0 4.7 4.7 EPROM 64K 6 19 37 38 0 0 9.4 10.7 

FUSES 14 36 50 0 0 0 5.0 3.0 EPROM 256K 14 7 43 29 7 0 9.9 10.8 

SWITCHES EPROM 1M-bit 0 0 29 57 14 0 14.7 12.0 

Pushbutton 17 28 44 11 0 0 6.0 4.6 EEPROM 16K 10 0 50 30 10 0 11 .1 11.4 

Rotary 6 41 41 12 0 0 6.3 5.9 EEPROM 64K 0 8 31 53 8 0 12.9 12.9 

Rocker 6 47 41 6 0 0 5.6 5.8 DISPLAYS 
Thumbwheel 10 20 50 20 0 0 7.6 5.4 Panel meters 0 13 49 38 0 0 10.1 4.5 

Snap action 7 27 46 13 7 0 8.2 6.3 Fluorescent 0 17 17 49 17 0 13.7 6.6 

Momentary 6 44 44 6 0 0 5.7 5.8 CRT 12-inch monochrome 11 23 22 44 0 0 9.2 7.0 

Dual-in-line 9 45 36 10 0 0 5.7 5.2 LED 23 31 31 15 0 0 5.7 6.7 

WIRE AND CABLE Liquid crystal 0 23 46 31 0 0 9.1 10.4 

Coaxial 25 25 37 13 0 0 5.7 4.7 MICROPROCESSOR ICs 
Flat ribbon 35 40 20 5 0 0 3.5 3.5 8-bit 9 19 45 27 0 0 8.3 8.8 

Multiconductor 26 32 37 5 0 0 4.6 5.6 16-bit 10 20 30 40 0 0 9.1 9.3 

Hookup 29 41 30 0 0 0 3.6 2.8 32-bit 0 27 18 45 10 0 11 .7 11.0 

Wirewrap 38 23 31 8 0 0 4.4 2.7 FUNCTION PACKAGES 
Power cords 16 41 32 11 0 0 5.4 5.1 Amplifier 22 12 44 22 0 0 7.2 7.2 

POWER SUPPLIES Converter, analog to digital 9 19 45 27 0 0 8.3 8.3 
Switcher 8 17 58 17 0 0 7.7 6.7 Converter, digital to analog 10 20 40 30 0 0 8.4 8.8 

Linear 17 33 33 17 0 0 6.2 5.3 LINE FILTERS 10 30 10 50 0 0 9.4 6.9 

CIRCUIT BREAKERS 11 11 56 22 0 0 8.2 7.7 CAPACITORS 
HEAT SINKS 8 33 33 26 0 0 7.6 4.6 Ceramic monolithic 20 35 20 25 0 0 6.5 5.4 

BATTERIES Ceramic disc 13 25 37 25 0 0 7.5 4.5 

Lithium coin cells 30 20 30 20 0 0 6.1 3.8 Film 17 28 22 33 0 0 7.7 5.8 

9V alkaline 60 10 30 0 0 0 2.7 1.3 Aluminum electrolytic 11 17 39 33 0 0 8.7 5.5 

Real-time clock back-up 43 14 43 0 0 0 3.8 4.7 Tantalum 18 12 41 29 0 0 8.1 5.9 

RELAYS INDUCTORS 0 29 35 36 0 0 9.2 7.8 

General purpose 27 13 26 27 7 0 8.4 8.0 
PC board 0 38 23 31 8 0 9.8 8.5 Source: Electronics Purchasing Magazine's survey of buyers. 
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Our power supply 
is built to 

outlast the tank. 

EDN April 27, 1989 

history books, today's Abbott power supplies will still 
be operating reliably. 

Outfitted for Enhanced Reliability, for example, our 
new 60 Watt triple-Output switching DC-DC converter 
achieves an MTBF rating up to 600,000 hours; more than 
68 years. A single-output model is rated even longer.* 

Yet this compact package is fully self contained. It meets 
the tough EMI limits of MIL-STD-461C. And the punishing 
environmental specs of MIL-STD-810C and MIL-S-901C. 

While the BC60 is brand new, this is no "developmental" 
power supply. Its topology is identical to our field proven 
BC100 and BC200 models. Its design integrity is verified 
through rigorous ESS testing. 

We're delivering power supplies for projects critical to 
America's defense, including MILSTAR, the EH101 heli­
copter, the TOW missile, INEWS and the F/A-18 Hornet. 

For a copy of our 1988 Military Power Supply Product 
Guide, write us at 2721 S. La Cienega Boulevard, Los 
Angeles, CA 90034. (800) 556-1234 XT9; CA (800) 
441-2345 XT9. ' MTBF FIGURES CALCULATED PER MIL-HDBK-217E GROUND. 

CIRCLE NO 68 

Versatile new 60 Watt switcher 
measures 5 x 4 x 1.5 inches. Provides 
outputs of 5, 12, 15, 24 or 28 V de, from 
inputs of 18 to 36 V de. Operating tem­
perature from -55°C to +100°C. 
Overvoltage protection & short circuit 
protection standard 

m:m:m 
WHEN RELIABILITY IS IMPERATIVE."" 
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iving you the ability to complete 
an electronic design ahead of 
time, and with a level of per· 

formance you might expect from 
an expensive Engineering 
Workstation, the PADS-PCB 
design system does it all. 

From product concept 
and designy,hrough 
implementation, / 
PADS-PCB 

-~ shortens 
long design 

cycles by allow· 
ing the engineer to 

complete a job at one 
station with features such as: 

• LOGIC CAPTURE 
• PRINTED CIRCUIT BOARD 

DESIGN 
AUTOPIACEMENT 
100% RIP-UP & RE-ROUTE 
AUTOROUTI G 
AUTO CHECKING 
AUTOCADINTERFACE 

Utilizing a design-oriented database, 
PADS-CAE accesses all the sheets of 
a schematic simultaneously. Auto REF 
DES, Auto Gate Assignment and Data 
Checking across all sheets are also 
provided. 

PADS-PCB is the most popular Printed 
Circuit Board Design System on the 
market and offers: 
*Inputs from PADS-CAE, Futurenet, 
Orcad, Schema, and others 

*1 mil database-32" x 32" board size, 
30 layers 

PAIJS..SlJPERBOUlElt is the Oilly 
PC-based Ripup and Retry to 1()()% 
Completion Autotouter on the market 
today, and makes the tedious and time· 
consuming task of Board Design 
simple. 

PADS-DXF integrates Autocad, 
PADS-PCB, and the PADS-SUPER· 
ROUTER into the most powerful 
Electro-Mechanical PC-based CAD 
system available for Mechanical Design/ 
Drafting, Logic Capture and Board 
Design. 

The best news is that PADS-PCB 
design system is PRICED WW! The 
system is affordable enough to allow 
every designer to have his/her own 
personal PADS station. 

EVALUATION PACKAGE! Call for 
a NO-COST evaluation package, so 
that you can see for yourself how 
PADS-PCB gives you SUPER-FAST 
DESIGN THRUPUT! 
INSIDE MA: (508) 486-8929 or 
(800) 255-7814. 

GI' Software, Inc. 
119 Russell Street 

*400 IC Circuit Size capability CIRCLE NO 69 

Suite #6 
Littleton, MA 01460 



PRODUCT UPDATE 

60-MHz operational amplifier 
provides 2000V /µsec slew rate 
Though it boasts a rapid slew rate, 
wide bandwidth, and low offset 
voltage, the AD844 monolithic op 
amp's best feature may be its price/ 
performance ratio. Commercial ver­
sions in an 8-pin plastic miniature 
DIP cost only $4.50 in 100-piece 
quantities. Higher-cost industrial 
and military versions are also avail­
able. While other op amps can meet 
or exceed an individual AD844 spec, 
none provide the overall perform­
ance at this price level. 

The AD844 slews at the dazzling 
speed of 2000V/µsec. It also fea­
tures a number of other impressive 
specifications. For example, the 
amplifier's unity-gain bandwidth is 
60 MHz and its full-power (20V p-p, 
RL = 5000) bandwidth is 20 MHz. 
At 2V p-p, the bandwidth is 
40 MHz. 

Strictly speaking, the AD844 
does not slew-rate limit; instead, it 
has a constant 10-nsec rise time 
whether the signal is a 1 or a 20V 
step. Moreover, because it is a cur­
rent-feedback op amp, the AD844 
does not degrade in bandwidth at 
higher gains. Although optimized 
for use in current-to-voltage con­
version and as an inverting-mode 
amplifier, it is also suitable for non­
inverting applications. 

Settling time is only 100 nsec to 
0.1 % for a lOV step and is independ­
ent of gain. Differential gain error 
is only 0.1 %, and differential phase 
error is only 0.1° at 3.58 MHz. Pow­
ered by a ±4.5 to ± 18V supply, 
the AD844 can drive as much as 
± 50 mA into loads as low as 500 
in parallel with 100 pF, or capaci­
tive loads to 10,000 pF with an ex­
ternal network. 

Many of the chip's impressive de 
specifications result from laser 
trimming during manufacture. For 
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Fig 1-The pnp transistors in this basic op amp are needed for level shifting and output 
drive. The AD844 op amp features true complementary performance-both the pnp and 
npn transistors have identical gain-bandwidth producf,s . 

example, input offset voltage (V0.) 

is typically 150 µ V, offset-voltage 
drift is only 2 µ Vl°C, and bias­
current drift is a low 8 nA/°C. Qui­
escent current is 6.5 mA max, and 
the output is short-circuit protected 
to 80 mA. 

The key contributor to the 
AD844's ac performance is its CB 
(complementary bipolar) process­
ing. This process uses p-type epi­
taxy and a p-well structure with up­
down isolation to produce npn and 
pnp bipolar transistors having com­
plementary characteristics. Both 
the npn and pnp transistors have 
nearly identical gain-bandwidth 
products (f.) of about 550 MHz. 

The basic op amp (Fig 1) requires 
pnp transistors for both level shift­
ing and efficient load drive. If, as 
is typically the case with many op 
amps, the pnp transistors are much 
slower (lower f.,) than the npn tran­
sistors, the resulting op amp is also 
slow and exhibits a narrow gain­
bandwidth product. An op amp hav­
ing complementary and identically 
performing npn/pnp transistors is 
inherently a better amplifier. 

-Dave Pryce 
Analog Devices, Literature Cen­

ter, 70 Shawmut Rd, Canton, MA 
02021 . Phone (617) 935-5565. 

Circle No 734 
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PRODUCT UPDATE 

DSP debugger lets you instantly see and 
hear effects of code changes 
Software debuggers for DSP chips 
have, by and large, been modeled 
on debuggers for general-purpose 
µPs. Because such tools fail to rec­
ognize the special needs of engi­
neers developing systems based on 
DSP chips, development of DSP­
based systems has been more tedi­
ous and frustrating than it ought 
to be. At least that is the thinking 
of Tony Agnello, president of Ariel 
Corp, whose company expects to 
change forever the nature of DSP­
based system development with its 
Bug-56 symbolic debugger for sys­
tems that use Motorola's 56001 
chip. 

This debugger operates under 
MS-DOS. Nearly all of the code 
runs on the main processor of IBM 
PC-compatible computers. The de­
bugger also makes use of a "resi­
dent monitor" called Degmon-a 
scant 64 words of specialized code 
placed in the 5600l's program mem­
ory. To run Bug-56, you must, of 
course, install a board containing 
the DSP chip in one of the PC's 110 
slots. One such board comes from 
the debugger's manufacturer. The 
$595 PC-56 contains, beside the 
56001, a 14-bit ADC and DAC capa­
ble of handling analog data at 20k 
samples/sec. The company plans ad­
ditional DSP boards with faster, 
higher-resolution converters. 

The software provides a win­
dowed display with pull-down 
menus that enable you to access 
many facilities-for example, the 
full-screen symbolic debugger with 
program tracing capability, sym­
bolic breakpoints, and symbolic 
patch assembly. The debugger lets 
you directly modify control-register 
bits, and it can update the register 
display and make changes to regis­
ter and memory contents while pro-

136 

This windowed display can cont,ain a mi.xture of text and graphics. Moreover, by use of 
the PC's speaker, you can, essentially instantaneously, hear as well as see the effects of 
program modifications. 

grams run at full speed. In addition, 
there is on-line help, a file browser, 
and a capability called DSPeek, 
which provides a graphic display of 
the data in any 56001 memory space 
with programmable scaling and 
"zooming." The software can per­
form an FFT to let you view the 
data in the frequency domain and 
can send data to the PC's speaker, 
enabling you to hear as well as see 
the effects of program changes. 

To avoid having to simultane­
ously debug programs running on 
the DSP chip and the PC's µP, Bug-
56 lets programs running on the 
56001 perform a wide range of MS­
DOS functions. Programs running 
on the DSP chip can access the PC's 
real-time clock, poll the keyboard, 
verify the existence of DOS files, 

open, read, write, and append those 
files, and determine the free space 
on a disk. Such programs can also 
access custom windows you create 
to provide users with menu options 
and information. 

Bug-56 for IBM PCs and compat­
ible computers sells for $395. The 
manufacturer intends to make it 
available in the future to run on ad­
ditional computing systems. 

- Dan Strassberg 
Ariel Corp, 433 River Rd, High­

land Park, NJ 08904. Phone (201) 
249-2900. FAX 201-249-2123. 

Circle No 732 
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1986-1988 

NotBadForA 
Five Year Old. 

We're showing you our rapid rise into high-speed, high­
density SRAMS to dramatize one singular point: Sony's serious 
commitment to your SRAM needs. 

Major SRAM investment. Answering your demands for 
higher speeds, we've bee fed-up our SRAM engineering, design 
and production capabilities. Dramatically. 

Already, we're producing 16Kx 4-bit models at 25, 30 and 35 
ns. 32 K x 8-bit models at 25, 30 and 35 ns. 64 Kx 4-bit models at 
35, 45 and 55 ns. And 256K x 1-bit models at 35, 45 and 55 ns. 

In a range of DIP, SOP and SOJ packages. 
0.8-micron CMOS technology: The best is yet to come. 

Soon we'll debut all new SRAMs based on our 0.8-micron CMOS 
technology. With even higher speeds and densities. In combim1-
tions never before available. 

Sony SRAMs are shipping now. And they're available at 
very competitive prices. Backed by the reliability and responsive 
servi ce you expect from any Sony product. 

Be a part of our success story. When you're considering 
high-speed, high-density SRAMs, first consider this: Sony's SRAM 
success story has only just begun. 

F'or full details, call (714) 229-4197 today. Or write Sony 
Corporation of America, Component Products Division, 10833 
Valley View St., Cypress, Califor-
nia 90630, Attn: Semiconductor s Q NV. 
sales. F'AX (714) 229-4271. ® 

Sony is a registered trademark of Sony Corporation. 
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1bmorrow 

lb day 

SONY HIGH-SPEED, HIGH-DENSITY SRAMS. 

MODEL CONFIG- SPEED (ns) PACKAGE 
URATION 

CXX5B63P BK x B 25/ 30/ 35 DIP 300 mil 
CXX5863M BK x B 25/ 30/ 35 SOP 450 mil 
CXX5B63J BK x B 25/ 30/ 35 SOJ 300 mil 

CXX5464AP 16K x4 25/ 30/ 35 DIP 300 mil 
CXX5464AJ 16K x 4 25/ 30/ 35 SOJ 300 mil 

CXX5465P* 16K x4 25/ 30/ 35 DIP 300 mil 
CXX5465J* 16K x 4 25/ 30/ 35 SOJ 300 mil 

CXX5164P 64K x 1 25/ 30/ 35 DIP 300 mil 
CXX5164J 64K x 1 25/ 30/ 35 SOJ 300 mil 

CXX5971P BK x 9 25/ 30/ 35 DIP 300 mil 
CXX5971J BK x 9 25/ 30/ 35 SOJ 300 mil 

CXX5B255AP 32K x B 25/ 30 DIP 300 mil 
CXX5B255AJ 32K x B 25/ 30 SOJ 300 mil 

CXX5B25BP 32K xB 35/ 45 DIP600 mil 
CXX5B25BSP 32K x B 35/ 45 DIP 300 mil 

CXX54256P 64K x4 35/45/ 55 DIP 300 mil 

CXX51256P 256K x 1 35/45/ 55 DIP 300 mil 

*O/ E 
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PRODUCT UPDATE 

SCSI-2 disk-drive-array controller board 
stores data across five ESDI drives 

Disk-drive arrays offer you a way 
to improve system data-transfer 
rates, and now you can buy a disk­
drive-array controller board off the 
shelf. The Rimfire 6600 disk-drive­
array controller stores data on four 
drives and uses a fifth drive to store 
parity information. The board also 
offers SCSI-2 (Small Computer Sys­
tem Interface) as an interface to the 
system and ESDI (Enhanced Small 
Device Interface) as an interface to 
the drives. The use of industry­
standard interfaces simplifies the 
system design and integration task. 

The Rimfire 6600 and five ESDI 
drives appear to the system, via the 
SCSI bus, as a single SCSI drive 
with a quadruple capacity provided 
by the individual drives in the ar­
ray. During write operations, the 
controller breaks up each byte, 
word, or long word of data and 
spreads or "stripes" the data among 
the four data drives. The controller 
reconstructs the data during read 
operations for transmission to the 
system. 

The controller also reads and 
writes parity data to the fifth drive. 
The parity drive allows the array 
to continue to function when any 
single drive fails. Furthermore, af­
ter a single drive failure and re­
placement with a new drive, the 
controller can regenerate the data 
on the replacement drive from data 
on the four operational drives. 

Potentially, the controller pro­
vides four times the raw-data­
transf er rate offered by a single 
drive. Typical ESDI drives feature 
read-channel data rates of 15M bits/ 
sec (almost 2M bytes/sec). The ar­
ray can generate a raw-data rate 
four times that number and system 
transfers at rates as high as 20M 
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Five ESDI drives and the disk-drive-array 
controller emulate a large single drive, but 
they offer raw data rates four times the rate 
of a single drive and SCSl-2 transfer rates 
as high as 20M bytes/sec. 

bytes/sec. But ultimately, the SCSI 
implementation on the host may 
control the true transfer rate. 

The interface on the Rimfire 6600 
supports the new SCSI-2 specifica­
tion, including 16- and 32-bit-wide 
data-transfer options. In the syn­
chronous mode, the controller can 
transfer data at 20M bytes/sec, us­
ing a 32-bit-wide path. The con­
troller retains compatibility with 
the original 5M byte/sec synchro­
nous, 8-bit SCSI spec, however. 
Most currently available host 
adapters support only the original 
SCSI spec. 

The controller includes a 512k­
byte cache on board. The cache per­
forms read-ahead operations and al­
lows the interface to operate at 
maximum speeds of 20M bytes/sec 
when the data requested by the 
host is in the cache. Furthermore, 
read requests from the host have 
no seek-time delay on cache hits. 
On reads or writes to the disk, how-

ever, the array subsystem suffers 
a seek-time latency equal to the 
seek time associated with a single 
drive. 

Other SCSI-2 controller features 
include tagged commands. These 
commands allow the system to per­
form command queuing; that is, to 
issue multiple commands to the 
SCSI controller before the com­
mand first issued has been com­
pleted. The controller uses tagged 
commands to optimize operations 
by combining and sorting com­
mands. 

The Rimfire 6600 is offered as a 
16 x 16.5-in. board suitable for rack 
mounting. The board costs $5995 
and will be available in August. You 
can use the controller board with 
any ESDI drives that off er spindle 
synchronization.-Maury Wright 

Ciprico Inc, 2955 Xenium Lane, 
Plymouth, MN 55441. Phone (612) 
559-2034. FAX 612-559-8799. TWX 
910-240-0585. 
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Some designs might starve 
without a steady diet of basic, 
off-the-shelf Static RAMs. 
That's why SGS-THOMSON has 
made a major commitment to 
produce them. In fact, you can 
count on SGS-THOMSON to 
deliver 6116s on time, every 
time-at prices you'll eat up. 

FAST SHIPMENT ON FAST CMOS SRAMs 

MK4 I H66N 16K x I 20, 25, 35ns A 
MK41H67N 16K x I 20, 25, 35ns A 
MK4 I H6SN 4K x 4 20, 25, 35ns A 
MK4 I H69N 4K x 4 20, 25, 35ns A 
MK41H7SN 4Kx4 25, 35nsA 
MK41 H79N 4K x 4 25, 35ns A 
MK41HS7N/ X 64Kxl 35, 45, 55nsA, B 
MK4SH64N/S SK x s 70, 120ns C, D 
MK4SH65N SK x s 35, 45, 55, 70, 120ns A 
MK6116N 2K x s 150, 200, 250ns c 
Available in Low Power and Industrial Grade. 

A-300 MIL PDIP, B-DIP 300 MIL SO) 
C-600 MIL PDIP, 0 -330 MIL SOIC 
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Plain or fancy 
bytewide chips. 

Any way you slice it, 
SGS-THOMSON is working hard 
to be a leading SRAM source. 
Our variety is an outstanding 
example. Take your pick of 
standard, low power, industrial 
temperature grade-even sur­
face mount-SRAMs. 

Hungry for speed? 
SGS-THOMSON delivers 

devices as fast as 20ns-in 
4K x 4 as well as 16K x 1 config­
urations. For those with a bigger 
appetite, we're cooking up even 
higher density SRAMs like the 
SK x 8 and beyond. So why go 
anywhere else? We serve up 

CIRCLE NO 71 

a smorgasbord of high quality 
Static RAMs in a variety of 
appetizing packages. And we 
serve them fast. 

Free recipe book. 
Send for our free Memory 

Databook and data sheets. 
You'll have all the SRAM facts 
you need to keep your company 
cooking. Contact SGS-THOMSON 
Microelectronics, 1000 E. Bell 
Road, Phoenix, AZ 85022 
602/867-6264. 

r=-= SGS-THOMSON .. ..,, I ~O©OO@~[L~©ll'ffil@[i(!]O©~ 
1989 SGS-THOMSON Microelectronics. Inc. 
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PRODUCT UPDATE 

Full-height 5%-in. Winchester drives 
store 7 60M bytes and seek in 16 msec 
The MK-350 family of 51/4-in. Win­
chester disk drives offer an unfor­
matted storage capacity of 760M 
bytes. The drives can perform a 
seek command to data in an average 
of 16 msec. You can choose a drive 
with ESDis (Enhanced Small De­
vice Interface) or SCSis (Small 
Computer System Interface). The 
SCSI drive employs a soft-loaded 
command set that the company calls 
"Virtual SCSI." 

The MK-358FA ESDI and MK-
358FB SCSI drives share the same 
HDA (head and disk assembly). The 
HDA includes eight platters; that 
is, 16 data surfaces. One of the sur­
faces stores dedicated servo infor­
mation and the other 15 store data. 
When designing the drive, the de­
signers also chose to store servo in­
formation embedded between each 
data sector on the drive. 

The company believes that the 
servo scheme, called a hybrid servo, 
offers performance and reliability. 
The dedicated servo surface allows 
the HDA to accurately perform fast 
seeks. And the embedded servo in­
formation allows the drive to make 
fine tracking adjustments, thus 
eliminating off-track conditions 
caused by thermal expansion. 

Other key drive features include 
a track-to-track seek time of 4 msec, 
a worst-case seek time of 36 msec, 
and a MTBF of 30,000 hours. The 
drives have 1632 cylinders, a track 
density of 1330 tpi, and a recording 
density of 31,400 bpi. The HDA fea­
tures a read-channel data rate of 
15M bits/sec, and employs sput­
tered thin-film media and mini­
monolithic heads. 

The MK-358FB drive includes an 
embedded controller compatible 
with the SCSI-2 specification. The 
Virtual SCSI controller includes no 
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Based on a dedicated and embedded servo-scheme combination, the MK-358 family of 
disk drives includes ESDI and SCSI models that store 760M bytes. 

command set in EPROM. Instead, 
on power-up the controller loads a 
command set stored on the disk 
into RAM. 

The soft command set offers sev­
eral advantages compared with 
more traditional EPROM-resident 
command sets. For example, you 
can download firmware updates 
from a floppy disk in the field. Fur­
thermore, the company has imple­
mented a robust command set for 
the drive. Because few customers 
have use for the entire command 
set, the customer can pick and 
choose from available commands 
and create a custom implementa­
tion. 

The SCSI controller can decode 
any command in less than 1 msec. 

The controller also includes a 64k­
byte, 3-track read-ahead cache. 
Firmware implements zero-latency 
reads and writes, and the controller 
transfers data at 1. 5M bytes/sec in 
asynchronous mode and 5M bytes/ 
sec in synchronous mode. 

The MK-358FA ESDI costs 
$2495; the MK-358FB SCSI sells for 
$2645 (1000). You can expect sam­
ples of the drives around mid­
year.-Maury Wright 

Toshiba America Inc, 9740 Irvine 
Blvd, Irvine, CA 92718 . Phone 
(714) 380-3000. FAX 714-583-3133. 
TLX 183812. 
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So~ no checks 
for Intel ICE. 

~ Supports the new 16 MHz 80C186 and 80C188 as well as other Intel CPUs 
at full speeds with no wait states 

~ VALIDATE/Soft-Scope is a complete in-circuit source level debugger that 
shows variables, data structures and assembly instructions 

~ VALIDATE/Soft-Scope has in-circuit source level debug capability in 
286 protect mode 

~ Tool chain supports Microsoft C 
(Also other versions of C and Pascal, FORTRAN, PL/M, Assembler, Jovial) 

~Add processor support by merely adding emulator board and probe module 

~ Has unlimited breakpoint capability 

~ Over a megabyte of overlay memory is available 

Just because you've bought one 
of those great Intel chips is no reason 
to buy Intel development tools. 

Why? Because Applied 
Microsystems is better. That's a fact. 
Our checklist proves it. 

Intel chips are state-of-the-art, 
but their development tools aren't. 
Compared to ours, Intel's ICE is lim­
ited, slow and awkward. 

If you want to design, debug 
and integrate your target system faster, 
easier and more completely, you need 
to tum to Applied Microsystems. Its 
the only comprehensive solution in 
the business. Which includes not only 
the most complete and most reliable 

tool chain, but also all the help you 
need from our field applications engi­
neers and sales engineers. 

What's more, we keep adding 
more checks to our list. Like dynamic 
trace that lets you review performance 
while the target is still running. And 
we use an SCSI interface that down­
loads code at disk speeds 20 times 
faster than RS232 connections. We 
offer performance measurement 
capability without making you spend 
an extra $10,000. 

As you can plainly see, theres 
only one development environment 
really worth checking out. 

To find out more, call toll free 

In Europe contact Applied Microsystems Corporation Ltd .. Chi ltern Court. High Street. Wendover, Aylesbury, Bucks, HP22 6EP. Uni ted Kingdom. 
Call 44-{0)-2!*Hi25462. 
In Japan contact Applied Microsystems Japan, Ltd .. Ni hon Seimei Nishi-Cotanda Building. 7-24-5 Nish i-Cotanda Shinagawa-K U. Tokyo T 141 Japan. 
Call 03-493-0770. 
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AMC Intel 

v 

~ 
(800) 426-3925. (In Washington 
(206) 882-2000.) Or write Applied 
Microsystems Corporation, P. 0. Box 
97002, Redmond, Washington, USA 
98073-9702. 

~-----

111111111~ 
Applied 
Microsystems 
Corporation 
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Custom Designing High 
·is a Specialty We're the 
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ieliabili Power Supplies 
Specialists! 
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When it comes to custom Hi Rel power supply design, we're the specialists. 
Our staff of qualified design engineers is ready to listen and develop a 
product to meet your specific requirements. With 16 years experience and 
a portfolio of over 350 field proven products, we have the know how to 
support your critical applications. "State-of-the-art" computerized design 
and test systems allow us to develop HV power supplies and DC-DC Con­
verters to superior perfonnance specifications for the most demanding 
military environments. 

When it comes to custom Hi Rel power supply manufacturing, we're 
the specialists. Our manufacturing process capability is extensive, right 
down to automated coil winding and encapsulation systems. Within our 
large multi-national company, we also manufacture the critical electronic 
components that are used in our power supplies. This unique capability 
combined with our extensive manufacturing capacity keeps production 
lead times where they should be .. . short. 

When it comes to product assurance, we're the specialists. Our facility 
fully complies with all international, commercial and military requirements 
including comprehensive environmental and life testing. 

By manufacturing our own components, we greatly enhance product 
unifonnity-the superior way to achieve product reliability in the most 
sensitive medical and military electronic systems. Be cost effective and let 
Murata Erie fill all your power supply needs. 

We turn your ideas into practical reality because we're the specialists 
in Miniature Hi Rel, High Voltage and DC-DC Converter Power Supplies for: 

Military Industrial Commercial Medical 
night vision paint sprayers air cleaners image tubes 
airborne displays instrumentation ionizers displays 
ground displays multipliers copiers analytical 
ring laser gyros metal detection computer displays equipment 

and general subcontract assembly for Military and other applications. 

For more infonnation call or write to: 

Murata Erie North America 
Toronto Operations 
6338 Viscount Rd. , Mississauga 
Ontario, Canada, L4V-1H3 

CIRCLE NO 73 

Telephone: 416-676-9484 
Telex: 06-968013 
Fax: 416-673-1952 

l!i!I ERIE I® 
MURATA ERIE NORTH AMERICA 
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User-programmab e 
GATE JS 

The first generation of programmable logic devices 
(PLDs) allowed you to vacuum up five or 10 TTL 
devices into one package. The latest program­
mable devices, FPGAs, can replace many more 
TTL devices. 

Charles H Small, Associate Editor 

S ome of the latest programma- portion of a conventional 
ble logic devices (PLDs) are mask-programmed gate ar­
so large that they can replace ray; keep its structure in 
small mask-programmed gate mind as you examine the 
arrays. Consequently, engi- architecture of FPGAs in the 
neers are calling these new course of this article. 
devices "field-programmable No matter what you call 
gate arrays" (FPGAs), de- them, you should have no 
spite the fact that the name problem deciding to consider 
ignores a few problems. these FPGAs for your next 
First, the abbreviation design. A glance at the 
"FPGA" is too similar to the sparsely populated pc boards 
established one for pin-grid in Figs 2a and 2b should pro­
arrays (PGA). Second, al- vide all the motivation you 
though the FPGAs share a need. Consider not only that 
common application area with you can pack a lot of logic into 
factory-programmed gate ar- these devices but also that 
rays, on the whole, the you can program these de­
FPGAs from different manu- vices right on your lab bench. 
facturers bear little resem- Programming FPGAs in your 
blance to each other. And, lab means that you don't have 
among other things, FPGAs to pay the large, up-front, 
bear no resemblance whatso- nonrecurring engineering 
ever to mask-programmed (NRE) costs--0r suffer the 
gate arrays. Fig 1 shows a long turn-around times-as-
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Although the FPGAs share a common ap­
plication area with factory-programmed gate 

arrays, they bear little resemblance 
to each other. 

sociated with custom ASICs such as mask-programmed 
gate arrays. 

You'll actually confront only two barriers to adopting 
these devices: their high cost per gate compared with 
mask-programmed gate arrays, and the effort you must 
make to understand these new devices and master 
their new design techniques. 

If you recall the wide variety of divergent design 
approaches taken by early automobile and airplane de­
signers, you won't be surprised to find that the new, 
large FPGAs employ wildly different architectures, 
processing technologies, and programming methods. 
This field is in its infancy, and chip designers will surely 
continue to explore innovative approaches for some 
time before FPGAs settle down and mature into a few 
industry-standard types. 

Right now, you can get FPGAs from Xilinx, Altera, 
Actel, and Signetics. (Despite unsubstantiated stories 
in the rumor-mongering segment of the electronics 
trade press, Plessey insists it will have no FPGAs 
until next year.) Each company's products exemplify 
a fascinating, unique approach to providing you with 
a blank slate upon which you can inscribe your logic. 

Programmable devices intrude 
Xilinx was the first company to make a device large 

enough to start nipping at the heels of mask-pro­
grammed gate arrays. Advanced Micro Devices is an 
alternate source for Xilinx devices; the company has 
also added AMD-designed versions of Xilinx parts that 
have "toggle rates" of 100 MHz instead of the 70-MHz 
toggle rates of Xilinx's original parts. 

Beware: Toggle rate is one of those specs, like MIPS 
or calculated MTBF specs for power supplies, that ev­
eryone touts but that mean little or nothing. The toggle 
rate of an FPGA's logic elements would be a useful 
spec only if your design simply spins its wheels, clock­
ing the logic at full speed, but not actually processing 
any inputs or generating any outputs. In systems doing 
useful work, FPGAs actually run at some fraction of 
their toggle rate-typically around 60%. 

Similarly, you should be aware that the term "gate 
count" is a holdover from conventional, mask-pro­
grammed gate arrays. The gate count refers to the 
total number of 2-input NAND gates that would be 
required to realize a logic function. Because a mask­
programmed gate array is, in fact , a sea of uncommit­
ted gates, the gate count provides an exact measure 
of the device's capacity. 

FPGAs, on the other hand, are generally not a sea 
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of uncommitted gates. FPGA manufacturers base their 
gate counts upon how large a design will fit into both 
a given FPGA chip and a mask-programmed gate ar­
ray. In other words, if the FPGA can hold a design 
that also fits into a 2000-gate mask-programmed gate 
array, the manufacturer claims that the product is a 
"2000-gate-equivalent" device. The accuracy of the 
gate-equivalency measure depends heavily on the na­
ture of the circuits used for comparison and the per­
centage of utilization of the FPGA. 

Xilinx calls its FPGAs "logic-cell arrays" (LCAs). 
The name is apt because a rectangular, 2-dimensional 
array of programmable logic block~alled, for no good 
reason, configurable logic blocks-occupies the bulk 
of the interior of Xilinx devices (Fig 3). A protective 
phalanx (hollow square) of I/O cells comes between the 
programmable logic blocks and the outside world. 

Connecting the I/O blocks to the logic blocks and the 
logic blocks to each other is an elaborate network of 
programmable interconnection lines. These intercon-

~ 
L •• .... I __ -10 Vssc{ 
.L["---;::::! .. =Ll ___ o Vsso-( 
.L ....... 1 ___ o Vssc{ 
L ... r'----o Vss~ 

_[ .. 1 ..... ---o 
Vss{ 
L .. 1 o '·{-_[ s ... l ____ o 

Vss~ 

_r-;:!: ._I --o Vss 0 

Fig 1-The architecture of a typical mask-programmed gate array 
bears little resemblance to any f ield-programmable gate array 
(FPGAJ. 
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Fig 2-This accelerator boord for the Macintosh (a) (from the Dove Computer Co, Wilmington, NC) has a 68030 µP and companion 
floating-point processor, some bus drivers, and only a single Xilinx FPGA, which contains all the board's logic. The Data 110 Mesa l in 
(b) is an in-circuit emulator for Xilinx devices that uses 12 such devices for all its logic functions . 

nection lines form a waffle-like pattern in whose inter­
stices the logic blocks reside. At the intersections of 
the interconnection lines lies a sort of crossbar switch. 
Although some global long lines bypass these program­
mable crossbar switches, the bulk of the interconnec­
tion lines must go through the crossbar switch. Note 
that these crossbar switches get programmed only 
once, when the device is initialized; you don't switch 
them dynamically as you would a real crossbar switch 
in a telephone exchange. 

Tie lines from the logic blocks and I/O blocks tap 
into these interconnection lines. You route signals 
around the device by threading them from one inter­
connection line to another via the switches. 

Xilinx's parts have two types of logic blocks. The 
original XC2018 and XC2064 have 100 and 64 logic 
blocks, respectively. These devices' logic blocks have 
a single flip-flop and enough associated logic elements 
so that you can program them to execute any Boolean 
function of four variables. The XC3090 has 320 logic 
blocks, each of which contains two flip-flops and can 
execute two 4-input Boolean functions or one 5-input 
function. For all Xylinx devices, you need not use the 
flip-flops in the logic blocks; you can bypass the flip­
flops to achieve combinational functions as well as reg­
istered ones. The parts' gate-equivalency figures range 
from 1200 gate equivalents for the XC2064 to 9000 
gate equivalents for the XC3090. For the same range 
of devices in the lowest cost packages, the prices are 
$11.25 to ·$135 (1000). AMD offers the 1200-gate­
equivalent Am2064 for $21.44 (100), the 1800-gate­
equivalent Am2018 for $32.50 (100), and the 2000-gate­
equivalent Am3020 for $42 (100). 

Timing specs for FPGAs vary widely-some are easy 
to calculate, some are difficult. Because of the nature 
of the programmable interconnection lines, the timing 
specs for Xilinx's devices depend heavily on the layout. 
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The Max family is Altera's (Intel and Cypress Semi­
conductor are alternate sources) answer to some of the 
problems that chip designers encountered when they 
tried to enlarge the scale of the now-familiar PAL­
device architecture. The basic PAL-device architecture 
suffers from a lack of flexibility and a tendency to 
underutilize its internal logic elements. The UV­
erasable Max family currently consists only of the 500-
to 1250-gate-equivalent EPM5032 (which costs $30 in 

0 ••• Q~l/OBLOCK 

0 0-'00" BLOCK 

••• 

D SWITCH ••• 
L MATRIX J 

••• 

D 0 ••• 

D SWITCH ••• 
1 MATRIX 
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0. 0. 
LONG LINE 

D ••• 

• • • • • • • • • TWO VERTICAL GLOBAL 
LONG LINES e LONG LINE 

• • 

Fig 3-These FPGAs feature programmable logic blocks embedded 
in a matrix of programmable and fixed interconnection lines. A 
ring of programmable 110 blocks lines the periphery of the device, 
which hails from Xilinx. 
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Only two barriers really exist to adopting 
FPGAs: their high cost and the effort needed 
to understand both these new devices and 

their new design techniques. 

sample quantities and $24 in quantities of 1000) and 
the 2000- to 5000-gate-equivalent EPM5128 (which 
sells for $111 in sample quantities and $90 in quantities 
of 1000), but other members are currently gestating. 
The Max family retains the programmable-AND/fixed­
OR structure of conventional PAL devices-with a cou­
ple of twists (Fig 4). 

First, a Max device's external inputs link to a pro­
grammable matrix of interconnection lines that Altera 
calls the PIA (programmable interconnect array). This 
interconnection array is, in effect, a crosspoint switch 

~ !r.J~ !>\ ~ ~ 

for linking any input on the chip, whether external or 
internal, to any output. 

Internal inputs to the interconnection array include 
feedback lines from the chip's macrocells and feedback 
from programmable I/O lines. The feedback from the 
chip's macrocells allows you to use a macrocell's I/O 
pin as an input and simultaneously use its flip-flop as 
a buried register. 

Outputs from the interconnection array go, naturally 
enough for a PAL-like device, to the AND/OR and 
XOR minterms that feed the registers in the chip's 
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Fig 4-The Max family devices from Altera cont,a,in blocks of macrocells linked by an interconnection array. Note that each macrocell 
has only three dedicated AND gates; for minterms with more than three AND gates , you link in uncommitted AND gates from the 
expander-product array. 
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macrocells. Other outputs from the interconnection ar­
ray handle housekeeping functions for the macrocells, 
functions such as output enable, preset and clear, and 
clock. 

The chip's macrocells, as is common with advanced 
CMOS PLDs, have flip-flops that you can program to 
be one of five types: D, T, J-K, S-R, and D with enable. 
Note that some advanced PLDs have 8 or 12 program­
mable register types. 

So far, the Max family appears to differ little, in 
principle, from advanced PLDs such as the 22V10 or 
the 39V18. However, a close inspection of the diagram 
of the devices' architecture discloses a surprising fact: 
Each macrocell's AND/OR minterm has only three 
AND gates; PAL devices traditionally have eight AND 
gates or more per minterm. 

Altera explains this surprising paucity of AND gates 
by claiming that the company's research shows that 
the vast majority of PAL-device designs use three or 
fewer AND gates per minterm-leaving five or more 
AND gates unused in PAL devices. However, you 
will not be left in the lurch if your Max-family design 
calls for more than three AND gates per minterm. 
Lurking in the heart of a Max device is a sea of uncom­
mitted AND gates (the EPM5032 has 64 such gates), 
which gives the Max device a hint of the flavor of a 
programmable gate array. Altera calls these gates the 
"expander array" or "expander terms." 

These expander-array gates' inputs and outputs com­
municate with the same interconnection array that 
links all the other elements of the device. Thus, at the 
cost of some extra delay, you can selectively add AND 
gates to any macrocell's AND/OR array. If you don't 
need some or all of the uncommitted AND gates, you 
can cross-connect pairs of them to form extra registers. 

The underutilization bugaboo departs 
Altera hopes that the expander array of uncommit­

ted AND gates will solve the biggest bugaboo of PAL­
type devices: underutilization of gates. Designs that 
require considerable conditioning or qualifying logic 
to precede registers tend to use a significant portion 
of a PAL device's AND/OR array. On the other hand, 
register-intensive logic elements, such as counters, 
tend to use up PAL devices' registers long before they 
make a dent in the available AND/OR resources. 

When designing the Max devices, Altera strove to 
make all the paths through the chips the same length. 
Thus, you can easily calculate a Max chip's timing. 
The delay through the chip is fixed at one of two values; 
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which value it is depends on whether you use the ex­
pander array or not. 

Actel makes no bones about the nature of its devices; 
the company calls them desktop-configurable gate ar­
rays. (Presumably, the company means you can config­
ure its FPGAs on your desktop, not configure them 
as a desktop.) 

The architecture of Actel's ACT family (Texas In­
struments is an alternate source) resembles that of a 
medieval castle (Fig 5). The company offers the 1200-
gate-equivalent ACT1010 for $62 (in sample quantities) 
and $45 (1000), and the 2000-gate-equivalent ACT1020 
for $109 (in sample quantities) and $80 (1000). A ring 
of 110 cells lines each chip's outer perimeter. Inside lie 
rows of logic-block cells separated by horizontal rows 
of interconnection lines. Each logic block has eight in­
puts and one output. You can program a logic block 
to function as multiplexers and D flip-flops as well as 
a subset of common 2-, 3-, and 4-input logic gates. 
Other common logic elements require two or more logic 
blocks. 

The logic blocks' input and output lines run verti­
cally, at right angles to the interconnection lines. At 
each intersection of a logic block's input or output line 
and an interconnection line is a unique, one-time­
programmable "antifuse." 

