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This is a trade-in offer from 
Digital that 's really a trade-up offer. 

From now until June 30, 1990, 
Digital will give you $2,000 off the 
purchase price of our DECstation™ 
3100 workstation when you trade in 
your Sun 3/50. And up to $4,000 off 
when you trade in your Sun 3/60. 

But money off is only part of 
the deal. Because, even at full price, 
the DECstation 3100 workstation is 
the industry's price/performance 
leader-a 14 integer MIPS UNIX®­
based RISC workstation at under 
$1,000 per MIPS . 

The DECstation 3100 workstation 
also lets you run DECwindows'" soft­
ware. It gives you a consistent user 
interface for accessing applications on 
your network whether they're running 
UNIX®/ULTRIX'~ MS-DOS® or VMS':' 
You choose what you want and it 
shows up on screen the way you want. 

And finally, there's a long list of 
applications that run on the DEC­
station 3100 workstation and on all 
our UNIX-based RISC workstations 
and systems. A list that's growing 
longer daily. 

Take advantage of the best offer 
under the sun now. Call 1-800-34 3-

~===-=--==:----i~~~lll"---==--41'.'""1040, ext. 874 . Digital 
has 
it 

now. 
© Digital Equipment Corporation 1989. The Digital logo, Digital has it tlO\I/', DECstation, DECwindows, VMS and ULTRIX 11.rc trademarks of Digital Equipment Corporation . 
UNIX is a registered trademark of American Telephone & Telegraph Company. MS· DOS is a registered tr.idem ark of Microsoft Corporation. 
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No two • e. 

While HP's high-performance plastic 
optocouplers may all look alike, the 
similarity is only skin deep. 

Because with five complete lines of 
plastic devices, there's clearly more to 
our optocouplers than meets the eye. 

Like a wide variety of single- and 
dual-channel devices that provide you 
with an equally wide range of per­
formance options. 

Such as an innovative dual-channel 
design that combines a photon-emit­
ting diode with a high-speed photon 
detector to produce data rates up 
to40MBd. 

You also get high-output gain from 
low-input current or high-speed logic 
gates. Wide Vee from 4.5 to 20 volts. 
And a unique AC/DC interface. 

Plus they're compatible with TTL, 
STTL, LSTTL and, in many cases, 
CMOS logic families. 

All of which makes HP's optocouplers 
the ideal solution for problems caused 
by ground loops and induced com­
mon mode noise. 

Best of all, they're from HP. So 
you 're assured of our commitment 
to excellence in service, support 
and reliability. 

CIRCLE28 

Which, come to think of it, is the one 
thing that makes all our optocouplers 
exactly alike. 

To find out more about HP's opto­
couplers, call 1-800-752-0900, ext. 
644G. And see why looks aren't 
everything. 

There is a better way. 

F//0- HEWLETT 
~~ PACKARD CG08907 



INTRODUCING THE 
THAT DO WHAT 

Samsung's new Programmable 
Flag FIFOs extend our FIFO leader­
ship by doing things for system 
performance that even the fastest 
conventional FIFOs can't. 

Because the programmable flags 
let you tell the FIFO what to do. 
Specifically, when to empty or load. 
Which you can 't with any other 
available FIFOs, because their flags 
aren't programmable. 

SAMSUNG'S NEW PROGRAMMABLE FLAG FIFOs. 

Part No. Org. Packages Offset Read/Wri1e Speeds 

KM75CIOIA 512x9 28-p;n DIP. 128 byre Up to20ns 

32-p;n PLCC 

KM75CI02A 1Kx9 28-p;n DIP. 256 byre Upto20 ns 

32-p;n PLCC 

What you gain, is a significant 
increase in system speed. Because you 
can tell the FIFO to empty (or load) 
when the data flow of the system is 
pausing anyway. 

Conventional FIFOs, when the 
fuU flag is used, empty only when 
they're completely full. And when 
they are full, the system has to stop 
and wait because there's no FIFO 
capacity available to load into. Over 
a stretch of time, that stopping 
occurs quite often, and the result is 
a slower system. 

Our Programmable Flag FIFOs, 
which can empty at the inherent 
data-flow pauses of the system, when 
it's going to have to stop anyway, solve 
the problem. 

s t. 
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WORLD'S FIRST FIFOs 
THEY'RE TOLD. 

\ ' I t I I 1 1 . ' , 
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There i.1 a way to use conventional 
FIFOs that optimizes performance, 
but it does so by means of their half­
full flag. The result being that one 
half of the FIFO is virtually never 
used. Samsung's Programmable Flag 
FIFOs give you full use of your 
density, and can result in your being 
able to gain the same usable density 
with fewer FIFOs. 

We offer two Programmable Flag 
FIFOs ~a 512x9 and a 1Kx9 ~both 
with three flags: an Almost-Full Flag 
and an Almost-Empty Flag, with off­
sets that are programmable in 2-byte 
increments to let you define quanti­
ties; and a selectable Half-Full or 
Full-Empty Flag, which can let you 
eliminate a counter. 

Besides having programmable 
flags, these new FIFOs are excep­
ionally fast. They are backwards­
compatible to non-programmable 
standard FIFOs. 

And they're a major technological 
advance on the fastest standard FIFOs, 
which are also Samsung products. 

Request data sheets and avail­
ability information today by calling 
1-800-669-5400, or 408-954-7000. 
Or write to FIFO Marketing, Samsung 
Semiconductor, 3725 North First 
Street, San Jose, CA 95134. 

c8 ~~~o~G 
©Sam.Jl11tg &mll.YmiJm:tor, Inc., 1989. 
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2.5KHz to 500MHz 250mWanly $199 
POWERFUL up to +23dBm undistorted output 

FLAT within 1dB 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 t8 by 2.6 ih. 

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 

0 Mini::i~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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HIGH-SPEED HARDWARE 
ANALYSIS MODULES: THE 
NEWEST PAYOFF TO YOUR 

PRISM INVESTMENT. 
'~ ~ 'L· ~ 

Visualize a logic ana­
lyzer that not only 
acquires microproces­
sor state and timing 
data, but adds emula­
tion capabilities ... 
real-time performance 
analysis ... high-speed 
timing for hardware 
analysis ... and more­
all usable in precise, 
time-correlated com­
bination. All configura­
ble to your needs. 

That's the visible edge of the Prism 
3000 Series from Tektronix. 

The new dimension of 
integrated analysis. 
MPM/MPX Microprocessor control 
Module Real-time performance analysis 

200 MHz hardware analysis 
SK deep state analysis 
Multiple Microprocessor support 

HSM 2 GHz hardware analysis 
Module 300 MHz state analysis 

1 .5 ns glitch capture 
12K transitionally-stored memory 
(up to 120K effective memory) 

Now, just months after introduc­
tion, Prism breaks new barriers 
with a module specifically 
designed for hardware analysis 
-for detecting glitches, meta­
stability, and the other common 
problems of state machines, 
busses, and sequential logic. 

Copyright © 1989 Tektronix, Inc. All rights resel'Ylld. PRZ-001 

Start with up to 96 channels 
and the exceptional 
resources of Prism's 8/16/32-
bit microprocessor integra­
tion modules. 

You can view 200 MHz timing 
and SK of state data per channel , 

(Above, left) Real­
time performance 
analysis as displayed 
on the Prism color 
monitor. (Left) The 
Prototype Debug Tool 
provides easy access 
to microprocessor 
control and debug 
functions, including 
the ability to set hard­
ware and software 
breakpoints, and to 
patch registers and 
memory. 



(Left) Prism microprocessor 
and hardware analysis mod­
ules are user-installable in 
minutes. These application 
modules can be configured in 
any combination, up to a max­
imum of ten cards per system. 

all time-correlated and 
integrated on the same 
display. Set up state and 
timing sections to cross­

trigger, synchronize and arm each other, so you 
know exactly when and in what time relation­
ship events occur. 
Push beyond microprocessor observation 
into microprocessor control. 

With its unprecedented Prototype Debug 
Tool, Prism lets you easily set breakpoints, 
patch registers and memory, restart the system 
-all without an emulator's intrusiveness. 

Use real-time per­
formance analysis to 
get a true, non­
statistical view of 
system performance. 

Designers of embed­
ded control systems 
will especially benefit 
from histo­
grams of un­
compromising 
accuracy. 
Now, with 
Prism's HSM 
high-speed 
hardware 
analysis 
module, 
you can add 
capabilities 
like 2 GHz 
timing and 
300 MHz state 
analysis-and use 
these tools in tight 
time-correlation 
with other Prism 
modules. 

Detect race condi­
tions, setup and hold 
time violations, and 
glitches as small as 
1.5 ns. Switch to dual 
threshold or digitizing 
modes to get a quick 
look at intermittent 
problems like ringing 
or undershoot. 

Memory con­
straints are vir­
tually eliminated: 
the HSM's 12K of 
transitionally-stored 
memory offers the 
equivalent of as 

much as 120K of 
conventional 

memory! 

(Below) The Prism HSM's 
dual threshold mode trig­
gers on and displays a meta­
stable condition. Middle 
thresholds are displayed as 
"M" in the time-correlated 
state table. Cursors mea­
sure the setup time violation 
that caused the metastable 
state. 

Choose from a 
stand-alone Prism, 
expandable main­
frame-and-monitor, 
even a portable 
model with fold-up 
flat panel screen. 

Features like autoload, 
split-screen displays, 
smooth scrolling and 
on-line help make 
Prism refreshingly sim­
ple to learn and use. 
The clincher? You 
can step into this new 
generation of logic 
analyzers at prices 
starting at $8600. 
Call 1-800-426-2200 
for our free video 
demo and literature 
packet. For a hands­
on introduction, 
call your Tek sales 
en · soon. 

Tektronix 
YOUR YISl131...£ EDGE 
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For Senens an 
Hi i, evelo ment 
time can eam 

Ii an 
The sooner a disease is diagnosed the sooner 

it can be treated. Today, medical diagnostics techniques 
that once seemed like science fiction are pushing the 
electronics industry harder and faster than ever 

So when Siemens® set out to design an image 
display system for their latest medical technology and 
when Hitachi® set out to design a complete medical 
imaging system. they both looked to AMO. And found 
a complete cure: The 29K~ 

The 29K RJSC microprocessor has 192 registers 
that can hold entire graphics transforms on chip so you 
get the 17 MIPS that these performance hungry graphics 
systems need. 

And get ready to clear your desk. All the develop­
ment tools are ready Not just bits and pieces. 

The 29K has everything: Hewlett-Packard® hard­
ware tools. software support from Meta Ware™ and Green 
Hills~ operating systems from Ready Systems~ JM! 
Software Consultants® and more. In fact everything you 
need to get started and finished is available from AMO 
and over 40 Fusion29K™ partners. 

Everything. 
Find out more. Give us a call at (800) 2929AMD. 

Advanced Micro Devices' 29K l1 
When tomorrow isn't soon enough. 

Advanced Micro Devices. 901 Thompson Place. P.O. Box 3453. Sunnyvale. CA 94088 

• 

29K and Fusion29K are trademarks of Advanced Micro Devices. Inc. Where indicated. product and company names are trademarks/registered trademarks of their respective holders.© 1989 Advanced Micro Devices. Inc. 
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New 
CY545 

Only $75 each 
($25/lOOOs) 

Accelerate your 
Step~r Motor 

to27,000 
Steps/second! 

Travel16 
Million Steps 

andbackf 
Is your motor earthbound by sluggish 

•

. controllers that 
.~J · · · , F can't give you the 

~. ~ performance you 
L---= · · ·· need? Look at 
what you get with the new CY545 
single chip stepper motor controller: 

e 40-pin, CMOS, + 5v chip 
• Speeds up to 27K Steps/sec 
• 16 Million steps per motion 
• Programmable start rate, 

accel/decel, slew rate 
• Pulse and Direction Output 
• Separate Limit Switches 
• Jog operation 
• Home seek command 
• ASCII or binary commands 
• Parallel or Serial interface 
• 8 General Purpose 1/0 lines 
• External memory control 
• LCD & LED Display interface 
• Thumbwheel Switch interface 

Break the single chip speed barrier 
and the high performance price bar­
rier. You can't afford to pass up this 
latest innovation from the company 
that, ten years ago, brought you the 
first stepper motor controller on a 

single chip! Order by - ·· 
Fax or phone or call . .•·.· :~ : · 
today for free info. ; , 

Cybernetic Micro Systems 
Box 3000, San Gregorio, CA 94074 
Tel: 415-726-3000 Fax: 415-726-3003 
Telex: 910-350-5842 
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WHEN JAPAN SPEAKS, LET'S LISTEN 

A 
recent issue of The New York Times carried an interesting pair of 
articles about competition between the U.S. and Japan. The first, a 
front-page story, reports that Perkin-Elmer's IC production equip­
ment operation in Norwalk, Conn., the major U.S. supplier of step­

pers and aligners, will probably be sold to a Japanese company. The second, 
an editorial, acknowledges the validity of Japan's recent critique of the 
American system, which pointed out the problems in U.S. spending for edu­
cation, the government budget deficit, the low level of investment in plant 
modernization, the growing number of leveraged buy-outs, management's 
concentration on short-term results, and laws that restrict industrial collabo­
ration. 

Perkin-Elmer certainly has the right to sell its operation.No one can force 
any company to remain in a business that doesn't meet its own profit goals. 
But this situation is particularly alarming in light of the present administra­
tion's reported cooling of interest regarding continued support of Sema­
tech-a company whose major mission is to improve U.S. semiconductor 
production capabilities.No matter how anyone might try to explain it away, 
it's not good for U.S. industry to lose control of the equipment needed to pro­
duce advanced VLSI devices. 

Even if we put aside the military implications, the electronics industry of 
the future will still be the basic element in U.S. economic success. If it's true 
that we are now in the information age, you don't have to be particularly 
insightful to see that prowess in electronics-the means by which informa­
tion is communicated and processed-is the key to prosperity in the new age. 

Let's listen to what Japan has to say about the way we've been doing 
things here for the past 40 years or more. It looks to us like they're right on 
the money with their criticisms. 

DESIGN 

Stephen E. Scrupski 
Editor-in-Chief 



one-piece design defies rough handling ~]6!~ 
• Each unit undergoes high-impact shock test 
• Unexcelled temperature stability, .002 dB/°C 
• 2W max. input power (SMA is 0.5W) 
• BNC, SMA and N models ( TNC, consult factory) 
• Immediate delivery, one-year guarantee 

• 50 ohms, dB values, 
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 20, 30, and40 

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

• Price (1-9 qty.) 
CAT (BNC) $16.95 SAT (SMA) $20.95 
NAT (N) $23.95 

finding new ways .. 
setting higher standards 

r;;:1 Mini-Circuits 
A 0 1v1s1on of Sc1ent1hc Components Corporation 

P.O. Box 350166 , Brooklyn , New York 11 235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 6201 56 

·Freq. Atten. Toi. Atten. Change, (Typ.) 
MHz T over Fre . Ran e VSWR Max. 

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

·oc-1000 MHz {all 75 ohm or 30 dB models) DC-500 MHz {all 40 dB models) 

Model Availability 
SAT (SMA) CAT (BNC) NAT (N) 
Model no. ; a series suffix and dash number of attenuation. 
Example: CAT-3 is CAT series, 3 dB attenuation. 

Precision 50 ohm terminations from $8.25 (1-9) 
DC to 2 GHz, 0.25W power rating, VSWR less than 1.1 
BNC (model BTRM-50), TNC (consult factory) 
SMA (model STRM-50), N (model NTRM-50) 
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At about 
strange things happen to 

As rise times approach 3ns, all cable/ 
connector assemblies become trans­
mission line assemblies. 

But not necessarily good ones. 

AM P is a trademark of AMP Incorporated 

Newer, faster logic families require 
controlled impedance cable assem­
blies. Designed for high-speed per­
formance. Engineered for controlled 
impedance and propagation rate. And 
manufactured for absolute conformity 
to specifications. 

Creating controlled impedance 
assemblies to these standards demands 
extensive CAD/CAE use. Plus a wide 
range of specialized connector choices. 
Plus the capability to custom design 
quickly. Plus intimate knowledge of 
the various termination techniques, 
including advanced wire attachment 
techniques. 

Our people are equipped to work 



tr=3ns, 
ordinary cable assemblies. 

with you early in the design stage to 
provide an optimum solution to your 
requirements. We help you determine 
the characteristics for impedance and 
propagation velocity that you need 
to match timing requirements, and 
the crosstalk figures you have to meet. 

We engineer and manufacture 
controlled impedance assemblies in 
a way you'll especially appreciate. 

Our manufacturing facilities are 
unmatched in the industry. Every 
assembly is individually inspected 
and 100% electrically tested. All 
work is part of the overall statistical 
process control system at AMP, and 
comes under our corporate-wide 
quality program. 

For technical literature and more 
infonnation on high-speed controlled 
impedance assemblies-for logic rise 
times from 3ns down to the su~nano­
second range-call 1-800-522-6752. 
AMP Incorporated, Harrisburg, PA 
17105-3608. 
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~ National 
~ Semiconductor 

Take a look 
at the fastest S s 

in the world. 

The new 
BiCMOS 

The original 16Kx4at10 ns 
BiCMOS 

256Kx 1at15 ns 

The new 
BiCMOS 

64Kx4at12 ns 



Wanna see 
them again? 

OUR FAMILY OF 
BiCMOS ECL VO SRAMs 

IS GROWING FAST. 
AND GROWING FASTER. 

Customers 
like HiLevel 

Technology 
The new also report low 
BiCMOS 

The original 16Kx4at 10 ns system noise and 
cleaner, quieter, 

faster signals.This high noise im­
munity is due to on-chip decoupling 
and minimal di/dt. 

You may have heard BiCMOS 
of a faster SRAM. Maybe 256Kx 1at15 ns 

you 've even seen one-some lone 
sample somewhere. But there are 
no faster, denser SRAMs in produc-
tion anywhere than these new 
devices from National. 

We've been shipping our 
256Kxl for more than 18 months. 
Now production quantities are 
also available of our new 64Kx4 
and 16Kx4.And more new SRAMs 
are on the way 

Our family is not only grow­
ing fast, it 's growing faster. The 
256Kxl's already-fast access time 
of 15 ns has been cut to 12 ns for the 
64Kx 4. And to 10 ns for the 16Kx 4. 

THE DIFFERENCE IS 
BiCMOS III. 

National 's proprietary 
BiCMOS III one-micron process­
which we've been running for 
more than two years-combines 
the speed of pure bipolar with the 
high density, low power, and 
manufacturability of CMOS. 

© 1989 National Semiconductor Corporation 

ASPECT is a trademark of National Semiconductor Corporal ion. 

The new 
BiCMOS 

64Kx 4at12 ns 

Unlike other SRAMs, these 
devices allow almost a third of the 
cycle time for system skews, so 

That's why Cray Research has you can easily design them in and 
been one of our biggest SRAM achieve rated speeds. 
customers. BiCMOS III gives them Our ECL I/O SRAMs are input/ 
the best ratio of speed, ,..-------- output compatible with 
power and cost per bit. NATIONAL ECL existing lOK and lOOK ECL 

And we designed SYSTEM SOLUTIONS parts. Industry-standard 
reliability into the process BiCMOS EGL 1/0 SRAMs pin-outs enable multiple 
from the beginning. In ASPECT'" gate arrays sourcing. 
fact, one-third of the ASPECT'" standard cells 
development team had FGE gate arrays 

EGL PALS TAKE A LOOK AT 
OUR OTHER 

ECL PRODUCTS. 
reliability as their sole F100K digital logic 
responsibility 

The pay-off is a life-test 
failure rate of less than 50 FITwith 
more than 400,000 device hours. 
And soft-error rates as low as 20 FIT 
at 5.2 volts VEE. So you 'll have fewer 
system problems and less need 
for error detection and correction. 

YOU'LL SEE THE DIFFERENCE 
IN SYSTEM PERFORMANCE. 

Because of the ir stable 
memory cells, these new SRAMs 
tolerate skewed address signals 
without disturbed bits. 

CIRCLE42 

In addition to our BiCMOS 
SRAMs, we offer a variety of other 
ECL products in areas critical to 
high-speed applications.They're 
worth a second look. 

But call today because our 
Bi CMOS ECL I/O SRAMs are going 
fast. Call toll-free (800) 825-5805, 
ext. 115. 

~National 
Semiconductor 
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SOLID STATE 
RESETTABLE 

FUSES 
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SWITCH 
TEMPER -
ATURE 

I 
TEMPERATURE 

The resistance of a PTC Ther­
mistor increases dramatically 
at its switching temperature, 
as depicted above. To reset 
the device, allow the PTC to 
cool and fall below its switch­
ing temperature. 

Standard Keystone 
Resettable Fuses are 
rated at 12V, 50V and 
120V with no-load 
resistances at 25° C 
from 1 to 100 ohms. 
These PTCs provide 
protection for tele­
phone line faults, in­
termittent solenoids, 
transformers and 
FHP motors. 
Send for data bulletin 
RF-1282. 

\Keft!!'!o'!'! 
Thermistor Division • St. Marys, PA 15857 

Phone 814-781-1591 • Telex No. 91-4517 

Keystone Thermistors are distributed by 
Allied Electronics 1-800-228-6705 Newark Electronics 312-638-4411 
Oigi-Key Corp. 1-800-344-4539 SIN-TEC Electronics 1-800-526-5960 
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TECHNOLOGY BRIEFING 

CFL WORKS FOR USEFUL EDA STANDARDS 

F
rameworks create a unified design environment 
by serving as a software front-end that manages 
different EDA vendors' application tools. Cur­
rently, many larger EDA companies offer their 

own frameworks. But as the design-automation industry 
grows, and chip and system designs become more com­
plex, standards will be necessary to optimize the produc­
tivity of tool sets that carry a designer from concept to 
manufacturing. These standards must be useful and 
meet the needs not only of EDA vendors, but also of EDA 
users. 

The CAD Framework Initiative (CFI), a non-profit LISA GUNN 

member organization that was formed by the Microelec- CAE EDITOR 

tronics and Computer Technology Corp. (MCC), is currently working on es­
tablishing framework standards. The group's charter is to "develop industry 
acceptable guidelines for design automation frameworks that will enable the 
coexistence and cooperation of a variety of tools." To approach the problem 
from all angles, CFI includes as members chip and system manufacturers, as 
well as EDA tool vendors. 

In September, MCC formed the CAD Framework Laboratory (CFL) to 
offer technical support for the framework standardization efforts of the 
CFI. The CFL list of targeted affiliates includes vendors of workstations, 
broadline CAE software, semiconductors, logic-synthesis tools, analysis 
tools, and layout tools, plus system houses. The proposed diversity of CFL 
members and broad range of services will promote the adoption of useful 
standards. 

The CFL, working closely with the CFI, performs a variety of functions. 
Before a candidate CFI standard has been proposed in a key framework area, 
the CFL may propose selected framework interfaces for consideration as 
candidate standards. The laboratory will serve as an early prototyping cen­
ter for all proposed candidate standards. It will provide feedback to the CFI's 
technical coordinating committee reporting on the effectiveness of the pro­
posed standards based on experimental implementation and benchmarking. 
In addition, the CFL will supply an evaluation facility and support services so 
that CFL affiliates can individually test and respond to the candidate stan­
dards. 

CFL also offers support for adopted standards. It develops a Verification/ 
Validation (V /V) software system for each standard adopted by CFI. The 
V / V systems are used by the CFL affiliates to develop and test their own 
software against CFI standards. 

There are two levels of membership in the CFL. Level-one affiliates re­
ceive the V / V system software in both source and object code, while level­
two affiliates get only the object code. Each V / V system will support full use 
of the CFI standard that it relates to, but may require additional software to 
exercise the standard interface. CFL will supply the necessary software. 
MCC proprietary software will be given to CFL affiliates in object code only, 
and will be subject to re-use restrictions. The affiliates can also access CFL 
supporting technology, such as example designs, for benchmarking their use 
of CFI standards. Training and educational services will be offered to affili­
ates. 

Support for CFL and CFI is growing. Last month, seven companies joined 
the CFL: Cadence Design Systems, Harris Corp., Hewlett-Packard, Motor­
ola Inc. , National Semiconductor, NCR, and Texas Instruments. All seven 
companies joined the group as level-one affiliates-the highest level of par­
ticipation. More new CFL members, both level-one and -two affiliates, will be 
announced by year's end. 

DESIGN 



Square wave pulses with 1ns rise times 
for more realistic simulation 

Simulating real power line noise is the job of our I NS Series. 
There 's never been a more versatile noise simulator. 
Its wide range of simulation features can introduce 
many testing capabilities into your R&D and QA/QC 
programs. 
Our INS-NA410R and INS-NA420R can superimpose 
square-wave impulses with super-quick rise times 
(under 1ns) onto AC or DC lines. The amplitude, width 
and repetition rate of these pulses are easily variable. 

NoiseKen Corporation 

And with an optional coupling adaptor, application to 
uncut signal lines is not only possible but very easy. 
Testing against radiated noise and direct application 
of pulses to the metal cabinet of equipment can also 
be performed. All these features allow you to simulate 
potential noise problems and build safeguards into your 
products before shipment to your customers, which will 
give your company the competitive edge. 

Helping you find sources of EMI 
is the job of our FVC Series 
Sniff out sources of EMI before sending your product 
off for expensive testing. Simply by contacting the 
probe to the circuit to be measured, you can ascertain 
the electric and magnetic field strengths of each fre­
quency band specified in the EMI standards of FCC, VOE, 
VCCI and CISPR. Models FVC-NA1000 locates sources of 
radiated emissions, and the FVC-NA30 locates sources 
of conducted emissions. 

Contact us now for more details. 

N • IP. Portland-Troutdale Airport 999 N.W. Frontage Road Troutdale, Oregon 97060 nlllP. n Tel : (503)665-0517 Fax : (503)665-2470 ~ .. ___ ______ __, ··-·--··-·· 
CIRCLE60 



At the 4front of 4-
Introducing Oki's 4-Meg DRAMs and Modules 

OKI 4-MEG PRODUCT LINE-UP 

Device Organization 

MSM514100-8XX 
4Mx 1 

MSM5141D0-1 OXX 

MSM5141D2-8XX 
MSM514102-10XX 

4Mx 1 

MSM514400-8XX 
1Mx1 

MSM514400-1DXX 

MSM514402-8XX 
MSM514402-1 OXX 

1Mx1 

Packaging Options Include: 
XX = 'JS' ... 350 mil SOJ 

'RS' ... 400 mil DIP 
'ZS'. .. 400 mil ZIP 

MSC2340-XY59 4Mx9 
Speed Options Include: 
X = '8' ... 80 ns. 

'10' ... 100 ns. 

Access Mede 

Fast Page 

End-user dema nd for more memory-intensive, high­

performance systems continues to complicate your 

design tasks. You're pressured to increase memory 

capacity, yet decrease board space. Increase reliability, 

yet cut costs. And beat the competition to market by 

reducing design time. 

Oki's advanced 4-Meg DRAM 

techno logy can ease the pressure. 
Access nme 

Our space-saving 4-Megx9 single MAX. (ns) 

80 inline memory module, 4-Megxl and 
100 

1-Megx4 ORA Ms offer the problem-
80 

Static Column 
100 solving advantages you need to simplify 

Fast Page 
80 
100 

high-density design tasks. Like quad-

rupling memory with our 4-Megx9. 
80 

Static Column 
Manufactured to J EDEC standard 100 

Fast Page 

dimensions and pin-outs like our 

l-Megx9, Oki's4-Megx9easily 

80, 100 
replaces the I-Meg-saving valuable 

redesign time, increasing reliabi lity, 

and cutting costs. 

And when it comes to superior 

performance and wide-ranging capabilities, no other 

4-Meg supplier can match Ok i's offering: The lowest 

operating and standby currents. l ,024 cycles/16ms 

refresh. Multi-bit test mode capability. Proven stacked 

capacitor technology. A variety of packaging options. 

And both custom IC and board-level solutions for 

unique high-density design requirements . 

Call Oki today and let us take you to the 4front, 

speeding your product to market with our 

high-performance 4-Meg technology. 

~Q~! 
So. Calif. Boca Raton, FL Boston, MA Philadelphia, PA 
(Irvine) 407/394-6099 (Stoneham) (Horsham) 
7141752-1843 Atlanta, GA 617/279-0293 215/674-9511 
(Sherman Oaks) (Norcross) Detroit, Ml Dallas, TX 
818/990-3394 404/448-7111 (Livonia) (Richardson) 
No. Calif. Chicago, IL 313/464-7200 214/690-6868 
(San Jose) (Rolling Meadows) New York, NY 
408/244-9666 312/870-1400 (Poughkeepsie) 

914/473-8044 



Meg Technology 
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Actual output 
20WATTS 

Actually meets 
MIL-STD-2000 
MIL-STD-810C 
MIL-S-901C 
MIL-STD-461 C 
MIL-STD-7040 
NAVMAT GUIDELINES 

Mil/Pac™ high-density military power supplies. 
Introducing NDI DC-to-DC converters that meet an unprec­
edented combination of military design demands. Plus 
having the highest power-to-volume ratios of any full-mil 
qualified products. 

Mil/Pacs come in 20W, 35W and 50W configurations, 
with single (5, 12, 15,24,28V) and dual (±12V; ±15V) outputs. 

They handle a wide 14V to 31V range of input. And 

operate at temperature extremes from - 55°C to +100°C. 
Mil/Pacs are designed with a field-proven topology that's 

been verified by rigorous environmental stress screening. 
They're available with MIL-STD-2000, or without. Either way, 
the specs are worth reading. 

Just write us at 2727 S. la Cienega Bl., Los Angeles, CA 
90034. Or call (213) 936-8185. 

F'rn1'»D 
WHEN RELIABILITY IS IMPERATIVE!M 

CIRCLE31 



TECHNOLOGY NEWSLETIER 

FAST CORRECTING CHIP Operati?g ~n byte-wide data, a bus-structured error-checking and co~r:ction 

F T S 
(ECC) c1rcmt can correct data on-the-fly at rates to 10 Mbytes / s. To fit mto 

ITS IN IGHT POTS tight subsystems such as disk drives, the CMOS chip comes in a 28-lead 
plastic leaded chip carrier.Jointly defined by GT Technology Inc., Saratoga, Calif., and Everex 
Systems Inc., Fremont, Calif., the ECC chip corrects data records with single-burst errors in 
15 to 40 µs. What's more, it makes the corrections without microprocessor intervention. To do 
that, the circuit employs a modified Reed-Solomon polynomial that corrects single-burst er­
rors up to 41 bits long. Double-burst errors up to 17 bits long are also corrected. The circuit's 
probability of making an improper correction is 1.26 X 10-17

, 12 orders of magnitude better 
than standard 32-bit ECC schemes. For header fields, the circuit employs a cyclic-redundancy­
check polynomial to detect single-burst errors up to 16 bits long. The check also detects all 2-bit 
errors in header fields of 56 bytes or less. A secondary ECC in the form of a cross-check polyno­
mial makes a secondary check on the data record to ensure data integrity. Though Everex ini­
tially developed the chip for internal use, it plans to offer it as a commercial product. DB 

STANDARD PROPOSED FOR A s~ftw~re standard ~or ~a.rallel computing on the Intel 80860 micro~roces­
sor lS bemg promoted ma JO mt venture by Intel Corp., Santa Clara, Cahf., and 

80860 PROCESSOR Alliant Computer Systems Corp., Littleton, Mass. The Parallel Architecture 
Extended (PAX) standard consists is a set of rules for hardware and software vendors to 
follow when developing products that incorporate the 80860 CPU. Ideally, the PAX standard 
will help application programs take advantage of the varying number of 80860 processors in a 
parallel system. It should also expand the availability of "shrink-wrapped" software for sys­
tems ranging from single-processor workstations to shared-memory, parallel-processor ma­
chines. A list of independent software vendors have endorsed the PAX standard. RN 

MODEL EXCHANGE As they grow more dependent on logic simulation, designers face the 

H D 
problem of finding reliable IC models. The International Technology Ex­

ELPS ESIGNERS change Corp. (ITEX), Newbury Park, Calif., sees an answer in its users­
helping-users approach to the problem. ITEX not only sells VHDL simulation models, but also 
gives users PC-based modeling tools at no charge, and encourages them to sell any models 
they develop. The tools from Aldec Co., also of Newbury Park, make use of an easy-to-learn 
VHDL shorthand. Models are sold for royalties over a network of Aldec's Susie logic-simula­
tor users, called the ITEX Bulletin Board Network. As a result, the network acts as an interna­
tional technology exchange service for sharing VHDL models. Model users can list what they 
need on the bulletin board. Similarly, developers can list the models that they are working on, 
as well as the expected completion dates. All models are qualified by ITEX before being put on 
line. For more information, call (800) 499-6860. LG 

CAD FRAMEWORK The move toward standardization in the electronic design automation 
(EDA) industry got a boost from Mentor Graphics Corp., Beaverton, Ore., 

INITIATIVE GAINS SUPPORT which has agreed to share the architecture of its next-generation environ­
ment with the members of the CAD Framework Initiative (CFI). Mentor will also help develop 
CFI's demonstration for the 1990 Design Automation Conference (DAC) by offering the ser­
vices of its OpenDoor Integration Laboratory to CFI members, free of charge. The Labora­
tory maintains engineering workstations and full-time OpenDoor specialists. The DAC dem­
onstration will give the first glimpse of CFI's proposed standard data model and procedural 
interface, which integrates tools from multiple EDA vendors. Mentor Graphics will demon­
strate the procedural interface between its tools and those of other vendors. OpenDoor will 
employ CFI-endorsed interface standards as soon as they are available. LG 

MODELS EMERGE The flexibility of field-programmable gate-array circuits makes it difficult to 

F PGA 
model them in large multichip simulations. However, Xilinx Inc., San Jose, 

OR S Calif., shared the inner workings of its RAM-based programmable arrays 
with Logic Automation Inc., Beaverton, Ore., to create the first behavioral models for the 
Xilinx XC2000 and XC3000 FPGA families. To develop the models, Logic Automation took a 
new approach to the simulator: A model holds all events and node transitions within itself, 
rather then lining up those events in the main simulator's event queue. That approach avoids 
overloading the main simulation program by preventing too many events from ending up in 
the queue. In addition, the software permits multiple windows to be opened, so designers can 
"look" inside the logic. To help designers analyze a chip's operation, each window contains 
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user-defined groupings of logic elements. The windows can be set up for one chip or across 
multiple chips when system simulations are done. Data in the windows can even be changed on 
the fly, and breakpoints can be set, even across multiple chips, to reduce the time needed to de­
bug a circuit. DB 

MICROCONTROLLER USERS One-chip microcontrollers usually come in m.any config~rations , so .users can 
choose the cost and features that match their needs. With that variety, how-

CAN MEET THEIR MATCH ever, comes confusion for designers who may not know every available ver­
sion. This is the problem that the microcontroller product group of Motorola Inc., Austin, Tex­
as, found after examining many of the chip requests coming in from potential customers for 
its 8-bit 68HC05 family of microcontrollers. To solve that problem, Motorola developed a disk­
based questionnaire that runs on IBM PCs and compatibles or Apple Macintosh computers. 
With the electronic questionnaire, designers can specify their "ideal" microcontroller. After 
receiving a completed questionnaire, Motorola's engineers run it through an expert-guided 
analysis program that tries to match up the requirements against a standard chip and against 
other incoming requests. If a match is found with any of the over 40 versions of the 68HC05 
controller, a standard part can be used; if not, a customer-specific chip can be created with the 
company's design automation system by "cutting and pasting" features from other chips. If 
Motorola finds that the chip has good market potential, and the customer is willing to release 
the design for general sale, there's no development charge for the customization. DB 

SHRINK WRAP UNIX In a move to support a standard Unix operating system on platforms built 
• around its 80386 and 80486 microprocessors, Intel Corp. , Hillsboro, Ore., will 

SUPPORTS INTERFACE sell and support a "shrink-wrap" version of Unix software. The prepackaged 
software accommodates the Intel/ AT&T-developed Applications Binary Interface (ABI). The 
ABI is a software standard that makes it possible for applications to run on any computer, re­
gardless of its manufacturer. More than 20 independent software and hardware vendors, and 
computer manufacturers say that they are supporting ABI. To date, the shrink-wrap line in­
cludes Unix System V /386 Release 3.2, as well as NFS, TCP/IP, the X Window System, and 
Locus Merge programs. Unix System V /386 Release 4.0, which includes enhancements to Re­
vision 3.2, as well as the Openlook and the OSF /Motif graphical user interfaces, will be avail­
able in the first quarter next year. RA 

HAND HELD GAME DISPLAYS A pair of custom ASICs, an LCD controller, and a 3.5-in. full-color LCD 
• screen are some of the engineering achievements behind a new hand-held 

ARCADE-QUALITY GRAPHICS video game. Featuring high-resolution graphics and animation, the game 
weighs 1 lb. and is slightly larger than a videocassette. One of the two ASICs contains an 8-bit 
microprocessor running at 4-MHz (clock rates to 16 MHz are possible) and a 16-bit graphics 
engine. With a screen resolution of 160 X 102 pixels and up to 16 simultaneous colors drawn 
from a 4096-color palette, the Lynx from Atari Corp. , Sunnyvale, Calif., displays graphics com­
parable to that found on TV and arcade games. The advanced graphics also lets a player zoom 
in on an infinite number of screen pixels to make them larger or smaller, and to change image 
size and depth for better perception and a highly dynamic image. The unit operates on six AA 
batteries for up to 5 hours of play and employs credit-card-sized 1-Mbyte ROM game cards. A 
novel feature links up to eight of the games over a network and lets eight players participate in 
simultaneous interactive games. RA 

COMPANIES COOPERATE TO Bidding for a leading ~osition in opt~c.oupler technology'. t?~ Hew~ett-Pack­
ard Co., San Jose, Calif., and the Philips Components D1v1s10n, Emdhoven, 

IMPROVE OPTOCOUPLERS the Netherlands, have agreed to jointly develop and manufacture a new 
series of optocouplers. The agreement enables both companies to combine their strengths in 
building optocouplers. HP will contribute its expertise in high-speed and high-performance 
optocouplers; Philips, its know-how in high-voltage, high-insulation packaging. The new pack­
age is wide-bodied and mechanically robust, with 400-mil-center leads instead of the 300-mil 
leads typically used. The series will include five models: the CNW135 and 136 high-speed tran­
sistor-output optocouplers, the CNW137 high-speed optically coupled logic gates, and the 
CNW138 and 139 Darlington-output, high-gain optocouplers. Samples of the fi rst products 
will be available this month. According to the agreement, both companies will retain exclusive 
rights to proprietary technology. Jointly developed technology, however, will be owned by 
both companies. JG 
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MILITARY 
DC/DC CONVERTERS 

Vicor Provides The Power For Military Applications On The Move 

1 ... HBy Land: 
28 VDC input per 
MJL.STD-1275A (AT) 
fault free and battery only 
conditions for steady-state, 
surge and cranking. 

The new MI-200 
Series from Vicor 

• 0.5"H x2.4''W x4.6"L 
• Up to 23 W/in3 

2 ... HBy Sea: 
155 VDC input per 
MJL.STD-1399A (NAVSEA 
SE 010-AA-SPN-010 Rev A) 
steady-state and worst case 
excursions. 

I, ,., I 
I al •·-· -- ,..,..i!Ei'!!f":-. 7 

• MIL-STD-810 
Environments 

• Fully Potted 

• 5, 12, 15, 28 & 
48 VDC Outputs 

• 50, 75, & 100 w 
Modules 

3 ... HBy Air: 
28 & 270 VDC input per 
MJL.STD-7040 
normal, abnormal, transfer, 
external and emergency 
conditions for steady-state, 
transient and overvoltage. 

To receive a complete data sheet, call Vicor today at (508) 4 70-2900, 23 Frontage Road, Andover, MA 01810. 

Component Solutions For Your Power System 
VICOR -CIRCLE95 



Your latest brain child can't be just another 
PC or peripheral. 

You've got to have the edge in performance. 

But you can't let costs run wild. 

You've got to get to market ASAP. 

But you can't compromise quality. 

At NCR, we understand your problems. 
And we've got solutions: SCSI chips with 
the lowest overhead in the business. The 
first third generation intelligent SCSI host 
adapter. A single-chip VGA that's fully 
compatible with IBM and offers greater 
performance. 

Single-chip CMOS solutions for interfacing 
peripheral chips to NU Bus, EISA, AT and 
Micro Channel. 

The first 32-bit Ethernet controller. 

The first Ethernet twisted pair transceiver. 
Plus the fastest ARCnet controller/ 
transceiver. 

And an ASIC capability with PC building 
blocks to give your design a competitive 
edge. 

No wonder NCR customers enjoy some of 
the shortest development cycle times in 
the industry. And they'll attest to NCR's 
enviable reputation for first-pass success, 
responsive support, competitive pricing 
and on-time delivery. 

If you're building extraordinary PCs, or 
plugging products into them, shouldn't 
you be talking to an extraordinary semi­
conductor manufacturer? For data sheets 
and complete information, call the NCR 
Hotline: 1-800-334-5454. 

or 
demand 



• PC systems 
extrao11 · chips. 