Like PROMs, conventional fuse-programmed PLDs 
come with all the possible connections made. You pro­
gram these devices by blowing fuse links and opening 
up connections you don't want. In contrast, Actel's 
parts come with all connections open and you blow the 

I 110 BUFFERS, PROGRAM AND TEST I 
111111 111111 1111 I 

~~~~~~RS, I I f I I I I I 1 J.{' I I I I I ~~~~~R;ND 
AND TEST ___ ; ____ _._.,_; --- TEST 

ROUTING CHANNELS LOGIC BLOCKS 

11 111 11111111111 I 
11/0 BUFFERS, PROGRAM AND TEST' 

Fig 5-Rows of programmable logic blocks are separated by lwri­
zontal routing channels in these FPGAs from Actel. 110 buffers 
encircle the logic-block array. 
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FPGA chip designers are sure to continue 
to explore innovative approaches for some 
time before FPGAs settle down and mature 

into a few industry-standard types. 

insulation between any two lines you do want to con­
nect. 

The distinction between fuses and antifuses is pretty 
much academic for all users except device-programmer 
designers. The key spec for antifuses that matters to 
most users is their small size. An antifuse is 50 times 
smaller than a RAM cell and 10 times smaller than an 
EPROM cell-both of which are programming ele­
ments in other FPGAs. The small size of Actel's pro­
gramming element allows the company to put more 
programming elements on a chip-by an order of mag­
nitude-than their competition does. 

The timing specs of a design realized in an Actel 
device are obviously layout dependent. However, the 
firm has enough confidence in its layout software's abil­
ity to pack the logic together, and in the speed of its 
interconnection lines, that it has factored in intercon­
nection delays in the specs for its gate delays. 

Sea of gates 
The Signetics PML devices (programmable macro 

logic) come in two versions, the PLHS501 and the 
PLHS502. These fuse-programmed, bipolar devices are 
based on a variation of the same basic principle of 
Boolean logic that animates PAL-device PLDs. Con­
ventional PAL devices have a 2-level AND/OR archi­
tecture, because once you cast your logic equations in 
canonical, sum-of-products form, you can realize any 
logic function with a combination of AND and OR 
gates. The PML devices embody a variation of that 
basic axiom and use NAND gates instead (Fig 6). 

Further, the PML devices' NAND gates do not come 
in a fixed , 2-level NAND/NAND array. The major 
feature of both devices' architectures is an array of 
uncommitted NAND gates. The PLHS501 has an un­
committed array, or "sea," of 72 NAND gates; the 
PLHS502 has 64 such NAND gates, along with 16 
buried flip-flops. Note that even though the PLHS501 
has only 72 gates, its gate-equivalency figure is ap­
proximately 1800 gates. 

Along with the uncommitted NAND gates, a smaller 
array of dedicated NAND gates feeds the devices' out­
put pins via either inverters or XOR gates. The 
PLHS502 costs $14 (1000). You can expect to see larger 
PML devices in the future, because the PML architec­
ture can easily be scaled up. 

These NAND gates are uncommitted because both 
their inputs and outputs connect-along with the exter­
nal inputs-to the same interconnection array. Thus, 
you can loop any gate's output back into the intercon-
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This utility meter takes advantage of the built-in diagnostic feature 
of Actel's ACT1020 to simplify testing. 

nection array and use it as an input to another gate 
or gates. With this flexibility, you can create many­
layered logic functions. Logic designs for PML devices 
often resemble the equivalent circuits printed in TTL 
manuals. 

PML timing specs are straightforward to compute. 
You simply calculate a fixed delay for input and output 
gates plus another fixed delay for every layer of NAND 
gates that your logic uses. 

Will your design fit? 
The preceding quick tour of the architectures of the 

new FPGAs only hints at their complexity. Without 
doing a complete, detailed design and simulation, you 
can't be absolutly sure that your design will fit into 
and run fast enough in a given FPGA. 

You can, however, get a rough idea by first counting 
up the total number of inputs and outputs your design 
requires and then consulting each company's library 
of preprogrammed logic functions (macros). Matching 
your design's logic functions to the functions in the 
manufacturer's macro library will give you a rough 
count of the number of logic elements your design will 
consume, because the manufacturers list the number 
of such elements that each of their macros uses. 

Although the areas of application for all these devices 
overlap, each device suits some application areas better 
than others. For example, the Signetics PML has only 
72 uncommitted gates-far less logic than the many, 
more-powerful logic blocks in the Xilinx and Actel de­
vices. Yet each PML gate can accept as many as 32 
external and 72 internal inputs; the logic blocks accept 
only a few inputs each. Thus, the PML can easily han-
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dle decoding jobs in 32-bit systems that would exhaust 
the other devices' resources. 

Or take the Altera Max devices. Like their PAL­
device forebears, they have dedicated registers for only 
their outputs. By contrast, the Xilinx and Actel devices 
have a plentiful supply of registers. But the Max de­
vices have a dense, populous AND/OR array feeding 
their registers. Therefore, Max devices suit designs, 
such as state machines, that require considerable condi­
tioning of inputs prior to registering. Register­
intensive applications such as counters breeze into 
Actel and Xilinx parts. 

Onboard programming opens up options 
The programming technology these devices employ 

can affect your product-development and production­
testing practices in fairly obvious ways. What's not so 
obvious is how the programming methods can affect 
your design itself. 

Actel's and Signetics' devices are fuse-programmed , 
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which means, obviously, you have to use the "blow­
and-go" method to verify a prototype of your design. 
Also, fuse-programmed parts present an obvious and 
well-known challenge to your testing department, 
which won't be able to check out the parts until they're 
programmed. 

Note that Actel devices have special pins that you 
can program to sample the state of any node in the 
chip. Actel devices need these test probes because the 
chip is so large that many possible failures could occur 
at internal nodes not visible at the chip's outputs. 

Experienced µP users will be able to roll their in­
circuit-emulator prototyping skills over only to the Xil­
inx devices. Both Xilinx and Data I/O offer in-circuit 
emulators for Xilinx devices. (Data I/O's $9390 Mesa 
I is a testimonial to Xilinx devices; the unit uses 12 
Xilinx devices internally.) 

In practice, the Mesa I provides a "shadow" device 
that responds to inputs just as your target-system de­
vice does. The shadow device, however, does not need 

..... 
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Fig ~The PML features a sea of uncommitted NAND gates. The inputs w each uncommitted NAND gate are 24 bipolar chip inputs, 
72 feedback lines from all of the uncommitted NAND gates' outputs, and eight bipolar output-feedback terms. The wide gates and the 
feedback array allow you w set up complex, multiple-level logic circuits. The product is available from Signetics. 
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The accuracy of the gate-equivalency meas­
ure depends heavily on the nature of the 

circuits used for comparison and the 
percentage of utilization of the FPGA. 

to have the same output structure as the target-system 
device does, because it has no function in the target 
system. Therefore, you can program the shadow de­
vice's outputs to connect to any node in the device. 
The Mesa I does not record any of the shadow device's 
inputs or outputs. To perform that task, you must add 
your logic analyzer. 

Altera's UV-erasable parts, on the other hand, allow 
you to reuse devices during the development phase of 
your design. Similarly, Xilinx's RAM-based program­
ming links have to be initialized at least at each power­
up. Because these devices are reusable, the factories 
can program a variety of test patterns into the devices 
and test them before shipping. 

Less obviously, you could employ Xilinx devices' 
RAM-based programming in a number of novel ways. 
For example, you could store several configurations 
in memory and load whichever version suits your cus­
tomers' applications. Thus, one pc board could suit 
several applications. Or your design could load differ­
ent configurations on the fly under software control, 
as the application demands. Naturally, your design 
must be able to tolerate the delay that reloading the 
FPGA incurs. 

Conceptually, if the computer system's logic can be 
reinitialized at will from memory, there's no reason 
not to use application programs to declare the structure 

of a computer system's hardware constructs along with 
its software constructs. If high-level-language compil­
ers were intelligent enough to set up some common 
software constructs in programmable hardware, real­
time and computationally intensive software could run 
much faster than it does now. 

For example, real-time systems rely on intertask 
communication, coordination, and synchronization 
mechanisms such as semaphores, mailboxes, queues, 
schedulers, and timers. Although you could design cus­
tom hardware to accomplish these tasks at high speed, 
most real-time systems build these constructs entirely 
in software and thereby sacrifice a considerable amount 
of operating speed on the altar of flexibility. 

When programmable logic is available, a suitable 
compiler could translate an individual program's defini­
tions of counts, timeouts, pattern matches, sema­
phores, queues, priority levels, and myriad other con­
structs into custom, hardwired logic specific to that 
program. 

No matter which of these devices you employ, they 
all permit much easier design changes and field up­
grades. You could do your "white wiring'' in software 
without physically cutting pc-board traces and install­
ing jumpers. 

Obviously, designing with these chips is no job for 
a beginner. For experienced gate-array designers, 

Manufacturers of field-programmable gate arrays 
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For more information on field-programmable gate arrays such as those described in this article, contact the following 
manufacturers directly, circle the appropriate numbers on the Information Retrieval Service card, or use EDN's 
Express Request service. 

Actel Co 
955 E Arques Ave 
Sunnyvale, CA 94086 
(408) 739-1010 
Circle No 650 

Advanced Micro Devices 
901 Thompson Pl 
Box3453 
Sunnyvale, CA 
(408) 235-7487 
Circle No 651 

Altera Co 
3525 Monroe St 
Santa Clara, CA 95051 
( 408) 984-2800 
Circle No 652 

Cypress Semiconductor 
3901 N First St 
San Jose, CA 95134 
(408) 943-2614 
Circle No 653 

Data I/O Corp 
FutureN et Div 
10525 Willows Rd NE 
Box 97046 
Redmond, WA 98073 
(800) 247-5700 ext 461 
Circle No 654 

Intel Co 
3065 Bowers Ave 
Santa Clara, CA 95051 
( 408) 967-8080 
Circle No 655 

Signetics Co 
Box3409 
811 E Arques Alie 
Sunnyvale, CA 94088 
( 408) 739-7000 
Circle No 656 

Texas Inatnunentl 
Box 225012 
Dallas, TX 75265 
(214) 996-2011 
Circle No 657 

Xilinx Inc 
2069 Hamilton Ave 
San Joee, CA 95125 
(408) 559-7778 
Circle No 658 
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At 15 nsec, Our SRAMs 
Really Tear Up The Thlck. 
If you've been wondering where to 
find fast SRAMs lately, we 
have good news for you. 
Now you can look to 
Logic Devices-the ---
logical choice. ~ 

Our new family 
of CMOS SRAMs gives 
you more options for high-

. end applications, where you 
have to match fast CPU speeds. 
They're available in speed catego­
ries from 15 to 45 nsec. So even 
your high-performance RISC and 
32-bit micro designs can forget 
about wait states. 

Because these parts just plain 
haul access. But without making 
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cess. 

you pay a power penalty. Their ad­
vanced CMOS technology runs as 
low as 340 mW in active mode, 
and 25 mW in standby. Plus they 

_ ,v• feature proprietary Auto 
Powerdown TM circuitry 

"~.....,.,. __.... and 2 volt data 
-~>-""' retention, 

... ~~ 
making 
them ideal 

for battery 
backup operation. 
And since these 

parts are plug-compatible with 
industry-standard SRAMs, you 
have a clear upgrade path to 
higher performance. We've rewed 
up production for delivery today, 
on all popular organizations, in­
cluding 64Kx 1, 16Kx 4 and 8Kx 8 
-in a variety of package types. 

For full details, call us today 
toll free at (800) 851-0767; in 
California, (800) 233-2518. 
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ORCIAH. SPECIAL FUTURES MAX lu.ns 

1tK•1' •wo 11 ..... COllllO 11 ..... COii llO WIOI 11 ..... .. I01MllMllllrE 11 ..... ... '° .. ~ 11 

••r COii llO WIOI • 
114K•1 SEPl/O 15 

1111<•4 COii l/O 1 QilP ENABLE 20 

18K•4 COii l/O 2 QilP ENABLES+ OE 20 

1111<•4 COii l/O 1 D1IP ENABLE+ OE 20 

18K•4 SEP l/O TllANSPIWllTE 20 

1llK•4 SEP l/O HI !IF/WRITE 20 

llK•8 COii l/O 2 CHI' ENABLES+ OE 25 

' PRELIMINARY 

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

- ----- ...-..~-~ 
- .. ____ .. -- - -- --- ----~-........--~ 

--~--
DEVICES INCORPORATED 
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Successful designers will learn all the ins 
and outs of FPGAs and design circuits that 

take into account all the parts' strengths 
and weaknesses. 

switching to these FPGAs should prove to be no prob­
lem. For designers experienced with TTL, PLDs, or 
µPs, the transition could be painful. 

Some industry observers, however, claim that the 
transition to FPGAs need not be painful if designers 
employ a variation of the Carver-Mead method called 
the DWBH approach (don't worry-be happy, pro­
nounced "dweeb," also used as a verb, as in "to DWBH 
something"). Using this approach, you simply lay out 
your design in any fashion that suits your fancy, with­
out regard for the target device's peculiarities. 

Many vendors offer schematic-capture packages that 
allow you to draw up a design that looks just like the 
TTL designs you are familiar with. When your design 
looks good, you submit it to a schematic compiler or 
so-called "logic synthesizer" (actually, such programs 
don't synthesize any logic at all; they merely extract 
Boolean equations from the logic inherent in your cir­
cuit diagram). 

If your design won't fit the target device when you 
compile the design, you simply select a larger device 
and recompile. Similarly, if simulation shows your de­
sign to be too slow, you just get a faster version of the 
target device. 

Clearly, the more successful designers will probably 
learn all the ins and outs of FPGAs and design circuits 
for them that take into account all the devices' 
strengths and weaknesses. 

Painful transitions 
Curiously, an experienced TTL designer would prob­

ably have less trouble mastering the Xilinx and Actel 
devices than the Altera or Signetics devices. Designing 
with the devices that present an array of programma­
ble logic blocks is like designing with a somewhat re­
tarded set of TTL devices. 

Actel and Xilinx publish detailed sets of recommen­
dations concerning which logic functions fit their de­
vices' logic blocks best. For example, a single Actel 
logic block can implement many-but not all-3-input 
gates directly and only a handful of 4-input gates di­
rectly. Xilinx logic blocks, on the other hand, can easily 
implement any 4-input function, including a majority 
gate. If experienced TTL designers restrict their de­
sign approaches to these recommended ones wherever 
possible, they will produce optimal designs that will fit 
their target devices better than a haphazard design 
will. Instead of just packing the maximum number of 
functions into a single chip, designers will strive to use 
the smallest number of logic elements for a given func-
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tion, because the fewer logic elements a design uses, 
the faster the target device will run. 

Experienced PLD designers will feel more at home 
with the Altera and Signetics devices. In fact , the 
greater flexibility of these devices in comparison with 
PAL devices should liberate designers from constraints 
rather than saddle them with new ones. 

CAE-like it or not 
Unfortunately, all these chips are so large that they 

virtually require computer-aided design techniques. 
Designers who prefer manual methods will finally have 
to give in and start working on an IBM PC or engineer­
ing workstation. 

The software for FPGAs ranges in price from noth­
ing to tens of thousands of dollars. The cost of the 
software will come as no shock to gate-array designers 
who have . been using expensive, powerful software on 
mainframes for years. PLD designers who are used 
to free software from PLD vendors will be in for some 
sticker shock when they price software. Signetics' Snap 
for its PML devices, for example, costs $500 to $1000. 
Xilinx's XACT costs $3600 to $12,000, and Actel's 
ACTl costs $20,000 to $25,000. 

The high price of the software stems from two fac­
tors. The first is that the FPGA software is much 
more complex than PAL-device software. PAL devices 
contain a relatively small amount of logic and have 
logically simple internal structures. Thus, PAL-device 
software can consist of no more than a simple Boolean­
equation to fuse-map translator. (More advanced PAL­
device software packages are available, but they're 
not absolutely necessary-especially for experienced 
designers who don't use a wide variety of PAL de­
vices.) 

FPGA software, on the other hand, includes a multi­
tude of different input formats: truth-table, circuit­
diagram, waveform, logic-equation, and state-machine 
formats. Additionally, for the chips having arrays of 
logic cells, vendors offer autorouters and timing simula­
tors. To give you the benefit of other designers' experi­
ence, FPGA packages include macros---or predefined, 
optimized logic functions that you can plug into your 
design as building blocks. 

An unbeatable price/performance ratio 
The FPGA software having the best price/perform­

ance ratio is Signetics' Amaze for its PML devices. In 
fact, Amaze's price/performance ratio is unbeatable: 
Amaze is free, and it works. If, however, you wish to 
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12m 
MAKES 

THE DIFFERENCE 
When your 22V10s are in standby, they 
just sit around and waste power. Those 
milliamps can add up to megabucks fast! 

THAT'S 
CHANGED. 
When you replace your standard 22V10 
programmable logic devices with Atmel's 
new, proprietary low-power versions, 
you'll be cutting your standby power bill. 
Atmel's 22V1 OL needs only 12 milliamps 
(15 milliamps for the military version) . 
That's about one-tenth of what you 're 
used to. With Atmel , you lower costs, 
have less heat to worry about and improve 
your system reliability. 

SPEED DOESN'T 
COST POWER. 
And don't think you 're going to compromise 
your processing speed just to pay for this 
power savings. The AT22V1 OL delivers a 
blazing 25 nanoseconds. This device can 
keep up with your microprocessor - not 
drag it down. 

EDN April 27, 1989 

Ailll!L -----® The People Who Make The Difference. 
CIRCLE NO 75 

PUT THEM 
IN UNIFORM. 
You can enl ist these CMOS wonders for 
your military system as wel l. The Defense 
Electronic Supply Center (DESC) has 
approved Atmel 's 22V10 and 22V1 OL low­
power version on three different drawings. 
No one else scores that high! 

DESC SMD Numbers 

AT22V10 5962-87539 DIP/LCC 
(Windowed) 

AT22V10 5962-88670 DIP/LCC 
(Non-windowed) 

AT22V10L 5962-88724 
DIP/LCC 

(Low Power) 

For more information on the Atmel difference, 
call (408) 434-9201 , or write : 
Atmel Corporation 
2095 Ringwood Avenue 
San Jose, CA 95131 
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_.We're Building On 
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--- - A Proven Produd 
--- Line . .. 
You know Schaevitz as the leading source for LVDTs. 
With more than 400 standard designs, we have the 
right transducer for your linear displacement 
applications . .. and we keep making them better. 

Our standard L VDT line offers: 

• Ranges to 20'', AC / DC models 
• Linearity to ±0.05%; infinite resolution 
• Operation in extreme environments 
• Compatible L VDT instrumentation 

•.• To Bring You New Technology 
Recent product developments at Schaevitz include an 
affordable DC-operated LVDT. This new generation 
sensor offers improved performance at a lower price 
tag than previous units . We 've also extended our 
reach into linear position sensing with technology 
capable of long stroke measurement to 120". 

To find out more about our linear displacement 
sensors and other Schaevitz products, call our Hot 
Line: 609/662-8008 or write Schaevitz, 7905 N. Route 
130, Pennsauken, NJ 08110-1489. 

Grid Scale: '%" x %'' 

CIRCLE NO 76 

compile designs generated on third-party, schematic­
entry software packages such as OrCAD/STD or Fu­
tureN et, you will have to purchase Signetics' Snap. 
Snap also provides state-machine entry and macros for 
common logic functions. 

Signetics is not alone in seeing the marketing appeal 
of using common schematic-capture programs as a front 
end to logic compilers that suit their particular chips. 
Xilinx packages Data I/O's FutureNet as a front end 
to its logic-synthesis, autorouting, and simulation soft­
ware. Xilinx's back-end software also interfaces with 
common CAE packages such as Daisy's ACE or DED 
II, Mentor's Idea, Schema II, OrCAD's SDT, Valid, 
CASE, PCAD, and View Logic. 

Similarly, Altera offers Max+ Plus software for its 
Max devices, and Actel has the Action Logic System 
(ALS) for its programmable gate arrays. The Actel 
offering also includes an autorouter, which the com­
pany claims can route 100% of all paths while using 
up 95% of a device and a test-software generator. 

To understand why this software costs so much, con­
sider that in addition to the much higher software­
development costs that FPGA vendors must assume 
to write such advanced software, recent startups in 
this field aren't really in the semiconductor business 
just yet. Right now, these companies are selling more 
software than hardware and are, rightly speaking, in 
the software business. If engineers begin to design 
with these companies' parts and the companies then 
begin shipping lots of chips, the firms may forsake the 
software business for the chip business and, as a result, · 
their software prices may come down. EDN 

Article Interest Quotient (Circle One) 
High 494 Medium 495 I.ow 496 
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A 100 MHz Digitizing Oscilloscope for $3,465. The HP 54501A. 
• 100 MHz bandwidth 
• Four channels 
• 8-bit vertical resolution 
• Instant hardcopy output 
•Full HP-IB programmability 
• Automatic measurements 

It's no typo! $3,465. Call for 
the FREE video and see the best 
price/performance, portable, 
digitizing oscilloscope on the 

EDN April 27, 1989 

market. See the power of glitch, 
dropout and TV triggering, mea­
surement limit test and dual 
timebase windowing. The HP 
54501A outperforms analog 
oscilloscopes and delivers extra 
capabilities found only in expen­
sive digitizing oscilloscopes. 
See the ease and versatility 
of the HP 54501A on videotape. 

Call HP now: 
1-800-752-0900. 
Ask for extension 216D for your 
free video, or to order. 

F//;'I HEWLETT 
~/:.. PACKARD 

161 



, 
1988 Xilin:r, Inc, 2069 Hamilum Aw., San Jos~ CA 95125. ~ 4-t-73~\725. 'Jblcyo, 08-561-7768. Xilin:rand Logic Cell am trademarks and The Programmable Gate Array Cmnpany is a seroice mark Qf Xilinx, Inc. 
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Convention says that gate 
arrays often take months to 
develop. 

ConventionsaysthatTIL 
and PLD-based designs sacrifice 
production cost effectiveness. 

Maybe it's time you flaunted 
convention. 

With Xilinx Programmable 
Gate Arrays. They give you all the 
benefits of gate arrays, but you 
can program them right at your 
desktop. 

Xilinx Programmable Gate 
Arrays cut months off your devel­
opment cycle and replace boards 
full of TIL and PLDs. 

You don't worry about NRE, 
because there isn't any 

You work with a proven stan­
dard part that has already been 
100% tested down to the last 
transistor. And our standard 
parts are priced the way most 
standard parts are priced. Low 
and getting lower. 

r-------Ti_m_e t-o M-a-rke-t----~ If all this Sounds too 
Weeks 0 

I 
5 10 15 20 good to be true, consider 
1 1 1 1 the evidence: 

lerification Prototyping Evaluation 

Gate Array Design engineers are 
using more than 2,500 
of our development 

Programmable 
Gate Array systems. And this year 

Out up t,o 15 weeksjromyCJUrdesiqnschedule.BecauseXilinr they'll Create more than 
Proqrammable Gate Arrays mean no waiting, and no ri.sk. 10, 000 designs, guided 

A n:y wa:y yCJU look at it-speed, 
density orprice-Xilinr's Program­
mable Gate Arrays make cani:en­
ti.anal logic desiqn seem prehis/JJric 
/Jy comparison. 

by Xilinx's comprehensive design 
tools and complete technical 
support. 

Production benefits are well 
proven: Weve already shipped 
more than a 1:"'"" 

million fully ~*'G>'.~ 
tested parts. ""'~°""i\o<l' 

So if you're 
tired of working 
the conventional 

l.:XIUNX 
XC!H0-10 

1'(175C 
XOllOAllJ3 

Programmable design cuts yCJUr erpenses, not 
yCJUr op ti.ans. Xilinx qff ers yCJU a broad range Qf 
Logic Cell™ Arrays for (YIX!ry applicati.an. 

way, take a look at Xilinx's Pro­
grammable Gate Array Our new 
data book shows you how to get 
more density with less risk and 
get your ideas to market faster. 

Just call (800) 255-7778. In 
California call ( 408) 559-7778. Or 
contact your local Xilinx distrib­
utor, rep, or sales office and ask 
fora copy 

It defies conventional logic. 
But it makes perfect sense. 

f:XILINX 
The Programmable Gate Array Company"' 
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End the connector 
• compromise ... 

Only Hypertronics ends the compromise in power 
supply connectors for backplane subassemblies­
in military, computer and other electronic systems­
by combining Low Insertion Force (LIF) power, 
signal and MIL spec reliability in a single rack & 
panel connector. 

Our modular design gangs power contacts, 
rated from 15 to 200 amps, with low-insertion-force 
signal contacts. Combine these design alternatives 
with high current/small size performance of the 
Hypertac® contact-for unique cost and space 
efficiency. 

And now our L Series connectors have been 
proven to MIL-C-28748A performance standards. 

Now you can have it all. .. in rack & panel 

connectors for power and signal applications 
ranging from power supply to portable disc drives. 
End the connector compromise by calling 
1-800-225-9228, toll free. 

HYPERTAC®: 
Inserting pin into hyperboloid sleeve. 

D 

HYPERTRONICS CORPORATION 
"New Horizons in Connectors" 

16 B~ent Drive, Hudson, MA 01749 (508) 568-0451Telex 951152 FAX (508) 568-0680 
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Design Feature 

Design linear circuits 
that serve 

digital system needs 

Digital circuits require a slew of analog 
support circuits to provide life support in the 
real world. Many of these functions are 
related to memory support and range from 
power-sense circuits to voltage supplies 
for programming onboard) nonvolatile 
memories. 

Jim Williams, Linear Technology Corp 

The pristine, regimented symmetry of digital circuit 
boards is occasionally interrupted by irregular huddles 
of linear components. Designers tolerate these aber­
rants because they perform a variety of ancillary tasks 
necessary to keep the digital system running. Most 
analog designers wouldn't relish lifetime employment 
working on digital circuit boards, but the need for 
certain kinds of analog circuits exists. Memory- and 
power-control circuits are two examples of linear cir­
cuits needed in digital systems. 

The recently introduced flash memories offer a good 
example of linear circuits supporting a predominantly 
digital function. Flash memory, unlike conventional 
EPROM, lets you erase and reprogram a memory chip 
electrically. A full-chip erasure takes one second with 
100-µsec byte-program times and two seconds for full-

EDN April 27, 1989 

chip programming. (See box, "A primer on flash mem­
ory," for a more complete description of flash memory.) 

Flash-memory devices require carefully controlled, 
high-voltage programming power. A typical unit, the 
Intel 28F010 IM-bit flash memory, specifies V PP pulses 
of 12 or 12. 75 ± 0.2V, depending on the part type. (PP 
stands for program power.) Vpp excursions beyond 14V 
for 20 nsec or longer will destroy the device. To reliably 
generate such pulses in a 5V-powered digital system, 
you must deal with several analog issues. You must 
derive or supply a high-voltage source and then control 
its output and the pulses generated from it within the 
tight tolerances required by the memory device. In 
addition, you may want to control the high-voltage 
pulses with a 5V logic command. 

Memories require precise programming pulses 
A simple way to provide the necessary programming 

power would be to use an existing high-voltage power­
supply line or a switching-regulator output voltage set 
at the desired V PP level. You could then use a simple, 
low-resistance FET or bipolar switch to generate the 
V PP pulses. In theory, this approach will work. In prac­
tice, however, transmission-line effects in printed­
circuit trace runs may cause memory-destroying over­
shoots. The box, "Preventing memory destruction," 
details this phenomenon. 

In general, you need more sophisticated design tech­
niques to stay within the V pp-pulse tolerance limits. 
The circuit shown in Fig la meets almost all flash-
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Whichever design world you find yourself 
in-analog or digital-you should be 
aware of the linear-circuit needs of different 
types of digital circuitry. 

memory V PP requirements. When the V PP command 
pulse goes low (Fig lb, trace a), the LT1072 switching 
regulator drives L1, thus producing high voltage at the 
output. Resistors R1 and R2 provide the necessary de 
feedback; the ac rise and fall times are controlled by 
the 2-pole compensation of the LT1072. This compensa­
tion is set by the values chosen for C1, C2, and R3; 

these values have been selected for optimal compensa­
tion with respect to this application. The circuit's re­
sponse should have no overshoot under any conditions 
including short-circuit recovery (see Ref 1 for more 
information on LT1070/LT1072 compensation). 

V PP pulse (Fig lb, trace b) that settles to either 12 or 
12. 75V, depending on the values you choose for R1 and 
R2• The 5.6V Zener diode permits the output to return 
to zero volts when the V PP command pulse goes high; 
you may delete the diode in cases where a 4.5V mini­
mum output is acceptable or desirable. You can elimi­
nate circuit-trimming requirements by using precision 
resistors for R1 and R2• Alternatively, you can use 
1 % resistors and a trimmer for R1 and R2• 

The final output of the circuit is a smoothly rising 

You can easily modify the circuit of Fig la to elimi­
nate the 1N5919 Zener diode and its attendant power 
dissipation by inserting a pnp transistor in its place 
as shown in Fig 2a. To further modify the circuit for 

A primer on flash memory 
Saul Zales, In-tel Corp 

Flash memories reduce firmware­
update costs for EPROM-based 
products. Such products often 
need software revisions, and 
EPROMs are costly to update. 
You often have to dismantle your 
equipment, either to UV erase 
and then reprogram the 
EPROMs or to replace them with 
new ones. This operation takes a 
technician at least 15 minutes. 
Double that time if you wait for 
UV erasure. In contrast, flash 
memories allow in-system repro­
gramming in seconds and are not 
discarded as EPROMs often are. 
In the factory, flash EPROMs let 
you execute multiple tests during 
a single board-testing step. 

To distinguish between 
EEPROMs and flash EPROMs 
consider that EEPROMs suit pa­
rameter storage, as opposed to 
code storage. Parameters need to 
be rewritten individually in real 
time-that is, while the system 
is on-line and in normal opera­
tion. Parameters also require less 
memory storage space than code 
does. 

In contrast, flash EPROMs 
better match embedded-code 
needs. Even if you only change 
one line of code, an entirely new 
microcomputer program results. 
You must update the software as 
a complete copy to ensure error­
free updating. Flash memories 
accomplish this process with full­
chip erase characteristics in a few 
seconds of off-line system time. 

One flash-EPROM reprogram­
ming method is In-System-Write 
(ISW). ISW eliminates external 
programming equipment alto-

(a) 

VERTICAL = 5V/DIV 

HORIZONTAL = 100 µSEC/DIV 

gether; it uses an existing data­
communication channel, such as 
a modem. ISW utilizes the em­
bedded, local CPU for the flash­
memory device's reprogramming 
"intelligence," thus taking advan­
tage of the off-line nature of up­
dates. The only new requirement 
for ISW is a local programming 
power supply (V pp) of either 12 
or 12. 75V, depending on device 
specifications. 
The author is an applications en­
gineer at Intel Corp (Santa 
Clara, CA). 

(bl 

VERTICAL = 5V/DIV 

HORIZONTAL = 100 µSEC/DIV 

Fig A-An ideal flash EEPROM V PP pulse has a srrwoth rise time with rw overslwot 
(a) . If your pulse-generator design doesn't include circuitry for rise-time control, the 
pulse can ring at destructive voltages (b) simply due to transmission along a pc trace. 



Vpp 
COMMAND 

270k 

120k 

(a) 

a, 
2N3904 

5V 

v,. Vsw 

LT1072 

L, 
PULSE ENGINEERING 
#PE-52645 
150 µH 

MUR120 

1N5919A-5.6V Vpp 

r---------- OUTPUT 
200mAMAX 

c, 
1 µF 

Ve GND FB t-------e 

+ I 100µF 

RESISTOR 
Vpp OUT R1 R2 TOLERANCE 

12.0V 10.7k 1.24k 1% 
12.75V 11.5k 1.24k 0.1% 

(b) 

VERTICAL SCALE = 5V/DIV 

HORIZONTAL SCALE = 20 mSEC/DIV 

Fig 1-High-voltage pulses with smooth rise characteristics are the basic flash-memory programming requirements that this circuit (a) 
fulfills. Due to the compensation of the LT1072 switching regulator, the command pulse (b, trace A) produces a pulse with a clean rise-time 
characteristic (b, trace B). 

high power outputs, see the table in Fig 2b. 
A key feature of the circuit in Fig la and many 

circuits similar to it is that they will not spuriously 
overshoot during power-up or power-down, thereby 
preventing memory destruction. This feature is due 
to the compensation of the LT1070, which causes a 
highly overdamped pulse response, and to the fact that 
the control components of these circuits function even 
at low supply voltages. In other words, the control 
circuits will be active long before the memory circuits 

settle and will prevent uncontrolled V PP outputs. 
The repetition rate of the circuit in Fig 1 is limited 

because the regulator must fully rise and settle for 
each V PP command. Depending on how often your mem­
ory devices require updating, this limited repetition 
rate may or may not present a problem. Most require­
ments are for low repetition rates (from one hertz to 
the kilohertz range), but there are cases where the 
pulser is required to serve many memories. The circuit 
in Fig 3 serves those cases that require higher-

POWER OPTIONS FOR BASIC Vpp PULSE GENERATOR 

OUTPUT 
MJE370 CURRENT CouT REGULATOR INDUCTOR ZENER 

TO MUR120 CATHODE 
400mA 200 µF LT1071 PE-52645 1N5339A 

OR 
,L TO OUTPUT CAPACITOR 

SYNCHRONOUS 
SWITCH OPTION 

T05V .Ny 
600mA 400 µF LT1070 PE-51516 1N5339 

OR 
680 SYNCHRONOUS 

SWITCH OPTION 

(a) (b) NOTE: ASSUME EACH 26F010 DEVICE REQUIRES 30 mA of VW F CURRENT 

Fig 2-You can replace the Zener diode of Fig 1 with a pnp transistor (a). You can also modify Fig 1 for higher power outputs (b) . 



Power control and memory management 
are just two areas where some analog design 
tricks will come in handy on a digital circuit 
board. 

repetition-rate V PP pulses. In this design, the switching 
regulator runs continuously. You provide a V PP com­
mand pulse to drive an op-amp (IC1) and buffer­
amplifier (IC2) loop, which generates the required 
pulses. 

Vpp 
LOCK Ve 

+ 
I10µF 

LT1072 

1k 

a, 
2N3904 

120k 

74C04 
OR 

EQUIVALENT 

Vpp 
COMMAND 

(a) 

1N914 

VppOUT 

12.0V 
12.75V 

+ 
I 1µF 

-:-
c, 

R2 

R1 R2 

10.7k 1.24k 
11 .5k 1.24k 

5V 

L, 
150 µH 
PULSE ENGINEERING 
#PE-52645 

~ 17V 

1N914 

I100 µF 

VppOUTPUT 
150µAMAX 

-:-
680 pF 

R, 

RESISTOR 
TOLERANCE 

1% 
0.1% 

A 

B 
c 

D 

(b) 

A 

B 

The waveforms in Fig 3b demonstrate the circuit's 
operation. You can drive the V PP lock line to a logic 
high, which will shut down the regulator, thus prevent­
ing any possiblility of inadvertent V PP outputs. After 
the V PP lock goes low (trace A), the LT1072 loop comes 

TRACE VERTICAL HORIZONTAL 

A 5V/DIV 20mSEC/DIV 
B 10V/DIV 20mSEC/DIV 

(ON 4.5V DC LEVEL) 
c 5V/DIV 20mSEC/DIV 
D 10V/DIV 20mSEC/DIV 

VERTICAL SCALE = 5VIDIV HORIZONTAL SCALE = 100 µSEC/DIV 

TRACE 

A 
B 

VERTICAL 

5V/DIV 
5V/DIV 

HORIZONTAL 

100 mSEC/DIV 
100 mSEC/DIV 

(c) 

Fig 3-To fulfill higher-repetition-rate voltage-programming requirements, you can run a switching regulator continuously and generate 
the V PP pulses by using an op amp and a buffer amplifier ( aJ . High-voltage pulses, whose level is dependent on the value you choose for 
R, and Ri!, result from the application of the Vpp command pulse (b, trace DJ; these pulses exhibit clean rise times (c, trace BJ . 
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Fig 4-By replacing the buffer-amplifier 
stage of Fig 3 with a discrete-output stage, 
you can supply up to 800 mA of output 
current. 

74C04 
OR 

EQUIVALENT 

v •• 
COMMAND 

1N914 

on (trace B), stabilizing at about 17V. Pulsing the V PP 

command line then causes the 74C04's output (trace 
C) to bias the LT1004 reference. The LT1004 clamps 
at l.23V, and the gain loop containing IC1 and IC2 

produces a pulsed output voltage dependent on the 
values you choose for R1 and R2 (trace D). The 680-pF 
feedback capacitor, cl> controls loop slewing, thereby 
eliminating overshoots. Fig 3c details the V PP output. 
Trace A is the 7 4C04 output; trace B displays the clean 
V pp-pulse characteristics. 

As in Fig 1, the 2-pole compensation of the LT1072 
in Fig 3a ensures a clean rise time, and spurious V PP 

outputs are suppressed during power-up and power­
down. The LT1010 buffer amplifier provides short­
circuit protection and 150 mA of drive current, which 
is enough for five 28F010s. The diode path around the 
LT1010 prevents destructive overshoot when the cir­
cuit is recovering from output shorts. The diode at 
ICi's input clips excessive negative voltages arising 
from C1's differentiated response. 

To drive more memory devices-supply more output 
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R, 

':' 

':' 

+ 

I10µF 

5V 

L1 
150 µH 
PULSE ENGINEERING #PE-51516 

%17V 

o.5n + 

02 
I470 µF 

2N3906 

':' 

Oa 
2N6387 

VppOUTPUT 
800mAMAX 

C1 68 pF 

R1 

RESISTOR 
VppOUT R1 R2 TOLERANCE 

12.0V 107k 12.4k 1% 
12.75V 115k 12.4k 0.1% 

current-you can modify the circuit in Fig 3a by replac­
ing the LT1010 buffer amplifier with a discrete power 
stage, as shown in Fig 4. Qa furnishes up to 800 mA 
of output current, enough to drive 26 28F010 memo­
ries; Q2 functions to limit the current to a maximum 
of approximately l.2A. The values of the feedback com­
ponents used in Fig 3a have been scaled by a factor 
of 10; R1 and R2 were increased and C1 was decreased 
to maintain the same level of compensation. These 
changes prevent Q2's collector current from causing 
excessive heating in the grounded resistor, R2• This 
heating could occur during prolonged short-circuit con­
ditions. The ac dynamics of the circuit in Fig 4, includ­
ing a glitchless short-circuit recovery, are identical to 
those of the circuit in Fig 3a. 

You should note that for both Fig 3a and Fig 4 the 
LT1070 or LT1072 is running continuously to provide 
a fixed high voltage. If a suitable high voltage is al­
ready available in your system, you can power IC1 and 
IC2 directly from that high-voltage line and delete the 
regulators from the circuit. 
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A diode path around the final Vpp output 
stage prevents destructive overshoot when the 
circuit is recovering from output shorts. 

These V pp-generating circuits require waiting a small 
length of time for the regulator to settle before pro­
ceeding with a V PP operation. Note the lag between 
the V PP command pulse and the rise of the output pulse 
in Fig 1. In almost all circumstances, this delay is 
acceptable, but some situations may require verifica­
tion that the V PP is within a certain tolerance before 

the pulsing begins. 
When used in conjunction with either Vpp pulser, 

the circuit in Fig 5 gives a handshake output when the 
V PP has settled. This simple circuit works by comparing 
the V PP output against the known LT1004 reference 
voltage. The resistor values given allow for possible 
variations in V PP voltage due to component tolerance 

Preventing memory destruction 

The 12 or 12. 75V V PP pulses used 
with flash memories seem uncom­
fortably close to the devices' 14V 
breakdown limit. In actuality, the 
overvoltage precautions required 
are similar to those for 5V rails. 
Excursions beyond 14V for dura­
tions longer than 20 nsec exceed 
the chip's absolute maximum rat­
ing. Thus, the design of V w 
pulse-generating circuitry re­
quires care to avoid seemingly 
mysterious memory failures. Al­
though the 28F010 flash memory 
is used here as an example, the 
considerations are applicable to 
other devices. 

In theory, a simple low-loss 
transistor switching a low-imped­
ance power supply will generate 
the required pulses. In practice, 
this is a hazardous approach. Fig 
Aa shows an ideal V PP pulse pro­
duced by simple transistor 
switching. The pulse settles to 
the desired V PP level quickly with 
no overshoots or aberrations. Fig 
Ab shows the same pulse meas­
ured at the memory pins after a 
printed-circuit trace run. The pc 
trace looks like an unterminated 
transmission line with ill-defined 
characteristics. Reflections oc­
cur, which cause ringing exceed­
ing 20V. This ringing is well be­
yond specified destructive levels 
and almost guarantees chip fail­
ures. Similar overshooting on the 

falling edge can cause equally de­
structive negative voltages to ap­
pear at the memory pins. 

These effects demonstrate the 
necessity for rise-time control. 
The controlled edge times of the 
closed-loop circuits in the text 
eliminate this problem. Other fea­
tures of these circuits make them 
attractive. Short-circuit protec­
tion is obviously desirable to pro­
tect the V pp-pulse generator. 
More subtly, it also protects the 
memory. In an unprotected V PP 

pulser, the pass switch may fail 
in a shorted condition. This fail­
ure will expose the memory to 
destructive overvoltage. You 
should design short-circuit-pro­
tection circuitry so that it does 
not cause overshoots when oper­
ating or recovering from over­
load. 

(a) 

VERTICAL = 5V/DIV 

HORIZONTAL = 10 µSEC/DIV 

For example, removing IC2's 
shunt diode from the circuit 
shown in Fig 3 in the text causes 
dangerous overshoots on short­
circuit recovery. Fig Ba shows 
V PP output recovery with the di­
ode removed. With the diode in 
place (Fig Bb), the recovery is 
free from overshoot. Similar con­
siderations apply on power-up 
and power-down. The V PP gen­
erator must not produce spurious 
outputs during power application 
or removal. You can avoid these 
unwanted outputs by employing 
circuit techniques and ICs that 
operate down to low voltage. Cir­
cuits that provide control even 
when the power supply is not yet 
at its specified operating level 
yield predictable and controllable 
outputs during transient supply 
conditions. 

(b) 

VERTICAL = 5V/DIV 

HORIZONTAL = 2 µSEC/DIV 

Fig B-Without a shunt diode at the output of a V pp-pulse generator, dangerous 
memory-destroying overshoots can occur (a). With the diode in place, the recovery is 
smooth and controlled (b). 



stack-up. When you use this circuit, you should set the 
output of the V PP generator circuit to within 0.4% of 
nominal value. You can set the output to a precise 
value by trimming or by using 0.05% resistors in place 
of the 0.1 % values specified. 

Although EEPROMs fulfill a different purpose than 
flash memories, their V pp-pulse requirements have 
similarities. The Intel 2816 specifies a V PP amplitude 
of 21±1 V with a maximum allowable voltage of 22.5V. 
A special EE PROM stipulation is that the V pp-pulse 
rise time must have an RC time constant very close 
to 600 µsec. The circuit in Fig 6 meets these require­
ments. As in the circuit in Fig 3, an LT1072 switching 
regulator generates the high supply voltage; an op 
amp (IC1) and a buffer amplifier (IC2) generate the 
actual V PP pulse. While the Erase/Write lock line is low 
(Fig 6b, trace A), the LT1072 is in standby; no high 
voltage is produced, and there is no circuit activity. 
Under these conditions, the V PP output line is pulled 
toward 5V via the 1N914 diode. (Note the 4.5V de 

+ 
I10µF 

5V 

L, 
150µH 
PULSE ENGINEERING #PE-52645 

MUR120 

5V 

3.3M 
5% 

10.?k 
0.1% 

11.3k 100!1 
0.1% 5% 

5V 

LOW= 
Vpp READY 

Fig 5-Switching-regulator-based circuits require that you wait 
a certain length of time for the regulator output to settle before you 
begin a V PP operation. This simple comparator circuit provides a 
handshake output when either of these two V PP levels has reached 
its final value. 

A 

B 

c 
D 

LT1072 

Ve GND FB 1--_..__, 24k 
+ I 200µF 

E 

1k 

1
0.1 µF 

':" 1N914 

(a) 

1k 
1% 

1.2k 

=25V 

1N914 

16k 
1% 

5V 

1N914 

VppOUTPUT 
150mAMAX 

TRACE VERTICAL HORIZONTAL 

A 5V/DIV 10mSEC/DIV 
B 10V/DIV 10 mSEC/DIV 
c 20V/DIV 10 mSEC/DIV 
D 20V/DIV 10mSEC/DIV 

(ON 4.5V DC LEVEL) 
E 5V/DIV 1 mSEC/DIV 

(b) 
(ON 4.5V DC LEVEL) 

Fig 6-EEPROM high-voltage programming requirements are similar to those of flash memory. EEPROMs require 21V amplitude 
pulses with RC time constants of 600 µ.sec . A simple modification of Fig J's input (a) provides rise-time control via R, and C,. By choosing 
R, and C, so that their product equals 600 µ.s ec, the output-pulse conditions are met (b, trace E). 



5V 

33k 

AC INPUT 
FROM 
TRANSFORMER 

AC SECONDARY 
4N28 DROPOUT 

........ c, 

......... 
I0.01 µF 3k 

(a) -:' -:' 

A 

B 
TRACE VERTICAL 

c A 10V/DIV 
B 2V/DIV 
C 5V/DIV 

(b) 

Fig 7-Dropout detection enables you to is­
sue merrwry-store commands before power 
fails. This ac detector uses an optoisolator 
connected across the secondary of a trans­
former to continually reset C1 (b, trace BJ. 
When power fails, C1 charges up and triggers 
the comparator (b, trace CJ. 

HORIZONTAL SCALE = 10 mSEC/DIV 

level on traces D and E of Fig 6b.) 
When the Erase/Write lock line goes high (trace A), 

the regulator output (trace C) builds smoothly and 
regulates at 25V. The 2-pole LT1072 compensation al­
lows the regulator output to rise relatively quickly. 
When the V PP command line is pulsed high (trace B), 
the LT1004 reference clamps at l.23V, and the RC 
network made up of R3 and C1 delivers a 600-µsec 
edge to IC1's positive input. The feedback-resistor val-

v,. IN LT1086-5 OUT 

24.3k 
0.1% 

+ 26.1k 

I10 µF 
0.1% 

-:' 

-:' 

1N5817 

3. v,. 
1M 
1% 

OPTIONAL~ 

ues chosen produce 21 V at the V PP output (trace D). 
The 21 V amplitude is ensured by the LT1004 reference 
and closed-loop operation. Trace E is a time- and ampli­
tude-expanded version of this pulse. 

When the V PP command goes low, the V PP output 
returns cleanly to 4.5V. The shunt diode at IC1's nonin­
verting input speeds the recovery of the 0.005-µF ca­
pacitor. IC2 provides 150 mA of output current, enough 
to drive 10 2816 EEPROMs. As in Fig 3, a shunt diode 

SVTO 
SYSTEM 
POWER 

A 

B 
2k 

c 
D 

HORIZONTAL SCALE=20 mSECIDIV 

MEMORY 
STORE 

TRACE VERTICAL 
5VTO A 0.5V/DIV MEMORY 
POWER (ON 7.5V LEVEL) 

B 1V/DIV 
BATIE RY FB 

I10 µF (ON 5V LEVEL) 
HOLD-UP 1M c 5V/DIV 

I 1% D 1V/DIV 

-:' 

(a) (b) 

Fig 8-By making use of two 5V de regu/,ators (aJ, you can alert the merrwry section to store data (b, trace CJ before the merrwry power 
fails (trace DJ . 
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Record-b · speed demands 
the ultimate in performance. 

Roger Bannister made the running of the mile an exact 
science, analyzing every moment, every aspect. And became 
the first man to break the 4-minute barrier 1n 1954. 

Scrutiny of every detail in electronics rFNeals a simple 
fact: Your equipment is only as fast as its slowest component. 

At Precision Interconnect, we're working every day to 
support your efforts toward smaller, faster equipment through 
the performance of high-speed transmission line assemblies. 

Our latest generation ofTex-L 88 PTFE insulating tape, 

with its low dielectric constant, allows us to build flexible, 
micro-miniature coaxes with over 90% velocity of propagation. 

Cabled and terminated properly, these coaxes are not 
only easy to install, they provide precise signal rise times, 
controlled impedance, minimized attenuation and matched 
time delay. 

If you're designing supercomputers or test equipment 
that requires smaller and faster cable solutions, our engineering 
and manufacturing capabilities can give you an edge. We 
know eve. f picosecond counts. 

CIRCLE NO 79 

PRECISION 
INTERCONNECT 
16640 S.W. 72nd Avenue 
Portland, OR 97224 
(503) 620-9400 

Offices in San Francisco, Boston, 
Wilmington and DOsseldorf. 



Fig ~The flexible power-on-reset circuit 
shown in a lets you rrwdify the delay between 
the power onset and the pulse-onset trigger 
(b, trace CJ . The circuit also lets you rrwdify 
the reset pulse-width by changing R, and C, 
(b, trace DJ. 

1N914 

0.1 µF 

I"""' 
(a) 

(b) 

A 

B 
c 

D 

5V 

around the LT1010 prevents overshoot when the cir­
cuit is recovering from output shorts. When the Erase/ 
Write lock line returns low, the regulator's output de­
cays toward zero. As with the other V PP circuits, this 
design does not produce undesired outputs during 
power-up or power-down. 

Digital systems driven from the ac power line often 
require dropout detection. You'll want to implement 
fast ac line dropout detection in order to issue a mem­
ory-store command before the de power falls. The cir­
cuit in Fig 7 detects ac dropout by connecting an optoi­
solator across the power transformer's rectified secon­
dary. Under normal power conditions, the ac line (Fig 
7b, trace A) turns on the LED every 8 msec, or 1

/2 

cycle of the line. This repetitive action causes the out­
put transistor to continually discharge the 0.01-µF ca­
pacitor (trace B). However, when the ac line drops 
out, the capacitor charges via the 33-k!l resistor. IC1A 
compares the resultant ramp voltage to a 5V supply­
derived reference. In this case, the 2-k!l and 3-k!l 
resistors bias IC1A to go low (trace C) within one cycle 
of ac line dropout. 

In many cases, you won't have access to the ac power 
line. Such cases include PC add-on memory applications 

357k 
0.5% 

124k 
0.5% 

12k 

LT1004 
1.2V 

HP5082-2810 

HORIZONTAL SCALE ~ 10 msec/DIV 

R, 
680k 

OUTPUT 

TRACE VERTICAL 

A 
B 
c 
0 

2V/DIV 
0.5V/DIV 
5V/DIV 
5V/DIV 

and battery-powered systems in which there simply 
isn't any ac power available. When ac line dropout 
detection isn't feasible, you'll have to implemement a 
de-sensing circuit, such as the one shown in Fig Sa. 
This circuit uses the different dropout voltages of two 
regulators. Under normal operating conditions, the 
LT1086 supplies 5V power to the main system, and 
the LT1020 drives the memory section. 

When the input power falls (Fig Sb, trace A), the 
LT1086 drops out first (trace B). This voltage change 
is detected by the LT1020's onboard auxiliary compara­
tor, which then goes low (trace C). This action alerts 
the memory section to store data. The LT1020 regula­
tor output (trace D) maintains memory power for an 
additional amount of time due to its low-dropout char­
acteristics. The LT1020's output begins to fall approxi­
mately 50 msec after the memory-store command. You 
can include the optional battery and diode as shown 
in Fig Sa to extend the holdup time. 

In addition to these power-fail circuits, digital sys­
tems often require power-up circuitry, such as power­
on-reset. When supply power is applied to the circuit 
in Fig 9a, the 5V rail comes up (Fig 9b, trace A). The 
LT1004 clamps at l.2V, and IC1A's positive input (trace 
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• Gold, tin or selective gold 

plating 
• Buttable end-to-end or 

side-by-side (90° angle 
end-to-end only) 

• "Break-off" to any length 

Double row straight 
and go0 angle, 2 to 
80 pins. "Break-off" 
to any length. 

• .015 high standoff for 
cleaning and to prevent 
solder wicking 

• Body UL94V-O rated 

and use ARIES MINl·LINK"' 
for .025 pin jumpering from 
row-to-row or pin-to-pin. Available 
with handle or low profile (without 
handle.) 

See EEM Vol. C, pgs. 1185·1190 
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HOLT IS 
LOOKING FOR 
CUSTOMERS 

WHO WANT TO 
TAKEOFF. 
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-----· ·-----.., 
~-.. ' HoU'B 85-oolt didarokdisplagdrloerdevlce. 

~ • ! When you need an analog/digital CMOS solution for 
~ i your avionics and instrumentation applications you 
b.um'~" i need Holt. 

Our growing line of standard products can get 
your next project off the ground in a hurry. We have Hl-8010 and 
HI -8020 35-volt dichroic display drivers and the HI -8282 ARING 
429 transmitter/receiver, all reliable, cost effective and ready for 
fast delivery. 

And should your flight plan include special enhancements 
and packaging we're standing by, ready to solve your specific problems. 

So don't let your next avionics project get grounded, call Holt 
toll-free at 1-800-222-HOLT. 
In California call 1-800-843-7744. HQ[T 
Holt Integrated Circuits, Inc. .-l 't 
9351 Jeronimo Rrl., Irvine, CA 92718. INTEGRATED CIRCUI~ 

Wl're Looking for Some Tough Cust.omers. 
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B) ramps at a time constant determined by the 0.5% 
resistors and the 0.1-µF capacitor. When IC1A's posi­
tive input ramps beyond the LT1004 potential, its out­
put goes high, which delivers a differentiated pulse to 
IC18's negative input (trace• C). IC18's output (trace 
D) then goes low for a period determined by the differ­
entiator made up of R1 and C1• This pulse is used for 
system reset. 

The 1N914 quickly resets the 0.1-µF delay capacitor, 
and the Schottky diode clips differentiator-caused 
negative voltages at IC18's input. The ratio of the 0.5% 
resistors determines the turn-on threshold, in this case 
4.8V. The output-pulse delay time-the time at the 
onset of the pulse in relation to the 5V rail-is con­
trolled by the 0.1-µF capacitor; you can vary the delay 
time by changing the value of the capacitor. Similarly, 
the RC combination at IC18 sets the output pulse width 
and may be similarly varied. As previously discussed, 
the LT1018's l.2V minimum supply voltage prevents 
spurious output during supply power-up. EDN 
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If indicator lights look 
like this to you, look away. 

Perhaps it's the brilliant colors. Or the sparkle of chrome. Somewhere along the way, the people who 
buy, and even the people who build indicator lights have come to think of them as little more than ornamentation. 

Dialight disagrees. The way we see it, an indicator light might be the only way of knowing a 
critical system is on, off, up, down, hot, cold, dead or alive. An attitude you can see in every model of our 
incredibly wide selection. 

Take our sub-sub-miniature incandescents, for example. Each fitted with a high reliability filament lamp 
enclosed in a high-impact, plastic cap. The lens is molded directly to the mounting bushing for added strength. 
The entire assembly is available in a wide variety of colors and meets the requirements of MIL-L-3661B. 

With caps constructed of lexan to survive high-heat lamps, we've engineered indicators for 
continuous usage at levels to 250V 

And to provide operation at a specific voltage level while preventing instantaneous burnout, our 
neon indicators are ballasted with integral current limiting resistors. 

We've even designed a line of ultra-miniature incandescent and neon indicators with plug-in 
replacement cartridges that make changing lamps a snap. 
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Incandescents, neon and LED indicators available in a virtually 
limitless range of colors, sizes, configurations and mounting styles. In fact 
no one makes more indicator lights for more applications than Dialight. 
Even designs that meet MIL-L-85762A night vision requirements and 
other military specifications. 

If you 're starting to look at indicator lights the way we do, 
we suggest you continue to do so in our catalog. It's available free 

by dialing 201-223-9400. Or by writing; Dialight Corporation, 
1913 Atlantic Avenue, Manasquan, NJ 08736. 

DIALIGHT CORPORATION 
A Cambridge Electronic Industries Company 

Engineering is the only commodity we sell. 
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F L U K E A N D PHILIPS T H E G L 0 B A L 

FLUKE 

mpare our DSOs 
and yolill find a 

PM3365 
Fluke 

2230 
Tek® 

54501A 
HP® 

Not only is the PM 3365 from Fluke 
easier to learn and use, it's also 
incredibly accurate, thanks to the 
fastest sampling rate in its class. 

Not long ago, Fluke was first in 
helping you make the jump from analog 
to digital multimeters. Now we're helping 
you make the leap from analog to digital 
oscilloscopes, too, with easy to use 
full-performance DSOs at prices equally 
easy to handle. 

To begin with, our DSOs are more 
than just full digital scopes. They're also 
full analog scopes. At the push of a but-
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Features PM3365 
FLUKE 

Analog& Yes Digital 

Analog 100MHz Bandwldtll 

Dig Ital 
Bandwldtll 100MHzon 
For Repetldve 1 or 2 channels 
Slgnals 

Maximum 10MHzon 1 or SlngleShot 2channels f1'8q11811Cy* 

Sampling Rate 100 Ms/ son 1 or 
2channels 

Autoset Yes 

Cursors Smarter 

Probelactor Automatic ( + readout) 

IEEE-488/ Both, with 
RS232C full control 

Warranty 3year 

*10 points per period. 

ton, you're free to switch from analog to 
digital and back whenever you want. 

In either mode, operation is intuitive. 
A single "AUTOSET" button lets you find 
your signal and fully set up your scope 
automatically, without hunting or pecking. 
Plus, an easy-on-the-eyes LCD window 
keeps all your settings in clear view at all 
times without wasting your valuable 
CRT real estate. 

Our cursors are smarter, too, so 
you can do more of the measurements 
and computations you want from a 
DSO quicker and easier. 

Of course a big reason you'll want a 

2230 54501A 
TEK® HP IP 

Yes Digital Only 

100MHz Not Available 

100MHzon 100MHzon 
1 or 2 channels 1 or 2 channels 

1 MHz on 2 channels 1MHzon1 or 
2 MHz on 1 channel 2channels 

10 Ms/son 2 channels 10 Ms/ son 1 or 
20 Ms/ son 1 channel 2 channels 

Beamfinder only Yes 

Smart Smart 

Automatic Manual 

Both, with HP-IB only, with 
data only full control 

3year 3year 

DSO in the first place is to capture a wider 
variety of signals. Not just repetitive sig­
nals, but single shot and low repetition 
rate waveforms also. 

To do the job, you need ample 
bandwidth. But to do the job well , you 
need the high resolution only fast sam­
pling rates can provide. 

Which is exactly why our PM 3365 
samples a signal up to ten times faster 
than the competition, even with both 
channels in use. 

When it comes to the full DSO 
performance you need, no one makes 
it easier to handle than Fluke. 
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ALLIANCE I N T E S T & M E A S U R E M E N T 

PHILIPS 

to' I 'EK® and HP® 
dy erence. 

BuyanyRuke 
medium frequency 
DSO before Oct.1 
and get a free 
Ruke77DMM. 

Getting a handle on digital scopes 
has never been easier than with Fluke's 
family of DSOs, including the PM 3335, 
PM 3350, and PM 3365. Each offers 
superior performance, intuitive operation, 
and full product support. 

And if you order any medium fre­
quency DSO from Fluke before October 1, 
1989, you'll also get your hands on a free 
Fluke 77 handheld 3Y2 digit multimeter, 
complete with Touch Hold® and multipur­
pose holster.* 

Discover how easy it can be to make 
the transition from analog to digital. Send 
for our free video, "DSOs with a Differ­
ence," and see how easy and powerful a 
DSO can be. Order yours today. 
'Oller good only in Norlh America. 

Priced from a low of $2,495 
to just $4,990, our family of DSOs 
gives you high speed digitizing 
plus full analog capabilities for 

' - ..,, -: : : .. , --- r : ::::: ' -- ... ~ ... .......... 
' - ::: 
' -...... 

,';'. r 

- 'I 0 .. \; 

' - ~ :. t' .. 

' -··· .... 

the lowest prices ever offered in this class. Digital performance from Fluke begins at $2,4951 For 
unbeatable value, ask about the PM 3335 and PM 3350. 
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~r your FREE video and 

I 
product literature call 
800-44-FLUKE ext. 77 

I or mail this coupon today. 

I 
Name 
Title ___ ______ _ 

I 
Company 
Address ____ ____ _ 

I City ___ State _ _ Zip __ _ 
Phone. ___ ______ _ 

I 

I 

I 

I 
I 

FLUKE 
John Fluke Mlg., Inc .. R 0. Box C9090, M/S 250C, Everen. WA 98206. 
U. S.1206) 356-5400. Canada 1416) 890-7600. Olher counlrles: 
12061356-5500. <Cl1989 John Fluke Mlg. Co., Inc. All rlghls reserved. 
Ad no. 0291-P3350. Tek• & HP• are regislered 1rademarks al Teklronix , 
Inc., and Hewlen-Packard, Inc. 



Ericsson Leadership 
in SLIC IC design, 

g~esyou the leadin the 
Line Card competition . 
Goodbye, bulky transform ers . 
He llo, slim-line te leco m line ca rds, 
designed around Ericsson's s ingle-chip Subscriber 
Line Inte rface Circuits. 
As a major suppli er to th e world's te leco m industry, 
we be li eve we have built up more know-how, and 
put more resources into SLIC development, than 
any other semiconductor manufacturer. 
To all designe rs of PBX, Central Offi ce and 
Subscriber Loop Carrier Equipment, Ericsson offers 
wide selection, unmatched quality and genuine 
ap pli ca tions assistance in reaching th e most 
cost-e ffective line interfa ce so lutions. 
Co ntact us for more information . 

Wt·'rt> in tlw lrad 
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Ericsson SLIC family. 

* PBL 3762/ 64/ 65 . High-performance SLICs 
with 70dB typical longitudinal balance . 

* PBL 3796/ 98/ 99. Central Office SLICs 
with 70dB longitudinal balance, plus 
on-chip switch-mode voltage regulator. * PBL 3736/ 39. Standard second-sourced 
SLICs, with switch-mode voltage 
regulator, for power-efficient line 
card design. * -40°C to +85°C versions available. 

ERICSSON 
Ericsson Components Inc. 
403 International Pkwy 
Richardson, lX 75085-3904 
Telephone (214) 480-8300 
Telefax (214) 680-1059 
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ESCAPE 
With NEC* Code approved cable 
from Manhattan. 
The heat is on! The NEC ruled that by July 1, 1988, 
all electronic cable installed through walls, floors or 
ceilings must be UL listed and meet the new fire 
safety requirements. 
We're cable ready to meet your NEC Code needs from 
the industry's largest inventory. Our twelve regional 
sales centers are ready to ship cables that meet the 
requirements of installers, electrical contractors and 
OEM's, within 24 hours. 
Call today for technical literature and ordering 
infonnation on the 1987 NEC Code Cable. 

Escape Unharmed! 

•NEC is a registered trademark of the Nah.onal Fire Protection AssociaHon, Inc., Quincy, MA . 

UN ED 

Station Plaza, Rye, New York 10580 

Toll Free 1-800-228-MECC 
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Great things happen 
when two major names 
in electronics join forces ... 

Circuit Technology, Inc. 
and 

Marconi Electronic 
Devices Incorporated 

have combined strengths 
as ... 

Now your first choice for the finest in electronic products and services for every critical application. 
Military • Aerospace • Industrial • Commercial 

A broader range of products, greater depth of support and expertise. You'll find it at 
MCTC-plus an increased ability to serve your special needs. There is greater strength 
in unity .. .further improvement in design capability, larger and improved manufactur­
ing facilities ready to provide you with everything you require, on time, on spec and 
within budget. 

Products cover frequency ranges from DC to gigahertz, power ranges from micro to 
megawatts and functions from discrete diodes to complete microprocessor based 
control systems and microwave radar subsystems for use in industrial to radiation 
hardened space applications. 

Marconi Circuit Technology Corporation 
45 Davids Drive, Hauppauge, New York 11788 
(516) 231-7710/FAX: (516) 231-7923 

Marconi 
Electronic Devices 
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Marconi Electronic Devices Ltd. 
Dodington Road 
Lincoln LN6 3LF England, U.K. 
Tel : 011-44-522-500-500 
Fax: 011-44-522-500-550 
Telex: 56380 

Marconi Circuit Technology Corporation Marconi Electronic Devices 
45 Davids Drive, Hauppauge 2 Rue Henri-Bergson 
New York 11788 U.S.A. 92600 Asnieres, France 
Tel : (516) 231-7710 Tel : (1) 47 33 51 45 
Telex: 275801 Telex: 612850 
Fax: (516) 231-7923 Fax: (1) 47 3311 31 
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Marconi Electronic Devices 
Landeberger Strasse 65, D8034 
Germering, West Germany 
Tel: 49 898 49360 
Telex: 5212642 
Fax: 49 898 419142 
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dyanmic RAMs 
Part 3 

Design a D 
controller from the 

top down 

To implement a DRAM system, you need a DRAM 
controller, which acts as a liaison between the CPU 
and the DRAM. This article, part 3 of a 4-part series, 
presents the basics of DRAM-controller design. Parts 
1 and 2 of this series introduced the fundamentals of 
DRAM s and the architectural options available to the 
DRAM-system designer. Part 4 will consider DRAM­
board layout. 

Robert Adams and Gregory Scavone, 
Texas Instruments 

The heart of any memory system that uses dynamic 
RAMs (DRAMs) as building blocks is the DRAM con­
troller. The simplest way to design a DRAM controller 
for your memory system is to perform "top-down" de­
sign. To design from the top down, you first consider 
what tasks the DRAM controller must perform, or, 
more specifically, what functions the controller must 
have. You then divide the functions into functional 
blocks and design or implement each one separately. 
Finally, you connect the functional blocks and design 
some circuitry to supervise their interaction. 

Essentially, what a DRAM controller does is to coor­
dinate the handshake between the system's CPU (or 
CPUs) and its DRAMs to facilitate efficient data trans­
fer. The controller is responsible for establishing all 
of the DRAM's row and column addresses, timing pa­
rameters, refresh requirements, and access-mode se­
quences. A typical DRAM controller consists of a num­
ber of functional blocks that are interconnected with 

EDN April 27, 1989 

a sequential machine, which performs the supervisory 
tasks. It is instructive to look at each functional block 
separately before considering how to interconnect the 
blocks. 

One of the DRAM controller's functions is to accept 
an N-bit address from a CPU and split it in half to 
produce a row and a column address for the DRAM. 
Because DRAMs are configured to accept the row and 
column addresses on the same pins, the controller re­
quires a block that multiplexes the upper and lower 
halves of the N-bit input address onto an output ad­
dress bus. A row- and column-address multiplexer 
block is shown in Fig la. 

Some CPUs, such as the Intel 8086 µP, have a multi­
plexed address/data bus. In order to use these CPUs, 
you need some external circuitry to latch the address 
before the CPU can place the data on the bus. On the 
other hand, many CPUs, such as Motorola's 68000 µP, 
have separate address and data buses that don't re­
quire external latches. One way to handle both these 
types of CPU is to use transparent external latches. 

A transparent latch, such as the one shown in Fig 
lb, is a functional controller block whose outputs follow 
the address inputs when the latch-control signal is low. 
When the latch-control signal goes high, the latch holds 
the last address on the input address bus. This configu­
ration can support CPUs with separate address and 
data buses by simply keeping the latch in its transpar­
ent condition. For a CPU with a multiplexed address 
and data bus, the latch-control signal causes the ad­
dress to be held while the CPU places the data on the 
input bus. 

Of course, the controller must guarantee that all of 
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The DRAM controller consists of a number 
of functional blocks that are interconnected 
with a sequential machine. 

the DRAMs in the memory system are refreshed 
within the maximum allotted refresh period. The meth­
ods of refresh are numerous-RAS-only refresh, burst 
refresh, RAS-before-GAS refresh, or scrub refresh, 
to name a few (see part 1 of this series, "Unraveling 
the intricacies of dynamic RAMs," EDN, March 30, 
1989, pg 155). Some refresh methods require more cir­
cuitry than others. 

The RAS-only and the scrub refresh methods require 
the largest amount of internal DRAM-controller cir­
cuitry. In the RAS-only method, the controller pro­
vides a new row address every refresh interval, which 
is every few microseconds. An N/2-bit counter can eas­
ily generate the necessary row-refresh addresses. The 
outputs from the counter feed the row-and-column mul­
tiplexer, which drives the row-refresh address onto 
the output bus at the refresh interval. 

In the scrub refresh method, the controller must 
generate a row and a column address· every refresh 
interval. You can meet this requirement by extending 
the counter to N bits. Fig le shows the functional 
blocks that can perform both RAS-only and scrub re­
fresh . When using the scrub refresh method, you shoud 
use the lower bits of the counter as the row address 
to ensure that each row is accessed once for each col­
umn. Using the lower bits as the row address maintains 
the refresh interval. 

Other refresh methods, such as the RAS-before-GAS 
method, use an address counter that is internal to the 
DRAM. Therefore, the controller doesn't require an 
internal counter, a fact that significantly simplifies the 
controller's design. In either case, the controller must 
contain a timer that establishes the start of a refresh 
cycle. 

A, Ao 

TRANSPARENT 
a, LATCH 

s, 
a, 

A,, ROW A,, 

9 COLUMN 
9 

LATCH 
CONTROL 

(a) (b) 

Address generation and refresh are only part of the 
controller's functions. The controller must also contain 
a functional block that interfaces the control signals 
with the system CPU. To keep the host-interface block 
modular, you should make sure that the block produces 
the same output signals, regardless of the variations 
in the control-signal formats. That way, to accommo­
date different system CPUs, you only have to alter 
the interface block. 

Systems with multiple CPUs require multiple con­
trol-signal interfaces, a fact that further complicates 
the controller design. With multiple interfaces and one 
refresh timer, the controller must contain an arbiter, 
which schedules access request from the CPUs. Fig 2 
shows a block diagram of a DRAM controller, including 
the CPU-interface and arbiter functions. 

You'll note that the refresh counter doesn't enter 
into the arbitration process with the system CPUs. 
Even though refresh is a valid memory request, the 
DRAM controller performs the refresh as a top-priority 
item. Because the controller is responsible for refresh­
ing all of the DRAM cells within the specified refresh 
period, it treats a refresh as a "super" request that 
supercedes all other memory requests. 

To coordinate the activities within the DRAM con­
troller, the design requires a block that can intercon­
nect the functions. A state machine performs this task 
efficiently (Fig 3). After executing an initialization se­
quence, the state machine accepts a request from the 
arbiter for DRAM access. The state machine controls 
the multiplexer, via the S0 and S1 signals, to place the 
row address and the column address on the controller's 
output bus. The state machine also issues a combina­
tion of RAS, CAS, and WRITE signals; the particular 

A, 

TRANSPARENT a, LATCH a, 

a, a, 
A17 ROW 

9 COLUMN MUX 
9 

COUNTER 
CLK 

REFRESH 1,MSB 9 
TIMER 

(c) 

Fig 1-You buil,d a DRAM controller from a number of functional blocks. A multiplexer (a) splits the CPU address into a row and a 
column address. A transparent latch (b) permits the controller to handle separate and multiplexed address and data lines. A counter/timer 
(c) generates the refresh addresses at the specified refresh interval. 
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Fig 2-For systems that contain multiple 
CPUs, the controller requires a host inter­
face for each CPU. The host interface gener­
ates and acknowledges the handshake sig­
nals. Each interface must connect to an arbi­
tration block, which grants memory access 
on a priority basis. 
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ROW 

1.MSB 

COL 

STATE MACHINE 

combination depends on whether the memory request 
is for a read, write, or refresh operation. 

Finally, the controller should have independent con­
trol of several banks of memory. The controller needs 
separate RAS, CAS, and WRITE lines for each bank 
in order to achieve this independent control. Fig 4 
shows three demultiplexers, which generate four inde­
pendent DRAM control signals by using the DRAM 
control signals from the state machine. Two bank-select 
lines select the individual control signals. The design 
includes a chip-select line and output-enable signals for 
the demultiplexers; both these features allow you to 
use the controller for larger memory systems. 

Although the access times of today's DRAMs con­
tinue to decrease, DRAMs are often not able to keep 
up with current high-speed µPs. In such a case, the 
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WRITE 

GAS 

RAS 
Fig 3-A state machine interconnects all 
of the DRAM controller's functional blo.:ks, 
and implements the memory-access modes 
as well. 

µP must execute wait states while waiting for the 
DRAM to complete an access cycle or a refresh opera­
tion. Wait states are CPU clock cycles during which 
the µP does nothing. Obviously, a CPU that has fewer 
wait states will execute a program faster than one 
that has more. Because the µP does not automatically 
execute wait states, the DRAM controller must pro­
vide an external control signal that indicates when the 
DRAM is ready. 

Within the DRAM controller, the interface block 
sends a signal to the state machine, through the arbi­
ter, when a CPU desires access to the memory. If the 
memory is busy, the state machine places the interface 
block "on hold." Subsequently, the interface block 
sends a control signal that indicates that the CPU 
should execute wait states. The 8086 µP uses the 
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The RAS-only and scrub-refresh methods 
require the lar;gest amount of internal 
DRAM-controller circuitry. 

READY line; the 680XO µP uses either DSACK or 
the DTACK line to indicate whether an external device 
is ready for data transfer. Each interface block within 
the controller is responsible for translating the state 
machine's Hold signal into the appropriate CPU 
format. 

The sequential circuits within the DRAM controller 
can operate synchronously, using the external CPU 
clock, or asynchronously, using a separate clock. A 
synchronous design is simpler because the timing rela­
tionships between the various commands are well de­
fined. In addition, the controller incurs no latency for 
synchronizing the commands with the clock frequency. 
Practically, however, a synchronous design restricts 
the controller to operating at the CPU's clock fre­
quency. If the CPU's clock frequency_ is 10 MHz, the 
state machine can't respond any faster than 100 nsec, 
which can amount to an appreciable percentage of a 
typical memory-access cycle. 

In addition, you virtually can't use a synchronous 

EXTERNAL CLOCK 

A, 

A,7 18 

TOCPU#N 

HOST 
INTERFACE 

TO CPU#N 
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REFRESHt------, 
TIMER 
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R03 
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TRANSPARENT 
LATCH 

CLK 

COUNTER 

CLK 

ROW 

CHIP SELECT ----------+I 

BANKO 

BANK1 

controller in a system that has multiple CPUs running 
at different frequencies. An asynchronous design that 
operates with a high internal clock frequency over­
comes some of the limitations imposed by the synchro­
nous design. You can design an ASIC DRAM controller 
that operates with a 50-MHz clock frequency, for in­
stance, by using a product such as Tl's ASIC DRAM 
controller ToolKit (see box, "ASIC core yields flexible 
DRAM controller"). In such an ASIC design, the state 
machine can change states every 20 nsec, using full 
clock cycles, or every 10 nsec, using half clock cycles. 

Asynchronous designs incur inherent latencies. Be­
cause the CPU's clock frequency is asynchronous with 
the DRAM controller's clock frequency, the state ma­
chine ean delay as long as one DRAM clock period 
before synchronizing a memory request. With a 50-
MHz internal clock, the controller can experience a 
20-nsec latency. 

Designers often use a pipeline to accelerate the exe­
cution of operations that consist of more than one 

MUX 

OE 

s, 

ROW 
s, 

COLUMN 

o, 

o, 
DEMUX 

WRITE1 

WRITE2 

WRITE3 

WRITE4 

RAS1 

RAS2 

RAS3 

RAS4 

CAS1 

CAS2 

CAS3 

CAS4 

Fig 4-Systems with multip/,e memory banks require separate WRITE, RAS, and GAS lines for each bank. A series of demultiplexers 
uses bank-select lines to generate these commands. 
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ASIC core yields flexible DRAM controller 

To build a DRAM controller 
around an application-specific IC 
(ASIC) core that can be tailored 
exactly to a system's needs, you 
can use Tl's ASIC DRAM Con­
troller ToolKit (Fig A). The prod­
uct consists primarily of prede­
fined functional blocks called Su­
per Macros. Each SuperMacro 
comprises 1-µm standard-cell ele­
ments, such as gates and buffers, 
and standard-cell soft macros, 
such as counters and shift regis­
ters. The vendor assembles and 
compiles these standard cells to 
form the SuperMacro, a hard 
macro that the ToolKit user can't 
alter. 

TABLE A-DRAM CONTROLLER TOOLKIT MODES 

CAS-
RAS- BEFORE- EDC-

,\ MODE ARCHITECTURE ONLY RAS SCRUBBING 

READ/WRITE BANK-ORIENTED CAS YES YES YES 

BYTE-ORIENTED CAS YES NO NO 

AUTO PAGE BANK-ORIENTED CAS YES YES YES I 
BYTE-ORIENTED CAS NO NO NO 

STATIC-COW MN BANK-ORIENTED CAS YES YES YES • 

BYTE-ORIENTED CAS NO NO NO 

•EDC-SCRUBBING REFRESH MODE CAN BE USED 
WITH ONLY ONE BANK OF STATIC-COLUMN MEMORY. 

Three types of SuperMacros 
are included in the kit: host inter­
faces, an arbiter, and a program­
mable sequence generator. The 
ToolKit contains several interface 
blocks for the major µPs , includ­
ing Intel's 80186, 80286, and 
80386 µPs, as well as Motorola's 
68020 and 68030 µPs. The 
ToolKit also lets you design cus-
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CPU PORT #1 

HOST 
INTERFACE 

HOST 
INTERFACE 

CHIP SELECT--~ 

BANKO 

BAN Kl 

ARBITRATOR 

tom interfaces by using the com­
pany's standard-cell libraries. 

The host-interface block gener­
ates and acknowledges the hand­
shake signals between the host 
processor and the DRAM control­
ler. In addition, it generates the 
enable and direction-control sig­
nals for any external bidirectional 
buffers, if necessary. A single ar­
bitration SuperMacro can accept 
memory requests from as many 
as four host interfaces and grant 
memory access by using a fixed 

HARD­
MACRO 
BLOCK 

CASl 

CAS2 

CAS3 

CAS4 

Fig A-A number of interconnected SuperMacros compose the ASIC DRAM Controller 
Too/Kit. The hard-macro block contains the input latch, the refresh timer and counter, 
the row- and column-address multiplexer, and the state machine, none of which can be 
physically altered by the user. 
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priority scheme. If there is a sin­
gle host interface, the arbiter is 
not required. The programmable 
sequence generator produces the 
row and column addresses as well 
as the WRITE, CAS, and RAS 
control signals. 

Because the sequence genera­
tor is programmable, you can de­
sign a DRAM controller that can 
handle a variety of operating 
modes. By adding a special port 
to the ASIC, you can design flexi­
bility into the controller. Essen­
tially, you can alter the timing 
parameters, access modes, and 
refresh modes during the power­
up sequence. An internal delay­
locked loop provides a timing 
resolution as small as 10 nsec 
when using an external 50-MHz 
clock. Further, the sequence gen­
erator can be programmed exter­
nally to handle many of the access 
modes and refresh methods de­
scribed in this series. Table A 
lists some of the modes supported 
by the tool kit. 

In order to design an ASIC 
DRAM controller, you need an 
engineering workstation for wir­
ing the SuperMacros together. 
After this step, you can add 
whatever customization is neces­
sary to complete the design. Fi­
nally, you should simulate the 
controller design at the worksta­
tion before submitting it to the 
vendor for final approval and fab­
rication. 
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The DRAM controller can take advantage 
of pipelining by latching the address and 
data early in the access cycle. 

stage. The stages pass sequentially through the pipe­
line, a process that makes the execution of certain tasks 
overlap. The DRAM controller can take advantage of 
pipelining by latching the address and data early in 
the access cycle. Thus, the CPU or the memory is 
available for other operations before the cycle is com­
plete. Using a pipeline in a DRAM-controller design 
is sometimes called the "latch-and-go" technique. 

During a latch-and-go write cycle, the DRAM con­
troller latches the address and data from the CPU as 
soon as they are available. The controller then sends 
a command that fools the CPU into believing that the 
write cycle is over. Subsequently, the CPU can release 
its 110 bus (or buses) and initiate the next operation 
while the DRAM controller completes the write cycle. 
The latch-and-go technique can significantly reduce the 
number of CPU wait states incurred during write op­
erations to slow memory devices. 

During a latch-and-go read cycle, the controller 
latches the CPU address and the data from the memory 
as soon as the DRAM's output data is valid. This ar­
rangement is particularly useful in systems with multi­
ple CPUs. Essentially, the technique permits slower 
CPUs to read the latched data while faster CPUs are 
accessing the memory. 

Three ways to obtain controllers 
Now that you're aware of the DRAM controller's 

functions, you must decide how to implement them. 
You can choose one of three methods to obtain a DRAM 
controller: 

• Buy an off-the-shelf DRAM controller that's com­
patible with a specific CPU 

• Design a DRAM controller from off-the-shelf con­
troller subassemblies 

• Design a DRAM controller around a custom 
ASIC. 

An off-the-shelf component has some obvious advan­
tages. Most CPU vendors offer a DRAM controller 
that is compatible with the signal formats of the CPUs 
they manufacture. You can usually implement the con­
troller design by using only a few external components, 
such as 3-state buffers. However, if your system has 
special requirements, such as servicing a variety of 
CPUs that have different signal formats, you may 
spend more time trying to get a standard component 
to meet all the system requirements than you would 
if you designed the controller from scratch. 

Using off-the-shelf controller subassemblies gives 
you a wider choice of controller design. IC vendors 
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sell a variety of LSI devices that perform specific 
DRAM-controller functions. Some of these subassem­
blies include refresh timers, address and refresh multi­
plexers, programmable state machines, and page-mode 
address comparators. Of course, the disadvantage of 
this approach to controller design is that you need 
more components than the off-the-shelf method re­
quires. 

The custom ASIC design combines the advantages 
of a single VLSI component with the advantages of 
using predesigned controller subassemblies. For exam­
ple, Tl's ASIC DRAM Controller ToolKit lets you build 
a controller that incorporates a "hard macro" contain­
ing the state machine , the refresh counters, input 
latches, and the output multiplexer. The hard macro 
is a functional block designed and laid out by the ven­
dor; you can't modify it. Therefore, you can be sure 
that the critical timing relationships for these modules 
are correct and will remain unchanged. It's up to you 
to design in the rest of the controller enhancements 
for your particular application. EDN 
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Celebrating The New Profile 
Introducing the FlatPAC™ . .. Vicor's 
Family of User Definable, Multiple 
Output, Switching Power Supplies 

Until now, your power system decision meant 
choosing between costly and unpredictable custom 
development, or bulky and inflexible catalog sup­
plies . .. or you had to design and manufacture it 
yourself. Taking the next step in the power­
component revolution, Vicor introduces FlatPAC, the 
user-definable, "off-the-shelf" alternative to customs 
that's economical from single units to OEM quanti­
ties ... and which fits in a fraction of the space 
required by conventional off-line supplies! 

The Off-The-Shelf Alternative 
FlatPAC's unique modular design allows Vicor to 

provide next day delivery on over 10,000 different 
FlatPAC configurations. You define 
your power requirements . . . 
Vicor does the rest -
while eliminating the non­
recurring costs, unpredict­
able lead times, risk, inflexibil-
ity, and reliability uncer-

tainties associated with conventional solutions. 
No other power product offers FlatPAC's combina­
tion of power density, economy, and "off-the-shelf" 
flexibility! 

Power Cells 
Sharing a distinctive, space saving flat package 

profile (1.37" high x 8.6" long), FlatPACs come in 
widths of 2.5", 4.9", and 7.4", and supply up to 200, 
400, and 600 Watts of total output power. .. an un­
precedented 7 Watts per cubic inch in an off-line 
switching power supply! 

The three different packages provide one, two, or 
three user definable "Power Cells". Each Power Cell 
may be specified to be an independent, isolated out­
put with a power rating of 50, 75, 100, 150, or 200 
Watts, or cells may be combined to form higher 
power outputs . .. up to 600 Watts from a single out­
put. Standard output voltages are 5, 12, 15, 24, and 

48 Volts - and because all 
FlatPAC outputs are field 

trimmable down to 
zero and up to 110% 
of nominal, a stand­

ard output can likely 
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In Off-Line Switchers. 
take care of even your most unusual voltage require­
ments. For special requirements, outputs as low as 
2 Volts, and as high as 95 Volts can be provided. 

And you don't give up features to get FlatPAC's 
advantages: besides being trimmable, all FlatPAC 
outputs have remote sensing and overvoltage and 
overcurrent protection. Individual FlatPAC outputs 
are totally isolated: there are no cross regulation 
issues; any output can be positive or negative; and 
output returns can float up to SOOV, rms, apart. 
FlatPAC's run on either 110 or 220 Volt lines, 
meet "Class A" interference specs, have built in 
fusing, and conform to UL, CSA, and TUV safety 
agency requirements. Two and three cell units also 
provide two isolated, sequenced, logic outputs to 
indicate pending loss-of-line and pending loss-of­
output for system housekeeping during power 
cycling or brownouts. 

The key to FlatPAC's flexibility and power density 
is Vicar's Vl-200 family of high density, high effi­
ciency, UL, CSA, and TUV recognized, component 
level DC-DC converters. When you specify a 
FlatPAC, you benefit from the field reliability and 
predictability that's been established in an installed 
base approaching half a million units . 

Join The Celebration Now 
Call Vicar now to discuss your special 

needs ... you'll be celebrating when you find how 
quickly Vicar can ship you the smallest, most effi­
cient, most cost effective solution to your power 
system requirements ... at prices as low as 85<t: /Watt 
in OEM quantities . 

To Receive A Complete Catalog, Including 
Information On Vicor Products, Applications And 
Accessories, Call Vicor Today At (508) 470-2900, 
23 Frontage Road, Andover, MA 01810. 

Component Solutions For Your Power System 
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Why one hour 
here saves a week 

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

support. 

including a 
new high­

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

CISC micro 

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

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

40 
CHANNELS 
The DAS 9200's tightly­
coupled architecture 
allows you to "weld " 
cards together to act as 
a single, wider card , 
or as individual clusters 
of modules that can 
trigger and arm each 
other, then display 
information as from a 
single unit. Maximum 
configuration: 
540 acquisition 
channels or 
1008 stimulus 
channels . 

Copyright ©1989 Tektronix. Inc. All rights reserved . Printed in U.S.A. LAA-732 

AT ONCE 

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

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



once, with true time­
correlation of all data. 

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

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

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

Circle 6 for literature 

) 
----1 

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

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

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

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

MORE TO COME 

COf\.1M rT"T'EO TO EXCELLENCE 

Circle 7 for Sales Contact 



"Are you betting your company on 
your next ASIC design?" 

" The wrong decision on when to release a prototype 
ASIC to manufacturing can mean expensive re­
masking, boards that have to be rebuilt and missed 
commitments to customers. Those costs can kill 
you. Get the information you need to make the 
right decision. The Logic Master can be a critical 
factor in reducing your level of risk. Ask IMS to 
show you how." 

<r> Copyright 1989, IMS, Inc., Beaverton, OR 97005 A89- l 
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Logic Master Verification Systems from 
IMS provide test and verification solutions for 
designers of custom circuits. This complete 

family of systems meets 
all types of hardware veri­
fication needs, from 
bench top to extremely 
high performance. Cus­
tomers at more than 500 
installations have proven 
the performance capa­
bilities of Logic Master 

Systems in the development of high-speed RISC 
processors, VHS IC II components and the indus­
try's most complex ECL, GaAs and CMOS devices. 

IMS 
Integrated Measurement Systems'", Inc. 
A subsidiary or Valid Logic Systems 

9525 S.W Gemini Drive, Beaverton. Oregon 97005 
j503J 626-7117 • FAX j503J 644-6969 
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Design Feature 

Hybrid-IC techniques 
• • 
mcrease power m 

motor-drive circuits 

Thick-film) hybrid-circuit motor drivers not 
only let you save board space) but also pre­
serve the motor-drive !Cs) overtemperature 
protection and provide a high drive output. 

Ed Goodell, Omnirel Corp 

Thanks to the availability of "smart-power" motor­
drive ICs, you can control motors in a variety of appli­
cations. Problems arise, though, when an application 
requires more drive current than these ICs can pro­
vide. By simply adding output-drive transistors and 
other discrete components to a motor-drive IC's out­
puts, you can triple the drive current, but you also 
increase the board size and sacrifice the benefits of 
overtemperature protection. However, if you use hy­
brid circuits that combine a motor-drive IC with high 
current-output devices, you can minimize the space 
requirement of motor-control circuitry, preserve the 
IC's inherent thermal-protection capabilities, and ob­
tain the power that your application requires. 

A variety of motor-drive ICs that you might employ 
for servo applications use pulse-width-modulation tech­
niques. Consider, for example, the industry-standard 
2935 family of bipolar half-bridge drivers, which are 
available from Sprague Semiconductor, National Semi­
conductor, SGS-Thomson, Texas Instruments, and Sili­
con General. This type of driver (Fig 1) combines a 
source and sink output stage with diode transient pro-
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tection, level shifting, logic stages, and a zener-diode 
voltage regulator that lets the IC operate from 8 to 
35V power supplies. The device accepts TTL-level in­
puts from a variety of PWM controller ICs. 

In addition, the 2935 incorporates an overtempera­
ture shutdown capability and a logic-lockout feature 
that prevents the source and sink output drivers from 
turning on simultaneously. If lockout occurs, the output 
assumes a 3-state (high-impedance) characteristic. In 
its T0-220-style power package, which has an integral 
heat-sink tab, the 2935 can provide ± 2A continuous 
current and ± 3.5A peak current to a motor winding. 
To drive motors that require more current, you must 
add an external output stage that uses either bipolar 
power transistors or power MOSFETs. 

Avoid simultaneous conduction 
To obtain additional current, you may be tempted 

to add a pair of complementary power MOSFETs to 
the output of a 2935 motor driver. Fig 2 shows a simple 
way to drive the p-channel Source driver and the n­
channel Sink driver. The circuit is simple, but it pre­
sents several problems. First, the configuration gives 
rise to large crossover currents; that is, there is an 
interval during the transition from sinking to sourcing 
or vice versa when both Q1 and Q2 are on. During this 
transition interval, the power MOSFETs form a crow­
bar across the power-supply terminals, and enormous 
currents flow through the short circuit. 

Another problem arises when the 2935's output as­
sumes its high-impedance state. This condition occurs 
when both the Source and Sink logic inputs to the IC 
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You can use a 2950 motor-drive IC in one 
side of the bridge and a 2935 in the other 
side to provide a 180° phase differential. 

SOURCE l>---...---t--1 
INPUT 

SINK 
INPUT 

6.BV 

are high (a forbidden , but nonetheless possible fault 
state). During this state, both Qi and Q2 turn on, and, 
again, constitute a crowbar across the supply termi­
nals. Invariably, at least one power MOSFET 
burns out. 

Your goal, therefore, is to minimize crossover cur­
rents during the output transitions and to prevent out­
put conduction when the 2935's output assumes its 

Vee 

R, 

Fig 2-Simplicity is elegant, but it can be dangerous, as this 
MOSFET-dri.ve configuration shows. If the 2935's output assumes 
a high-impedance stat.e (as the result, for example, of a forbidden 
logic stat.eat the Source and Sink inputs), both MOSFETs conduct 
simultaneously and impose a crowbar across the supply t.erminals . 
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Vee 