CIRCLE 3il 
© 1989 NCR Corporation. KE' is a trademark of 1'CR Corporation. 



mmm DECEMBER 1989 

ILC DATA DEVICE 
CORPORATION 

ABOUT SYNCHRO-CONVERSION • AID & D/A CONVERSION • 1553 BUS DEVICES • POWER & CUSTOM HYBRIDS 

IMPROVED DYNAMIC SPECS 
0 ············· · ············ · ··· · · · ······················ · ··· · · ·············· · ··· · ····· 

-1.0 

• 68db SNR 
-20 

• 70db BW 
-30 

• 64db THD 
- 40 c:: 

"' u. -50 
3 
0 - 60 .... 
~ 

JJ -70 
Ill 
Q -BO 

- 90 

- 100 

-1.1.0 

-1.20 

Frequency Bin 

HIGH-SPEED SAMPLING AID CONVERTER 
DDC is pleased to announce that 

circuit and component advance­
ments have enhanced the perfor­
mance of its leadership 12-bit 10 
MHz sampling A I D converter hy­
brid. The specification improve­
ments include key dynamic param­
eters which are of particular inter­
est to radar and infrared equipment 
designers. The ADC-00110 is now 
available with guaranteed no miss­
ing codes and with specifications 
for Signal-to-Noise Ratio (SNR); 
Total Harmonic Distortion (THD); 
and Bandwidth of 68.5 db, 64 db, 
and 70 MHz respectively. 

The ADC-00110 contains a 
track/ hold amplifier, a 12-bit A I D 
converter, a precision DC refer­
ence, data registers, tri-state buf­
fers, and timing circuits in its small 
46 pin plug-in package. Its output 
registers and tri-state buffers pro­
vide a simple interface to most 
commonly used CPUs. Since all 
timing is self-contained, only an 

mmm 
ILC DATA DEVICE 
CDRPDRATIDN 

encode command is required to 
start its conversion cycle. Both 
TTL and ECL logic compatibility 
models are available. In addition, 
its -55 °C to + 125 °C operating 
temperature range and screening to 
MIL-STD-883 are uniquely suited 
to the most demanding military 
and industrial DSP applications. 

The ADC-00110 is implemented 
with a 2-step A I D conversion algo­
rithm, which operates as follows : 
First, the track/ hold samples and 
stores the analog input signal, after 
receiving an external start com­
mand. Then, a flash ADC gener­
ates a coarse encode of the sampled 
voltage and stores its 6 bits in the 
MSB register. At the same time, a 
high-speedDACandamplifiercon­
vert the 6 bits to an analog voltage, 
which is subtracted from the origi­
nal input. Next, a second flash 
ADC generates a fine encode of the 
subtracted voltage and stores these 
8 bits in the LSB register. Finally, 

the contents of the 6 bit MSB and 8 
bit LSB registers are combined in a 
digital error correction circuit to 
yield the 12-bit output. All of these 
steps take place at a 10 MHz rate. 

High speed, wide operating tem­
perature range, and small size 
make the ADC-00110 ideal for 
numerous digitizing requirements 
such as in radar and sonar, elec­
tronic warfare receivers, digital sig­
nal processors, medical and nuclear 
instrumentation, and high speed 
data acquisition. Learn more 
about this newly improved hybrid 
by calling Mike Johnson at toll­
free (outside N.Y. state) 800-DDC-
1772 or any of the regional offices 
listed below. D 

CERTIFIED AND 
QUALIFIED TO 

MIL-STD-1772 

HEADQUARTERS AND MAIN PLANT: ILC Data Device Corporation, 105 Wilbur Place, Bohemia, N.Y. 11716, 
(516) 567·5600, TLX-310·685-2203, FAX: (516) 567-7358 
WEST COAST (CA.): WOODLAND HILLS, (818) 992-1772, FAX: (818) 887·1372; 
SAN JOSE, (408) 236·3260, FAX: (408) 244-9767; GARDEN GROVE, (714) 895-9777, FAX: (714) 895·4988 
WASHINGTON, D.C. AREA: (703) 893-7989, FAX: (703) 893-7954 
NORTHERN NEW JERSEY: (201) 785-1734, FAX: (201 ) 785-4132 
MASSACHUSETTS: (617) 341-4422 or 3128, FAX: (617) 344-1040; JAPAN: (3) 814-7688, FAX: (3) 814-7689 
UNITED KINGDOM: 44 (635)·40158, FAX: 44 (635) 32264; FRANCE: 33 (1) 4333·5888, FAX: 33 (1) 4334-9762 
WEST GERMANY: 49 (8191) 3105. FAX: 49 (8191) 47433: SWEDEN: 46 (8) 920635, FAX: 46 (8) 353181 

CIRCLE 47 FOR SALES CONTACT CIRCLE 48 FOR LITERATURE 



TECHNOLOGY ADVANCES 

LATEST VERSION OF BIPOLAR PROCESS 
SQUEEZES 100,000 GATES PER CHIP 

brary, as well as 25 larger 
megacell macros that in­
cludes uch blocks as ALU s, 
multipliers, and RAM. Sin­
gle-port RAMs can access 
in as little as 2 to 3 ns, while 
multiport register files 
have 3-to 5-ns access times. 
Gate arrays with 200 to 
50,000 gates are slated for 
release in the second half 
of1990. 

Designers using stan­
dard-ce 11 design 
techniques can now 

pack up to 100,000 bipolar 
gates on one chip. That's 
the promise of the latest re­
vision of National Semi­
conductor Corp.'s ad­
vanced single-polysilicon, 
emitter-coupled technolo­
gy-Aspect III. With 
drawn dimensions down to 
0.8 µm minimum, the pro­
cess cuts the speed-power 
product to 50 femtojoules/ 
gate. 

Individual gates built 
with the Aspect III process 
will offer three speed-cur­
rent choices: sub-50-ps de­
lays with a switching cur­
rent of 1 mA, 80 ps at 0.2 
mA, and 130 ps at 0.1 mA. 
By shrinking the minimum 
feature size to 0.8 µm, 
which is down about 50% 
from the previous version 
of the process (Aspect II), 
designers at the Santa 
Clara, Calif., company 
were able to shink the area 
that's occupied by a gate 
proportionally-just 0.8 to 
1 mi!2. 

As with previous ver­
sions of Aspect, the self­
aligned process forms con­
tactless silicided transis­
tors with polysilicon emit­
ters. Titanium-silicide is 
used for some local connec­
tions to reduce routing 
complexity on the first lay­
er of metal. 

With the local silicide 
connections and contact-
1 es s structure, Aspect 
keeps the area of a typical 
gate to less than half the 
area of one built with a con­
ventional contact struc­
ture and no silicide, esti­
mates Hem Hengarth, the 
process development man­
ager at National Semicon-

ductor. 
Moreover, with lower 

values of the intrinsic para­
sitic elements, Aspect tran­
sistors can operate with a 
14- to 16-GHz maximum 
cutoff frequency. Those 
transistors, in turn, can 
form flip-flops having typi­
cal toggle frequencies in 
the 5-to-6-GHz range. At 
the same time, the power 
per gate is less because 
losses are reduced: A typi­
cal internal gate dissipates 
from 0.2 to 0.4 mW. 

To interconnect all of the 
gates in a large chip, Na­
tional' s engineers devel­
oped a planarization pro­
cess that smoothes the in­
termetal dielectric, which 
makes it possible for four 
layers of metal (see the fig­
ure). Consequently, signif-

icantly compact chips can 
be created because circuits 
require less space between 
them for wiring tracks. 

National recently re­
leased a standard-cell li­
brary for Aspect III. It con­
tains most of the 175 ma­
crocells of the Aspect I Ii- DAVEBURSKY 

INTERPOLATORS PUT 10-BIT 75-MHZ 
A-D CONVERTERS ON 8-BIT DIGITAL PROCESS 

By incorporating an 
interpolating archi­
tecture, Chuck Lane, 

design engineer at Analog 
Device's Computer Labs 
Div., Greensboro, N.C., 
built a 10-bit flash a-d con­
verter IC with 512 compar­
ators instead of the usual 
1023. Moreover, interpola­
tion made it possible to cre­
ate the converter on a fast, 
dense, digital process that 
could not otherwise yield 
enough die per wafer­
with 10-bit accurate com­
parators-to be economi­
cally viable. With its sam­
pling (conversion) rate of 
over 75 megasamples/s, 
it's the fastest 10-bit a-d 
converter yet. The chip, 
which will sell for under 
$200, will replace a $1500 5-
by-7-in. board that's halfas 

fast. 
At first glance, the con­

verter circuit looks like any 
other flash device: The 
taps of a reference resis­
tor-divider string connect 
to the inputs of a compara­
tor array (see the figure). 
Each comparator in turri 
drives a strobed latch and 
the analog-input bus 
drives the other side (the 
input) of the comparators. 
But only 512 comparators 
are used, and the circuit 
has an additional latch be­
tween all of the adjacent 
comparators' outputs. 
These latches are the inter­
polators. 

To understand how the 
circuit works, assume that 
the analog input voltage, 
once strobed in, causes the 
outputs oflatch X and all of 

the latches below to be a 
"one", and causes the out­
puts of latch Ya and all of 
the above latches to be a 
"zero." Then, all of the 
comparators below com­
parator X will be in satura­
tion, showing a "one" at 
their noninverting output. 
And those above compara­
tor Y will be in saturation, 
showing a "one" on their 
inverting output. Compar­
ators X and Y, however, 
will be operating in their 
linear region. They will be 
amplifying the difference 
between the analog input 
and their respective tap on 
the reference divider. 

In that case, latch Xa acts 
as a comparator, compar­
ing the inverting output of 
Y with the noninverting 
output of X. If the analog 
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Analog input Comparators 

R/2 

x. 

-Reference input 

input is less than the volt­
age that would appear at 
the imaginary tap (Xa) on 
the divider(that is, the volt­
age half way between tap 
A and tap B), latch Xa will 
show a "zero" a tits output. 
However, if the analog in­
put voltage is greater than 
that at tap Xa, latch Xa will 
show a "one." 

Just as all flash convert­
ers, the 1024 thermometer­
code output lines from the 
latches feed a decoder that 
converts them to a 10-bit bi­
nary word. From there, 
they go to output latches (a 
word in thermometer code 
consists of a string of con­
secutive ones adjacent to a 
string of all Os, or vice 
versa.) 

To be small enough for 
economic viability, a 10-bit 
flash converter must fabri­
cate on a dense digital pro­
cess. The converter is built 
on an ECL process with tri­
ple-layer metal. The effec-

30 IE L E C T R 0 N 
DECEMBER 14, 1989 

TECHNOLOGY ADVANCES 

To 
output 
latches 

10 

tive emitter area of the pro­
cess' npn transistors is 8 
µm 2, and gate delays run 

300 ps with 100 µA of col­
lector current. But this 
fast bipolar digital technol­
ogy runs off 5 V rails, 
which means a least signif­
icant bit will be significant­
ly less than 5 m V. 

To get under 1 LSB of 
differential non-linearity 
(DNL) error, the base­
emitter voltages of the 
transistors that form the 
comparators must have a 
3cr match within 1 LSB. 
That requirement de­
mands a similar match 
among transistor areas. 
This degree of match is 
achieved routinely with 
precision analog process­
es. The same is not true for 
dense digital logic. 

Enlarging the transis­
tors improves area match­
ing, but it does so at the ex­
pense of dynamic perfor­
mance because transistor 
capacitance grows with 
area. 

The interpolation archi­
tecture also reduces the 
DNL problem. In a tradi-

tional flash a-d converter 
desigri, a device mismatch 
of 1 LSB in a comparator 
results in one missing code 
and one code-width appear­
ing 2 LSBs long, assuming 
adjacent comparators are 
ideal. Interpolation 
spreads the 1 LSB error 
over four codes; two of 
them 0.5 LSBs long, the 
other two 1.5 LSBs long. 

What else does this in­
terpolation off er users be­
sides price performance 
when this converter-the 
AD9060-becomes avail­
able? For one thing, it cuts 
the input capacitance in 
half. In addition, the com­
parators employ a cascode 
design that further re­
duces the input capaci­
tance and keeps it virtually 
constant. This makes it 
much easier to drive with a 
35-MHz analog signal. The 
value typically varies just2 
pF (between 45 and 47 pF) 
over the input voltage 
range, +l.75V. 

FRANK GOODENOUGH 

PACKAGE OF SP ARC BOARDS AND SOFTWARE 
BECKONS WORKSTATION MANUFACTURERS 

Usually, the time-con­
suming job of de­
signing a RISC­

based workstation or sys­
tem, from pc-board layout 
to developing firmware , 
must be duplicated by ev­
ery company that under­
takes the task. Now, how­
ever, a company can cut its 
startup time by up to 75% 
by licensing a manufactur­
ing package of Sparc-pro­
ces so r-b as ed hardware 
and software. By develop­
ing the manufacturing 
package, Fujitsu Micro­
electronics Inc., San Jose, 
Calif., hopes to greatly in­
crease the number of com­
panies building Spare (scal­
able processor architec-

1 C DESIGN 

ture) systems. 
The hardware includes 

VMEbus boards consist­
ing of CPU, memory, and 
peripheral boards, each in 
6U double-high format. To­
gether, they contain all of 
the basic workstation func­
tions. To complement the 
boards, Fujitsu's advanced 
products division joined 
with three California com­
panies-Insignia Solu­
tions, Sunnyvale; Interac­
tive Systems Corp., Santa 
Monica; and Via Technolo­
gies Inc., Fremont-to 
round out the boards with 
various software packages 
and, eventually, higher-in­
tegration chip sets to fur­
ther reduce system costs. 

Under SunOS-Sun Mi­
crosystems's Unix operat­
ing system-the board set 
executes 12 to 15 MIPS. To 
let companies get a jump­
s tart on building the 
boards and integrating the 
software into the system, 
the manufacturing pack­
age contains all of the 
specifications, layout data, 
drawings, bills of materi­
als, and related documents 
that a company needs to 
give to its manufacturing 
department to build a 
Spare-based system. Or 
companies can modify the 
manufacturing package to 
customize the hardware. 

The CPU card contains 
an S-20 or S-25 Spare re-
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duced-instruction-set-com­
puter (RISC) processor, its 
memory management 
unit, a Weitek 3170 float­
ing-point math unit, 64 
kbytes of cache memory, 
256 kbytes of EPROM, a 
real-time clock, two RS-232 
ports, a private-memory lo­
cal bus, and a VMEbus in­
terface. The memory card 
holds 8 to 16 Mbytes of par­
ity-checked dynamic RAM, 
control logic for the cache 
and dynamic memory, a 
private-memory local in­
terface, and the VMEbus 
interface logic. 

The last board contains a 
montage of hardware that 
seems only to lack the pro­
verbial kitchen sink. The 
hardware includes an Eth­
ernet interface; a second 
serial port; a four-channel 
DMA controller; a SCSI 
port for peripheral control; 
and a Sun-compatible video 
graphics controller, video 
memory, and RGB outputs 
for displaying a 1152-by-
900-pixel image. 

The initial software 
from Insignia and Interac­
tive starts with Insignia 
Solutions' SoftPC, a 100% 
software emulation of an 
IBM PC. That package 
opens the Spare system to 
over 50,000 MS-DOS appli­
cation programs. The soft­
ware comes installed with 
MS-DOS 3.3; MS-mouse, a 

mouse-driver to emulate 
the Microsoft mouse; GW 
Basic; and Slave PC, a rou­
tine that makes it possible 
for direct-cable data trans­
fers between the Spare 
host and a PC. 

To make the hardware 
compatible with Sun soft­
ware, Interactive Systems 
created a version of Sun OS 
to run on the VMEbus 
boards. The operating sys­
tem includes NFS, Sun's 
network file system; C and 
Fortran compilers and 
their associated software 
development tools; and 
SunView, Sun ' s propri­
etary windowing system. 
By the second quarter of 
1990, Xll and News, as 
well as the OpenLook and 
Motif graphical user inter­
faces , will be supported. 

Also on the horizon are 
hardware cost reductions 
from Via, which is plan­
ning a chip set that will 
make it possible to pack all 
of the basic system fea­
tures onto one mother­
board. Via will produce 
chips and a comprehensive 
manufacturing package 
for the motherboard. So 
far, several companies 
have already committed to 
the manufacturing pack­
age approach and expect to 
release systems in the sec­
ond quarter of 1990. 

DAVEBURSKY 
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FAST Bus INTERFACE CHIPS 
TACKLE TOUGH SYSTEM DESIGN 

BY TRIMMING SYSTEM DELAYS, 
Bus INTERFACE CIRCUITS 

GET FASTER AND Do MORE. 

DAVE BURSKY 

s digital systems up 
their clock speeds, 
data throughout the 
system must move at 
ever faster transfer 
rates to keep the pro­
cessors and subsys­
tems running at top 

speed. And not only will circuits be 
pushed to their limits, but multiple chip 
technologies-ECL, TTL, CMOS, biC­
MOS, and GaAs-will often be utilized 
in the same system to optimize the per­
formance of each subsection. 

With such a mixed bag of circuit 
types (whether they're custom chips or 
catalog circuits), a raft of bus buffers, 
level translators, and other bus inter­
face chips will be needed to tie every­
thing together over system buses. 
Many chip manufacturers have re­
sponded to these needs by developing 
multiple families of bus interface cir­
cuits that range from simple buffers to 
bidirectional latched transceivers and 
bidirectional ECL-to-TTL translators. 
In addition, new generations of more 
complex interface chips that throw in 
such system functions as parity genera­
tion and checking are also appearing. 

Whether the buses that shuttle the 
data are standard structures-such as 
VME, Multibus, NuBus, Micro Chan­
nel, Futurebus, and others-or propri­
etary 64-, 128-bit, or wider buses in 
large computers, the interface circuits 
that tie the subsystems together play a 
key role in system performance. Dur­
ing the 1970s, a typical logic catalog 
contained roughly 80% logic circuitry 

and around 20% was devoted to bus-in­
terface circuits. Today, similar catalogs 
are almost evenly divided because 
many more types of interface circuits 
were added to deal with various buses. 

In the highest-speed system subsec­
tions, TTL-to-ECL and ECL-to-TTL 
translators and ECL transceivers with 
l.3-to-3.5-ns propagation delays intro­
duce the smallest speed penalty forty-
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ing subsystems into one another. 
This speed-critical area has attracted 
seven major suppliers: Fujitsu, Mo­
torola, National Semiconductor, 
NEC, Philips (Signetics), Sony, and 
Texas Instruments. 

Bipolar TTL chips in the FAST 
family (originally developed by Fair­
child Semiconductor Corp. and called 
the Fairchild Advanced Schottky 
TTL series) and the latest advanced 
CMOS interface circuits (catego­
rized under various family names, 
such as 74FCTA, FCTC, PCTA, and 
others) keep typical propagation de­
lays to between 3.5 and 8 ns (depend­
ing on the interface function). Some 
of the latest advanced CMOS circuits 
and some of the mixed bipolar-CMOS 
(biCMOS) interface chips cut the 
propagation delay times to less than 
those in the FAST family while oper­
ating at lower power levels. 

The short delays of the lower-pow­
er CMOS chips make it possible for 
them to compete speed-wise with the 
FAST family, the highest-speed bipo­
lar TTL circuit series now in produc­
tion. However, though the fastest 
CMOS chips may match or exceed 

T
here are over half-a-dozen 
standardized computer 
buses in the TIL world, 
including the popular 

VMEbus, Multibus, PC-AT, and 
NuBus. Coming on strong is the 
Micro Channel bus and perhaps in 
the next few years, Futurebus. 
Each of these buses, which has a 
predefined protocol as to how 
boards must communicate with 
each other and as part of the defi­
nition, includes a sink and source 
current limit for each line. With 
these basic definitions, custom 
but commodity chips can be devel­
oped to minimize the logic that's 
needed on a pc board to handle the 
bus-interface function. 

Over a dozen companies have 
already developed circuits to sim­
plify the bus logic for PC/ AT's 
and compatibles, as well as and 
add-in cards for the newer Micro 
Channel motherboards and add-in 
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many of the FAST specifications for 
an identical function , the CMOS 
chips are considerably more expen­
sive. The CMOS circuits might com­
mand a premium of 300% to 400% 
over the price of the bipolar chips, ac­
cording to Bill Hall, manager of ad­
vanced CMOS logic at National 
Semiconductor. 

Slightly slower CMOS bus inter­
face circuits-chips in the FACT, 
ACT, FCT, and other families-in­
sert propagation delays of 6 to 10 ns. 
More moderate bipolar TTL chips, 
such as those in the AS and ALS se­
ries, typically have 5-to-8-ns delays. 
These CMOS and TTL circuits are 
still the bread and butter of today's 
bus interface designs, but they're 
slowly giving way to the faster chips 
as system speeds increase. 

THE SPEED LEAD 
As system buses get wider and 

faster, ECL interfaces supply some 
of the cleanest signal handling be­
cause the circuits were designed for 
controlled-impedance pc boards and 
backplanes. Most ECL circuits, how­
ever, are designed for 50-!l systems, 

THE BATTLE OF THE BUSES 

cards. The chip sets often include 
specialized bus buffer and trans­
ceiver chips to replace many of the 
simple circuits, such as discrete 
latches and buffers . Approxi­
mately one year ago, Texas In­
struments similarly developed a 
two-chip set to simplify the inter­
face to N uBus systems in hopes of 
capturing a major share of the 
market for Apple Macintosh add­
in cards. 
There's considerable activity in 
support circuits for both Multibus 
and VMEbus systems-several 
VMEbus vendors have already 
developed a protocol chip that re­
duces a considerable chunk of the 
bus communication logic to one 
IC. Motorola has also developed 
chips to handle VMEbus inter­
faces. Similar activities have tak­
en place in the Multibus world 
with Intel Corp., Santa Clara, 
Calif., and VLSI Technology Inc., 
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and a new generation of ECL inter­
face circuits will be needed to handle 
the higher-performance doubly ter­
minated systems with 25-n de imped­
ances (Fig. 1). Such new circuits 
must drive the higher, 128-mA cur­
rents that will be placed on the bus. 
In these systems, the driver "sees" a 
50-!l ac load because the board is de­
signed with 50-!l transmission-line 
techniques. That driver must source 
and sink enough current to maintain 
standard EGL de levels into an effec­
tive 25-n de load (the two 50-n termi­
nation resistors in parallel). 

A pair of 9-bit-wide transceivers 
developed by Signetics to handle the 
high-current buses (the 100990 and 
100790, for lOK and lOOK logic fam­
ilies, respectively) insert as little as 
1.3 ns into the signal path. Both chips 
include controlled-ramp outputs to 
minimize the bus noise that transi­
tions on the bus might cause. Fur­
thermore, three-state buffer outputs 
deliver clean, non-reflected signal 
transmission and eliminate bus im­
pedance discontinuities and wire-OR 
problems. 

The 100990 is the faster of the two 

San Jose, Calif., producing a pro­
tocol chip. In addition, Intel re­
cently released a simplified bus 
communication chip to cut system 
cost. 

Focusing on customizable bus 
interface circuits, PLX Technolo­
gy Inc., Mountain View, Calif., de­
veloped flexible high-current out­
put programmable logic circuits 
that can be configured to handle 
various bus requirements. The 
logic chips can handle 24 and 48 
mA drive requirements, which 
covers a majority of bus drive ap­
plications. The company's latest 
release is a bus-master chip set 
for IBM's Micro Channel architec­
ture. Housed in two 28-lead plas­
tic leaded chip carriers, the MCA 
3200 chip set connects directly to 
the bus, supplies all of the bus­
master control signals, and per­
forms local arbitration for 32-bit 
Micro Channel bus masters. 
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series ECL. The 
MC10H/100H601 
are 9-bit TTL-to­
ECL translators; 
the '602 is a latched 
version of the 601 
and the '603 is a 
latched ECL-to­
TTL 9-bit wide 
translator. Tl's cir­

line impedance to eliminate reflections in either direction. cuits include a pair 
of octal ECL-to­
TTL chips, the 
SN10KHT5540 and 
5541 (inverting and 
true outputs, re­
spectively), which 
have tp0 s of about 4 

1
1. DOUBLY TERMINATED BUSES, such as this 
one suggested by National Semiconductor, can eliminate signal 
reflections in both directions. However, the double termination 
reduces the de impedance to just 25 n and requires that the 
ECL bus drivers handle up to 128 mA. 

with a typical tro of 1.3 ns (2 ns worst 
case). It also has a complementary 
enable control function for systems 
in which the bus has two multiplexed 
sources of information, such as ad­
dresses and data. Contention is pre­
vented by an enabling-scheme that 
gives priority to the A bus. The 
100790 inserts 1.6 ns typical (2.2 ns 
worst case) and includes simple Out­
put-Enable and Transmit/Receive 
inputs that let multiple chips be easi­
ly cascaded and controlled. 

Tackling the wide unidirectional 
buses in ECL systems, a 9-bit-wide 
backplane driver, the F100126 from 
National Semiconductor, adds just 
2.55 ns maximum to the signal flow. 
The chip contains nine independent, 
high-speed buffer gates with 50-kO 
pull-down resistors on the inputs. 
Also pushing interfaces to nine bits, 
Sony created a pair of translators: 
the CXB1125 and CXB1124. The 
CXB1125 offers an ECL-to-TTL in-

ns. TTL-to-EGL versions of the chips 
with typical tp0 s of 1.6 ns are due 
soon. 

Translators are also available in 
hex or quad versions, depending on 
the price designers are willing to pay 
for board density. Signetics, for in­
stance, has the 100984 quad, or the 
100982 hex bidirectional transceiv­
ers. Both have latches on their out­
puts to better stabilize the signals 
and reduce skew. National's 
F100128, which is an octal circuit, 
cuts the board space even further. 
Signetics' circuits have a worst-case 
tro of 3.5 ns and 4 ns, respectively, 
for TTL-to-ECL and ECL-to-TTL 
conversions. National's circuit has 
tp0 s of 4.3 and 8 ns for exactly the 
same operations. 

Some of the shortest propagation 
delays for lOOK-family ECL systems 
are available in a pair of chips-a dif-

ferential line receiver and a buff er­
developed by Sony: the CXB1103 and 
1105, respectively. The quintuple re­
ceiver has a maximum tro of just 520 
ps (low-to-high transition) and 540 ps 
(high-to-low transition), while the tri­
ple buffer adds just 840 or 800 ps of 
delay to a signal. Both are housed in 
24-lead quad-sided packages to mini­
mize propagation delays. Similar 
functions found in the F100114 and 
F100113 from National Semiconduc­
tor have tp0 s of 2.2and1.7 ns, respec­
tively, for similarly packaged cir­
cuits. To get the higher speed, 
though, Sony's chips pay a power 
penalty: They consume about 800 
mW vs. about 500 mW for N ational's 
chips. 

Requiring just one 5-V power sup­
ply, a series of translators recently 
released by Motorola-the 
MC10H351and352-convert TTL to 
ECL and CMOS to ECL, respective­
ly. The circuits have typical tp0 s of 
just 1.3 ns. Also on the horizon are 9-
bit-wide dual-supply ECL-to-TTL 
and TTL-to-ECL translators. Ver­
sions of the chips will be available 
with or without output latches. 

With ECL signals running around 
on backplanes and system boards, 
one of the most critical problems is 
keeping signal skew under control. 
Even timing differences of 0.5 ns can 
be crucial for system timing. To tack­
le that problem, low-skew buffers 
and clock-distribution circuits were 
developed by Motorola, National, 
and others. The 100115 quad driver 
from National, for example, keeps 

terface and the CXB1124 does the 
TTL-to-ECL conversion. Worst-case 
tr0 s are 3.3 and 2 ns, respectively, 
while each chip consumes about 700 
mW. Aimed at power-critical applica­
tions, National is developing a pair of 
low-power hex unidirectional trans­
lators-the F100324 and 325-which 
consume half the power of the older 
100124 and 125, yet deliver similar 
propagation delays. 

.-----------------l Undershoot 1-----CI 
corrector 

Both Motorola and Texas Instru­

Input 
signal 

Output 
predriver 

Delay 
bypass 

t1 

L,., 
float 

L,.o 
stable 

ments also offer unidirectional 12. TO MINIMIZE SWITCHING NOISE and reduce ground bounce, designers 
translators. There are two sets of at National Semiconductor included edge-control circuits to ensure the signal doesn't 
three chips from Motorola-one set change too fast and an undershoot corrector to minimize the amount of undershoot the 
for lOK logic and the other for lOOK output generates. 
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signal skew to less than 75 ps, while 
the lOOElll from Motorola controls 
skew to less than a few hundred pico­
seconds between outputs . 

SIMILAR PROBLEMS 
Basically, the same battle that 

rages in ECL is being waged in most 
TTL and CMOS systems with just 
two small differences: the level 
translation isn't needed, and a num­
ber of standardized buses for which 
chip makers can design economical 
chips that will specifically handle the 
interface functions, rather than just 
buffer the signal lines (see "The bat­
tle of the buses, " p. 34). 

When compatibility with standard 
TTL signals isn't necessary, there 
are alternatives to TTL or CMOS 
transceivers for faster systems. One 
solution, N ational's DS3890 octal 

COVER: BUS 
INTERFACE CHIPS 

trapezoidal drivers, 3892 three-state 
receivers, 3893 single-ended trans­
ceiver, and 3898 repeaters offers an 
off-the-shelf chip set. Designed spe­
cifically for high-speed backplanes, 
such as Futurebus, the bipolar chips 
use a 1-V signal swing (centered 
around 1.5 V) to minimize power con­
sumption. Alternatively, custom cir­
cuits can be developed around a pro­
prietary signal definition. 

The trapezoidal circuits also have 
low output capacitances (less than 5 
pF) to minimize bus loading and in­
clude internal circuits to control the 
signal edge rise and fall times. Thus, 
rather than generate square logic 
signals, the chips generate precise 
trapezoidal waveforms with typical 
rise and fall times of 6 ns. Both the 
driver and repeater can drive an 
equivalent de load of 18.5 n. The 
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1
3. EXTRA CONTROL LOGIC on this single bit of the 74FCT646 octal transceiver 
makes it possible for Integrated Device Technology to manage the signal flow of multiplexed 
transmissions. Data can be moved directly from the data bus or from the dual sets of 
internal D·type storage registers. 

38 IE L E C T R 0 N I C D E S I G N 
DECEMBER 14, 1989 

trapezoidal receiver has a precise 
threshold that tracks the Bus Logic 
signal level to maximize noise immu­
nity in both logic high and low states. 

Switching noise and the coupling 
of that noise into adjacent signal 
lines are enemies to all digital-sys­
tem designers. In high-speed TIL 
and CMOS systems, the problems 
are more apparent than with ECL 
systems because signal swings are 
much larger and the pc boards are 
rarely designed as controlled-imped­
ance systems. As a result, such prob­
lems as ringing, ground bounce, and 
reflections, among others, are con­
stant headaches designers have to 
deal with. 

Several years ago, designers at 
Texas Instruments came up with one 
possible solution for the Fact logic 
family: an improved circuit pinout 
with center-pin power and ground 
connections rather than the conven­
tional diagonal corner-pin power and 
ground layout. That approach, cou­
pled with some edge-rate control, 
shows a marked reduction in gener­
ated noise. 

But many designers and manufac­
turers were reluctant to adopt the 
new pinout-even though Signetics 
signed on early as an alternate 
source-because a larger package 
was required for each chip. With sev­
eral more years of design experience 
under their belts, most logic manu­
facturers feel they can deliver cir­
cuits with similar reduced noise char­
acteristics without requiring the re­
vised pinout by doing a better job of 
controlling the signal edges. 

One such attempt from National 
resulted in the release of the Fact 
Quiet series earlier this year. Propri­
etary graduated turn-on output cir­
cuits minimize the ground-bounce 
pulse while maintaining circuit per­
formance (Fig. 2). On-chip under­
shoot correction circuits also elimi­
nate the output signal's excursions 
below ground level. Additional de­
sign changes include a redesign of 
the chip to physically separate the 
output ground from the rest of the 
circuitry and a new leadframe to re­
duce common inductance and isolate 
circuit elements. 

Consequently, National can guar-
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BUS INTERFACE CIRCUIT PURVEYORS 
Advanced Integrated Device NEC Electronics Inc. Texas 

Micro Devices Inc. Technology Inc. Mountain View, Calif. Instruments Inc. 
Sunnyvale, Calif. Santa Clara, Calif. (415) 960-6000 Dallas, Texas 
(408) 732-2400 (408) 727-6116 CIRCLE459 (214) 868-7682 
CIRCLE451 CIRCLE455 CIRCLE463 

Performance 
Fujitsu Mosaic Semiconductor Toshiba 

Microelectronics Inc. Semiconductor Inc. Corp. America Inc. 
San Jose, Calif. San Diego, Calif. Sunnyvale, Calif. Tustin, Calif. 
(408) 922-9000 (619) 271-4565 (408) 734-8200 (714) 832-6300 
CIRCLE452 CIRCLE456 CIRCLE460 CIRCLE464 

Glgablt Logic Inc. Motorola Inc. Phillps VTCCorp. 
Newbury Park, Calif. Mesa, Ariz. (Slgnetlcs) Corp. Bloomington, Minn. 
(818) 499-0610 (602) 962-2190 Sunnyvale, Calif. (612) 851-5200 
CIRCLE453 CIRCLE457 (408) 991-2000 CIRCLE465 

CIRCLE461 
Harris National 

Semiconductor Corp. Semiconductor Corp. Sony Corp. 
Melbourne, Fla. Santa Clara, Calif. 
(305) 724-3800 (408) 721-5000 
CIRCLE454 CIRCLE458 
Consider this a guide rather than a definitive list. 

antee maximum levels of the critical 
noise specifications-ground­
bounce voltage (V OLP) of 1.5 V, un­
dershoot (VoLv) of -1.2 V, and mini­
mum dynamic threshold of 2.2 V 
(high) and 0.8 V (low). In other CMOS 
families, undershoot values greater 
than -2 V were measured. These 
large values can cause incorrect op­
eration of circuits tied into the same 
power bus. The result of those guar­
anteed limits is the first guaranteed 
noise margin for advanced CMOS 
logic circuits. Fact QS versions of the 
Fact family chips ensure a minimum 
of 400 m V of positive noise margin 
under input switching conditions. 
Initial circuits in the QS series in­
clude the 74ACTQ240, 244, 245, 374, 
and others. Approximately 30 octal 
bus interface circuits will be includ­
ed in the QS family. 

Circuits in the Fact family started 
to appear about 1984 or 1985. Since 
then, there have been many opportu­
nities for enhancements thanks to 
improvements in CMOS technology 
and processing. Aside from achiev­
ing shorter trns, the other major im­
provement is the more than doubling 
of the output current capability of 
the chips, from 24 mA to as much as 
64 mA. As a result, the chips can di­
rectly replace the bipolar devices in 
the ALS, AS, and FAST families. Na­
tional Semiconductor is currently 
working on a family of FCTA high­
speed CMOS logic circuits with a 
high-current-handling capability. 

Cypress, Calif. 
(714)226-4195 
CIRCLE462 

The chips will have trns in the 3-to-5-
ns range-about 30% faster than the 
standard FCT family devices. 

The basic "AC" TI'L-compatible 
logic has thus spawned many off­
shoots-some TI'L compatible and 
some intended for CMOS-only sys­
tems. Common to all of these off­
shoots are the bus interface func­
tions that originated in the bipolar 
families. These functions tend to al­
ways be used in systems (the buff­
ers, latches or registers, and trans­
ceivers) in varying configurations 
and bit widths. 

OPEN WIDE 
The most popular bus interface 

cirucits come in octal versions, which 
in a 20-pin package pack eight bus 
lines (eight inputs and eight outputs) 
plus two control signals, as well as 
the power and ground lines. For sys­
tems requiring parity, Advanced Mi­
cro Devices pioneered wider bipolar 
chips, such as 9-bit-wide versions in 
22-pin packages and 10-bit versions 
in 24-pin packages (the Am29800 se­
ries). It has since implemented many 
of the same functions in its 29C800 
family, which can handle loads of up 
to 48 mA. Aside from the simple 
functions, AMD has the 29C833, 853, 
and 855, which are bus transceivers 
with on-chip parity generation and 
checking circuits. 

Pushing densities still higher, Tex­
as Instruments released preliminary 
details on a 16-bit bus transceiver, 

E L E C T 

the 7 4AC16245. The first of the com­
pany's Widebus family, the circuit is 
basically the equivalent of two 
7 4AC245s in one 48-lead very-small­
outline 300-mil package with 25-mil 
center-to-center lead spacing. The 
chip, created in a 1-µm CMOS pro­
cess, achieves typical tPDs of less 
than 5 ns and employs multiple pow­
er and ground pins to minimize 
switching noise. Divided into two 
identical halves, each with its own di­
rection and enable control lines, the 
chip can be used in split-bus applica­
tions or it can isolate buses by dis­
abling the outputs. 

In addition to specifying the cir­
cuit to operate from a standard 5-V 
supply, TI and other companies char­
acterized their chips to operate at 3.3 
V. At the lower supply voltage level, 
Tl's circuits slow down by about 2 ns, 
increasing the typical trns to just 
less than 7 ns. 

Claiming some of the shortest trns 
for CMOS bus logic running at 3.3 V, 
the PCT33 series from Performance 
Semiconductor achieves a 3-ns trn 
for their equivalent to the 
74FCTA244 octal buffer, 3.3 ns for 
the 245 octal transceiver, 3.7 ns for 
the 373 octal D-latch, and 4.2 ns for 
the 374 octal D flip-flop. The compa­
ny's 5-V family, the PCTA series, has 
trns of 4.2, 4.6, 5.3, and 6.5 ns, respec­
tively, for the same functions. Fall­
ing right between those specifica­
tions, a family of chips from Inte­
grated Device Technology (IDT) pro­
duces 4.1, 3.7, 4.2, and 5.2 ns trns for 
the same functions. 

Typical of IDT's family is the 
7 4FCT646, an octal bus transceiver 
with three-state D-type flip-flops 
and control circuits (Fig. 3). The ex­
tra control logic manages the multi­
plexed transmission of data directly 
from the data bus or from the inter­
nal storage registers. The circuit 
comes in a T version that's speed 
compatible with FAST TTL, the AT 
versions that are 30% faster than 
FAST, and the CT series, which is 
40% faster than FAST. 

Several proprietary circuits are 
now in design at IDT. Due out in ear­
ly 1990 is a clock distribution chip, 
the 49FCT805/806 (true/inverting 
outputs). Delivering up to 10 clock 

R 0 N I C D E s I G NI 39 
DECEMBER 14, 1989 



BSR3 

BSR 10 

BSR 1 

Test 
access 

port 

Instruction 
register 

COVER: BUS 
INTERFACE CHIPS 

BSR 11 

BSR 18 

Test data 
out 

1
4. ON-CHIP BOUND ARY ·SCAN test circuits embedded by Texas Instruments in 
its 74BCT8xxx series make it possible for system designers to run tests on the chips through 
a four-line test port that can be cascaded with ports on other chips to make entire systems 
testable. 

outputs with minimal skew, the cir­
cuit will use its CMOS roots to supply 
rail-to-rail signal swings. 

Also being developed at IDT is a 
family of biCMOS bus-interface 
chips, the FBT series, which boost 
the output-current sinking level up 
to 64 mA for commercial devices and 
up to 48 mA for the military versions. 
The FBT series will initially focus on 
memory and line-driver circuits and 
include on-chip series termination re­
sistors to minimize ground bounce. 
Circuit performance will be at least 
25% faster than devices in IDT's 
FCTA series, which have delays of 
about 4.8, 4.6, 5.2, and 6.5 ns for the 
four aforementioned circuit types. 

BiCMOS interface circuits are also 
in development at Signetics, but the 
company won't release performance 
details until the first half of next 
year. A surprise entry in the biCMOS 
interface circuit area is Harris Semi­
conductor, which just released a se­
ries of 13 7 4FCT compatible parts 
that have current drive of 48 or 64 
mA per output, depending on the de­
vice type. Typical tPDs are between 3 
and 4 ns for the octal chips. Included 
in the initial offering are D-type 
latches, octal transceivers, and D-

type flip-flops. Another 10 chips are 
slated for release in the first quarter 
of next year. Ground-bounce for the 
Harris FCT chips is limited to a peak 
value of 1.2 V-even lower than the 
National Quiet series. Quiescent 
power consumption of the Harris 
chips will be about 200 times lower 
than FAST circuits, while operating 
currents are about one-fifteenth that 
of FAST (switching at 5 MHz). 

Working jointly, Motorola and To­
shiba are offering a family of chips 
that have 50-µA standby current lev­
els. But the circuits can't handle 
quite as much on their outputs as the 
IDT chips-they can only sink up to 
48 mA per output. Propagation de­
lays are also a little longer, running 
close to 6 ns for the MC74BC244 and 
8.5 ns for the equivalents to the 373 
and 374. 

Though they don't have tp0 s as 
fast as the other chips, a family of 
octal devices developed by TI pack 
boundary-scan logic on the chip as 
well as the traditional octal buffer, 
transceiver, and latch or flip-flop. 
The SN7 4BCT8244, 8245, 8373, and 
8374 include the company's Scope 
boundary-scan test capability that 
conforms to the JTAG scan-access 
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testability standard (Fig. 4). Four ad­
ditional pins are required for the 
scan signals, which make it possible 
for the chip to run through some 
thorough testing of the I/O lines. 
When the chip is in its normal mode, 
the test circuits can either be activat­
ed to take snapshot samples of the 
data appearing on the circuit pins or 
to perform a self-test on the bound­
ary-scan register. 

Also breaking into biCMOS logic, 
Mosaic Semiconductor plans to use 
commercially available chips and put 
them in vertical-in-line through-hole 
packages that it developed for hous­
ing memory chips. The ceramic verti­
cal "DIPs" meet military specifica­
tions and have two rows of pins on 
100-mil centers between pins and be­
tween rows. By positioning the pack­
ages vertically rather than horizon­
tally, packing density on the boards 
for the interface logic improved 
more than 50%, even over surface­
mounted packages. 

Pure bipolar TTL circuits aren't 
totally overwhelmed because many 
applications exist in which the low 
power of CMOS isn't a requirement 
and thus the premium price for 
CMOS needn't be paid. FAST logic 
circuits are available from nearly ev­
ery bipolar logic supplier. And for 
bus interface circuits, the name of 
the game is integration. One direc­
tion is , of course, to put more buffers 
or latches on a chip. The other is to 
put more logic on the chip so that 
some of the system functions are ab­
sorbed into the interface circuit. This 
direction was taken with the 7 4F899 
from National Semiconductor, a 9-bit 
latchable transceiver that includes 
parity generation and checking logic 
on the chip. By including the circuit­
ry on the chip, logic delays going 
from chip to chip were eliminated 
and the 7 4F899 can perform the pari­
ty generation and checking opera­
tion in 36 ns maximum-about half 
the time of a system built from low­
er-integration FAST chips.O 
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Silence system noise 
with our new 

FACT Quiet Series~ 
NATIONAL 

INTRODUCES THE FIRST 
INDUSTRY-STANDARD 

LOW-NOISE SOLUTION. 

The ACMOS marketplace 
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Quiet 

IF.ACI'I Quiet Series 
Output Characteristics 

Active 

has been long seeking an 
industry-standard pin-out 
solution that comes with guar­
anteed noise specifications, 

Q-+-----" 

Time (ns) 

as well as important characteris-
~rst-case noise conditions. using industry-accepted test methodology 

tics designed to answer specific low­
noise application requirements. 
FACT Quiet Series ( QS) is precisely 
that solution. And just as you'd 
expect, it's available from the leader 
in ACMOS logic, National. 

FACT QS addresses all compo­
nents of system-and device-generated 
noise, and not merelyV0 1p , or positive 
ground bounce. Those additional 
elements include V0 Lv (undershoot) 
and ringing, dynamic noise margin, 
as well as crosstalk and EMI. 

FACT QS 74ACTQ244 Specifications 

Typical Max 

VOLP 1.0V 1.5V 

VOLV - 0.5V - 1.2V 

~HD· 1.8V 2.2V 

~ta· 1.4V 0.8V 

Tskew O.Sns 1.0ns 

QUIETER THAN ANYTHING ELSE. 

FACT QS utilizes graduated 
turn-on circuitry(GTON) to smooth 
the edges of the switching output. 
In addition, we've included an inno­
vative undershoot corrector to pre­
vent negative output excursions, 
which has the additional benefit of 
virtually eliminating device-generated 
ringing. The unique split-power 
bus design isolates the input from 
any output perturbations, which 

increases the input dynamic 
threshold and the resulting 
dynamic noise margin. 

THE COMPLETE 
ASYNCHRONOUS 

SOLUTION. 

ESO 6,000V 4,000V min For applications such as 
asynchronous line driving, 
FACT QS also provides per­

formance benefits in addition to 
low noise, beginning with very tight 
output skew. With in-phase propa­
gation delays used in clock distribu­
tion, typical skew is less than SOOps. 
In all cases , we guarantee that 

Latch up 1.0A 

·v,"0 - Dynamic Input threshold high. 
·v,10 -Dynamic Input threshold low 

Cl 1989 National S<miconductor Coqloration 

300mA 

FACT (Fairchild Advanced CMOS Technology) Quiet S<ries (QS), FACT and 
GTO (graduated tum·on ootput) are trademarks of National S<miconductor 

Corporation. 

CIRCLE64 

output skew will be less than 
lns. Furthermore, FACT QS 
also offers up to a 15% prop­
agation delay improvement 
over standard FACT 

ALL IN THE FAMILY 

As the newest member of 
our growing FACT and FACT 
FCT family, FACT QS is available 

in all industry-standard packages, 
including PDIP and SO, as well 
as CDIP, Flatpak and LCC for military 
applications. 

FACT QS vs. THE COMPETITION [Typical (+25°C, 5.0V)] 

Parameter 1. National's 2. Competitor A 3. Competitor B 
FACT OS Center Pin AGL 

VOLP 1.0V 1.4V 

VOLV -0.SV - 1.SV 

VIHO 1.8V 2.3V 

VILD 1.4V 0.6V 

CALL AND FIND OUT MORE. 

Give us a call today at 1-800-
825-5805, ext.108, and arrange 

FCTA 

3.0V 

- 1.6V 

2.4V 

0.4V 

to get more information, plus a 
free sample. Or write: National 
Semiconductor Corporation, 
P.O. Box 7643, Mount Prospect, 
IL 60056. And discover how FACT 
QS can answer all your low-noise 
application needs. 

~National 
~ Semiconductor 
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wor stations 
a Macintos • 

Now they are reality. Intergraph announces the 
first easy-to-use workstations with the power of 
UNIX® and the simplicity of Macintosh®. That's 
because our workstations offer Looking Glass®, 
the first user interface for UNIX operated by icons 
and a mouse. Looking Glass, from Visix Software, 
Inc. , is fully compliant with the new OSF Motif 
look-and-feel industry standard. 

You don't have to learn complicated syntax. 
Everything' s done with icons, pull-down menus, 
and interactive dialogue windows. And, with the 
context-sensitive help system and plain-language 
error messages, you don't have to keep referring 
to user manuals. 

Looking Glass is user-configurable. You can modify 
more than 400 icons and create new ones as your 
needs change. Looking Glass is as powerful as it 
is easy to use. In fact, it's faster than command 
line shells for standard UNIX operations. 

So, for all your system needs, choose the power 
of UNIX and the ease of Looking Glass, based on 
industry standards. Available from Intergraph, 
the acknowledged leader in applications solutions. 
Call 1-800-826-3515 in the United States, 
416-625-2081 in Canada, 31-2503-66333 in 
Europe, or 852-5-866 1966 in Asia. 

I NTEi=G?l\?H 
Intergraph is a registered trademark of Intergraph Corporation. Macilllosh is a registered trademark of 
Apple Computer Inc. IJlOking Glass is a registered trademark ofVisix ~ftware. Inc. Other hrands and 
product names are trademarks of thei r respective owners. The Macintosh user inte rface is made hy Apple 
Computer. Inc. Apple Computer. Inc.. does not ma ke or license the IJlOking Glass user in terface. 
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Your product may never get off the ground 
if you haven't come to appreciate the difference 
between great chips and a great chipset. 

That not too subtle difference is what separates 
Western Digital XT, AT, and Micro Channel-compatible 
chipsets from the rest. And what burdens us with 
a well-deserved reputation, if we do say so ourselves, 
for performance, compatibility and value. 

Put down your hot mug of Java and consider 
these facts: 

We design our chips with all the right hooks, 
so you get the kind of design flexibility you've always 
dreamed of 

We spent years developing our sets and soft­
ware drivers, so you don'r have to spend time doing 
it yourself 

We give you the ability to buy virtually all your 
chips from one vendor, so you eliminate incompati­
bility between chips. Not to mention incompatibility 
between chip vendors. 

We offer unmatched EM/ system expertise, so 
your designs can be close to noise-free. And so can 
your quality control people. 

We manufacture chips by the millions and sell 
them to just about every big name PC manufacturer 
in the world, so compatibility is one less thing you 
have to worry about. 

The point is, what you need is what we have. 
Storage, Imaging, Communications, and 

Core Logic. 
Systems expertise, high volume/cost-effective 

LSI production, turnkey manufacturing packages, 
and design support. 

It's all designed to work together. It's all from 
one source. From the IC company that understands 
systems. 

So get your head out of the clouds and call 
someone who can make your design fly. 

Call 1-800-847-6181. In Canada, call 
1-800-448-8470. Ask for more information. Ask for 
a free Matched Sets poster. 

Matched sets to match your needs. 

WESTERN DIGITAL. 
Semiconductors-Storage-Imaging-Communications 

CIRCLE40 



DESIGN APPLICATIONS 

FIBER-OPTIC 
LINKS HOLD 
THE KEY TO 

THE FAST 
LANSOF 

THE FUTURE 
As THE NEED FoR 

FASTER DATA 
COMMUNICATIONS 

GROWS, FDDI STANDS 
READY To RELIEVE THE 
VENERABLE ETHERNET. 

KAREN PARKER and STEVE KAUFMAN 
National Semiconductor, 2900 Semiconductor Dr. , 
P.O. Box 58090, Santa Clara, CA 95052-8090; 
(408) 721-5000. 
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he need for higher data-transfer rates in 
local-area networks is outstripping the ca­
pabilities of Ethernet, the leading local net­
work in business office and data communi­
cations applications. Faster, more power­
ful computer workstations are forcing sys­
tem designers to devise faster data 
highways to carry information between 
networked machines. The 10-Mbit/s data 

rate possible on Ethernet, the first of the IEEE-802-stan­
dard networks developed in the 1970s, won't be sufficient 
in the 1990s. 

Fiber-optic technology, which can transfer data much 
faster than copper-cable networks, will complement Eth­
ernet. A fiber-optic local-network standard nearing ap­
proval is the fiber distributed data interface (FDDI). Not 
only does an FDDI network transfer data faster than 
any other network, it's also more reliable because it in­
corporates error-handling utilities. 

As defined by the American National Standards Insti­
tute's X3T9.5 system I/O interface committee, FDDI is a 
100-Mbit/ s fiber-optic local network using a dual 
counter-rotating ring architecture and a token-passing 
access method. In a ring configuration, two or more 
nodes connected by a physical medium (cable) pass infor-
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11. THE FIBER DISTRIBUTED data interface physical 
medium-dependent layer defines the optical cable, connectors, and 
transceivers needed by a network. 



mation sequentially. Each node ex­
amines or copies and repeats the in­
formation to the next node, with the 
information finally returning to the 
originator. 

A counter-rotating ring offers bet­
ter reliability and performance than 
conventional bus, star, or ring archi­
tectures because it continues to oper­
ate even if a link or station fails. Un­
like Ethernet, FDDI can support 
hundreds of nodes (stations) and can 
operate over distances greater than 
lOkm. 

FDDI conforms to the open-sys­
tems interconnection (OSI) model of 
the International Standards Organi­
zation. This well-known layered 
model of computer interconnection 
levels makes it possible to develop 
standards independently for each 
level. Moreover, designers can inte­
grate the unique technology of fiber 
optics with the IEEE-802 Ethernet 
standards so FDDI can serve as a 
high-speed backbone to Ethernet. 

Layer 1 (the physical layer) of the 
OSI model defines the mechanical 
and electrical aspects of activating, 
maintaining, and deactivating the 
physical connections needed to 
transfer information between net­
work data links. This layer includes 
wire and cable systems and other 
mechanical and electrical compo­
nents that connect devices or sta­
tions. Common examples of the 
physical layer include some of the 
best known standards in data com­
munications: RS-232C, RS-422, RS-
449, and others. 

Typically, Layer 1 consists of two 
parts: the physical medium-depen­
dent (PMD) layer and the physical 
layer, or PHY. The PMD layer de­
fines the special optical hardware 
that links stations on the network. 
Included are media interface connec­
tors (MI Cs), optical transmitters and 
receivers, and the fiber-cable plant, 
which contains all of the connection 
hardware and facilities between sta­
tions (Fig. 1). The PHY layer in­
cludes the encoding and decoding 
mechanisms that move data around 
the network. 

FDDI's 100-Mbit/s data rate (125-
Mbaud transmission rate) is based 
on using a 1300-nm wavelength and 

FIBER-OPTIC LANs 

an light-emitting diode (LED) light 
source. The data-rate and distance 
capabilities of a 1300-nm LED are 
well suited to ANSI X3T9.5 fiber-op­
tic local-network specifications. For 
example, at 1300 nm, the attenuation 
between stations that are 2 km apart 
permits the use of an LED instead of 
a higher-power laser diode. 

Moreover, LEDs work with low­
cost fiber components, such as 62.5-
micron core diameter, 125-micron 
cladding diameter multimode fiber 
cable, which will be commonly used 
for FDDI. Single-mode fibers cost 
more than multimode fibers and are 
designed for optimum propagation 
at 1310 and/ or 1550 nm-wave­
lengths that require the use of an ex­
pensive laser diode. 

The PMD specification also de­
fines the optical cable's aperture and 
maximum attenuation. The numeri­
cal aperture (0.275) is necessary for 
specifying connectors, while the at­
tenuation determines the maximum 
distance between stations. The maxi­
mum attenuation is 11 dB and in­
cludes the attenuation of the cable, 
connectors, and optical bypass 
switch(s). The cable can have a maxi­
mum attenuation of 2.5 dB/km, for a 
total of 5 dB. The cable splice adds 
another 5 dB of attenuation, giving a 
total of 10 dB over the 2-km distance. 
The attenuation specification of 11 
dB is related to the optical transmis­
sion and reception characteristics of 
FDDI. 

ANSI X3T9.5 requires the optical 
power output. of the transmitter de­
vice to be between -20 and -14 dBm. 
Pulse characteristics of the output 
waveform include a duty-cycle dis­
tortion of less than 1 ns and rise and 

fall times of less than 3.5 ns. 
Every optical transmitter on a 

FDDI local network transmits to a 
receiver or an optical-to-electrical 
transducer device. The minimum in­
put sensitivity for a receiver per the 
specification is -31 dBm. As a result, 
a transmitted signal at the minimum 
power output of -20 dBm can be at­
tenuated 11 dB by the optical cable 
and the resulting-31-dBm signal can 
still be detected by the receiver. Rise­
and fall-time specifications for the 
receiver input are 5 ns maximum. 

The fiber-optic receiver, which am­
plifies and converts the analog trans­
ducer signal into ECL levels, is the 
most critical component of the PMD. 
It contains a PIN diode, a high-gain 
preamplifier, and a decision circuit, 
all of which are very noise sensitive. 
And noise is a big problem at the very 
low signal levels in the receiver. 

At this early stage of FDDI's de­
velopment, the receiver preamp, 
called a transimpedance amplifier, is 
difficult to design properly. One al­
ternative for fiber-optic receiver 
manufacturers is to integrate all of 
the receiver functions in a monolithic 
circuit. This requires a high-perfor­
mance bipolar process that can iso­
late noise within individual elements 
on the chip and still offer the needed 
input-level sensitivity. 

Other chip makers implement the 
receiver as a hybrid circuit, but this 
scheme doesn't minimize noise, 
which is vital for meeting the PMD 
performance specifications. More­
over, a hybrid won't create the most 
compact package, which is crucial to 
reducing the receiver's cost and the 
board area it occupies. 

Every station in a FDDI local net-

12. THE FD DI SPECIFICATION defines the media interface connector receptacle 
with a keying scheme that prevents station miswiring (a). Although the plug portion isn't 
described, its form is determined mostly by the need to mate with the receptacle (b). 
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1 3. THE ENCODING AND DECODING TECHNIQUES used to transmit 
data over the network are defined by the FDDI physical layer. 

work needs a MIC to connect the fi­
ber-optic transceiver to the cable 
plant. The MI C's primary function is 
to mechanically align the optical 
transmission fiber to a similar fiber 
or to an optical port on a component, 
such as a receiver, transmitter, or 
bypass switch. 

Although the PMD defines only 
the receptacle portion of the connec­
tor, specifications for the plug por­
tion are defined implicitly because 
the two parts must mate (Fig. 2). The 
MI C's dimensions-1.290-in. wide by 
1.569-in. long by 0.367-in high-were 
chosen to facilitate mounting on a 
printed-circuit board, but bulkhead 
mounting is also possible. Height is 
the most critical dimension, because 
the connector must fit on a pc board 
connected in the standard bus con­
figuration. 

Because FDDI employs a ring ar­
chitecture, the standard must in­
clude a way for stations to exit the 
ring, whether voluntarily or acciden­
tally, without compromising the net­
work's integrity. One approach in­
volves a switch that allows any sta­
tion to be bypassed, effectively solv­
ing the problem of going around a 
known faulty or powered-down sta­
tion. When a station is turned off, the 
bypass switch re routes the data 
through an internal relay. Because 
it's directly in the network's signal 
path, the switch's key parameters 
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are response time, attenuation, and 
reliability. 

Another way to maintain integrity 
is to use a concentrator, a device 
that's connected to the ring as a 
node. The concentrator links stations 
outside the ring to the ring, giving 
the configuration the appearance of 
a star arrangement. Any station can 
be switched out of the ring without 
disturbing any other station's con­
nectivity. In general, a concentrator 
is more reliable than a bypass 
switch. 

The ANSI specification for the 
FDDI's PHY layer includes defini­
tions for data encoding and decod­
ing, control and data symbols, filter­
ing, buffering, and other functions 
(Fig. 3). 

To encode data on the media, the 
standard specifies a 4B/5B code, 
which ensures that a data stream has 
no more than five consecutive zeros. 
One reason for this is that the clock 
must be encoded in the data stream 
at a sending station and decoded at a 
receiving station. And because data 
is represented by transitions, a 
string of zeros that's too long has no 
information content and, therefore, 
no clock. Another reason· to retain 
sufficient positive and negative tran­
sitions in a data stream is to maintain 
the network's de balance, the lack of 
which affects a network's bit-error 
rate (BER). 
E S I G N 

The 4B/ 5B technique is also more 
efficient than the commonly used 
Manchester data-encoding scheme, 
which needs more signal bandw.idth 
to convey the same amount of infor­
mation across a network. For exam­
ple, a Manchester scheme needs 200 
Mbits/s to send the same amount of 
information as 4B/ 5B encoding does 
at a 125-Mbit/s bandwidth. Conse­
quently, FDDI local networks can 
use less expensive transceiver de­
vices. 

FDDI's 4B/ 5B encoding is based 
on a non-return-to-zero-inverted 
(NRZI) technique. Actually, the en­
coder's output is NRZ data that's 
translated into an NRZI format. The 
translation creates the number of 
transitions needed for the 4B/ 5B 
coding. For example, five consecu­
tive logic 1 bits would be sent out in 
NRZ code for an Idle signal. But be­
cause the NRZI format inverts the 
output level whenever it encounters 
a logic 1, the resulting NRZI pulse 
train includes sufficient transitions 
(Fig. 4). 

Information in a FDDI ring is 
transmitted as frames and tokens. A 
frame contains data and a token sig­
nifies the right to transmit informa­
tion. Within each frame and token 
are fields composed of symbols. On 
the media, the FDDI information is 
arranged in code groups, with each 
group representing a symbol. 

There are essentially two kinds of 
symbols: control and data. Control 
symbols permit operation between 
the PHY and the layer above it. Lay­
er 2, called the data-link layer in OSI 
terminology, is divided into two 
parts: the media access control 
(MAC) and the logical link control 
(LCC). The transmitter in the PHY 
accepts symbols from the MAC, en­
codes them into 5-bit groups, and 
transmits the serial data over the 
media. Control symbols interpreted 
in the PHY and MAC are delimiters: 
Quiet, Idle, and Halt line-state con­
trol symbols, J and K start delimit­
ers; the T end delimiter; and the Set 
and Reset symbols used for status 
indicators in the trailer of the frame. 

In addition to control symbols, 
FDDI receivers use violation indica­
tors to recognize bit patterns con-
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14. ALTHOUGH THE ENCODER'S OUTPUT is non·return·to-zero data, the 
information is translated into a non·return·to-zero-inverted format to increase the number 
of transitions. 

taining bad data. If a station receives 
violation indicators, it corrects the 
errors rather than propagate them 
along the network. The receive sta­
tion does this automatically using 
hardware techniques, which include 
a repeat filter in the PHY layer. 

The filter inserts idle symbols into 
a data stream until the erroneous bit 
patterns disappear and proper data 
is sent. Because every station per­
forms repeat filtering, very few er­
rors exit on the network and down-

time caused by errors is low. 
Another piece of error-correcting 

hardware in each station is an elas­
ticity buffer, which compensates for 
clock frequency variations between 
neighboring stations. The buffer ef­
fectively resynchronizes data 
frames as it receives them by either 
adding or subtracting a byte of data 
at an appropriate time. By doing so, 
it increases or decreases the length 
of the preamble that precedes each 
frame, keeping the data length con-

stant. If the data frames aren't re­
synchronized, some bits would be 
lost or gained as a frame is repeated 
around the ring.0 
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BE CAREFUL WHEN WRITING 
SCSI-2 WIDE Bus SOFTWARE 

WHILE THE 
PROPOSED 
SCSI-2 
WIDE BUS HAS 
ADVANTAGES, 
IT ALSO 
CHALLENGES 
SOFTWARE 
DESIGNERS. 

GEORGE HAHN 
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Milpitas, CA 95035; (408) 945-8600. 
MARK S. GORDON 
Digital Finesse Inc. , 355 W. Olive Ave. , 
Ste. 105, Sunnyvale, CA 94086; 
( 408) 737-9156. 

he proposed SCSI-2 
ANSI standard adds 
numerous features to 
the original SCSI speci­
fication. Among the 
more useful is a wider 
data bus called Wide 
Bus, which transfers 8-
, 16-, or 32-bit data to 

and from SCSI peripherals. The ad­
vantages of the Wide Bus come with 
some problems, though, including 
accounting for the skew between the 
two cables used for data byte trans­
fers, proper ordering of bytes in the 
buffer containing sector data, prop­
er negotiation for bus width, deter­
mining when a transfer is complete, 
and handling parity. Designers must 
solve these problems in the algo­
rithms that manage Wide Bus data 
transfers at the controller level. 

The proposed SCSI-2 Wide Bus 
consists of two cables (Fig. 1). Many 
of the software requirements of 
SCSI derive from the fact that data 
transfers on the cables need not be 
synchronized, creating a possible 
skew between them. The A cable is 
identical to SCSI-l's single cable, so 
SCSI-1 and -2 equipment can coexist 
in a system. The A cable's 50 lines 
carry a 9-bit data bus (8 data bits and 

1 parity bit), nine control signals, a 
resistor-terminator power line, and 
ground lines. 

Two of the nine control signals are 
handshake lines: Request (REQ) and 
Acknowledge (ACK). A target as­
serts REQ when it's ready to receive 
or transmit one data byte; an initia­
tor asserts ACK to indicate that a 1-
byte data transfer is complete. Note 
that the target always controls the 
data transfer process. It starts a 
transfer by asserting REQ and 
awaits an ACK from the initiator pri­
or to commencing another single­
byte transaction. 

Containing 68 pins, the B cable car­
ries 24 data and 3 parity lines, REQB 
and ACKB control signals, its own 
resistor-terminator power signals, 
and ground lines. The data lines are 
organized as three sets of 8, each 
with its own parity bit. Separate 
REQB and ACKB handshake lines 
are defined because the B cable's 
length may be different than the A 
cable. With a set of handshake lines 
on each cable, the skew between 
handshake signals and data lines on 
any one cable is minimized. This is 
necessary if SCSI-1 and -2 equipment 
are going to coexist. 

In a SCSI-2 system, each target/ 

Adaptec SDS·3 
Test and Development System 

Lowest 8 bits of data 
and all control .signals 

SCSl·2 bus A cable (50-wire) r-----1 

I 

I 

I 

L 

sos.3 
Test Adapter Board 

SDS-3 Wide Bus 
Option Board 

J 

16·bit 
host adapter 

Upper data bits 

B·bit 16·bit 
SCSI peripheral SCSI peripheral 

SCSl·2 bus B cable (68-wire) 

1 1. THE PROPOSED SCSI·2 wide bus standard uses two cables: an A cable that carries 
the first 8 bits of data, and a B cable that can carry 24 bits for a total bus width of 32 bits. 

E L E C T R 0 N I C D E s I G NI 55 
DECEMBER 14, 1989 



DESIGN APPLICATIONS 

SCSl·2 SOFTWARE 

Byte 0 Byte2 Byte 4 Byte 6 Byte N-3 Byte N-1 --...... Overrun byte 
REQ/ACK ---~---

Byte 1 Byte 3 Byte 5 Byte 7 Byte N-2 Byte N 

REQB/ACKB ------~--
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I I 

\ Byte 1 Byte 3 Byte 5 Byte 7 I Byte N-2 Byte N 
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Delay A --~---
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12. BECAUSE SCSl·2's CABLES need not be synchronized, data on one cable may 
lead or lag data transmitted on the other cable, a condition known as skew (a). Using a 
throttling technique ensures that the data bytes will be received in the proper order (b). 

initiator pair must negotiate for the 
width of the data bus. The negotia­
tion process that chooses a particu­
lar data bus width is a factor soft­
ware designers must consider. 

Only the A cable is used for an 8-bit 
bus width. For a 16-bit bus width, 
even bytes (0, 2, 4, etc.) move on the A 
cable as odd bytes (1 , 3, 5, etc.) pass 
along the B cable. For 32-bit data, 
bytes 0, 4, and so on are transferred 
on the A cable, while bytes 1, 2, 3, 5, 6, 
7, and so on are sent on the B cable. 
Because the B cable contains 24 data 
and 3 parity signal lines, 2- or 3-byte 
transfers are made on this cable in 
one transaction (one REQB and one 
ACKB). 

(target) or ACK/ ACKB (initiator) 
handshake signals. This process is 
called throttling. Alternatively, the 
software can manage the problem by 
skew counting, which is to maintain 
a running tally of the skew. Throt­
tling, which facilitates debugging, is 
an important feature of test equip­
ment. The technique can also be de­
signed into the hardware and firm­
ware for a controller or other SCSI 
device , but the reduced data 
throughput caused by throttling is 
generally unacceptable. 

Throttling requires specialized 
hardware that keeps track of which 
cable transferred the last data byte 

Delay A goes high when REQ/ ACK 
goes high again. DelayA gates the 
REQ/ ACK signal onto the SCSI bus, 
preventing REQ or ACK from going 
active until the next active edge of 
REQB/ ACKB. This next active edge 
of REQB/ ACKB causes ThrotA to 
go low, forcing Delay A low. 

By preventing the occurrence of 
either REQ or ACK, the throttling 
circuitry prevents the occurrence of 
the other. Consequently, the hand­
shaking used in both the target and 
initiator roles enables designers to 
throttle a data transfer by suppress­
ing one of the two handshaking sig­
nals-the other end of the link sup­
presses the other signal. Thus, throt­
tling synchronizes the two cables. 

If the need for maximum perfor­
mance eliminates throttling as an al­
ternative, the control software must 
track the number of bytes trans­
ferred on each cable, as well as each 
byte's arrival time. The system can 
then derive the skew count from this 
information, which is the difference 
between the number of transfers 
made on the A cable (one REQ/ ACK 
sequence per transfer) and the num­
ber made on the B cable (one REQB/ 
ACKB sequence per transfer). As a 
measure of the amount by which one 
cable leads or lags the other, skew 
count can help in the proper ordering 
of transferred bytes and in determin-

Because the two cables need not 
be synchronized, data bytes trans­
ferred on one cable may lead or lag 
those moving on the other cable-a 
condition known as skew. For in­
stance, if byte N-1 begins transfer­
ring before byte N-2, byte N-1 be­
comes an overrun byte (Fig. 2a). 

(ELECTRONIC DESIGN, 

Sept. 14, p. 73). The 
hardware generates 
ThrotA and Delay A 
signals if cable A 
leads cable B by more 
that one data byte. If 
cable B leads cable A, 
the circuitry gener­
ates ThrotB and De­
lay B. Both signals 
are active high, with 
their states con­
trolled by the active 
edges of REQ/ ACK 
and REQB/ ACKB. 

Memory buffer Memory buffer 

Skew is very likely if the cables are 
of different lengths, which is made 
possible by the proposed SCSI-2 
standard. This can lead to two prob­
lems: determining the correct order 
of transferred bytes at the receiving 
end and knowing when the transfer 
is complete. The controlling soft­
ware must be able to handle both sit­
uations, making debugging difficult. 

To ensure that the data is received 
in the proper order, the control soft­
ware can prevent skew by appropri­
ately controlling the REQ/REQB 

In the example 
where N-1 is the 
overrun byte, ThrotA 
goes high when the 
REQ/ ACK signal as­
sociated with byte N-
3 goes high (Fig. 2b). 
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A cable A cable 

B cable B cable 

16-bil 32-bil 

13. FOR 16- AND 32-BIT WIDE BUSES, the 
location in which data bytes are stored in the buffer depends 
on which cable carried the data and how wide the bus is. 



ing when a transfer is complete. 
The skew count, however, isn't 

necessarily the same as the number 
of bytes sent on the A cable, less the 
number sent on the B cable. For a 32-
bit bus, each REQ/ ACK sequence 
accompanies a 1-byte transfer, while 
every REQB/ ACKB sequence is as­
sociated with a 3-byte transfer. This 
discussion considers the case of a 16-
bit Wide Bus, in which the number of 
bytes sent on the A cable less the 
number sent on the B cable is identi­
cal to the skew count. 

To improve performance, SCSI 
systems often buffer data bytes at 
the receiving end of the SCSI cable. 
For reads, buffering typically takes 
place at the host end of the cable; for 
writes, it's generally at the drive end. 
The algorithm that controls the byte 
order must also account for buffer­
ing. 

For an 8-bit bus, all of the bytes 
come from the A cable and are stored 
in the order received. For 16- and 32-
bit busses, the offset at which incom­
ing bytes are stored from the begin­
ning of the buffer depends on the ca­
ble from which a byte came and the 
width of the SCSI data bus (Fig. 3). 
Thus, the algorithm must consider 
each byte's source as well as the rela­
tive skew of the cables. 

A Warnier-Orr diagram high­
lights the prominent features of an 
example algorithm (Fig. 4). This is 
for an asynchronous 16-bit bus, 
whereby even bytes are transferred 
on the A cable and odd bytes are 
transferred on the B cable. 

In the diagram's upper left corner 
is the index, or the offset within the 
buffer at which the next byte from 
each cable will be stored. The A index 
is initialized to zero, and the B index 
to 1. At the center of the leftmost 
brace is a loop that constantly checks 
for Command Complete (a second al­
gorithm determines command com­
pletion). The loop executes as many 
times as necessary, therefore the C 
in the parentheses is a variable. 

Within the command completion 
loop are two "if" statements: Byte 
Available from A and Byte Available 
from B. Based on conditions speci­
fied at the bottom of the diagram, the 
"if" statements look for REQ assert-
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ed and REQB asserted, respectively. 
The statements are loops that exe­
cute 0 or 1 time, depending on the 
condition specified. 

When the condition in one of the 
"if" statements is satisfied, the algo­
rithm executes a series of tasks, 
which are in the rightmost brace of 
the Warnier-Orr diagram. These 
tasks involve the following: reading 
the incoming byte, performing the 
REQ / ACK handshake protocol, 
writing the byte to the buffer at the 
appropriate index, and incrementing 
the index value. 

The algorithm loops continuously 
through the tests for Command 
Complete, Byte Available from A, 
and Byte Available from B, in that 
order, until the condition for Com­
mand Complete is met. Thus, if Byte 
Available from A is true, the algo­
rithm executes the statements asso­
ciated with this "if" statement, then 
goes to Byte Available from B. A 
true result there causes the execu-

Section A: 

Initialize A cable byte index to 0 

Initialize B cable byte index to 1 

ti on of the corresponding statements 
and then an evaluation of Command 
Complete. 

This sample algorithm is for an ini­
tiator. For instance, the algorithm 
could be used when a host is placing 
bytes received from a disk controller 
or other SCSI target device into a 
buffer. The algorithm for a target is 
similar: REQ / REQB and ACK / 
ACKB are transposed and the Com­
mand Complete loop is replaced by 
one that determines if all of the bytes 
were transferred. 

The next problem is how to deter­
mine when a data transfer is com­
plete. One obvious value to check is 
skew count. Because it's the differ­
ence between the number of trans­
fers made on the A cable and those 
on the B cable, the skew count will be 
zero when a transfer is complete. It 
may also be zero, however, when a 
transfer is partially complete, as 
when an equal number of transfers 
have occurred on both cables. This 

Read byte from A cable 

Assert ACK signal 

Byte Available from A 
(0,1)?2 

Wait for REQ to be deasserted 

Deassert ACK signal 

Command Complete 
(O,C)?1 

Condition statements: 
1) Transfer is not complete. 

2) REQ is asserted. 

3) REQB is asserted. 

Byte Available from B 
(0,1)?3 

Write byte into buffer at A index 

Increment A byte index by 2 (4 for 32·bit) 

Read byte (3 for 32·bit) from B 

Assert ACKB signal 

Wait for REQB to be deasserted 

Deassert ACKB signal 

Write byte (3 for 32·bit) at B index 

Increment B byte index by 2 (4 for 32·bit) 

I 4. A TYPICAL BUFFER PLACEMENT ALGORITHM includes condition 
statements to determine when REQ or REQB is asserted. 
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may happen repeatedly if a transfer 
proceeds in lock step. Thus, a skew 
count of zero is a necessary but in­
sufficient condition for checking 
command completion. 

Another measure of a completed 
SCSI transfer is the Command Com­
plete message that's sent from the 
target to the initiator. Consider that 
the least significant byte of all mes­
sages is always transferred on the A 
cable. In the case of a Command 
Complete message, which has a val­
ue of zero, there are no further mes­
sage bytes. In messages that do have 
additional bytes, the first byte must 
be nonzero. 

The SCSI specification prohibits 
the sending of a Command Complete 
message until all bytes are sent on 
both cables. This restriction pre­
vents the Command Complete mes­
sage on the A cable from leading the 
last data bytes moving across the B 
cable. If the two cables are of vastly 

Section A: 

Command Complete 
(0,1)?1 

Skew Valid 
(0,1)?2 

Skew Valid 
(0,1)?5 

Command Complete (continue with transfer 
(0,1)?7 

Condition statements: 
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different lengths, however, the cir­
cuitry at the receiving end might ac­
cept the Command Complete mes­
sage before processing the last data 
bytes transferred on the B cable. 

Thus, the algorithm that deter­
mines when a data transfer is done 
must contain two conditions: 
1. A Command Complete message 
must be received on the A cable, indi­
cating that all of the bytes were 
transferred on this cable. 
2. The skew count must be zero, indi­
cating that all of the bytes were 
transferred on the B cable. 

In the Warnier-Orr diagram of a 
general algorithm for assessing 
whether command execution is fin­
ished, the leftmost brace contains 
the Command Complete message 
(Fig. 5). For an initiator, the message 
is received; for a target, the message 
is sent. After the Command Com­
plete message is received, the algo­
rithm checks for a zero skew count. 

Target [Send check condition status 
(o,1i13 L 
® 

Initiator 
(0,1)?4 

{send initiator·detected error message 

Perform any necessary cleanup 

Target [Assert signals for status phase 
(0,1)?6 'L 
® 

Initiator 
(0,1)?8 

~ail for status phase 

1) Hardware detects completion (implementation·dependent). 
2) Skew count is not equal to 0 (REOs #- REOBs). 
3) Device detecting bad skew is a target. 
4) Device detecting bad skew is initiator. 
5) Skew count equals 0 (REOs = REQBs). 
6) Device checking skew count is target. 
7) Hardware does not detect completion (implementation· dependent). 
8) Device checking skew count is initiator. 

15. THE ALGORITHM DETERMINING when a data transfer is complete must 
ensure that a Command Complete message was received on the A cable and that the skew 
count is zero. 
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If both conditions are met, a test for 
status phase is made. 

If the skew count isn't zero after a 
Command Complete message is re­
ceived or sent, an error condition 
must be flagged. In the case of a tar­
get, this takes the form of a Check 
Condition Status statement; for an 
initiator, it emerges as an Initiator­
Detected Error Message. 

Another piece of software that's 
peculiar to the SCSI-2 Wide Bus is 
the negotiation sequence. Each tar­
get/ initiator pair must negotiate the 
width of the data bus they will use 
for their transactions prior to their 
first data transfer. In the absence of 
this negotiation, an 8-bit width is 
used. This default feature allows the 
simultaneous use of devices with dif­
ferent bus widths. 

The negotiation is simple: The ini­
tiator requests a width using a Mes­
sage Out sequence, and the target 
responds with a Message In se­
quence specifying that width or a 
smaller one. There isn't any further 
negotiation. 

An example of such a negotiation 
is a state log display generated by 
the Adaptec SDS-3 SCSI test and de­
velopment system (Fig. 6). The first 
Message Out byte (CO) is an Identify 
message sent from the initiator to 
the target. This is signalled by the 
highest order bit, bit 7, which is set to 
a one. Also, bit 6 of this message byte 
specifies whether the initiator has 
granted the target the right to dis­
connect. In this example, the bit is a 
1, indicating that the target may dis­
connect. This byte also contains bits 
that make it possible to select either 
a specific logical unit number or a 
target routine number . The pro­
posed SCSI-2 standard gives further 
details. 

The next Message Out byte (01) in­
dicates the beginning of a message 
containing more than one byte. Af­
terwards comes a 02 Message Out 
byte, which specifies that two more 
message bytes will follow. The first 
of these, a 03, tells the target that 
this is a Wide Bus negotiation se­
quence. The second, a 02, requests a 
bus width of 32 bits. 

The next four Message In bytes in 
the state log are the target's re-
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arrays-and full design support. 
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School of American Ballet nuckm performance: McrriU Ashley. Copyright:M.uth<t 
Swopc, 1967 

Thanks 
to the Lib~, 

American darice 
has taken great 
leaps forward. 

American dance is more 
popular than ever, and one of the 
reasons is The New York Public 
Library's Dance Collection. 

Choreographer Eliot Feld 
says the Library at Lincoln Cen­
ter is "as vital a workroom as 
my studio." Agnes de Mille says, 
"d1e revival of any work is de­
pendent on access to the Li­
brarv's Dance Collection." 

'And they're not the only 
ones. For dancers and choreog­
raphers everywhere, over 37,000 
volumes, 250,000 photographs, 
and an enormous film archive 
have been essential elements in 
the renaissance of American 
dance. 

That's just one way The 
New York Public Library's re­
sources serve us. The Library 
offers plays and puppet shows 
for children, programs for the 
elderly and disabled, extensive 
foreign language and ethnic col­
lections, and scientific journals 
vital to the business community. 

Again and again, the Li­
brary enriches our lives. 

tmiiiJ!filim 
The New York Public Library 

WHERE THE FUTURE IS 
AN OPEN BOOK 
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sponse. The first byte, 
a 01, specifies that 
more Message In 
bytes will follow. The 
second, a 02, reports 
the number of Mes­
sage In bytes that will 
be sent. Next comes a 
03, which tells the ini­
tiator that this is a 
Wide Bus negotiation 
sequence. The last 
Message In byte, a 01, 
is the target's reply. 
The message specifies 

STATE LOG BUFFER DISPLAY 
00020.30760 Bus Free Detected 046 

45.88108 045 
45.88143 044 

043 
042 
041 
040 
03F 
03E 
03D 
03C 
038 

00045.88097 Arbitration as 07 
00045.88122 Selection ids = (1001 OOOOb) 
00045.88243 Message out CO 
00045.88254 Message out 01 
00045.88265 Message out 02 
00045.88271 Message out 03 
00045.88276 Message out 02 
00045.88332 Message out 01 
00045.88366 Message out 02 
00045.88380 Message out 03 
00045.88400 Message out 01 
00045.88501 Command out 03 00 00 00 19 00 45.88534 03A 

039 
038 
037 

00045.89881 Data in 19H byte (s) 
00045.89914 Message in 24 
00045.89950 Message in 01 

a width of 16 bits, 
which is less than the 

I 6. THIS STATE LOG DISPLAY shows a typical 
bus-width negotiation sequence for a SCSl·2 Wide Bus. 

requested width of 32 bits. Because 
the smaller of the two widths is used, 
this negotiation sequence will result 
in a bus width of 16 bits. 

A further consideration is the data 
padding that may be needed by a 
SCSI-2 Wide Bus. The SCSI standard 
states that the number of bytes in ev­
ery data transfer must be an integer 
multiple of the bus width in bytes. As 
a result, a 16-bit bus must transmit 
an even number of bytes, and the 
bytes transferred by a 32-bit bus 
must be a multiple of four. If the 
data doesn't meet this restriction, 
the transmitter must pad the data. 

To ensure data integrity when pad 
bytes are needed, the transmitter 
must also send an Ignore Wide Resi­
due message. This message specifies 
the number of undefined pad bytes 
included in the final bus transaction 
(the last set of REQ/ ACK and 
REQB/ ACKB handshakes). 