Fig 1-The multisourced 2935 motor-drive 
IC supplies ±2.5A continuous current/ram 
8 to 35V supplies. It has overt.emperature 
shutdown and a logic-lockout feature that 
prevents the two output drivers from con­
ducting simultaneously. 

high-impedance state. The configuration in F ig 3 satis­
fies both conditions. In this circuit, the disparate on 
and off impedances of Qi and Q2's collector circuits 
collaborate with the gate-source capacitances of the 
power MOSFETs Qa and Q.i to eliminate simultaneous 
conduction. 

Consider, for example, the case in which the output 
stage is sinking current; that is, Q.i is on and Qa is off. 
In this condition,~ is turned off, and the R5-D2 combi­
nation supplies an 18V gate-source turn-on voltage to 
Q.i. Qi is saturated and therefore holds Qa's gate-source 
voltage well below the MOSFET's turn-on threshold. 
When the circuit switches from a sinking to a sourcing 
mode, Qi turns off and Qa turns on at the same time. 
When Q1 turns off, its collector impedance is 2 kO in 
series with Qa's gate-source capacitance (approximately 
1000 pF). The time constant at the gate of Qa is there­
fore about 2 µsec; Qa turns on after a delay of less 
than 2 µsec . 

Switching delays prevent crossover 
The situation is different, however, for Q.i. When 

Q2 turns on, it presents a low impedance to Q.i's gate 
circuit, and the gate capacitance discharges rapidly to 
turn off Q.i. Because of the disparate turn-on and turn­
off impedances, the turn-on/turn-off time ratio is 
greater than 100:1. Both MOSFETs, therefore, are 
turned off for a significant interval during transitions, 
and no crossover current can flow. 
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Vee 

2935 

SINK 

....._--------+---------u GROUND 

Fig ~Simultaneous conduction of the two 
MOSFETs can't occur in this circuit con­
figuration. If the 2935's output assumes its 
high-impedance state, the voltage divider at 
the bases of Q, and Q2 turns off both bipolar 
transistors and, consequently, turns off both 
MOSFETs. 

The oscilloscope photos in Fig 4 show how the gate­
circuit time constants ensure break-before-make opera­
tion of the output stage. In Fig 4a, the fast rising 
edge of the p-channel gate waveform in trace A makes 
the MOSFET turn off quickly. In trace B, the rising 
waveform's time constant ensures that the n-channel 
MOSFET doesn't turn on until after the p-channel de­
vice is turned off. The same situation applies to the 
negative-going gate signals; in this case, the p-channel 
MOSFET doesn't turn on until the n-channel device 
is firmly turned off. Figs 4b and 4c show the output­
current waveforms in relation to the gate signals of 
the n-channel MOSFETs (b) and the p-channel 
MOSFETs (c). 

The circuit in Fig 3 also solves the problem of faulty 
logic at the inputs to the 2935 IC. When both the IC's 
Source and Sink inputs are asserted, the output stage 
in the 2935 turns off and assumes a high-impedance 
state. The voltage divider at the bases of Q1 and Q2 

causes both transistors to turn on, and the saturated 
transistors hold both power MOSFETs off. 

A similar fault condition can arise if the 2935 derives 
its power from a separate power supply. In Fig 2, if 
the MOSFETs' power supply turns on before the 2935's 
supply, both MOSFETs turn on simultaneously and, 
again, place a crowbar across the supply terminals. 
In the configuration shown in Fig 3, however, the 
MOSFETs stay off in this supply-sequencing scenario. 

You might assume that Fig 3's circuit configuration 
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would be equally suitable for connecting bipolar output 
drivers, rather than MOSFETs, to the motor-drive 
IC. To do so, however, you must consider the bipolar 
transistors' high drive requirements. To produce a 
forced gain of 10, for example, to saturate the transis­
tors , the drive circuitry would have to provide 600 
mA of base drive to the output transistors. You can 
produce such drive current by scaling down the circuit 
impedances, but you waste a considerable amount of 
power. 

Bipolar Darlington pairs, of course, reduce the base­
drive requirement, but it's still appreciable. At a 6A 
continuous current and a 3V collector-emitter satura­
tion voltage, the minimum current gain for a typical 
Darlington pair is 100. The required base-drive cur­
rent, therefore, is 60 mA. 

Another problem that attends the use of bipolar 
power transistors, whether you use a single or a Dar­
lington configuration, is the disparity in current rise 
and fall times. Because the transistors have long stor­
age times, they turn on faster than they turn off. 
You're therefore faced with large crossover currents 
that arise from the simultaneous conduction of the up­
per and lower power devices. 

Bipolar transistors (both single and Darlington) are 
also susceptible to secondary breakdown. This problem 
is especially acute for motor-drive circuits because the 
winding inductance of a motor can induce large voltage 
spikes (the inductive-kickback effect). To protect the 
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Adding a pair of complementary power 
MOSFETs to the ICs) outputs is a poor 
high-drive solution. 

A 

B 

(a) 5V/cm 20 µSEC/cm 

A 

B 

VERTICAL HORIZONTAL 

(b) 
A 5V/cm 20 µSEC/cm 
B 0.2A/cm 20 µSEC/cm 

A 

B 

VERTICAL HORIZONTAL 

(c) 
A 5V/cm 20 µSEC/cm 
B D.2A/cm 20 µSEC/cm 

Fig 4-Disparote turn-on and turn-off times eliminate crossover 
currents. The bipolar drivers' rapid turn-on times ensure that each 
power MOSFET turns off well before its complementary partner 
turns on. 
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output transistors, you would need to add clamping 
and snubbing circuitry. 

In most motor-drive applications, the MOSFETs in 
Fig 3 are protected from the inductively induced spikes 
because their intrinsic drain-source diodes provide a 
built-in clamping action. Note, however, that in some 
applications, you would need to add external, fast­
recovery freewheeling diodes. Consider, for example, 
a full H-bridge configuration. If the driver outputs try 
to switch states before the moderate-speed intrinsic 
diodes recover, a momentary, kickback-induced short 
circuit would flow through the MOSFETs. 

Yet another output possibility is to use a quasicom­
plementary output configuration; that is, you could use 
two n-channel MOSFETs. This connection, however, 
requires a drive voltage that is at least lOV higher 
than the supply voltage to the upper MOSFET. The 
circuit would therefore need either two supplies or a 
charge-pump arrangement to generate the necessary 
voltage. 

Layout considerations 
If you choose to use the fail-safe, crossover-free cir­

cuit of Fig 3, you must select the proper components 
for the application and lay out the circuit. Assume 
your single-ended motor requires 6A continuous, lOA 
peak current-three times the current you can obtain 
from an unassisted 2935 motor-drive IC. To satisfy 
these requirements, you can use an inexpensive power 
MOSFET such as the n-channel MTP3055E and its 
MTP12P05 complement from Motorola (and other 
manufacturers). The T0-220-housed devices provide 
50V and 6A continuous output current. 

For commercial or industrial applications, these low­
cost MOSFETs fill the bill. A quick thermal analysis 
reveals that the MTP3055E and MTP12P05 can easily 
provide the 6A continuous current. The n-channel 
MTP3055E, for example, has 0.150 on-resistance 
(roscon>) at 25°C and 3.12°C/W junction-to-case thermal 
resistance (Ra.Jc). 

Based on your knowledge of the maximum permissi­
ble junction-temperature rise and the power dissipated 
in roscon» you can calculate the maximum allowable cur­
rent. Keep in mind, however, that a power MOSFET's 
on-resistance isn't a constant-it increases with tem­
perature. In fact, at 150°C (the maximum permissible 
junction temperature), a typical MOSFET's on­
resistance is about 2.2 times the value at 25°C. The 
MOSFET's on-resistance thus becomes 0.330 at 150°C. 

Assuming you provide sufficient heat removal to 
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keep the T0-220 case at 70°C, the allowable junction­
to-case temperature differential is 80°C. If you divide 
this temperature rise by the 3. l2°C/W thermal resis­
tance, you find that the allowable power dissipation is 
25.64W. 

Because the I2rnS<onl> or 0.33I2
, equals the 25.64W, I 

is about 8.8A. Although the p-channel MTP12P05 has 
an rns(on) that is about twice that of the MTP3055E , its 
junction-to-case thermal resistance is about half that 
of the n-channel device (because of the larger die em­
ployed). The thermal calculation for the MTP12P05 
yields a permissible continuous current of about 8.5A. 

Hybrid circuits combine benefits 
Fig 5a shows a possible pc-board layout of the 

MOSFET-augmented, half-H-bridge motor driver. The 
IC and the power MOSFETs in this layout come in 
T0-220-style plastic packages; the small-signal transis-

0 

(a) 

0 

(b) 

tors are housed in plastic TO ·92 packages. Using the 
same layout, you can make a hermetically sealed, mili­
tary version of the driver. As a result of the coopera­
tive efforts of Omnirel and Sprague Semiconductor, 
the 2935 IC is also available in a hermetically sealed 
package, whose outline is similar to that of a T0-220 
package. 

The power MOSFETs, too, are available in hermeti­
cally sealed, T0-220-outline packages: the T0-258 and 
T0-220H packages. Note, however, that these devices 
aren't cheap; MOSFETs in the hermetic T0-258 pack­
ages cost more than $40. For about $4, you can get 
the same device in the T0-3 package. However, the 
inexpensive, T0-3-packaged power MOSFETs shown 
in Fig 5b consume about 65% more pc-board space 
than the versions in Fig 5a. The hermetically sealed 
hybrid circuit shown in Fig 5c combines the features 

Text continued on pg 202 

0 

(c) 

Fig 5-The pc-board version (a) uses plastic or hermetically sealed T0-220-style power devices in the layout of Fig J's circuit. Another 
hermetic version (b) uses less-expensive power MOSFETs in the classic T0-3 package. The hermetically sealed hybrid-circuit version (c) 
offers the same power capabilities as the pc-board versions, and it provides thermal coupling from the power MOSF ETs to the overtempera­
ture-protected 2935 motor-drive IC. 
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Use hybrids to power your motors 
Three hybrid-circuit versions 
of the H-bridge motor drivers 
are currently available: the 
OM9320SS, OM9319SC, and 
OM9321SC. Model OM9320SS is 
a full-H-bridge motor driver; the 
OM9319SC and the OM9321SC 
are half-H-bridge drivers. The 
OM9319SC corresponds to (and 
uses) the 2935 motor-drive IC; 
the OM9321SC uses the inverted­
phase 2950 IC. Table A is the 
truth table for the three models. 
You can see that the forbidden 
1,1 input combination (0,1 for the 
drivers that incorporate the 2950) 

produces an open condition at the 
outputs. 

Table B gives some of the sali­
ent performance characteristics 
of the hybrid-circuit motor driv­
ers. For all the specifications 
shown, the input high and low 
levels are the standard TTL lev­
els of 0.8V max, 2.4V min, re­
spectively. You can see that the 
on-to-off propagation delay is 
much shorter than the off-to-on 
delay, thereby ensuring a break­
before-make characteristic in the 
output stage. The output on volt­
ages are given with the lOA 

TABLE A-MOTOR-DRIVER TRUTH TABLE 

SOURCE SINK OM9319SC OM9321SC OM9320SC 

INPUT INPUT OUTPUT OUTPUT OUTPUT 1 OUTPUT 2 

0 

0 

1 

1 

OM9321SC 

(a) 1h Vcc 

0 

1 

0 

1 

Vee 

HIGH LOW HIGH LOW 

HIGH HIGH Z HIGH HIGH Z 

LOW HIGH LOW HIGH 

HIGH Z HIGH HIGH Z HIGH 

OM9319SC OM9321SC 

DC MOTOR 

SPEED V--9---- ----------' 
(PWM) 

(b) 

OM9320SS 

DIRECTION 0----' 

DC MOTOR 

SPEED u----~ 
(e) (PWM) 

Fig A-The OM9321SC half-H-bridge driver in a provides a voltage swing equal to 
half the supply voltage. In the full-H-bridge configurations in band c, the single-phase 
de motor receives a voltage swing equal to the full power-supply voltage minus IrosrcmJ· 
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maximum peak current; for the 
6A maximum specified continu­
ous current, the figures are 33V 
and 2V, respectively. 

Fig A shows three ways to use 
the motor drivers with single­
phase de motors. In Fig Aa, the 
OM9321SC drives a motor in a 
half-H-bridge connection. Note 
that the motor's return lead must 
connect to a voltage equal to half 
the supply voltage. As a result, 
the drive to the motor is 
0.5Vcc p-p. 

Figs Ab and Ac show two ways 
to implement full-H-bridge driv­
ers. These drivers let you control 
both the direction and the speed 
of the motor. In these full-H­
bridge drivers, the motor re­
ceives peak-to-peak drive equal 
to the full power-supply voltage 
minus lrns(on) of the power 
MOSFETs. 

If you couple the hybrid motor 
drivers with suitable logic and 
proper phase timing, you can also 
use the drivers to drive 3-phase 
motors. Fig B shows one possible 
configuration. This circuit uses 
three UGN-3130 Hall-effect sen­
sors to sense the shaft position 
of the motor. The motor is a 
brushless de type; the sensors es­
sentially replace the older brush 
switches, which can wear out. 
The 7 400 and 7 402 TTL circuits 
provide the commutating logic. 
In this configuration, the 
OM9321SC hybrid-circuit motor 
drivers can supply drive as high 
as 35V (minus the IrS(on) drop), 
6A to each phase of the motor. 

Additional power packages 
that are currently being devel­
oped will make it possible for you 
to fabricate hybrid-circuit motor 
drivers that incorporate even 
more features. For example, add­
ing one more pin to the package 
for the full-H-bridge driver will 
let you use MOSFETs that offer 
a current-sensing terminal. With 
the addition of some simple feed­
back circuitry, this sensing termi-
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nal allows you to control the cur­
rent limiting in the driver. 

Packages with higher pin 
counts would also let you power 
the 2935 and 2950 motor-drive 
ICs from a separate power sup­
ply. With the addition of some 
level-shifting circuitry, you could 
run the MOSFETs from high­
voltage (lOOV and higher) power 
supplies. In additon, by using 
larger power-device dies, you 
could produce hybrid-circuit driv­
ers that handle tens of amperes 
and several hundred volts. 

SV 

j_ 

sv 
;> 

1k 

TABLE 8-MOTOR-DRIVER SALIENT CHARACTERISTICS 

PARAMETER MINIMUM MAXIMUM UNITS 

OUTPUT OFF-STATE 50 µA 
LEAKAGE CURRENT 

OUTPUT ON VOLTAGE 
AT OUTPUT=10A 
HIGH STATE 30 VOLTS 
LOW STATE 3.3 VOLTS 

INPUT CURRENT 
LOW STATE 1.5 mA 
HIGH STATE 50 µA 

PROPAGATION DELAY 
OUTPUT ON-TO-OFF 750 nSEC 
OUTPUT OFF-TO-ON 2 µSEC 

INTRINSIC DIODE 2.2 VOLTS 
FORWARD VOLTAGE 
AT OUTPUT=6A 

SUPPLY CURRENT 
HALF H-BRIDGE 80 mA 
FULL H-BRIDGE 160 mA 

NOTES: 
TA =25°C, T TAB =70°C, AND Vee =35V 

OM9321SC OM9321SC OM9321SC 

.r\. 1 .., 14 
'----e~--e~~----e>-+~ . ..., I •------2+-_n-l,--. l-'-13-'----...,nsv 

-;:- 3 _1J .Ln 12 
4 ~ u._--11----. 

~--!+~---. .Ln.O--t--:---i-+--i-+--+-----+--t--+----T-1--' 

-

117 ~ U_ 8 
-b ' 7400 ~ 

SV 

j_ 
SV 

0 

1k 

Q PHASE 3 , 

~ ..._ _________ ___. 

SV 

j_ 
sv 

~ 

..___.--+--..... 1-+-1 --<>.....,.. ,...__.14 >--+-+-+--+--Ou"' ~ :J!0 ~ PHASE 1 PHASE 2 

c;> 

1k ~ 
~ (\ -....+"-~o ____. 

7 ~ 8 f 7402 '--+'---.. 

1 

Fig B-Hall-effect sensors and a dash of logic provide the 3-phase drive in this configuration. The UGN-3130 sensors provide 
shaft-position information; the 7400-series TTL circuits provide the commutating logic. The OM9321SC hybrid-circuit motor drivers 
provide drive as high as 35V, 6A to each of the three phases of the motor. 
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If the Source and Sink inputs are asserted) 
the output stage of the 2935 turns off and 
assumes a high-impedance state. 

DIRECTION 0------1 SOURCE 

2935 

SPEED 0-----+---t SINK 

Vee 

2950 

Fig 6-A mirror-image circuit completes the half-H bridge of Fig 3. By providing push-pull operation, this circuit doubles the available 
voltage swing at the load. The 2950 motor-drive IC is an inverted-phase version of the 2935. Both sides of the bridge f eature logic lockout 
to prevent simultaneous conduction of the MOSFETs and, as a result , offer crossover-current-free switching. 

of both packages; it provides overtemperature protec­
tion and a high current drive in a small footprint device. 

Complete the bridge 
The bipolar motor-driver configuration, which incor­

porates the hybrid circuit, delivers as much as 35V 
(minus Irnsconi>, 6A of drive. However, if you use a 
half-H-bridge connection and a single power supply, 
you must connect the motor's return terminal to a 
voltage equal to half the supply voltage. With a 35V 
supply, the motor therefore receives only ± 17.5V (mi­
nus Irnsconi> p-p of drive. If you use two nearly identical 
driver circuits in a full-H-bridge configuration, you can 
double the power (for a given current) that the circuit 
delivers to a motor. 

In Fig 6's full-H-bridge configuration, the motor 
winding is connected between the two outputs. The 
purpose of using two circuits in a full-H-bridge connec­
tion is to effectively double the voltage swing at the 
load. The full-H-bridge connection uses a 35V supply, 
and the motor receives the full 35V (minus Irnscon>) p-p 
drive. 

The output signals from the left and the right sides 
of the bridge must be 180° out of phase. The circuit 
in F ig 6 accomplishes this phase inversion by using a 
2950 motor-drive IC in the right side of the bridge. 
This IC is identical to the 2935, except that its output 
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switches high when the Source input is high; the 2935's 
output goes high when the Source input is low. In the 
circuit shown in Fig 6, the signal to the Source inputs 
determine the direction of motor rotation, and the 
pulse-width-modulated signal to the Sink inputs control 
the motor speed. 

Fig 7a shows a possible pc-board layout of the full-H­
bridge driver. This layout uses plastic or hermetically 
sealed T0-220-packaged ICs and power MOSFETs. 
Again, you can use T0-3-housed MOSFETs, as shown 
in Fig 7b, but they use about 85% more pc-board area 
than the T0-220 ICs. 

Although the pc-board versions of the motor-drive 
circuits are inexpensive to construct, they suffer from 
one serious shortcoming. No thermal feedback exists 
between the power MOSFETs and the 2935 and 2950 
ICs. These ICs incorporate an overtemperature­
shutdown feature that disables them when the chips' 
temperature reaches approximately 165°C. The ICs 
start operating again when the temperature drops to 
about 140°C. This hysteresis is necessary, of course, 
to prevent "hunting" around the trigger temperature. 

Because the controlling ICs don't receive any ther­
mal feedback, they can't protect the power MOSFETs 
against fault conditions in the load. For example, if a 
motor becomes overloaded, the excessive current flow 
could burn out one or both of the MOSFETs. There-
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Fig 7-Layouts for the full-H-bridge circuit 
of Fig 6 use either plastic or hermetically 
sealed T0-220-style power devices shown in 
a or T0-3-housed power MOSFETs shown 
in b. The hermetically sealed, hybrid-circuit 
version inc uses about 20and10% less space 
than the pc-board versions in a and b, respec­
tively. 

(a) 

(b) 

fore, in addition to space-saving considerations, the 
intrinsic thermal coupling of devices is another benefit 
of developing a hybrid-circuit motor driver. Fig 7c 
shows this hybrid-circuit implementation of the full-H­
bridge driver. 

Making the hybrid 
To make the hybrid, you must optimize the ICs' 

thermal intimacy, and, at the same time, provide effi­
cient heat transfer from the circuit elements to the pc 
board and/or the external heat sink. A beryllia (BeO) 
substrate, soldered to the metal-package header, ful­
fills these objectives. This substrate has thermal con­
ductivity properties that are approximately equal to 
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0 0 

0 0 

(c) 

those of aluminum metal. This substrate serves three 
purposes: In addition to providing efficient heat trans­
fer among the circuit elements and to the external 
environment, it provides electrical isolation to the cir­
cuit devices, and it offers a platform for printing con­
ductors and thick-film resistors. 

The hybrid-circuit layout for the half-H-bridge driver 
(Fig 8) is quite simple; its component designations are 
the same as the those in Fig 3. The semiconductors 
are bonded to the BeO substrate by a high-temperature 
solder-reflow process. The leads that connect the cir­
cuit to the package tabs are 10-mil aluminum wires 
that are stitch-bonded to the MOSFETs and the con­
ductor pads on the substrate. 
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The intrinsic drain-source diodes provide a 
built-in clamping action in most motor­
drive applications. 

Note the large conductor pattern at the bottom of 
the substrate; the pattern connects the common drains 
of the MOSFETs to the output pin (pin 3). All the 
resistors, which are made of thick-film cermet material, 
are laser trimmed to their nominal values. Although 

R, 
83 R, 

:..a_ 
~ .... 

f1Ii1 R, 

1...t= 

[3 J 
...__ 

b.. 
LL .a. .,... r-

JL 
~ ..... 

~ I-
0 r--1 

r--a, ,____ 

~ 

tolerances aren't critical in these motor-drive circuits 
( ± 5% is ample), the laser-trimming process and t he 
cermet resistors can easily produce tolerances of ± 1 % 
and better. 

Another feature that you should note in this hybrid-

ll R, 
R, 

..II.. 
(L 
l 

r;:::::::;/ u 
C3= t Ffl:J 

~ 

0 
13= Rs 

t' EJ . +"' 0 ....._ _J_ 

2935 ~ 
:_] 

EE p---
a, r--

r---r-r-

l .__ t-t- 2 v J1 r-1- ~ r- ~ 
I LLI .L -.... -....- -

.....____. ....___ .___ .....____. .....____. 

Fig 8--This half-H-bridge driver uses readily available semiconductor chips. High-temperature solder d'ie attach ensures efficient heat 
transfer from the junctions to the BeO substrate. The 10-mil aluminum wires eliminate high-temperature intermetallic problems that can 
accompany a gold-to-aluminum interface. 
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ideband SWOP AMPS 
For High Speed 

Signal Switching And 

What's a 
SWOPAMP®? 
OPA675 and OPA676 
are new, monolithic, 
wideband operational 
amplifiers with two inde­
pendent differential 
inputs selectable by an 
external logic signal. We 
call these switchable 
op amps "SNOP AMPS", 
and we made a new 
symbol for them. 

Conditioning 
OPA675 is 

compatible 
with ECL in­

puts. OPA676 
with TTL. 

These devices employ a 
classic op amp c ircuit 
topology, eliminating 
the asymmetrical inputs 
and noisy, long settling 
tails associated with 
many current-feedback 
designs. They may be 
used in any application 
requiring speed and 
precision. 

What are the 
specs? 
• Goin-bandwidth 

product: 3GHz 
(A = +SOV/V) 

• Settling time: 9ns (to 
1%), 15ns (to 0.1%), 
25ns (to 0.01 %) 

• Input switching time: 
4ns (ECL), 6ns (TTL) 

• Offset voltage: 250µV 
• Noise: 2.4nVy'Hi 

(at 100kHz) 
• Temp ranges: 

0/+70°C, -55/+125°C 
• Package: 16-pin 

ceramic DIP 
• Price: from $19.35* 

What can you 
do with it? 
OPA675/676 amps 
settle fast to high 
accuracy and make 
excellent "front ends" 
for a brood range of 

I 
high speed analog 
signal processing 

x 

I 
30MHz Programmable-Goin Amp 
with two multip lexed inputs. 

applications. Use it for 
programmable-gain 
amps, multiplexers. and 
pulse, video and RF 
amplifier circuits. 

1k0 1k0 

y 

z 

I 
CALL 1-800-548-6132 
Toll-Free for immediate 
assistance. 
Burr-Brown Corp., P.O. 
Box 11400, Tucson. AZ 
85734. 

SNOP AMP41 - Burr-Bmwn COip. 
"U.S. unit prices. in 100Js (JG) 
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By thermally coupling devices) you enable 
the controlling !Cs to protect the power 
MOSFETs against fault conditions in the 
load. 

circuit layout is the proximity of the 2935 motor-drive 
IC to the two power MOSFETs. Because the IC is 
situated between the two power devices, it quickly 
senses any overtemperature condition in either or both 
of the MOSFETs and shuts down accordingly. The 

-
A, EB 

A w I;;; 

itfGjl 
I-

o, 

'11 
7T 

J a, 

r-- +--

..--

r- +-+-

l-

.____ 

A, 

high thermal conductivity of the BeO substrate plays 
a major role in this isothermal design. 

By making some thermal calculations, you can deter­
mine the maximum continuous operating current for 
the half-H-bridge driver. Again, ReJc for the package 

A, 
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Fig 9-This full-H-bridge layout provides bonding pads f<Yr interconnecting the left and the right sides of the bridge. To provide the necessary 
phase inversion f <Yr 'fYUSh-pull operation, the right side of the bridge uses a 2950 mot<Yr-drive IC instead of a 2935. 
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-
-

and ros(onl for the power MOSFETs are the determining 
factors in your thermal analysis. You need to calculate 
the values for only one of the MOSFETs because when 
one is on, the other is off. Because the p-channel 
MOSFET's rnS(on) is higher than that of the n-channel 

device, the p-channel 12P05 produces the worst-case 
current-limiting situation. 

For the 12P05, rns<onl is 0.30 at 25°C. At the maxi­
mum allowable junction temperature of 150°C, rns<onl 
is approximately 0.660. Ro.Jc for both packages is l.5°C/ 
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~11Hz Amplifier:. 

$950 

• 4 independent channels 
• Gain of 5/channel (cascaded gain: 625) 
• 10 µV1°C de stability 
• 25 µV input noise 

You can use the SR440 as a general purpose 
amplifier to improve the sensitivity ot oscilloscopes. 
digitizers and spectrum analyzers. Power the SR440 
with 120 or 240 V ac. NIM module tormat tor de 
operation also available: $850 (model SR240). 

Stanford Research Systems 
1290 D Reamwood Avenue, Sunnyvale, CA 94089 

TLX 706891 SAS UD, FAX 4087449049, TEL (408) 744-9040 

LOW COST 
HIGH SPEED 

CIRCLE NO 139 

20,000 STEPS PER SEC. 

Step Motor Controller 
New SMC20BC CMOS Step Motor Controller outputs a pulse signal 
for each step to be taken , and allows programming of direction, 
base and maximum rates, separate acceleration and deceleration 
slopes, and distance to be traveled in incremental or absolute 
position . • An internal buffer can be used to sto re command 
sequences for execution of routines on a stand alone basis. Limit 
switch , Jog and three programmable inputs and outputs are 
provided to make comp lex operations possible . The controller 
communicates through an 8-bit data bus in either ASCII or binary 
data formats. 

~ANAHEIM AUTOMATION 
910 E. Orangefair Lane , Anaheim, CA 92801 

(714) 992-6990 Telex: 2978217 MCI FAX: 714-992-0471 
83-lR 

CIRCLE NO 91 

W. Assuming the package temperature is held at 70°C, 
the permissible junction-temperature rise is 80°C. Di­
viding 80°C by the 1.5°C/W yields the maximum allow­
able power in the package: 53.33W. Because I2Rwc, 
or 0.66I2

, equals the 52.33W, I is approximately 8.9A. 
The layout for the full-H-bridge driver (Fig 9) in­

cludes two substrates that are the same except for 
two features. They use different conductor patterns 
to interconnect the V cc, the Source and Sink inputs, 
and the ground lines between the left and right sides 
of the circuit. In addition, the components on each side 
of the circuit are different. The left side of the circuit 
uses a 2935 IC, and the right side of the circuit uses 
a 2950 motor-drive IC to provide the 180° phase rever­
sal needed for push-pull operation. 

To determine the maximum continuous current of 
the full-H-bridge driver, you can use the same values 
that you calculated for the half-H-bridge driver with 
one additional condition. You must assume that the 
p-channel power MOSFET is conducting on one side 
of the circuit while the n-channel device is conducting 
on the other side. The power is therefore equal to 
I2(rPDS<on) + rNDS(onl). The two on-resistances at the 150°C 
junction temperature are 0.66 and 0.33!1, respectively. 
Because 0.99I2 equals 53.33W, I is approximately 7.3A. 

Author's biography 
Ed Goodell is the manage:r of a'[Y[Jlica­
tions engineering at Omnirel Corp 
(Leominster, MA), which specializes in 
high-power semiconductors and hybrid 
circuits. Before joining Omnirel, he 
worked on magnetic-tape backup sys­
tems at Tecmar (Solon, OH). Ed holds 
a BSEE degree from the University of 
Massachusetts . 
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A $2000* switch FREE 
with each HP 3458A 
Multimeter. 
Get a big jump on the cost of your 
next functional test system. When 
you buy the world's fastest system 
multimeter, you get an HP 3488A 
mainframe and 10-channel switch 
absolutely free. No catches. No 
gimmicks. You simply get a great 
package deal. All for under $6,000:" 

EDN April 27, 1989 

You get a big jump in performance 
too. Up to 200 function and range 
changes/sec. and 100,000 measure­
ments/sec. at 4Y2 digits. Which 
makes the HP 3458A the fastest 
multimeter around .. . at any 
accuracy level. 

But a deal this good can't 
last forever. You have to order 
before July 31, 1989. So call 

~ c 
;oO: 

J 
6. 

1-800-752-0900, Ext. 176C 
today if you need more details. 
And if you're already convinced, 
call your local HP sales office 
to order now. 

*U.S. list prices 

F/JOW HEWLETT 
~/!a PACKARD 
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ISDN 
&transceiver 

212 

- -

Am2085 

ISDN &transceiver+ data link 
controller 

Am2081 

ISDN &transceiver/ 
extended performance 

JSDN Integrated 
Data protocol 

controller 

Am82520 

ISDN high level serial 
controller 

lOM is a trademark of Siemens AG. DSLAC is a trademark of Advanced Micro Devices.© 1989 Advanced Micro Devices. Inc. 

Am2095 

lSDN Ping pong 
transceiver 
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Am2090 

ISDN U-transceiver 
(4B/3T + 2B/ I Q) 

- - - - - - - - -

Am2091 

JSDN U-transceiver(4B/3T+ 2B/ JQ) 

We have all the guts you need. In one complete 
ISDN chip set. 

It's flexible and integrated. You can meet the 
future without tearing up the past. Start with any trans­
ceiver. then come back later and replace it to meet new 
requirements. 

Not only will you avoid major redesigns. you'll 
avoid the wrath of your programmers because there'll 
be just minimal changes in software. 

These parts were designed to meet the IOM™-2 

Am2075 

ISDN Quad data link 
controller 

II 
JSDN high 
level serial 
controller/ 
extended 

perfor­
mance 

I 

Am2055 

ISDN Line card controller 

standard so they're guaranteed to work with any other 
IOM-2 based devices. No acrobatics. no patching things 
together 

We've even got your analog loop needs covered 
with a new IOM-2 DSLAC:™ 

Plus. all these !SON devices are part of a com­
mon chip set available from both Siemens and AMO. So 
you'll never feel like you're on hold. 

Call (800) 222-9323 and find everything you need 
to make a switch. 

Advanced Micro Devices ~ 
901 Thompson Place. PO Box 3453. Sunnyvale. CA 94088. 
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Now, withinjust7 workingdays,AUGAT 
will ship you a backplane or card cage in 
any size you need, from 3 through 21 slots . 
This isn 't simply a promise - it's AUGAT's 
GUARANTEE* ... 

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

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

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

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

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

* AUGAT GUARANTEES to ship backplanes and/or 
card cage kits in any size (from 3 through 21 
slots) in 7 working days from date of approved 
c redit - o r you pay20% less! (limit: 3 pieces per 
part number) 

For answers or orders 

1-800-999·9YME 

AUGAT INC., INTERCONNECTION PRODUCTS GROUP 

CIRCLE NO 93 
t Wire-Wrap is a registered trademark of Gardner-Denver 



The new modem family promises to 
be really hot. Without a doubt the next-­
generation leader. 

But the designers need more time 
and money to go for it. And his market 
window is disappearing fast. 

"It was either find the right modem 
or lose a big chunk of. die market" 
. · His team calls ~he company. that 

. ·sets the ·U:idustry standards in modems: 
Rockwell International. He knows that'U 
save desigri time qnd costs, plus proyide 
w~rldwide compatibility from.300bps 
to 14.4kbps. · . . · · 
. · · And with one basic design, engi- · 

peering can spin off a dozen differept. 
products by using Rockwell's 0 EM 
modem series with its compatible hard­
w~re· features. Its a complete solution to 

· all their moqem ·needs. The clincher: · ·. · 
Rockwell's 5-year. standard warranty 
assures his . (:ustomers. of quality and 

· reliability. :· 
. . He'µ. b.eat the ·competition to mar­
ket with the ~igp.t products .. And that's 
what it's all about. . · 

Call the leader in ·modem . 
. · techn~.19gy. Rockwell is s9lutions. 
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simpftfies lt8Jign 
and dramatically reduces board 
space needed for most applications 
because it contains all switching, 
protection and control circuitry 
on a single chip. 

The LT1<Y72 features an internal, 
low saturation 1.25A switch and 
offers a wide range of unique oper­
ating advantages. Now you can work 
with supply voltages from 3Y to 
60Y, and draw only 6mA quiescent 
current. Our switcher packs a wallop 
by delivering load power up to 15 
watts , while remaining extremely 
efficient at low power levels. 

With the LT1072, you can 
utilize current-mode switching tech­
niques for excellent transient and 
DC load and line regulation , and 
operate in nearly all switching topol­
ogies. As a bonus, the chip draws 
only SOµA supply current in the 
shutdown mode. 
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Boost Converter (SV to UV) 
5v-~...J3.,..,oo"'.tt'---. 

Telecom Converter ( - 48V to SV) 

300µH 

10µF' 

GND 

124k 

_
20

V ~~ -S6V ____ 0_·22_•F_.____. 'REDUIRED IF INPUT LEADS ;,,2 ' 

TOUGH PRODUCTS 
FOR TOUGH APPLICATIONS. 

CIRCLE N0 95 

"flyti&Ck regulation 
you to generate totally isolated 
regulated outputs, without opto­
couplers or extra transformer 
windings. 

The LT1072 operates efficiently 
over a broad range of input voltages, 
load currents and switching configu­
rations. The LT1072 comes in both 
mini-DIP or T0-220 versions. Pricing 
for the LT1072CN8 is $2.95 each, 
in quantities of 100 (and a lot less 
in 10,000 piece lots.) Higher current 
switching regulators (2.SA and SA) 
are also available. 

Cut your switcher problems 
down to size with our LT1072, and 
bid farewell to shoehorning forever. 
For a complete data package on 
our high-efficiency switching regu­
lators , contact Linear Technology 
Corporation , 1630 McCarthy Blvd., 
Milpitas , CA 95035. Or call 
800-637-5545. 
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DESIGN IDEAS 
EDITED BY CHARLES H SMALL 

Self-biasing reference consumes low power 
Walter Jung and George Erdi 
Linear Technology Corp, Milpitas, CA 

The circuit in Fig 1 is a micropower, buffered reference 
that works best with loads that source current. It will 
operate from any supply that is 3V higher than the 
reference voltage, including 4 to 9V batteries. Typical 
line regulation is 10 ppm/V. The overall temperature 
coefficient of the circuit is essentially that of D1: 20 
ppm/°C (max for the B device grade). 

Overall, this reference's quiescent current is 30 µA­
essentially the quiescent current of the dual op amp 
plus the currents in R2 and R3• The reference can 
source several milliamperes of load current to external 
loads. For example, the IC1A, 1.227V stage has a typi­
cal output impedance of 30 µ V/mA for currents of 10 
mA or less. 

Normally, you would bias D1-a 20-µA, 2-terminal 
reference diode-with a simple series resistor con­
nected to y+. This simple biasing scheme, however, 
can be sensitive to line-voltage changes and could de­
part from micropower operation when heavily loaded. 

Instead, op amp IC1A's 30-µA quiescent current pro­
vides a "free" bias source for D1• Both the input and 

v•(4T09V) 

2 

the output of the op amp used for IC1A must be able 
to swing down to the op amp's v- voltage level. In 
this case, the op amp's v- pin will be at 1.225V 
±15 mV. 

The simple RC filter comprising R1 and C1 feeds the 
noninverting input of IC1A, which functions as a low 
source-impedance buffer. The other half of IC1 func­
tions as a precision 2 x amplifier/buffer. Note that both 
op-amp sections draw their input currents through R1• 

These currents serve to raise the op amps' inputs a few 
millivolts above the level of the reference diode. This 
slight raise and the tiny current drawn by R2 serve 
to bias IC1A and !Cm's inputs up into a slightly more 
linear operating region than they would experience at 
the negative rail. 

Note that you should use caution when employing 
this circuit with current-sinking loads, because the 
sunk current must necessarily flow through the refer­
ence diode. While the diode can safely sink up to 20 
mA, the saturation characteristics of the op amp will 
add an error proportional to the sunk current. EDN 
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~-----------t..._-------------------0 1.227V 

3 

3nA 

R1 
1.227V ----.JV'V'---

c, 
0.1µF 

250k 

o, 
LT1034 
1.2V 

R2 
2M 

3nA 

R• 
1M 

5 

6 

0.1 µF 

1M 

Fig 1-A micropower op amp provides both the bias current and buffering for a 2-terrninal reference diode. 
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Single cell lights LED 
Lacz Gyula and Bunsits J 6zef 
Hiradastechnika Szovetkezet, Budapest, Hungary 

You can light LEDs from a low-voltage source with 
the 150-kHz shunt switch-mode driver in Fig 1. With­
out this circuit, for example, a 1.2V battery has insuf­
ficient voltage to bias an LED on via a series resistor. 

In the circuit, comparator Q1 turns electronic switch 
Q2 on and off. When Q2 turns on, current flow ramps 
up in L1, and LED D2 is back-biased. Eventually, the 
voltage this current flow develops across R6 turns off 

Q1• Q1's turning off, in turn, turns off Q2• When Q2 

turns off, LED D2 acts as a freewheel diode for L1 and 
lights up. 

Diode D1 compensates for the temperature depend­
ence of Q1's base-emitter voltage and reduces the sensi­
tivity of the R/ R2 divider to changes in supply voltage. 
R4 limits the base current of Q2 , and R5 adds hysteresis 
to the Q1 comparator. EDN 

To Vote For This Design, Circle No 750 

....------- ----------e----...----0 Vee= 1.2VTO 1.5V 

R, 
10k 

D, 
1N4148 

R2 
3.3k 

R, 
10k 

R• C, 

02 

BC214C 

2.2k ~-~ 1-----

a, 
BC184C 

10 pF 

470k 

Rs V1 

L1 470 µH 

~---------- V2 

v, 

Vee 
+ ... ----... 

V2 

D2 

Fig 1-This free-running switch-mode driver can light an LED from a low-voltage source. 
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Amplifier handles duplex line 
Mansour Ahmadian 
Technical and Engineering University, 
Tehran, Iran 

The circuit in Fig 1 is a bidirectional amplifier that can 
amplify both signals of a duplex telephone conversa­
tion. It uses the principle of negative resistance. Obvi­
ously, such an amplifier could easily be unstable; how-

TELEPHONE LINE 

C3 
A• 
100k 

+ 0.1 µF 

9V 
BATIERY 

c. 
0.1 µF Rs 

100k 

ever, you can adjust R1 in Fig 1 for maximum amplifica­
tion and the circuit will remain stable. You might also 
consider replacing the LM324 op amps with op amps 
that would distort less, such as the LM1558, LF412, 
LF353, or LF442. EDN 
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100k 

100k 

c, + 
10 µF 

7 

100k 

Fig 1-This amplifier uses the negative-resistance princip/,e t.o amplify ful,l-dup!,ex t.e/,eplume signals. 

Single-chip µP acquires Basic 
G N agendra Rao 
!SRO Satellite Centre, Bangalore, India 

Unfortunately, no CMOS equivalent exists for the very 
handy 8052-AH single-chip µP with built-in Basic inter­
preter. This NMOS chip draws 100 mA typ. A low­
power CMOS version of the 8052, the 80C32, lacks the 
on-chip Basic interpreter. You can remedy this situ­
ation by simply dumping the contents of an 8052-AH's 

EDN April 27, 1989 

onboard ROM into a 27C64 CMOS EPROM for subse­
quent use by the 80C32. 

The combination of the CMOS single-chip µP and 
EPROM consumes 1/10 the power of the NMOS chip 
and cost % less. Running the Basic program in Listing 
1 on the single-chip µP board in Ref 1 results in a 
dump, in Intel hex format, of the Basic interpreter 
through the board's console port. You can store this 
file on a disk using the Capture command of any com-
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munication program such as Crosstalk or Mirror. Sub­
sequently, you can download this file to any EPROM 
programmer that accepts Intel hex format. 

µP's External Code space from OOOOHEx to lFFF HEX 
(Fig 1). EDN 

Of course, your target system must have chip-select 
circuitry that places the EPROM in the single-chip 

To Vote For This Design, Circle No 748 

80C32 

~ 

LISTING 1-BASIC INTERPRETER DUMP ROUTINE 

10 REM To transmit data in Intel HEX format 
20 M=O:X=O:Y=O: 
30 COUNT=O:SUM=l6+X+Y+O 
40 PRINT ":10 " , 
50 T:X:GOSUB 210 
60 T=Y:GOSUB 210 
70 T=O:GOSUB 210 
80 FOR I=M TO M+l5 
90 T=CBY(I):SUM=SUM+T 
100 GOSUB 210 
110 NEXT I 
120 COUNT=l 
130 Bl=INT(SUM/256):B2=SUM-Bl*256:T=256-B2 
140 GOSUB 210 
150 M=M+l6:Y=Y+l6 
155 IF Y>255 THEN Y=O:X=X+l 
170 IF M<2000H THEN 30 
180 PRINT":OOOOOOOlFF" 
190 STOP 
210 REM subroutine for hex conv 
220 Al=INT(T/16):A2=T-16*Al 
230 IF Al>9 THEN Cl=65+(Al-10) ELSE Cl=Al+48 
240 IF A2>9 THEN C2=65+(A2-10) ELSE C2=A2+48 
250 IF COUNT=l THEN PRINT CHR(Cl),CHR(C2) ELSE PRINT CHR(Cl),CHR(C2), 
260 RETURN 

P01,o -- _LB 
-"'" 

Dr Do - I' ... 

-"'" .L B -- Ar A,, . 74LS373 I' -
ALE LE OE 11--

PSEN OE 27C64 

P21,o 
L B L S __.. 

A,,-~ I I 

~ 
3 

I\ A13 
A 

74LS138 

A,. Yo cs 
B 0000-1 FFF HEX 

A,s 
c 

Vee 0 E3 

~ E, 

EA 

l +----1 E, 

-= 
Fig 1-With a simple modification to an 80C32 system's chip-select circuitry, the CMOS single-chip µ.P can access a Basic interpreter 
residing in an EPROM and function like a low-power version of the NMOS 8052-AH. 
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from 

$11.45 
de to 3GHz 

• less than 1dB insertion loss over entire passband 
• greater than 40dB stopband rejection finding new ways ... 

setting higher standards • 5 section, 30dB per octave roll-off 
• VSWR less than 1. 7 (typ) 
• over 100 models, immediate delivery t:J Mini-:~~sr~Y"~i~" 
• meets MIL-STD-202 

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

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

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

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

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

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

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

* Prefix P for pins. B for BNC, N for Type N. S for SMA example: PLP-10.7 C105 REV. E 
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Reactive limiter protects transformer 
Jim Zannis 
Renishaw Metrology Ltd, Gloucestershire, UK 

The simple reactive voltage divider in Fig 1 (a capaci­
tor in series with the primary of a transformer) per­
forms a dual function: It protects the transformer 
against excessive currents if its secondary gets 
shorted, and it prevents damage if anyone inadver­
tantly connects a 120V transformer to a 240V line. 

The reactive current-limiting scheme works best if 
your load normally draws little current through its 
mains-connected transformer (Fig 2). You should 
therefore choose jXc to be less than the effective input 
impedance of your transformer's normal load. Under 
fault conditions, JXc drops a proportionally larger volt­
age than under normal, lightly loaded conditions, which 
reduces the voltage across the transformer's primary. 
This reduction of voltage prevents the transformer 
from saturating and thus overheating. 

The capacitor in the limiter dissipates no significant 
power because its voltage is not in phase with its cur­
rent. However, the circuit reaction can impress a volt­
age on the capacitor that is greater than the mains' 
input voltage. You must choose a capacitor, such as a 
high-quality film capacitor that can handle both the 
expected current and the voltage overstress. EDN 
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120V e>---1~~ 
MAINS ..,,0-----./. 
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~ ..... ',-.. ~~_._1---~ "'~ 
iXE::iX1 +jX'i. 

X!=n2X2 

R, =WINDING RESISTANCE 
X=LEAKAGEREACTANCE 

Fig I-The 120/220V transfonner in a has a r:ummt-limiting capaci­
tor in its primary circuit; b shows the transformer's equivalent 
circuit. Reflecting all the circuit elements over to the primary si.de 
of the circuit produces the equivalent circuit in c. 
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Fig 2-/f you select jX c to be less than the effective impedance of the equivalent circuit in 1 c, then your power-supply transformer will not 
saturate during an overvoltage stress. 
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The next standard. 
A new generation of high perf onnance SC Cs. 

Zilog's universal serial communication controller, the 
USC (Z l6C30~) , provides higher throughput than any gen­
eral purpose SCC. And it does it while reducing the CPU 
workload 60%. 

Superintegration'M and 
be C municatianS Market. 

ti om to tbe demand for more i.nte~ 
f)eVeloped as an answer . Zil 5 superintegration . 

gration than AS/Cs co~d!:r~ly g~wingfamily of appli­
tecbnology bas resulte ' d ts ( ASSPs), also k11own as 
cation sJJeC!ftc standated ;1,.~'f ts ~r CB/Cs Working _GPdU nd 
cell-based rntegra ' ls have been combine a 
and Peripherals cores and

1 
~I t'ons yet they use the same 

enhanced for specific apndp icat;uctton sets yo11 're already 
ven architectures a. ins 

pro worlli11g with. . for tbe communicalio1is 
Systems desig;:s 'th m~re speed. 8111 

mar/eel needed SC fomiance away from 
that meant ta/erng !:;bat was not acceptable. 
tbe CPU. A tr~defi·Op .1 of superintegration 

The USC, first OJ ati::"p~~vides enba11ced 
sees, is a solution . . . llSider 

perjomiance an1~e1i;:~1he C::ay is clear for even 
tbe Jar-reaching bene1• · temS to be developed. 

more highly integral~ sys obod bas 11 more complete 
And consider this. N co~ system cells, or //0 bolt­

li/Jrary of proven, genencd . better qualified to develop 
ns than Zilog. Nobo Y 15 • 
~nd deliver SuperintegrallOn parts. 

More speed. 
The USC is four times faster than any general purpose 

SCC. You get guaranteed data rates of 10 Mbits/sec. But speed 
is not the only USC advantage. 
More CPU power. 

The USC requires less attention from the system CPU. 
That means more power for the system. The USC's lower 
overhead is due to easy initialization , auto-sequencing word 
transfers from deep FIFOs, fly-by OMA control , and reduced 
latency from an efficient, chained interrupt structure. 
More flexibility. 

You 've got two completely independent channels, as well 
as multi-protocol capability. Because the USC has two BRGs 
per channel you can transmit and receive at two different bit 
rates. And the USC's universal bus interface means you can 
cut the cost of GLU logic and expensive board real estate. 
More performance. 

CMOS and Superintegration'" bring more CPU power and 
higher data throughput. The USC carries a 12 .5 MByte/sec bus 
bandwidth punch. Straight OMA connect and 32-byte FIFOs 
make the USC's systems simple, elegant and fast. Very fast. 
More reliability. 

With the USC you get Zilog's proven quality and 
reliability. Un ique built-in testability featu res allow access to 
nodes and registers for testing program functionality in real 
time. Find out more about the USC or any of Zilog's growing 
family of Superintegration products. Contact your local Zilog 
sales office or your authorized distributor today. Zilog, Inc., 
210 Hacienda Ave ., Campbell , CA 95008, (408) 370-8000. 

Right product. Right price. Right away. Zilog 
ZILOG SALES OFFICES, CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533. GA (404)92;-8500, IL (j ll) 517-8080. MA (617) !7.Hlll. MN (61l) 831 -7611. 