In the example code, the Com­
mand Out message with an op code 
of 03 is a Request Sense command 
that results in the transfer of 19 hex 
(25 decimal) bytes from the target to 
the initiator. The next line specifies 
that number: Data In 19H bytes (Fig. 
6, again). Because 25 bytes are 
transferred on a 16-bit bus, the trans­
action would consist of 12, 2-byte 
transfers plus one 1-byte transfer. 
Consequently, a pad byte is needed 
to make the transaction 26 bytes. 

Immediately below the line speci­
fying the number of bytes trans­
ferred are two Message In bytes. 
The first byte, a 24, tells the initiator 
that it must ignore a wide residue. 

DESIGN 

The second, a 01, indicates the num­
ber of bytes to be ignored-one. This 
corresponds to bits 8 through 15, the 
second byte of the last transfer. 

The proposed SCSI-2 standard 
also defines a parity bit for each data 
byte. As a result, the A cable has one 
parity bit, and the B cable has three. 
Even undefined bytes have valid par­
ity. Therefore, in the above example 
of a wide residue, the pad byte sent 
from the target to the initiator has 
valid parity to ensure that all bytes 
transferred have valid parity. 

Handling of parity errors is imple­
mentation-dependent. Retries up to 
a specified number is one type of 
handling method. If this doesn't pro­
duce a successful transfer, an error 
message is supplied from one level of 
software to another. The result may 
be a display message flagging the 
parity error. The error may also be 
written to an error log file.O 

George Hahn, software engineer 
with Adaptec 's Development Sys­
tems Operation, holds a BSAE 
from Rensselaer Polytechnic Insti­
tute, Troy, NY., and an MSME 
from the University of California 
at Berkeley. 

Mark S. Gordon, founder and 
president of Digital Finesse, de­
signed !Cs at Zilog and helped 
found Verticom Inc. 
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Today's demandin~ applications mean 
you're designing with two criteria in 
mind: performance and longevity. An 
important factor in meeting your goals 
is your choice of portable or standby 
power source. That's why you should 
specify the batteries that have earned 
a reputation for excellence in today's 
major markets: Sanyo Lithiums and 
Laser Lithiums. They' re the batteries 
desi~ned especially for the demanding 
applications of today and tomorrow. 

Sanyo Lithium batteries put world­
class quality and long life to work for 
you . Their high voltage, high energy 

FEATURING 

density and excellent discharge charac­
teristics mean up-to-spec power you 
can depend on-yet they require far less 
space than conventional batteries. 

A stable electrolyte solution and 
cell chemistry allows for reliable , stable 
performance and will support your 
designs with dependable power at 
temperatures ranging from 20° to 80°(. 

All Sanyo Lithium batteries are 
backed by our No Excuses Guarantee. 
It's your assurance of prompt delivery 
services, competitive prices and the 
highest standards from the world's 
technology leader in batteries. 

CIRCLE50 

For information or engineering 
application assistance, contact us at: 
Sanyo Energy Corporation, 1201 
Sanyo Avenue, San Diego, California 
92073 at (619) 661-6620. In Illinois: 
(312) 595-5600. In New Jersey: (201) 
641-2333 . In Florida: (904) 376-6711 . 

There's something new going on 
at Sanyo. 



DESIGN APPLICATIONS 

A PAIR OF VIDEO ICs MAKES IT EASY To BUILD 
100-MHz DISPLAYS-THAT'S FAST ENOUGH FOR 

1024-BY-1024-PIXEL RESOLUTION. 

SIMPLIFY HIGH-RESOLUTION 
MONITOR DESIGN 

esigning the video circuitry for a high-resolution 
CRT monitor is more complicated than it first ap­
pears to be. The amplifier must have the ability to 
drive the cathode of the monitor's CRT with avid­
eo signal whose peak-to-peak amplitude is 40 V, 
and whose bandwidth is on the order of 100 MHz. 

The circuitry should include a section for restoring the signal's de component, 
and it should have provision for adjusting the picture's brightness and contrast. 

In the case of color displays, the amplifier needs to handle the (usually) mis­
matched guns in a typical CRT. It must also compensate for the different effi­
ciencies of the red, green, and blue phosphors. 

Meeting these requirements is far from trivial, but it's much easier than it 
used to be, thanks to a pair of video ICs, which include most of the circuitry 
needed between the monitor input connection and the CRT cathode. By encom­
passing most of the circuitry in IC form, the LM1201 monolithic preamplifier 
and the LH2422 hybrid power amplifier deliver such benefits as compact design, 
reduced cost, improved reliability, and superior high-frequency performance. 

The LM1201 preamp accepts a 1-Vpk-pk video signal as its input. Along with 
amplification, it allows brightness and contrast control, and black-level clamp­
ing for de restoration. The LM1201 sports a rise time of 2.5 ns at 4-Vpk-pk 
output, which translates to an effective bandwidth of over 140 MHz (Table 1). 

The LH2422 is a simple four-transistor hybrid integrated circuit that can 
directly drive a CRT cathode with 40 Vpk-pk (Table 2). Although, by itself, the 
LH2422 is a transimpedance (current-to-voltage) amplifier, it can be easily con­
verted into an ordinary voltage amplifier by adding a gain-setting resistor (see 
"Inside the LH2422, "p. 66). 

Building a high-resolution monitor with the LM1201 and LH2422 combination 
is a fairly straightforward job, despite the high bandwidth requirements of such 
a display. To review, a monitor with a resolution of 1024 by 1024 pixels and a re­
fresh rate of 60 Hz requires that over a million pixels be energized 60 times/s. 
This allows for less than 16 ns per pixel. With retrace time and other overhead, a 
more realistic figure is 12 ns. Typically, a third of that figure is allowed for each 

ZAHIDRAHIM 
National Semiconductor Corp., 2900 Semiconductor Dr., P.O. Box 58090, M/ S 19-25, 
Santa Clara, CA 95052; ( 408) 721-3663. 
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of the transition (rise and fall) times, 
which means that the rise time 
should not exceed 4 ns at the cathode 
of the CRT monitor. This corre­
sponds to an effective overall system 
bandwidth of approximately 100 
MHz. 

A complete system that can meet 
that requirement can be built with 
the LM1201, LH2422, and a few addi­
tional components (Fig. 1). Note that 
the circuitry doesn't provide for re­
trace blanking because that function 
is more conveniently performed at 
the control grid than at the cathode. 

In the system, the video signal is 
ac coupled to the input of the LM1201 
through a 10-µF electrolytic block­
ing capacitor. If the capacitor's lead 
inductance turns out to be high 
enough to affect the system's high-

100 
Rz 

10k 

T C11 

R4 200 
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frequency performance, the prob­
lem can be alleviated by soldering a 
small high-frequency capacitor 
across C1. On the inboard side of Cv 
the purely ac video signal, is made to 
ride on a very stable 2.6-V bias 
source, supplied by the LM1201's in­
ternal reference. 

BOOSTING GAIN 
Amplifiers A1 and A2 supply a gain 

of 8. A2's gain is externally controlla­
ble by varying the drive resistor R20• 

To increase the gain, R20 may be re­
duced or even short-circuited. Alter­
natively, a 0.01-µF capacitor may be 
placed across R20 to boost the high­
frequency gain, if that's what is re­
quired. 

The LM1201 provides contrast 
control through potentiometer R18. 

c, 
~0.1 µF 

12V 

Brightness 
t---+-~t---' control 

Ce 
0.1 µF 

= 0.1 µF L±-----4 
= 1Vcc C13 

-+-J y R1e 0.1 µF ~ 
----is--u:=ov lOk - C12 Clamping 

--v~---, 

Rs 
100 

-I I--Black level REF period -Contrast~ 0.1 µF capacitor 
(Back porch) control 

Clamping 
signal 

CRT 
Rz1 
51 

= 

R,s 
4.7k 

60V Feedback path 

C10 
T10µF 
= 100V 

1 

= 

R,o R,2 
1.1k 560 

_ _J 

Active 
level· 

R,4 160 R13 51 
shifting 
circuitry 

1
1. ALL OF THE CIRCUITRY needed for a high-resolution monochrome CRT 
monitor is contained in just two ICs and a handful of other components. In this circuit, 
black-level clamping is done by the feedback loop, which consists of A2, the active level­
shifting circuitry, the LH2422, and A3• This CRT video amplifier has a rise time of 3.4 ns, and 
a bandwidth in excess of 100 MHz. 
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The voltage tapped off R18 allows 
voltage-controlled attenuation of 
amplifier A2's signal. With 12 V at 
the contrast control pin {pin 4), the 
output signal level is at its maximum 
(0-dB attenuation). Reducing the po­
tential at pin 4 attenuates the output 
signal. The LM1201 offers a nearly 
linear 30-dB attenuation range. 

Brightness is controlled by vary­
ing the potential at the brightness 
control pin (pin 9) using potentiome­
ter R19• The brightness control varies 
the de offset of the output signal. 

INTERFACING THE CIRCUITS 
For proper operation, the LH2422 

requires that its input signal be re­
ferred to 1.5 V de. The LM1201's qui­
escent output voltage, however, is 
much higher than that. Consequent­
ly, the two I Cs must be coupled by a 
high-speed level-shifting stage. 

For maximum design flexibility, 
and to keep the design of the LH2422 
power output amplifier simple, that 
level-shifting circuitry is implement­
ed by external components. Consider 
two ways to configure that stage: a 
high-performance approach and a 
simpler one. 

The high-performance active-level 
shifter comprises diodes D1, D2, D3, 

high-speed buffer transistor Q1, and 
negative supply VEE (Fig. 1, again). 
The circuit feeds the input of the 
LH2422 through gain-setting resis­
tors R13 and R14 • The values shown 
yield an ac gain of -14 (see "Inside 
the LH2422, " eq. 2). 

Capacitors C18 and C19 are peaking 
capacitors that allow the LH2422's 
pulse response to be optimized by 
trading off transition time and over­
shoot. Increasing C19 will decrease 
the transition times but increase the 
overshoot, which increases the cir­
cuit's settling time. It should gener­
ally be adjusted so that the over­
shoot doesn't exceed 5%. Placing a 
small resistor (between 10 and 30 n) 
in series with C19 will reduce the set­
tling time, but it does so at the ex­
pense of increased rise and fall 
times. 

Capacitor C18 allows for fine-tun­
ing of the pulse response after it has 
been roughly determined by C19 and 
the series resistor, if any. Once val-



TABLE 1: 
KEY SPECIFICATIONS 

OF THE LM1201 
Typical specifications at Yee = 12V, TA = 25°C 

Parameter Specification 

Maximum gain BV/V 

Attenuation range 0 to45 dB 

Distort ion at Vout = 1 VPP 0.3% 

Rise time at V out = 4 V PP 2.5 ns 

Effective B. W 
(f-3dB) at Vout = 4 VPP 140 MHz 

ues of the two variable capacitors 
are experimentally determined, they 
can be replaced by fixed capacitors 
for actual production. 

Depending on the length of the 
wire connecting the CRT video am­
plifier's output to the CRT's cathode, 
its inductance may interact with the 
cathode capacitance to form an LC 
tank circuit. That tank circuit may in­
troduce excessive overshoot and 
ringing at its resonant frequency. To 
eliminate that problem, a damping 
resistor (R21) is included in the circuit 
(Fig. 1, again). R21 must not be made 
too large or the time constant it sets 
up in combination with the CRT's 
cathode capacitance may adversely 
affect the signal's rise and fall times. 
A value of 50 to 100 n works well for 
most applications. 

In addition to reducing ringing, 
the damping resistor also protects 
the CRT video amplifier against 
damage caused by arcing within the 
CRT. During arc-over, the damping 
resistor effectively limits the arc­
over current. 

THE BLACK LEVEL 
The LM1201 uses an externally 

gated clamp comparator (A3) to ac­
complish black-level clamping for de 
restoration of the video signal. A 
clamping signal applied through pin 
5 enables A3 during the back porch 
portion (black-level reference peri­
od) of the composite video signal. 
When enabled, A3 becomes the key 
element in a feedback loop that com­
pares the de feedback taken from the 
LH2422's output with the voltage set 
by the brightness control potentiom­
eter. Depending on the LH2422's 
output, the clamping capacitor, C13, 
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is either charged or discharged until 
the feedback loop is stabilized. This 
action clamps the video signal to the 
black-level reference voltage set by 
the brightness control potentiome­
ter. 

During the video portion of the 
signal, A3 is disabled and C13 holds 
the black-level reference voltage un­
til it is refreshed by the next video 
signal. Because the video signals 
corresponding with each line of the 
raster are clamped at a fixed refer­
ence potential, the de component of 
each line is restored. 

The dynamic black-level clamping 
not only boosts the monitor's power 
supply rejection ratio (PSRR), but it 
also keeps its black-level drift very 
low. That drift stays low because the 
black level of each video signal is 
brought back to the correct refer­
ence potential during the signal's 
back-porch interval. 

MEASURED P ERFORMANCE 
For the complete high-perfor­

mance circuit, rise and fall times of 
under 3.4 ns were measured at the 
cathode. With a corresponding band­
width of over 100 MHz, the circuit is 
well suited for 1024-by-1024 display 
resolution monitors. 

Not every design requires the ab­
solute maximum performance that 
the LM1201 and LH2422 can deliver. 
For situations in which a bandwidth 
of about SO MHz will suffice, the sim­
plified circuit may be preferred to 
that of the high-performance circuit 
(Fig. 2). The main difference be­
tween the two circuits is that the sim­
pler one eliminates the active level 

Yee +12V 

shift stage and the need for a nega­
tive supply, V EE (Fig. 1, again). 

Instead, it uses pull-down resistor 
RA to bias the emitter follower out­
put of the LM1201. With Re = 300 n, 
the LH2422 is configured for an ac 
gain of -10. In the absence of RB, the 
high-quiescent output voltage of the 
LM1201 would cause the LH2422's 
output to be in negative saturation. 
Resistor RB counteracts this effect 
by pulling the LH2422's input low, 
which causes the amplifier's output 
to go high. The value of RB depends 
on the value chosen for Re. If Re = 
300 n, a value of 180 n for RB is opti­
mum. If a different value of Re is 
chosen (to change the gain of the 
LH2422), then the value of RB will 
need to be modified as well. 

The required value of RB is deter­
mined by measuring the de level of 
LM1201's output and using that val­
ue in equation 3 (see "Inside the 
LH2422''). Alternatively, RB can be 
determined experimentally by using 
a potentiometer and adjusting it un­
til the correct output offset is ob­
tained. If that is done, it's important 
for the designer to make sure that 
the chosen resistor values are such 
as to draw less than 20 mA from the 
LM120l's output. 

The simplified circuit was built 
and tested. Its rise and fall times 
came in at under 4.2 ns, which corre­
sponds to an effective bandwidth of 
over SO MHz. 

STEPPING UP To COLOR 
With the basics of building high­

resolution monochrome monitors in 
place, moving up to the design of col-

LM1201 c, 
10-100pF 

Pre.amplifier 

Clamping 
signal 

50 

Re 
180 

-
CRT video amplifier 

9 

Rs 
= 470 

12. GREAT SIMPLIFICATION RESULTS when the active level shifter in 
figure 1 is replaced by an RC interface network. The downside is a change in bandwidth from 
100 MHz down to 80 MHz. 
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or systems isn't too big a step. 
What's needed is an LM1201-LH2422 
pair for each video channel. The cir­
cuitry for the green channel with 
lines ending in arrows indicates con­
nections to corresponding points in 
the circuitry for the red (R) and blue 

T
he LH2422 is a wide band­
width, high-voltage am­
plifier that uses only four 
transistors (see the fig­

ure, part a). Key to the device's 
performance are its transistors' 
specifications: breakdown volt­
ages of 70 V to 80 V and an fT near 
1 GHz. The LH2422 is constructed 
using hybrid technology. 

The amplifier is essentially a 
transim pedance ( curren t-to-vo 1 t­
age) amplifier with a 3-kn inter­
nal feedback resistor (RF). Resis­
tors R1, R2, and R3 set up a supply­
dependent bias current, which 
produces a supply-dependent bias 
voltage at the base of Q1. A simple 
model of the circuit can help in an­
alyzing the circuit's operation (see 
the figure, part b). 

Because the amplifier operates 
from one power supply, the out­
put needs to be biased at half the 
supply voltage (V+/2) so that 
symmetrical output swing can be 
achieved. This is accomplished by 
the supply-dependent bias volt­
age VB and the resistor RB (con-
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(B) channels (Fig. 3). 
Note that the LM1201's contrast 

control pin (pin 4) is connected to the 
corresponding pins of the red and 
blue channels so potentiometer R13 

can control the contrast for all three 
guns. Similarly, common brightness 

INSIDE THE LH2422 
nected between the amplifier's in­
verting input and ground). With 
no external input signal, the am­
plifier's quiescent de output is: 

v out (de)= 
(1 + RF/RB)V B (eq. 1) 

with a 60-V power supply, the am­
plifier's input bias voltage is spec­
ified at 1.55 V. Thus, at V + = 60 V 
and RB = 165 n nominal, the am­
plifier's output is biased at 30 V. 
Note that any current injected at 
the inverting input flows entirely 
through the feedback resistor be­
cause the current through RB re­
mains unchanged due to the volt­
age VB impressed across it. In the 
transimpedance mode of opera­
tion, +6.67 mA at the inverting in­
put causes the amplifier's output 
to swing +20 V from its quiescent 
output de voltage. 

Voltage-to-voltage gain can 
easily be accomplished by insert­
ing a gain-setting resistor Re in 
series with the input signal and 
the amplifier's inverting input 
(see the figure, part b, again). 

control for all three guns is achieved 
by connecting the brightness control 
pins (pin 9) of all three channels to­
gether. 

Because the light emitting effi­
ciencies of the red, blue, and green 
phosphors are different, the guns 

Note that for proper operation, 
the input signal must be referred 
to the same potential as LH2422's 
internal bias voltage, VB· The am­
plifier's ac gain is given by: 

(eq. 2) 

An equation that combines the ac 
and de components of the signal 
and gives v out for any given input 
signal voltage is: 

v out = 
V B(l + RF/RB + RF/Re)-
Vi0(RF/Re). (eq. 3) 

A variable capacitor C1 called 
the peaking capacitor can be used 
to optimize the amplifier's pulse 
response by peaking the amplifi­
er's frequency response. The 
peaking network made up of Re 
and C1 must be driven from a spec­
ified source impedance, such as 50 
n . By varying C1, which should be 
a 10 pF - 100 pF variable capaci­
tor, excellent rise and fall times 
can be achieved at the expense of 
some overshoot in the pulse re­
sponse . 

.-~~~---...-~~~---..--~-uv+ LH2422 

Input 

Re 
165 

(I) 
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need to be driven at different levels 
to produce a neutral white color. By 
making the drive resistor (R5) vari­
able, the gains of the green and blue 
channel preamplifiers can be adjust­
ed relative to that of the red channel. 
Once the adjustments are made, the 
contrast control potentiometer can 
be used to vary the drive level of all 
three guns simultaneously. 

To ensure that the three amplifi­
ers track well over a wide range of 
contrast adjustment, the contrast ca­
pacitor, C9, should be common to all 
three preamplifiers. That's a bit 
harder to do than it sounds because 
simply connecting C9 across pins 13 
and 14 of all three LM1201s would 
lead to instability problems. The fix 
shown is to parallel the pin 14s to­
gether directly, and to insert 10-n de­
coupling resistors in the lines con-

I 
I 
I 

DESIGN APPLICATIONS 

DESIGNING VIDEO 
AMPLIFIERS 

necting the pin 13s. 
Because the three guns within a 

color tube rarely turn out to be iden­
tical, each will cut off at a different 
cathode potential. Separate adjust­
ments are therefore necessary to en­
sure that each gun's amplifier has its 
black level set to the cutoff voltage 
of its gun. Provided that the varia­
tion in cutoff voltage is no more than 
15 V, this is easily accomplished by 
making the feedback resistor, R11, 

variable. If the variation exceeds 15 
V, as it often will, then the simple fix 
won't work, and a different approach 
must be used. 

OPERATING LIMITS 
The 15-V limitation for the direct­

coupled circuit is dictated by the 70-V 
absolute maximum rating for the 
LH2422's power supply. Given the 

+12V 

I 1 13 14 4 2 5 

L~-r r~~r -~t~ -~: 
Clamping 

signal 
il' R,. ,: ~I <1 , f l ,o: 

R B R,B R,B i;';;ntrast cont~I 
l H------------'--.;__ __ ....:.:_..;;..:.c.._J R,B 

65V Feedback path 

C11 
10 µF 

R10 ~ 100V 
4.7k 

LH2422 
9 2 

3 Ra Red 
channel 

Blue 
channel -= 

R,B 

Cs 

R1 Rs 300 
500 

-= 

13. THREE IC PAIRS, one each for the red, green, and blue channels, are needed to 
build a high-resolution color monitor. It's not too difficult, but care must be taken to ensure 
proper contrast tracking, and to compensate for the different sensitivities of the different 
color phosphors. 
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absolute voltage limit of 70 V, good 
practice demands that the circuit be 
operated at 65 V or less. Because the 
amplifier's linear range extends to 
within 5 V of each supply rail, the 
output can swing to a minimum of 5 
Vanda maximum of just 60 V-a to­
tal swing of 55 V. 

With the video amplifier coupled 
directly to the cathode, and the video 
signal itself swinging 40 V at each 
cathode, only 15 Vis left to accommo­
date variations between the guns of 
the color CRT. 

Many color tubes have spreads of 
more than 25 Vin cutoff voltage for 
the three guns within the same tube. 
Because the absolute maximum rat­
ing of the LH2422 can't be changed, 
handling those tubes means that the 
amplifier output can no longer be 
coupled directly to the cathode. In­
stead, the output can be ac coupled to 
the cathode, which works fine except 
that it causes the de component of 
the video signal to be lost. The solu­
tion to that problem is to use diode 
clamping to restore the de compo­
nent of the video signal (Fig. 4). 

At de, resistor Rv diode Dv and po­
tentiometers R2 and Ra, clamp the 
red gun's cathode at a potential de­
termined by the setting of R2 and Ra. 
This is how the cathode of each gun is 
clamped at its respective cutoff volt­
age. 

At the frequency of interest, ca­
pacitors C1, C2, and Ca behave as 
short circuits and couple the ac video 
signals to the respective cathodes. 
Because of the diode clamp circuit, 
each video signal's black level is 
clamped to the cutoff potential. Con­
sequently the de component of the 
video signals is restored. 

Note that potentiometers Ra, R6, 

and R9 allow for the individual ad­
justment of the cutoff voltage for 
each gun. Potentiometers R2, R5, and 
R8 are ganged together, allowing for 
simultaneous brightness control of 
all three guns with one knob. The cir­
cuit accommodates tubes with a 
large spread in cutoff voltages and 
also makes for brighter pictures by 
biasing the cathode of the CRT at a 
high voltage. 

The disadvantages of the diode 
clamp circuit are that any fluctua-
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14. MISMATCHED CRT GUNS require high-voltage cutoff adjustment, which a 
low-voltage amplifier simply can't supply. This circuit overcomes the problem by ac coupling 
the amplifier output to the CRT and using a diode clamping circuit for de restoration. 

tions in the power supply line and 
any noise impulses that couple to the 
power supply will also couple to the 
CRT's cathodes. In addition, any 
drift in the power supply voltage and 
the diode's forward drop will cause 
the black level to drift. Most prob­
lems can, however, be eliminated by 
using a regulated power supply and 

TABLE 2: 
KEY SPECIFICATIONS 

OF THE LH2422 
Typical specifications at V + = &OV, CL = 8.5 pf 

and TA= 25"C 

Parameter Specification 

Output de voltage 30V 

Rise time al V out = 40 V PP 3 ns 

Effective B.W 
(f-3dB) at Vout = 40pp 120 MHz 

Output voltage range 5Vto55V 

Linearity error 1% 

Overshoot 10% (externaly 
adjustable to 0%) 

adequate filtering. 
For proper operation, the LH2422 

must be heat sunk under all condi­
tions. Its power dissipation increases 
almost linearly with frequency, 
which means that it will be maximum 
during full scale transitions-when 
alternating black and white stripes 
are displayed on the screen. In that 
situation, and at a supply voltage of 
60 V, the device dissipates about 4.5 
W. Using that figure, assuming an 
ambient temperature (inside the 
monitor cabinet) of 50°C, and noting 
that the maximum permissible case 
temperature for the LH2422 is 80°C, 
leads to a maximum thermal resis­
tance value for a heat sink of (80°C -
50°C)/ 4.5 w = 6. 1·c1w. 

CHOOSING A NEAT SINK 
Many such heat sinks are available 

commercially, such as the Thermal­
loy 15509 and the AAvid 61875. To 
get the best possible results from 
those heat sinks, follow the follow­
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ing four guidelines: 
• Use a thermal joint compound be­
tween the heat sink and the 
LH2422's metal tab. Thermal joint 
compound is a thermally conducting 
grease that lowers the thermal resis­
tance between the device package 
and the heat sink by filling in the air 
gaps between them. 
• Apply adequate torque to the heat 
sink so that good thermal contact is 
established. 
• Mount the heat sink vertically. This 
will cause it to loose heat quickly 
through convection, and is especially 
useful for heat sinks with fins (such 
as the Thermalloy 15509 or the AA­
vid 61875). 
• Paint the heat sink with black oil 
paint or apply a dark varnish. That 
will further reduce the heat sink's 
thermal resistance by improving its 
radiation heat transfer.D 

The author thanks Ron Page, de­
signer of the LM1201, and Tom 
Mills, designer of the LH2422, for 
their assistance. Thanks also to 
Mike Parsin. 
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These kits make it easier than 
ever to pick the right coils, chokes 
and other magnetics for your project. 

Why waste hours cailing around 

"Unicoil" 7 /10 mm Tuneable Inductors 
.0435 µH - 1.5 µH 
49 shielded, 49 unshielded (2 of each) 
Kit M102 $60 

"Slot Ten" 10 mm Tuneable Inductors 
0.7 µH-1143µH 
18 shielded, 18 unshielded (3 of each) 
Kit M100 $60 

Surface Mount Inductors 
4 nH -33 µH 
48 values (10 of each) 
Kit C100 $125 

Axial Lead Chokes 
0.1 µH - 1000 µH 
25 values (5 of each) 
Kit F101 $50 

Horizontal Mount Inductors 
Tuneable and fixed 
Inductance: 31 .5 - 720nH 
33 Values (6 of each) 
Kit M104 $60 

Common Mode Data Line Filters 
Attenuation bandwidth : 15 dBm, 1.5-30 mHz 
DC current capacity: 100 mA 
2, 3, 4 and 8 line styles (4 of each) 
Kit 0101 $65 

Common Mode Line Chokes 
Current: .25 - 9 amps RMS 
Inductance: 508 µH - 10.5 mH 
8 styles (2 of each) 
Kit P202 $100 

Current Sensors 
Sensing range: 0.5-35 amps 
Freq . resp .: 1 - 100 kHz, 50 - 400 Hz 
Transformer and sensor-only versions 
8 styles ( 15 total pieces) 
Kit P203 $50 

Base/Gate Driver Transformers 
Inductance: 1.5 mH Min. 
Frequency: 10 - 250 kHz 
2 single, 2 double section (2 of each) 
Kit P204 $50 

Mag Amp Toroids 
Current: 1, 5 amps 
Volt-time product: 42 - 372 V-µsec 
6 styles (2 of each) 
Kit P206 $100 

Power Filter Chokes 
Current: 3, 5, 10 amps 
Inductance: 5 - 300 µH 
18 styles (48 total pieces) 
Kit P205 $75 

Axial Lead Power Chokes 
Current: .03-4.3 amps 
Inductance: 3.9 µH - 100 mH 
60 styles (2 of each) 
Kit P209 $150 

for samples or trying to wind them 
yourself. Coilcraft's low-cost kits 
put dozens of values right at your 
fingertips! 

You not only save time on 
engineering. You also save money 
when you go into production 

because we stock just about all the 
parts in our kits at low off-the-shelf 
prices. 

Call in today, and you can have 
your kit tomorrow! 

To order, phone 800/322-COIL lin 
Illinois 312/639-6400). 

ftftm/mtrmtiC enlileers llllSler See our catalog in Vol. A, Section 

1102 Silver Lake Road, Cary IL 60013 800/322-COIL Fax 312/639-1469 
CIRCLE38 



30 
(1,000 qty) 

The opportunity for automated, low-cost assembly is a key 
benefit of surface-mount technology, but is often wiped out by 

SCM-1 L SCM-2L 
SPEC! Fl CATIONS SCM-1 NL SCM-2NL 

the high price of surface-mount components. Now, Mini-Circuits offers a new series of 
mixers to meet the pricing demands of SMT ... only $3.30 in 1,000 quantity ($3.95 ea. in 
quantity of 10) ... at a cost even lower than most conventionally-packaged mixers. 

The SCM-1 spans 1 to 500MHz and the SCM-2 covers 10 to 1,000MHz. Housed in a 
rugged, non-hermetic 0.4 by 0.8 by 0.3 in. high (maximum dimensions) plastic / ceramic 
package. Spacing between connections is 0.2 in. The mixer is offered with leads 
(SCM-L) or without leads (SCM-NL) to meet a wide range of pc board mounting 
configurations. 

Each SCM is built to meet severe environmental stresses including mechanical shock / 
vibration as weH as temperature shock. The operating and tempera.lure storage range is 
-55°C to +100°C. Each SCM, designed and built to meet today's demanding reliability 
requirements, carries Mini-Circuits' exclusive 0.1 % AOL guarantee of no rejects on every 
order shipped (up to 1,000 pieces). 

When you think SMT for low-cost production, 
think of Mini-Circuits' low-cost SCM mixers. 

(typical) (l=with leads) 

FREQ. RANGE (MHz) 
LO.RF 1-500 
IF DC-500 

CONVERSION LOSS (dB) 
Midband 6.3 dB 
Total Range 7.5 dB 

ISOLATION (dB) (L-R)(L-1) 
Low-Band 60 45 
Mid-Band 45 40 
High-Band 40 35 

PRICE $3.30 (1000 qty) 
$4.25 (1-9) 

Units are shipped 1n ant1·stat1c plastic 
"" tubes"" or "sticks' for automatic 1nsert1on. 

"NOTE: L & NL suffix for ordering only 
Not marked on units. 

O Mini-Circuits 
A D1v1s1on ol Sc1 ent1 l1c Components Corporat ion 

CIRCLE 79 
P. O. Box 350166, Brooklyn , New York 11 235-0003 (718) 934-4500 

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

(NL=no leads) 

10-1000 
DC-500 

6.5 dB 
8.0 dB 

(L-R)(L-1) 
45 35 
35 30 
25 20 

$4.15 ( 1000 qty) 
$5.45 (1-9) 
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IDEAS FOR DESIGN 

Annual "Ideas For Design" Contest 
Welcome to ELECTRONIC DESIGN'S Annual 

"Ideas for Design" Awards Contest. On the fol­
lowing pages, we have included the 24 best-of­
issue winners for the year beginning June, 1988, 
and ending May, 1989. We are asking you, the 
readers of ELECTRONIC DESIGN, to select the best 
idea of the year. 

Please look over these entries carefully and 
cast your vote for the one idea (only one, please) 
that you feel is the year's best by circling the ap­
propriate number on the Reader Service Card. 
The winner, who will be announced when the 
votes are tallied, will receive a cash award of 
$1500. 

A few points about this section: 

When casting your ballot, please concentrate 
on the broad significance of the idea as well as its 
cleverness-its breadth of applications and its 

contribution to the art of design. 
Because of space constraints, we have only re­

printed the circuit or block diagram for each idea, 
along with a brief write-up describing the intent of 
the circuit. Although we couldn't include all of the 
details of circuit operation, we did include a refer­
ence to the issue date and page number for each 
entry. Layout restrictions also prevented us from 
publishing the entries in chronological order. 

You may want to go through this section and 
narrow your potential choices down to three or 
four, and then refer back to the original issue, 
where the entry appeared in its entirety. 

The author's name and company affiliation are 
omitted to avoid any bias for or against the au­
thor's company or multiple winners. Some au­
thors won the best-of-issue contest more than 
once and their names would have appeared in 
multiple locations here. 

CIRCLE 

5 24 SYNTHESIZER VARIES 
WAVEFORM, FREQUENCY 

of two 256-by-4-bit PROMs, which 
contain the waveform shapes. An­
other address generator (IC2) subdi­
vides an Input Clock frequency to 
modulate the output waveform fre­
quency. To reconstruct the analog 
waveform, an 8-bit output from the 
PROM feeds into a fast digital-to-an­
alog converter. Switch S2 selects be­
tween the two sets of addresses load-

Digital waveform synthesizers have dressing generator make possible a 
significantly better waveform accu- wide range of waveform and fre­
racy and stability than their analog quency control. One address genera­
counterparts. High-speed registered tor (IC1) supplies an 8-bit address for 
PRO Ms and a high-performance ad- a 256-by-8-bit ROM space, consisting 

DEMONSTRATION INSTRUCTION SEQUENCE 
WAVEFORM 1 

Operational Data Data 
CIRCLE NO. Mnemonic Code IC1 IC2 Mnemonic 

1 CLRCR 7H xx xx CLRCR 

2 LCRDI 4H xx xx LCRDI 

3 LIRDI CH OOH OOH LIRDI 

4 LS1DI SH OOH NN LS1DI 

5 LCPDI EH OOH OOH LCPDI 

6 CCJS1 1H 7FH OOH CCJS1 

7 CCJS1 1H xx xx CCJS1 

etc. 

Notes: 1.XX = Don't care 2.NN = Step size from switch Sl 

WAVEFORM2 

Operational Data Data 
Code IC1 IC2 

7H xx xx 
4H xx xx 
CH SOH OOH 

SH OOH NN 

EH SOH OOH 

1H FFH OOH 

1H xx xx 
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ed into I C1, depending on the selected 
waveform. The program in the wave­
form modulator IC2 causes IC1 to 
continually cycle through addresses 

OOH to FFH in step sizes selected by 
switch Sl. Step sizes vary in powers 
of two, from 2° to 27

• The step size 
determines the input clock's division 

ratio, which in turn sets the generat­
ed waveform frequency; the larger 
the step, the higher the frequency.D 
(Winner, June 9, 1988, p. 128) 

Q 5V 

t-o- _,on----------t 

t-o- - on--+----------1 

-0- ~ Buffer 

---------------1 D,, 

(74AC244) 
t-o--on--+--+--+--+------1 ~-+---+---+-----------1 

Waveform 
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PDSP1640 

~---~n-+-._1--1 ...... ---~ 

r--<>--00-+-+-+-...._,1-1.,_--1 
t---o- --00--1--1--1--1--+--+--~ CLK r--

~ .., ~-+--+--+-+--+--+-------1 D10 
S1 

~= ~; CCEN 
1- 11 IC t-
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i - CO COMP 

l m 1 5V 

~~----4---------+----r.--.., 
5 v :( "JO---~ 

~-+----t D,, 
C1 CCEN 
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l _C t- DO 7 t- 7 

r ,1 
rl : 

8 ;-

LE-

256-by-4-bit 
PROM 

AM27521 t2-
~ 
~J}-

CS1 CS2 

Data 

J 

output 

~ . 
H: 

\~ 
256-by-4-bit 

PROM 
AM27521 

BJ-

MR CEP CET LO ,.---.. 
4-bit counter OC l---+--+--------i----..,'-1>--~ 

t- • generators ~l 
t- : PDSP1640 1-::-

><>--+--_, D10 : )-t-

000 f J 
r- CK (74AC161) OB t---+-----+--t 

1 A 1B 1 C 10 OA t---+----+--+--41 

I~ AM27521 

1 l .....---+-+-+----

;;------

A, 

A, 

t-3 

~o 
..) 

r 
3- 13 

2- 12 IC, 

~ 1- 11 CLK t---1 
~- 10 BE 

J l~ 
7J • •• l o 

converter lou1 output 

.a.s3 

Digital signal ~ Analog 

r--t-1 CLK MV95408 ~ 
liout 

RSET REF COM 

C' TI 

l L 
D-type flip-flop 

(74AC74) 

D-type flip-f lop W .l [ l .1 
Clock (7 4AC7 4) 
input ~~ D s a t-+-+--+--iL D s a I-+--~ 
~ TI. TI cK Fi a ~ cK Fi a 1-

~ J 

1.2 k i 75 75 

sv t 
.._ D S a---{+----" 

.__ ____ ~CK -R Q J "-----------------<>-<> Clock 
r--------t out 

....._ ___ ..... ____ __, ....... D-type flip-flop 
(74AC74) 

I ONE 40-MHZ CMOS PDS1640 address generator (IC1) supplies an 8-bit address for a 256 by 8-bit PROM, which consists 
of two AM27521, 256 by 4-bit PRO Ms containing two waveform shapes. Another PDSP1640 (IC2) subdivides an input clock frequency 
to modulate output waveform frequency. An 8·bit output from the PROM feeds into a fast MV95408 d·a converter to reconstruct 
the analog waveform. 
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Burr-Brown invented the 
first IC lOMSPS, 12-bit A/D 
converter. And today, the 
ADC603 is still out in front 
with the best guaranteed 
dynamic performance, 
the best price, and the 
best delivery in the 
industry. 

Out Front 
in Dynamic 
Performance 
ADC603 achieves the 
best spurious-free 
dynamic range by 
minimizing noise and 
distortion. Laser-trimming 
and an efficient design 
ensure its ability to meet 
stringent distortion, 
accuracy, and linearity 
specs. 
It's a complete, sub­
ranging ADC subsystem 
with sample/hold 
amplifier, ADC, precision 
voltage reference, digital 
error corrector and 
timing controller, all in a 
compact 46-pin DIP. 
Two temperature ranges, 
plus a military version, 
are available. 

And Burr-Brown 
offers more guar­
anteed perfor­
mance specs for 
both high and 
standard grades 
than anybody 
else. 

6td& 

-65d8c 

-62d8c 

6itd8 

ADC603J Grade 
25"C OverTemp 

-61dBC -64dlk: 

~ 57d8 

-63cllC -60d8c 

-61d8c -68ct8c 

63cll 60d8 

~ •.I ,•I ,1' °!>:-'...-~-;;--!~.'' - '..:-"'!' .. -.. t~~\ '-~:,,~ : '"' .. •• ~ I~;" 

(. ~ ~- \ ,,..:.o,., .;~ .... ·"t• .. .:t.,~'. ~ j ; ~ 

Out Front 
in Fast 
Delivery 
ADC603's delivery is also 
out in front. All grades are 
available off-the-shelf. 
Whether you need one 
or hundreds, Burr-Brown 

will meet your most 
demanding delivery 
schedules. 

Out Front 
with Lowest 
Price 
Efficient production 
allows Burr-Brown to pass 

CIRCLE 19 

their manufacturing 
economies along to you 
through new lower prices. 
Burr-Brown also adds 
value with superior 
technical support and 
assistance in applying, 
testing and integrating 
advanced ADC603 
solutions. 
ADC603 can help keep 
your designs "out in front" 
of the competition, too. 
Contact your local sales 
office for comprehensive 
data sheets, samples and 
evaluation tools, or for 
immediate assistance call 
1-800-548-6132. 

Burr-Brown Corp. 
P.O. Box 11400 
Tucson, AZ 85734 
"USA OEM prices in lOOs. 

BURR - BROWN® 
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525 POWER-LOSS ALARM 
PROTECTS EQUIPMENT 

Expensive damage to vital equip­
ment can occur if the power fails 
without warning. Sounding an alarm 
when the power goes out is often es-

R, 220k 

120 V ae 

V+ 

R, 
1M 

sential so that proper action can be 
taken. An inexpensive, compact, and 
reliable solution is an ac power-loss 
alarm. This circuit plugs directly into 

V+ 

7 c, 
22 mF 
15 V de 

c, 

a 120-V ac outlet. Upon power loss, 
the circuit generates an audible 
warning for about 30 seconds. The 
alarm doesn't sound again until the 
power comes on and goes out once 
more. Quiescent current from a 9-V 
battery is 5 µA, making battery life 
about equal to shelf life.O 
(Winner, August25, 1988, p.116) 

OP1 
(Sigma 

301Tl-150AI) 

_L + O v + 

0.01 mF T 
Note: All registers are 1 / 4 W, 10% . .=... 9 v 

~ 

I 
THE CIRCUIT'S OPTOISOLATOR (OPl) consists of a neon lamp and photocell. A power loss triggers the monostable 
multivibrator, which consists of capacitor Ct, resistor R3, and ICl-a. The monostable, in turn, activates the stable multivibrator, consisting of 
ICl-;:, resistor R,, and capacitor C2, for about 30 seconds. The astable multivibrator, operating at a frequency of about 2.6 kHz, feeds a 
piezoelectric alarm sounder, PZl, through ICl-d, which acts as a buffer/driver. 

CIRCLE 

526 DIGITAL LINE DRIVER 
DOES ANALOG DUTY 

Most analog systems require at last 
one pair of differential transistors to 
glue together the parts of a complete 
system. Discrete transistors or a 

SL560 

Vee = 5 V 
r 
I 240 

I 

100 nf 
@) I ......,__ ............. __. 