NJ (201) 288-.1737. OH (2 16) 447-1480, PA (215) 653-0230, TX (214) 987-9987, CANADA Toronlo (416) 673-0634. ENGLAND Maidenhead (44) (6l8) .19200, W. GERMANY Munich (;9) (89) 612-6046. 
JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979. TAIWAN (886) (2) 741-3125, SINGAPORE 65-l35 7155, DISTRIBUTORS, U.S. Anthem Elect ric, Bell Indus., llall -Mark Elec .. 
JAN Oe\'ices, Inc .. Lionex Corp., Sch weber Elec .. Western Mkrotech . CANADA Future Elec., SEMAO, LATIN AMERJCA Argenlina-Yel .-( I) 46-22 11 , Brazi l -Oi~ ibyte (Oil) 24 1-.{61 1. Mexico-Semiconduc1nres 
Profesionales (5) 536-1:11!. 
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Design Entry Blank 
$100 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design of 
each issue, determined by vote of readers. Additional 
$1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 

To: Design Ideas Editor, EON Magazine 
Cahners Publishing Co 
275 Washington St, Newton , MA 02158 

I hereby submit my Design Ideas entry. 
Name ________________ _ 

Title __________ Phone ____ _ 

Company _______________ _ 

Division (if any) _____________ _ 

Street ________________ _ 

City ________ State __ Zip ___ _ 

Design Title ______________ _ 

Home Address 

Social Security Number __________ _ 
(Must accompany all Design Ideas submitted by US 
authors) 

Entry blank must accompany all entries. Design entered 
must be submitted exclusively to EON , must not be 
patented, and must have no patent pending. Design must 
be original with author(s), must not have been previously 
published (limited-distribution house organs excepted), and 
must have been constructed and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or editor 
gives written permission for publication elsewhere. 

In submitting my entry, I agree to abide by the rules of 
the Design Ideas Program. 

Signed ________________ _ 

Date _________________ _ 

ISSUE WINNER 
The winning Design Idea for the January 19, 1989, issue 
is entitled "Filter settles faster than a Butterworth ," 
submitted by Einar Abell of ADA Instruments (Three 
Rivers, CA). 

Your vote determines this issue's winner. All designs 
published win $100 cash. All issue winners receive an ad­
ditional $100 and become eligible for the annual $1500 
Grand Prize. Vote now, by circling the appropriate number 
on the reader inquiry card. 
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How to turn the d·c you have 
into the d·c you want. 

Pass it through a KEPCO 
ERD d·c to d·c converter 

Your d-c goes in here 
(20- 30V for 24V models, 
40- 56V for 48V models). 

~ 
The d-c delivered here 

is stabilized to 
better than 0.2% (typ). 
As you increase your 
load to the rated load 
current, the voltage 
will remain constant 

within 0.3% (typ). 

The input can be of 
either polarity, 

because the output is 
transformer-isolated 
from the input, and 

is fully floating 
off ground. 

You can adjust the 
output voltage with 
a trimmer reachable 

through the enclosure. 

Onboard EMI filter 
reduces the conducted 
noise fed back on your 

input bus within the 
limits of MIL-STD-4618. 

Our custom hybrid 
microcircuits (surface 
mount components on 

alumina substrates, 
sealed against moisture) 
reduce parts population, 

improve reliability. 

Up to 300KHz switching 
frequency - for fast response 
and high efficiency - is made 

possible by a new, very 
low-loss TDK ferrite. 

The model shown is our ERD 15-10-48. Output is 15V/10A; input is 48V. 

Kepco d-c to d-c converters are not sim­
ple "regulators". They are full-fledged 
power supplies that do for your d-c 
everything that a-c to d-c voltage sta­
bilizers do for the power company's a-c. 
Important features built into all models 
include: 
• Self-contained heat sinks, convection 

cooled (no need to bolt an ERO to an 
external cold plate). 

• Remote error sensing (allows for a 
voltage drop up to 0.4V in the wires to 
the load). 

• Remote on/off (an optically isolated 
TTL logic control). 

• Rectangular current limit (allows you 
to drive non-linear loads, parallel units, 
and use redundancy paralleling). 

• LED power OK status indicator. 

• Overvoltage protector (reduces the 
output to zero if the voltage tries to 
exceed the preset limit). 

• Three sizes: 30 Watts, 60 Watts , and 
150 Watts. 

• Low cost, immediate availability. 
• 5-Year warranty. 

For more information or a demo for your 
lab, please write or call Dept JIM-1 2, 
KEPCO, INC., 131-38 Sanford Avenue, 
Flushing, NY 11352 USA 
(718) 461-7000 •FAX: (718) 767-1102 
Easylink (TWX) : 710-582-2631 . 

- THE POWER SUPPLIER '" 



KEPCO SERIES ERO IM SINGLE OUTPUT D-C TO D-C CONVERTERS 

~£..:'--..:.. -::. 
IJIM•I•l;{!\Jf;l :JI..t~1~1r<:1'&1 ' I I . : . : ' 

~'-"~:-"'""_;_~ 

SPECIFICATION OUTPUT VOLTAGE OVP SETIING OUTPUT CURRENT CURRENT RIPPLE NOISE EFFICIENCY LIMIT (SPIKE) 

Unit Volts Volts Amps Amps mV mV Percent 

2s0c nom input nom input 
max load 

Condition so·c so·c 71°C nom input , max load 
Adjustment Norn . input , rectangular p-p d-c to 

Factory set,111 range 2s0c fixed typ l max SOM Hz typ 

30 WATI MODELS Size: 1.38" H x 3.74" W x 5.12" D Net weight: 0.9 lb. 

ERD 5-6-24 5 4.0- 5.5 6.0- 6.9 6.0 4.2 2.4 6.6- 7.1 30 50 100 ERD 5-6-48 

ERD 12-2.5-24 12 8.4- 13.2 13.7- 15.7 2.5 1.8 1.0 2.8- 3.1 50 80 170 ERD 12-2.5-48 

ERD 15-2-24 15 12.0- 16.5 17.0- 19.5 2.0 1.4 0.8 2.3- 2.6 50 80 200 ERD 15-2-48 77% 
ERD 24-1.3-24 24 16.8- 26.4 27.0- 30.5 1.3 0.9 0.5 1.5- 1.8 50 100 290 ERD 24-1.3-48 

ERD 48-0.6-24 48 32.6- 52.8 55.0- 63.0 0.6 0.4 0.2 0.7- 1.0 60 150 530 ERD 48-0.6-48 

60 WATT MODELS Size: 1.69" H x 3.74" W x 6.3" D Net weight: 1.2 lb. 

ERD 5-12-24 5 4.0- 5.5 6.0- 6.9 12.0 8.4 4.8 13.2- 13.8 30 50 100 ERD 5-12-48 

ERD 12-5-24 12 8.4 - 13.2 13.7- 15.7 5.0 3.5 2.0 5.6- 6.0 50 80 170 ERD 12-5-48 

ERD 15-4-24 
24V input: 

ERD 15-4-48 15 12.0- 16.5 17.0- 19.5 4.0 2.8 1.6 4.5- 4.9 50 80 200 79% 

ERD 24-2.5-24 48V input: 

ERD 24-2.5-48 24 16.8- 26.4 27.0- 30.5 2.5 1.8 1.0 2.8- 3.1 50 100 290 82% 

ERD 48-1 .2-24 
48 32.6- 52.8 55.0- 63.0 1.2 0.8 0.5 1.4- 1.7 60 150 530 ERD 48-1.2-48 

150 WATT MODELS Size: 3.15" H x 3.74" W x 8.66" D Net weight: 2.6 lb. 

ERD 5-30-24 
5 4.0 - 5.5 6.0- 6.9 30.0 21 .0 12.0 33.0- 35.0 30 50 100 ERD 5-30-48 

ERD 12-12-24 12 8.4 - 13.2 13.7- 15.7 12.0 8.4 4.8 13.4- 14.4 50 80 170 ERD 12-12-48 

ERD 15-10-24 
24V input: 

ERD 15-10-48 15 12.0- 16.5 17.0- 19.5 10.0 7.0 4.0 11 .2- 12.0 50 80 200 79% 

ERD 24-6-24 
48V input: 

ERD 24-6-48 24 16.8- 26.4 27.0- 30.5 6.0 4.2 2.4 6.8- 7.3 50 100 290 81% 

ERD 48-2.8-24 48 32.6- 52.8 55.0- 63.0 2.8 2.0 1.1 3.3- 3.6 60 150 530 ERD 48-2.8-48 

(1) Nominal input, maximum load , 25°C 
For complete specifications send for Switcher Catalog 146-1605. 

Data subject to change wi thout notice . © 1989 KEPCO. INC. Li the in U.S.A. 

KEPCO, INC. • 131-38 SANFORD AVENUE · FLUSHING , NY 11352 USA• (718) 461-7000 ·FAX: (718) 767-1102 • Easyl ink (TWX) 710-582-2631 
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NEW SURFACE MOUNT OUTLINE. 

,; 
SOT-223... EAL lW 

SMD PERFORMANCE ON 
PRINTED CIRCUIT BOARDSI 

Now you can benefit from SMD technology in a 
wider range of applications with the new Philips 
SOT-223 surface mounted package. 

The SOT-223 gives performance of 1 W on PCBs 
and 2W on ceramic substrates without extra cool­
ing. It enhances the performance of small signal 
devices currently available in other surface mounted 
packages. Plus, it's equally compatible with reflow 
and wave soldering techniques. 

Devices now available in SOT-223 include switch­
ing, high voltage, darlington and driver transistors , 
RF broadband transistors up to 7.5 GHz and P and 
N Channel DMOS-FETs. 

But that's just the start. SOT-223 offers you 
power-plus an impressive list of board mount­
ing benefits. 

• Design ensures level mounting which eliminates 
hot spots and also allows visual inspection of 
solder joints. 

• Supplied on standard 12mm tape for speed and 
simplicity of automated placement. 

• Formed leads absorb thermal stress, preventing 
damage to die. 

• Accepts extensive range of die up to 2.5mm square. 
• Tab position leaves base free to be glued for 

wave soldering. 
• Can be mounted on the same solder pad design 

as the DPAK outline. 
Benefit from this breakthrough now ! 
For designers in consumer electronics, automotive, 
telecommunications, EDP industries, etc., SOT-223 
is a major advance in SMD technology. Get the full 
facts fast. Call or write today. 

Amperex® 
DISCRETE SEMICONDUCTOR PRODUCTS GROUP 

PHILIPS 

Amperex Electron ic Company, George Washington Highway, Sm ithfield , RI 02917 (401) 232-0500 
In Canada: Philips Electronics Ltd., 601 Milner Ave. , Sca rborough , Ontario M 1 B 1 MB (416) 292-5161 
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Now You 
Can Build 
The World's 
Smallest, 
Lowest Power 
MNPS™ 
2400 BPS Modem 
With The ••• 

230 EDN April 27, 1989 
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Sierra's SC11024 2400 BPS 
Modem, SC11018 Controller and MNP5 
peripheral provides the basis for error 
free data communications at a 
thruput rate of over 4300 BPS. This 
5.0V chip set is fully Microcom 
compatible. 

Using field proven MMA (Michael 
Mooradian Associates) architecture 
and offering the full complement of 
extended AT commands, this powerful 
Sierra chip set provides the lowest cost 
solution for data compressed, error-free 
communications. (No license fees are 
required.) 

4344 

The SC11018 contains an 
on-board UART so parallel operation 
requires no extra chips. 

This pair isn't all we have -
Sierra's Data Communications 
Products span the data rate range of 
300 BPS to 14,400 BPS and conform 
to CCITT and Bell Standards. 

FAX, write or call today for 
complete information on our MNP5 
solution. Data Communications 
Marketing, Sierra Semiconductor, 
2075 N. Capitol Avenue, San Jose, CA 
95132. (408) 263-9300 FAX (408) 
263-3337 

Triple Technologyn• In CMOS 

.Aft~ 
~~~~~~~~~~~~~~~~~~~~~~ ----.. 
~~~~~~~~~~~~~~~~~~~~~~ .......,. 

~UY 

SIERRA SEMICONDUCTOR 
Microcom Networking Protocol and MNP are both trademarks of Microcom Inc. 
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he New 
Harris Semiconductor. 
Creating ASICs 
for engineers 
driven ~ new ideas. 

Your new system idea is off the drawing board. But now the market 

window is closing fast. And when you need to create ASICs that work the first 

time- on time-The New Harris Semiconductor is what your vision of the future 

demands . • The New Harris Semiconductor combines the strength of four 

industry leaders- Harris, RCA, GE and lntersil - giving us unparalleled experience 

in ASICs. Our heritage in designing custom ICs is more than 20 years strong. Our 

capabilities in semicustom can help compress your development cycle times and 

shorten time to market. And we offer a wide array of standard ASICs fo r 

communications, automotive, military and other applications . • But The New 

Harris Semiconductor is far more than your ASIC supplier. We're your ASIC partner 

-your ally in taking the risks out of ASICs . • Our proven ASIC design system 

and extensive libraries help to ensure your design's success. Our worldwide design 
centers offer a full range of assistance-working together with you as your ASIC 
specialist. And our flexible manufacturing capabilities meet your needs for both 
fast, accurate prototypes and high-volume. just-in-time manufacturing . • We 
also offer a broad variety of ASIC options to meet your performance. schedule and 
cost requirements. Including standard products, gate arrays, standard cells, com­
pilers and full custom-for both conventional and rad-hard applications. In analog, 

digital, mixed A/D and power. And across a technology spectrum from CMOS and 

bipolar to dielectric isolation and GaAs . • For your vision of the future in 

ASICs, choose The New Harris Semiconductor. Today . • For more information, 
call toll-free, 1-800-4-HARRIS, Ext. 1989. (In Canada, 1-800-344-2444, Ext. 1989.) 

HARRIS RCA 6! INTERSIL 

What your vision of the future demands. Today. 
CIRCLE NO 103 233 
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Because you're 
thinking fast 
in converters ... 

Announcing data 
converters for people who push 

Comlinear brings its high­
speed circuit expertise and 
support to data conversion. 
We understand your need for 
responsive suppliers as well 
as fast parts. We're tuned 
in. With R&D-level appli­
cations engineers to help 
develop your ideas quicker. 
Quality documentation and 
guaranteed specs so you 
don't waste time. And 
MIL-STD-1772 certified 
facility for fast qualification. 
In your business, time is 
everything. Count on us 
for the speed you need. 

the limits. 
These new high-speed 

data converters from 
Comlinear push the tech­
nology. To help you push 
the limits in system 
performance. 

They're the AID and DIA 
converters you've wanted 
for high-performance radar 
systems, high-speed instru­
mentation, professional 
video and sophisticated 
medical equipment. 

And in spite of their high 
performance , they're easy 
to use. They help simplify 
your designs. And speed 
your projects to completion. 

So if you ' re pushing for 
the best in performance, 
call about the converters 
you can push to the limits. 

~Com linear 
~Corporation 
Solutions with speed 

4800 Wheaton Drive 
Fort Collins, Colorado 80525 
(303) 226-0500 © 1989 Comlinear Corporation 



This 12-bit, lOMSPS 
AID is hard to beat ... 
and easy to use. 

Comlinear designed the 
CLC925 as a next generation N D 
converter. At IOMSPS , with a 
SMHz analog input, SNR is an 
impressive 68dB. And harmonics 
are down 70dBc. Perfect for radar 
processing , electronic imaging, 
FUR systems, and high-speed 
instrumentation. 

We also made it easy to use with 
internal track-and-hold , precision 
voltage reference, error correc­
tion, and digital timing circuits. 
Plus simple gain adjustment. And 
a 2Vpp input range you can set 
anywhere between + 2Vand 
-2V All in a 2.1" x 1.1" package 
40% smaller than the competition. 
Just connect supplies, an analog 
input, and a convert signal. 

You're ready to go. And ask 
about availability of our 

883 version. 

CLC925 

12-bit DIA conversion 
at 25MHz ... and no 
hiccups. 

Here 's a monolithic 12-bit 
DIA that 's fast ... and quiet. The 
CLC912 handles data conversion 
rates to 25MHz. And has a low 
25p V-sec output glitch energy. 
Without deglitching circuits. 
What's more, it has lLSB integral 
non-linearity. A 30ns settling 
time to reconstruct signals with 
better than 64dB signal purity. 
And it drives a 50-ohm load to 
IV full scale. Directly. 

Frequency-domain character­
ization helps you put it to work 
in digital frequency synthesis, 
arbitrary waveform generators, 
electron-beam positioning systems, 
professional video reconstruction, 
and high-resolution AID 
converters. 

And you can do it simply. Just 
supply power, a simple reference 
circuit, a TTL convert signal and 
data. That's it. You're in 
business. 

Big performance 
in a flash ... 10-bits 
and 25MSPS. 

This monolithic flash 
ADC-the CLC920-can make 
a big difference in your system's 
performance. It encodes video­
bandwidth input signals at rates 
to 25MSPS. With 0.1 %(max) 
integral non-linearity. All without 
an external track-and-hold . 

Its 58dB SNR makes it perfect 
for radar receivers, professional 
video, waveform analyzers, high­
speed instrumentation, and 
medical imaging. 

To help in design, we've 
characterized the part in the fre­
quency domain . And features like 
reference sense lines, intermediate 
ladder tap points, and user con­
figurable data formats deliver 
high performance with flexibility. 

Now, push us for immediate action. Call 
303-226-0500 for the details you need . .. today. 

CIRCLE NO 104 
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and FAXing with Just One Chip. 
Now it's easy to put Group 3 FAX capability anywhere you 
want it. Just start with the YM7109, a true single-chip 
9600bps FAX MODEM from Yamaha LSI. It's ideal for 
laptops. It's perfect for cellular telephones, 
facsimile machines, PC FAX boards, communi­
cations cards or external modems. Wherever 
space is scarce. Wherever low power 
consumption is critical. Wherever you need a 
more cost-effective way to add both FAX and 
modem capabilities to your product. 

It's in There. 
The YM7109 consumes only 180mW (typical) and 
needs only a single +5V power supply. It's avail­
able in 40-pin DIP and 64-pin OFP, allowing you to 
fit the YM7109 into all those tight spaces. DTMF 
detect for remote control or security, flag 
pattern detect, selectable cable equal-
ization, receive signal monitoring, 
programmable receive level 
adjust and auto equalization 
are all in the chip. 

236 

Of course, the YM7109 meets CCITT V.29, V.27ter, V.21 
channel 2, V.23 backward channel, V.21 and Bell 103 
standards, is compatible with industry-standard chip 

sets and has been fully tested on both domestic 
and international telephone lines. 

And, Yamaha will be there when you need 
technical support for hardware and software 
development or applications assistance. 

Get the FAX. 
Just call 1-800-543-7 457 
Yamaha LSI, Systems Technology Division 
3051 North First Street, San Jose, CA 95134 
(408) 433-5260 FAX (408) 433-5230 

YAMAHKa.~1 

.,1989. Yamaha LSI, Systems Technology Division 
805-A-015-88 
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NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

MULTIBUS II SYSTEM 
• Contains a CPU board with a 16-

MHz 80386 µP 
• Companion board has a hard 

disk and VGA controller 
The Multibus II PC Subsystem con­
sists of three Multibus II-compat­
ible boards that operate with DOS­
com pa ti ble software. The CPU 
board contains a 16-MHz 80386 µP, 
a socket for an 80387 coprocessor, 
a 64k-byte static RAM cache, two 
serial ports, a parallel port, and 
keyboard and floppy-disk-drive con­
trollers. You can purchase memory­
expansion modules to add as many 
as 16M bytes of dynamic RAM to 
the board. The message-passing 
coprocessor can communicate with 
other systems running on the bus. 
A companion board includes a VGA 
graphics controller, a central serv­
ice module, and a hard-disk control­
ler for ST-506/ST-412-compatible 
drives. An adapter board accommo­
dates up to four half-size IBM PC, 

GRAPHICS ADAPTER 
• Provides 1024 x 768-pixel resolu­

tion with 16 colors 
• Automatically switches between 

IBM PC!XT and PC/AT buses 
The SuperVGA 16-bit graphics 
adapter is a VGA card for the IBM 
PC, PC/XT, PC/AT and compatible 
computers. The adapter provides 
1024 x 768-pixel resolution with 16 
colors for interlaced and noninter­
laced monitors and comes in two 
models: the 5300, which has 256k 

EDN April 27, 1989 

PC/XT and compatible boards. The 
system includes an Award BIOS 
and runs with PC-DOS or MS-DOS. 
CPU board , $4700; companion 
board, $1295; adapter board, $995; 
2-slot backplane, $195; 4-slot 

bytes of display RAM, and the 
5400, which has 512k bytes of dis­
play RAM. (You can upgrade the 
5300 to a 5400 by purchasing an ex­
tra 256k bytes of RAM.) Both mod­
els come with drivers for AutoCAD, 
Ventura Publisher, Lotus 1-2-3, 
and Windows. Each board has an 
autosensing capability to automati­
cally switch between an 8-bit PC/ 
XT bus and a 16-bit PC/ AT bus. 
The 5400 offers the following reso-
1 u ti on and color combinations: 
1024 x 768 pixels with 16 colors, 
800 x 600 pixels with 256 colors, and 
640 x 480 pixels with 256 colors. 
Both products support digital and 
analog monitors. 5300, $499; 5400, 
$699. 

Genoa Systems Corp, 75 E Trim­
ble Rd, San Jose, CA 95131. Phone 
(408) 432-9090. FAX 408-434-0997. 
TLX 172319. 

Circle No 351 

backplane, $295. 
Intel Corp, Literature Dept, 

#AP-13, Box 58065, Santa Clara, 
CA 95052. Phone (800) 548-4 725. 

Circle No 350 

PARALLEL 1/0 BOARD 
• Has 64 configurable parallel IIO 

lines with handshake facilities 
• Includes an onboard 68000 µP 

and a DMA controller 
The SYS68K/IPI0-1 parallel I/O 

board includes an onboard 68000 µP 
and can offload parallel I/O control 
tasks from VME Bus CPUs. A pig­
gyback board accommodates the 
board's 64 I/O lines. You can select 
from a range of piggyback boards 
that allow you to configure the I/O 
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ICMPHIMPL 

Metallized Polypropylene 
Film Capacitors 

Proven High Reliability 
.. . 100% Burn-In Tested 
Non-Inductive High Frequency 
Self-Healing High Current Design 

• 1.0 Mfd. to 30 Mfd. 
• 100 WVDC to 400 WVDC 
• > 200 KHz Operation 
• - 55°C to + 105°C 
• ±10% Std. (±5% (J) Opt. , 

±20% (M) Opt.) 
• Low ESR, Low ESL, Low Impedance 
• High Current Construction 

• ® 

/CTECHTIPS 
Type MPH and MPL axial lead 
High Current capacitors feature 
flame retardant wrapped and 
filled construction and meet the 
specifications of MIL Std. C-5551419. 
Type MPL is designed with tinned lug 
terminals for high current (30A) 
applications. Offering superior 
environmental performance up to 
+ 105°C without voltage derating, Type 
MPH and Type MPL are excellent 
replacements for polycarbonate 
dielectric capacitors. The self-healing 
design provides excellent transient 
and surge protection. Non-inductive 
extended foil metallized windings are 0 
electronically welded to lead wire ; 
terminations, providing high ripple f' 
current and dV/dt ratings for pulse ~ 
circuits along with rugged mechanical 13 
performance. Designed for operation 6 
at 20 to 100KHz min. with rated RMS ~ 
ripple current. They are perfect for 
modern SMPS designs. 

"' "' "' @ 

The source for Quality. 

• 
Performance and Delivery. 
® 

j lll~~!~~~~!~!NC 
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Lincolnwood, Illinois 60645 
(312) 675-1760 
Fax(312)673-2850 
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COMPUTERS & 
PERIPHERALS 

lines with relay, optocoupler, or 
TTL-level interfaces. The board in­
cludes a DMA controller that allows 
you to set up high-speed data trans­
fers between the I/O port and the 
board's 128k bytes of onboard, zero­
wait-state, dual-port static RAM. 
Communication between the host 
system's CPU and the SYS68K/ 
IPIO-l's onboard µPis also via this 
dual-port RAM. The board has an 
EPROM-resident real-time kernel 
based on the company's VME­
PROM real-time kernel for process­
ing commands that are sent by the 
host CPU. DM 2995. 

Force Computers GmbH, Daim­
lerstrasse 9, 8012 Ottobrunn/Mu­
nich, West Germany. Phone (089) 
600910. TLX 524190. FAX 089-
6097793. 

Circle No 352 
Force Computers Inc, 3165 Win­

chester Blvd, Campbell, CA 95008. 
Phone (408) 370-6300. FAX 408-
374-1146. 

Circle No 353 

VME AID BOARD 
• Samples at 300 kHz and has 12-

bit resolution 
• Contains a 68010 µP and 64k 

bytes of dual-port RAM 
The DVME-601E, an AID board in 
a 6U VME form factor, contains a 
12-bit AID converter that can sam­
ple 16 single-ended or 8 double­
ended inputs at 300 kHz. The board 
also contains a 68010 µP that can 
access one port of a dual-port RAM; 
the other port services the VME 
Bus. The board has 64k bytes of 
EPROM that is expandable to 128k 
bytes, and its µP can access 64k 
bytes of local RAM. Other peripher­
als include an interrupt controller, 
an RS-232C port, five TTL I/O 
ports, three timer outputs, and two 
timer-counter inputs. The board 
comes with executive and monitor 
firmware supplied in EPROM. Us­
ing the host , you can download 
user-written code through the dual­
port RAM or from the RS-232C 

WHEN PRECISION 
AND PERFORMANCE 
ARE CRITICAL, 
CHECK 
DELEVAN 

13 For Cuatom­
Englneerld Surface 
Mountable Cols and 
Induct ore: 

• 1 %, 3% Tolerance for Unshielded 
Matched Parts. 0.022µ H to 1000µ H 

• 5% Shielded. from 0.1µ H to 560µ H 

8 For MICRO-I• 
chip Inductors 
for hybrid circuits 

• Qualified to MIL-C-83446/4 MS 21367 
• Chips, wire bondable ribbon leads or 

ref/ow solder pads 
• .010µ H to 1000µ H 

For the ultimate in 
engineering capability: 
• Tight tolerance - 1 %, 3%, 5% 
• Laser marking 
• Custom values 
• Environmental lab qualification 
• SPC program 
• Hi-reliability performance 

For fast answers to your really 
tough application problems call 

(716} 652-3600; Telex 91 -293; 
Fax (716} 652-4814 r:J DELEVAN/SMDDivisions 

~!~0~;!~!?~,~USTIUF.5 
270 Quaker Road, 
East Aurora, NY 14052-0449 

MADE IN AMERICA BY AMERICAN CRAFTSMEN 
TO AMERICAN STANDARDS OF EXCELLENCE 
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WE LOOK AT MONITORS 
FROM YOUR POINT OFVIEw. 

Cost/Performance/Reliability ••. 
That's how most engineers look at monitors. 

Whether you're buying high resolution, medium resolution or 
standard TV resolution, custom or off-the-shelf, with what­
ever pallet of colors, pixel triads, or scanning rates, you want 
the best ... at the best possible price. 

And that's what the Dotronix/VMI team can 
deliver. Our years of combined OEM experience, and 
worldwide manufacturing facilities each specializ­
ing in a specific monitor technology, mean 
you always get the best possible monitor at 
the best possible price. 

/ Ulr.!l , r.i 11r.., rn mr.1/ ".for your high 
wul!J@l!J m Diluuffill'@ - resolution needs. 
Our Video Monitors Inc. facility is well recog­
nized for continually defining "state of the art" mon­
itor technology in high performance broadcast and 
video displays for Medical Diagnostics, 
CAD/CAM, Desktop Publishing and other high 
resolution applications. 

Dotronix--Mpls./St.Paul ... specializing in monitor 
design and manufacture for Financial, Transportation, 
Medical Instrumentation and S-VHS applications. 

Dotronix--Boulder ... when it comes to monitors for 
Instrumentation and Process Contro l applications. 

Dotronix--Taiwan ... providing high volume 
production for cost advantages in VGA and 
OEM displays. 

Talk to an Applications Specialist Today. 
Phone 612/633-1742 FAX 612/633-7025 

- DDTRDNIX 
DOTRONIX INC. 

160 First Street S.E. New Brighton, MN . 55112 
Service Locations: 

Los Angeles, CA 0 San Jose, CA 0 Boulder, CO 
Mpls./St.Paul, MN 0 Eau Claire, WI 0 New Jersey 
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We want to power your next field test. 
Let us show you how much a dryfit® sealed lead-acid 
battery can improve your product credibility! Just give 
us your application specs and we'll match them with 
the dependable dryfit battery you need. 

Whether primary power or standby, dryfit is the 
right battery for the job. Because dryfit 
is the original gelled electrolyte, re­
combination sealed lead-acid battery. 

-

The only one of its kind with patent protected advan­
tages for extended cycle life. The one with longer float 
life. And the one with the easiest charging techniques 
and the proven leak-proof construction! 

Just look at the broad range of critical applications 
where dryfit outperforms ordinary 
batteries: 
Backup power - UPS, Computers, 
Electronic scanners/Point of sale equip­
ment, Security/Fire alarm systems, 
Telecommunications. 
Primary Power - Portable medical 
equipment, Robots, Wheelchairs, 
Photographic equipment. 

If you have a need for customized 
batteries, let's talk. We can design and 

manufacture battery packs of any size and configura­
tion to meet your exact specs. 

Putting us to the test begins with one quick, 
free call to 1·800-4dryfit 

Sonnenschein 

SONNENSCHEIN BATTERIES, INC. 
P.O. Box 339, Cheshire, CT 06410 
(203) 2n-0091 
Exclusive Canadian Agent: 
Advanced Battery Systems 
Mississauga (416) 670-n59 
dryfit18 is o registered trod mark of Sonnenschein Batteries, Inc. 
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Nobody knows the 8051 family like MetaLinkT: .. 

""" i MicroICE-8052 • 
~ ~~ L~ 

Nobody. 
Contact us and find out why. 
• OEM supplier to 8051 IC manufacturers 

• unlimited FREE technical support 

Standard Features: 
• Source Level Debug for PD,M and 'C' 
• HLL Single Stepping 

• Source Level trace buffer data 

• Debug with symbols, not HEX data 

• 128K emulation memory 

• 16 MHz real-time emulation 

• Up to 4K trace buffer 

• All device unique capabilities FULLY 
supported. 

• No emulation 'alterations' required 

• 128K complex breakpoints 

8031 , 8051 , 8032, 8052, 8344, 8044, 80Cl52JA/JB/JC/JD, 83Cl52JAIJC, 80C452, 80C51FA, 80515, 80535, 80512, 80532, 80513, 
80C521, 80C541, !«:321, 8053, 80Cl54, 83Cl54, 80C451, 83CA51 , 80C552, 80C652, 83C751 +CMOS+ EPROMs + OTPs + + + 

CIRCLE NO 112 
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PC-Based 8051 Emulators 
Starting at $1495* 

Call for a free demo diskette 
1-800 METAi CE® 

, , -Md -- - ® § a§ ~=-==-§ff 
J J ~ Corporation§ §~ ~~~ 

MetaLink Corporation 
P.O. Box 1329, Chandler, AZ. 85244-1329 
(602) 926-0797 FAX: (602) 926-1198 
TELEX: 4998050 MTLNK *Price is U.S. list 

EDN April 27, 1989 



dig lee PROM & Logic e Programmers 

1·2·3·4 
AT A TIME 

MAKES PROGRAMMING 
AS EASY AS 

1·2·3·4 

MODEL 825 
SET PROGRAMMER 

•PROGRAMS: 
o Up to 4 devices simultaneously 

with the same or different data. 
o 16K to 1024K Bit E2/EPROMs 

from all manufacturers (more than 
220 devices) 

o Intel (87 xx) and Motorola 
(68701168705, 28- and 40-pin) 
single-chip micros 

•FEATURES: 
o 8, 16, 32 bit or GANG operations 
o 64K Byte standard RAM 

(expandable to 256K Byte) 
o Built-in UV eraser 
o Plug-in SOFTPACK cassette for 

do-it-yourself software updates 
o Programming Verification at 

lVCCs 
o Fully programmable VCC & VPP 

for future programming needs 
o Detects Device type (signature) 
o Detects misplaced device 

•SUPPORTS: 
o 5 different programming 

algorithms, including Intel 
Intelligent and Quick-Pulse, 
AMO Flashrite 

• OFFERS OPTIONALLY: 
o SOFTLINK remote control 

software for IBM PC/XT I AT 
o PLCC module 
o hlapter for 1 M bit EPROMs 

and Motorola micros 

di9e1ec 

CIRCLE NO 109 
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COMPUTERS & 
PERIPHERALS 

port. Sample software drivers in 
both C and assembly language are 
supplied on the floppy disk. $2195. 

Datel Inc, 11 Cabot Blvd, Mans­
field , MA 02048. Phone (508) 339-
3000. FAX 508-339-6356. TLX 
174388. 

Circle No 354 

LAN SWITCH 
• Connects local-area networks us­

ing a 160M-bps data rate 
• Connects LANs 10 km apart us-

ing fiber-optic links 
The Multi LAN Switch Ethernet 
bridge can connect several local­
area networks (LANs) at a 160M 
bps data-transfer rate. A patent­
pending architecture converts an 
IBM PC/AT bus into a packet­
switching bus to provide the high­
speed operation. The unit can con­
nect as many as 16 LANs in one 
building or it can connect LAN s as 
far apart as 10 km by using fiber­
optic cable. A network manager can 
dynamically forward packets to 
each LAN segment based on proto­
col types, source or destination ad­
dress, packet length, broadcast 
identifiers, or TCP/IP connection 
requests. The network administra­
tor can isolate traffic or enforce se­
curity, such as in applications 
where network segments can send 
but not receive packets from other 
locations. A 4-port configuration 
with Ethernet connectors, $9800; 
expansion cards, $2000 each. 

Alantec, 101 Hammond Ave, 
Fremont, CA 94539. Phone (415) 
770-1050. 

Circle No 355 
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POWER 
When your products depend on reliable power, depend on DA TEL. 
With 20 years experience in the design and manufacture of power 
products, DA TEL's complete line offers 

• 1Wto30WOC/ OCConverters 
• Single, dual, triple and high voltage outputs 
• PC or chassis mounting 
• Wide range inputs 
• Outstanding regulation, accuracy and low noise 
• Line operated supplies , Switching supplies 
• Miniature packages 

Call or write for DATEL's new brochure detailing more than 140 
power products. 

COMPUTERS & 
PERIPHERALS 

12-BIT DIA BOARD 
• Uses the AD7537 chip; fits IBM 

PCs, PC/XTs, and PCIATs 
• Provides two channels of analog 

output 
The DA600 12-bit D/ A converter for 

INNOVATION AND EXCELLENCE IN PRECISION DATA ACQUISITION the IBM PC, PC/XT, PC/ AT and 
DA TEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048 (508)339-3000 

CIRCLE NO 113 compatible computers is based on 
-----------------------------l Analog Devices' AD7537 chip, 

242 

THERMALLY 
CONDUCTIVE 

EPOXY 
MASTER BOND EP21TCHT-1 EPOXY SYSTEM 
• Outstanding electrical insulation 
• Passes NASA outgassing specs 
• Fast room temperature cure 
• Heat resistance up to 400°F 
• Superior environmental ~'-'!lilil~~ 

protection 
• High dimensional 

stability 
• Convenient 

packaging 

For information, 
call or write : 
Master Bond Inc ., 
154 Hobart St. 
Hackensack, NJ 07601 
201-343-8983 

Master Bond Inc. 
Adhesives, Sealants & Coatings 

CIRCLE NO 115 

which contains two DIA converters. 
Having two converters in one IC 
package ensures close matching be­
tween channels. The board provides 
two 12-bit analog-output channels 
that you can optionally upgrade to 
four channels, and it uses an AD712 
precision op amp as an output 
buffer that provides 1.8-µsec set­
tling time to .01 % of full scale. The 
host can control both channels in 
software including a clear function 
for generating calibration routines 
or specialized waveforms. Each 
board has two jumper-selectable 
full-scale output ranges of 5 or lOV 
and includes a manual and a disk 
with programming examples in Ba­
sic, Turbo C, Pascal, and Forth. 2-
channel version, $179; 4-channel 
version, $239. 

Real Time Devices Inc, Box 906, 
State College, PA 16804. Phone 
(814) 234-8087. TLX 4948141. FAX 
814-234-6864. 

Circle No 356 
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AtS~,we 
let our data 

In this day and age of big talk and lofty promises, 
we prefer to let our data communications family 
speak for itself. 

Why? Because it speaks exactly to your need for high 
performance. And high reliability. All in a range of 
technologies and packages to solve applications from 

peripherals and multiplexers to LANs, 
fiber optic networks and more. 

One example is our new CMOS 
SCC2698B Octal UART from the 
serial communications family. It 
delivers eight full duplex channels 
and support circuits in a single, low-
power chip. 

Or, from our transmitter/receiver family, 
there's the new NES211 transimpedance 
amplifier for applications that require high 
input sensitivity such as fiber optic re­
ceivers and extended communication 

links. And, for communication buffer man-
agement, our new N7 4LS42 9 FIFO RAM 

controller addresses up to 64K locations using very 
little board space for very large buffer implementation. 

We're Signetics. We've got the guts-those essential 
data communications products to improve system 
performance. For your free information packet, call 
(800) 227-1817, ext. 99SD. Or for military product 
availability, contact your local Signetics sales 
office. You'll learn why we speak softly-and carry 
a big line. 

One standard. 0 defects. 

Signetics 
a division of North American Philips Corporation 

PHILIPS 
© Copyright 1989 North American Philips Corporation 
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NEW PRODUCTS 

CURRENT-MODE PWMs 
• Improved industry-standard 

types 
• High-current totem-pole outputs 
The UC3842A, UC3843A, 
UC3844A, and UC3845A are im­
proved, pin-compatible versions of 
the industry-standard 3842/3/4/5 
family of current-mode PWMs that 
are widely used in switched-mode 
power supplies. The "A" series fea­
tures a start-up current of <0.5 
mA, a precise oscillator-discharge 
current of 8.2 mA, and a IA peak­
output stage that can sink at least 
10 mA at <l.2V during undervolt­
age lockout (UVLO) for V cc over 
5V. The family members differ in 
their UVLO thresholds and maxi­
mum duty-cycle ranges. The 
UC3842A has UVLO thresholds of 
16V (on) and lOV (off). The corre­
sponding UVLOs for the UC3843A 
and UC3845A are 8.5 and 7.9V. The 
UC3842A and UC3843A can oper-

ISDN SWITCHMODE IC 
• Meets CC/TT requirements 
• Features high conversion effi-

ciency 
The Si9105 high-voltage switch­
mode regulator is designed for use 
in low-power, high-efficiency de/de 
converters. CCITT recommenda­
tions for ISDN power supplies call 
for conversion from 40V down to 
5V with 40 to 60% efficiency for the 
light-load condition. The Si9105 
provides typical efficiencies of 64% 
under light-load conditions, and 
88% under full-load conditions. The 
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ate to duty cycles approaching 
100%; the UC3844A and UC3845A 
are clamped at a maximum of 50%. 
The units are available in an 8-pin 
DIP and 14- or 16-pin SOIC pack-

CCITT recommends a total power 
consumption of < 25 mW during 
emergency operation in the power­
down state. An ISDN power supply 
using the Si9105 uses approxi­
mately 10 mW, leaving the 15 mW 
needed for line-activity detection 
circuitry. 14-pin plastic DIP, $5.97; 
20-pin plastic leaded-chip carrier, 
$6.95 (100). 

Siliconix Inc, 2201 Laurelwood 
Rd, Santa Clara, CA 95054. Phone 
(408) 988-8000. 

Circle No 362 

12-BIT ADC 
• Has 900-nsec conversion rate 
• 2-tone !MD is - 77 dBc 
Specially characterized for dynamic 
performance, the ADC601 12-bit, 
successive-approximation AID con­
verter features a 900-nsec conver­
sion rate. Other dynamic specifica­
tions, measured at the Nyquist fre-

ages. 8-pin DIP, $1.32 (1000). 
Unitrode Integrated Circuits, 7 

Continental Blvd, Merrimack, NH 
03054. Phone (603) 424-2410. 

Circle No 361 

quency with the company's SHC804 
S/H amplifier, include -68-dBc 
THD, - 77-dBc intermodulation 
distortion, and a 67-dBc SIN ratio. 
The ADC601 employs a 2-chip bipo­
lar/CMOS design that permits opti­
mization of both analog and digital 
performance. Maximum de specifi­
cations include ± 0. 012% integral­
linearity error, ±0.1% offset error, 
and ± 0.2% gain error. 32-pin ce­
ramic DIP, $79 (1000). 

Burr-Brown, Box 11400, Tucson, 
AZ 85734. Phone (602) 746-1111. 
TLX 666491. 

Circle No 363 
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ZIATECH CORPORATION 

Test and Control Product News from Ziatech Corporation Spring, 1989 

ZIATECH OFFERS WORLD 
OF IEEE 488 CHOICES 

A free, easy-to-use software driver comes 
with Ziatech's ZT 1444 GPIB interface to PCs. 

GPIB hardware supports PCs, PS/ 2s, STD, 
MULTIBUS and MULTIMODULE standards 

Ziatech's IEEE 488 interfaces are 
a popular choice of OEMs and 
end users utilizing GPIB products 
in their test and measurement 
designs. The Ziatech interfaces 
owe their popularity to their cost 
efficiency, their wide array of soft­
ware choices and the extensive 

technical support capabilities of 
Zia tech. 

GPIB SINCE 1976 

Ziatech was the first to bring 
the IEEE 488 bus concept to 
microcomputers with its charter 

(Continued on page 2) 

Software simplifies 
IEEE 488 control 

Ziatech offers a wide array of 
software drivers and programs to 
support its IEEE 488 hardware 
interfaces, including an instal­
lable driver called EZ.488 that is 
offered at no additional charge 
with Ziatech's interfaces for per­
sonal computers. 

All of Ziatech's software drivers 
are available with no recurring 
license fees for multiple systems, 
making purchases of Zia tech GPIB 
interfaces cost-efficient for high 
volume users. 

Ziatech offers two types of in­
stallable drivers, both of which 
allow IEEE 488 interfaces to be 
configured as controllers or talker/ 
listeners. 

(Continued on page 3) 

GPIB: 
Hard Choices ........ Page 2 

Ziatech's Large 
Software Menu ..... Page 3 

GPIB Control 
Gets Smart ..... ... .... Page 4 



Free software drivers with PC and PS/2 boards -

ZIATECH GPIB BOARDS PROVIDE COST-
EFFECTIVE INSTRUMENT CONTROL 

ZT 8847 interface for STD systems 

(Continued from page 1) 

product in 1976, a GPIB interface 
for MULTIBUS systems. The 
Ziatech product line now features 
a number of hardware interfaces 
for personal computers, the IBM 
PS/2, STD Bus and MULTIBUS 
systems, as well as software pack­
ages and drivers that simplify 
system integration. 

GPIB FOR THE PC 

The most popular GPIB inter­
face in the Ziatech product line is 
the ZT 1444A. Each interface 
controls up to 15 GPIB instru­
ments from within an IBM-com­
patible PC, XT, AT or PS/2 Models 
25 and 30. The ZT 1444A offers 
an optional security device for 
protecting OEM software. This 

interface occupies a short slot in a 
PC, while the ZT 1488A interface 
requires a full slot because of two 
additional capabilities, a battery­
backed clock/ calendar and 
MULTIMODULE (SBX) expan­
sion. Both GPIB boards come with 
a free software driver, Ziatech's 
EZ.488 (see software story, pages 
1 and 3). 

GPIB FOR PS/ 2 

Ziatech also supports GPIB sys­
tems using the IBM PS/2 Models 
50, 60, 70 and 80, with the ZT /2 
interface. This interface features 
free software support, an Adap­
tor Description File for setting 
system parameters, a "watchdog 
timer" to help prevent system 
hang-ups and an optional secu­
rity device for protecting OEM 
software. 

GPIB FOR STD 

As a leading supplier of board­
level and packaged STD Bus sys­
tems, Ziatech offers several op­
tions for adding GPIB capability 
to STD systems. Up to 15 IEEE 488 
devices can be interfaced through 
one STD I/O slot with Ziatech's 

ZT 87 A interface for MULTIBUS systems 

For information circle 120 

ZT 8847 or ZT 8848 GPIB inter­
faces . Ziatech also offers single 
board computers and integrated 
systems with GPIB capability. (See 
story, page 4.) 

GPIB FOR MULTIBUS 
The ZT 87 A IEEE 488 Interface 

for MULTIBUS systems features 
data rates of 300 Kbytes per sec­
ond with on-board OMA utilizing 
64 Kbytes of dual-ported RAM. 

GPIB MULTIMODULE 

Ziatech's zSBX 20 controller 
brings GPIB control to any system 
that uses the MUL TIMODULE 
standard, without using an addi­
tional I/O slot. (See story, page 4) . 

ZT /2 interface for IBM PS/Zs 



No recurring fee for mulitple use of software drivers -

ZIATECH SOFTWARE INSTRUMENTAL 
TO GPIB APPLICATION SUCCESS 

(Continued from page 1) 

EZ.488 - EASY TO USE 
EZ.488 is the simplest instal­

lable driver to use, with HP 85 
compatible syntax and the abil­
ity to access IEEE 488 devices from 
most high-level languages. 
EZ.488 is the best choice for appli­
cations requiring a driver that is 
accessible from any language. 
Many OEMs choose EZ.488 for 
their products because of its flexi­
bility and ease of use. 

INSTALL.488 -
PC DOS-COMPATIBLE 

Like EZ.488, INSTALL.488 uses 
the resources of PC DOS, but with 
efficient language interfaces for 
BASIC, C, Pascal, FORTRAN and 
Assembly. This driver type is a 
good choice for system integra­
tors who want to use National 
Instruments' IEEE 488 interfaces 
as second sources for Zia tech inter­
faces. It also allows existing ap­
plication software written for IBM 

and National interfaces to work 
with Ziatech hardware. 

The compatibility of Ziatech's 
installable drivers with PC DOS­
based STD Bus systems (STD DOS) 
enables system designers to con­
nect STD Bus and PC systems via 
IEEE 488 interfaces, using identi­
cal software in both. It also allows 
a system designed on a PC or 
PS/2 to be easily ported over to 
the more industrial STD Bus. 

LINK.488 - FAST DRIVERS 
LINK TO LANGUAGES 

Ziatech offers high-level lan­
guage linkable software support 
for both controllers and talker/ 
listeners. This high-performance 
software, called LINK.488, is de­
signed to provide extremely effi­
cient code for accessing the IEEE 
488 bus while maintaining a user­
friendly environment. LINK.488, 
available in versions that sup­
port C, BASIC, Pascal and Assem­
bly, is best suited for Original 
Equipment Manufacturers 

Ziatech's STD DOS systems run GPIB 
control software like ASYST ANT GPIB. 

For information circle 120 

(OEMs) whose products provide 
integral IEEE 488 support. In 
many cases, once the software is 
developed, it is placed in EPROM, 
never to be changed again. 

MENU-DRIVEN 
INSTRUMENT CONTROL 
In addition to its software driver 

support, Ziatech offers software 
packages from selected compa­
nies that enhance the functional­
ity of Ziatech GPIB interfaces. 

ASYST, for example, is a com­
pletely integrated package allow­
ing full control of a wide assort­
ment of 1/0 devices with data 
collection and graphic display 
capabilities. This package has an 
interactive, menu-driven user 
interface which speeds program 
development and is easy to use. 
With the ASYST package, highly 
sophisticated data acquisition 
programs can be developed, 
complete with graphical display 
or plotting capabilities. 

ASYSTANT GPIB 
ASYST ANT GPIB uses the same 

user interface as ASYST, but is 
limited to supporting IEEE 488 
1/0. This package allows the user 
full control of IEEE 488 instru­
ments, combined with full data 
analysis and graphics display 
capabilities. 

(Continued from page 2) 

GPIB LOGIC ANALYZER 
Ziatech's ZT 488 is a low cost, 

handheld logic analyzer that can 
help eliminate hours of wasted 
troubleshooting time in building, 
debugging and servicing IEEE 488 
systems. 

For more information, circle the 
response number or return the Con­
trol Point postcard. 



Unique GPIB network capability -

ZIATECH INDUSTRIAL COMPUTERS 
PROVIDE INSTRUMENT CONTROL 

Ziatech offers a variety of STD 
Bus-based industrial computers 
with GPIB capability for users 
requiring "smart" GPIB control. 

"SLOT-LESS" GPIB 
GPIB capability can be added 

to Ziatech's 80188-based single 
board STD Bus computers 
(ZT 8814/15), and 8088-based in­
te llig en t control processor 
(ZT 8830) via the zSBX 20 
MULTIMODULE controller. This 
expansion capability will also be 
available on Ziatech's soon-to­
be-released ZT 8832 I/O control 
processor. These SBC-IB products 
allow system designers to expand 
their IEEE 488 capabilities with­
out using an additional I/O slot. 

Ziatech's integrated STD sys­
tems, the ZT 300 Industrial 
Computer and the ZT 1000 In­
dustrial Workstation, can also be 
easily configured for GPIB-based 
instrumentation applications. 

RACK-MOUNTED 
COMPUTER 

The ZT 300 integrates an STD 
Bus computer and IBM PC DOS in 
an enclosure designed for rack­
mounting . It is available in a 
diskless configuration for embed-

ded applications, in a PC feature 
set with video display and key­
board, and as a remote node in 
an industrial ARCNET network. 
All of these configurations are 
available with GPIB capability 
via an IEEE 488 interface and 
driver software. 

NETWORK EXTENDS 
GPIB CONTROL 

The combination of network 
and GPIB capability in the ZT 300 
results in a powerful instrument 
controller that extends the geo­
graphic limitation of GPIB con­
trol. This combination allows 
other nodes on the network to 
transparently control GPIB instru­
ments connected to the ZT 300 or 
ZT 1000, extending the 20-meter 
GPIB limit to the ARCNET net­
work limit of up to four miles 
away. 

FACTORY FRIENDLY GPIB 
The ZT 1000 Industrial Work­

station combines a reliable, easy­
to-operate industrial STD Bus 
computer with a rugged enclo­
sure for machine and process 
control applications . With 
Ziatech's GPIB interfaces, it can 
be configured as a simple-to-use 

Ziatech 's integrated STD Bus computers such as the ZT 300 combine 
ARCNET industrial network cabability with GPIB control. 

For information circle 120 

The SBC-IB, a Ziatech 80188 
single board computer with 
GPIB control via the zSBX 20 

MUL TIMODULE interface. 

instrument controller rugged 
enough for the factory floor. 

For more information, circle the 
response number or return the Con­
trol Point postcard. 
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The TOKIN solution to EMI regulations 
This is it: the answer to your EMI problems and inventory buildups. And 

it's as close as your telephone. TOKIN's ESD-QR Series of clip-on Data Line 
Filters gives you a convenient, cost-effective method of meeting noise 
emission and susceptibility regulations, for a wide range of electronic 

products. So give us a call. Overnight gets you the finest TOKIN filters. 
Clip them on, and watch your shipments move out. 

1n 
Tokin Corporation 

Hazama Bldg., 5-8, Kita-Aoyama 2-chome, Minato-ku, Tokyo 107, Japan Phone: 03-402-6166 Fax : 03-497-9756 Telex : 02422695 TOKIN J 

EDN April 'l'l , 1989 

Tokin America Inc. 
155 Nicholson Lane, San Jose, California 95134, U.S.A. Phone: 408-432-8020 Fax: 408-434-0375 

Chicago Branch 9935 Capitol Drive, Wheeling, Illinois 60090, U.S.A. Phone: 312-215-8802 Fax: 312-215-8804 
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VOLTAGE REFERENCES 
• 10, -10, and ±10Voutputs 