Input 

C0 ., = 100 nf 

transistor array are convenient, but 
they often need a current source to 
supply a reasonable common-mode 
range and a stable bias voltage for 

-, ,-- - -
I 

11 . 1 3 v 
Vas 

single-ended operation. This circuit 
uses an SP92701 ECL line driver, de­
signed for high-speed digital applica­
tions, and a low-noise high-speed 
SL560 preamplifier. The perfor­
mance is often much better than or at 
least equal to that of hybrids, which 
can cost 50 times as much.O 
(Winner, July 28, 1988, p. 154) 

SP92701 

External 

I o utput 

Q 

.... _-+-...... 40J Q 

lk 

Jlnverted 
output 

I AD DING A LOW·NOISE, HIGH·SPEED SL560 preamplifier to the SP92701 ECL line driver delivers a gain of 30 dB with a 3~ 
MHz bandwidth flat to within ± 1 dB. The circuit's complementary output can drive a l~fi twisted pair from a single-ended analog source. The 
SP92701 includes a current source in its input differential-transistor pair, a voltage reference, and a pair of emitter-follower output drivers. 
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LOW SSB PHASE NOISE OF -140dBc 

/I •t ANRITSU CORPORATION 10-27, M1nam1azabu 5-chome, M1nato-ku, Tokyo t06, Japan Tel. 03-446-1111 
U.S.A. ANRITSU AMERICA, INC. 15.Thornton Road, Oakland, N.J. 07436 Tel . 201-337-11 11 Sales & Service 1-800-255-7234 
U.K. ANRITSU EUROPE LIMITED Capability Green, Luton, Bedfordshire LU1 3LU Tel. (STD0582) 418853 
F.R. Germany ANRITSU ELEKTRONIK GmbH Gralenberger Allee 54-56, 4000 Dusseldort 1 Tel. 0211-679760 n r I s u Brazil ANRITSU ELETRONICA S.A. Av. Passos, 91 -Sobrelo1as 203/205-Centro, 20.051-Rio de Janeiro-RJ Tel . 021-221-6086 

•Argentina IOTA S.A Tel 431 ·0911 •Austt11ll11 STANDAAD TELEPHONES AND CABLES PTY LTD Tel 03-615-6671 •Austri a WIEN SCHALL GmbH Tel 0222-832224 •Belgium C N ROOD SA Tel 02-7352135 •Bulg11rl11 
ELSINCO GmbH Tel 0222-871751 •C.n11d11 ATELCO INC Tel 416-479-8590 •Chile PARKER Y CIA Tel 231-9976 •Colombia RADIOCOM SA Tel 218-20541218·4606 •Costa Rica ELECTRONIC ENGINEERING SA 
Tel 250394, 258793 •Cyprus CHAIS RADIOVISION LTD Tel 02·466121 Czechos lovakia ELSINCO GmbH Tel 0222-871751 •Denmark INSTAUTEK A/S Tel 05-611100 •Egypt ALKAN Tel 3490140 •Finland INTO 0Y 
Tel 0-755 7711 •Fn1nce SALIES SA Tel 1-6920.4010 •Greece KOSTAS KARAYANNlS Tel 3230303. 3237731 •Guatemala ELECTRONICA OSRO Tel 314966. 61552 •Hong Kong SCHMIDT & CO , (HK) LTD Tel 5·8330222 
•Hung•ry ELSINCO GmbH Tel 0222-871751 •lcel•nd GEORG AMUNDASON & CO Tel. 687820, 681180 •India PHOTOPHONE LTD Tel 582493, 582498 •Indonesia P.T SUBUR SAKTI PUTERA Tel 359163 •Italy 
VIANELLO S pA Tel . 02-89200162. 02·89200170 • Korea HAN -IL COMMERCE & COMPANY Tel 783·6391 -5 UTO TRADING COMPANY Tel 765-1800/1 •M1l1ysia RANK O'CONNOR'S (M) SON BHO Tel 7566599 
•Mexico ELECTRONICA 2000. SA OE CV Tel. 548-50491548·0630 •Netherl1nd1 C N ROOD BV Tei 070-996360 •New Zealand WM SCOLLAY & CO. LTD Tel 04 -722-961 •Norway TELEINSTRUMENT AS Tei . 02·901190 
Pakistan ASSOCIATED ELECTRIC TRADING CORP Tel 042-56351'66635 •Papua New Guinea STANDARD TELEPHONES ANO CABLES PTY LTD Tel 256933 •Peru ESTEMAC PERUANA SA Tel 45-5530 •Pol•nd 
ELSINCO GmbH Tel 0222-871751 •Portugal OMNITECNICA Tel 905517. 905617 •Saudi Arabia ELECTRONIC EQUIPMENT MARKETING CO Tel 4771650 •Singapore RANK O'CONNOR'S (PTE) LTD Tel 473-7944 •Spain 
UNITRONICS, SA Tel 2425204, 4480162 •Sri LanQ INFOTECHS LTD Tel 580088. 500817 •Sweden TELEINSTRUMENT AB Tel 08-380370 •Switzerland GMP SA Tel 021 -6348181 •Taiwan CHA WEI ELECTRIC TRADING 
CO . LTD lei 522-1295 PHIHOW ELECTRIC TRADING CO . LTD Tel 736-3276 •Thailand P&P TELECOM CO , LTD Tel 2712397. 2710057 •Turkey burc ELECTRONICS AND MACHINERY INDUSTRY AND TRADE CORP 
Tel 1-149578811495789 •Uruguay GTE TELECOMUNICATIONS INC Tel 92·0301/0171 
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527 ALARM USES IC, 
TRANSISTOR, REGULATOR 

The features found in most alarm 
systems for homes or cars can be 
built around one integrated circuit, a 
power transistor, and a 12-V voltage 

0-----? 7812 

12 to 18 V 
regulator 

~ 
2 

'= 

Input 

+ 12 v 

R, 1M 

+ 
C, 

1
4.7 µF 

22k 

Circuit for normally 0.01 µF 
open sensors 

3 

regulator. A hidden switch (Sl) in­
side the car or the house turns on the 
alarm. The circuit inhibits it for 34 
seconds before becoming active to 

+ 12 v 

+ 
'1' 4.7 µF 

+ 12 v 

22k 

Input 

14 

"J 0.1 µF 

Normally 
closed 

0 

Normally open 

'= 

let the user exit and close the door 
without problems. The R1 C1 network 
controls this time delay. The time to 
disarm the alarm when a door or win­
dow opens is determined by the time 
constant of R2C2• The time that the 
siren sounds is set by the time con­
stant of R3C3. D 
(Winner, July 14, 1988, p. 123) 

1M 

22k 

22k 

O.'.J1 µF 

JL 
II 

2k 

.... 
'= 

-

10k 

+ 12 v 

i = 0.5 A 

01 
TIP120 

Alarm 
horn 

Circuit for normally 
closed sensors 

Input 

I WHEN THE VOLTAGE across C1 reaches a threshold value, the inputs of the Schmitt-trigger NAND gates (N2 and N4) go to a high 
state, enabling the two monostable circuits that include N2 and N4. The alarm can then detect the opening of a door or a window by a negative 
pulse from a sensor switch. The pulse triggers the first monostable, causing its output to go high for almost 11 seconds to give time to disarm 
the alarm. When this pulse ends, the first monostable triggers the second, which turns on transistor Ql to sound the alarm. 

CIRCLE 

5 2 8 CROSSOVER NETWORKS 
ARE PHASE EQUALIZED 

v ••• 
All-pass network 

R, Gain= 1 l!L 
H =-2tan-• (wR2C3-1 80') 

11. THE BASIC BUILDING BLOCK for implementing a crossover filter consists 
of a Butterworth low-passed filter of the second order and an all-pass network of the first 
order. The all-pass network has little effect on phase delay. 

When cascaded with a given low- I the proper order can equalize the 
pass network, an all-pass network of overall phase delay over a given fre-
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quency range (Fig. 1). As a result, a 
crossover network free of phase­
shift errors becomes possible. This 
equalization occurs because the com­
pensating phase shift caused by an 
all-pass network of the proper order 
can be nearly as large as that of a 
low-pass network of a given order. 
Two cascaded building blocks, one 
with a low-frequency low-pass cut­
off and the other with a medium-fre­
quency low-passed cutoff, supply 
the low- and medium-band outputs of 
a crossover filter when connected in 
parallel through a differential-input 
operational amplifier, such as an 
INA105(Fig. 2).0 
(Winner, Nov. 10, 1988, p. 141) 

(cont'd. on p. 80) 



Here's great newa 
VXlbus users. It's the 
VXlbus compatible 4x8 
fully shielded message balid 
switching matrix. 

Model 10081 comes in a 
C-size package, and has a fre­
quency range of DC through 
625MHz, making it ideal for use 
in Automatic Test Equipment 
(ATE) systems where instru­
ments such as frequency coun­
ters, signal generators, oscillo­
scopes, pulse generators, RF 
analyzers and other broad 
band devices are to be inter­
connected using the VXlbus 

4 x 8 COAXIAL MATRIX 

(Revision 1.3) speoiflcations. 
Available in 50 and 75 ohm 

configurations, Model 10081 
has twelve front panel SMA 
signal connectors to provide 

·ona1 
@fa switching 

tnltll-second. 
module also 

ft.1111rvtv seven-segment 
~ next to each of the four 
"X" axis signal connectors to 
provide front panel indication of 
any crosspoint with verification. 

It's new products such as 
the VXlbus compatible 10081 
switching module that makes 
Matrix Systems the leader in 
broad band matrices. 

SYSTEMS CORPORATION The price is right, too. 
sm North oougla~ Fir Road $2750 with quantity discounts 
Calabasas, California 91302 
(818) 992-6776 ·FAX (818) 992-8s21 available. 
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Low 

Medium Outputs 

High 
INA105 

Low pass Low output band 
'"2 

Band pass Medium output band 

'"1 
High output band High pass 

(U = 2 rr f 
Frequency (rad/s) 

2. A THREE·BAND CROSSOVER filter uses two 
building-block circuits in cascade and an all·pass circuit, 
all paralleled through two operational amplifiers. The 
differential input operational amplifier, INA105, evens out 
the differences in amplitude between low, medium, and high 
frequency bands. 

COMPARATIVE ANALYSIS 
OF Fil TER TOPOLOGIES 

Filter type Delay (D) in seconds 

1. Butterworth low-pass of the 4th order 

2. Butterworth low-pass of the 4th order 
plus equalizer of the first order 
Butterworth low-pass of the 4th order 
plus equalizer of the second order 

3. Two Butterworth low-pass networks of the 
second order in cascade 

4. Two Butterworth low-pass networks of the 
second order in cascade with an equaliz­
er of the second order 

5. One Butterworth low-pass network of the 
second order without an equalizer 

6. One Butterworth low-pass of the second 
order in cascade with an equalizer of the 
first order 

1.296503128 

0.7279840 

-0.7463950866 

0.585784962 

0.585784962 

0.2928920 

0.0287793211 

CIRCLE 

5 2 9 CLOCK TRACKS 
SWITCH-CAP FILTER 

ter's cutofffrequency. For the MF se­
ries, the multiple is 50 or 100. Some 
applications (such as adaptive filter­
ing) require the filter transfer-func­
tion cutoff frequencies to track a 
varying signal frequency within the 
system. A locked-loop system can 
overcome these clocking problems.D 
(Winner, January 12, 1989, p. 131) 

By adding a few standard-tolerance 
resistors to switched-capacitor filters 
to determine system gain, you can 
create single-chip filter building 

Reference 
input 10k 

221k 

blocks with better than 0.1% cutoff 
frequency accuracies. But switched­
capacitor filters need a clocking sig­
nal that's a fixed multiple of the fil-

a C\ COS(211 X422 Xt) Quadrature output 
v 

In-phase SIN(211 X422 Xt) 
output 0 r-.... 

22.1k 10k 
1 12 

VA+ 
5 CJ 

VA + 

n---YV1..---+-..J,,N\<-4H I NV N/ AP/HP BP I NV 2 SA 3 , 
Switch-capacitor filter (MF5) VA+ 

V- 422 Hz Reference 
input 

0.1 µF l I 1µF 

16 _fLJ 
6 V + LSH AGND S, 50/100 V02 CLK 3 C- Voe 

0.1 µF 

10V 
pk-pk 
422 Hz R11 

487 

11 4 13 4 '" 2 ~-+----14'-I VC,,1 p, 1--J\/lh--+-----i 

6 S;. Pz 13 

AGND 

AGND 10 v pk-pk 
100 X 422 Hz 

Ox Phase-locked loop 

7 (CD4046) g 
5 Cx VC01N ~--------' 

11 
INH 

..-----+--"1"-i2 R, 
~--+---< R2 

DEMO 
10 

ZEN 
15 

*AGND = ~ 
* A = digital GND = Jr 

I AN INPUT SIGNAL to the switched-capacitor filter feeds through to the locked-loop IC, which then feeds back a clocking signal to the 
switched-capacitor filter. In this way, the circuit automatically determines the proper filter clock-frequency multiple and the filter's frequency 
response tracks the input signal frequency. The active integrators in the MF5 ensure that the phase relationship between the MF5's LP (pin 14) 
and BP (pin 1) outputs is always 90°. These signals can serve as quadrature signals with a system, if needed. 
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Our AIDS Were 
Designed to Give 
}bu Butterflies1 

True 14-Bit 
Performance 
ata2MHz 
Sampling Rate 

• The illustrated flow graph of the 
Cooley-Tukey algorithm is known in 
the industry as a butterfly 
computation. 

For Application Assistance: Richard Lentini 
Analogic Corporation, 360 Audubon Road, 
Wakefield , MA 01880 (508) 977-3000 X2170 
Telex: 466069, Fax: (617) 245-1274 

Analogic's new, ultra stable 14-bit sampling AID con­
verters make the most of your post-processing computa­
tions. Using advanced hybrid and surface mount technol­
ogy, these sampling A/D's provide the most cost-effective 
solution to your high speed, high resolution applications. 

The ADC3l10 and ADC3 ll l, designed for low noise 
and low distortion, provide 14 bits of resolution with true 
14-bit performance. A 76 dB signal-to-noise ratio and our 
guarantee of no missing codes over an operating tempera­
ture range of OOC to WC make these units unique. The 
ADC3l10 in the time domain and the ADC3 ll l in the 
frequency domain will digitize signals up to 1 MHz at a 
2 MHz rate, thus achieving unprecedented speed vs. accu­
racy performance. 

Our new sampling A/ D's will perform superbly in 
your most demanding OEM applications. Digital oscillo­
scopes, waveform analysis, high speed data acquisition, 
sonar and digital signal processors. Whatever your DSP 
needs, Analogic has a sampling AI D to help you catch 
the butterflies .. . fast. 

We even pledge it in writing. Unlike other manufac­
turers, Analogic puts all our sampling A/ D's through ex­
haustive tests on our proprietary automatic test systems. 
The test data shipped with each product is our proof that 
it meets or exceeds our published specifications. What else 
would you expect from the world resource for AID con­
verter technology? 

.ANALOGIC®• 
The World Resource 

for Precision Signal Technology 
CIRCLE86 
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530 FEEDBACK CIRCUIT 
CLAMPS PRECISELY 

z, 
IN4626 

Z2 

_ _ _ _.,,.. ___ E, 

--- - -VL 
E0 = (1+ R3/R2)E1, 

for -VL < eo < VL 
VL = x(1+ R3/R2)(V2+VF) 

I 
AMPLIFIER Al BUFFERS and amplifier A2 scales input signals under feedback 
control. Zener diodes and a potentiometer or voltage divider in the feedback loop supply a 
continuously variable bipolar-clamping limit. For frequency stability, resistor R4 and 
capacitor C supply a frequency roll-off in Al. At high frequencies, the capacitor shorts the 
output of Al to its inverting input. Then Al and A2 have independent feedback loops. 

CIRCLE 

531 CIRCUIT ANNOUNCES 
AC-LINE VOLTAGE 

With a few passive components and 
a speech-processor chip, a circuit can 
announce the measured voltage of ac 
lines, from 100 to 140 Vac, with a res-

olution of 1 V (see the figure, p.95). 
The speech chip interprets an 8-bit bi­
nary code from an analog-to-digital 
converter. The processor's pulse-

A limiter circuit consisting of an in­
put buffer (Al), an output-scaling 
amplifier (A2), two zener diodes (Z1 
and Z2) and several other compo­
nents can supply sharp, precise, bi­
polar clamp levels with continuous 
variable control, from 0 to ±11 V.A 
feedback loop enclosing the amplifi­
ers and zeners generates the high 
clamping accuracy. The 5% toler­
ances of the zener voltages deter­
mine the basic accuracy of the clamp 
levels. However, adjusting the gain 
with R2 and R3 can compensate for 
any zener-voltage error and resistor 
tolerances. With matched zeners, 
the adjustment can readily reduce 
the clamp-level errors to less than 
1%.0 
(Winner, Feb. 23, 1989, p. 89) 

code-modulated output then passes 
through a filter and amplifier before 
driving the speaker to vocalize the 
corresponding number. Each time Sl 
is pressed, the speech-processor pro­
gram enunciates the voltage read­
ings, depending on the code at the in­
put of a 27C64 EPROM.O 
(Winner, January 26, 1989, p. 130) 

EPROM PROGRAM FOR THE AC-VOLTMETER 
HEX ADDRESS HEX DATA HEX ADDRESS HEX DATA 

C20 2E,F,F,8,39,F,F,8,21,27,C,C, 15,23,35,20,0,37,4,44 
C40 2E,F,F,8,39,F,F,8,21,27,C,C,15,2E,F,F,8,23,35,20,D,37,4,44 
C60 2E,F,F,8,39,F,F,8,21,27,C,C, 15,0, 1 F,23,35,20,0,37,4,44 
cao 2E,F,F,8,39,F,F,8,21,27,C,C, 15, 1O,E,13,23,35,20,0,37,4,44 
CAO 2E,F,F,8,39,F,F,8,21,27,C,C, 15, 1O,E,13,23,35,20,0,37,4,44 
coo 2E,F,F,8,39,F,F,8,21,27,C,C, 15,28,28,3A,23,35,20,0,37 ,4,44 

CEO 2E,F,F ,8,39 ,F ,F, 8,21,27 ,C,C, 15,28,28,3A,23,35,20 ,0 ,37, 4, 44 
000 2E,F,F,8,39,F,F,8,21,27,C,C, 15,28,28,6,23,23,35,20,37,4,44 
020 2E,F,F ,8,39,F, F, 8,21,27 ,C,C, 15,37,37 ,C,2,29 ,37 ,23,35,20 ,D,37,4 ,44 
040 2E,F, F ,8,39 ,F, F ,8,21,27 ,C,C, 15,37 ,37 ,C,2,29 ,37 ,23,35,2 D ,0 ,37, 4, 44 
060 2E,F, F ,8,39 ,F, F ,8,21,27, C, C, 15,37 ,37, 7, 7 ,23,C, 8,23,35,20, D ,37,4,44 
080 2E,F,F,8,39,F,F,8,21,27,C,C, 15,37,37, 7, 7,23,C,8,23,35,20,0,37,4,44 

DAO 2E,F,F,8,39,F,F,8,21,27,C,C, 15, 14,2,0,23,35,20,0,37,4,44 
DCO 2E,F,F,8,39,F,F,8,21,27,C,C, 15, 14,2,0,23,35,20,0,37 ,4,44 
DEO 2E,F,F,8,39,F,F,8,21,27,C,C, 15,38, 18,6,8,23,35,20,0,37,4,44 
EOO 2E,F,F,8,39,F,F,8,21,27,C,C, 15,0, 7, 7,8,23,35,20,0,37,4,44 
E20 2E,F,F,8,39,F,F,8,21,27,C,C, 15,C,20, 7, 7,23,C,8,23,35,20,0,37,4,44 
E40 2E,F,F,8,39,F,F,8,21,27 ,C,C, 15,0,30, 7, 7,20,23,23,35,20,0,37,4,44 

E60 2E,F,F,8,39,F,F,8,21,27,C,C, 15,0,30, 7, 7,20,23,23,35,20,0,37,4,44 
EBO 2E,F,F,8,39,F,F,8,21,27,C,C, 15,D, 13,47,0,13,8,23,35,20,0,37,4,44 
EAO 2E,F,F,8,39,F,F,8,21,27,C,C, 15,28,28,3A,D, 13,8,23,35,20,0,37,4,44 
ECO 2E,F,F,8,39,F,F,8,21,27,C,C,15,28,C,28,D, 13,8,23,35,20,0,37,4,44 
EEO 2E,F,F,8,39,F,F,8,21,27,C,C, 15,37,37,C,29,37,D, 13,8,23,35,20,0,37,4,44 
FOO 2E,F,F,8,39,F,F,8,21,27,C,C,15,37,37,C,29,37,0,13,8,23,35,20,0,37,4,44 

F20 2E,F,F,8,39,F,F,8,21,27,C,C, 15,37,37 ,7,23,C,8,D,13,8,23,35,20,0,37,4,44 
F40 2E,F ,F,8,39,F,F,8,21,27,C,C, 15, 14,2,d, 13,b,23,35,2d,d,37,4,44 
F60 2E,F,F,8,39,F,F,8,21,27,C,C, 15, 14,2,d, 13,b,23,35,2d,d,37,4,44 
F80 2E,F,F,8,39,F,F,8,21,27,C,C,15,8,6,8,D, 13,8,23,35,20,0,37 ,4,44 
FAQ 2E,F,F,8,39,F,F,8,21,27,C,C, 15,0,30, 7, 7,8,D, 13,23,35,20,0,37,4,44 
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FCO 2E,F,F,8,39,F,F,8,21,27,C,C, 15,D,30,7 ,7,8,0,13,2E,F,F,8,23,35,20,0,37 ,4,44 
FEO 2E,F,F,8,39,F,F,8,21,27,C,C, 15,0,30, 7, 7,8,0, 13,D, 1 F,23,35,20,0,37,4,44 
1000 2E,F,F,8,39,F,F,8,21,27,C,C, 15,0,30, 7, 7,8,D, 13,D, 1 F,23,35,20,0,37,4,44 
1020 2E,F,F,8,39,F,F,8,21,27,C,C, 15,0,30, 7, 7,8,0, 13, 1D,E,13,23,35,20,0,37,4,44 
1040 2E,F,F,8,39,F,F,8,21,27,C,C, 15,0,30,7,7,8,0,13, 1D,E,13,23,35,20,0,37,4,44 
1060 2E,F,F,8,39,F,F,8,21,27 ,C,C, 15,0,30, 7 ,7,8,0,13,28,28,3A,23,35,20,D,37,4,44 

1080 2E,F,F,8,39,F,F,8,21,27,C,C, 15,0,30, 7 ,7 ,8,0, 13,28,28,6,23,4,44 
10AO 2E,F,F,8,39,F,F,8,21,27 ,C,C, 15,0,30, 7, 7,8,0,13,37,37,C,29,37 ,23,35,20,0,37,4,44 
10CO 2E,F,F,8,39,F,F,8,21,27,C,C, 15,0,30, 7 ,7 ,8,0, 13,37 ,37,C,29,37,23,35,20,0,37,4,44 
10EO 2E,F,F,8,39,F,F,8,21,27,C,C,15,0,30, 7, 7,8,0, 13,37,37, 7, 7,23,C,8,4,44 
1100 2E,F,F,8,39,F,F,8,21,27 ,C,C, 15,0,30,7 ,7,8,0,13, 14,2,0,23,35,20,0,37,4,44 
1120 2E,F,F,8,39,F,F,8,21,27,C,C,15,0,30,7 ,7,8,0,13,38, 18,6,b,23,35,2d,d,37,4,44 

1140 2E,F,F,8,39,F,F,8,21,27,C,C,15, 10,34,2,D, 13,23,35,2d,d,37,4,44 
1160 2E,F,F,8,39,F,F,8,21,27,C,C, 15, 10,34,2,D, 13,2E,F,F,8,23,35,20,0,37,4,44 
1180 2E,F,F,8,39,F,F,8,21,27,C,C, 15, 10,34,2,D, 13,2E,F,F,8,23,35,20,0,37,4,44 
11AO 2E,F,F,8,39,F,F,8,21,27,C,C, 15, 10,34,2,D,13,0, 1 F,23,35,20,0,37,4,44 
11CO 2E,F,F,8,39,F,F,8,21,27,C,C, 15, 10,34,2,D, 13, 1D,E,13,23,35,20,0,37,4,44 
11EO 2E,F,F,8,39,F,F,8,21,27,C,C, 15, 10,34,2,D, 13,28,28,3A,23,35,20,0,37,4,44 

1200 2E,F,F,8,39,F,F,8,21,27,C,C, 15, 10,34,2,0, 13,28,28,3A,23,35,20,0,37,4,44 
1220 2E,F,F,8,39,F,F,8,21,27,C,C, 15, 10,34,2,D,13,28,28,6,23,23,35,20,0,37,4,44 
1240 2E,F,F,8,39,F,F,8,21,27,C,C, 15, 10,34,2,D, 13,28,28,6,23,23,35,20,0,37,4,44 
1260 2E,F,F,8,39,F,F,8,21,27,C,C, 15, 10,34,2,D, 13,37,37,C,29,37,23,35,20,0,37,4,44 
1280 2E,F,F,8,39,F,F,8,21,27,C,C, 15, 10,34,2,D, 13,37,37, 7, 7,23,C,8,23,35,20,0,37,4,44 
12AO 2E,F,F,8,39,F,F,8,21,27,C,C, 15, 10,34,2,D, 13, 14,2,0,23,35,20,0,37,4,44 

12CO 2E,F,F,8,39,F,F,8,21,27,C,C, 15, 10,34,2,0, 13, 14,2,D,23,35,20,0,37,4,44 
12EO 2E,F,F,8,39,F,F,8,21,27,C,C,15, 10,34,2,D, 13,38, 18,6,8,23,35,20,0,37,4,44 
1300 2E,F,F,8,39,F,F,8,21,27,C,C, 15, 10,34,2,D, 13,23,35,20,0,37,4,44 
1320 2E,F,F,8,39,F,F,8,21,27,C,C, 15, 10,34,2,D, 13,23,35,20,0,37,4,44 
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I A ONE-CHIP, N-CHANNEL MOS DEVICE, using a stored program to synthesize speech, announces monitored ac-voltage 
readings between 100and 140 Vac. The chip contains 59 allophones (sounds) plus five pauses with variable gain. 

CIRCLE 

532 GET ACCURATE NULL 
WITH VARIABLE GAIN 

R1 10k 

Signal from 
bridge output 

R2 10k 

Cs 

c. 
1000pF * 

D1 

C2 Cs * 0.1 µF 100 pF 

1000pF --------------------

I AN ELECTRONIC NULL DETECTOR for a bridge has a variable-gain feature 
for which the o)l'"3mp's feedback path needs a dynamic resistance that increases as the input 
signal drops. Two common signal diodes <D1 and D2) supply that function. 

E L E C T 

Bridges are among the most accu­
rate instruments for component-val­
ue measurements. But the precision 
depends on how finely the null detec­
tor can discriminate the bridge's fi­
nal balancing position. The old, deli­
cate, and inconvenient spot galva­
nometers provided about a 7-µ VI di­
vision deflection sensitivity . By 
contrast, a modern electronic null­
detector op-amp circuit offers a sen­
sitivity of about 2 µVI division much 
more conveniently and at lower cost. 
Moreover, with variable gain, the cir­
cuit's sensitivity automatically in­
creases as the null signal approaches 
zero, and the readings repeat per­
fectly. The circuit can use any gener­
al-purpose, low-offset, low-drift op 
amp, such as the OP-07.D 
(Winner, February 9, 1989, p. 90) 
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CIRCLE 

533 DC VOLTMETER 
SPEAKS ENGLISH 

For just $30, you can build a de volt­
meter that converts inputs of 0 to 
25.5 V into a plain-English output 
witharesolutionof0.1 V. The audible 

SY 

20 

voltmeter uses an MM54104 Digi­
talker chip from J ameco Electronics 
(IC5) as the speech synthesizer. Two 
ROMs (IC66 and IC7) contain (in 

IC4 
27C6A 

Oo -1 
18 

40 39 
Out '=' 

8 SWs 

7 
A0 25 

Cus A,3 
3 cs 38 

IC5 
MM54104 12 

compressed form) the frequency and 
amplitude data required for spoken 
expressions at 144 addressable loca­
tions. When used with an external 
filter, amplifier, and speaker, the 
system generates high-quality 
speech. Each report can contain up to 
five words.D 
(Winner, October 27, 1988, p. 135) 
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I 
A LOW COST DC VOLTMETER converts inputs of 0 to 25.5 V into a plain-English output with a resolution of 0.1 V. Pressing the 
Test switch to take a reading sends a 4-ms negative pulse to the a-d converter from the NANO gate IClc, configured as a half-monostable. An a­
d converter generates an 8-bit binary-coded output word, the digital equivalent of the voltage input. These 8 bits serve as the address input to 
the pins of an EPROM. Half of a 4520 dual counter (IC2a) scans those memory locations in sequence by driving the lower address bits Ao to A3 

of the EPROM. As a result, the EPROM delivers a preprogrammed sequence of five instructions to the Digitalker. 

CIRCLE 

5 34 CMOS MSI CIRCUIT 
MEASURES C VALUES 

The problem with many digital capac­
itance-measuring circuits lies in their 
'ITL or LS technology, which draws 
high current and mandates a high 
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part count. Also, liquid-crystal dis­
plays (LCDs) use far less current 
than LED displays. A CMOS MSI cir­
cuit with an LCD solves both prob-
E S I G N 

lems. The circuit (see the figure, p. 
85), a 4-1/2-digit autoranging capaci­
tance meter, automatically selects 
the scale and the display's decimal­
point position. The circuit's range is 1 
pFto 100 µF. Itconsumes50mAat6V 
and operates on a 9-V battery with a 
7806 regulator IC.D 
(Winner, Sept. 22, 1988, p. 148) 
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I A 4.5-DIGIT LCD autoranging capacitance meter automatically selects the scale and the display's decimal-point position. The meter 
requires only the insertion of the unknown capacitor, Cx, to select a range from 1 pF to 1000 µF. Timer Tl, operating in a linear monostable 
mode, charges Cx through a constant~urrent source formed by transistor Ql and resistors Rs to R8 in accordance with the scale. ICl, a CD4066 
quad bilateral switch, automatically selects one of these resistors. The time between pulse outputs from Tl then depends on the value of Cx. 

CIRCLE 

53. 5 DRIVE BRUSH MOTORS 
WITH BRUSHLESS IC 

+12V C1 C4 J 220pf 1.0µF "J 

1 BT CT 20 

FWD/REV AT EN 
F/R PH 
HA MC33033 AB 
HB brushless BB 
HC motor CB 

controller vcc 
GND 

+ CL 
R6 

Rs 47 
10k 

C2 
Jo.OOS µF 

E L E 

An effective way to drive brush-type 
de motors is with inexpensive I Cs in­
tended to control brushless motors. 
An MC33033 brushless controller 
driving an MPM3003 H-bridge re­
sults in a minimum-parts-count drive 
for a 1/ lOth-hp motor. The key to the 
circuit is a Hall code (100) that pro­
duces a top-left, bottom-right drive 
when the controller's forward-re­
verse (F /R) pin is at logic-level one; a 
top-right, bottom-left drive when it's 
at logic level zero.D 
(Winner, May 25, 1989, p. 67) 

C T R 

NETWORK Rs and C2 establishes a 
pulse-width-modulated frequency of 
about 25 kHz. Varying the noninverting 
input of the PWM loop's error amplifier 
from zero to V REF with R8 sets the motor 
speed. With the FWD/REV switch open, 
Ql is on, and the controller pulse-width 
modulates Q4 to drive the motor. Closing 
FWD/REV turns Q2 on, and Q3 modulates 
the current, reversing the motor. 
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5 36 CLAMPING OP AMP 
IMPROVES ADC 

Analog o-- -i 
input 

track·and·hold 
amplifier 

Residue amplifier 

Overange 
correction 

Digital 
output 

11. IN THIS SUB· RANGING ail architecture, the difference between a present 
track-and-hold output and a previous ail output can be enough to overload the residue 
amplifier. Frequently, the error term will be amplified in the conversion process. 

CHOOSE THE BEST 
IDEA OF THE YEAR 

Track.and-hold 

1500 

100 

A challenge facing analog-to-digital 
designers is the production of sub­
ranging converters that will convert 
analog signals to 12-bit accuracy at 
sample rates of 10 MHz and beyond. 
To that end, track-and-hold and resi­
due amplifiers of adequate perfor­
mance remain sought-after items. 
The residue amplifier (Fig. 1), in par­
ticular, establishes much of the sub­
ranger performance. The CLC501, a 
low-power, monolithic device, solves 
this problem by teaming a current­
feedback op amp with an internal out­
put-voltage clamp. The op amp and 
clamp (Fig. 2) help deliver the fast 
settling time at the high gains rou­
tinely needed in this application­
necessary for high clock rates.D 
(Winner, October 13, 1988, p. 124) 
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I 

.,!,. 

12. TO CONSTRUCT a residue amplifier, use a feedback resistor RF of about 1.5k. For 
a voltage gain of-32, RG is 46.9k. A feedback capacitor, Cr (about 1 pF), must supply lead 
compensation to eliminate ringing. A damping resistor, Rs, improves settling time. 

CIRCLE 

537 EXTEND COMMON-MODE 
INSTRUMENT AMPS 

+ 11 v v 
p 

t 10VcM = 1 V-------' 

RG 5k 

v 
t 9Vo-N---f 

20k 

+11 v 

+1V 

Difference amplifier 
r - --- -- - - --- - ---- --, 
I I 

I R1 I 

10V : 
I 
I 
I 
I 

L-------------

I 
I 
I 
I 

_ _J 

INA105 
G= 1 

11. THIS INSTRUMENT-AMPLIFIER CIRCUIT supplies a ±10-V common-
mode range with a ±10-V output. However, it requires a minimum gain of 10 in the 
differential-amplifier circuit. 
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The fact that the common-mode 
range (CMR) of most instrument­
amplifier inputs is generally closer 
to ±6 V than +10 V often surprises 
even seasoned designers. Moreover, 
the many manufacturers' data 
sheets showing +10 V for CMR 
specs heighten the confusion. The 
fact is, those units have a ±10-V 
CMR only near zero output voltage. 
Because most applications rely on at 
least a few volts of output, if not the 
full 10-V output range, this limita­
tion compromises many designs. 
Two circuits can supply a 10-V CMR 
with a 10-V output, but each imposes 
a special condition. The first supplies 
±10-V CMR with a ±10-V output, 
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538 COMPARATOR SUPPLIES 
FULL OP-AMP OUTPUT 

Many circuits need the controlled 
characteristics of a closed-loop gain, 
highly stable amplifier. Among 
these circuits is the comparator in ac 
voltage and current regulators, as 
well as the comparator that closes 
the loop around the storage capaci­
tor in a sample-and-hold circuit. Not 
only must the gain within the com­
parator's linear region be accurately 
controllable, but the input imped­
ance must be high. Such an extend-

ed-use comparator-an attractive al­
ternative to typical comparators­
can be built with one µA 725 op amp 
and just three resistors. This com­
parator delivers a full-range op-amp 
output of ±10 V. It allows the closed­
loop voltage gain to be set between 
500 and 100,000. This circuit also ex­
hibits a low offset-voltage drift of 
0.1µ V /°C and furnishes a high input 
impedance of 1 Mn.O 
(Winner, June 23, 1988, p. 120) 

CIRCLE 

5 3 9 ELIMINATE OSCILLATOR 
FROM A LOOP 

For a phase-locked loop covering in­
puts of 40 kHz to 40 MHz, a digital­
to-time converter (DTC) can supply a 
current-controlled delay to replace 

A 
Clock 

Comparator 

510 

-5.2V 

510 

-5.2V 

the oscillator. The circuit employs 
negative feedback to the DTC to 
close the circuit's loop, which is sta­
ble over all three frequency decades. 

510 

-5.2V -5.2V 

From 
I current 

1
1. A CIRCUIT EMPLOYING NEGATIVE FEEDBACK to a digital-to-time 
converter can supply a current-eontrolled delay to replace the oscillator in a phase-
locked loop. This circuit will handle input frequencies from 40 kHz to 40 MHz. The op-amp 
output ranges from -5 to -13 Vat equilibrium. Diode Dl is used to block positive voltages 
to R8• 

E L E C T 

but it requires a minimum gain of 10 
(Fig. 1). The second imposes no re­
striction on gain, but limits the CMR 
to 10 V output only (Fig. 2).0 
(Winner, Dec. 22, 1988, p. 67) 

1
2. THERE'S NO restriction on gain 
with this instrument-amplifier circuit. 
But it limits the output to -10 V and the 
CMR to 10 V as an output only. 

R1 R, 700k 

Output 
Input 

1 
Gain :: moo 

R 60k . • 20 "' . R1 55k 

~ 
20 70 ("Cl 

~ -20 

6 
A 45k 

-60 

- 100 

R , 0 

-140 

I BUILD AN alternative to typical 
comparators with one µA725 op amp and 
three resistors. 

The DTC's digital inputs DB0-7 sup­
ply maximum (full-scale) delay when 
the inputs are all high (at +5V) and 
its R8 input is at ground voltage. 
However, a negative voltage at node 
Vl from the op-amp integrator's out­
put and the resulting current i0 de­
crease the DTC's delay.D 
(Winner, April 27, 1989, p. 107) 

-100 -50 

Phase 
180' 

135' 37T/4 

45' rr/4 

50 100 

1
2. A CURRENT SOURCED into 
the inverting input of the op-amp 
integrator's summing node can phase 
shift the pulses at F in relation to those 
at Eby up to 180°. 
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540 TEST DC/DC CONVERTERS 
WITH ISOLATED LOAD 

c R Coax 
Scope 

D Load 
De/de resistance 

converter 
~ 

Ac R = 50 n 

line Common-mode 
supply p~th Ac line 

1 1. MASSIVE GROUND-LOOP paths and fast switching waveforms can play havoc 
with the measurement of true output noise. 

Servo amplifier +15V 

1.0k 
Dionics 1.0k 

0-5 V control· 
voltage input 10M 

180k 0.01 µF DIG-12-06-025 
1.0k 

100 pF 

Analog Devices 
AD204K ISO-AMP 

G = 20 

Testing de-de converters isn't sim­
ple. Merely adding a load and attach­
ing an oscilloscope isn't enough. 
Massive ground-loop paths and fast 
switching waveforms can play havoc 
with the measurement of true output 
noise. A common-mode current, de­
veloped by the converter's 100-ns, in­
ternal-switching waveforms and 
transformer interwinding capaci­
tance, usually finds a path through 
the measuring scope, the ac line, and 
back to the converter. An isolated 
load is thus needed for testing de-de 
converters. It has less than 100-pF 
capacitance from the load to the in­
put ground. This low coupling capac­
itance reduces the possibility of com­
mon-mode ground loops.D 
(Winner, Nov. 23, 1988, p. 123) 

10-A fuse 
~Vl---0 +current 

0-5A IRFP150 
on heat sink 0-100V 

De/de 
converter 

under 
test 

0.05n 
2W 

-Current 

12. THE ISOLATED LOAD circuit has less than 100-pF capacitance from the load to the input ground, which practically eliminates 
common-mode ground loops that might cause inaccurate noise measurement of dc-11.c converters. Programmable from 0 to 5 A for either 
positive or negative current loads, the circuit can dissipate more than 50 W with proper heat sinking. 

CIRCLE 

541 EMITIER FOLLOWER 
DRIVES LEDs 

Designers typically use saturated I 
common-emitter npn stages to drive 
light-emitting diodes from logic sys­
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terns. Although that approach is 
widespread and workable, the npn 
common emitter isn't as efficient as 
E S I G N 

the even simpler emitter-follower 
drive stage. An emitter-follower driv­
er can couple to the logic-drive stage 
without any resistors between logic 
and base of the emitter follower (see 
the figure, p. 101). This setup repre­
sents the minimum parts count. D 
(Winner, December8, 1988, p. 104) 
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(a) NMOS CM'JS (b) 2N3565 
TIL OTL.etc. High· 2N930 

I idrive 
actave 

2N2222 
High· LOW· 2N3904 
actave active 330 

CMOS 
logic (part of 

log ic logic 
~ 330 ! ' 

CA3096) 
Npn NMOS 

(Pu ll-down used in ~ 
(part of DTL idrive l etc. 

driver CA3096) High-active logic 
some appl ications) etc. (TIL requires pull-up resistor) (C) 

I A TYPICAL COMMON-EMITTER driver requires at minimum a base-drive current-limiting resistor plus a current-control resistor 
in series with the LED (a). The input to the emitter follower can be either from an active-low logic output (b), or from an active-high logic 
output (c). 