• ±2.5- to ±5-mV accuracy 
Supplied in JEDEC-compatible 28-
pin LCC packages, the HC2700 Se­
ries precision voltage references of­
fer a choice of 10, -10 and ± lOV 
models. The devices are available 
in both industrial ( - 25 to + 85°C) 

INTEGRATED CIRCUITS 

and military ( - 55 to + 125°C) tem­
perature grades, and in accuracy 
ratings of either ±2.5 or ±5 mV. 
The temperature coefficient over 
the specified operating-tempera­
ture range is either ± 3. 0 ppm/°C 
or ± 10.0 ppm/°C. All models oper­
ate from 15V supplies and maintain 
line regulation of 300 µ V /mA over 

CLAROSTAT's competitively-priced mechanical and optic<JI encoders are compact, 
sturdy and reliable. They're ideal for limited-space, panel-mount applications. 

The industry's smallest mechanical encoder is our 0. 5 inch square model that outputs 
2 bit gray code and can be combined with other modular switches with push-push, 
push-pull, or momentary actions. 

Our optical encoders include 1.0 inch and 0.5 inch sizes, output two square waves 
and have rotational lives in the millions. WHY wr•11A 

We have the encoders that best suit your needs in H t 
stock and ready to ship. For complete details call or 
write Brian Ward, Product Manager at CLAROSTAT, 
One Washington Street, PO. Box 1507, Dover, NH 
03820-1507. Telephone (603) 742-1120. TLX VIA MCI 
6713344. Fax (603) 742-0481. To Order Ca ll Toll-Free 
1-800-872-0042. 

.. ---•cr.m:mi• 
~I 
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a supply range of± 13.5 to ± 16.5V. 
Load regulation is 50 µ V /mA over 
a range of 0 to ± 10 mA. $61. 75 to 
$127 (100). 

Hycomp Inc, 165 Cedar Hill St, 
Marlborough, MA 01752. Phone 
(508) 485-6300. 

Circle No 364 

SEMICUSTOM ARRAYS 
• Combine analog and digital func-

tions 
• Eight chip sizes are available 
The MA Series analog/digital 
semicustom CMOS arrays let IC de­
signers create application-specific 
circuits that range from 45 gates 
and 400 MOSFETs to 1150 gates 
and 2500 MOSFETs. The MA Se­
ries consists of eight arrays varying 
in size from 67 x 77 to 189 x 223 
mils. Device operation extends 
from 3 to 14V, and I/Os range from 
18 to 84. You can use the devices 
at internal flip-flop toggle frequen­
cies to 50 MHz and at amplifier 
bandwidths to 5 MHz. A library of 
more than 50 digital and 20 analog 
macrocells is available. N onrecur­
ring engineering charges vary from 
$10,000 to $50,000, depending on 
complexity. Delivery, eight to 16 
weeks ARO. 

Plessey Semiconductors, 1500 
Green Hills Rd, Scotts Valley, CA 
95066. Phone (408) 438-2900. TLX 
4940840. 

Circle No 365 
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POWER SUPPLIES 
AT YOUR COMMAND. 

Introducing a complete system of 
modular hybrid components for military 
SMPS designs. 
What do you do when all the primary electron­
ics are in place, but there's precious little time, 
budget or real estate left for the power supply? 

Call Teledyne Philbrick. We offer a unique, new 
series of complete modular hybrid power com­
ponents that are designed to be customized to 
your exact specifications. 

Just choose the configuration you need. The 
2491 Regulating Pulse Width Modulator pro­
vides all the control functions for the PSU. The 
24 73 is a dual MOFSET switch with high speed 
drivers and current sensing circuitry. And the 
2478 Dual Schottky Bridge Rectifier provides up 
to three output voltages from a single power 
package. 

New modular 
power hybrids 
are ideal for "-~--~-~ 
missiles, RP\/s 
and other mili­
tary systems. 
Combine them 
with a transformer 
and input/output 
filters, and you 
create a complete 
custom power 
supply-in a fraction of the time, and at 
a fraction of the cost, it wou ld take to start 
from scratch . 

Qualified to MIL-STD-1772, Teledyne Philbrick 
is a leading manufacturer of high performance, 
high reliability standard and custom micro­
circuits for industrial, medical, military and 
space applications worldwide. Send for com­
plete specifications. Or call us toll -free at 1-800-
325-1330 (outside MA). 

MIL-STD-1772 Qualified 

~TELEDYNE PHILBRICK 
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40 Allied Drive, Dedham , MA 02026-9103, Tel 617-329-1600 Fax: 61 7-326-6313 

WEST: 
30423 Can wood St. , 
Suite212 
Agoura Hills 
CA91301 
Tel: 818-889-3827 
Fax: 818-889-8215 

U.K.: 
The Harlequin Centre 
Southall Lane 
South hall 
Middlesex 
UB2, 5NH, U.K. 
Tel : 571-9596 
Telex : 935008 
Fax: 574-8177 

J APAN: 
4th Floor 
Taiko No. 3 Bldg. 
2-10-7 Shibuya-Ku 
Tokyo 542, Japan 
Tel :797-5251 
Telex : 781-24335 
Fax : 797-5255 
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Call or send for your 
FREE Technical Gulde 

lOtech 
(216) 439-4091 

Telex 6502820864 •Fax (216) 439-4093 
IOtech, Inc. • 25971 Cannon Road •Cleveland, Ohio 44146 
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INTEGRATED 
CIRCUITS 

MAX4S7 Dual Video 70 MHz 
Distribution Amplifiers 

:r. r._ 

VIDEO AMPLIFIER 
• Has a 70-MHz bandwidth 
• Has dual 750 drive capability 
Using a silicon-gate CMOS process 
to achieve high-speed performance, 
the MAX457 dual op amp has a 
unity-gain bandwidth of 70 MHz 
and can drive two 750 outputs. Be­
cause of the device's low-input bias 
current of 100 pA, its low-input ca­
pacitance of 4 pF and its high-input 
impedance of 10100, you can tie the 
two inputs together with minimum 
loading of the source. Both outputs 
can simultaneously drive ± 1 V into 
a 750-terminated video coaxial ca­
ble. The differential phase error is 
0.2° typ and differential gain error 
is 0.5% typ. These values make the 
device suitable for low-cost video 
broadcast applications. The 
MAX457 is available in commercial 
and industrial temperature grades 
in an 8-pin DIP, an 8-pin SOIC, or 
an 8-pin ceramic DIP. From $4.45 
(1000). 

Maxim Integrated Products, 120 
San Gabriel Dr, Sunnyvale, CA 
94086. Phone (408) 737-7600. 

Circle No 366 

ENCODER/DECODERS 
• Low-power CMOS operation 
• Operate from a SV supply 
Fabricated in low-power , high ­
speed CMOS, the MC145439 and 
MC142103 encoder/decoder units 
translate clocked serial data into 
two streams of return-to-zero digi­
tal pulses. The pulses are externally 
mixed to form a selection of ternary 
signals for driving transmission 

TAPE 

Braemar continues to refine and 
define the mini-cassette, standard 
cassette and cartridge tape market. 

Our latest offerings include . .. 
MINI­
CASSETIE 
DRIVES­
Uti lizing low 
cost mini­
cassette media, 
136K memory 
and unbeatable 
pricing. These are the most reliable, 
cost-effective drives you can buy. 

PRO-LOADER 
PORTABLE 
CASSETIE 

DRIVES-
Economical, 

self-contained, 
stand-alone 

RS 232 based 
systems capable of reliable data acqui­

sition, storage, and program loading. 

CARTRIDGE 
TAPE 
DRIVES­
High speeds and 
high storage 
capacities in a 
3.5" or 5.25" half 
height form 
factor. Designed for the OC 2000 
cartridge media. These drives represent 
a breakthrough in performance, ease of 
integration, and user convenience. 

B Braemar Corporation raemar Div. of Carlisle Corp. 
11400 Rupp Drive 

•r.J;.._..111111,.. .... "lll Burnsville, MN 55337 

~ 1ii'1-1 ' = Wc~giz\~9 
For more information call: 

1-800-328-2719 
CIRCLE NO 144 
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INTEGRATED 
CIRCUITS 

lines. Reversing the process trans­
lates the two streams of clocked 
pulses into a single stream of 
clocked binary data. Encoder/De­
coder functions are useful in con­
verting Tl links to clear channels. 
The devices, which operate from a 
5V supply, perform coding and de­
coding functions independently at 
clock rates from de to 9M bits/sec. 
Both parts perform HDB3 coding/ 
decoding functions within CCITT 
G. 703 guidelines. The MC145439 
comes in a 20-pin DIP, and the 
MC142103 is available in a 16-pin 
DIP. Each device, $7.13 (500). 

Motorola Inc, Box 52073, Phoe­
nix, AZ 85072. Phone (512) 928-
7364. 

Circle No 367 

12-BIT ADC 
• Features recursive subranging 

647180X ZTAT™ 
IN-CIRCUIT EMULATOR 
Complete PC or Macintosh hosted development package for 
the HD647180X ZTAT rnicrocontroller. 

$2995 
Package includes In-Circuit 
Emulator, Macro assembler, and 
development environment. 

Also Available 
TMS320C25 
DSC320C14 
TMS320CJ0/15 
TMS370CXXX. 
65C02 
68HC05 

DSP 
DSC 
DSP 
MCU 
CPU 
MCU 

SOMHz 
32MHz 
25MHz 
20MHz 
JO MHz 
2MHz 

All units shipped with 30-day trial 
period and 1 year warranty. 
We support what we sell! 

Developed and 
manufactured in the USA. 

Call or write for detailed product 
infonnation and 
prices. 

Phone (214) 242-0450 
FAX (214) 245-1005 

1301 N. Denton Drive 
Suite 204 

Carrollton, TX 75006 

ZTAT is a trademark of Hitachi America, LTD. 

CIRCLE NO 147 

MACR<XHIP 
RESEARCH, INCX>Rl'ORATtD 

• Has a 5-µsec conversion time 
The AD1678 AID converter uses re­
cursive subranging to deliver a con­
version time of 5 µsec for a through­
put rate of 200k samples/sec. The 
AD1678 contains an S/H amplifier, 
a 12-bit ADC, a reference, a clock, 
and a processor interface on a single 
BiCMOS chip. The chip's ac per­
formance includes a 1-MHz typ in- 1----,iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiij 

put bandwidth, a min SIN+ D ratio 
of 72 dB, and a maximum THD and 
intermodulation distortion of -80 
dB. The AD1678's S/H amplifier has 
a 10-Mfl input impedance, thus 
eliminating the need for external in­
put-signal buffering. A complete 
digital interface permits a µP or a 
digital signal processor to read data 
in either a 12-bit or an 8 + 4-bit for­
mat for 16- or 8-bit buses, respec­
tively. The AD1678, which operates 
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DID YOU KNOW? 
Half of all EDN's 

articles are staff .. written. 

lEDN 

249 



in either a synchronous or an asyn­
chronous mode, accommodates both 
unipolar or bipolar input signals. 
The device operates from 5 and 
± 12V supplies. From $38 (100). 

Analog Devices, Literature Cen­
ter, 70 Shawmut Rd, Canton, MA 
02021. Phone (617) 935-5565. 

Circle No 368 

INTEGRATED CIRCUITS 

TELETEXT DECODER 
• Provides 2-chip teletext systems 
• Includes character sets for thir-

teen languages 
With the addition of a dynamic 
RAM, the MV1815 single-chip 
CMOS teletext decoder produces a 
complete teletext system. By add­
ing more memory, you can produce 

a teletext system that can store as 
many as 254 teletext pages. The de­
coder includes a complete set of 
level-one teletext functions and also 
has several level-2 capabilities. In 
addition, it has an on-chip data sli­
cer, two separate page-acquisition 
circuits, and RGB color-display 
logic. Its selectable character sets 

--------------------------~ support thirteen languages, includ­

Programmable 
Anti-Alias Filters for 
Critical A/D Prefiltering 
848P8E Series 
are Elliptic 
lowpass filters 
providing 
extremely sharp 
roll-off for 
A/D prefiltering. 

Features: 
• 8 pole, 6 zero elliptic 

lowpass filters 
• Digitally 

programmable 
corner frequency 

• Shape factor of 1. 77 at 80db 
• 8 bit (256:1) tuning ratio 
• Internally latched control 

lines to store frequency 
selection data 

• Ideal for single or 
multi-channel applications 

• Plug in, ready to use, 
fully finished filter modules 

• Five frequency ranges to 51.2kHz 

Other Filter Products Available: 
• Linear phase • Programmable 
• Fixed frequency • Instrumentation 
• Custom designs 

For more information about 
how Frequency Devices can 
meet your most critical 
filtering requirements, call 
our applications engineers at 

508-374-0761 

250 
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FREOUEnCY 
DEVICES'" 

25 Locust Street 
Haverhill , MA 01830 
(508) 37 4-0761 

ing most European and Scandina­
vian languages. Around £5 
(100,000). 

Plessey Semiconductors Ltd, 
Cheney Manor, Swindon, Wiltshire 
SN2 2QW, UK. Phone (0793) 
518000. TLX 449637. FAX 0793-
518198. 

Circle No 369 
Plessey Semiconductors Corp, 

1500 Green Hills Rd, Scotts Valley, 
CA 95066. Phone (408) 438-2900. 
TLX 4940840. FAX 408-438-5576. 

Circle No 370 

BIFET OP AMP 
• Has good de characteristics 
• Fast settling time is guaranteed 
Combining good de and ac charac­
teristics, the LF401A BiFET op 
amp is guaranteed to settle to 
0.01% of a lOV step in <400 nsec. 
The standard LF401 carries a spec 
of 500 nsec. The typical settling 
time for both parts is 365 nsec. 
Other ac specs include a minimum 
gain-bandwidth product of 14 MHz, 
an input noise voltage of 2.3 µ V, a 
slew rate of 70 V/µsec, and THD 
of only 0.002%. Maximum de specs 
include an input-offset voltage of 
200 µ V for the LF401A and 500 µ V 
for the LF401; an input bias current 
of 200 pA at 25°C; and a CMRR of 
90 dB. 14-pin DIP, $9.60 (100). 

National Semiconductor Corp, 
Box 58090, Santa Clara, CA 95052. 
Phone (408) 721-2274. TLX 346353. 

Circle No 371 
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Searching for a source for 
Z80180s? Competitively priced ••• 
from an American company? 
You found it! Zt1og 
from 
Hall-Mark. 

64180Z™ users call Hall-Mark to get 
both Superintegration ™and super values in Zilog controllers. 

Instead of reinventing the wheel, improve on it. Add the impact of CM OS and the flexibility 
of Superintegration of the Z80180 to the proven performance of Z80™ /8080™ and you have a 
product that's ready to go to market. Fast. 

Call a nearby Hall-Mark office to get the facts on Zilog Application Specific Standard 
Products (ASSPs). Using Superintegration you can add cells to the working core, incorporate the 
extra instructions, and draw upon the onboard peripherals and your product is ready to go to market. 
All without up-front engineering costs, the risk of development or inefficient use of real estate. 

Your Hall-Mark representative can show you how to profit by switching or upgrading to the 
Z80180. It's 100% object code compatible with Z80/8080 and a direct replacement for the Hitachi 
version (HD64180Z) . Zilog offers immediate delivery of the Z80180s in 6, 8 and 10 mhz and in 
DIP, PLCC and Quad Flat Pack (QFP). 

If a super value on Superintegration sounds better than developing your own controller, call 
Hall-Mark to find out how the right Z80180 can increase your profit line. Fast. 

~LI:~) Notjustparts,solutions. 

Hall-Mark Electronics Corporation • Dallas, Texas 

Alabama 
Hu ntsville (205) 837-8700 

Arizona 
Phoenix (602)437-1200 

California 
Bay Area(408)432-0900 
Orange County (714) 727-6000 
Sacramento (916) 624-9781 
San Diego (619) 268-1201 
San Fe rnando Valley (818) 773-4500 

Colorado 
Denver(303) 790-1662 

Connttticut 
Connecticut (203) 271-2844 

Florida 
Ft. Laudenlale (305) 971-9280 
Orlando (407) 830-5855 
Tampa Bay(813)541-7440 

Georgia 
Atlanta (404) 447-8000 

Illinois 
Chicago (3 12) 860-3800 

Indiana 
Indianapolis (3 17) 872-8875 

Kansas 
Kansas City (913) 888-4747 

Maryland 
Baltimore (301)988-9800 

M<illachusetts 
Boston (617)935-9m 

Michigan 
Detroit (313) 462-1205 

Minnesota 
Minneapolis (612) 941-2600 

Missouri 
St. Louis (3 14) 291-5350 

New Jersey 
Fairfie ld (201) 575-4415 
ewYork 
Long Island (516) 737--0600 
Rochester (716) 425-3300 

North Carolina 
Raleigh (919) 872--0712 

Ohio 
Cleveland (216) 349-4632 
Southern Ohio(614) 888-3313 

Oklahoma 
Tu lsa (918) 254-61 10 

1989 H1l!·M11k Electronics Corporati0n/40Q-3099 Z80180, Superintegration. ZBO. arid 8080are1rademarks or Z1log &4180Z i1 I tr1d1mark of H1t1ch1 
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Pennsylvania 
Philadelphia (215) 355-7300 

Texas 
Aust in (512) 258-8848 
Dallas (2 14) 553-4300 
Houston (713) 781-6100 

Utah 
Salt Lake City (801)972-1008 

Washington 
Seaule (206) 547-04 15 

Wisconsin 
Mil waukee (4 14) 797-7844 
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WHEN THERE'S 
NO ROOM 

FOR ERROR: 



INTRODUCING TEK'S 
20 GHZ, MULTICHANNEL 

COMPREHENSIVE 
MEASUREMENT SYSTEM. 

Imagine charactetizing 
GaAs, ECL, at hiflh-speed 
m cilCllits witfl 1 pica­
secand tepealability and 
m picosecand sample 
inttnal. 

Or acquiring not one or 
two, but up to 68 channels of 
waveform data simultaneously 
All under manual or program 
control. 

Imagine reducing propaga­
tion delay mea.surements to the 
push of a button. Or perform­
ing single-ended TDR and­
for the first time-true differ-

ential TDR, with unprecedented 
accuracy 

Nothing else lets you 
wade at the leading edge 
with so much confidence. 
The new Tektronix 11800 Series 
makes previously difficult . 
mmsurements routine. Even if 
you use it infrequently, you'll 
find its operation straight­
forward and unforgettable. 

Mmsurement rmdouts on 
the 11800 Series are continu­
ous-not just mislmding 
"snapshots." Mmn and stan­
dard deviation statistics on 
mch mmsurement give you a 
true picture of mmsurement 
integrity 

With its maximum 136 
acquisition channels, complete 
programmability, extensive on­
board waveform processing 
and unparalleled accuracy, the 
11800 Series is the clmr choice 
for designers and engineers 
working at the lmding 
edge of technology 

When there~ no room 
fat error, count on Tel<. 
For more information on these 
and other Tek scopes, contact 
your local Tek sales represen­
tative, or call 1-800-835-9433, 
X170. 
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V-Series'" microprocessors make your product 

stand out because they offer unique 

performance features. With advanced CMOS 

technology and original architecture, they give 

you more choice, more speed, more on-chip 

functions and an overwhelming advantage 

in cost-efficiency. 

The expanding V-Series includes a dozen 

devices ranging from industry-standard µPs to 

Whole-in-One"'" singlechip microprocessors. 

They cover the entire spectrum of 8-, 16- and 32-

bit applications. And they're all fully supported 

by the world's largest semiconductor supplier. 

Choosing the right microprocessor is 

a crucial step in creating a successful system. 

Before you make any decision, discover the 

microprocessors that make a world of 

difference. The V-Serles from NEC. 

CIRCLE NO 149 

For fast answers, call us at: 

USA Tel: 1-800-632-3531. 

TWX : 910-379 -6985. 

w. Germany Tel : 0211-650302. 

Telex: 8589960. 

The Netherlands Tel : 040-

445-845. Telex : 51923 . 

Sweden Tel : 08-753-6020. 

Telex : 13839. 

France Tel : 1-3946-9617 . 

Telex : 699499 . 

Italy Tel : 02-6709108 . 

Telex: 315355 . 

UK Tel : 0908-691133 . 

Telex: 826791 . 

Hong Kong Tel : 3-755-9008. 

Telex: 54561. 

Taiwan Tel : 02-522 -4192 . 

Telex: 22372 . 

Singapore Tel : 4819881 . 

Telex : 39726 . 

Australia Tel : 03 -267-6355. 

Telex : 38343 . 

t\'EC 
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NEW PRODUCTS 
COMPONENTS & POWER SUPPLIES 

DC/DC CONVERTERS 
• Require no fan or heat sink 

· • Feature 125 to 150W output 
Units in the RO Series single­
output de/de converters can pro­
duce outputs of 125 to 150W at 20°C 
without the need for a heat sink or 
a fan. Housed in a 0.98 x 3.4 x 4.85-
in. package, the converters feature 
a 2.5°C/W case to ambient thermal 
resistance. Converter outputs equal 
5V at 25A, 12V at 12A, 15V at lOA, 
24V at 6A, and 28V at 5A. The con­
verters feature true N + 1 redun­
dancy with current-sharing, paral­
leling, and hot plug-in capability. 
N onshutdown overvoltage protec­
tion, logic on/off, short-circuit pro­
tection, and overtemperature pro­
tection are standard on all units. 
The converters comply with MIL 
STD 810D, UL, CSA, and VDE re­
quirements. The converters oper-

CHASSIS 
• Holds four drives 
• Contains five supplies 
The SA-H188 expansion chassis can 
support four 51/4-in. removable Win­
chester drives. The drives mount 
on a bracket that's compatible with 
DEC's drivecmounting shoe. The 
drive/bracket assembly slides easily 
in and out of the chassis to provide 
portability between systems. The 
chassis contains a front console with 
write protect and ready switches 
and LEDs for each drive. The chas­
sis also includes a controller 110 
panel to ease the cabling to an 
ESDI or SCSI disk controller. The 

256 

ate with inputs of 36 to 66V in the 
RO 48 Series or 200 to 400V in the 
RO 300 Series. $249. Delivery, 
stock to 60 days ARO. 

modular power-supply unit contains 
five 52W modules. Each module 
powers one of the drives; the fifth 
module powers the fans and other 
chassis functions. You can replace 
any power module without affecting 
the operation of other drives in the 
chassis. $1270. 

Sigma Information Systems, 
3401 LaPalma Ave, Anaheim, CA 
92806. Phone (714) 630-5417. TLX 
298607. 

Circle No 377 

DC/DC CONVERTERS 
• Provide SW from single- or split­

voltage outputs 
• Operate over a 2:1 input-voltage 

range 
PT4900 Series 5W de/de converters 
operate over 2:1 input-voltage 
ranges of 9 to 18V, 18 to 36V, or 
36 to 72V. They are available in sin­
gle-output versions with an output 
voltage of 5, 12, or 15V, and as dual­
output versions with output volt-

RO Associates Inc, 246 Caspian 
Dr, Sunnyvale, CA 94088. Phone 
(408) 744-1450. FAX 408-744-1521. 

Circle No 376 

ages of ± 12 or ± 15V. Line regula­
tion is ± 0.1 % over the full operat­
ing input-voltage range, and zero-to 
full-load output regulation is 0.2% 
max for single-output versions and 
± 2% for dual-output versions. An 
internal Pi filter minimizes con­
ducted RFI. The converters feature 
an input-to-output isolation voltage 
of 500V de, and have output current 
limiting that allows you to operate 
them in series or parallel combina­
tions. They have an operating tem­
perature range of - 25 to + 71°C, 
and an MTBF at 25°C of 120,000 
hours. PT4900 converters are 
housed in 51x51x9.6-mm screened 
cases. £63. 

Powertrade GmbH, Lechwiesen 
Strasse 9, 8910 Landsberg, West 
Germany. (08191) 46068. FAX 
08191-21770. 

Circle No 378 
Dowty Electronics Corp, Box 

250, Brandon, VT 05733. Phone 
(802) 247-6811. 

Circle No 379 
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WE'RE TAKING 
A POUNDING IN 
THE KEYBOARD 
BUSINESS. 

We planned it that way. In fact, we invested 
millions of dollars to make it happen. 

Millions of dollars to let us pound, 
push, tap, shove and otherwise automati­
cally test our keyboards before we let 
them out the door. 

Every key. Every switch. Every time. 
And all this after we've already built 

them to the industry's toughest standards 
on one of the industry's largest, fully 
automated keyboard manufacturing lines. 

So whether the box you receive from 
us contains a compatible IBM PC/XT key­
board, PC/AT keyboard, a switchable AT/ 
XT keyboard in mechanical or our new 
membrane switch circuitry, or one we've 
customized especially for you, there's one 
thing you can depend on. 

The keyboard in the box will work the 
first time you take it out of the box. And 
continue working as smoothly as the day 
it was new, through the life of the switch. 

And we back that promise with a full 
1-year warranty. 

If you'd like to see how reliable our key­
boards really are, call us at ( 408) 562-1000 
for a complete list oflocal distributors and 
representatives. Or write Fujitsu Compo­
nent of America, Inc., 3330 Scott Boule­
vard, Santa Clara, California 95054-3197. 

Hit us with everything you've got. 
You'll find us hard to beat. 

- FUJITSU f'UJITSU 

- COMPONENT OF AMERICA INC 

CIRCLE NO 127 



COMPONENTS & POWER SUPPLIES 

POWER AMPLIFIER 
• Has a SOW output 
• Operates from a single supply 
The AT225-50 miniature RF power 
MOSFET amplifier is designed for 
airborne and military/aerospace ap­
plications. Over a bandwidth of 225 
to 400 MHz, it provides a 50W out­
put. The amplifier is housed in a 
hermetically sealed, gold-metallized 
module, which measures 2. 75 x 
2 x 0.45 in., excluding mounting 
flanges. The amplifier requires a 
28V power supply and operates 
over a - 55 to + 85°C range. The 
module features feedthrough ca­
pacitor gain control and de input 
pins. The unit is available with 
SMA or 50D pin terminations. $595 
(250). Delivery, stock to 14 
weeks ARO. 

Alli ance Technologies Inc, 
16150 NE 85th St, Suite 217, Red­
mond, WA 98052. Phone (206) 882-
4535. FAX 206-882-7517. 

Circle No 380 

DISPLAY 
• Features sidelighting 
• Has a 50° viewing cone 
Featuring cold cathode fluorescent 
sidelighting, the FLC640-480 
WSUB black and white LCD uses 
double super-twisted nematic tech­
nology. The display's polarizing lay­
ers consist of indium tin-oxide 
coated glass substrates, which pro­
duce a high-refractive coefficient of 
light. The display has a 640 x 480 
dot matrix and features a 50° view­
ing cone. The display has a 15:1 con­
trast ratio and features a 15.12-fL 
brightness. The unit also has a 180-

258 

msec response time and a viewing 
area that measures 8.3 x 6.2 in. The 
overall panel measurements are 
11. 7 x 8 in. $575 (1000). 

Fujitsu Component of America, 
3330 Scott Blvd, Santa Clara, CA 
95054. Phone (408) 562-1000. 

Circle No 381 
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POWER SUPPLIES 
• Offer redundant operation 
• Current outputs to 61A 
This line of power systems includes 
27 models, which provide outputs 
of 5 to 120V de at current levels 
ranging to 61A. Each system con­
sists of a 19-in. rack, containing two 
modular supplies. The supplies are 
configured to provide the required 
output to the load even if one sup­
ply should fail. You can remove a 
defective supply while the host sys­
tem remains in operation. Each 
supply contains an overvoltage­
protection circuit as well as a volt­
age-monitoring circuit that oper­
ates a relay. The relay contacts are 
available for use in controlling an 
external alarm or other circuitry. 
Built-in alarms are available as an 
option. $1095 to $2795. 

Acopian, Box 638, Easton, PA 
18044. Phone (800) 523-9478. 

Circle No 382 

MAP CABLES 
• Meet IEEE-802.4 requirements 
• Feature EM/ shielding 
These 75D coaxial cables for MAP 
(manufacturing automated proto­
col) networks meet IEEE-802.4 re­
quirements and are CL2X rated. 

For more information on 
ASC produds call the 

Representative near you. 

US and Canadian 
Representatives. 

NORTHEAST: 
BGR Associates 

EE&S, Inc. 

F&F Metro 

R.O. Whitesell 

(NJ) (609) 983-1020 

(MD) (301) 269-4234 
(VA) (804) 794-8939 

(NY) (516) 482-4080 

&Assoc. (PA)(412) 963-6161 

Quality 
Components 

SOUTHEAST: 
SACS 

Design 
Marketing 
& Assoc. 

SACS 

R.O. Whitesell 

(NY) (315) 682-8885 
(716) 837-5430 

(FU (407) 857-3650 
(407) 391-1034 
(813) 577-6819 

(TX) (214) 480-8151 
(504) 542-1115 
(5 12) 263-9151 
(713) 550-3318 

(NC) (9 19) 859-9970 

& Assoc. (AU (205) 883-5110 
(GA) (404) 449-9190 
(KY) (502) 241-1441 
(TN) (615) 352-4760 
(TN) (615) 694-9476 

MIDWEST: 
Circuit Sales, Inc. 

(N.IL) (312) 773-0200 
(WI) (414) 784-7773 

Comprehensive 
Technical 
Sales (MN) (612) 941-7181 

Hill & Company 
(W.MO) (314) 432-1136 

(KS) (816) 561-2593 

C.H. Horn & Assoc. 
(IA) (319) 393-8703 

John Macke Co. 
(S. IL)(E.MO) (314) 432-2830 

R.O. Whitesell 
&Assoc. (0H) (2 16)447-9020 

WEST: 
Compass 
Marketing 
& Sales 

J.S. Heaton 
Company 

N.R. Schultz 
Company 

Waugaman 
Associates 

WCV/Raltech 

CANADA: 

(2 19) 432-5591 
(Mil (313) 559-5454 
(Ml) (313) 695-0770 
(IN) (317) 359-9283 
(IN) (317) 457-9127 

(OH) (513) 298-9546 
(OH) (513) 521-2290 
(OH) (614) 888-9396 
(Ml) (616) 942-5420 
(M il (616) 983-7337 

(NM ) (505) 888-0800 
(AZ) (602) 293-1220 

(602) 996-0635 

(CA) (415) 367-9000 

(WA) (206) 454-0300 
(OR) (503) 643-1644 

(CO) (303) 423-1020 
(UT) (801) 261-0802 

(CA) (818) 700-0933 

Renmark Electronics 
Ltd. (E.CD) (416) 881-8844 

(J)ASC® 
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ASC Presents First aass Film Capacitors 
And Technical Support, Second To None. 

When you buy high technology film capacitors from 
ASC, you get all the support you need , absolutely free. 

It begins with a fully computerized sales and 
customer service department authorized to provide 
extremely competitive prices on volumes large 
and small. It means you get the highest level of 
technical support from a nationwide team of 

engineers prepared to help you with appl ica­
tion specific solutions over-the-phone or at 
your own facil ity. And, when it comes to custom 
or "special orders," well , it's just standard 
procedure with us. All this, plus "just in time" 

deliveries that go out on 
time. 

Since our acquisition 
of TRW's film capacitor 
division, ASC has acquired 
a reputation for service 

and support, second to 
none. By combining 
strong engineering know­
how, and an even stronger 

commitment to technical 
support , ASC has emerged as the fastest 

growing f ilm capacitor manufacturer in the U.S. 
In fact, you'll find we offer one of the most complete 

lines of high quality, cost effective film capacitors 
in the world , including: polyester, polycarbonate, 
polypropylene and polystyrene dielectrics, both metal-
1 ized and non-meta llized , plus oil filled capacitors 
for lighting and motor run applications. 

So, when you want an award winning performance 
in both product and personnel, call ASC. We'll show 
you why business is better when it's done right, at 
home. Call us today at 81 8/71 0-8555. 

CIRCLE NO 129 

(J)ASC® 
Sales & Marketing, Canoga Park, California 

Engineering& Manufacturing, Ogallala , Nebraska 
ASC , 21541 Blythe Street, Canoga Park , CA 91304 
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COMPONENTS & POWER SUPPLIES 

The 1223A cable is designed for 
broadband and carrier-band appli­
cations. It features a #18 AWG 
solid copper-covered steel conduc­
tor and a black PVC jacket. The 
1224A cable can accommodate 
either trunk cable or carrier-band 
transmissions. It has a #14 AWG 
solid conductor and a PVC jacket. 
Both cables feature a shield design 
that provides effective protection 
against EMI. The double-layer foil 
shield is bonded to the dielectric 
core, followed by an aluminum 
braid and an overall copolymer my­
lar foil. The outer foil has a shorting 
fold that provides metal-to-metal 
contact to maximize shield effec­
tiveness. The cables are available 
in 1000-ft putups. 1223A, $220.65; 
1224A, $377.25. 

Belden Wire and Cable, Box 
1980, Richmond , IN 47375. Phone 
(800) 235-3364. 

Circle No 383 

KEYBOARD ENCODER 
• Provides IBM PC-compatible or 

ASCII output codes 
• Operates with a range of 

keyswitch technologies 
The Input universal encoder trans­
lates as many as 90 individual 
keyswitch positions into IBM PC, 
PC/XT, or PC/ AT keyboard codes, 
or ASCII codes. It requires no pro­
gramming other than the setting of 

DIP switches to its operating mode. 
In the PC modes the encoder pro­
duces PC-compatible upstroke and 
downstroke codes at TTL output 
levels. In the ASCII mode you can 
select TTL, RS-232C, or RS-423 
output levels. Operating at TTL or 
RS-423 output levels, the encoder 
only requires one 5V supply. The 
unit is fully enclosed in an ABS 
plastic case that you can mount di­
rectly behind the company's Input 
range of sealed keyboards , or 
within standard Eurocard packag­
ing systems. The encoder works 
with a variety of commonly used 
keyboard technologies, including 
touch-sensitive membrane switch 
panels. £70. 

Key mat Techno logy Ltd, 14 
Bentinck Court, Bentinck Road, 
West Drayton, Middlesex UB7 
7RQ, UK. Phone (0895) 431421. 
FAX 0895-431132. 
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COMPONENTS & POWER SUPPLIES 

SOCKET BOARDS 
• Designed for Multibus II applica-

tions 
• Feature a high-density layout 
These 6U x 220-mm wire-wrap 
socket boards are designed for Mul­
tibus II applications. They feature 
a high-density layout that supports 
both FAST (Fairchild advanced 
Schottky TTL) and ECL in all sizes 
of DIPs at maximum packing den­
sity. The board layout imposes no 
predetermined device location re­
strictions. Two versions are avail­
able-the PIN 031-108-xx, which 

has no pin-grid-array (PGA) areas, 
and the PIN 031-109-xx, which in­
cludes PGA areas. The PGA area 
has a 26 x 77-pin pin-grid pattern on 
0.100-in. centers. The 4-layer 
boards are constructed of copper­
clad epoxy laminate FR-4 and are 
available with a choice of finishes 
and wrap-pin lengths. Boards with 
3-level wrap pins: PIN 031-108, 
$595; PIN 031-109, $617. 

Hybricon Corp, 12 Willow Rd, 
Ayer, MA 01432. Phone (508) 772-
5422. TWX 710-347-0654. 

Circle No 385 

FILTERS 
• Housed in surface-mount pack-

ages 
• Reject high-frequency noise 
EPA120G RF filters reject noise 
transfer between the cable and key­
board of personal computers. Each 
module contains a 4-line common-

mode filter whose inputs and out­
puts are interchangeable. The fil­
ters exhibit an impedance of 425 to 
6370 at 50 MHz and 421 to 6310 
at 70 MHz. At 30 and 100 MHz, the 
filter's impedance measures 326 to 
4890 and 328 to 5400, respectively. 
Filter characteristics include a IA/ 
winding max de current and a 45°C 
temperature rise at 25°C ambient. 
The devices undergo a 500V high­
potential test. The units are housed 
in an 8-pin transfer-molded pack­
age, which measures 0.4 x 
0.25 x 0. 78 in. and is compatible 
with automatic insertion equip­
ment. $1.04 (1000). Delivery, stock 
to six weeks ARO. 

PCA Electronics Inc, 16799 
Schoenborn St, Sepulveda, CA 
91343. Phone (818) 892-0761. FAX 
818-894-5791. 
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ASICs have become an integral part 
of todays automotive products. 

Improving performance. 

Increasing reliability. 

Enhancing driver safety and con­
venience in ways unimaginable just 
a few years ago. 

In this very demanding industry, on 
the most unforgiving proving 
grounds, NCR has earned an envi­
able reputation for first-pass success, 
responsive service and high quality. 

Today, we have a solid track-record 
of successful ASIC programs with 
all the major US. automotive corpo­
rations spanning initial design to 
high volume production-includ­
ing "Just In Time" delivery and 
dock-to-stock QA programs. 
And NCR design tools are becom­
ing the choice of fast-track ASIC 
designers. With NCR Design 
SynthesisTM and Design Advisor™ 
expert system, designers can spend 
more time creating, less time 
bogged-down in minute details. 

To kick the tires on our automotive, 
commercial and military ASIC 
libraries, call today: 1-800-334-5454. 

NCR Microelectronics, 1700 South 
Patterson Blvd., Dayton, Ohio 45479. 
CIRCLE NO 131 
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NEW PRODUCTS 
CAE & SOFTWARE DEVELOPMENT TOOLS 

C CROSS-COMPILER 
• Runs on VMS, Unix, or MS-DOS 

host computers 
• Generates code for MC68000-

family target systems 
CrossCode C, an optimizing C 
cross-compiler, lets you develop 
software for target systems based 
on one of the MC68000-family proc­
essors. The compiler runs on all 
members of the VAX family under 
VMS or Unix and on IBM PCs, PS/ 
2s, and compatibles, generating 
identical object code regardless of 
the host architecture. It generates 
ROMable object code for all mem­
bers of the MC68000 family, includ­
ing the 68020 and 68030 processors, 
the 68881 and 68882 numeric co­
processors, and the 68851 memory­
management unit. You can share 
source- and object-code files across 
systems; for example, the 
CrossCode linker running on a 
VAX can link object files that were 
generated by the CrossCode com­
piler running on a PC or PS/2 host. 
The package includes a Motorola­
compatible assembler, a linker, a li­
brarian, and a library of more than 

80960 TOOLS 
• Allow you to develop software for 

the 80960 controller 
• Run on MS-DOS, Sun-3, and 

VAX hosts 
The ASM-960 cross-assembler and 
iC-960 C cross-compiler allow you 
to develop software for embedded 
systems based on the vendor's 
80960 microcontroller. Different 
versions of the cross-assembler and 
cross-compiler run on IBM PCs and 
PS/2s under MS-DOS, on Sun-3 
workstations under Unix, and on 
VAX and MicroVAX systems un­
der Unix. Support services include 
training classes and workshops, on­
site and telephone consulting, and 
hardware maintenance contracts. 
ASM-960 cross-assembler, $1950; 
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47 C functions. You also get a uni­
versal downloader that converts 
your object code to Motorola S re­
cords, Intel Hex records, or a vari­
ety of other industry-standard file 
formats for downloading to a target 
system or to an EPROM program-

iC-960 cross-compiler, $1550; pack­
aged together, $3150. 

Intel Corp, Box 58065, Santa 
Clara, CA 95052. Phone local office. 
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ROM-RESIDENT OS 
• Equivalent to MS-DOS 2.x 
• Boots up on a standard IBM PC 

and runs .EXE and .COM files 
ROM-DOS is a small, modifiable 
ROM-resident operating system 
that is equivalent to MS-DOS 2.0 
and higher. It boots up on a stan­
dard IBM PC and operates directly 
from ROM. (It does not have to be 
downloaded to RAM.) ROM-DOS 
occupies only 29k bytes of ROM for 
all functions , and less if some func-

mer. VAX host for the MicroVAX 
2000, from $1595. 

Software Development Systems 
Inc, 4248 Belle Aire Lane, Downers 
Grove, IL 60515. Phone (312) 971-
8170. FAX 312-971-8513. 
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tions are not needed; you can use 
it with the vendor's standard BIOS 
or with the vendor's miniBIOS, 
which occupies only 3k bytes of 
ROM. The miniBIOS provides sup­
port for a hardware timer and serial 
ports (one of which can serve a re­
mote console). The development kit 
lets you customize the OS to include 
only the functions that are needed 
by the target system; you can link 
application programs and load them 
into ROM with the OS and 
miniBIOS. Development kit, $495; 
source-code license , $5000; firm­
ware, $6/copy (5000). 

Datalight, 17505 68th Ave NE, 
Suite 304, Bothell , WA 9801 1. 
Phone (206) 486-8086. 

Circle No 393 

EDN April 27, 1989 



Not only does 
Signetics offer 
3more1/0 ports 
than the 80C51, 
we also do windows. 

At first glance, it's easy to see why our new 
SC87C451 offers you a rare window of 

opportunity. 

It's called EPROM flexibility. 

And it comes in both UV and OTP 
EPROM versions that cut costs and 
save time in system development. 
Especially when you consider that 
it's fully supported by the Signetics 
development system. 

The 87C451 gives you seven I/O ports for 
advanced applications. You'll find up to 60 

I/O lines- 28 more than on the standard 80CS1. 

Other 87C451 features include a "mailbox" inter­
face for parallel communications, which gives you 
the ability to use port #6 for handshake data trans­
fers . For added flexibility, the 87C451 also comes in 
ROM and ROMless versions, as well as in 12-and 
16-MHz frequencies , and commercial and extended 
temperature ranges. 

The 87C451 is just one part of our large and growing 
family of 80CS1 derivatives. We also offer a 24-pin 
80CS 1 microcontroller in ROM, UV or OTP EPROM. 
As well as parts with on-chip A/D that are available 
now. Each one is fully compatible with the 80CS1 
instruction set. 

We're Signetics. We've got 
the guts-those essential 
microcontrollers to improve 
system performance. For a 
free '451 Microcontroller 
Information Packet, call us 
at (800) 227-1817, ext. 993D. 
For surface mount requirements and military product 
availability, contact your local Signetics sales office. 
Learn the advantages of window-shopping at Signetics. 

One standard. 0 defects. 

Signetics 
a division of North American Ph ilips Corporat ion 

PHILIPS 
© Copyright 1989 North American Philips Corporation 
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CAE & SOFTWARE DEVELOPMENT TOOLS 

-
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PLOT-FILE EDITOR 
• Let,s you view, edit, and print 

H PG L plot files 
• Features include scaling, rotat-

ing, and scrolling 
PlotView 2.0 is a utility program 
for viewing, editing, and printing 
plot files in HPG L format. The pro­
gram operates under Microsoft 
Windows so that you can view 
HPGL plot files while running other 
applications. You can display a plot, 
output it to a graphics printer, or 
paste an image into other docu­
ments. New features include cut-

ting and pasting, selection of pen 
colors and widths, and unrestricted 
input-file size. The program also 
features scaling, rotating, and 
scrolling; zooming in and out; the 
emulation of five different plotters; 
and the ability to control laser, 
inkjet, and other graphics print­
ers. $79. 

Ajida Technologies Inc, 613 
Fourth St, Santa Rosa, CA 95404. 
Phone (707) 545-7777. TWX: 650-
363-9045. 
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REAL-TIME ADA 
• Lets you develop software on Sun 

or Mizar workstations 
• Real-time OS lets you run code 

on SPARC or 68000 systems 
The VADSWorks Ada software 
package combines the Verdix 
(Chantilly, VA) Ada Development 
System (VADS) and Wind River 

Systems' (Emeryville, CA) 
VxWorks real-time operating sys­
tem. This combined package can 
run on Sun-3 and Sun-4 worksta­
tions or on the vendor's Hybrid Ada 
Development System. You can use 
VADS to develop and debug your 
code; the package includes a win­
dow- and mouse-based source-level 
debugger that lets you debug multi­
ple tasks in separate windows. The 
VxWorks operating system for real­
time, multitasking target systems 
provides task-state control, inter­
task communications and synchroni­
zation, and performance-analysis 
features. Networking features al­
low programs running on a real­
time system to communicate with 
other target systems or with multi­
ple host computers. The VADS­
Works development subsystem is 
based on the Sun-3 Eurocard set, 
and includes a 20-MHz 68020 proc­
essor; 4M bytes of dynamic RAM; 

ATIAST. 
DESIGND'SP 

AND1HEN 
TEST IT 

-----­__ ._...,, -~· ... -
-~--··-- · · --· ·-~ , .. , 

Use our Block Diagram Editor to graphically 
capture and edit your DSP or communications 
design algorithm on-screen with hierarchical 
function blocks. 
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Automatically simulate your block diagram 
with the Simulation Program Builder, all with just 
a few clicks of a mouse. 
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CAE & SOFTWARE DEVELOPMENT TOOLS 

an MC68881 numeric coprocessor; 
SCSI, Ethernet, and monochrome 
video controllers; a 141M-byte hard 
disk; a 65M-byte streaming tape 
drive; a 19-in. monochrome moni­
tor; and a keyboard and mouse. 
VADSWorks, from $27,500; with 
complete workstation, from 
$58,095. 

Mizar, 1419 Dunn Dr, Carrollton, 
TX 75006. Phone (214) 446-2664. 
FAX 214-522-5997. 
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METRIC TOOL 
• Measures complexity of dB ASE -

III and -IV application programs 
• Predicts probable number of er-

rors and modification difficulty 
PC-Metric is a software-measure­
ment package that accepts a 
dBASE III or dBASE IV applica­
tion program as input and applies 
a variety of measurement tech-

niques to the source code. PC­
Metric generates reports that esti­
mate the difficulty of understanding 
and modifying your program, the 

· probable number of programming 
errors in the source code, and the 
amount of time required to write 
the program. The statistics include 
total and unique operators and op­
erands, length vs predicted length, 
purity ratio, volume, effort, cyclo­
matic complexity, and estimated er­
rors. A text report advises you 
whether each function conforms to 
recognized standards of excellence. 
To run PC-Metric, you need an IBM 
PC or compatible that runs PC-DOS 
2.11 or higher. Other versions of 
PC-Metric are available for C, Co­
bol, Pascal, Modula-2, Fortran, and 
Basic. $199. 

SET Laboratories Inc, Box 
83627, Portland, OR 97283. Phone 
(503) 289-4758. 
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ANALYSIS PACKAGE 
• Includes menu-and command­

f ile-building tools 
• DOS shell lets you perform DOS 

operations from within the tool 
Asyst version 3. 0 is a programma­
ble data-acquisition and -analysis 
software package that runs on IBM 
PC and PS/2 computers and compa­
tibles. Several new features make 

WITH REAL 
WORLD DATA 

WITH ONE 100L, 
SPW™ 

Analyze and modify signals on-screen with the 
Signal Display Editor. GPIB support allows simulation 
and analysis with real world data. 

From start to finish, the Signal Processing 
WorkSystem™from Comdisco Systems is the only 
comprehensive, integrated software tool that lets you 
graphically and interactively design, simulate and test 
digital signal processing systems. 

Design complete DSP and 
communications systems. 
SPW automates the 
design cycle and 
lets you try as many 
alternatives as you 
wish - using real 
world data to test and 
perfect your design. 

So give yourself a 
break. Arrange for a video 
demonstration of SPW 
today by calling 415-421-1800. 

COffiDl/CO® 
SYSTEMS,INC 

101 California Street, San Francisco, CA 94 111 

CIRCLE NO 133 O 1989 Comdisco Systems, Inc. 
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CAE & SOFTWARE DEVELOPMENT TOOLS 

it easy to create customized turn­
key systems with simple and effec­
tive user interfaces. The Easy 
Coder feature uses a series of 
menus to prompt you for parame­
ters and to generate code for a num­
ber of common operations such as 
data acquisition, GPIB control, and 
data analysis. A new language in­
terface lets you call up routines 
from within Asyst that you've pre­
viously developed in C or Fortran. 
Menu-building tools let you create 
menus that can call other menus, 
run custom macros, perform status 
checks, or display directories, and 
the new DOS shell allows you to 
run application software or perform 
DOS operations without leaving 
Asyst. From $1695. 

Asyst Software Technologies 
Inc, 100 Corporate Woods, Roches­
ter, NY 14623. Phone (716) 272-
0070. FAX 716-272-0073. 

CAD SOFTWARE 
• Integrates the Ella and Idea 

VLSI design tools 
• Allows high-level circuit descrip-

tion and top-down VLSI design 
The Ellalink CAD package lets you 
transfer design information be­
tween the Ella VLSI design system 
and the Mentor Graphics Idea de­
sign-to-fabrication CAD system. By 
integrating Ella and Idea, the pack­
age allows you to perform top-down 
design of VLSI devices. In the early 
stages of the design, you can gener­
ate schematics using abstract Ella 
types, allowing you to assess vari­
ous system architectures. Once 
you've partitioned the design, Ella­
link lets you transfer well-defined 
circuit blocks to Idea so that you 
can do detailed design and simula­
tion. Ellalink generates a hierarchi­
cal schematic in Mentor Graphics 
NETED format to translate Ella 

Circle No 397 circuit descriptions into a form that 
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TF 
Bus-board development 
in miniature. 
Adding to Dage's successful Foundation enclosure family is Fastframe, a completely self­
contained miniature bus-based board system. Fastframe offers a full-system capability 
while its compact design and low cost combine to make it ideal for bench-top 
prototyping. exhibitions, field service or as a 'one per student' training station. 

Compatibility with VME, STE or Multibus II boards provides users with a 
comprehensive operating environment. Fastframe has its own integral power supply and 
backplane, and an open-sided construction allows easy access to boards under test or 
development. External devices are powered via rear-mounted 5 and 12V connectors. 

Foundation Fastframe further enhances Dage's wealth of in-depth hardware and 
software expertise for real-time system builders. For a single source of standard products 
and full custom facilities make Dage your first choice. 

Backplane Systems 
Technology Division 

Dage Precision Industries Incorporated 
46701 FremontBoulevard, 
Fremont. California 94538, U.S.A. 
Telephone: (415) 683 3930 
Telex: 4990512. Fax: (415) 683 3935 

CIRCLE NO 134 

can be used with Mentor Graphics 
design tools. The package works 
with the full Ella language. Behav­
ioral primitives are represented by 
symbols, and abstract signal types 
are preserved during the transla­
tion. You can set up the translator 
to use Mentor Graphics library 
parts rather than Ellalink's nor­
mally generated symbols to repre­
sent components in the Ella design; 
this facility allows you to transfer 
the design to Mentor Graphics low­
level simulation and layout tools 
without manual editing. Multiuser 
license, £8000. 

Praxis Systems pie, 20 Manvers 
St, Bath BAl lPX, UK. Phone 
(0225) 444700. TLX 445848. FAX 
0225-65205. 