CIRCLE 

542 SPREADSHEET 
SIMULATES LOGIC 

1 
2 
3 
4 
5 
6 

A 

Switch-1 
0 

Swilch-2 
0 

7 T1mer-C Contacl 

B 

LOGIC SPREADSHEET 
c D 

Relay-A Relay-B Timer-C 
1 1 0 

B 0 <-- (Conlact 1 after Timer-C 1) ___ . ___________ : 
9 ( Contact 0 before Cam 0) 
10 Cam 

G 

Contaclor -M 
0 

11 
12 
13 
14 

O <- - - - - (Cam after M - 1 and before T1mer-C - 0) ____ . __ ••• _____ _ ~ . __ ____ • __ : 
(Cam 0 when cycle is complele) 

Cell Cell name Cell contents 

Al Sw1lch-l 
Cl Relay-A 
01 Relay-B 
El Timer-C 
G 1 Contactor-M 
A2 SWl 0 
C2 RLYA @AND(CAM O,(@OR(RLYA 1, RLYB = 1))) 
02 RLYB @AND(SW1 - 0, SW2 0) 
E2 TIMC @AND(RLYA = 1,SWl 1,SW2 1) 
G2 @OR(CAM 1, CONTC 1) 
A4 Switch 2 
E4 
G4 
AS SW2 0 
ES 
GS 
E6 
G6 
A 7 Timer-C Contact 
El 
G7 
AB CONTC 0 
BB · < - - (Contact - 1 after T1mer -C 1) - - - -
GB 
B9 (Contact = 0 before Cam 0) 
G9 
AlO Cam 
G10 
All CAM 
GB 
Bll · < -----(Cam = l aflerM land beforeTimer-C = O)- ---
C 12 ·(Cam 0 when cycle is complete) 

Noles: • Unprotected cel ls: all others pro tected. Logic 

@ Logic equation Device activated not activated 

E L E C T 

Spreadsheet programs are common, 
easy to use, and can usually supply 
the logic functions AND, OR, and 
NOT. Consequently, it's easier to ex­
ecute simple-logic simulation with 
spreadsheets than by experimenting 
with hardware. For example, in a re­
lay-logic machine-control circuit for 
a punch-press, contactor-M ener­
gizes and the motor-M starts only 
when simultaneously pressing both 
palm switches, SW-1 and SW-2. The 
motor should then complete one cy­
cle, and the cycle shouldn't start 
again unless both palm switches 
were first released. A spreadsheet 
supplies simulation with names and 
logic entered from the wiring dia­
gram. The logic functions require 
only spreadsheet cells A2, C2, D2, 
E2, G2, A5, A8, and All. The remain­
ing cells are optional graphics.O 
(Winner, March23, 1989, p. 79) 

Cam 

'- - ...- Timer 

c 

I 
A SPREADSHEET supplies a 
quick and direct simulation with the 
device, names, and the logic circuit 
entered directly from the wiring diagram. 
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543 STANDARD RESISTORS 
GIVE ACCURATE RATIOS 

A simple program written in stan­
dard Basic quickly calculates feed­
back resistors to get accurate gain 
values for inverting and noninvert­
ing op amps and resistors. It also 
gets accurate ratios for voltage di­
viders, when using standard resistor 
values. After the user enters the per-

centage values and gain, the pro­
gram operates for a time interval in­
versely proportional to the resistor 
tolerance: The smaller the tolerance, 
the longer it takes. The resulting re­
sistor values supply standard resis­
tor values and tolerances.0 
(Winner, Sept. 8, 1988, p.111) 

CIRCLE 

544 READ TEMPERATURE 
To O.l°C RESOLUTION 

Most mechanical and liquid-sensing 
thermometers can't supply the 0.1° C 
resolution called for in many biologi­
cal applications. A digital thermome­
ter, with a liquid-crystal display 
(LCD) operating from 5 to 45° C, 
readily delivers that high resolution. 
The circuit uses a thermolinear sen­
sor element (YSI 44202) containing a 

R,, 
6 47k 

R, 
10k 

linearization network. Biasing the 
network is a low-voltage, 3-V regu­
lated power source from a µA741 op 
amp, ICl. An instrumentation ampli­
fier formed by LM308 op amps IC2, 
IC3, and IC4 is a high-gain configura­
tion, basically an improved version 
of a differential amplifier.O 
(Winner, August 11, 1988, p. 128) 

3V 
R,. 

100k 

40 39 

PROGRAM LISTING 
10 REM Accurate gain ratios -dividers/op-amps 
20 F5 0 REM Swap R1 & R2 if F5 1 
30 DEFFNA(X) = .0 1 •INT(X-100 t .5) 
40 DEF FNB(X) = .1• INT(X·10 + .5) 
50 DEF FNC(X) = INT(X ~ .5) 
60 REM Roundoff routines 
70 INPUT "2, 1, or 0.5'/o ":B 
80 INPUT "Gain? ":G 
90 IF G- - 1 THEN R1 = 1:R2 = 1:GOTO 350 
100 IF G = 1 THEN R1 = 1 :R2 ~ O:GOTO 350 
110 IFG < 0 THEN A= - 1/GGOTO 150 
120 IF G < 1THENA = 1/G-1:GOTO 150 
130 IF G < 2 THEN A= 1/(G-1) GOTO 150 
140A G-1:F5 = 1 
150 B 96/B 
160 REM B = No. of discrete resistor values, 48, 96 or 192 
170 E B 
180 REM lnilialize error E 
1901FA < 1THENA = 1/A:F5 1 
200 L FNC(B•LOG10(A)) 
210 FOR M - 1TO B 
220N U M-1 
230 RS 10· (N/B) 
240 REM R8 = trial value of R 1 
250 IF N < = B THEN R8 - FNA (RS) 
260 IF N > BAND N < = 2•B THEN R8 = FNB(R8) 
270 IF N > 2·B THEN R8 = FNC(R8) 
280 REM Insures just 3 s1gn1f1can t figures 
290R9 FNA(10°((M-1)/B))E1 ABS(R8/ R9-A) 
300 REM R9 = trial value of R2 
3101FE1 < ETHENE = E1:R1 R8:R2 = R9 
320 REM Find smallest error E 
330 NEXT M 
340 IF F5 = 1 THEN S= R1:R1 R2:R2 = S 
350 PRINT G: R1 ;R2 
360 END 

9V 

+ 

C2 
0.1 µF 

C3 R20 
0.047 µF 470k 

33 26 28 

31 osc, osc, OSC3 V+ Common C rel C ref V- Auto Buffer Integrating 

R, 
10k 

Ra 
10k 

30 

zero capacitor 

A-d converter IC5 
Drive (ICL7116) 

output 

B/ P Polarity 

21 20 19 23 16 24 15 18 17 22 12 11 10 9 14 13 25 5 4 3 2 8 6 7 

2 3 35 34 7 6 5 36 37 30 29 11 10 9 31 32 25 24 15 14 13 26 27 
y K 

Common 
Display 

(LCD004) 

16 17 18 21 22 

R10 = 70.096k 
R,5 = 10k 
IUC1 = µA 741 
IC,. IC,. IC3 = LM308 

I THE THERMOMETER CIRCUIT uses a thermolinear sensor element with a high-gain differential amplifier. Two stages of 
feedback achieve precision high gain. 
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Running out of board space? Here is high-performance 
SRAM, organized for 32-bit systems, with density 
that deHvers up to 80% savings in real estate. 

- Call today for a FREE mechanical sample. 
32-bit SRAM. 
Here are five very fast ways 

to simplify the implementa-
- tion of32-bit SRAM for high 

performance applications like 
RISC and DSP. 

These ultra-fast, low­
power 32-bit CMOS modules 
give you the word-width and 
density you need, but with a 
reduced area and pin count. 
That translates to routing 

efficiency and 
performance 
efficiency. 
Interconnect 

........... capacitance is 
reduced. Crosstalk is reduced. 

Most important, board 
space requirements are 
reduced, dramatically. 

With edgemount versions 
under 1/211 in height (easily 
meeting VME slot require­
ments) the space savings can 
really add up. 

So if you are feeling 
cramped for board space, 
please call our hotline for 
immediate relief. 

" 1. CYM1822HV- 16Kx32 SRAM w/Sep. VO, 
15 ns. 88-Pin VOiP. 0.9" Sq. req. 

·i! .. ~ ... -~; ....... ~ ·! •••••••• :: •••••• ~~ 
2. CYM1821PZ-16Kx32SRAMw/OE, 

15ns. 64-pin ZIP. 1.2" Sq. req. 

~ -> ! ! ·: 
.:: .... . .. . .. ... : ... -....... ::- .. . 

3. CYM1832PZ-64K x 32 SRAM, 
25ns. 60-pin ZIP. 1.0" Sq. req. 

- r.: - . . ·, 
. . 
, .. . ;i· . . . . . . . . . . . . • . . . . ... . ... ~ . .. . 

4. CYM1831PZ-64Kx32SRAMw/OE, 
25ns. 64-pin ZIP. 1.2" Sq. req . 

5. Mil-Spec!CYM1830HD-64K x32SRAM, 
25ns. 60-pin DIP. 1.8" Sq. req. 

Piclc your FREE 
mechanical sample 
then call: 
1-800-952-6300. * 
Ask for dept. C33 
We'll send your 
part, and our 
new Multichip 
data book. 

~.,~ 
.f i= .CYPRESS 
_F SEMICONDUCTOR 

* 1-(800)-387-7599 in Canada. (32)2-672-2220 in Europe. 
©1989 Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134. 
Phone: (408) 943-2600, Telex: 821032 CYPRESS SNJ UD, TWX: 910-997-0753. 
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545 PHASE METER USES 
JUST Two CHIPS 

Diodes U2A 
1N4148 

In A 
74HC86 

12 
9 

03 04 10 

= U2B 13 Rs 

74HC86 25k 

R2 10k + Rs C1 
R1 Rs 

In B 
10k TO µF 

100k 1k 

= = 
Vee= 5.0V Note: C1 & C2 Tantalum Out 

I 
THE PHASEMETER USES JUST TWO ICs: a 74HC86 CMOS Exclusive-OR 
gate and an LM339 CMOS quad comparator. The outputs from U2C and U2D (exclusive-ORs 
connected in parallel) have a positive pulse width proportional to the time difference 
between the zero-crossing points of the two inputs-A and B. Accordingly, the average 
voltage across cl is proportional to the absolute phase difference between the inputs. 

CIRCLE 

546 REDUCE NOISE IN 
VOLTAGE REGULATORS 

25 

22.5 
LM31 7 

0.82 µF In Out 
Adj 22 kHz 

20 cl 
17.5 0.47 µF 

29 kHz 
~ 

<..:> 15 .,; 
> 

"' 12.5 Cl.. = 0 

:ll ·c; 10 z 

7.5 

2.5 

2.5 10 20 40 
Frequency (kHz) 

1
1. SHUNTING THE INDUCTIVE OUTPUT IMPEDANCE of a three-
terminal regulator to ground with a capacitor can produce a noise peak at the resonant 
frequency of this inductance and added capacitance. However, the output inductance also 
varies with load current (see Fig. 2). 
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A simple, but effective low-frequen­
cy phase-meter circuit, needing just 
two IC chips, achieves an absolute 
accuracy of better than 1°. The ICs 
are a readily available CMOS quad 
comparator. Sections UlB and UlC 
of the quad comparator, an LM339, 
form zero-crossing detectors for 
each input. Two sections of a 7 4HC86 
Exclusive-OR-U2B-function as 
buffers (SWl open) to drive two oth­
er parallel-connected Exclusive­
ORs, U2C and U2D, which are in par­
allel to supply a reduced output im­
pedance. At their output, resistors 
R4, R5, R6, and capacitor C1 form a 
voltage divider and low-pass inte­
grating filter that scales and filters 
the signal. With a digital voltmeter 
connected to the output, the scale 
can be calibrated to indicate the ab­
solute phase difference between the 
circuit's two inputs with a scale fac­
tor of 0.01 V / degree with a 3-V rms 
sine wave, accuracy is better than 
1°.D 
(Winner, May 11, 1989, p.115) 

Simply placing capacitors across the 
output and the adjust pins of three­
terminal regulators is the usual ap­
proach to reducing regulator noise. 
However, the output impedance of 
the LM317 voltage regulator, for ex­
ample, over a 1-kHz to 1-MHz range, 
is inductive. This is not because of 
lead inductance, but rather because 
its internal gain roll-off is 6 dB/oc­
tave-just as for an op amp. When 
users shunt this inductive output im­
pedance to ground with a capacitor, 
the combination can produce a noise 
peak at the resonant frequency. For 
an LM317 with various capacitive 
loads, the frequency range of the 
noise spike doesn't extend much 
above 100 kHz nor below 10 kHz. 
This is because of ohmic loses in the 
inductance of the regulator and in 
the added output capacitance. A 
noise spike's magnitude depends on 
the Q of the resonant circuit, which 
the series resistance of the output ca­
pacitor mainly dominates. In most 
cases, several microvolts of power­
supply noise peaking at 5 or 10 kHz 
won't cause problems. But if the cir­
cuit is sensitive to excess noise from 



100 

31.6 

~ 10 
0 

- 316 j . 
.., 
C1. 

~ 0.316 

-s- 0.1 0 

0.032 

0.01 

0.0032 
10 100 

IDEAS FOR DESIGN 

1k 

Frequency (Hz) 

10k 100k 

IL = 10 mA, c,dj = 0 ."F 

IL = 10 mA, c,dj = 10 µF 

IL = 55 mA, c,d, = 1000 µF 
IL = 0.5A, cadj = 1000 µF 

10 v 
LM317 Out 
In d' 

15 V a I 

1-
c,dj I a10 

1M 

1
2. THE OUTPUT IMPEDANCE of three-terminal regulators versus frequency 
forms a family of curves, one for each current level, which changes the output inductance. 
The most effective noise reduction occurs with electrolytic capacitors of 50 µF or greater 
connected across the output and at least 1 µF connected from the adjust pin to ground. 

the supply at a particular frequency, I falls outside the critical frequency 
users can easily engineer the regula- range. D 
tor's circuit so that the noise peak (Winner, March 9, 1989, p. 84) 

CIRCLE 

547 TEST POWER-INDUCTOR 
SATURATION CURRENT 

A simple circuit can measure the sat­
uration characteristics of a power in­
ductor and compare its inductance 
value with that of a known unit. At 
saturation, the current in the induc­
tor rises sharply from its otherwise 
linear slope. This sharp rise occurs 

because the circuit keeps the voltage 
across the inductor fairly constant, 
while the coil's inductance drops rad­
ically at saturation. Consequently, 
the slope of the current waveform's 
linear part indicates inductance.D 
(Winner, April 13, 1989, p. 148) 

+ 15 Vdc 

+ Inductor 
under 
test 

14 
R3 + + R4 

I 1.3M 2.0k ~--~ 
±L C 1/2 556 Timer 4 1/2 556 timer 

1 
Reset 

----t DIS 
J_ 10 ~F 13 Reset 

---+-----1 DIS 

Out ~~-----+-+-1-1~ TRIG 

VC + Thresh 
~ TRIG 

Thresh 

Out 
11 

vc + Ra 
2.0k 

R10 50mll 
~------------<.,.._---+------------.. non inductive 

11 AN OSCILLOSCOPE MEASURES a power inductor's saturation characteristics. 
This circuit can test inductors in the 200-µH range at up to 15 A. 

ECLDIP 
to400MHz 

Std ECL 100K ECL 
Frequency: 5-300 MHz 5-500 MHz 
Accuracy: ± 10, ± 15, ± 25 or ± 50 ppm 

Stability: ± 25 ppm over 0°C/?0°C 
± 5 ppm over 0°C/50°C 

Ga As 
to GOO MHz ... .-~ 

I 

Frequency: 300-600 MHz 
Accuracy: ± 10 ppm ( ± 1 ppm optional) 
Stability: ± 25 ppm over 0°C! ?0°C 

± 5 ppm over 0°C/50°C 
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We have nothing against SRAMs. 
As a matter of fact, VLSI's SRAMs will 
run circles around anything most of our 
competition has to offer. 

But if you're looking for a way to 
pump some speed into an embedded 
controller application and get the most 
mileage for your money, take a look at 
the new VL86C020. 

It's the only 32,bit RISC processor 
with the ability to go 10 MIPS at 

20 MHz running on regular DRAMs. 
Not premium SRAMs. Not high, 

octane video RAMs. Just plain, everyday, 
inexpensive 120 ns DRAMs. 

How do we do it? Simple. 
We used our SRAM expertise to put 

cache memory on board the VL86C020. 
Now 93% of the data and instructions 

needed by the processor are in the cache. 
And if you think all this performance 

turns the VL86C020 into a power 



PRICE PER KBIT 
.DJfl.D¢ ..... 

NANOSECON OS 
DJIJD 

guzzler, you're wrong. Typically, it sips 
half a watt. 

So you can forget about buffers and 
cooling systems. 

The VL86C020 from VLSI will be 
better down the road, too. 

Even when our new 30 MHz version 
hits the street it will still run on the 
same DRAMs. And it will still use the 
same memory interface. 

For a free brochure on the VL86C020 

and more information on our entire 
RISC family and development tools, call 
1,800,872,6753, your local sales office or our 
authorized distributor, Schweber Electronics. 
Or write our Logic Products Group directly 
at 8375 S. River Parkway, Tempe, AZ 85284. 

We'll show you how to get on the super, 
highway for embedded control. Without 
paying the toll. e VLSI TECHNOLOGY, INC. 

CIRCLE41 





PRODUCTS NEWSLETIER 

OPTIMIZE ELECTRO· Tailored to meet specific manufacturing needs, I-DEAS for Electro-Mechani-

M D 
cal Design, from Structural Dynamics Research Corp., Milford, Ohio, helps 

ECHANICAL ESIGNS engineers optimize all phases of electro-mechanical products design. The 
application, which can directly transfer pc-board layout data to electronic design-automation 
software systems, such as Racal-Redac's Visula and Mentor Graphics' Board Station, in­
cludes interfaces that can generate solid models of pc-board assemblies directly from existing 
layouts. Once the design data is transferred, the fit between the circuit board assembly and 
other mechanical parts can be verified. The software also includes automatic interference 
checking, thermal and structural analysis, and plastic filling and cooling analysis. The soft­
ware is available for a one-time license fee of $49,500 or an annual fee of $30,000. Modules for 
plastic filling and cooling analysis are an additional one-time license fee of $30,000, or $18,000 
annually. Call Jere Brooks Hunter, (513) 576-2469. RE CIRCLE 301 

8·1NPUT ANALOG SWITCHES Two high-voltage switch I Cs from Supertex, Sunnyvale, Calif., the HV21 and 

A V 
HV22, contain eight CMOS bilateral analog switches. Each has an on resis­

CCEPT 160 OLTS tanceof less than 20 n and can switch up to 160 V. A standard three-line serial 
microprocessor interface drives an 8-bit input shift register, which in turn drives latches, level 
shifters, and the 160-V switches. Serial address words are shifted in with the clock and loaded 
with the latch-enable command. The HV22 has a Clear input to reset the latches. With a data­
out line, it's possible to daisy-chain multiple I Cs. Aimed at driving the piezoelectric transduc­
ers in medical ultrasonic scanners, the chips are also useful in printers, ATE systems, liquid­
level sensors, and braille equipment. In 24-pin plastic DIPs, the HV21 and 22 cost $24.26 and 
$21.37 each, respectively, in quantities of 1000. Call Dilip Kapur, (408) 7 44-0100. FG CIRCLE 302 

CLOCKS BOOST Engineers using VXIbus test systems can improve the accuracy and repeat-

vxl S 
ability of their measurements with two high-stability reference oscillators 

BUS TABILITY from Racal-Dana. Configured as two-slot, C-size, register-based modules, 
the oscillators offer three outputs. Users can select 1, 5, or 10 MHz, or an optional 1 pulse/s for 
satellite and telemetry work. Model 1260-04E is an ovenized oscillator with an aging rate of 
less than 5 X 10-10 per day and temperature stability of less than 7 X 10-9 averaged over 0 to 50° 
C. Model 1260-04R is a rubidium oscillator featuring an aging rate of 5 X 1011 per month after 
one month of operation. The 1260-04R's temperature stability is at least 3 X 1010 averaged over 
0 to 50° C. The 1260-04E costs $2485 and the 1260-04R goes for $10,950. Delivery is in eight 
weeks. Call Arlene Meadows, (714) 849-8999. JN CIRCLE 303 

12-BIT ISOLATION-AMP Aimed at industri~l proces~-control applications, t.he IS.0212P f~~m Burr­
Brown, Tucson, Ariz., contams a low-cost, two-port lsolat10n amplifier that's 

KEEPS 750 V AT BAY capable of 12-bit accuracy. A de-de converter in a 2.2-in.-by-0.3-in.-by-0.43-in. 
plastic SIP carries power from the output side of the isolation barrier to the input side. Both 
signal and power paths employ toroidal transformers rated to take a minimum of750-Vrms­
continuously-between input and output. Every device is given a 1200-Vrms partial discharge 
test for 1 second. The package's low height makes it possible for 0.5-in. board spacing without 
mechanical interference. An internal op amp can be set for gains between 1 and 100, and gain­
nonlinearity of the isolation amplifier for a +5-V output is 0.025% of full-scale range. Multiple 
devices that are close to the same board can be synchronized. In quantities of 100, the IS0212P 
costs $28 each. Call Barry Ehrman, (800) 548-6132. FG CIRCLE 304 

3 5·DIGIT p ANEL METER Equipped with a true single-ended input and primary power operation that 
• spans from +3.5to +7.5 V de at only 145 µA, the 3.5-digitDP-176S digital pan-

RUNS FOR A YEAR NON-STOP el meter from Acculex, Taunton, Mass., allows up to 8000 hours (1 year) of 
continuous operation from any battery source in this range. The DP-176S includes a high­
accuracy dual-slope integrating analog-to-digital converter, an integral de-de converter, 86-dB 
common-mode rejection, and an enhanced 12.3-mm LCD. It can be configured for analog 
inputs from ±200 m V to +200 V de. The meter's versatility is illustrated by its input-offset 
adjustment and protection to +10 V de. An accuracy of +0.1% full scale, automatic polarity 
changeover, over and under range indication, and 100-Mn input impedance are also featured. 
With a temperature coefficient of ±100 ppm/°C, the quick-mounting DP-176S can run at 
maximum accuracy at various temperatures. The DP-176S's applications range from hand­
held instrumentation to process-control tasks. Each DP-176S costs $64. A $3 bezel kit for 
mounting is also available. Contact Brian Smothers, (508) 880-3660. RE CIRCLE 305 
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EXCITE AND CONDITION With a small module-the 3B20 from Analog Devices, Norwood, Mass.-you 
can excite an ac-operated torque sensor and bring its output to a high-level de 

AC TORQUE SENSORS voltage or process-control current signal. Torque transducers (strain gages 
with transformer coupling for excitation and response) eliminate the need for slip rings or 
other unreliable connections in applications where physical contact between a sensor and its 
associated electronics is difficult or impossible. The 3.3-in.-by-0.7-in.-by-3.3-in. 3B20 excites the 
sensor with 2- to 20-V rms at frequencies between 1and10 kHz. Full-scale signals from the 
sensor to the 3B20 can be user or factory set between 1.5- and 150-m V rms. Signal bandwidth is 
100 Hz. Outputs of +10 V, 4-20 mA, and 0-20 m V are all simultaneously available from the 
module. In quantities of 100, the 3B20 costs $190 each. Call Steve Guinta, (617) 461-3055. FG 

CIRCLE 306 

LASER· DIODE p ACKAGE A new path will be carved through the conventional one-channel laser-design 
field with the LT091MD, a laser-diode package that incorporates two inde-

OFFERS TWO CHANNELS pendently drivable channels for significantly increased access speeds. The 
diode package, from Sharp Electronics, Mahwah, N .J., operates at a maximum optical power 
output of 10 mW per channel with a wavelength of 780 nm. Constructed from GaAlAs in dou­
ble-heterojunction fashion, the LT091MD includes two parallel V-channeled substrate struc­
tures for durability and high reliability. It can be processed in parallel, increasing read and 
write speeds. Mesa-etching down to the p-GaAs substrate achieves precise spacing between 
the two independent channels. Each package costs $975. Small quantities are available from 
stock. Call Joe Inada, (201) 529-9686. RE CIRCLE 307 

6 5·DIGIT D MM COMES A full-function digital multimeter (DMM) features 4.5- to 6.5-digit resolution 
• and up to 1000 readings per second, all packed into a single-width C-size 

IN VXIBUS MODULE VXIbus module. The 1362 DMM from Datron Instruments, a division of Wa­
vetek Corp., San Diego, Calif., offers dual triggering, using either an internal system trigger 
or an external TIL level at the front-panel trigger connector. Voltage ranges go from 100 m V 
to 250 V, and resistance ranges extend from 100nto10 Mn. The unit makes true rms measure­
ments for ac voltages from 10 Hz to 1 MHz. A version that's compatible with the U.S. Air 
Force's Modular ATE (MATE) standards, model 1362MT, works with the control interface in­
termediate language (CIIL). The 1362 costs $3695, and the MATE version costs $3995. Deliv­
ery is in six to eight weeks. Call (619) 450-9971. JN CIRCLE 308 

GET CAE/CAD TOOLS Now there's a complete set of IC CAE design tools for the MPD8020 high­
voltage mixed analog-digital array from Micrel, Santa Clara, Calif. Built on a 

FOR 100-V MIXED ARRAY bipolar-CMOS-DMOS process, the array enables designers to build complex 
circuits by mixing its wide range of active and passive devices. These devices include 200 gates 
of 5-V CMOS logic, small signal bipolar (analog) transistors, and 16 120-V, 200-mA vertical 
DMOSFETS. The CAE tools-called ASISD-are designed for use on PCs. They perform 
schematic capture with OrCAD /SDT III, analog (and digital) simulation with PSpice, and digi­
tal simulation with OrCAD /VST. Additional tools include Probe, which presents the results of 
the simulation and ICED for IC layout. Various model libraries range from the chips basic ac­
tive and passive components to analog and digital macros for circuits ranging from op amps 
and comparators to shift registers, voltage doublers and a pulse-width-modulated DMOSFET 
H-bridge. Each macro is available as a kit part for breadboarding. Call Marvin Vander Kooi, 
(408) 245-2500. FG CIRCLE 309 

TEST SOFTWARE FOR A PC-based software package for power-supply testing has gotten a face-

s U 
lift. Powerflex 3.0, from NH Research, Irvine, Calif., automates testing of 

UPPLIES IS PGRADED virtually any type of power supply. Traditional power-supply test software 
offered a fixed library of standard tests, from which users built programs. Powerflex 3.0 of-
fers templates for test routines so the only user-written code is the test algorithm-every­
thing else is automated. The software supports the company's Powertest 8100 automatic 
power-supply test systems, as well as its new Powertest 8100i, which bowed at October's Au­
totestcon '89. The 8100i is the first power-supply test system to incorporate the VXIbus stan­
dard. Users of 8100 and 8100i systems will receive free upgrades, while others can purchase 
upgrades for $995. Call Gary Pollard, (714) 47 4-3900. DM CIRCLE 310 
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PRODUCT INNOVATION 

MULTIPLE· PROCESSOR 
EISA PCS HIT 40 MIPS 

DESIGNED FOR 
NETWORKING 
AND MULTIUSER 
APPLICATIONS, 
386/486-BASED 
PC SYSTEMS 
INCLUDE 
HARDWARE AND 
SOFTWARE 
SUPPORT. 

JON CAMPBELL 

y adding a second mi­
croprocessor, a first 
for a PC-based sys­
tem, Houston, Texas­
based Compaq Com­
puter has taken the 
wraps off 386/486-
based multitasking 
PCs that use the 32-bit 

Extended Industry Standard Archi­
tecture (EISA) expansion bus. The 
PCs include the tower Systempro 
version and a desktop Deskpro ver­
sion. In addition, a host of support­
ing hardware and software products 
from other firms have also become 
available. 

Competing with high-end mini­
c0mputer systems, such as the Digi­
tal VAX line, and low-end mainframe 
systems, such as the IBM 3090 com-

ing power from 8 to 16 MIPS. Two 33-
MHz 486 microprocessors deliver up 
to 40 MIPS of computing power. As a 
result, this multiple processor sys­
tem offers a performance growth 
path from 8 MIPS to up to 40 MIPS of 
computing power as user applica­
tions increase in complexity. 

Initial models of the Systempro 
PCs incorporate a 386/33 processor 
board containing a 33-MHz Intel 386 
microprocessor, a 82385 33-MHz 
cache memory controller, 64 kbytes 
of 25-ns cache memory, 4 Mbytes of 
32-bit system memory (expandable 
to 256 Mbytes), and sockets for both 
a 33-MHz Weitek 3167 and a 33-MHz 
Intel 387 numeric coprocessor. Be­
cause the cache-memory controller 
uses 25-ns RAM, the system can op­
erate at its full 33-MHz clock speed 
on almost all memory cycles, deliver­
ing zero wait-states more than 98% 
of the time. 

puter line, the Systempro -------
PCs are designed for net-
working and multiuser 
applications (Fig. 1). 

With two microproces­
sors-either two 386s, 
two 486s, or one of each­
the Systempro PCs can 
process up to 40 million 
instructions per second 
(MIPS). They offer better 
expansion capability and 
greater storage capacity 
than previous Compaq 
PCs, with 32-bit memory 
expansion of up to 256 t..••lil!(I 
Mbytes for a maximum 
storage capacity of 4.28 
Gbytes. There's room for 
11 internal mass-storage 
devices and a total of 11 
expansion slots. 

Including a second 
386/33 microprocessor 
will double the comput-

E L 

EISA PC includes Compaq's Systempro. The 386/48& 
based PC is designed for networking and multiuser 
applications. It can handle multiple processors-two 386s, 
two 486s, or one of each-for up to 40 MIPS of computing 
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The Systempro will also support a 
33-MHz 486 processor as it becomes 
available. Users can upgrade to the 
next generation processor by adding 
a 486 processor without discarding 
the original 386 processor. 

Compaq claims that these ma­
chines are five times as powerful as 
any of its previous computers. Ac­
cording to Compaq, the Systempro 
was six times faster than a compara­
ble VAX in a standard benchmark 
test, even though it costs $135,000 
less. 

The multiple-system processors 

MULTITASKING 
386/ 486 EISA PCS 

efficient access to shared informa­
tion. For example, the EISA-based 
Novell 3200 Ethernet Controller of­
fers greater network throughput 
than the comparable Micro Channel 
Architecture-based Novell NE/ 2-32 
by demanding network server envi­
ronments and reducing system pro­
cessor utilization. Other high-perfor­
mance EISA-based interface con­
trollers are also available from Pro­
teon , Standard Microsystems , 
Codenoll Technology, and Compu­
tone. 

To respond faster to the data re-
are supported by leading r.;;:.:;:;::iii;::;::;::;::;::=======ii 
network and multiuser op­
erating systems, including 
Novell NetWare 386, Santa 
Cruz Operation UNIX Sys­
tem V /386, and the newly 
announced Compaq LAN 
Manager 386/ 486, which 
makes it possible for users 
to run the thousands of 
standard networking and 
multiuser applications with­
out modification. A shared­
system memory design allo­
cates memory between both 
processors, reducing the 
need for additional memory 
as users scale up processor 
performance. 

croprocessor, a 33-MHz cache memo­
ry controller, 64 kbytes of cache 
memory with a 25-ns access time, 
and 4 Mbytes of 32-bit system memo­
ry. A 240-, 420-, or 840-Mbyte fixed­
disk array is included with Models 
386-240, 386-420, and 386-840, respec­
tively. 

A POWERFUL DESKTOP 
The desktop version, the Deskpro 

486/ 25, is claimed by Compaq Com­
puter to be the most powerful desk­
top PC available. Based on the new 
Intel 32-bit 486 microprocessor and 

EISA, it delivers 15 MIPS of 
computing power and up to 
three times the perfor­
mance of 25-MHz 386-based 
systems (Fig. 2). 

The 486 processor design 
integrates three 32-bit pro­
cessing components into 
one chip: the processor it­
self, a 387-compatible nu­
meric coprocessor to speed 
numeric calculations, and a 
built-in high-speed cache 
memory controller with 8 
kbytes of high-speed static 
RAM for the fastest possi­
ble microprocessor-to-mem­
ory interaction. 

8-, 16-BIT SUPPORT 
The PCs support all of the 

8- and 16-bit Industry Stan­
dard Architecture boards. 
With new 32-bit EISA ex­
pansion boards, the EISA 

12. THE MOST POWERFUL DESKTOP PC is 
Compaq's 25-MHz 486/25. Based on the 486 microprocessor and 
the EISA bus, it offers up to three times the performance of 
38&based 25-MHz desktop PCs. 

To maximize perfor­
mance, Compaq designed a 
new, second-level cache con­
troller with 128 kbytes of 
high-speed cache memory 
that ensures zero wait­
states 98% of the time. The 
Deskpro 486/ 25 also fea­

design enables users to take advan­
tage of multiple 32-bit boards to max­
imize system throughput in connect­
ed-user environments. For example, 
users can add up to six 32-bit net­
work-interface controllers to obtain 
the highest possible network server 
throughput. Because of the standard 
compatibility inherent in the EISA 
expansion bus, users can choose 
from a large selection of high-perfor­
mance expansion options and peri­
pherals. 

New 32-bit network-interface con­
trollers capitalize on EISA bus mas­
tering and higher burst-rate data­
transfer rates to contribute to total 
system performance, giving users 
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quests of multiple users, the System­
pro incorporates an innovative 32-bit 
fixed-disk-drive array technology. A 
series of synchronized fixed-disk 
drives are configured as a drive ar­
ray that's addressed as one higher­
performance unit. A 32-bit intelli­
gent-drive array controller takes full 
advantage of the EISA bus-master­
ing capabilities and the 32-bit data 
path to supply effective data-trans­
fer rates up to four times faster than 
non-arrayed fixed-disk-drive subsys­
tems. 

Three versions of the Compaq Sys­
tem pro PCs are available. Each ver­
sion includes the 386/33 system pro­
cessor board with a 33-MHz Intel mi-

D ES I G N 

tures an interleaved memory archi­
tecture that uses enhanced page 
memory. 

The Deskpro 486/25 runs thou­
sands of MS-DOS, OS/ 2, and UNIX 
applications designed for standard 
PCs and it utilizes the thousands of 
available Industry Standard Archi­
tecture (ISA) plug-in cards, boards, 
and peripherals, as well as the new 
32-bit EISA products. 

A NETWORK MANAGER 
A local-area network manager, de­

veloped jointly by Compaq and Mi­
crosoft Corp., Redmond, Wash., is 
claimed by both to be the highest­
performance local-network operat-



PRICE AND AVAILABILITY 
Systempro models 386-240, 386-
420, and 386-840, are priced at 
$16,000, $20,000, and $26,000. 
Shipments start this month. Desk­
pro 486/25 models 120, 320, and 
650 cost $14,000, $17 ,500, and 
$20,500. Shipments are scheduled 
for next month. The LAN Manag­
er 386/ 486, LAN Manager 386/ 
486 advanced system, and the 
multiple-system processor option, 
are priced at $2500, $7000, and 
$2500. Shipments will begin early 
1990. 

Banyan's Vines/486 upgrade 
option will be available in early 
1990, price will be announced lat­
er. EmLIB, EmSAVE, and EmQ 
software from Emerald Systems 
costs $395, $395 to $695, and $1195 
to $1495, respectively, and are 
available now. Codenoll's Co­
deNet 8300 card costs $995 and is 
available now. The CodeNet 9500 
cards range from $2795 to $9995 
and will be available in the first 
quarter of 1990. The ALC control­
ler and the Async and Ethernet 
Feature Models from Computone 
cost $1595, $1195, and $695, re­
spectively, and are available now. 
The Async/Sync and Fax/Scan­
ner Models are also available, 
prices will be announced. 

The Novell NE3200 costs $1295 
and is available now. Proteon's 
p1990 ProNET-4/16 card costs 
$995 and will be available late in 
the first quarter of 1990. SCO 
Unix System V /386 from The San­
ta Cruz Operation is currently 
available. Its 2-user and unlimit­
ed-user versions go for $595 and 
$995. Open Desktop will be avail­
able in January, 1990, for $995. 
The SCO Extension to V /386 Re­
lease 3.2 is priced at $895 and will 
be obtainable in early 1990. The 
Arcnet-EISA 3200 from Standard 
Microsystems costs $995 and will 
be available in January, 1990. To­
rus' EISA Ethernet adapter is 
available now. 

Compaq Computer Corp., 
P.O. Box 692000, Houston, TX 
77269-2000; (713) 370-0670. 

CIRCLE511 

MULTITASKING 
386/ 486 EISA PCS 

ing system for OS/2-based net­
works. 

The LAN Manager 386/ 486 is opti­
mized to benefit from performance 
features specific to the new Compaq 
Systempro, such as multiple proces­
sors, innovative drive-array technol­
ogy, and 32-bit network-interface 
controllers. It includes a 32-bit ver­
sion of OS/2's High Performance 
File System (HPFS/386), which of­
fers enhanced performance for ac­
cessing data on hard disks. An EISA 
device driver improves performance 
for such I/O devices as disk and net­
work interface controllers. A multi­
ple-processor support option distrib­
utes LAN Manager processing 
across two processors in the System­
pro, which increases network capaci­
ty while maintaining high perfor­
mance levels. 

The LAN Manager 386/ 486 uti­
lizes the strengths of OS/2 as a stan­
dard environment, which include 
multitasking, protected-mode appli­
cation program security, and named­
pipes interprocess communications. 
This standard software environment 
facilitates the development of new 
client-server applications for both 
OS/2 and MS-DOS PCs connected to 
the network. 

The LAN Manager 386/ 486 is 
available in two versions: a standard 
system for up to 10 users and an ad­
vanced system for an unlimited num­
ber of users. The multiple-processor 
support option is available only for 
the advanced system. 

MANY SUPPORTING PRODUCTS 
A number of third party software 

and hardware products are also 
available to support the Systempro 
and/ or the Deskpro 486/25 PCs. 
Banyan Systems Inc., Westborough, 
Mass., for example, is offering full 
support for its Vines network oper­
ating system through new Vines/ 
386 software options, and standard 
features in the recently announced 
Vines 4.0 release. And Emerald Sys­
tems Corp., San Diego, Calif., is mak­
ing available Ramp data-manage­
ment software for the new Compaq 
products. 

Codenoll Technology Corp., Yon­
kers, N.Y., is offering the first 10-

and 100-Mbit/s fiber-optic local-area 
network boards for computers using 
the EISA bus. And Computone, Ros­
well, Ga. has begun shipping Compu­
tone ALC, the industry's first EISA 
bus communications subsystem. 
ALC consists of an intelligent com­
munications controller board and 
four Feature Modules, that bring 
asynchronous, synchronous, Ether­
net, facsimile, and scanner capabili­
ties, to EISA-based workgroup sys­
tems. 

The first EISA plug-in data-acqui­
sition board and two associated soft­
ware products for developing indus­
trial and laboratory test, measure­
ment, and control application pro­
grams is now available from 
National Instruments (see related 
story, p. 103). From Novell, South 
Provo, Utah, comes the first 32-bit­
bus master Ethernetwork adapter 
built to the EISA specification. The 
adapter was jointly developed with 
Compaq. 

There are other supporting prod 
ucts for the Systempro PCs. Pro­
teon, Westborough, Mass., is offer 
ing the first token-ring network in 
terface card for the EISA PC plat 
form. The Santa Cruz Operation Inc., 
Santa Cruz, Calif., announced that 
its SCO UNIX System V /386 and 
SCO Open Desktop software fully 
support the 25-MHz 486 processor 
used in the Compaq Deskpro 486/25 
A new SCO UNIX multiprocessing 
extension to SCO UNIX System 
V /386 will support the Compaq Sys 
tern pro. 

In addition, Standard Microsys 
terns Corp., Hauppauge, N.Y., is of 
fering the Arcnet-EISA3200, an in 
telligent 32-bit interface card for the 
Arcnet local-area network. The in 
terface card can be used in EISA 
based Compaq computers. Further 
more , Torus Network Products, 
Cambridge, England, has an EISA 
32-bit Ethernet network adapter 
The adapter card said to be Europe's 
first such card.D 

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 
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FCT-T Logic 
Fast and Friendly 

CMOS Po"\Ver at TTL Levels 

A Friendly Family 
IDT now offers the fastest and 

friendliest TIL logic family availa­
ble. The FCT-T family offers 
speeds up to three times faster 
than those of other logic families 
and has up to 40% less switching 
noise than previous FCT devices. 
The reduced output voltage 
swings and new output circuitry 
provide high-speed logic designers 
with the perfect combination of 
the fastest speed, low power, and 
ease of use. 

True TIL Compatibility 
We've designed our FCT-T logic 

family with outputs that swing 
from OV to 3.3V jnom.), providing 
true TIL logic compatibility. Edge 
rate control structures have also 
been added to increase noise im­
munity while maintaining FCT 
speeds. 

Fastest Speeds Available 
The FCT-T family is pin and 

function compatible with FCT 
logic and is available in FCT-T, 
FCT-AT, and FCT-CT speed 
grades-the fastest in the industry. 
And they're available in all stand­
ard package configurations: plas­
tic DIPs, ceramic DIPs, plastic 
SOICs, PLCCs, and ceramic LCCs 
in commercial and MIL-STD-883B 
versions. 