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THE WE.STCORSTAKPAK™. NEW 
GENERATION 250 TO 1200 WATT 
SINGLE OR MULTIPLE OUfPUf OFF­
LINE SWITCHER. 3.2 X 5.5 X 11.4 INCH 
CASE. FAN-COOLED. 

Stack the odds in your favor by design­
ing-in Westcor's 6 watt/cubic inch high 
power megahertz switcher. Capitalizing on 
patented and proven megahertz module 
technology and innovative thermal man­
agement techniques, the StakPak provides 
up to 1200 watts of power at 50°C with 1 to 
8 isolated and fully regulated outputs. 

For existing designs the StakPak's small 
size and low profile allow system enhance­
ment without mechanical redesign. Simply 
replace your open frame switcher with up 
to 1200 watts of StakPak power or replace 
your "box switcher" with 2 StakPaks and 
realize up to twice the power without 
losing additional space. StakPak power 
factor correction provides 850 watts of 
output power from a standard 115 VAC 
wall outlet. In new designs, more space can 
be devoted to functionality or the system 
can be downsized. 

REDEFINED 
The StakPak's 8 module output section 

can be factory configured in virtually an 
infinite number of voltage, current and 
power combinations. Special models 
providing between 250 to 1200 watts and 
outputs from 2 to 95 VDC are available. 

Other features include outstanding elec­
trical perfom1ance; UL, CSA, VDE safety 
agency approval (in process); variable 
speed fan option for low ambient noise 
enviroments and 3 phase or DC input op­
tions. Indeed. with unprecedented power 
density, versatility and new features, the 
StakPak redefines power packaging. Please 
contact Westcor for a data sheet, pricing 
and additional information. 

~·-

STANDARD 1200 WATT STAKPAK MODELS 
(110/220 VAC input) 
Model Output Voltage (VDC) and Maximum Curren! 

(amperes) per Channel 
=I ::2 =3 =4 =5 

Single Ouipul 
SPI -1801 2@240 
SPl -1802 5@240 

TO!al output power may not exceed 
SPI -1803 12@ 100 

1200 watts for any model, single 
SPl -1804 15@80 or multiple output. Lower power 
SPI -1805 24 @50 StakPak models are ava ilable. 
SPI -1806 28@42 Ple-Jse contaa the faaory. 
SPI -1807 48@25 

Dual Output 
51'2- 1801 2@ 120 5@ 120 
51'2- 1802 5@ 120 5@ 120 
51'2- 1803 5@ 120 12@66 
SP2- 1804 12@66 12@66 
SP2- 1805 15@53 15@ 53 

Triple Output 
SP3- 1801 5@ 180 12@ 16 12 @ 16 
SP3-1802 5@ 150 12@33 12@ 16 
SP3- 1803 5@ 180 15@ 13 15 @ 13 
SP3- 1804 5@ 150 15@ 26 15@ 13 

Quad Output 
SP4-1801 5@ 150 12@ 16 12 @ 16 5@ 30 
51'4-1802 5@ 150 15 @ 13 15@ 13 5@ 30 
SP4- 1803 5@ 150 12@ 16 12@ 16 24@8 
SP4- 1804 5@ 150 15@ 13 15 @ 13 24 @8 

Fi ve Output 
SP5- 1801 5@ 120 12@ 16 12@ 16 5@30 24@8 
51'5-1802 5@ 120 15@ 13 15@ 13 5@30 24@8 

WESTCOR CORPORATION • 485-100 Alberto Way • Los Gatos, CA 95032 • (408) 395-7050 • FAX (408) 395-1518 

W . I 'd' f M.VICOR estcor IS a SU )SI 1ary 0 vrCOAPOA•'>ON 
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NEW PRODUCTS 
TEST & MEASUREMENT INSTRUMENTS 

TEST TRANSLATOR 
• Adapts programs from Lasar 

Version 6 to Genrad 2225/35 
• Handles go/no-go tests and 

guided-probe fault diagnosis 
Genrad Inc's 2225 and 2235 testers 
can now run go/no-go and, option­
ally, guided-probe diagnostic test 
patterns developed using the ven­
dor's Lasar Version 6 simulator. 
The Lasar/2225 postprocessor soft­
ware makes the conversion for you. 
The translator can incorporate a 
fault dictionary that allows noninva­
sive testing-that is, testing with­
out probing any of a board's internal 
nodes. Many military applications 
r equire such an approach. The 
translator, which runs on DEC V 
'VAX systems under the VMS oper­
ating system, includes algorithms 
for "compacting" test programs to 

fit the testers' memory. $22,000; 
guided-probe diagnostic capability, 
$4500; fault dictionary, $13,500. 

Teradyne Inc, 5155 Old Ironsides 
Dr, Santa Clara, CA 95054. Phone 
(408) 980-5200. 
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WAFER IDENTIFIER 
• Reads identifying codes written 

on wafers with laser 
• Provides accuracy greater 

than 99% 
You install the WIS 2000 system's 
solid-state cameras on units that 
perform semiconductor wafer-proc­
essing operations. With accuracy 
exceeding 99%, the system reads al­
phanumeric characters scribed by a 
laser onto the wafers being proc­
essed. The characters uniquely 

identify individual wafers for proc­
ess control. The system includes a 
68000-based single-board computer 
in a chassis, a video monitor , a 
trackball for operator input, menu­
driven software, and as many as 
eight cameras. 8-station system, ap­
proximately $66,000. 

Microvision Corp, 12849 Indus­
trial Park Blvd, Minneapolis, MN 
55441. Phone (612) 559-2608. 
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This pear is a peach 

Our A Series motors, with their pear-shaped gear box, are 
used in thousands of diverse products. Small wonder. Rated 
torque up to 150 oz.-in. in a package only 1.63" wide x 2.81 " 
high and a choice of permanent magnet stepping or synchro­
nous operation. 

TOUGH, DURABLE GEAR TRAINS 
Hurst gear trains are engineered and lubricated for long life 
at rated loads. They employ hardened steel gears and pinions 
running on ground, hardened studs. No plastic or fibre parts 
are used. 

SPECS TO FIT YOUR NEEDS 
Step angles from 0.025° to 3.6°. Reductions from 300 to 4-1 /6. 
Output speeds @ 200 pi s from 0.83 to 120 rpm. Or, let us 

DIRECT DRIVE "A" MOTORS, TOO 
Both stepping and synchronous direct drive motors are avail­
able, many for off-the-shelf delivery from Hurst authorized 
distributors. Stepping motors provide a choice of 7.5° or 15° 
step angles. Synchronous motors are available at 300 or 
600 rpm . 

GET MORE INFORMATION TODAY 
For a free , 48-page catalog , call or write Hurst Manufacturing 
Division, Emerson Electric Co., Box 326, Princeton, IN 47670. 
812 385 2564. 

know what non-standard specs you require . Hurst motors make things work ... precisely. 

-i.urst 
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The Standard 
for Circuit 
Silllulation 

Now Available 
on 

Apollo 
Workstations 

Since its introduction five years ago, MicroSim's 
PSpice has sold more copies than all other SPICE 
programs combined. Now PSpice is available for 
the Apollo Workstation. All these features which 
have made PSpice so popular are available: 

• GaAs MESFET devices, BSIM MOSFET 
model 

• Non-linear transformers modeling saturation, 
hysteresis, and eddy current losses 

• Ideal switches for use with, for example, 
power supply and switched capacitor circuit 
designs 

• Libraries of over 2,200 common discrete 
devices 

All these PSpice options are available for the 
Apollo: 

• Probe graphics post-processor, for analog and 
digital waveform display and processing 

• Parts parameter extraction program 
• Monte Carlo analysis, includes Sensitivity and 

Worst Cases analyses 
• Analog Behavioral Modeling extension, for 

user-defined linear and non-linear functions 
• Digital Simulator extension, for combined 

analog/digital systems simulation and logic­
only simulation, including 690 device TTL/ 
CMOS libraries 

-· 
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• Digital Files interface, for file-based transfer of 
digital signals to/from popular logic simulators 

• Device Equations source code, for 
semiconductor devices 

In addition to the Apollo, PSpice is available on 
these computers: 

• PC - DOS and OS/2 
• Sun 3 and 4 workstations 
"VAX/VMS family, including the MicroVAX II 
• Macintosh II 
• NEC 

Each copy of PSpice comes with our extensive 
product support. Our technical staff has over 50 
years of experience in CAD/CAE and our soft­
ware is supported by the engineers who develop it. 

Find out for yourself why PSpice is the standard. 
Call today for our free information packet: 
toll free (800) 826-8603 or, in California 
(714) 770-3022 

MicroSim Corporation 

PSpice is a registered trademark of MicroSim Corporation. All other brands and product names are trademarks or registered trademarks of their respective holders. 
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REPLACE MESSY GREASE 
WITH Q·PAD II® 

CLEAN UP YOUR ASSEMBLY WITH Q·PAD II, THE THERMALLY 
CONDUCTIVE ALTERNATIVE TO GREASE. 

Manufacturers have struggled with 
messy thermal grease long 
enough. Grease is a mess to work 
with , it contaminates solder baths 
and causes problems with confor­
mal coating. 

Now Bergquist Company has 
developed a new improved Q-Pad 
for "grease only" applications, 
(where isolation is not required. ) 

Q-Pad II provides maximum 
heat transfer under isolated power 
transistors, under power modules 
and other interface applications. 

For complete technical infor­
mation and free samples of 
Q-PAD II or any of the Sil-Pad 
Thermally Conductive Insula­
tion products call The Bergquist 
Companytoday! 1-800-328-3882 

BEArJQUl!iT 
5300 Edina Industrial Boulevard, Minneapolis, MN 55435 

Phone: (612) 835-2322 FAX: (612) 835-4156 TWX: 910-576-2423 
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DID YOU KNOW? 
EDN serves 

electronic engineers and 
engineering managers in more than 

100 countries worldwide. 

INSTRUMENTS 

LASER LOSS SET 

' ' 

• Combines power meter and dual-
wavelength source 

• Operates from ac or battery 
The 160B laser loss set includes an 
optical power meter and two stable 
light sources. It makes simultane­
ous power or loss measurements at 
wavelengths of 1300 and 1500 nm 
and includes preset - 10-dB calibra­
tion. You can operate it from bat­
teries or ac-line power. It includes 
a fiber-identifier input and a 2-kHz 
modulator that you can use for fiber 
identification. The unit is enclosed 
in a weatherproof case . $15, 950. 
Delivery, four to six weeks ARO. 

lntelco Corp, 8 Craig Rd , Acton, 
MA 01720. Phone (508) 264-4485. 
TLX 510-601-3687. 

Circle No 405 

VXI SIGNAL SWITCH 
• Switches signals from de to 

26.5 GHz 
• Stores test setups in nonvolatile 

memory 
Units in the Series 1260 signal­
switching and routing system con­
form to VXI (VME eXtensions for 

EDN April 27, 1989 



ESK-U SERIES 
SWITCHING POWER SUPPLIES 

AC 110/220V (selectable) .. ,-IL:.-~l-~---1 
EM/: FCC/VOE 0871 class "B" rO~ 
Switches at 100 kHz • • 
2 year warranty QUALITY NO . 1 

• 20, 30, 50, 70, BOW dual and triple outputs • Line regulation 0.4% 

• Typical operating efficiency 72% • Load regulation 0.8% 
• Minimum hold up time: 20 milliseconds no load to full load 

VOE approved SOW dual and triple models available (VSK Series) 
·20 and 30 watt models designed to meet UUCSA standards 

Volgen America Inc. 39650 Liberty Street. #325, Fremont. CA 94538 
(415) 498-5950 FAX (415) 498-5954 
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RISC 
IMPACT ON THE COMPUTER MARKET 

A 204-Page Comprehensive Market Report 
Analyzing the Appl ications and Competi tive 
Trends for RISC Technology . .. . . . .. $1250 
This report was researched ~-----~ 
for manufacturers, users, or 
anyone interested in the cur­
rent and future development 
in the RISC market. 

The report analyzes the 
current market for RISC 

_ 
2000 

- CISC 

Ul Ul C]R1SC 
!:: ~ 
z < 
""' ~ 6 1000 
z ~ 
"t:. 

1989 1990 1991 1992 1993 
YEAR chips, boards, and systems . ...._ ______ .. 

It also provides a clear, organized view of RISC products 
offered by semiconductor manufacturers, computer system 
manufacturers, and OEMs. 

A detailed forecast of the market by price class and a 
discussion of the key issues of concern to both users and 
manufacturers are also provided . 

Order your copy NOW. 
Call 408-996-7416. 

Electronic Trend Publications 
12930 Saratoga Ave., Suite 0 1 
Saratoga , CA 95070 
Tel: 408-996-7416 
Fax: 408-996-7871 

@ . 

' 
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26th ACM/IEEE 
DESIGN AUTOMATION CONFERENCE® 

LAS VEGAS CONVENTION CENTER, LAS VEGAS, NEVADA 
8 SIGOA· JUNE 25 - 29, 1989 ~ IEEE COMPUTER 

~ SOCIETY DATC' 

DA professionals world-wide attend DAC to remain technically 
current in the constantly changing field of Design Automation. 

• Over 150 papers, tutorials and panels. 
• Over 125 vendors of CAD hardware and software will be exhibiting their products. 
• 60 exhibitor techn ical presentations on Sunday, June 25, 1989, 

many announcing new products. 
·Six full day tutorials Thursday, June 29, 1989. 
• One day registration available at conference. 
• For advance registration, call the DAG office for registration form & full program. 

DAC office: 303-530-4333 FAX: 303-530-4334 
ADVANCE REGISTRATION ENDS MAY 26, 1989 

CONFERENCE RATE 
Member ACM/IEEE 
Non-Member 

ADVANCE REG . 
$125.00 
$160.00 

AT CONFERENCE 
$ 150.00 
$190.00 

ONE DAY ONLY 
$70.00 
$70.00 

Thursday tutorials are an additional $100.00 & $150.00 respectively. 

I BECOME A PARTICIPANT IN THE CAD/CAM EVENT OF THE YEAR! 

EDN April 27, 1989 CIRCLE NO 140 273 



for ·t rs capac10 
fast, ca\\ 
KEM ET 
first\ 

'-' · . the world you 
Just tell us ~nere i~nd stand back. 

want them dehve~ed~citors? Millions? 
ThOusands ot c? taunt on it. 
J-1-T scheduhng. 111e problems. our 

d our caps so k" 9 caused by 
c:~mic chips r~s~~J~;0~. our thre~-

roduction hea vent blown ~ir-
\eaded tantalums t~\ust can't put em 
cuits - because y 

e suriace· 
in ~~~gr.eason~ to c~l~r~u~IL-39003 
mou.~t s~leci~o:O. anyone else has.1us 
quahllcat1ons . bTW in tantalum, PT . 

1-\ig~est ~~\tm1~apacitors . KE~~ a~~ 
ceramic an ur commerc1a 
the chOice tor yo uirements. 

ltary capacitor _req Amazingly fast. 
m1~nd tor tast de\111ery. 

C410 C412 C420 C430 
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T4910.1-68µF 

KEMET Case A B C 
EIA Case 3216 3528 6032 72 

(CX12) 

T396/T396 
Ultradip Ill 

0.1-300µF 

MOLDED RADIAL 
T330Series 
0.1·220µF 

T340Series 
0.1-330µF 

MICRON 
0.0047-220µF 
T370/T378 Series 
(CXO!>) 

T372 /T379 Series 
(CX16) 



INSTRUMENTS 

Instrumentation) standards and 
provide coaxial switching for rf sig­
nals at frequencies as high as 26.5 
GHz. The units also handle power 
and low-level signals at de and low 
frequencies. You can chain many 
modules together; the first unit in 
the chain must contain an option 01 
control module that makes it a mes­
sage-based device. The units con­
tain a nonvolatile memory that 
stores test setups. You can desig­
nate one of these setups as a unit's 
power-up state. $1000 to $3000. 

Racal-Dana Instruments Inc, 4 
Goodyear St , Irvine , CA 92718. 
Phone (800) 722-3262; in CA, (714) 
859-8999. FAX 714-859-2505. 

Circle No 406 

WAVEFORM RECORDER 
• Captures 640M samples on two 

channels at 200M samples/sec 
• R esolves 8 bits or 12 bits at SM 

samples/sec 
The 7900 WaveCorder digitizes 
analog waveforms to 8-bit precision 
at any rate to 200M samples/sec. 
It stores as many as 640M sam­
ples-more than 3 sec of data at the 
maximum sampling rate, and much 
more at lower rates. An option al­
lows you to substitute a 12-bit 
digitizer that acquires data at a 
maximum rate of 5M samples/sec. 
The system can also replay cap-

EDN April 27, 1989 

PULL A LIGHT SWITCH. 

FROM THIS... TO THIS. 
Durel" Electroluminescent (EL) lighting eliminates 
the wasted space, energy, and heat of incandescent bulbs. 

EL is light years ahead: No catastrophic failure. No filament 
to break. Immune to shock and vibration. 

Uniform surface brightness and color: A single Dure! lamp 
can replace a group of individual incandescent bulbs and costly 
light pipes. 

Low power consumption: Typically less than 2mA per sq. in. at 115V, 
400Hz. Ideal for battery power and low-current drain applications. 

Thin: Nominal thickness of 0.024" (0.6mm) for space-efficiency. 

Pliable: Flexibility permits bending to fit unique shapes. 

High visibility in smoke/fog: Ideal for emergency lighting. 

Call or write for information. 

DUREL CORPORATION 
TM AN AFF ILIATE OF lM AN D ROGE RS CORPO RATION 

645 WEST 24TH ST. · TEMPE, AZ 85282 • 602· 731 -6200 

CIRCLE NO 142 

DID YOU KNOW? 
EDN is distributed 

at every major 
electronics/ computer show in the 

U.S., France, and Germany. 
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llSS fllllNG 
Small but Tough 

The STD Bus is designed for industrial 
applications. The small 4.5" by 6.5" 
format doesn 't fill up too much applica­
tion space and is extremely rugged. 

Fills Your Order 

276 CIRCLE NO 143 
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tured waveforms at the same rate 
at which it acquired them. The sys­
tem works with an IBM PC/AT or 
a compatible computer, VAX/Mi­
cro VAX, or a VME-based com­
puter. 40M-sample system, expand­
able to 160M samples, $160,000. 

LeCroy Corp, 700 Chestnut 
Ridge Rd, Chestnut Ridge, NY 
10977. Phone (914) 425-2000. TWX 
710-577-2832. 

Circle No 407 

VXI BUS CHASSIS 
• Accommodates C-size modules 
• Incorporates 8-output power 

supply 
The 1261 is a C-size chassis for VXI 
(VME eXtensions for Instrumenta­
tion) bus modules. It includes a 12-
layer backplane, cooling fans, and 
a power supply that produces 5V, 
±12V, 26V, -24V, -5.2V, and 
- 2V in addition to providing 5V 
standby power separately from the 
main 5V supply. The supplies have 
transient-peak current capabilities 
that exceed those required by revi­
sion 1.2 of the VXI spec. The 
backplane uses DIP switches rather 
than jumpers to route the daisy­
chained signals past unused slots. 
Cooling air enters the sides of the 
unit and exits through the rear. A 
cable tray facilitates wiring to the 
VXI modules. $6350. 

Racal-Dana Instruments Inc, 4 
Goodyear St, Irvine, CA 92718. 
Phone (800) 722-3262; in CA, (714) 
859-8999. FAX 714-859-2505. 

Circle No 408 

Low Cost 
8051 Tools 

This Real-Time ICE is the lowest cost 
and smallest sized full speed 8051 in­
circuit emulator. Full access to hard­
ware 1/0. Includes all debugging fea­
tures of Sim and dICE below. Fits in 
shirt pocket. 

dICE-51 $495 
This reduced-speed in-circuit 8051 
debugger provides full access to 1/0 
but will not run real-time. With the 
same user interface features as 
Sim8051 below, dICE-51 generates 
execution profiles during reduced 
speed execution. [CMOS and MIL 
also available.] 
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Sim8051 $395 
This software Simulator/debugger 
allows 'no-circuit', debugging of 8051 
code on IBM-PCs. All Cybernetics 
8051 debug tools offer multi-window 
source code displays, symbolic ac­
cess to data, single key commands, 
breakpoints, trace, full speed and 
single step execution, execution pro­
filer, and more. 

Other 8051 tools include: 
Cross Assembler 
8751 Programmer 
Debugger Demo Disk 

$195 
$195-$345 

$ 39 

~[B 
Cybernetic Micro Systems 
Box 3000 • San Gregorio. CA 94074 
[415) 726-3000 • Telex: 910-350-5842 
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PRESENTING 
THE WINNING 
ADVERTISEMENTS 
Here are the winning 

advertisements from EON 

Magazine Edition's January 5, 

1989 Reader Vote Contest. 

Our readers analyzed and 

evaluated the advertisements 

in the issue to select the 

ones they judged to be the 

most informative, helpful and 

attractive. Congratulations 

to the advertisers and 

agencies who combined 

well-written copy and 

superior design to 

create these winning 

advertisements. And, a 

special thank you to the 

readers who took the time 

to participate. Here then 

are the outstanding 

performers. 

EDN: 
Edition 
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Digital scopes with a real-time advantage. 
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Give up real-time capability for 
storage? Not with Tek! 
That's because analog capability is 
integral to ION-cost Tek d1g1tal storage 
oscilloscopes So you need only one 
instrument to make all your measure­
ments efficiently With no trade-offs. 

It's another Tek advantage: analog 
and digital 1n one familiar, affordable 
package. 

Select 
either 

. .JI'..,-•- - mode 
atthe 

push of a 
button. 
With digital 
storage you 
can capture 
events which 

are difficult 1f 
not impossible 

to see on con­
ventional scopes 

Pre and post trigger 
events Fast transients. 

Single-shot events. 
Elusive glitches. 
LON-speed 
phenomena 

Fou1.scr.....-npnorossp;ictd 
efldtoe!J(JilJustra:~ r'lt 
be_riefi/oflultour-w~n 
UP!IJ!? using me 2230 I~;.: 
ff!(,()tdltmj"!l 

Any waveform can be viewed for 
as long as you like Or stored 1n 4K of 
memory for later analysis or com­
parison to other waveforms. And 1f 
there's a question about a digital 
measurement. just push a button for 
real-time display analysis 

The affordable portables. ''""" 2230 2221 2220 2210 2201 ~ 
These are the worlds best-selling dig- '"ow'"" ·· '·'" " ''"· ., •:•. .., •:r, _, ""' 
ital storage oscilloscopes. And with =~:; ~;:, ' ., -· •r - ·, z. ·:s , · '" 
thenew20 MHzTek2201)0lrnngthe "'"'<>' ~·-t· .,,. , .• e"' ,,.,. 
family, there's nON an even better "'"''"'" 
selection-in bandwidth. perform- ~:~:~ ; ' ~ 
ance and pnce. G1ttc• cap"" '00'>' 

Select for advanced features such cRT ""''"' 
as 100 ns glitch capture at any sweep cursors 

speed. CRT readout, measurement ~~;~.~5·232·C . ., 

.,, 
RS-1UC 

cursors, multiple acquis1t1on modes w .... ~ , ,.,, • """"" ,.., ~"' • '" 
and hardcopy output, plus optional ""' 
GPIB or RS-232-C interfaces and 
software. 

These scopes are perfect for 
first-time digital users. And sea­
soned operators will appreciate 
even more their versatility. con­
venience and value All backed 

by Tek quality and a 3-year warranty 
Discover the potential. Let Tek 

shON you what you're m1ss1ng ... with 
out making you give up analog to se 
1t That's the real-time advantage of 
Tek digital storage 

For easy ordering or more 1nfor­
mat1on call Tek Direct: 

1-800-426-220f 

Tektronix 



coMPANY~ GE P\astics 
A.GENG\'~ Fab\t.ren & Swink 
"Most attention getting ad in this ;ssue!" 
• Senior Systetl\S Engineer, /\'f8lf 

Network Systerns 
"Bigger than life! c,otorful and catchy." 
• /\ssociate En~neer, McDone\\ 

Doug\ as "Sometimes bigger is better-can't miss it." 
• Senior R&D Engineer, ford 

/\erospace 
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Now you don't have to choose 
between bOW fast you can go and 

how roucb you can carry. 
coMPANY: National Semiconductor 
AGENCY: FCB/Techno\ogY 
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Group 
"Good eye-catcher and well worded." 
• Senior Manufacturing Engineer, 

MCT. \nc. 
"Very good f!i/ation between pictufliS 

and message." • Senior Product Engineer, Optek 

Technolo~ \nc. 
"Makes the point in an attractive way." 
• Senior Engineer, Nicolet 
i\udiodiagnostics 

coMPANY: Samsung Semiconductor 
AGENcY: Curtin, Emerson, 

Ransick 
"Curious caption. I read entire ad. 
It held my interest." 
• Senior Engineer, i\VW Electronic 

Systems, \nc. 
"Interesting, great Jayoutr 
• i\ssociate Principal Engineer, Barris 

Corporation 

•Humorousr 
• Senior Engineer, Raytheon 

Company 

coMPANY: Precision Interconnect 

AGENCY: Thompson & 
\-luffschmidt 

"Nostalgic." • field Engineer, CAE lndustries-

Link Division 
"Brings back fond memory and supports 

theme precisely." 
• J\dvisory Engineer, \BM 
"Clear. concise -photos afli good attention 

grabbers." 
• Engineer, Micro-Radian 

\nstruments 



COMPANY: 
AGE.Ney: I: Teradyne 
~live · ~Ifs, Quinn & 

• r:- • ~""" Johnson 
c:.ngineerin J\.f "· 

Terminals g anager, GATX 

'GJod COllcep1 • . 
• Quality En' .'lllagu,afive. " 
&,uipment Cgmeer, Digital 
"lllSp • orporation 
• En~ JJossioility' tAiwJin. " 

&lneer, fl Ughes A. ~­
ircraft 

Anything this system can think of, this system can test. 
~ow there's a fami ly of test systems that will change the way you lhink to test per test head. and the A520. " hich 

packs aD lhc 1Krfomunce ol an A500 imo 
S~ncl your time te sting designs 
ins1ead of designing 1ests. 

about Analog \ l . .SI testing. 
1lll' SY:ilcm on lhe left thanks up lk'\\ tk\il..'.C 
deSlgns so rast th.1t most test systems can't 
keep up"ilh it. farept the Olk on the nght . 

leradyne's rt::\'oh.ltionan· .\500. TI~ onl)· 
~ystcm lhat's read} 10 te:.l the most complex 
"system si:li.Ylrl .. de\'l('('S as fo~t as ~17\1 can 
dream tl~m up. In f31..·t, the .\500 is alrt:ad~ 
helpm~ many li.-adU1~ companies (.1..lt cnui.:a.I 
pnxluct dc\'ek1pmelll time and bnng their 
ad\'anced produi.:t.s lo mari..ct faster. and "1th 
a lower O'll'tall cost to lest. 
Xm' . you c;:m tt!Sl o:mythinE( from 
s landard linear to mh:ed-~ ignal AH.SI. 
'ICradroc ms Liken 11s re,uful!Ondry r\51XI 
ardu1ec1ur(' lUld crealed twu new. comp.1ti­
I* srsl1!m1i. The ,\510. a \\urkstation-ba'"'--d 
slandard Ii.near tester. "ith the liM'\!'Sl rost 

a smaller footprint at a lower cal)tt.11 cosl. 
Tcrad}1M's new A500 family nm only gm.--s 
you the capabiibtr to test the ran~~ of today's 
de\lCeS. it's ready to hclpwlt.11cs1 tomor· 
row's de\..:cS. as wcD. 
The A500 familr shares an architecture 
based on totby's .. open systems" stmd.mis­
dual Sun computers. al 'NIX operaung S}'Stt:m. 
powerful C-based [\IAGE" sohware and 
Etht!met TCP IP networking. In addiuon. 
each system J>ffi\ideS full tester simul;uion 
on stmd.;1Jone workstations. \\1th t-rraphic 
debug and analyzer tools as powerful as an~ 
C,\ O C1\ E tools. 

If mu want to help your (.'Ofnpany bnng ncxt­
gcneratl(ln products to market raster. pre­
\l!nt premature prl.1dlk.t roGouts and cut test 
1.'llqtlll.~nng costs drastically. use the system 
on the left. Wloch GUI only lead }'ou lo the 
sr~tem on the right. 
For more thoughtful details. can Beth Sulak at 
(617) 482-?700. ext. 27.i6. Or call yoor nearest 
Tt!radroesalesoffkeor"Titc: Terad~ne. Inc .• 
321. Harri:-00 

J:::;~::;· · l ~ !~\!J'~ i:' I ~ 
) lassachuscns -I~ _.g 
o:ms. ll;.•111f'as11wr11111/it_\ 

~MPANY: Altera 
£NCY: Austin A-~-'- · "#lir Ille all,__. --...:uuee 

• Design Electri •-... • 
~ornmg Corp. cal Engineer, Dow 
'F111111,10td ~ 

• Electrical E . fld. • 
Ames R.esearc°:'cneec, NASA-
"ffry Jisllyr enter 
•Group E . c-._ . nginecr. ..., _ _ 
&:.iCCtr1c Co. • ...,,JCl'Son 



Introducing two ways to get horsepower in 
VME single board computers. 

CPU-37. The workhorse ofVME. 
\C'\\ v.:111 can hilnll'SS all the p..111\'f 111 \ .\ \E iinJ the N~1.i::;1.) ll'ilh ,iur n~11 

J,111 c,•s1smgk~1 il!J(.:trnrut•.'r 
T™-' O\,'\\ \'.'.IE PLCS~crc :;~~.:Om<'$ \\Ith i:nha a I(•:- ,1r 25 .\U!l 

e-sc:-.:o. 5(51 anJ ncppyJ1sk,,,1m,•!kr<>. \"\\F.rR0\I anJ 1 \IS1.11 m.:~1.'r) 
1.1p1i,1ns ioduJc an Ethcrne1 Cl'.'mrL'lkr anJ ur t,'.; .\ll\ ,,! tnl!nh'1' 

\\'ithth1!1.Tt -:::-T.)OU!l,mh,l\l!IWJ'('llCr»tl»urh'<ir1bin1'1l<' 
Thus rcJw:ingy<111r ~ysit·m rnsi, 11ci):!ht ;ind space rcqu1ri:mcnL' 

In a,IJi1i1.'n. s<.itt11,1rc pr1•duus ~u(h .~ l''\l:\.l'l'\JS \\'.\'L'rb. 05-J. pSOS. 
\'RTX.:;.;:! anJ C E."\El.TTl\'E 11iil tx ;11"a1lal>lc P!us C'Ur Runnin~ Slim 
dc1 d.1 rnwm ra1.lo.Jg,• will let ).:"u sum wmins .1·Jur 
arrhcilfl('n.S l{UICh.ly-unJcr l'\:lX. PLX>S1.11 .\15 00~ 

So 1! ~L'U nwJ l<•L~ .;-t h.;.rsqxiwcr with.-ut th<' 
1h~'rC'll~h!,'lr1:J prin'. hitch up wi1h (pt;.Ji. 

COMPANY: HitaohiAaaericaLtd. 
AGENCY: Sutter Martin Inc. 
"1traaifJI """btjJf'IUliol .• 
• Project Engineer, Ametek 
Microelectronics 

"Ntet grop/lic, gtllJfi ~-· 
• Staff Engineer, Data General 
"Yery colorfol-gm/Js your tlllJllltiotr. • 
• Senior Design Engineer, GE Fanuc 
Automation N.A. 

CPU-30. The pacesener of VME. 
Our rll'11 Cf'l' -3l' sh;uc~ a!I thl' h;mhh•rkm~ 1·im11:~vl thl' C!'L .-;.;, plu:- i!'s 

ta~tcr,'n 11:>kl·t 
In t,1\1.11 ,,lkt:' the: hi.!:111.::;1 kw! d ~tt..irm;m('c ani.J iunltkinahty m 

a ··!>1'~, :-111.de bl.xirJ ••'mrut.:r \nJ iusi hh lTl' .-;.;, ,·ur s1nj!!e ~k't 
CPL' •..:-ha:. mul11rk l•'llliJ.,·urau,ins that !Ill.'\!! ~ourc"1ct ll\.'l'd5 

The n.'i'I! R'as..in thl' CM.' ::.Vi~ ~u .. h a ll'tnn.:r 1~ ,,ur::!&J-pm )!i'.ttcarra1 
w11h 22.(l('(I go.Hes. ll hanJil~ mtcrpr•X\'s~.ir .. cmmunii::<ir11m m1J high ~rc,-J 

data tr.rnsJcrs much mi;irc d/ki,·ntl~ Tiu: tl~UI! i~ s11?n1!kamlv rncrca:.i:d s1·s1,·m 
thrvughput 111 mulupr,x:.-~sin . .: nppJi,·.:irivns lik•· tJu.:>ry. am.:-ma11,,n. s1mut;m,•n 
1cs1andln:-1rumem.ui,•n 

It ull aJJs up I•' tht' high..•51 \".\IE S)~tcm r..:rt,irm<1n.:,· ~,'1\1 GlO ~<.'! 
S..'irlh:11i;wha1\c'Uwant.wh\'hMs..'aT1.'tmJ~ 
C.;i!l u~ ,11 (800• tiEST-\'.\\f. for CPL :;:- anJ (rL' ::-L' Da1a 

Shn·L~ ;md Nlf )•186 D.:it.1 !\.'1.if.. c,1um 1.1n f,•r(e t~'r wur 
IL'1;1Jntl'.~1hmrn · 

\'.\\fat iL~ be:~! 

COMPANY: Force Computers 
AGENCY: Austin Associates 
"Good information on boards with 
pleasing ad." 
• Engineering Manager, Applied 
Materials 

"Ad quickly and creatively shows product 
concept. Gives useful information." 
• Electrical Engineer, Instrument 
Development Inc. 

"Attracts one's attention readily." 
• Consulting Engineer, Lockheed 
Electronics Company 
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HSPICE 

Convergence · Speed • Accuracy 
Models· Large Circuits· Optimization 
~Optimbation ~DDL2000 

• Model parameter generation from 
measured data 

• General circuit analysis using 
optimized models 

• Full circuit optimization - DC, AC, 
transient, distortion, noise, pole-zero 
and S-parameter analysis 

~New Features 

• Input and output algebraic equations 
and functions 

• Transmission Lines 
• New MOS Models for analog and 

submicron technologies 
• Auto stop option 

• 2000+ discrete device library models 
for PCB designers. 

• Includes diodes, zener diodes, JFETs, 
B]Ts, bipolars, powerMOS, op amps, 
comparators, timers and SCRs. 

• Runs on Mentor workstations as a 
superior alternative to Accusim/Acculib 

~HSPICE 386 PC Version 

• Full HSPICE capabilities 
• Fast and accurate 
• $4,000 stand-alone price 
• Volume discounts available 

HSPICE meets all your engineering needsl 
• Automation of model characteristics 
• Circuit optimization 
• Full chip analog simulation 
• High frequency circuit design 
• Mixed S-parameter and transient design 

Visit us at the 
Custom Integrated Circuit Conference 

(CICC) May 15-18 in San Diego, CA 
• Booth 19 & 20 

• Cell characterization 
• Multi-vendor model support 
• Mixed workstation vendor support 
• PC to Cray computing 
• Evaluation software available upon request 

META-SOFTW'ARE 
50 Curtner Avenue 

Campbell, CA 95008 
Phone (408) 371-5100 •FAX (408) 371-5638 

Toll Free (800) 346-5953 
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TEST & MEASUREMENT INSTRUMENTS 

POWER ANALYZER 
• Analyzes V, I, P, PF, and reac-

tive power 

(VAR), active energy, reactive en­
ergy, and time. It can continuously 
monitor a power line for 15 minutes 
and retain in a nonvolatile memory 
the largest value it measured. An 
internal printer can create a perma­
nent record of measurement re­
sults. $3300. 

• Is ]XYrlable and battery powered 
The Model 4760 power analyzer is 
a 16-lb, portable, battery-powered, 
µP-based instrument that measures 
voltage (V), current (I), power (P), 
power factor (PF), reactive "power" Electronic Development Corp, 
---------------------------. 11 Hamlin St, Boston, MA 02027. 

278 

320Cl4 DIGITAL 
SIGNAL CONTROILER 
In-Circuit Emulator, Macro Assembler, Development Environment 

$2495 
Complete PC or Macintosh hosted development package for 
the DSC320Cl4 and TMS320El4 
Digital Signal Controllers. 

Package includes In-Circuit 
Emulator, Macro assembler, and 
development environment. 

Also Awilable 
TMS320C25 
TMS320CJ0/15 
TMS370CXXX. 
65C02 
HD647180X 
68HC05 

DSP 
DSP 
MCU 
CPU 
MCU 
MCU 

50MHz 
25MHz 
20MHz 
JOMHz 
BMHz 
2MHz 

All units shipped with 30-day trial 
period and 1 year warranty. 
We support what we sell! 

Phone (214) 242-0450 
FAX (214) 245-1005 

1301 N. Denton Drive 
Suite 204 

Carrollton, TX 75006 ~ 

Developed and manufactured in the USA. 
Call or write for detailed product information and prices. 

CIRCLE NO 146 

Phone (617) 268-9696. TLX 951596. 
Circle No 409 

DATA LOGGERS 
• Scan at 40 channels/sec 
• Accept thermocouple, RTD, and 

process-transmitter outputs 
The 1100 series of portable data log­
gers includes four members. All ac­
cept inputs from thermocouples, 
RTDs (resistance temperature de­
tectors), process-variable transmit­
ters, and transducers. They scan at 
40 channels/sec and can have 20 or 
40 channels. The 1101 includes a 
printer. The 1102 scans and moni­
tors alarms and optionally provides 
an RS-232C or IEEE-488 output. 
The 1103 is remotely programmable 
and includes an RS-232C port. The 
1104 includes a digital tape deck 
that stores 45,000 readings in 
ANSI/ECMA (American National 
Standards Association/Electronic 
Computer Manufacturers Associa­
tion) format on standard cassettes. 
The 1101 and 1104 optionally oper­
ate from 9 to 35V de power. 1101, 
$2600; 1102, $1875; 1103, $2250; 
1104, $4150. 

Digitec, 959 Cheney Ave, 
Marion, OH 43302. Phone (614) 387-
3444. 

Circle No 410 
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SIEMENS 

ISDN terminals 
- innovative chips for telecom/datacom 
Move up and ahead to the new, 
world encompassing information 
environment of Integrated Services 
Digital Networks by 

•telephone 
• integrated voice/data workstation 
•telefax 
•data-only terminal 
• personal computer 

All implemented with a single chip 
set, IOM ®-2. Flexible, modular, 
powerful , and jointly sourced by 
Siemens and AMO through a long­
term technology partnership. 

This family of ICs is fully supported 
by all round hardware/software devel­
opment tools. Which means that you 
can design your products for ISDN 
entry faster and more easily. You get 
code generation plus testing tools, 
all on a usefriendly, menu-driven 
interface. The software supports 
CCITI Q.920/921 LAPD and 0931 
services. 

Siemens ISDN devices have already 
proven their worth in network field 
trials all over the world. Let them 

CIRCLE NO 162 

IOM (ISDN-oriented modular interface) 
is a registered trademark of Siemens AG 

secure your success too. They are 
founded on Siemens experience and 
expertise, on solid continuity in 
systems worldwide. And they are 
backed up by our allround service 
and support. 

EuroQe: Siemens AG, 
lnfoservice HL 1515, Postfach 2348, 
0-8510 Furth 
USA: Siemens Semiconductor 
Group, 2191 Laurelwood Road, 
Santa Clara, CA 95054 

TopTech Components 
from Siemens: 
the key to digital 
communication systems 





Winner Of Wescon's 
New Products 

And Technology 
Achievement Award. 

Toshiba M-ST LCD modules are available in 
two sizes: the 640 x 400 dot TLX-1501-C3M 
and the 640 X480 dot TLX-1551-C3M. 

At Wescon/88, our remarkable new Monochrome ST (M-ST) 
Liquid Crystal Display modules earned a New Products 

and Technology Achievement Award. 
Toshiba's M-ST modules offer significantly improved 

black-and-white contrast for better visibility, with a unique 
single-layer design that makes them 25% lighter and 15% thinner 

than double-layer panels. 
Toshiba's thin, light, high-contrast M-ST Liquid Crystal Display 

modules - the new industry standard in LCD performance. 

In Touch with Tomorrow 

TOSHIBA 
Toshiba America, Inc., Electronic Components Business Sector, Chicago Office: One Parkway North , Suite 500, Deerfield , IL 60015-2547 Tel : 312-945-1500 North Western 
Office: 1220 Midas Way, Sunnyvale, CA 94086 Tel : 408-737-9844 Eastern Area Office: 25 Mall Road , 5th Floor, Burlington, MA 01803 Tel : 617-272-4352 
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This advertising is for new and current products. 

Please circle Reader Service number 
for additional information from manufacturers. 

CUSTOM POWER SUPPLIES 

1 KW DC-DC 
CONVERTER 
MODULES 
CAN BE 
PARALLELED 
TO 10 KW 
Specializing in designing and building 
DC-DC Converters, Switchmode Power 
Supplies, Linear Supplies, Electronic 
Loads, Switchmode Magnetics to your 
specification. 
0 Commercial and Military 
0 High Power Density (20 W inJ) 
0 Fast Personal Service 
Call or write for free Consultation and Descrip­
tive Brochure or send RFQ to: 

SIERRA WEST POWER SYSTEMS 
2615 Missouri , Bldg. #5 

Las Cruces, New Mexico 88001 
505-522-8828 

CIRCLE NO 325 

Hl&H FREQUENCY NOISE PROBLEMS? 

~ 
DESl&N IN 
P&A/DECUP 

~ -~~''&. ,..~,~~':-~ ~ ..... ,~ 
--~~...,·--'-- ". ,, ........ ..,~. 
PGA/DECUP Capacitors provide 
superior noise reduction to pin grid array 
( PGA) devices like 32-bit micro proces­
sors, and ASIC's that must operate in 
todays high frequency, low inductance 
applications. The inherent low inductance 
and rapid delivery of the charge allow 
PGA/DECUP capacitors to suppress 
high speed switching transients with 
superior results. PGA/DECUP Capacitors 
fit under PGA packages and LCC sockets, 
delivering high efficiency decoupling 
without using any valuable board space. 

ELDRE CORPORATION 
1500 Jefferson Rd., Rochester, N. Y. 14623 
TEL: 716-427-7280 Fax: 716-272-0018 

. Don't Get Zapped! 
High inrush current can destroy ·your sensitive VAX 
CPI.ls and peripherals In Jess time than it takes to 
flip e switch. 

THE SOUJTION? 
l'l:lwer up with Z-LINE TPC 115-10 MT~· TM 

the smallest power distribution • 
and control system available. Z· NE 
POWER UP WITH - - -

Our proprietary Multiple Time Delay™ circuitry 
sequences your power-up to protect your systems 
from the spikes and surges. EMI & RFI. that destroy 
your hard-re end erese your data. And our 
remote on I off and emergency shutdown gives the 
power control back to you. 

All Pulizzi Engineering MTD ™ controllers are 
competlble with DEC end UPS systems. 
PRICES FROM $436 TO $305 

DON'T WAIT UNTIL IT HAPPENS, CALL TODAY! 
Pl'LlZZJ ENGINEERING INC. 

3260 S. Susan Street, Santa Ana. CA 92l04-686S 
(714) 540-4229 FAX (714) 641-9062 

CIRCLE NO 326 

EXTRUDED ALUMINUM 
PANR MOUNT ENCLOSURES 

•DIPlhl6"18" 
• Any dlpllll. ID or Mn 
• Sllln. dur lllldlzt 

ftnlsh 
• Loct~n p1llll-110Unl 
•Mldlftmi..Md 

DIN STANDARDS acn111 prlntt .. n1Ualll1 
Bezel c... FREE CATALOG 

48 x !Ii mm 44 x91 mm 13t~ 
72x144 mm 67x1li nwn 
!Ii x 192 mm 91 x 184 mm 
!Ii x !Ii mm 91 x 91 mm 555 Marion Road 

184 x184 mm Columbus. OH 43207 
6141445-8433 

SAILOR: 
The most 

dependable and 
affordable pro­

gramming instrument 
S/W driven by PC/XT/AT/PS2 or 

laptop computers, powerful and 
expandable. 

Sailor-PAL: supports PALs. GALs. PLDs. EPLDs. 
PEELS, ECLs. PLAs. PLSs. PROMS. EPROMs. 

EEPROMs and MICROs. JEDEC file input and output. 
$1095-$1895. 

Sailor-2, Sailor-8: set/ gang 
high speed EPROM 
programmers. 
$545- $1995. 

S ADVIN SYSTEMS INC. Sunnyvale .CA 94086 

(408) 984-8600 • FAX (408) 736-2503 
(800) 627-2456 Please call for free demo disk 

CIRCLE NO 327 

,,-.. Telecom Design! 
CAU PROGRESS 
TONE DETECTORS 

Tone detector ICs for all telecommunica­
tions products . 5V, 3.58 MHz time base, tri­
statable outputs. 
• M-980 band pass detector from 340 Hz 

to 620 Hz. Ideal for detecting non­
precise call progress tones. 8 pin. 

• M-981 provides precise detection of 
350,400,440 and 480 Hz. 22 pin. 

• M·982 provides precise detection of 
350,440,480 and 620 Hz. 22 pin. 

For more info call: I W:M' If 1${! flfl 
(In Washington State: 206-827-9626) 

\CEL"'CDNE® 
10801-120th Avenue NE, Kirkland, WA 98033 

CIRCLE NO 328 CIRCLE NO 329 CIRCLE NO 330 

To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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BLIND MATABLE 
POWER SUPPLY CONNECTOR 

L Series rack& panel connectors provide optional 8, 15, 25, 
50 and 200 amp contacts in a rugged float mountable 
assembly. L Series connectors use the Hypertac®Hyper­
boloid, low force contact which offers high cycle life , im­
munity to shock and vibration, and contact resistance in the 
.4 to 2.5 milliohm range. 

HYPERTRONICS CORPORATION 
16 Brent Drive, Hudson , MA 01749 

(508) 568-0451 
CIRCLE NO 331 

FREE SCHEMATIC CAPTURE 
DEMO DISK 
SCHEMA II+: 

Capture More Than Ever 

Incredible speed, case of use and power have 

made SCHEMA a besl...:lling schematic capture 

program for engineering professionals the world 

<NC<. Now, SCHEMA II+ sells for $495 and 

~ supports most common IBM 
~ -= PC/XT/AT/PS2 configurations. 

OMATiON 
l• T- i:.llf2 14J2J I Jl67 

FREE Demo Disk: 1-800-553-9119 

CIRCLE NO 334 

'i;--·-= . .. 
J.n!l'Pe"'"'i' baz ln Oil ~ 
.- - -- - -

l><il~-Cillu.Xpir> • 

- _r.:?"";..!5:' -. ' 

6800-Family Development Software 
Combine our software and your editor for a powerful develop­
ment system. Our C-Compilers feature a complete implemen­
tat10~ (excludmg bit fields) of the language as described by 
Kemigan & Ritchie and yields 30-70% shorter code than other 
compilers. Our Motorola-rompatible Assemblers feature 
macros and conditional assembly. Linker and Terminal 
Emulator are included. Wintek Corporation, 1801 
South St., Lafayette, IN 47904. (800) 742-6809 or 
(317) 7 42-8428. 
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100% STD-AT COMPATIBLE 

The STD-AT from WinSystems is the first 100% AT compati­
ble computer system on the STD-Bus. The 80286 CPU will 
operate up to 20MHz and supports the Phoenix BIOS. De­
signed for industrial applications, it requires little space and 
provides compact, rugged packaging. A wide range of in­
dustrial 1/0 is offered including networking, disk storage, 
video graphics, AID, D/A, digital VO, serial 1/0, and more. 

WinSystems, Inc. 
P.O. Box 121361 

Arlington, TX 76012 
(817) 274-7553 
CIRCLE NO 335 

ELM EC ULTRA HIGH-SPEED 
FIXED DELAY LINES 

FDCTYPE 
SINGLE -
INUNE - FDR TYPE 

SURFACE 
MOUNT 

FOC and FOR types can be fully matched to high speed logical elements 
such as 100K, 10KH and 10K series and has an extensive range of 
applications including analog circuit. -- - - r-

._r _ 
~~ ____.. .._ ..... 
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Fac1s ci>olrt 

400,000 
ICs and Semiconductors 

at 'mur Fingertips 
Cahners Ct\PS is the newest component 
search and selection tool for electronic 
design engineers: 
• PC-Oriven, CD-ROM-based 
• Includes unabridged 

manufacturers' datasheets 
• Represents more than 250 

manufacturers 'M>r1dwide 
Call bll Free: 1-800-24~96 

C AHN E ~ S -Computer Aided 
Product Selection 

'll5 Washington Street 
Newton, MA 02158-1630 
Telephone: 617-964-3030 
Telex: 940573 

CIRCLE NO 333 

A Lot 
For A Little 

Reach 137,000 
specifiers of electronics 

components, equipment. 
and systems for 

only $780. 

• EON Product Mart 

PROGRAMMABLE CLOCK OSCILLATOR 

•Complete in one 2.25" x 1.6" package . 
•Wide Range: .02 Hz to 30 MHz. 

(50, 100 and 200 MHz also available). 
• All digital frequency selection. No external filters, 

coils or other components. 
• Single 5 volt supply. 

SINGLE QUANTITIES $195 
Ask about our EXPERIMENTER's kit that includes 
oscillator, board and 23-page manual, and our IBM 
PC-based synthesizers. Prices from $295. 

ANALYTIC INSTRUMENTS 
ELM EC TECHNOLOGY 1225 Ridgecrest St. , Monterey Park. CA 91754 PO Box 542845 
OF AMERICA, INC. Phone: (213) 265· 1861 FAX: (213) 265-1908 Dallas, TX 75354 (214) 357-3882 

CIRCLE NO 337 CIRCLE NO 338 CIRCLE NO 339 
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LOW COST 
INTERFACE 

CARDS FOR 
PC/JIT/ATIPS2 

$95/1251 

• l/Ocud for PS2 Modcls~; Ser. pon 1-2; Par. port 1-3; IBM reptered ID. 

f\/D +DIA+ DIO +Counter $295-~ 
• 16t'fl Channeb; 12-14 bit Resolution: 25k-100lulsec; 16 DIC>t; 16 bi1 Counter, 

MC / VISA / AMEX Calltodayfudalarltut.J! 

B&C MICROSYSTEMS INC. 
355 Wnt Olive Aft. S.••:rnole. CA ,..._ 
TEL: (4M)7J6.5511 Jil:('*)~55ll 

CIRCLE NO 340 

Enhance Your IBM Token Ring LAN 
with S.I. Tech Fiber Optic Transceiver 

S. I. Tech Bit-Driver 
••.-.c.( ~ 1 

.. ~."'. .. ..r~~~~a';o~ous 
, . ~ . 

Use Model 2875 Bit-Driver<' between Multi-station Access Unils (MAU). 
This stan<l-alone transceiver substitutes for cable coonectioo between 
wiring coocentrators in IBM Token Ring LANs. Provides optical 
isolatioo, greater signal transmission: also efiminates EMI and RFI 
interferences and lightning strike damage between buildings. Data 
rate: 4 MBps to 2 Km (or 5 Km optioo); 16 MBps soon to be 
available. Five LED diagnostic status indicators standard. Easy 
connect/disconnect. Call (312) 232-8540. Or write: .... .,,.~,. .... 

~-•• IJ' .. .., •• 
P.O Box 609. Geneva, IL 60134 U.S.A. 

CIRCLE NO 343 

SIMPLIFY BOARD LAYOUT 

MICRO/Q 1000 ceramic decoupling capacitors 
share board mounting holes with IC pins to 
simplify board design. Now add more active 
devices with increased density in the same space. 
or design the same package on a smaller board. 
Rogers Corp. 2400 S. Roosevelt St., Tempe, AZ 
85282. 6021967-0624 

.RS232 ADAPTORS 

.RS232-ADAPTOR RJ45. AVAILABLE IN 9, 15, & 25 
POSITIONS IN KIT FORM AND WIRED TO SPECIFICA­
TIONS . . RS232-ADAPTOR RJ11 . AVAILABLE IN 9, 
15 & 25 POSITIONS IN KIT FORM AND WIRED TO 
SPECIFICATIONS .. RS232 - ''DEC TYPE'' ADAPTOR. 
AVAILABLE IN 9, 15, & 25 POSITIONS. THIS ADAPTOR 
WILL ACCEPT DIGITAL EQUIPMENT CONNECTOR 
PLUGS. 48 HOUR DELIVERY (215) 343-8990. J.A. W. 
INDUSTRIES, INC., 1750A. COSTNER DRIVE, WAR­
RINGTON, PA 18976, FAX (215) 343-8942. 

CIRCLE NO 341 

Clorthe8051 
Compare: 
Benchmark Results -Sample program: 
Eratosthenese sieve Program from BYTE (1/83), 
expanded with 1/0 and interrupt handling. 

An:himedes 
ICC51 MCC51 FRANKLIN 
v2.20A v1.2 C51 ¥2.00 

Compilation time 12 sec 18 sec 17 sec 
Linkage time 29 sec 9 sec 6 sec 

Execution time 11.46 sec 9.00 sec 1.08 sec 

Total code size 5318 bytes :1798 1776 
bytes bytes 

Call for free DEMO disk. 

FRANKLIN 
SOFTWARE , INC. 

888 Saratoga Ave. #2 • San Jose, CA 95129 
(408) 296-8051 • FAX (408) 296-8061 

CIRCLE NO 344 

BUY E WORLD'S MOST 
POPULAR PROGRAMMER FOR 

ONLY $159 • A MONTH! 
If you are budget limited, but need 
the reliability of an industry-standard 
29B Programming System, call 
today for information on Data I/O's 
leasing alternative through U.S. 
Instrument Rentals. 

Call Data 1/0at 1-800-247-5700, 
bt.519 

or U.S.l.R. at 1-800-USll-123 
•Based on a $5,565 
system pnce w ith a 
4-year lease-to-own 

D.Aml/O 

-TESS™ silTlJlates modems, radios, & other systems 
•Built-in FFT spectrum analyzer, plus over SO models: 

filters, mixer, VCO, logic & PAL's, BERT and test eqmt 
-caixure schematics ~lly with OrCAOOl & PCAOO 
•Add your own models tOTESS easily using MOOG EN 
-Callfor3-diskdemokit •TESSisnotc otected 
TESS Simulator $495 TESOFT PO BOX 305 
MODGEN"'ModelGeneratcr $245 Roswell GA 30077-<m!i 
OrCAD/SDTPllil P<rtl.a..y $145 'lr404-751-!1785 FAX~ 
P-CAl:0 PW! L.a..y $225 VISA, MasterCard, PO's accepted 

CIRCLE NO 342 

Ta1199- Now More Than Ever, 
The llest Value in PCB DesiglL 
Take a look at the all new Tango Series II. Our pop-up menu 
interface sets a new standard for ease-of-use and productivity. Lay 
out simple prototypes or complex, multi -layer, SMT designs with 
over 100 new features including user-definable tracks, pads, and 
grids. 

For IBM-PCs and compatibles, Tango-PCB Series 11 , just $595. 
Tango-Route Series II autorouter, just $495. Both include ooe 
year's updates , free tech support, 3{}-day money-back guarantee. 

Call today. ~- FRH EVAWATION PACXA6E 
... 800-433-7801 611)-695-2000 

ACCEL T<ehnologies, 7358 Trade Street, San Diego, CA 92121 

CIRCLE NO 345 

,--. Telecom Design! 

GENERATOR 

M-991 generates precise dial tone, busy 
tone, reorder tone, ringing, and other call 
routing tones for use in telephone systems, 
test equipment, callback security and other 
telecommunications systems. 
• 14-pin CMOS DIP 
• Single SV power supply 
• 3.58 MHz time base 
• Combinations of all standard 

frequencies 
For more info call: I e: MI t f Jif f!fl;J 
(In Washington State: 206-827-9626) 

iCEL'"CCNE® 
10801-120th Avenue NE, Kirkland, WA 98033 

CIRCLE NO 346 CIRCLE NO 347 CIRCLE NO 348 
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25PDT SWITCH 
HIGH DENSITY PC MOUNT 

HDMP-25 HDMP-25M 
LOW PROFILE THRU-PANEL KNOB 

GOLD PLATED STRESSED ELLIPTICAL CONTACTS 
Route data - address buses - communications 

SWap ICs/EPROMs ln-i:ircuit 
Reconfigure hardware 

Redundant designs 
Upgrade firmware or run diagnostics 

•without down time 
•without user interruption 

HOMP-25EK evaluation kit includes switch, printed circuit 
board and VO connectors: $34.95 
HOMP-25 (1-9) $17.50 (10) $13.75 (100) $9.95 
HOMP-25M (1-9) $18.50 (10) $14.25 (100) $10.35 

Ulll ILJS ANNULUS TECHNICAL INDUSTRIES, INC. 
f'\1111..l 1296 Osprey Drive P.O. Box 7407 

An caster, Ontario CANADA L9G 4G4 
Tel 411Hi48.a100 FAX 648.a102 

CIRCLE NO 349 

UNIVERSAL LOGIC PROGRAMMER 

The Engineer's Programmer™ 
CALL FOR FREE DEMO DISK 

800/225-2102 

BP~ 
10681 Hoddlnglon. Suite I 190. Housten. IX 77043 

713/461-'M30 FAX 713/461 -7413 

CIRCLE NO 752 

STOP NOISE IN PGA, LCC PACKAGES 

PGA MICRO/Q decoupling capacitors 
provide low-inductance, high-frequency 
noise decoupling for PGA, LCC packages 
on complex board layouts. Fit under PGA 
or LCC sockets use no extra board 
space. Choose from many pinout 
configurations. Rogers Corp., 
2400 S. Roosevelt St., Tempe, AZ. 85282. 
602/967-0624. 

FIX/PGA/LCC/TEST ADAPTOR 

MANY NEW PARTS 
VLSI prototype adaptors allow prototyping of devices from 
24 pin (VRAM ZIP) , Shrink DIP, to 256 pin SPARC, PLCC, 
LCC, SLAMPAK, and A.ATPAK. Annoblted test adaptors for 
680XO, 80X86. Stacking memory modules for up to 16 
MBYTE ORAM SIMMS. FIX-80386 to fix errata 21 problem in 
386 PC's (causes lockup). All gold Machined pins /most 
wirewrap panel patterns. Customs - quick turnaround. 

IRONWOOD ELECTRONICS, INC. 
PO. BOX 21-151 

ST. PAUL, MN 55121 
(612) 431-7025 

CIRCLE NO 350 

CHIP COILS 
DC-DC CONVERTERS 

PULSE TRANSFORMERS 

Our Chip Coils is good for your miniaturization & sur­
face mounting. DC-DC Converters, pulse transformers 
& band pass fitters is now complete w~h excellent func­
tions. We also supply choke coils, power chokes. 
linearity coils, toroidal coils, pulse transformers, coupl­
ing transformers, power transformers and others. Send 
for details today . ' 

OEM and Agent 
Inquiries Invited 

ABC TAIWAN ELECTRONICS CORP. 
No. 422, Sec. 1, Yang Fu Rd .• Yangmei 32627, 

Taoyuan , Taiwan, R.O.C. 
Tel: (03) 4788088, Telex : 32379 ABCEC 
Fax: (03) 4755503 

CIRCLE NO 753 

WAVEFORM 
SYNTHESIZER 

• For IBM-PC/XT/AT and 
compatibles 

• Generates user-definable signal 
• Up to 2000 points per envelope 

$795.00 

478 E. Exchange St. Akron OH 44304 
(216) 434-3154 TLX: 5101012726 

1-800-553-1170 

UNIVERSAL 
PROGRAMMER 

For E(E)PROM,PAL,BIPOLAR 
8748/SlScriesPROGRAMMING 
& IC/Memory TESI1NG 

High-Speed, Parallel lntelface 

ONLY $545 COMPLETE 
Also Individual/Gang Units 

XELTEK 
473 Sapena Ct. Unit 24 
Santa Gara, CA 95054 

1-800-541-1975(Toll Free Order) 
Tel: (408)727.(;995, Fax: (408)727.(;996 

COD,VISA,Mc,AM EX Accepted 

CIRCLE NO 751 

CIRCLE NO 754 

CIRCllT 
BREAKERS 
..... CUiiy ... 
LAlllr eo.t .. . 
D1111 ........ ,._i:llcll\ 
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CY233-LINC Network Control 

Connect computers, intelligent _peripherals, or 
remote sites. 5v CMOS 40-pm IC. Up to 
57.6K baud. Many configs such as Peer LAN 
shown and Host LAN with opt token; Simpler 
Networks allow host to control up to 255 paral­
lel devices; UART mode with Ser/Par conver­
sion can connect parallel devices over serial 
interface and save wire. $75 ea ($30/100). Box 
3000, San Gregorio CA 94074. 415n26-3000. 

~Cybernetic Micro Systems 

CIRCLE NO ns 

Join Forces 
Combine your 
larger ads with 

EON Product Mart ads 
for a total 

marketing program. 

• EON Product Mart 

CIRCLENOn9 

smARTWORK"' PCB Software. In a fraction of the time hand 
taping requires, you can create double-sided printed-circuit 
boards with smARTWORK and your IBM PC. The program's 
features include continual design-rule checking , automatic 
pad shaving , a silkscreen , and text for all three layers. 
smARTWORK with autorouting is $895 (without. $495) and 
comes with a 30-day money-back guarantee. Credit cards ac­
cepted. Write or call 

Wintek Corporation 
1801 South Street, Lafayette , IN 47904 

(800) 742-6809 or (317) 742-8428 

CIRCLE NO 782 

To advertise in 
EDN April 27, 1989 

E(E)PROM, MEMORY CARD 

& MICRO PROGRAMMER 
$345 - $595 

• All 24(]2,{32 pin EProms/EEProms to 4 MBit (upgr. lo32MB). 

• Flash Eproms; Micros: 8741,-2,-8,-8H,-9,-9H,-51,-CS1,-52,-SS ... 
• Memory Ca rds: Seiko/Epson, Mitsubishi, GI. Modula r design . 
• Sta nd-alone E(E)Prom & Memory Card Duplication I Verify. 
• User friendly menu - driven driver for IBM-PC & Macintosh. 

• Built-in Eraserm mer option ($50). Gang-Module ready. 

• Full I year warranty. Direct technical support. Dedicated BBS. 

INTELLIGENT PROM EMULATOR $395 
• 2716 thru 27512 (2k to 64k bytes). Binary/Hex/l ntcVMotorola. 
• Intelligent features include: Reset Output, Address Compare, 
• Address Snapshot, Tr igger Input, Program Editing capabilities. 
• FAST data loadi ng via parallel port (64k bytes in less thanlOsec) . 

MC/VISNAMEX Call today for datasheets! 

. B&C MICROSYSTEMS INC. 
·~~~I 355 WEST O LIVEAVE. SUNNYVALE,CA 94086 

TEL: (408)730-5511 FAX, (408) 730-5521 

CIRCLE NO 777 

MICRO/Q 2000 
FOR A DECOUPLING CAPACITOR THAT SAVES 
SPACE, DEFEATS NOISE, IS SUITABLE FOR 
MILITARY APPLICATIONS AND BEATS 
HUMIDITY, HEAT AND COLD: 
ROGERS MICRO/Q® 2000 
Rogers Corp., 2400 S. Roosevelt, 
Tempe, AZ 85282. 602/967-0624 

CIRCLE NO 780 

ARE YOUR PRODUCTS RELIABLE? 

The RelCalc 2 Software Package predicts the reliability of your 
system using the part stress procedure of MIL-HOBK-217E, 
and runs on the IBM PC and full compatibles. Say goodbye 
to tedious, time consuming , and error prone manual 
methods' RelCalc 2 is very easy to use , and features menu 
windows, library functions, global editing for what-if? trials, 
and clear report klrmats. Try our Demo Package for $25. 

T·CUBEO SYSTEMS, 31220 La Baya Drive #110, Westlake 
Village, CA 91362. (818) 991 -0057 • FAX: (818) 991 -1281 

DATA ACQUISITION & 
CONTROL COMPUTER 

The SBS- 250 is an intelligent data acquisition 
and control system on a single card. Includes 
CAMBASIC™ language, a multnasking industrial 
compiler. Programs autorun on powerup. 
Supports bit manipulation, floating point, inter­
rupts, strings, serial oommunications, realtime 
clock and more. Built- in EPROM and EEPROM 
programmers. CMOS-temperature range - 20° to 
65°C. 12-bit AID converter, 32 digital 1/0 lines, 
two serial ports, keypad port , opto-module rack 
and relay drivers. Only 4.5" x 5". IBM PC can be 
used to develop prograrT's. Try rt FREE for 30 
days. Call 303-430-1500 fo r demo information 
and complete catalog. Price $395 single unn. 

0 OCTAGON SYSTEMS ss10W. 91st Ave. 
CORPORATION Westminster, 0080030 

CIRCLE NO n8 

~PC BOARDS 

' ~~~ PCB LED'S! 

l!E . ~ Put More 
LIFE in I) Your LIGHT 

LEDTRONICS, INC. m 213-676-7996 

FAX 213·676-0108 TLX 494-5454 
4009 Poe' c Co'1\t H ... y Tr 1101 C• (/ 'l"05L) 

CIRCLE NO 781 
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Analog Circuit Simulation 
Completely Integrated CAE with ICAP/2 

~~;;;;~;;;:\ From Schematic 
Capture through 

SPICE 

Simulation to 
Post Processing 

for Only 

$790t 
tlsSAcE$95, the complete SP1CE program that runs on all 
PC's. Performs AC, DC, and Transient analyses. 

lsSP1CEi386 $386, enhanced SP1CE for 386 PC's. 

ts.,ceNET $295, a schematic ed~or for any SP1CE 
simulator. Generates a complete SPICE netlist. 

t1NTuScoPE $250, a graphics post processor that 
performs all the functions of a digital oscilloscope. 

tPRESPICE $200, extensive model libraries, Monte Ca~o 
analysis and parameters sweeping. 

efT P.O. Box 6607 (213) 833-0710 
• ~ San Pedro, CA 30 Day Money 
tnlusolt 90734-6607 Back Guarantee 

CIRCLE NO 767 

STDbus 
12-SLOT CARD CAGE/BACKPLANE 

ASSEMBLY 
OFFERS MORE FUNCTION CAPABILITY IN LESS SPACE 

INEXPENSIVE ALTERNATIVE TO MULTIBUS I 
WITH SIMILAR FORM FACTOR 

IDEAL FOR PC BUS EMULATION APPLICATIONS 
CAN BE USED FOR 8 TO 16 BIT APPLICATIONS 

BUILT-IN COOLING SYSTEM 

Hybricon 
12 Willow Road , Ayer, MA 01432 

Factory Western Operations 
508-772-5422 602-921 -1824 

CIRCLE NO 770 

SU SERIES COILS 
COMMON MODE NOISE FILTERS 

Tokin America has recently expanded their ottering in the 
popular SU Series of line filter. These miniature filters are 
rated at 250 VAC with current ratings from .1 to 3.4 amps. 
Inductance values range from .5 to 60 mH with a minimum 
IR of 100 Mohms. The units are available in both v~ rtical and 
horizontal mount. Most effective in switching power supplies 
where there is concern for FCC, VDE, CISPR, & VCCI 
conformity . 

288 

Tokin America 
155 Nicholson Lane, San Jose, CA 95134 

408-432-8020 

CIRCLE NO 773 

To advertise in 

MULTIBUS'" AT-COMPATIBLE SBC 
Multibus I is now IBM PC/AT'" compatible with MAT286;• our newest 
single board solution. MAT286 includes all of the functions of a 10 MHz 
AT motherboard, plus 2 serial ports, a parallel port, two SBX expansion­
module interfaces, up to 512K EPROM/EEPROMISRAM, and up to 4M 
of parity-checked. dual-ported ORAM. A piggy-back card, MATxSYSIO. 
adds EGA, floppy, and SCSI interfaces. Embed all the guts of an AT, two 
SBX modules, and more . into two Multibus slots! 
Phone (408) 253-0250 or write for more information. 

Single Board Solutions, Inc. 
20045 Stevens Creek Blvd , Cupertino, CA 95014 

Multibus 1s a registered trademark of Intel Corp. 
MAT286 and MAhSYSIO are trademarks of Single Board Solutions. Inc. 
IBM and PC/AT are trademarks of International Business Machines Corp. 

CIRCLE NO 768 

EASY TO LEARN - EASY TO USE 
• Edit and compile while debugging in the IBM, PCIAT/XT 
• Access, display and modify variables with zero speed 

impact on 80961196 microcontrollers. 
• Symbolic debugging with ASM96, PUM96 & C96 
• Multiple hardware breakpoints. 

_.Annapolis Micro Systems, Inc. 

612 Third St., Annapolis, Maryland 21403 
(301) 269-8096 
CIRCLE NO 771 

Menu-driven software 
package for your PC 

JUNIOR · $125 
Take, store, retrieve, print data - perfect for Design 
Engineers 
LEVEL 2+ - $549 
Data acquisition plus: experiment control , data analysis. 
The complete package. 
FREE Demo Disk. Money-back guarantee 

Unkel Software inc 

62 Bridge St. Lexington, MA 02173 (617) 861 -0181 

Quartz Crystals 
Oscillators 
212-505-5340 
·World's Smallest 

• SMT & Thru-hole 
• 10kHz-35MHz 

• Ceramic & Metal Pkgs 

• Free Catalog 

Micro Crystal Division/SMH 

CIRCLE NO 769 

WE'RE BENDING THE RULES FOR CIRCUIT DESIGNERS 

BEND/FLEX'", the bendable board 
material flexible enough to bend into 
any multi-plane shape. Eliminates 
stiffeners, flex-hardboard connectors. 
May reduce cost of two- and three-plane 
interconnect systems by as much as 30%! 

Rogers Corporation. One Technology Dr., 
Rogers, CT 06263. (203) 774-9605 . 

CIRCLENOm 

DATA ACQUISITION 
PC-BASED 

MODULES: 
• 12 BIT A/D and D/A 
• 8 BIT A/D and D/A 
• 72 Line Digital 1/0 
• Counter/Timer 

1-800-553-1170 

478 E. Exchange St., Akron, OH 44304 
TEL: (216) 434·3154 FAX: (216) 434-1409 

TLX: 5101012726 
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Easy Emulator Pods &Adapters 
• Plug your PLCC and LCC packages into your PC board in 
minutes, with these easy-to-use adapters. 
• Emulator/logic analyzer users: Adapt-a-Pod •• converts 
one package type to another (LCC, PLCC, PGA, and DIPs). 
• Emulator pods and adapters are available in all standard 
pin counts, with ribbon or ribbon cable headers. 
• Custom engineering seMce5 and do+yourself emulator 
pod converters. Free catalog. Er 
Emulation Technology, Inc. 
2368-B Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

Complete Line of Debug Tools 
• Famous Bug Katcher'" makes it easy to attach test leads 
to !Cs in LCC, PLCC, PGA, PQFP, and DIP packages. 
• Eliminates need for noisy cables; reduces capacitance 
and inductance in your test set-up. 
• You can also quickly isolate and reconnect sections of 
your socketed IC with our Bug Isolator.'" (All packages.) 
• Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: E 
Emulation Technology, Inc. ~ 
2368-B Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

PAL/PROM Programmer Adapters 
• Any EPROM programmer designed for DIPs can be 
converted to accept LCC, PLCC, and SOIC sockets in seconds! 
• To program, just insert an Adapt-A-Socket'" between the 
programmer's DIP socket and the circuit to be programmed. 
• Designed to fit all types of EPROM programmers, including 
Data VO 120/121A, Stag, Logical Devices, etc. 
• Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: E 
Emulation Technology, Inc. ~ 
2368-B Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

Now you can connect any 

VLSI or surface mount circuit 

to any other type of circuit­

or test equipment-thanks to ron 
our complete line of adapters, con­

nectors, and test clips. Solve your 

"wrong prong" problem - contact 

us today for a free catalog! 

Quick, Fast Socket Conversion 
• Convert-A-Socket'" makes it a snap to convert a pro­
duction socket to a test socket and vice-versa. 
• Complete line of male/female sockets for LCC, PLCC, 
PGA, PQFP, and DIP circuits. 
• A must if you're inserting circuits repeatedly in low 
Insertion force sockets. 
• Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: Er 
Emulation Technology, Inc. 
2368-B Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

Quality Debugging Accessories 
• Protect your !Cs from damage. Insert and extract LCC, 
PLCC, PGA, and POFP packages with the right tool. 
• Use receptacle boards to build test fixtures, and mount 
your test equipment, in half the time. 
• Get the right production sockets, bum-in sockets, test 
leads, and test clips for SMT, SDIC, or PLCC circuits. 
• Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: E 
Emulation Technology, Inc. ~ 
2368-B Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

Over 150 Prototyping Adapters 
• Adapt-A-Boards'" make it easy to adapt standard or 
high-density prototyping boards to a variety of packages. 
• For all package types: LCC, PLCC, PGA, PQFP, SDIP 
(shrink DIP devices), SOIC and more! 
• Bottom configurations adapt to wire wraps or solder tail 
pins. Boards conform to Mil-C-45204. 
• Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: Er 
Emulation Technology, Inc. 
2368-B Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 
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COMPUTER ENGINEERING 

WE INVITE YOU TO SUPERVISOR 

PERFORM IN THE 
COMPANY OF IDEAS 

When you 're creating advanced electronic systems. nothing is 
more powerful or valuable than a strong idea. Interstate Electronics 
Corporation is a recognized leader in a wide range of sophisti­
cated technolog ies. such as the Global Positioning System (GPS) 
and Satellite Communication Systems. 

Interstate Electronics has experience both as a developer and 
user of GPS-based tracking systems. We've produced total GPS 
solutions for a wide range of military needs. from the Navy's Trident 
Program to the Strategic Defense Initiative (SDI) . We are also tak­
ing the lead in the U.S. Government Satellite Communications 
arena as part of the GE STGT (Second TDRSS Ground Terminal) 
team. We are developing a state-of-the-art demodulator for NASA's 
critical TDRSS Space/Ground communications system. 

As a principal player in the industry, we can offer you the oppor­
tunity to become an integral part of a wealth of dynamic projects. 
Consider the following opportunities: 

Communications Systems and Design Engineers 
Positions are available at all levels. with particular emphasis on 
those with advanced degrees (MS/PhD). The ideal candidates 
will have a background in one or more of the following areas. 
Dept. DH. 

• Digital demodulator design/modeling/performance estimation 
• Coding theory and implementation 
• QPSK/MSK/TCM waveforms 
• LPl /AJ communications 
• TDMA/FDMA/CDMA networks 
• VSAT technology/implementation 

Staff Engineers 
(Acoustic Signal Processing) 
Will support the business of airborne ASW and acoustic signal 
processing systems. Provide system designs for large signal 
processing systems including algorithms, architectures. busses. 
and displays. Prepare proposals and make customer presenta· 
tions. Experience with current sonobuoy processing and analysis 
systems including displays. and display formats. BS or MS in 
Engineering or equivalent and 5-10 years experience are required . 
Dept. DH. 

The projects we work on are the kind you would expect to find at 
an industry giant. But unlike a large company, you 'll be involved 
throughout the program, not just on one component. 

If you possess the above qualifications and would like to work on 
the leading edge of technology, we would like to talk to you. We 
offer an excellent salary and benefits package. For immediate 
consideration, please send your resume (indicating appropriate 
Dept. ) to: Personnel Department, Interstate Electronics Corp­
oration . 708 E. Vermont Ave .. Anaheim. CA 92803. Equal Oppor· 
tunity Employer U.S. Citizenship May Be Required . 
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INTERSTATE 
ELECTRONICS 
CORPORATION 
A Figgie Internat ional Company II 

System Energy. newest operating company of the Middle 
South Electric System , has an immediate opportunity for 
a Computer Engineering Supervisor at the Grand Gulf 
Nuclear Station near Vicksburg, MS. 

Responsibilities include providing the highest quality and 
reliable service of the process control computers, computer 
instrument systems, departmental computers and their 
software / databases; establishing and maintaining stan· 
dards of software development; and establishing hardware 
and software standard s for process computer 
implementation and operations. Qualifications include a 
BS in Engineering or Computer Science and 6-8 years 
experience in Project Managem ent. and staff or engineer· 
ing development of computer systems with I year in nuclear 
power or similar industry. A working knowledge of Real ­
time software development and UNIX operating systems is 
essential. At least I year of superv isory experience is also 
required . 

System Energy offers a competitive salary, comprehensive 
benefits package, relocation assistance and advancement 
potential in a dynamic environment. For immediate con­
sideration, please submit resume and salary history to: 
Laura Lillard , System t:nergy, P .O. Box 23070, 
Jackson, MS 39225-3070. EEO/ AA / M/ F /H I V . 

• -=-=w System 
- Energy 

CAREER OPPORIUNITIES 

1989 Editorial Calendar and Planning Guide 

Issue Recruitment EDN EDN News 
Date Deadline Editorial Emphasis Edition 

May 25 May4 Digital !Cs, 
Computer Peripherals Closing: May 25 

June 8 May 18 Components, Mailing: June 15 

Digital !Cs 

June 22 June I Semicustom !Cs, Closing: June 9 
Computer Boards Mailing: June 29 

July 6 June 15 Product Showcase - Closing: June 22 
Volume I, Power Supplies Mailing: July l l 

July 20 June 29 Product Showcase -
Volume II, Components Closing: July 21 

Aug. l July 1 l Integrated Circuits, Mailing: Aug. 10 

Computer Boards 

Call today for information: 
East Coast: Janet 0 . Penn (201) 228-8610 
West Coast: Mary Beth West (213) 826-5818 
National: Roberta Renard (201) 228-8602 

EDN April 27, 1989 



Unusual competence in discernment 
or perception; intelligent foresight. 

It's not so much what we see, but the way in which we see 
it. At. Motorola Semiconductor Products Sector, we believe 
every idea has potential. And every person has an impor­
tant contribution to make. Which is why we encourage our 
people to test their limits. To speak their minds. And to 
aggressively pursue even the most far-sighted goals. As a 
result, we received the Malcolm Baldrige National Quality 
Award in 1988 and we'll introduce hundreds of industry­
standard microelectronics products in the years to come. 

The visionary leader in semiconductor technology. 
Naturally, it's Motorola SPS. Join us in one of the 
following facilities: 

Motorola SPS - Arizona 
f.AD PROFESSIONALS 
Simulation, Modeling & Test - Will create inter­
faces for ASIC-related digital test of completed designs. 
Knowledge of test equipment such as Sentry, Trillium, 
Ando and Genrad is desired, as well as an understanding 
of Verilog, Quicksim and lkos logic simulators. Expertise 
in providing accurate simulation models, regardless of the 
simulator used, would be a plus. 

Systems Integration Test Group - Qualified individuals 
will be professional testers with specific experience in 
ASIC software product testing. Will also consider candi­
dates with heavy general software test experience. 

Macro Design CAD Support - Requires experience 
with Spice or Lsim circuit simulators and transistor design. 
Strong general knowledge of full custom design systems 
and tools such as CALMA, CAECO or other silicon 
compiler systems would be beneficial. 

System Design/Tool Development - Experience with 
system level CAD support is a key factor here. Will per­
form activities related to design synthesis using Synopsis, 
Sile, SCS or Trimeter tools. Familiarity with the Aida suite 
of tools is a must. 

Open Architectural CAD System/Systems Engineering 
- Engineering expertise in databases, operating systems 
and CAD frameworks is essential, as well as an under­
standing of hierarchical netlist configurations and incre­
mental data update. Familiarity with design management 
concepts within a framework database system would be 
a plus. 

Motorola SPS - Texas 
Microprocessor Architect/System Designers - Will 
contribute to processor and memory system design, plus 
interact with customers applying current/future MC88000 
RISC Microprocessors in high performance systems from 
PCs to mainframes. Also model system in 'C'/Silicon 
Compiler Systems behavioral language. Requires MSCS 
or MSEE and 5 years experience in computer design. 

VLSI CMOS Circuit Designers - Selected candidates 
will be responsible for high level modeling/simulation of 
architecture, CMOS logic and circuit design, layout design 
and verification using silicon compiler software on engi­
neering workstations. BSIMSEE and at least 3 years 
design experience required. 

Analog Circuit Designers - Will design oversampled 
analog-to-digital converters for implementation in CMOS 
andk>r BICMOS technologies. Requires thorough knowl­
edge of analog and digital IC design techniques, IC 
technology capabilities and CAD tools. BSIMSEE and 
minimum 5 years IC design experience are a must. 

Process Development Engineers - Will develop new 
processes/devices and troubleshoot problems, as well as 
improve/characterize processes using statistical tech­
niques. Must be experienced in all areas of wafer fabri­
cation, have an advanced degree, and 5 years experience. 
SRAM/DRAM experience a plus. 

Device Development Engineers - You will develop 
advanced silicon BICMOSICMOS technologies and 
integrate new process techniques into manufacturing, 
development and characterization of device design. Must 
have an advanced degree plus 5 years experience. 

A challenging career at either of our attractive locations 
includes a competitive compensation/benefits package. If 
you have the qualifications, call or send a resume to the 
facility of your choice: 

Motorola SPS, Arizona 
Attn: SPS-306 
725 S. Madison 
Tempe, AZ. 85281 
(602) 994-6394, COLLECT 

Motorola SPS, Texas 
Attn: ATX-123 
1112 W. Ben White Blvd. 
Suite 200 
Austin, TX 78704 

,.-----..,,-.,-----, 

(800) 531-5183, lOLL FREE 
(512) 462-0202, COLLECT 

@MOTOROLA 

Semiconductor Products Sector 
An Equal Opportunity/Affirmative Action Employer 

IT'S IN OUR NATURE. 
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TECH FAIR is the easy and confidential way to find out what you're worth in 
today's job market. 

You'll meet recruiters and top line management from the nation's top 
technical companies. You'll discover fresh, new professional challenges. And you'll 
learn what you're really worth in today's job market. 

Representatives from leading corporations will be on hand to interview 
qualified candidates at the following TECH FAIR locations: 

May 8-9, Grand Kempinski 
Hotel, Dallas, TX 

May 15-16, North Haven, CT 
May 22, Orlando 
May 23, Melbourne, FL 
June 12-13, Boston 
June 14, Merrimack, NH 
June 22-23, Washington, DC 
June 26-27, Los Angeles 
July 24-25, St. Louis 
August 28-29, Boston 
Sept. 18, Columbia 
Sept. 19-20, Washington, DC 

Sept. 25-26, Denver 
Sept. 27, Colorado Springs 
October 2-3, Dallas 
October 16-17, Los Angeles 
October 18, \\bodland Hills, CA 
October 23-24, Minneapolis 
November 6-7, Chicago 
November 13-14, Boston 
November 15, Braintree, MA 
November 20-21, Washington, DC 
December 4, Orlando 
December 5, Melbourne, FL 

So come to the next BPI TECH FAIR in your area. It may be well worth 
your while. 

~ 2985 Multifoods Tuwer • 33 South Sixth Street • Minneapolis, MN 55402 • (612) 370-0550 

• 
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SOFTWARE DESIGN ENGINEERS 
Data Communications ... High Visibility ... 

Advancement Opportunities 

General DataComm provides customers around the world 
with the most sophisticated, comprehensive selection of inte­
grated data communications products available. As a resu It of 
our aggressive new product design schedules, we are cur­
rently seeking individuals for a variety of engineering "soft­
ware/firmware design" positions. 

• Network Management 
• Relational Database 
• UNIX™ /"C" 
• Real Time Firmware 

Sr. Software Engineers I Software Engineers • ISDN, T1, Baseband 

Opportunities are available in our Network Management Systems Directorate, where you would 
be intimately involved in several generations of design for multi-user distributed Network Manage­
ment Systems. For these opportunities, you should possess a BSCS/BSEE or equivalent with 3-5 
years of experience in software product development and have high proficiency in "C" programming 
in UNIX™, DOS environments. Background in Sun Microsystemsiz or relational database design is 
helpful. 

Sr. Firmware Engineers I Firmware Engineers 

Other engineering positions are available in our Transmission Development Directorate. You will 
be involved with the design of state-of-the-art transmission products such as ISDN, T1, Baseband and 
Analog modem products. For these positions, you should possess a BSEE/BSCS or the equivalent 
with 3-5 years of experience in Assembly language programming; some higher level language back­
ground is essential. Also, experience in real time microprocessor programming is required. (Intel 
8086 or Z80 or Z180). 

We can offer you a highly competitive salary, healthcare and dental programs, life insurance, 
100% tuition reimbursement, profit sharing, and a stock purchase plan. 

For further Information on these and other available positions, please telephone 
David G. Alley, Manager, Human Resources, at (203) 758-1811 or write In confidence to: 

General DataComm, Inc. 
Technology Center 

Middlebury, CT 06762-1299 

General DataComm, Inc. 
An Equal Opportunity Employer 

PUT THE POWER OF PARTNERSHIP TO 
WORK FOR YOU WITH EON'S WEEKLY 
RECRUITMENT PACKAGE Reach the best-qualified engineers in the 

electronic OEM weekly. And do it for less. 
Place equivalent space in both the Career 
Opportunities section of EDN's magazine 
edition and the Career News section of 
EDN's news edition in the same month 
and get a 30% discount off EDN's 
news edition rate. 

EDN April 27, 1989 

Contact Roberta Renard, 

National Recruitment 

Sales Manager at 

2011228-8602 for 

complete details. 
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Catalog describes 
protocol analyzers 
The New Wave of Digilog Auto­
matic Protocol Analyzers presents 
a wide range of protocol analyzers 
and applications for field service, 
data-communications operations, 
and protocol development, includ­
ing the vendor's recent models for 
ISDN analysis/emulation. The 20-
pg catalog has display-screen pic­
tures of protocol decodes, response 
times, and statistical charts that 
show how you can use the equip­
ment for a variety of needs. Also 
included are a variety of turnkey 
applications for automatic monitor­
ing, testing, and analysis of data­
line performance. A specifications 
list completes the catalog. 

Digilog Inc, 1370 Welsh Rd, 
Montgomeryville, PA 18936. 

Circle No 415 

Leaflet discusses 
analyzer-emulation software 
The vendor's 4-pg brochure ex­
plains its Maestro II multichannel 
analyzer-emulation software pack­
age. The 4-color publication de­
scribes the software, listing its 
functions, features , and hardware 
prerequisites. The vendor also of­
fers a demonstration disk of the 
software. 

EG&G Ortec, 100 Midland Rd, 
Oak Ridge, TN 37831. 

Circle No 416 
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Package helps you 
evaluate circuit-design series 
This kit for qualified design engi­
neers contains software and a 60-pg 
illustrated tutorial guide, which de­
scribes the Series II Tango-PCB 
and Tango-Route design-soft­
ware programs. The guide details 
features such as pop-up menus, 
user-definable macros, on-screen 
prompts, context-sensitive help , 
and "Hot Spot" and "Speed Palette" 
aids. 

Accel Technologies Inc, 7358 
Trade St, San Diego, CA 92121. 

Circle No 417 

LASER DtOOE 
INSTRUMENTATION 

SILX 

Fold-out focuses on 
laser-diode instruments 
The vendor's 6-pg fold-out brochure 
features three recently released 
products for laser-diode instrumen­
tation and highlights its expansion 
into custom-built laser-diode test 
systems. The pamphlet provides 
specifications, illustrations , and 
prices. 

ILX Lightwave Corp, Box 6310, 
Bozeman, MT 59771. 

Circle No 418 

Product note tells you 
how to increase throughput 
The company's 16-pg product note 
explains how to increase functional 
test throughput using its 3458A 
multimeter. Topics covered include 
an overview of parameters (as well 
as reading rates) that affect 
throughput; de and ac measure­
ments; choosing the best mode and 
specifications for each application; 
frequency and period-selecting gate 
time to achieve allocation, intelli-

gence, and computer/multimeter in­
teractions; and benchmarks with 
properly structured programs to 
obtain maximum throughput. 

Hewlett-Packard Co, 19310 
Pruneridge Ave, Cupertino, CA 
95014. 

Circle No 419 

Directory of 
ESD-control products 
Three 4-in.-post binders contain the 
vendor's "yellow pages" of the CPF 
(Control Products File) Consulting 
Service for ESD-control products. 
The reference work is updated 
quarterly and is organized for com­
parative analysis of products. It's 
arranged in seven major categories: 
chemicals & raw materials; ionizers; 
meters and instruments; packaging; 
personal protection; workstation 
products; and miscellaneous (tools, 
tapes, etc). More than 2000 pages 
of data sheets, indexes, directories, 
and selection tables are included in 
the document. In US, first-year 
subscription, $335; renewal, $195. 
In Canada, $375 and $225, respec­
tively; elsewhere, $425 and $260, 
respectively. 

SAR Associates, 1212 E 
Dominick St, Rome, NY 13440. 

INQUIRE DIRECT 

Listing of code numbers 
The 1989 EIA Source Code and 
Date Code Booklet provides an al­
phabetical and numerical listing of 
code numbers that are stamped or 
marked on electronic products to 
identify production sources or the 
vendor assuming product responsi­
bility. The EIA code system also 
provides for adding numerals to the 
source-code symbol to identify 
both the year and week of produc­
tion. $5. 

Electronic Industries Associa­
tion, EIA Engineering Dept, 2001 
Eye St NW, Washington, DC 
20006. 

INQUIRE DIRECT 
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F~~ HEWLETT & Tekt • 
a=~ PACKARD@ ronD<@ 

DIGITAL SCOPES/WGIC ANALYZERS 
CAN'T DO THIS! 

• OnlyORION 
delivers next-generation 
high performance 
integrated digital scope· 
logic analyzer with ... 

• Precisely time-aligned 
analog and digital traces. 
Our 9240 is a whole new class of 
instrument that vastly simplifies 
development. It lets you watch time­
correlated digital and analog signals 
from the same circuit-on the same 
screen at the same time. And with 
nano-second correlation. 

• SELECT™ triggering 
for swift sure capture 
of rare events. 
SELECT triggering bridges the gap 
between scope and analyzer tech­
niques. So you can simultaneously 
trigger on digital and analog signal 
abnormalities. With the 9240's deep 
trace buffer you can scroll back and 
forth in time, observing fault-causing 
conditions, and after effects. 

• Customizable 
instrument configurations. 
The 9240's general-purpose hardware 
allows you to configure and imple­
ment numerous application-specific 

Omnilab display demonstrates capture of an 
imbedded analog glitch !in top trace I with time-aligned 
presentation of the waveform's digitized bit values 
lcenterl and numeric states. 

instruments on the screen of your AT 
or PS/ 2, via simple pull-down menus. 
Then save the setups for future use. 
It's like having a bench top of instru­
ments m one. 

• And with the 9240, you can 
troubleshoot in fewer steps than ever 
before-without compromising high 

NO-COMPROMISE 9240 SPECIFICATIONS 

mTM.IKllllCIPE 1.-: AllAl.YlEI 

lligilil8ls: r..11111 • : 48, lining and stale ........... : 100MHz Asywdwanaus Clocting: 34 MS/son 48 inputs; 
Sing!l-Sllll OigM!g: 34S/n121MMS/s 204 MS/son 8 inpla 
....-.~: IBIMS/s Rlplliliw Sllllpling: 680 MS/son 48 inpuls 
Sc-.Fm:ls: 10.Vldil• tOV/div SyRdwuntaas Clocting: Oto34MS/s 

ilt-2-5.....-e AaiaisiliaR Melnoly: .u: samples(!~~ 
AtlC8nl l.111!111: 41: llliK ll!lliNll llismelllMy lllJtions: llWf 33111icrop1oces$o 

-~IS laTAl.~US 

!Mid: .. VIDBV......_Bbil Dllpm: 24,74Ftri-slml*Mrs 
Cldt llngllt: 411141: ... (16K aplionall CldtUnllt: 411141: ..._,, • .-it 
Clactitlg: 34S/sto34MS/s Tiiing: 34Sls•34MS/s 
Fundions: Record. edit and playbact l1Rlions: Almnl, edit end pllwllact 
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performance specs. Result: you'll 
pinpoint faults faster and easier, get 
your designs to market quicker. 

For more information, call toll free 
800/245-8500. In CA: 415/361-8883. 
Or write for complete literature. 

• Available for rent from 
U.S. Instrument Rentals, Inc., 
800/824-2873 

..=.. =· ..=.. ;: --------- ---- -----------------------
INSTRUMENTS 

702 Marshall Street 
Redwood City, CA 94063 
TELEX: 530942 FAX: 415/361-8970 

Computer Integrated Instrumentation 

*SELECT triggering is a trademark of Orion Instrument, Inc. 
Hewlett Packard is a trademark ofHewictt Pachrd C,ompany. 
Tektronix is a trademark ofTdtuonix, Inc. 
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ED N's 
CHARTER 
EDN is written for profes­
sionals in the worldwide elec­
tronics industry who design, 
or manage the design of, 
products ranging from cir­
cuits to systems. 

EDN provides accurate, de­
tailed, and useful information 
about new technologies, 
products, design techniques, 
and careers. 

EDN covers new and devel­
oping technologies to inform 
its readers of practical de­
sign matters that will be of 
concern to them at once or 
in the near future. 

EDN covers new products 
• that are immediately or 

imminently available for 
purchase 

• that have technical data 
specified in enough de­
tail to permit practical 
application 

• for which accurate price 
information is available. 

EDN's Magazine Edition 
also provides specific ''how 
to" design information that 
its readers can use imme­
diately. From time to time, 
EDN's technical editors un­
dertake special " hands on" 
engineering projects that 
demonstrate EDN's commit­
ment to readers ' needs for 
useful design information. 

EDN's News Edition also 
provides comprehensive 
analysis and news of tech­
nology, products, careers, 
and distribution. 

EDN 
275 Washington St 
Newton, MA 02158 
(617) 964-3030 
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ADDED VALUE 
really makes 
Samteca 
different breed 
of cat. 

SAMTEC-YOUR BEST BUY 
IN INTERCONNECTSI 

"Samtec's fair • and ADDED VALUFS • pi:icefor • 
gwe~umore ~~m 
W8.)1S that really COUDtf" Sam Shine, Proprietor 

ADDED VALUE-Tri· 
pie inspection of all 
partB-before and after 
assembly and during 
packaging. You get the ~ right components in 

~ perfect condition. 

ADDED VALUE-Fut, 
friendly sales and 
order entry staff. 
Technical answers by 
trained people who 
know Samtec products 
as well as competitive 
units. 

ADDfD VALUE-DeliY­
ery when )'OD need 
It, as promised-with­
out excuses. Phone 
notification 3 days 
ahead if shipping date 
is changed. You always 
know your order stabJS. 

ADDED VALUE-Your 
"Sudden Samples" 
will be sent within 24 
hours. You will always 
know the part is right 
before you order. 

ADDED VALUE-l.ero 
fallure rate for Sam· 
tee interconnects. This 
is reported by Samtec 
customers-demand· 
ing OEM's, large and 
small. 

ADDED VALUE--Care­
fol, tested packae:. 
that assures per~ 
on-time delivery. Mem­
ber, "National Safety 
Transit Authority." 

Now, with all of these unique Samtec ADDED VALUFS-c:an 
you afford to buy your critical interconnect devices on price 
alone? More and more smart specifiers realize that avoiding 
problems before they occur far outweighs the initial apparent 
price savings. Quality is remembered long after price is 
forgotten. Your customer will remember, too. 

Interconnect Gulde plus New 
JOO.page Catalog. Guide is valuable 
reference for keeping up with new inter­
connect products and applications. 
New revised, enlarged Catalog has 
specs on all Samtec interconnects. 

CIRCLE NO 152 

Pin grid 
array sockets. 

EUROPEAN SAllTEC, Ltd. 35 Deerdykes View, 
HEADQUARTERS: Westfield, Cumbemauld, Scotland G68 9HN 

Phone: 02367 39292 FAX: 2367 27113 TUC: n6158 

SUDDEN SERVICE 
WORLDWIDE SAllTEC, Inc. P.O. Box 1147, 810 Progress Blvd., 

HEADQUARTERS: New Albany, IN 47150 USA Phone: (812) 944-6733 
lWX: 810-540-4095 TUC: 333-918 FAX: 812-948-5047 

Machined sockets, terminal strips. Shrouded IDC terminal strips, 
matching cable strips. 

.025" sq. terminal strips, single/ 
double row, shrouded. 
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~ ~ 1989 
OMPUTER LECTRONICS & 

TECHNOLOGY TOURS 
~ 
~~UMMER FAR EAST COMPUTER TOUR 

June 1-10, 1989 

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

~ •TAIWAN COMPUTER SHOW 

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

Visit: 
BRAZIL and ARGENTINA 
Featuring: 

, •BRAZIL COMPUTER SHOW 
~ •BUSINESS MEETING IN ARGENTINA 

-..'UCTOBER FAR EAST ELECTRONICS/COMPUTER TOUR 
October 8-21, 1989 

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

CALL, WRITE OR FAX FOR MORE INFORMATION I am interested in: _ Summer Computer Tour EDN042789 

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

Name 
870 Market Street, Suite 920 

San Francisco, CA 94102 
Tel: (415) 433-3072 

Company ________________________ Tix: 278124 CTI UR 
Fax: (415) 433-2820 

Title 
------------------------------~ 

City . State Zip 
------------------~ -------

TEL: TLX: FAX: 
----------~ -------~ 
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B c M 0 

Now high speed with 
low power is cost-effective. 
We're making a big splash with our new 
family of BiCMOS logic arrays: The AMCC 
Q14000 Series. 

s 

Because now, for semicustom array applications such 
as high resolution graphics, telecom, work stations, 
computers and military designs, we're offering high 
performance, low power, and competitive price. 
Sea of CellsN Architecture. 
At the core of this next-generation BiCMOS gate array 
family, is our unique Sea of Cells architecture, with 
triple-metal interconnections, offering up to 13,440 
gates. It's a highly effi­
cient channelless design 
that allows our arrays to 
achieve gate utifuation 
over 95%. 
Flexible 1/0 Structure. 
AMCC's flexible 1/0 
design allows a multitude 
of interface combinations 

Ql4000 SERIFS 
QZIOOB Q6000B 

F.quivalentGates 2160 5760 

Gatellelay ' lnsl .7 7 

Maximum 1/0 180 180 Frequency IMHzl 
Utilization 95lb 95% 

Power .5· 2.0 1.0·2.8 Dissipation lWI 
1/0 80 132 
'Jemperature 
Range ~1~c· ~~· 
'12ioad>2mmofmetall 

Q!llOOB Q14000B 

!lln 13,440 

.7 .7 

180 180 

95lb 95% 

2.0·4.0 1.4 · 4.4 

160 226 

~1~· COM, 
MIL 

u p D A T E 

such as lOOK or lOKH ECL, 
TTL, CMOS with either single or 

dual supply. And, no translators are needed. 
Design Made Easier, Too. 
High performance gate array design is simplified 
because of embedded bipolar drivers in each macro. 
And, with only 25 ps per fanout load degradation, criti­
cal paths are less affected by metal routing and fanout. 
In addition, the bipolar drivers yield symmetrical 
loading degradation for rising and falling edges. Less 
pulse width shrinkage. 
Useful Information and Evaluation Kits. 
For more information on our new BiCMOS logic arrays 
with Sea of Cells architecture, in the U.S., call toll free 
(800) 262-8830. In Europe, call AMCC (U.K.) 44-256-
468186. Or, contact us about obtaining 
one of our useful evaluation kits. 
Applied MicroCircuits Corporation, 
6195 Lusk Blvd., San Diego, ~g~ 
CA 92121. (619) 450-9333. 

A Better BiCMOS Array is Here. 
AJ~gg 
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LOOKING AHEAD 

World CD market to grow 
to $10 billion in 1989 
Shipments of compact disks to the 
United States, Japan, and Europe 
soared to 390-million units in 1988, 
up 56% from 250-million units in 
1987, according to BIS Mackintosh 
(Luton, England). The company ex­
pects CD shipments to these three 
areas to grow 38% in 1989 to 540-
million units and the overall world 
demand for CDs to increase to over 
650-million units, worth almost $10 
billion at retail. 

Japan is now well into the CD 
age: Over 20% of all homes are 
equipped with CD players, and the 
markets are building for in-car and 
portable CD players. In contrast, 
less than 15% of homes in Europe 
and the US have CD players, but 
the CD-media market values there 
have exceeded those of vinyl re­
cords. In Europe, CD sales already 

RISC p.Ps to skyrocket 
to sales of $600M in 1993 
Total revenues for 32-bit reduced­
instruction-set computer (RISC) 
chips will grow from $34 million in 
1988 to $600 million in 1992, accord­
ing to a report recently published 
by The Information Network, a San 
Francisco-based market research 
company. This increase corresponds 
to a compound average growth rate 
of 77.6%; the company expects the 
sales of 32-bit complex-instruction­
set computer (CISC) chips to in­
crease at a compound average 
growth rate of 14.1% during the 
same period. 

The report also predicts that 
RISC consumption will grow from 
3.1% of all 32-bit µPs in 1988 to 

EDN April 'l:l, 1989 
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RECORDED MUSIC FORECAST SUMMARIES 
(US, JAPAN, AND EUROPE TOTAL ALBUMS) 

1988 1992 
VOLUME 

(MILLIONS) VALUE($M) 
VOLUME 

(MILLIONS) VALUE ($M) 

COMPACT DISK 390 

CASSETTES 787 

VINYL 295 

TOTAL ALBUMS 1,472 

match those of music cassettes, ac­
cording to the market research com­
pany. 

Manufacturers are continuing to 
price CDs to meet market expan­
sion rates and the price tolerances 
of consumers. Overall, prices are 
down, mainly due to the introduc­
tion of budget-priced CDs, espe­
cially in the US. But popular CD 
releases will still cost 35 to 40% 

22.6% in 1993. IC manufacturers 
held the largest share of the market 
in 1988 with revenues of $30 million. 
These companies, such as AMD, In­
tel, Mips, Motorola, and Sun Mi­
crosystems, are expected to in­
crease their market share from 
88.2% in 1988 to 95% in 1993. 

RISC chips will be used in both 
workstations and embedded sys­
tems, but the chips used in these 
two application areas will differ be­
cause of interrupt-response speed 
and memory-size constraints. Ac­
cording to the report , unit ship­
ments of embedded RISC proces­
sors will grow from 41.2% of the 
market in 1988 to 76.2% of the mar­
ket in 1993. 

However, The Information Net-

6,020 870 10,795 

6,740 720 6,360 

2,835 147 1,460 

15,595 1,737 18,615 

(SOURCE: BIS MACKINTOSH) 

more than vinyl records and cas­
settes indefinitely as the older me­
dia fade into obsolescence in the 
1990s. 

work also reports that many com­
puter companies have been design­
ing their own RISC processors in 
house. These companies include Ap­
ple Computer, Apollo Computer, 
Ardent, Compaq Computer, Hewl­
ett-Packard, IBM, and Ridge 
Computer. Proprietary gate-array 
RISC implementations could under­
mine the efforts of RISC processor 
manufacturers. 
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RELIABIU 

Eleven different components are )'Mir building blocks 
for thousands of intereoonection solutions. 

Molex's unique family of KK8 connectors provide the flexibility 
you need to build interconnections precisely suited to your applications. 
Choose either tin or cost-effective selective gold plating, .100" or 
.156" center spacing. Crimp, solder, or insulation displacement 
termination .. . top, side, or bottom pin entry ... break-to-sire pin 
headers ... they're all standard in thousands of demanding applications. 

The KK8 connector is just one 
example of bow we take a t.oUI systems 
approach. 

The KK8 System includes a complete 
line of wire termination tooling from simple 
hand crimp tools to the latest automated 
insulation displacement technology. The 
System also features sophisticated pinsetting 
equipment Molex goes beyond merely 
supplying connectors to help todays 
manufacturers achieve lower installed costs. 

Dependable service worldwide. 
Our multi-national organization 

offers you interconnection design, 
manufacturing, and technology from 

around the globe, with dependable 
supply and local service. 
• Molex distributors stock 

the full line of flexible 
• • KK8 connectors for 

• • your every need. 

Jnt.ensttie QC programs 
provide reliable connectors 
that stand up to tough 
errvironmentnl conditions 
in a wide range of 
electronic appliootions. 

r:'\I ® mo ex 
'-..._/ 
Seroice To Th£ 

Oustmner ... l*>rldwide 

Corpomte Headqumters: 2222 Wellington Ct., Usie, 
Northern Asia Headquarters: 1bkyo, Ja 

'-4550 • European Headquarters: Munich, West Germany, 49-89'-49(J()937 
~lthetlStAsia Headquarters: Jurong Tuwn, Singapore, 65-2654755 
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Exotic Customs 
atUDS 

The special requirements of data communi ­
cations OEMs have resulted in some pretty 
exotic custom modem cards from Universal 
Data Systems. 

Funny form factors are routine fare for 
our custom designers. Nooks, crannies and 
odd card configurations are no problem, given 
sufficient square inches of real estate. UDS 
engineers have even designed a circular 212A 
modem that fits in the back of a residential 
electric meter. 

For a generous sampling of 
UDS'custom design capabili· 
ties, ask for the new, free OEM 
modem brochure. 

Non-standard modem functions are 
another specialty of the house. For example, 
UDS engineers have already designed and 
delivered a hand-held RF modem operating 
at 4800 bps! 

UDS has successfully handled more 
than 3,000 custom OEM modem design 
assignments - and we can handle yours. 
To begin an exotic custom, contact Universal 
Data Systems, 5000 Bradford Drive, Huntsville, 
AL 35805. Telephone 205/721-8000; 
Telex 752602 UDS HTV. 

Universal Data Systems 
® MOTOROLA INC. 

/nfonnation Systems Cit014> 
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At Signal, our standard transformers 
have become the industry's custom. 

We didn't start out as the market lead­
er. And it didn't just happen. We work­
ed at it. Every day. Finding out what 
you need. Paying attention to what you 
said. Pretty soon, we were doing more 
than recognizing the trends . We were 
helping to create them. 

We've got the list of transformers to 
prove it . Our SPLIT/TRAN ' split bob­
bin transformer ... the one that intro­
duced non-concentric windings. The 
FLATHEAD ' , featuring low profile 
split bobbin designs for low height 
and dense board stacking. Our 2-4-1 '" 
Series - high efficiency transformers 

An 
Insilco 
International 
Specialty 
Company 

at a low cost. Plus our VDE certified 
ONE-4-ALL '" . And the compact, high 
power MORE-4-LESS '". 

Every one of these is now an indus­
try standard. Yet they're just part of a 
broad line of UL, and often VDE, ap­
proved products that deliver repeat­
able performance time after time. (On 
most transformers CSA certification 
is also available.) 

We set the trends in services, too . So 
you can count on immediate delivery 
from an inventory of over I.DOD differ­
ent transformers and chokes. With our 
PRONTO service, we'll ship in moder-

ate quantity within 24 hours. Or, say 
the word, and we'll ship your order JIT. 

Best of all, you get our expertise, 
service and reliability ... and still pock­
et real savings. How? We sell direct. 
There are no salesman. And no mid­
dleman mark-ups. 

Call today for our free catalog. And 
get accustomed to our high quality 
standards for yourself. 

BUY DIRECT 
(516) 219·5777 

Signal 
Transformer. 

• mer1can 
/Original: 

For immediate tech data, see '88~89 EEM, A-2372 to A-2389 

Signal Transformer 
500 Bayview Ave. 
Inwood, NY 11696 
FAX: (516) 239-7208 
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