Free T-Shirt! 
We'd like to tell you more about 

our friendly FCT-T logic family. 
Call, write, or FAX us today for 
FCT-T data sheets and we'll send 
you a complimentary FCT-T 
T-shirt• - so you, too, can join the 
T-Team! 

You Can Count On Us 
Call (408) 492-8550 today for 

more information on FCT-T logic. 

•Please specify size for T-shirt. 

Or call (408) 492-8225 for your free 
T-shirt and a copy of the FCT-T 
data sheets. 

IDT offers a full range of high­
performance system building 
blocks including RISC processors, 
SRAMs, multi-port and FIFO 
memories, standard and complex 
logic, subsystems, and RISC 
modules. 

IDT, P.O. Box 58015, 3236 Scott 
Blvd., Santa Clara, CA 95052-8015, 
FAX 408-492-8674. 
When cost-effective -performance counts 

dt 
Integrated 
Device lechnology 
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, 
PRODUCT INNOVATION 

FIRST EISA-BASED DATA-ACQUISITION BOARD. 

A-D BOARD USES EISA Bus 
TO PUMP OUT 1 MSAMPLE/S 

!though the IBM 
PC/ AT bus is 
widely used in 
data-acquisition 
applications, it 
has some basic 

speed limits that have hin­
dered its use by engineers 
who must sample data at 
very fast rates. Approxi­
mately 400 ksamples/s is 
the practical top speed for 
sending data to the com­
puter's memory over a 
PC/ AT bus, also known as 
the Industry Standard Ar­
chitecture (ISA). With the 
introduction of the first 
Extended Industry Stan­
dard Architecture (EISA) 
products, that limit no 
longer applies. 

The EISA-A2000 from 
National Instruments digi­
tizes analog signals at up 
to 1 Msample/s with 12-bit 
resolution, sending the 
data directly to the com­
puter's memory rather 
than buffering it for later 
transfer. The unit is the 
first plug-in data acquisi­
tion board for EISA com­
puters (Fig. 1). Along with 
the board, National intro­
duced two software con­
trol packages, including 
one that gives the EISA­
A2000 the look and feel of a 
digital oscilloscope. 

National ' s first EISA 
products debuted in a joint 
announcement with Com­
paq Computer Corp., 

JOHN NOVELLINO 

which introduced the first 
EISA-based computer (see 
related story, p. 99). 

The EISA bus grew out 
of dissatisfaction with the 
IBM Micro Channel Archi­
tecture, which is found in 
the IBM PS/2 models 50 
through 80. Though the 32-
bit Micro Channel bus is 
fast, it's incompatible with 
the PC/ AT bus and its 
huge installed base. Also, 
the Micro Channel bus 
doesn't allow DMA trans­
fers that use the system 
controller. 

Although the ISA bus 
does make it possible for 
DMA data transfers to the 
computer, it limits them to 
1.6 Mbytes/ s. Because 
high-end applications that 

need good resolution re­
quire two bytes for every 
sample, the top transfer 
rate drops to 800 ksam­
ples/ s. However, a more 
practical limit that doesn't 
completely tie up the com­
puter for data collection is 
around 400 ksamples/s. 

To get higher analog-to­
digital conversion rates on 
ISA, the data-acquisition 
board must have a large 
buffer memory. The data 
is held there and eventual­
ly sent to the system mem­
ory at a slower bus trans­
fer rate. This scheme 
boosts hardware costs and 
limits the amount of data 
that can be collected in one 
continuous acquisition. In 
addition, the data isn't im-

11. THE FIRST PLUG-IN DATA-ACQUISITION board 
for the EISA bus is the National Instruments EISA·A2000. It has a 1· 
Msample/s sampling rate at 12-bit resolution. 
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mediately available for processing. 
Teamed with the EISA bus, the 

EISA-A2000 eliminates these prob­
lems. The board transfers data di­
rectly to the computer using a burst­
mode (type C) DMA transfer. Be­
cause a DMA controller handles the 
transaction, the computer's micro­
processor is unoccupied. As a result, 
the acquired data can be processed 
immediately. 

Each of the EISA-A2000' s four sin­
gle-ended input channels has its own 
sample-and-hold circuitry, so users 
can acquire multiple signals simulta­
neously. The board can sample two 
channels at 500 ksamples/ s each and 
four channels at 250 ksamples/s. 
The input circuitry's small-signal 
bandwidth is 1.8 MHz, and the full­
power bandwidth is 1.5 MHz. 

With a voltage input range of +5 
V, the unit's 12-bit resolution offers 
a voltage resolution of 2.44 m V. Ef­
fective resolution can be extended to 
16-bit, two's-complement numbers 
by using the on-board 0.5-least-sig­
nificant-bit Gaussian dither genera­
tor to average the acquired samples. 

Users can select from analog, digi­
tal, or software triggering to start 
data acquisition. In the analog trig­
ger mode, acquisition begins when 
the level and slope of an external sig­
nal-one of the four channels or a 

El SA· BASED 
DATA-ACQUISITION BOARD 

PRICE AND A VAILABILITY 
The EISA-A2000 costs $2995, and 
the VisionScope and DOS Lab­
D river software packages are 
$295 each. The optional coax 
adapter with seven BNC connec­
tors costs $175. Delivery is within 
30days. 

National Instruments, 12109 
Technology Blvd., Austin, TX 
78727-6204; (512) 794-0100. 

CIRCLE512 

separate trigger input-meets pro­
grammed values. A digital-to-analog 
converter with a resolution of 10 m V 
generates the programmed voltage 
level. To use digital triggering, users 
direct the board to acquire data 
starting at the rising or falling edge 
of an external digital trigger input. 
With software triggering, the soft­
ware specifies when the acquisition 
begins. 

With pre- and post-triggering, the 
board can start collecting data be­
fore or after a trigger event. In the 
pretrigger mode, the software starts 
the acquisition and the board fills a 
buffer circularly until receiving a 
trigger. The EISA-A2000 then ac­
quires a specified number of post­
trigger samples. The board also has 
a delay mode in which the software 

1 2. THE VISIONSCOPE SOFTWARE PACKAGEcreatesa softwarefront 
panel and controls that give the EISA·A2000 the look and feel of a traditional oscilloscope. 
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inhibits acquisition until a specified 
time after the trigger. 

National EISA-A2000 documenta­
tion includes complete register de­
scriptions and examples that make it 
possible for users to program the 
board directly. National also offers 
DOS LabDriver 3.0, a library of high­
level software functions for pro­
gramming the EISA-A2000 and the 
company's ISA plug-in data-acquisi­
tion boards. Users merely call the 
functions from Microsoft C or Quick­
Basic to program the fast analog in­
put, triggering, ac/ de coupling con­
figuration, and calibration. More­
over, because software controls all 
of the configuration and calibration 
functions, the board has no jumpers, 
switches, or trimming potentiome­
ters to set. 

The EISA-A2000's triggering ca­
pabilities and programmable ac/ de 
coupling make oscilloscope emula­
tion a natural application. Therefore, 
it's no coincidence that National's 
first DOS-based virtual instrument 
package is VisionScope, which sup­
plies the board with an interface that 
mimics a traditional oscilloscope's 
front panel and controls (Fig. 2). The 
software employs technology that 
National acquired earlier this year 
from Virtual Instruments Corp., 
Georgetown, Conn. 

The package doesn't need pro­
gramming, and the intuitive inter­
face features on-screen "point-and­
click" controls. Users can store fre­
quently needed setups for recall. The 
software can capture and display re­
petitive and one-shot waveforms, 
zoom in on the waveform buffer, and 
use delta cursors to measure volt­
age, time, and frequency. 

The screen can display up to six 
traces chosen from the four hard­
ware channels and four auxiliary dis­
plays. An on-line help function is also 
included. When equipped with the 
optional coax adapters with BNC in­
puts, the board can be directly con­
nected to oscilloscope probes.D 

How v ALUABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 
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PRESERVATION 
PlANONIT 

LYNDHURST. TARRYTOWN. NY. A NATIONAL THUST PROPERTY. 

Planning on restoring a house, saving a landmark, 
reviving your neighborhood? 

No matter what your plans, gain a wealth of 
experience and help preserve our historic and 
architectural heritage. Join the National Trust for 
Historic Preservation and support preservation 
efforts in your community. 

Make preservation a blueprint for the future. 

Write: 

National Trust for Historic Preservation 
Department PA 
1785 Massachusetts Ave., N.W. 
Washington, D.C. 20036 
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As IR HEXFETs® hold their lead in power in the industry. In AOQLs you can take right past 
MOSFETs, our competitors become bolder and incoming inspection to your production line. 
bolder in attempting to duplicate our success. And in our Generation III HEXFET process 

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

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

I I~~RllNTERNATIONAL RECTIFIER 
WORlDHEADQUARTERS:233 KANSAS ST, ELSEGUNDO, CA90245, U.S.A. (213) 772-ZOOO. 7WX9/0-348-629/, TELEX4T2-0403 
EUROPEAN HEADQUARTERS HURSTGREEN, OXTED, SURREYRH8988, ENGLAND TELEPHONE (0883) 113215, TELEX95219 
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PRODUCT INNOVATION 

CONNECTOR 
MAINTAINS 

SIGNAL 
INTEGRITY 

A CONTINUOUS-GROUND­
PLANE DESIGN, 

MATCHED IMPEDANCES, 
AND HIGH SIGNAL 

DENSITY TAKE A 
CONNECTOR INTO THE 

GIGAHERTZ RANGE. 

DAVID MALINIAK 

onventional connectors, such as post-and­
box and pin-and-socket types, are based on 
long-standing designs. These designs don't 
fare well with the increasingly fast rise 
times of today's submicron I Cs as their sig­
nals pass from board to board. These older 
interconnection technologies bring with 
them a paucity of signal density as well as 
impedance mismatches that can severely 

degrade signal integrity in high-speed circuitry. 
The Interconnection Products Group at Augat Inc., 

Attleboro, Mass., has come up with an interconnection 
system that solves these problems in an elegant fashion. 
The Electronically Invisible Interconnect (Ell) maintains 
the signal integrity of I Cs that operate into the gigahertz 
range with rise times well below 1 ns (Fig. 1). 

As ICs increase in logic density, connector manufac­
turers are forced to keep pace in terms of signal I/ 0, 
which means much higher contact densities. Higher-den­
sity connectors, however, require very high ground-to­
signal ratios to reduce the signal reflections and cross­
talk generated by the high-speed signals they pass. Be­
cause so many contacts must be dedicated to ground­
with a ratio as high as 1:1-fewer and fewer contacts are 
available for signal lines. The result is a drop in effective 
signal density. 

Connector manufacturers define contact density as 
the total number of contacts available per linear inch of 
connector length. Signal-contact density, however, is the 
number of contacts available to carry signals in a high-

11. WITH MODULAR DESIGN, Augat's Electronically 
Invisible Interconnect (Ell) can be configured according to the 
end-user's specifications. 
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speed system. The latter is far more 
important to system designers. 

In conventional connectors, high 
contact densities often result in high 
costs, more fragile connector con­
struction, and greater degrees of dif­
ficulty in routing signals to the con­
tacts. Augat's Ell system addresses 
the signal-contact-density issue with 
a design that offers a continuous 
ground plane. This eliminates the 
need to use signal contacts as 
ground returns. The modular con­
nector carries true signal-contact 
densities of 60 to 80 contacts/in., de­
pending on overall length. Modules 
are available in 200-pin increments to 
customize interconnections from the 
signal, power, and ground blocks. A 
maximum of 1120 I/O lines is possi­
ble with this system. 

Another significant problem that 
arises as signal speeds increase is 
mismatched impedances. Typically, 
signals move from a printed-circuit 
pathway of a particular characteris­
tic impedance through a plated­
through hole. They then travel along 
the relatively long path of the mated 
male-female contacts, which have a 
different impedance. The signals re-

Backplane 
connector 

alignment pin 

HIGH-SIGNAL-INTEGRITY 
CONNECTOR 

PRICE AND AVAILABILITY 
As of October 18, prototype costs 
for a 1000-pin connector range 
from $0.75 to $1 per line, depend­
ing on configuration. Target pric­
ing for 1000 pins is $0.50 per line. 
Preproduction samples and a test 
and evaluation kit for electrical 
characterization will be available 
in the first quarter of 1990. 

Augat Inc., Interconnection 
Products Group, 33 Perry Ave., 
Attleboro, MA 02703; Mike 
Prisco, (508) 222-2202. CIRCLE 513 

enter the printed-circuit environ­
ment by way of another plated­
through hole that may have a third 
impedance. 

The Ell connector, which is sup­
plied with a user-specified character­
istic impedance, reproduces the 
printed-circuit environment using a 
flexible circuit as the main signal 
pathway within the connector itself. 
The result is an interconnection 
that's virtually electrically invisible 
to high-speed signal propagation. 
Signals pass through the connector 
with a minimal loss of fidelity. 

Keying slot 

4.25in. 
assembled 

Camming cover 
(daughtercard) 

This impedance-matching feature 
is one of the Ell system's outstand­
ing electrical characteristics. In its 
standard configuration, the connec­
tor's microstrip design supplies an 
impedance of 50 n with a tolerance of 
10%. The connector can be config­
ured to virtually any impedance level 
by replacing the standard configura­
tion with a new microstrip with ad­
justed parameters. 

The Ell is a fully sequential inter­
connection. First, ground is estab­
lished through ground clips attached 
to the backplane portion of the con­
nector system. The purpose of mak­
ing ground early is to remove elec­
trostatic charges. This makes it pos­
sible for the card to reach the same 
potential as the rest of the system. 
After making ground contact, power 
is appl ied to the daug htercard 
through power modules rated at 10 
A. By mating the signal pins last, the 
system logic is protected from pow­
er-up transients. 

In addition, sequencing the inter­
connection makes it easy to pull and 
insert daughtercards while the sys­
tem is powered up. This is a boon for 
field-repair work and locating board-

Hold·down 

End cap with 
early-make and 
biasing spring 

I 2. DRY ·COMPRESSION MOUNTING of the Ell connector uses a cam actuation to reduce insertion forces. Each signal block 
contains pins that make it possible for the module to float without accumulating tolerance during mounting. 
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LW 
SERIES: 

Lambda's LW Series DC-to-DC Con­
verters are convection cooled. The addi­
tion of a heatsink is not necessary to 
achieve reliable operation at full output 
power. Wide range DC voltage opera­
tion is a feature of most of the LW 
modules allowing use in a variety of 
industrial applications where input volt­
age specifications might differ. 

UP TO 60VDC ... UP TO 60W, 
FOR LOW POWER 

DC-TO-DC APPLICATIONS 

FEATURES: 
• Available with inputs and outputs to 

60VDC, with up to 60W of output 
power in single and dual output pack­
ages . This wide choice allows the 
design engineer to choose the product 
that best meets his low power DC-to­
DC applications. 

• All models are thoroughly regulated 
and are designed with the necessary Pl 
input filtering This allows the user to 
maintain the required voltages at spe­
cific loads, regardless of the quality of 
the input source. 

• All models provide an isolation rating 
of SOOVDC. 48VDC nominal input 
modules feature an industry recog­
nized isolation rating of 1 SOOVDC, 
ideal for the telecommunications 
industry. This ensures the user of isola­
tion from the power source to the load . 

• Available for one day delivery from 
stock so that the manufacturing or 
design engineer may obtain product at 
a moments notice. This gives flexibility 
to the manufacturing process and to 
small breadboard designs. 



LW SERIES DC-To-DC Converters 

SINGLE OUTPUT. 
MAX CURRENT IN AMPS PRICE 

(MAX WATTAGE IN WATTS) DIMENSIONS QTY. QTY. QTY. QTY. QTY. 
4o·c 50•c 60°c (inches) 1 10 25 100 250 MODEL 

4.75-16 VOLTS ADJ . 
u 50(25) 43(21.5) 
0 

3 6(18) 2.5x4.5x1.5 $165 $158 $150 $127 $113 LW5·295·5 

> 15-30 VOLTS ADJ. 
1-o 1.65(25) 1.4(21.5) 1 2(18) 2.5x4.5x 1.5 ::::> . 
11.0 

20-40 VOLTS ADJ. z"'t 

165 158 150 127 113 LW5-295-24 

-o 2.5(50) 2.1(42) 1.8(36) 2.5x4.5x 1.5 u· 
o~ 30-60 VOLTS ADJ. 

219 210 200 170 150 LW5-296-28 

1 67(50) 1.4(42) 1.2(36) 2.5 x 4.5 x 1.5 219 210 200 170 150 LW5-296-48 

u MAX CURRENT IN AMPS 

0 (MAX WATTAGE IN WATTS) DIMENSIONS 
PRICE 

QTY. QTY. QTY. QTY. QTY. 
> 4o•c 50' C 60' C (inches) 

1-o 
4.75-16 VOLTS ADJ. ::::> . 

Q.O 
z~ 3.0(15) 2 6(12) 2 3(11.5) 1.25 x 3.5 x 2.5 

1 10 25 100 250 MODEL 

$131 $125 $119 $101 $90 LW5-394-5 
-o 

15-30 VOLTS ADJ. u· 
o~ 1 0(15) 0.9(13) 0 75(11.5) 1.25 x 3.5 x 2.5 131 125 119 101 90 LW5-394-24 

MAX CURRENT IN AMPS PRICE 
(MAX WATTAGE IN WATTS) DIMENSIONS QTY. QTY. QTY. QTY. QTY. 

4o•c 50•c 60°c (inches) 1 10 25 100 250 MODEL 

4.75-16 VOLTS ADJ. 
u 5.0(25) 43(21 5) 36(18) 2.5x4.5x 1.5 
0 

$165 $158 $150 $127 $113 LW5-395-5 

> 15-30 VOLTS ADJ. 
1-o 1.65(25) 1.4(21.5) 1 2(18) 2.5x4.5x 1.5 ::::> . 
11.0 

20-40 VOLTS ADJ. z~ 

165 158 150 127 113 LW5-395-24 

-o 3.0(60) 2.5(50) 2.1(42) 2.5 x 4.5 x 1.5 u· 
o~ 30-60 VOLTS ADJ. 

219 210 200 170 150 LW5-397·28 

2 0(60) 1.67(50) 1.42(42) 2.5x4.5x 1.5 219 210 200 170 150 LW5-397·48 

DUAL OUTPUT. 
MAX CURRENT IN AMPS PRICE 

(MAX WATTAGE IN WATTS) DIMENSIONS QTY. QTY. QTY. QTY. QTY. 
4o•c 50°c 60°c (inches) 1 10 25 100 250 MODEL 

.... ~ ± 12 VOLTS ± 3% FIXED 
::::>0 .060 .060 .060 1.77 x 1.19 x .40 
Q. .... .120 .120 .084 1.85 x 1.85 x .47 

$69 $66 $62 $49 $40 LWD-191-12 
84 80 76 60 49 LWD-192-12 

~ti ±15 VOLTS ±3% FIXED U> .050 .050 .050 1.77 x 1.19 x .40 Oin 69 66 62 49 40 LWD-191-15 
.100 .100 .070 1.85 x 1.85 x .47 84 80 76 60 49 LWD-192-15 

MAX CURRENT IN AMPS PRICE 
(MAX WATTAGE IN WATTS) DIMENSIONS QTY. QTY. QTY. QTY. QTY. 

4o•c 50•c 60°c (inches) 1 10 25 100 250 MODEL 

~ 0 ±12 VOLTS ±3% FIXED 
1-0 .060 .060 .060 1.77 x 1.19 x .40 ::::> .... .120 .120 .084 1.85 x 1.85 x .47 
~ti 

±15 VOLTS ±3% FIXED -> UN .050 .050 .050 1. 77 x 1.19 x .40 o ..... .100 .100 .070 1.85 x 1.85 x .47 

$69 $66 $62 $49 $40 LWD-291 -12 
84 80 76 60 49 LWD-292·12 

69 66 62 49 40 LWD-291 ·15 
84 80 76 60 49 LWD-292-15 

MAX CURRENT IN AMPS PRICE 
(MAX WATTAGE IN WATTS) DIMENSIONS QTY. QTY. QTY. QTY. QTY. 

4o•c 50•c 60°c (inches) 1 10 25 100 250 MODEL 

~ 0 ±12 VOLTS ±3% FIXED 
1-0 .060 .060 .060 1.77 x 1.19 x .40 ::::> ...... .120 .120 .084 1.85 x 1.85 x .47 
~ti 

±15 VOLTS ±3% FIXED -> U..r .050 .050 .050 1.77x 1.19x .40 ON .100 .100 .070 1.85 x 1.85 x .47 

$69 $66 $62 $49 $40 LWD-391 -12 
84 80 76 60 49 LWD-392-12 

69 66 62 49 40 LWD-391 -15 
84 80 76 60 49 LWD-392-15 



LW SERIES DC -To-DC Converters 

SINGLE OUTPUT. 
MAX CURRENT PRICE 

IN AMPS DIMENSIONS QTY. QTY QTY. QTY. QTY. 
45•c so•c 60°c 65°c (inches) 1 10 25 100 250 MODEL 

5V ± 5% NON-ADJ . 
.05 0.5 - 0.200 1.85 x 1.85 x 0.47 $54 $52 $49 S39 $31 LWS-190-5 

u 1.0 - 0.400 - 1.85 x 1.85 x 0. 75 65 62 
1-0 
::i> 12V ± 5% NON-ADJ. o..o 0.21 0.21 - 0.084 1.85 x 1.85 x 0.47 54 52 z· 
-~ 0.42 - 0.168 - 1.85 x 1.85 x 0.75 65 62 

59 47 37 LWS-191 -5 

49 39 31 LWS-190-12 
59 47 37 LWS-191 -12 

Ulfl 
o..t 15V ±5% NON-ADJ . 

0.17 0.17 - 0.060 1.85 x 1.85 x 0.47 54 52 49 39 31 LWS-190-15 
0.34 - 0.136 - 1.85 x 1.85 x 0.75 65 62 59 47 37 LWS-191 -15 

MAX CURRENT IN AMPS PRICE 
(MAX WATTAGE IN WATTS) DIMENSIONS QTY. QTY QTY. QTY. QTY. 

40°c so•c 60°c (inches) 1 10 25 100 250 MODEL 
u 

4.75-16 VOLTS ADJ. 0 
1-> 2 0(10) 1 7(85) 1.5(7 5) 1.25 x 3.5 x 2.5 $98 $94 
=>o 30(15) 2 6(12) 23(115) 1.25 x 3.5 x 2.5 131 125 Q. • 
zO 15-30 VOLTS ADJ . -'7 

$89 $76 $67 LWS-193-5 
119 101 90 LWS-194-5 

Ulfl 0.65(10) 0.57(85) 0.50(7 5) 1.25 x 3.5 x 2.5 98 94 o..t 1 00(15) 0.90(13) 0 75(11 .5) 1.25 x 3.5 x 2.5 131 125 
89 76 67 LWS-193-24 

119 101 90 LWS-194-24 

MAX CURRENT PRICE 
IN AMPS DIMENSIONS QTY. QTY QTY. QTY. QTY. 

45•c so•c 60°c 65°C (inches) 1 10 2S 100 250 MODEL 

5V ± 5% NON-ADJ. 
u 0.60 0.60 - 0.24 1.85 x 1.85 x 0.47 S54 $52 $49 S39 $31 LWS-290-5 
0 1.20 - 0.48 - 1.85 x 1.85 x 0.75 65 62 59 47 37 LWS-291 -5 
> 

t-o 12V ± 5% NON-ADJ. ::> . 
0.25 0.25 - 0.10 1.85 x 1.85 x 0.4 7 54 52 Q."" 49 39 31 LWS-290-12 

Z'7 0.50 - 0.20 - 1.85 x 1.85 x 0.75 65 62 59 47 37 LWS-291 -12 
-o u· 15V ± 5% NON-ADJ. o~ 0.20 0.20 - 0.08 1.85 x 1.85 x 0.47 54 52 49 39 31 LWS-290-15 

0.40 - 0.16 - 1.85 x 1.85 x 0.75 65 62 59 47 37 LWS-291 -15 

u MAX CURRENT IN AMPS PRICE 
0 (MAX WATTAGE IN WATTS) DIMENSIONS QTY. QTY QTY. QTY. QTY. 
> 40°c so0 c 60°c (inches) 1 10 

1-o ::> . 4.75-16 VOLTS ADJ. o..0 
z'"':I 5 0(25) 4.3(215) 3 6(18) 25x4.5x 1.5 $165 $15 8 

25 100 250 MODEL 

s 150 S127 s 113 LWS-195-5 
-o u · 1S-30 VOLTS ADJ. o~ 1 65(25) 1.4(21 .5) 12(18) 25x4.5x 1.5 165 15 150 127 113 LWS-195-24 

u MAX CURRENT IN AMPS PRICE 
0 (MAX WATTAGE IN WATTS) DIMENSIONS QTY. QTY 
> 40°c so·c 60°c (inches) 1 10 1-o ::> . 4.7S-16 VOLTS ADJ . 0..0 

z~ 3.0(15) 2 6(13) 2.3(11 5) 1.25x3 .5x2 .5 $131 $12 

QTY. QTY. QTY. 
25 100 250 MODEL 

$119 $101 $90 LWS-294-5 -o u · 15-30 VOLTS ADJ . o~ 1 0(15) 0 9(13) 0 75(11.5) 1.25 x 35 x 2.5 131 12 119 101 90 LWS-294-24 

MAX CURRENT PRICE 
IN AMPS DIMENSIONS QTY. QTY QTY. QTY. QTY. 

45°c so0 c 60°c 6s0 c (inches) 1 10 25 100 2SO MODEL 

5V ± 5% NON-ADJ . 
u 0.60 0.60 - 0.24 1.85 x 1.85 x 0.47 $54 $52 
0 120 - 0.48 - 1.85 x 1.85 x 0.75 65 62 > 

$49 $39 $31 LWS-390-5 
59 47 37 LWS-391 -5 

1-o 12V ±5% NON-ADJ. ::> . 
o..O 0.25 0.25 - 0.10 1.85 x 1.85 x 0.47 54 52 
z~ 0.50 - 0.20 - 1.85 x 1.85 x 0.75 65 62 -o 

49 39 31 LWS-390-12 
59 47 37 LWS-391-12 

u· 15V ± 5% NON-ADJ. o~ 
0.20 0.20 - 0.08 1.85 x 1.85 x 0.47 54 52 49 39 31 LWS-390-15 
0.40 - 0.16 - 1.85x 1.85x0.75 65 62 59 47 37 LWS-391-15 



LW SERIES: 

DC OUTPUT 
Voltage range shown in tables. 

REGULATED VOLTAGE 
regulation, line .. ..... 0.1 % from minimum to maximum and 

from maximum to minimum. 0.5% on 
LWS-190, 191, 290, 29 1, 390, 39 1. 0.2% 
on both outputs of dual output models for 
input variations from 21.6 to 26.4 VDC or 
26.4 to 21 .6 VDC on LWD-391, 392; from 
10.8 to 13.2 VDC or 13.2 to 10.8 VDC on 
LWD-291, 292; from 4.5 to 5.5 VDC or 5.5 
to4.5VDConLWD-19 1, 192. 

regulation, load ...... 0.4% for load variations from no load to 
full load and full load to no load. 1.0% on 
LWS-190, 191, 290, 291, 390, 391 . 0.2% 
on dual output models. 

ripple and noise . . .20mV RMS, 1 OOmV pk-pk for SV models of 
LWS-193, 194, 195, 294, 295, 394, 395. 
120mV pk-pk for SV models of LWS-190, 
191, 290, 291, 390, 391, and 12V models 
of LWD-191, 192, 291, 292, 391, 392. 
150mV pk-pk for 12V models of LWD-191 , 
192, 291, 292, 391, 392 and 12Vand 15V 
models of LWS-190, 191, 290, 291, 390, 
391. 25mV RMS, 200mV pk-pk for all other 
models. 

efficiency. . .. LWS-194, LWS-294, LWS-394, and 
LWS-193 : 50% minimum 
LWD-191 , 291, 391, 192, 292, 392 : 
56% minimum 
LWS-195, 295, 395 : 57% minimum 
LWS- 190: 58% minimum 
LWS-191 : 60% minimum 
LWS-391 · 64% minimum 
LWS-390 : 67% minimum 
LWS-291 : 68% minimum 
LWS-290 : 70% minimum 
LWS-296, 397: 75% minimum 

temp. coeff .... ..... . 003% /°C. 0.02% on LWS-190, 191 , 290, 
291, 390, 391 and on all dual output 
models 

AMBIENT OPERATING TEMPERATURE 
Continuous duty O to + 60°C with suitable derating above 40°C 
for LWS-193, 194, 195, 294, 295, 296, 394, 395, 397, and dual 
output models. Continuous duty - 5°C to + 60°C with suitable 
derating above 45°C for LWS-191, 291, 391 . 
Continuous duty - 5° to + 65°C with suitable derating above 50°C 
for LWS-190, 290, 390. 

Specifications 

OVERLOAD PROTECTION 
External overload protection . Automatic electronic current limiting 
circuit limits the output current to a preset value, thereby 
providing protection for the load as well as the power supply. 

STORAGE TEMPERATURE RANGE 
- ss0 c to +85°C. -20°c to +85°C for LWS-190, 191 , 290, 291, 
390, 391. - 30°C to + 85°C on all dual output models. 

OVERSHOOT 
No overshoot at turn-on, turn-off, or power failure . 

COOLING 
All units are convection cooled. No fans or blowers needed. 

MOUNTING 
PC board mountable. Refer to outline drawings in catalog . 

OUTPUT VOLTAGE ADJUST 
LWS-193 , 194, 195, 294, 295, 296, 394, 395, 397 
Output voltage can be set to desired value within the entire range 
by inserting a resistor between + V and RP terminals. Resistor can 
be selected as per equations supplied in instruction manual. 

INPUT/OUTPUT CONNECTIONS 
DC input and outputs are via pin type connections. Refer to outline 
drawings in catalog . 

ISOLATION RATING 
1500 VDC on LWS-394, 395, 397 . 
500 VDC on all other models. 

PHYSICAL DATA 

Weight 

Package Lbs. Lbs. 
Model Net Ship 

LWS-190, 290, 390 .10 .12 
LWS-191, 291, 391 .16 .19 
LWS-193 .65 .90 
LWS-194, 294, 394 .65 .90 
LWS-195, 295, 395 .75 1.00 
LWS-296 .75 1.00 
LWS-397 .75 1.00 
LWD-191, 291, 391 .06 .10 
LWD-192, 292, 392 .09 .12 

\U /CSA 
Under evaluation 

GUARANTEE 

Size 
Inches 

1.85 x 1.85 x 0.47 
1.85 x 1.85 x 0.75 
2.50 x 3.50 x 1.25 
2.50 x 3.50 x 1.25 
2.50 x 4.50 x 1.50 
2.50 x 4.50 x 1.50 
2.50 x 4.50 x 1.50 
1.77 x 1.19 x .40 
1.85 x 1.85 x .47 

90 day guarantee includes labor as well as parts . 



TO ORDER CALL YOUR LOCAL LAMBDA SALES ENGINEER. 
Open 8:00 AM to 7:30 PM {East Coast Time). 

To contact the direct-factory Lambda Sales Engineer responsible for your account and located in your area, or to contac t 
Customer Service for price, delivery or placing purchase orders, call as follows : 

IN EASTERN 
UNITED STATES 
(Shaded area) 

1-800-LAMBDA-4 
(or call 516-694-4200) 

IN WESTERN 
UNITED STATES 
1-800-LAMBDA-5 
(or call 516-694-4200) 

L-40 12/89 

ADDRESS ALL CUSTOMER 
CORRESPONDENCE TO: 
LAMBDA ELECTRONICS 

515 BROAD HOLLOW ROAD 
MELVILLE, NY 11747 
FAX: 516-293-0519 

Canada 
Lambda Electron ics 
41 25 Cousens St. , 
St. Laurent 
Quebec H4S 1 V6 

1-800-361 -2578 
FAX: 514-337 -1235 

In Metropolitan Montreal 
514-337-0311 
France, Orsay 
Lambda Electronique 
Tel : 6012-1487 

Japan, Tokyo 
NEMIC- Lambda K.K. 
Tel : 03-447-4411 

England, 
High Wycombe, Bucks 
Lambda Electronics 
Tel : 3638617 /8 

Germany, Achern 
Lambda Electronics GmbH 
Tel : 07841 /5031 

Israel, Tel Aviv 
lsLAMBDA ELECTRONICS, LTI 
Tel : (03) 493941-2 

Singapore 
NEMIC-Lambda(S) PTE LTD. 
Tel : 25 1-721 1 

Korea, Seoul 
Veeco-Korea K.K. 
Tel : 02-556-1171 /2 



By combining the superior lubricating qualities 
of Monsanto's Polyphenyl Ether (PPE) with the 
dynamic cleaning power of 1,1,1-Trichloroethane, 
Miller-Stephenson has created Connector Plus 

miller-stephenson chemical company, inc. 
CALIFORNIA ILLINOIS 
12261 Footh ill Boulevard 6348 Oakton Street 
Sylmar. Cal ifornia 91342 Morton Grove. Illinois 60053 
818 896-4714 312 966-2022 

a new product line that provides the most 
advanced total treatment for connectors. 

Reduces insertion forces. 

CONNECTICUT CANADA 
George Washington Highway 514 Carllngview Drive 
Danbury, Connecticut 06810 Rexdale, Ontrar io M9W 5R3 

Greatly increases mati ng cycles, (especially 
important where high pin counts are involved). 

Extends connector life by preventing corrosion 
and gall ing. 

203 743-4447 416 675-3204 
COMPLETE COUPON BELOW 

PLEASE [)]AEROSOL 
SEND FREE OSAMPLE 

BULKD 
SAMPLE 

Removes dirt and oxidation. Mail to: 

Provides long-lasting protection against 
oxidation . 

•@• mlller-stephenson chemical co., Inc. 
• • George Washington Highway 

Da nbury. Connecticut 06810 U.S.A. 
Lubricant causes no electrical resistance. 

Forms no residue, even at higher temperatures. 

Non-migrating - non-flammable. 
MS·17l/C0 2 

NAME ____________ _ 

DEPT./ TITLE ___________ _ 

Contains no si licones, no CFCs. COMPANY ___________ _ 

For sample and technical information: 
call 800-992-2424 (8-4 Eastern Tirrie) . In U.S.A. 
call 800-323-4621 (8-4 Eastern Time). In Canada 

ADDRESS 

level faults. 
Besides its unique set of electrical 

characteristics, the Ell system is a 
surface-mountable connector that 
reduces the board-to-board pitch op 
the system backplane. The connec­
tor's pins to the backplane are on fl 
0.05-in. grid, which makes possible ll­
connector pitch as small as 0.8 ill. 
without compromising mechanica,l 
performance. The pins mating to the 
daughtercard are center-spaced at 
0.05 in. horizontally and 0.1 in. verti­
cally. This center-spacing provides 
for 0.05 in. of contact wiping at the 
separable interconnection areas for 
high reliability. 

Rather than pins, the Ell system 
uses gold-plated posts. The connec­
tor is mounted with a dry-compres­
sion scheme, in which a designed-in 
cam actuation reduces the insertion 
force. The cam actuation also sup­
plies a tactile feedback that indicates 
when the connector is fully seated 

CIRCLE 113 

HIGH-SIGNAL-INTEGRITY 
CONNECTOR 

(Fig. 2). 
Thanks to the dry-compression 

mounting feature , manufacturing 
costs are lower. Because of the 
shrinkage in connector-feature 
sizes, alignment has become a criti­
cal issue. Elaborate alignment 
schemes used to decrease connector 
dimensions are becoming common­
place in the market. But wet-fixtur­
ing methods that attach connectors 
to boards usually mean more manu­
facturing steps. 

As the Ell system is attached to 
boards, each signal block contains 
pins that enable the module to float 
without accumulating tolerances 
during compression mounting. Hori­
zontal and vertical alignment pins 
ensure that the contacts hit the cor­
rect pads on the film and the pc 
board. 

Durability and reliability issues 
are addressed by the Ell system as 
well. An all-gold system within the 

ED/ SH 

Ell connector helps ensure high reli­
ability in the face of environmental 
stresses. The system's gold inter­
faces yield superior mechanical con­
tact with a high normal force of more 
than 100 grams/post. This ensures a 
high-integrity interconnection for 
systems operating into the gigahertz 
range. 

A tin-lead interface also can be 
configured on the backplane side 
with a minimum normal force of 200 
grams/post. Extruded aluminum 
housings supply mechanical 
strength and reduce susceptibility to 
electromagnetic interference. Be­
cause low-creep materials are used, 
excellent performance over temper­
ature is ensured.D 

How v ALU ABLE? 
HIGHLY 
MODERATELY 
SLIGHTLY 

CIRCLE 
568 
569 
570 
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NEW PRODUCTS 

DENSEST GAAS GATE ARRAY 
DELIVERS 30,000 USABLE GATES DAVEBURSKY 

P
acking over 30,000 2-input 
NOR gates and 256 signal 
pins, the VSC30K gallium­
arsenide gate array lets de­

signers build the most complex high­
speed circuits to date. Vitesse's chip, 
which is the largest and latest mem­
ber of its Fury family, competes 
head-on with silicon ECL gate arrays 
in terms of both performance and 
cost. The most complex ECL chips 
offer comparable equivalent gate 
counts , but consume more than 
twice the GaAs array's typical 8-to-
12-W dissipation. What's more, Vi­
tesse guarantees that its array can 
be 100% utilized, because the routing 
channels between rows of gates can 
hold a large number of signal lines. 

In terms of performance, circuits 
built on the VSC30K match the best 
high-density ECL arrays. D-type 
flip-flops toggle at rates of more 
than 1 GHz, and the typical gate de­
lay is 177 ps for a 2-input NOR gate 
loaded with a fanout of 3 and 1.5 mm 
of wiring. That gate also has a power 
dissipation of 1.1 mW and a typical 
speed-power product of 0.025 pJ. 
Most logic functions in the compa­
ny's macrocell library offer a choice 
of three drive (and power-dissipa­
tion) levels to best suit the applica­
tion. 

As with earlier Fury-family mem­
bers, the 30,000-gate chip is fabricat­
ed with a 0.8-µm enhancement-deple­
tion MESFET process that yields a 
die size about half that of silicon ECL 
arrays with equivalent densities. As 
a result of the MOS-like processing 
that Vitesse uses to fabricate the 
chips, their prices are in the EGL-ar­
ray ballpark-about $0.03 to $0.05 
per gate. 

To optimize the size of the signal 
buffers that surround the array, the 
company included 92 input-only buff­
ers and 156 input/output buffers. 
Each input cell can be configured as 
a latch or buffer and can be made 
compatible with incoming TTL, ECL, 
or native GaAs-level signals. Input 
signals are then converted to the in-
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ternal GaAs logic levels used by the 
macrocell's direct-coupled FET logic 
circuits. Several input cells are pre­
configured as high-drive receivers so 
that they can be used as clock buff­
ers. These special buffers can deliver 
up to six times the drive of the stan­
dard input cell and make it easier to 
distribute high-speed clock signals 
throughout the chip. 

The I/O cells contain an input cell 
as a portion of their structure and 
have more flexibility. Each I/O cell 
can be an input, output, or bidirec­
tional signal line. The cells can in­
clude a latch, flip-flop, or 2- or 3-input 
ORs or NO Rs. They also can serve as 
an inverting or non-inverting buffer. 
Like the input lines, the I/O cells can 
be set to handle ECL (lOK, lOKH, or 
lOOK}, TTL, or native-GaAs signal 
swings. When configured as out­
puts, each cell can drive 50-D. loads. 
Also, two drivers can be paralleled to 
deliver25-D. drive capability. 

To house the array, Vitesse has de­
veloped a 344-lead ceramic chip carri­
er that nominally measures 2.34-by-
1.46 in., not including the leads, 
which extend about 0.25 in. beyond 
the package edge. The chip's actual 
count of 30,528 2-input NOR gates 
can implement up to 2544 D-type flip­
flops-that's one measure of its inte­
gration capability. Versions of the 
chip are available for operation over 

DESIGN 

either the commercial or the industri­
al temperature range (zero to 70°C 
and -40 to +85°C, respectively). 

A wide variety of applications is 
supported by the array, including 
computers, workstations, communi­
cations, and instrumentation. The 
Fury family is suited to systems re­
quiring very fast and low-power digi­
tal logic at high levels of integration. 
Existing mainframe systems using 
ECL or TTL technologies can im­
prove their speed and reduce power 
dissipation with the Fury arrays. Su­
perminicomputers using ECL arrays 
can boost system performance while 
reducing overall cooling require­
ments. Workstations using standard 
microprocessors can bring super­
computing power to their system 
with the Fury arrays. Fiber-optic 
communication links are another ap­
plication for the arrays. 

Designs are supported by a library 
of over 50 macrocells; design plat­
forms from Mentor Graphics, Daisy 
Systems, and Valid Logic; and de­
sign tools from Synopsys and Veri­
log, with more expected next year. 
First production shipments of the 
VSC30K arrays are slated for the 
first quarter of 1990. 

Vitesse Semiconductor Corp., 
741 Calle Plano, Camarillo, CA 
93010; Robert Nunn, (805) 388-
3700. CIRCLE 311 



NEW PRODUCTS 

BY MATCHING THE BEST 
SPEED OF TTL PLDS, 
CMOS IC REPLACES MOST 

P
ushing Intel's CMOS IIIE pro­
cess to its best performance 
yet, the company's 85C220 pro­

grammable-logic circuit achieves 
propagation delays as short at 10 
ns-the best to date for EPROM­
based CMOS PLDs. The chip also of­
fers more flexibility than simple 20-
pin PLDs. Its eight macrocells each 
have programmable 110 architec­
tures for registered or combinatorial 
operation. As a result, the chip can 
replace most popular 20-pin D- and 
even E-grade PLDs-while signifi­
cantly trimming power use. 

When idling, the chips enter a 
zero-power mode. They draw just 0.5 
mW when operating in medium­
speed (25-ns propagation delay) sys­
tems and 200 mW maximum when 
used at top speed. The 85C220 uses 
from 25% to as little as 1% of the av­
erage bipolar TTL PLD's power. The 
high-speed circuit is also 100% pin­
compatible with Intel's 5C032 alter­
nate source to Altera Corp.'s 5032 
programmable-logic device. Intel, 
however, also improved on the cir­
cuits by adding an extra output-en­
able p-term to each macrocell in the 
85C220. They also boosted the output 
drive capability by raising the cur­
rent drive for the low-logic level on 
the outputs to 12 mA. 

The chip has a maximum counting 
frequency of 80 MHz (with feedback 
for the count chain). Its clock-to-out­
put delay is 5.5 ns and setup time is 7 
ns. The programmable 1/0 cells can 
be set up to give the chip a total of 18 
inputs (10 dedicated and eight when 
the 1/0 cells are programmed as in­
puts), or 10 inputs and a maximum of 
eight outputs. 

The chip comes in either a win­
dowed 20-pin ceramic DIP, 20-pin 
one-time-programmable (OTP) plas­
tic DIPs, or plastic leaded chip carri­
ers. Prices start at $7 .95 in quantities 
of 1000 for the OTP plastic-DIP ver­
sion. Delivery is from stock. 

Intel Corp., 1900 Prairie City 
Rd., Folsom, CA 95630; (916) 351-
8080. CIRCLE 312 

· DAVEBURSKY 

MEMORY CONTROLLERS 
MANAGE TRIPLE-CHANNEL 
SCSI DATA BUFFERS 

With NCR Corp.'s 52C60 and 
52C61 memory-manage­
ment chips, a microproces­

sor-hosted SCSI subsystem can man­
age a large buffer built from dynam­
ic RAMs. That buffer can be ac­
cessed by up to three peripherals 
that use a fixed-priority scheme to 
determine which of the three periph­
eral channels has access to the mem­
ory. As a result, the buffer's basic 
memory bandwidth is improved. The 
52C60 can address up to 256 kwords 
of dynamic RAM, while the 52C61 ad­
dresses 1 Mword. 

In the 52C60, the memory port can 
transfer data at rates of 6 M words/ s 
when working with 85-ns dynamic 
RAMs. The 52C61, which can operate 
at the same speed, offers a "fly-by" 
mode, in which data moves from the 
peripheral to the buffer without 
passing through the controller chip. 
As a result, the controller works 
with buffers wider than eight bits. 
Also included on both controllers are 
two general-purpose 16-bit timers 
and RAS-only refresh signals for the 
RAMs. 

While not limited to SCSI applica­
tions, the memory-control chips can 
tie into NCR's 53C90 SCSI control­
ler. The three peripheral channels 
(A, B, and C) on the 52C60 and 61 sup­
plement the host-processor and 
memory-interface ports. Channel A 
supplies a 1-bit-wide tag field that 
can be attached to blocks of data 
transferred from the buffer to the 
peripheral. The fields provide point­
ers to other data blocks or simply the 
number of blocks. Channel B has a 9-
bit SCSI data bus and a 4-byte FIFO 
register that reduces buffer latency. 
The third channel is a control port. 

The 52C60 comes in a 68-lead plas­
tic leaded chip carrier while the 
52C61 requires an 84-lead PLCC. In 
lots of 5000, the chips cost $21.35 and 
$23.25, respectively. Samples are 
available now. 

NCR Corp., 1635 Aeroplaza Dr., 
Colorado Springs, CO 80916; Brian 
Brown, (719) 596-5612. CIRCLE 313 
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THE LED 
ALTERNATIVE TO 

INCANDESCENT LAMPS 

DDP's packaged LEDs are 
designed as direct replace­
ments for incandescent lamps. 
Our LEDs provide long life 
(averaging 10 years or more), 
and resistance to vibration and 
shock. 

Bubble Light Features: 
• Large area indicator 
• Uniform 180° viewing angle 
• Overall diameter of 1" 
• Assorted colors & bases 
• 5to110 Volts 

Data Display Products 
445 South Douglas Street 
El Segundo, Calif. 90245-4630 
(213) 640-0442, Ext. 113 
Fax (213) 640-7639 

CIRCLES~ 
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Low Power CMOS. Less Than 1 Watt of Power 
Dissipation at Maximum Operating Frequency. 

At Micron, we're improving the performance of 
today's fastest processors with cold, hard cache 
memories. 

Designed to provide rock solid memory 
performance and reliability for 80386 and 80486 
microprocessors, Micron's fast cache SRAMs feature 
CMOS process technology for low power consump­
tion and cool system operation. In fact, at less .than 
750mW of typical operating power, they're the coolest 
running cache SRAMs available. 

Only two devices provide a complete 32-kilobyte 
memory solution. Plus they feature built-in address 
latches and directly interface with 80386 cache 
controllers, eliminating the need for off-chip logic 
and further reducing chip count. This means you 
save valuable board space and cost while increasing 
performance and reliability. 

Micron cache SRAMs are also user configurable as 
an 8K x 16 or a dual 4K x 16 device to support direct 
mapped or 2-way set associative cache schemes. And 
like all Micron memory products, they're backed by 
the type of strong sales, customer service and 
technical support that keeps you on the leading edge. 

So call us today at 1-208-386-3900, and start 
boosting your processor speed and efficiency with 
cold, hard cache. 

Micron. Working to improve your memory. 

Intel• 386'~ Microprocessor 

Clock Speed 

33MHz 
25 MHz 

Micron MT56C0816 Cache Data SRA M' 

Access Time 

25ns 
35ns 

Max Output Enable Time 

lOns 
13ns 

'All timing rated at 100 pF loads. The MT56C0816 is available in a 52·pin plastic 
leaded chip carrier (PLCC). 

All registered and unregistered trademarks are the sole property of their respective 
companies. 

l"llC:RQ~ 
2805 E. Columbia Rd., Boise, ID 83706 (208) 386-3900 
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MORE 1/0, DUAL-PORT RAM, 
AND FIFO REGISTERS BOOST 
MICROCONTROLLER 

By adding 21more110 lines, a 
dual-port 16-byte mailbox 
RAM, and twin 20-byte FIFO 

registers, Advanced Micro Devices' 
80C525 microcontroller delivers a su­
perset of the features of its 8051 and 
80521 siblings. Additional features 
include an enhanced interrupt sub­
system with eight interrupt sources, 
and the means for a DMA controller 
or host CPU to access the 80C525's 
data space. The single-chip CMOS 
controller packs 53 110 lines as well 
as an 80C51 core, two 16-bit counter­
timers, 256 bytes of RAM, 8 kbytes 
of ROM, a programmable watchdog 
timer, and a full-duplex serial port. 

The small dual-port RAM provides 
an optimized asynchronous slave in­
terface with a 90-ns access time. 
Write operations to the dual-port 
RAM generate interrupts to the mi­
crocontroller, which can then re­
spond to the interrupt. Data-transfer 
rates are independent, thanks to the 
20-byte FIFO registers that buffer 
data over two of the ports. Each reg­
ister has full threshold-level detec­
tion to match the 80C525's latency to 
that of the external CPU or DMA 
controller. 

The chip is housed in a 68-lead plas­
tic leaded chip carrier. In quantities 
of 5000, the 12-MHz version of the 
processor sells for $17.12 and the 16-
MHz version costs $19.52. A ROM­
less version is also available. Sam­
ples ship next month. 

Advanced Micro Devices In c., 
P.O. Box 3453, 901 Thompson Pl. , 
Sunnyvale, CA 94088; (408) 732-
2400. CIRCLE 314 

DUAL RS-232 TRANSCEIVER 
IC WITHSTANDS 1520 V RMS 
FROM INPUT TO OUTPUT 

A
dding high-voltage electrical 
isolation to an RS-232 110 
channel once required costly, 

space-hungry pc-board circuitry . 
Maxim's 40-pin MAX252 holds two 
transceivers rated at 1520 V rms for 
one second between inputs and out­
puts, 1260 V rms for one minute, and 
130 V rms continuously. UL approval 
for the device is pending. The 
MAX252 is intended for industrial 
communication and control applica­
tions where the isolation eliminates 
ground loops and helps reduce the ef­
fects of voltage transients and nu­
merous noise sources from the 9600-
bit/ s data. 

The double-width plastic DIP con­
tains two transceivers conforming to 
EIA specification RS-232 and CCITT 
recommendation V.28. Two CMOS 
I Cs in the package, one on either side 
of the isolation barrier, hold trans­
ceiver and transformer-driver cir­
cuits. The barrier itself consists of 
four fast optocouplers (one each for 
the input and output of each channel) 
and a small toroid transformer that 
transfers power across the barrier 
from the hardware to the cable side. 
No other parts are needed. 

The MAX252's optocouplers limit 
maximum (guaranteed) data rates to 
9600 bits/s, but the transceiver ICs 
inside support rates well above the 
practical 20-kbit/s limits specified 
for RS-232. To transmit at data rates 
to 90 kHz, users can build their own 
circu it with the MAX250 and 
MAX251, which are the chips con­
tained within the MAX252, and 
6N136 optocouplers. 

The MAX252 runs off one 5-V sup­
ply. Maximum operating current is 
130 mA. In quantities of 100, the com­
mercial-temperature-range MAX-
252CHL costs $32. The extended-in­
dus trial-range MAX252EHL goes 
for $38.40 in similar quantities. Small 
quantities are in stock. 

Maxim Integrated Products Inc., 
120 San Gabriel Dr., Sunnyvale, 
CA 94086; Garry Shapiro, (408) 737-
7600. CIRCLE 315 

FRANK GOODENOUGH 

THE LED 
ALTERNATIVE TO 

INCANDESCENT LAMPS 

DDP 's packaged LEDs are 
designed as direct replace­
ments for incandescent lamps. 
Our LEDs prov ide long life 
(averaging 10 years or more), 
and resistance to vibration and 
shock. 

Multi-Chip Features: 
• 6-Chip wide angle illuminator 
• 160° Viewing angle 
• Plug compatible for 

T1 % to T31/.i lamps 
• Assorted colors & bases 
• 5 to 110 Volts 

Data Display Products 
445 South Douglas Street 
El Segundo, Calif. 90245-4630 
(213) 640-0442, Ext. 114 
Fax (213)640-7639 
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SPEEDY EEPROMS COME IN 
BOTH COMMERCIAL AND 
MILITARY VERSIONS 

With access times as short as 
90 ns, a family of 256-kbit 
electrically-erasable 

NEW PRODUCTS 
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PROMs from Microchip Technology 
tackles high-performance commer­
cial and military applications. The 
family's fastest chip, the 28HC256, 
comes in both military-qualified and 
commercial versions and sports a 90-
ns access time. The chip also includes 

O')C\~G'. 
\~ 

Low-Cost 
Power 

Over 60 New 2, 3, 4, and 5 Watt 
DC/DC Converters. 
Here's industry standard performance, 
industry standard pin-outs, and lower 
than industry prices. But, price isn't the 
only reason to look at these new 
devices. We've also added value to 
these proven designs. 
Lower Prices, Higher Values 
You asked us for well-designed quality 
products with lower prices, and we 
responded. We increased reliability 
through our exclusive use of SMT 
construction. There's output short 
circuit protection, and internal input 
and output filtering. There's excellent 
thermal dissipation. There's 
outstanding and repeatable product 
performance and deliveries with short 
lead times and on-time shipments. 

And. there's Burr-Brown's solid 
reputation for well-designed quality 
products, a worldwide sales and 
service organization, and a toll-free 
Hot Line for customer assistance. 

Series Watt Size Inches 

~tJJXX 2W. Regulated 1 x2x0.4 
~73'1X 3W. Regulated 2x2x0.4 
~40XX W. Unregulated 1.125x1 .125x0.4 
~70XX SW. R ulated 2x2x04 

For complete information on these 
low-cost, value-added power 
solutions, write Burr-Brown Corp., 
P.O. Box 11400, Tucson, AZ. 85734. 
Or, call toll-free 1-800-548-6132. 

BURR-BROWN ® 

I II I 

Your Partner in Quality 
CIRCLE 81 
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a page-write mode that allows it to 
store 64 successive bytes in only 3 
ms. In comparison, most other 256-
kbit EEPROMs require about 10 ms. 
This means the Microchip circuit can 
load new programs much faster than 
the slower chips-an important con­
sideration if program upgrades are 
transferred using a telephone or oth­
er communication channels. 

All of Microchip's 256-kbit chips 
are organized as 32 kwords by 8 bits 
and operate from a 5-V power sup­
ply. When in standby, the EEPROMs 
have a current drain of just 150 µA . 
When operating at full speed, they 
draw an operating current of 65 mA. 

Commercial versions of the chip 
come in 90-, 120- and 250-ns speed 
grades. MIL-STD-883C types include 
90-, 100-, 120-, 150- and 200-ns ver­
sions. Prices for commercial units 
range from $54 to $135. The military 
chips range from $177 to $246. All 
prices are for lots of 1000. 

Microchip Technology Inc., 2355 
West Chandler Blvd., Chandler, AZ 
85224-6199; Jim Ciraulo, (602) 963-
7373. CIRCLE 316 

DAVEBURSKY 

1/0 CONTROLLERS SUIT 
PC APPLICATIONS 
Manufactured in CMOS, two highly 
integrated interface controllers are 
designed for a wide variety of per­
sonal computer-based 110 applica­
tions. The SAB 82C250-N combines 
two serial 110 ports with a parallel 
bidirectional printer interface. The 
SAB 82C251-N has one serial 110 
port and one parallel bidirectional in­
terface. Both devices can also use 
the parallel port in an IBM PS/2 reg­
ister-compatible mode. Serial 110 
ports have baud rates of up to 512 
kbaud and are compatible with 16550 
AC characteristics for PS/2 applica­
tions. The parallel printer port elimi­
nates the need for external drivers 
by supplying a high-current drive for 
data. In 1000-unit lots, respective 
prices for the SAB 82C250-N and 
82C251-N are $10 and $7. 

Siemens Components Inc., Inte­
grated Circuit Division, 2191 Laur­
elwood Rd., Santa Clara, CA 95054; 
(408) 980-4526. CIRCLE 346 



PLDS IN CMOS, TTL, AND 
ECL ALL VIE FOR HIGH· 
SPEED APPLICATIONS 

P
arallel technology develop­
ments in CMOS, TIL, and ECL 
by National Semiconductor 

have yielded the fastest programma­
ble-logic devices in all three technolo­
gies. In CMOS, the company has re­
leased 10-ns, 20- and 24-pin electrical­
ly-erasable PLDs, the GAL16V8A 
and 20V8A, which are faster ver­
sions of Lattice Semiconductor's 
original GALs. The TIL chips-a se­
ries of 20-pin, 7-ns PAL devices-will 
initially include the popular 16L8, 
16R4, R6, and R8. The ECL I Cs-the 
PAL10/10016C4-2 pair of 2-ns PAL 
devices-offer lOK and lOOK inter­
face levels, respectively. 

Both of the 10-ns CMOS chips con­
tain eight programmable macro­
cells. Either chip can replace most 
popular PAL devices in their respec­
tive 20- and 24-pin DIP formats. The 
chips also come in 20- and 28-lead 
plastic leaded chip carriers. 

The TIL chips drop into sockets 
that held their slower predecessors. 
However, the company's vertical­
fuse structure resulted in a worst­
case programming yield of 99.8%. 

Lastly, the ECL circuits, which 
come in 28-lead plastic leaded chip 
carriers, inject just a 2-ns delay into 
the signal path. The circuits have 
four complementary outputs, 16 
complementary input pairs, and 32 
product terms. 

Samples of all circuits are avail­
able and some typical prices in quan­
tities of 100 are $60.50 for the ECL 
chips, $7.90 for the TIL PALs, and 
$6.45 for the CMOS GALs. Delivery 
is from stock. 

National Semiconductor Corp., 
2900 Semiconductor Dr., Santa 
Clara, CA 95052-8090; (408) 721-
5000. CIRCLE 317 

DAVEBURSKY 

FAST CACHE MEMORY IS 
APPLICATION·S PECIFIC 
An ultra-high-speed memory device 
matches the performance of fast PC 
processors running from 16 to 33 
MHz. The Model CXK7701J is a two-

NEW PRODUCTS 

way set-associative cache memory. 
Used with the Intel 80386 CPU and 
the 82385 cache controller, the appli­
cation-specific memory combines the 
functions of address latch, memory, 
and transceiver into one or two ICs. 
Maximum access times are 10, 13, 16, 

and 18 ns. Based on 8.0-µm CMOS 
technology, the part comes in a 52-
pin PLCC. Samples cost $49.50. 

Sony Corp. of America, Compo­
nent Products Co., 10833 Valley 
View St., Cypress, CA 90630; (714) 
229-4190. CIRCLE 347 

Why Reinvent The 
Operator lnterfa~ce~? ~ 
Use Ready-Made 
Low-Cost 
TM2500 
Microterminals 
Instead. 
We've already designed. 
built, and tested your 
operator interface .. . so you 
don't have to bother. Our 
TM2500 and TM2700 OEM 
Microterminals are easy to 
integrate with your microprocessor-based systems. easy to use. 
and very easy on your wallet. They'll save you valuable design 
and development time. too. 

• Large. easy to read 16-character LCD display. adjustable 
viewing 

• Six programmable backlit function keys 
• RS-232C or Rs-422 communications 
• Rugged design. moisture/dirt sealed case 
• 300. 1200. 9600 baud options 
• Low Price - from $225 in 1 OOs 

For complete information. write 
Burr-Brown Corp .. P.O. Box 11400. Tucson. Al. 85734. 
Or call, 1-800-548-6132. 

EIEI 
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l ·MICRON CMOS STANDARD· 
CELL FAMILY BOASTS 
EXTENSIVE LIBRARY 

A
joint venture between Hitachi 
America Ltd. and VLSI Tech­
nology Inc., San Jose, Calif. 

has yielded an extensive standard­
cell library for Hitachi's new 1-µm 
CMOS family. The two-layer silicon 
gate HG51 series is Hitachi Ameri­
ca's first standard-cell product line. 

The HG51-series devices operate 
at speeds of up to 60 MHz from one 5-
V power supply. At 20 µW I gate / 
MHz, the devices exhibit extremely 
low power dissipation. The series has 
'ITL, CMOS, and Schmitt-trigger-
110 compatibility. Separate 110 and 
core-power buses reduce chip noise. 
In addition, the 1-µm CMOS process 
produces gate-delay times of just 0.7 
ns. 

The HG51 series standard-cell li­
brary was codeveloped with VLSI 
Technology Inc. It consists of more 
than 300 cells covering a wide range 
of functions including gates, buff­
ers, complex gates, flip-flops , multi­
plexers, decoders, and various 110 
functions . 

Other development tools include a 
powerful cell compiler that creates 
RAM, ROM, and multipliers for any 
configuration, and a data-path com­
piler that creates functions like bar­
rel shifters and n-bit ALUs. Logic­
synthesis software designs complex 
functions by describing these func­
tions as a state diagram, Boolean 
equation, or truth table. All of these 
tools and macros can be used on 
Apollo, Daisy, DEC, Hewlett-Pack­
ard, Mentor, Sun, and Valid worksta­
tions. 

Hitachi is taking customer designs 
now. Customers can use Hitachi 
America's new design center in Bris­
bane for assistance with any step of 
the design process. Prices and nonre­
curring engineering charges are de­
pendent on the complexity of the de­
sign. 

Hitachi America Ltd. , Semicon­
ductor and IC Division, Hitachi 
Plaza, 2000 Sierra Point Pkwy., 
Brisbane, CA 94005-1819; (415) 589-
8300. CIRCLE 331 
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FAST SRAM FAMILY ADDS 
20-NS, 256-KBIT MEMORY 
CHIPS AND 25·NS CACHE 

T
wo new offerings were added 
to Micron Technology's family 
of fast static RAMs (SRAMs): 

a family of 20-ns 256-kbit SRAMs in 
by-one, by-four, and by-eight config­
urations, and a 25-ns cache data 
SRAM. Both parts are fabricated in 
double-layer metal, double-layer po­
lysilicon technology. A four-transis­
tor memory cell stores data using a 5-
V (±10%) power supply. All of the 
Micron memory devices meet J edec 
standards. 

The cache data SRAM can operate 
in two configurations. It acts either 
as a single 8-kword-by-16-bit memo­
ry, or as two 4-kword-by-16-bit mem­
ories with common addresses and 
data. Access times of 25, 35, and 45 ns 
let the cache RAM work with 33-, 25-, 
and 20-MHz microprocessors, re­
spectively. The output-enable time is 

lOns. 
Built-in address latches on the 

cache devices reduce system chip 
count. The cache chip directly inter­
faces with Intel Corp.'s 82385 cache­
memory controller and 80386 micro­
processor in either the direct­
mapped or two-way set-associative 
modes. 

Samples of the MT5C2561 (by one), 
MT5C2564 (by four), and MT5C2568 
(by eight) 20-ns 256-kbit SRAMs are 
available now for less than $100 per 
unit. The MT56C0816 cache SRAM is 
available now for $44 per unit in 
quantities of 100. 

Micron Technology Inc., 2805 
East Columbia Rd., Boise, ID 83706; 
(208) 383-4000. CIRCLE 319 

LISA GUNN 
DESIGN 

ICS INCREASE 
PRODUCT TESTABILITY 
Three integrated circuits simplify 
the implementation of boundary­
scan testability of printed circuit 
boards, boxes, and systems as speci­
fied in IEEE P1149.l. Two of these 
functions, the ACT8990 test bus con­
troller and the ACT8997 / 8999 scan 
path selector, allow designers to par­
tition a system into several short 
scan paths. As a result, each scan 
path is provided with a fault toler­
ance that helps minimize data-path 
corruption. The third device, the 
ACT8994 16-bit digital bus monitor, 
lets designers monitor signal paths 
off-line with the IEEE P1149.1 test 
bus or monitor signal paths at the 
system clock rate using the device's 
embedded memory. Each of the 
three components are part of Texas 
Instruments' System Controllabil­
ity I Observability Partitioning Envi­
ronment, SCOPE for short. 

Texas Instruments Inc., Semi­
conductor Group (SC-959), P. 0. 
Box 809066, Dallas, TX 75380; (800) 
232-3200, ext. 700. CIRCLE 340 

16K STATIC RAMS 
ACCESS IN 12 NS 
Three 16-kbit static RAMs, designed 
for such applications as cache memo­
ry, graphic buffers, and look-up ta­
bles, feature a fast address access 
time of 12 ns over the commercial 
temperature range . The devices 
have 'ITL 110 interfaces and offer 
industry-standard pinouts and func­
tional-compatibility to permit up­
grading. The SSM6116 is organized 
as 2k by 8 bits with common data II 
0 . The SSM6168 and 6170 are both 
4k-by-4-bit parts with common data 
110. Additionally, the SSM6170 is 
equipped with an output-enable fea­
ture that facilitates control for a tri­
stated bus. All are fabricated in a 
BiCMOS process. A wide variety of 
packaging options is available, in­
cluding DIP, PLCC, and SO configu­
rations. Prices start at $20.80 (1000 
units). 

Saratoga Semiconductor, 686 W 
Maude Ave. , Sunnyvale, CA 94086; 
(408) 522-7500. CIRCLE 341 



You 're flying overseas to go 
head to head with Thomas Gerhard Clarke. 
You need all the help you can get. H 

e's brilliant. He 's 
quick. And he isn 't 
nice. If you 're going 
into a meeting with 
someone like this , 

you had better arrive there 
well-rested, well-nourished, 
and well-prepared. That's 
what our First and Executive 
Class service is designed to 
help you do . The way we see 
it , our on-ground and in­
flight staff has only one job: 
to help you do your job. 
For international First or 
Executive Class reservations , 
contact your travel agent or 
Northwest at 1-800-447-4747. 



EISA·BASED 80486 PC 
DELIVERS TOP SPEED 
WITHOUT CACHE 

By combining Intel's 80486 mi­
croprocessor, an extended in­
dustry standard architecture 

(EISA) bus for peripheral expansion, 
and a proprietary memory-controller 
chip, Hewlett-Packard has created 
the highest-performance member of 
its Vectra PC family. The memory 
subsystem in the Vectra 486 PC fol­
lows a tightly coupled path to the 
80486 along with intelligent paging 
control, burst transfers, and parity 
checking. The system, which runs at 
25 MHz, delivers 33% higher 
throughput than a 33-MHz 80386-
based PC and more than double the 
floating-point throughput of the 
80386-even when working with its 
80387 math coprocessor. 

Using the memory subsystem, up 
to 64 Mbytes of main memory can be 
coupled directly to the CPU board, 
and that memory can be composed of 
pairs of 1-, 4-, or 8-Mbyte single-in­
line memory modules with 80-ns ac­
cess times. All other add-in cards 
plug into the eight 32-bit EISA bus 
slots. One such optional card is a 
VGA display controller that was also 
released with the system. 

The Vectra 486 also has an opti­
mized disk subsystem with a drive 
that delivers data at a rate of 20 
Mb its / s off the head. That high data­
transfer rate and a short 15.5-ms ac­
cess time make the mass-storage 
subsystem about 33% faster than 
any other Winchester PC subsys­
tem. A 128-Mbyte tape-backup sub­
system is optional. 

The basic model 150 comes with 2 
Mbytes of RAM; a 5.25-in., 1.2-Mbyte 
floppy disk drive; and one 152-Mbyte 
hard-disk drive. It costs $13,999 (vid­
eo controller and display are option­
al). Larger 330- and 670-Mbyte drives 
come with models 330 and 670, re­
spectively. Prices increase to $16,999 
and $19,999, respectively for those 
two upgrades. Systems will be avail­
able in the first quarter of 1990. 

Hewlett Packard Co., 3000 Hano­
ver St., Palo Alto, CA 94304; (415) 
857-1501. CIRCLE 320 
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GET 21 MIPS FROM 
A COMBINATION PC 
AND WORKSTATION 

With its RISC and CISC pro­
cessors that run DOS and 
Unix operations at the same 

time, Opus Systems' model 8110 Por­
table Mainframe comes the closest 
yet to a cross between a PC and a 
workstation. The 22-lb. machine ac­
complishes this feat by integrating a 
Motorola 88000 chip with an Intel 
80386 microprocessor. 

Opus has expanded the functional­
ity of the two operating systems, al­
lowing users to transfer files be­
tween Unix and DOS. Also, com­
mands for one operating system can 
be executed from the other. A single 
keystroke jumps the user back and 
forth between operating systems. 

The Personal Mainframe comes 
with Opus' version of the standard 
Unix Version 5, Release 3.2. The soft­
ware contains all the standard utili-

ties, commands, and other programs 
found in the AT&T release, as well as 
the portable C compiler and an 
ANSI-standard Fortran 77 . The 
CISC side of the Portable Mainframe 
runs MS-DOS version 3.3. The mem­
ory subsystem contains 4 Mbytes of 
parity-protected dynamic RAM (ex­
pandable to 24 Mbytes) while the 110 
subsystem contains 2 Mbytes of dy­
namic RAM. 

Designed for single or multiple us­
ers, the 25-MHz, 21-MIPS computer 
is suitable for such applications as 
CAD, CAE, and other compute-in­
tensive areas. Available immediate­
ly, the Portable Mainframe sells for 
$13,995. 

Opus Systems Inc., 20863 Stevens 
Creek, Bulding 400, Cupertino, CA 
95014; (408) 446-2110. CIRCLE 321 

RICHARD NASS 
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RISC-BASED ENGINE 
ACCELERATES CAD GRAPHICS 
ON MACINTOSH PC 

T
he speed of pans, zooms, and 
redrawing is improved by as 
much as 10 to 30 times by the 

QuickCAD N uBus card for the Ap­
ple Macintosh II family. The card 
lets the systems deliver CAD graph­
ics at speeds comparable to any com­
petitively priced upgrade to an IBM 
PC or compatible. The QuickCAD 
card, from Radius , uses a low-cost 
32-bit RISC processor that delivers 
about 6 MIPS of computing power. 
Proprietary display-list-processing 
software gives the system the tools 
it needs to accelerate the Macin­
tosh's graphics operations. 

The QuickCAD engine consists of 
the NuBus card and the accompany­
ing display-list software. The card 
transfers data over the NuBus at up 
to 32 Mbytes / s using the NuBus's 
block-transfer capability. As a re­
sult, it moves data up to seven times 
faster than the Macintosh's proces­
sor can transfer. The software con­
tains a combination initialization and 
I cdev file that is placed in the Macin­
tosh system folder and is activated at 
startup. 

Because the card adheres to Apple 
Computer Corp.'s 32-bit QuickDraw 
standard, all software programs op­
erate normally on Macintosh II plat­
forms. The first software driver will 
be for Autodesk Inc.'s AutoCAD 
software. The card and software 
costs $1495 and are available now. 

Radius Inc., 1710 Fortune Dr., 
San Jose, CA 95131; (408) 434-
1010. CIRCLE 322 
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COMPUTERS & PERIPHERALS 

INDUSTRIAL COMPUTER 
FAMILY MEETS STRICT 
SPECIFICATIONS 

A
family of industrial comput­
ers from Pro-Log Corp. pro­
vides multitasking and multi­

processing (parallel-processing) ca­
pabilities for complex control sys­
tems and single-board controllers 
for embedded-control applications. 
Designated the System 2 series, the 
family's three computers each meet 
a common set of rugged specifica­
tions that include a zero-to-65°C oper­
ating-temperature range, a MTBF of 
more than 10 years at 55°C, and the 
ability to withstand up to 40 Gs of 
shock and 5 Gs of vibration. 

The STD-bus cards plug into a pas­
sive backplane for easy service. They 
differ only in their core processor 
set. 

The high-end model 60 is based on 
a 25-MHz 80286 microprocessor. 
Model 40 is built around a 16-MHz 
80386SX processor. At the low end, 
model 25 uses a 9.55-MHz V20 micro­
processor. All three systems come 
with MS-DOS 3.3 built in. Model 60 
comes with 1 Mbyte of RAM; Model 
40 has either 512 kbytes or 1, 2, or 4 
Mbytes; and Model 25 is supplied 
with either 128 or 256 kbytes. 

All three models contain a PC-com­
patible serial port, an interrupt con­
troller, a counter-timer, and a time­
of-day clock. Model 25 adds a second 
serial port and a printer port. 

The systems are available now 
with prices beginning at $895. 

Pro-Log Corp., 2560 Garden Rd., 
Monterey, CA 93940; (408) 372-
4593. CIRCLE 323 

RICHARD NASS 

NOTEBOOK PC MAINTAINS 
DESK-TOP PERFORMANCE 
LEVEL AT A LOW PRICE 

As may have been expected, To­
shiba has thrown its hat into 
the notebook-PC ring. Its 

TlOOOSE weighs in at 5.9 lbs., has di­
mensions of 12.4 by 10.2 by 1.78 in., 
and comes with a full-size, 82-key 
keyboard. But best of all, the price 
was held down to just $1699. 

The computer contains an indus­
try-standard 1.44-Mbyte, 3.5-in. disk 
drive, which maintains compatibility 
with other systems. The PC also fea­
tures 1 Mbyte of RAM that is ex­
pandable to 3 Mbytes. MS-DOS 3.3 is 
built into ROM for automatic boot­
ing when the system is turned on. 
The TlOOOSE system's processor is 
an 80C86 running at 9.54 MHz. 

The PC's backlit-LCD display has 
adjustable contrast and brightness, 
measures 4-3/ 4 by 7-5/8 in., and fea­
tures 640 by 400 pixels. The company 
says that its CG A-compatible display 
is actually better than CGA-the 
characters are more defined because 
there are twice as many dots. 

The unit's power-management 
features include the ability to turn 

off power to the display. In non-pro­
cessor-intensive applications like 
word processing, the CPU's speed 
can be dropped from 9.54 to 4.77 
MHz, which further conserves bat­
tery life. In addition, the removable 
battery pack can be recharged in 
four hours. The computer will be 
available in January. 

Toshiba Information Systems 
Inc., Computer Systems Division, 
9740 Irvine Blvd., Irvine, CA 92718; 
(800) 334-3445. CIRCLE 324 

RICHARD NASS 

St profile 
Lowe 

0 5'' ht., 

up to 
.55 watts 

• Input Voltage 90 to 130 VAC 
(47/440Hz) 

• Single, Dual, Triple Outputs 
• 1200V Rms Isolation 
• Low Isolation Capacity 

Available 
• Continuous Short Circuit 

Protection 
• High Efficiency 
• Fully Regulated Voltage 

Outputs 
• Operating Temperature 

- 25°C. to + 70°C. with No 
Heat Sink or Electrical 
Derating Required 

• Expanded Operating 
Temperature Available 
( - 55°C. to + 85°C. ambient) 

• Optional Environmental 
Screening Available 

PICO manufactures complete lines of 
Transformers, Inductors, DC-DC Converters 

and AC-DC Power Supplies 

Delivery­
stock to 
one week 

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

Call Toll Free800·431 ·1064 
IN NEW YORK CALL 914°699°5514 
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12-W DC-DC CONVERTER 
BREAKS 30-W/IN.3 BARRIER 
WITH MIL SCREENING 

Major increases in packaging 
density for military, aero­
space, and high-reliability in­

dustrial applications are promised by 
the MHF series of de-to-de convert­
ers from Interpoint. The series of­
fers 12 W of power in a package only 
0.315 in. high. With a cubic volume of 
less than 0.5 in.3, power density is 30 
W / in.3, which is the industry's high­
est. Not only that, the devices in­
clude internal filtering, eliminating 
the need for external capacitors. 

The miniature supply is designed 
to meet full MIL-STD-883 environ­
mental standards. Operating tem­
perature for the hermetically sealed 
metal case is -55 to + 125°C. Models 
are available that offer full rated 
power at the high-temperature limit. 
The converters also meet the MIL­
STD-883 5000-g acceleration require­
ment and have a MIL-HDBK-217 
MTBF rate of over 1.5 million hours 
at45°C. 

Key to the high power density is a 
proprietary design technique that 
permits operation at 600 kHz with up 
to 84% conversion efficiency. Units 
are available with single or dual out­
puts at +5, +12, or +15 V over a 

wide input range of 16 to 40 V de. 
Typical load and line regulation is 
within 10 m V. 

The MHF series de-de converters 
startat$296 in lots of 100. Delivery is 
from stock to 30 days. 

Interpoint Corp., 10301 Willows 
Rd., P. 0. Box 97005, Redmond, WA 
98073-9705; (206) 882-3100. 

CIRCLE 325 
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TINY OP AMP PUTS OUT 
±160 V AT + 200 A PEAK 
AND ±90 A CONTINUOUSLY 

Crammed into less than 3/ 4 of a 
cubic foot, Copley Controls' 
Model 232-10 power amplifier 

can function as a 14-kW op arrip, a 
programmable de and/ or ac voltage 
or current source; or a ±160-V pow­
er conditioner rated at +200 A peak 
or +90 A continuous. Moreover, if 
that's not enough power, up to 20 of 
these 95%-efficient amplifiers can be 
paralled to yield almost 300 kW of 
sine-wave power to 4 kHz. 

The secret behind these power am­
plifiers is, of course, switching. 
Pulse-width modulation is employed 
at 81 kHz to provide a 4-kHz 3-dB 
bandwidth. Internal filtering re­
moves the harmonics of the switch­
ing frequency. While putting out 100 
A at 200 Hz, total harmonic distor­
tion is 0.2%. In addition, the amplifier 
doesn't need a regulated power sup­
ply. It will work off one unregulated 
60-to-160-V de source. 

Settling time is impressive. For a 
positive or negative 100-A pulse, the 
output settles to within 100 mA 
(0.1%) of the final value in 1.2 ms. It's 
0.3 ms quicker to 1 A. 

Various applications can take ad­
vantage of the Model 232-lO's capa­
bility and performance. For in­
stance, it can be used for control of 
the focusing and beam steering mag­
nets in the nuclear accelerators used 
for research as well as the synchro­
trons used in chip-making X-ray lith­
ography. They also can energize the 
gradient coils of magnetic-reso­
nance-imaging scanners. Precision 
electroplating processes using 
"pulse-reverse" current sources can 
make use of the amplifiers, as can 
high power, sub-audio active sonar. 
Finally, they can replace vacuum­
tube linear amplifiers. 

In quantities of one to nine, the 
Model 232-10 goes for $7500 each. 
Delivery is in 6 to 8 weeks after re­
ceipt of order. 

Copley Controls Corp., 375 Elliot 
St., Newton, MA 02164; Barry 
Friedman, (617) 965-2410. 

CIRCLE 326 
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8-PIN DIP RECTIFIES 115-V 
AC LINE; YIELDS REGULATED 
5 TO 24 V DC AT 50 MA 

Connect the 8-pin plastic mini­
DIP containing Harris ' HV-
1205 to the 115-V ac line, along 

with a handful of resistors and ca­
pacitors, and the result is a user-pro­
grammable 5-to-24-V de regulated 
power supply rated at 50 mA. Take 
care, however: The output is not iso­
lated from the ac line. Set the output 
at +5 V and it varies a maximum of 
15 m Vas the line is varied from 80 to 
132 V rms. Load regulation is just as 
good. The output holds within 40 m V 
as the load is varied from 5 to 50 mA. 
Both line and load specifications are 
given over temperature and both 
commercial (HV-1205-5) and extend­
ed-industrial (HV-1205-9) range ver­
sions are available. 

The chip is built on a dielectrically 
isolated (DI) bipolar process rated at 
a breakdown of 400 V. It consists of 
two sections: a patented switching 
preregulator followed by a series-

R r - Pre· - Pass 1 
115 v I regulator regulator I 
ac ~->--0 

c, I HV-1205 I 

L - - J 

150 1-'F 

pass regulator. The preregulator 
connects C2 to the ac line until it 
charges to 6 V above the preset out­
put voltage. It then switches to a 
blocking mode, where it stays until 
the next line cycle starts. The capaci­
tor supplies power to the series-pass 
regulator and to the load, which is 
connected between pins 6 and 3. 
Each cycle refreshes the charge on 
the capacitor. Resistor R limits the 
inrush current to C2. 

In quantities the HV-1205-5 and 
HV-1205-9 respectively go for $3.06 
and $2.55 each. Small quantities are 
in stock. 

Harris Semiconductor, P. 0. Box 
883, Melbourne, FL 32901; Gloria 
Simpson, (407) 724-3739. CIRCLE 327 
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MIXED-SIGNAL TESTER 
BOASTS DUAL-CLOCK 
TIMING SYSTEM 

Aparallel synchronous and 
asynchronous per-pin design 
gives the STS 5000 the flexibil­

ity to do both characterization and 
volume testing of mixed-signal de­
vices. The tester's dual-clock timing 
system lets engineers mix synchro­
nized and asynchronous modes, tim­
ing, and digital patterns to simulate 
different real-world conditions. 

Digital signals can be run synchro­
nously on all of the system's 64 chan­
nels or asynchronously on 16 chan­
nels. Devices with separate analog 
and digital sections can be tested at 
different clock speeds or synchro­
nized to either of the two speeds. The 
system, which is controlled by a 32-
bit Sun computer, has 1 Mvector of 
memory per pin and a 20-MFLOP 
floating-point array processor to 
speed throughput. The processor 
can perform a 1000-point fast-Fouri­
er transform in 3.4 ms. 

An optional ISDN subsystem does 
functional testing of S- and U-inter­
face devices. The subsystem fea­
tures differential outputs and multi­
level coding, jitter generation, and 
an ISDN hardware transmission-line 
simulator. 

Deliveries will begin in the second 
quarter of 1990, with prices ranging 
from $350,000 to $700,000, depending 
on configuration. 

Semiconductor Test Solutions, 
Axiom Technology Div., 21 North 
Ave., Burlington, MA 01803; (617) 
229-6611. CIRCLE 328 
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100-KSAMPLE DIGITIZERS 
FEATURE 16-BIT RESOLUTION, 
HIGH NOISE IMMUNITY 

A
s outboard standalone instru­
ments, two high-resolution 
digitizers from IOtech are 

shielded from the noisy environment 
that surrounds plug-in digitizers in­
side the controlling computer. Both 
IEEE-488-based units offer 100-kHz 
maximum sampling rates with 16-bit 
resolution. 

The ADC488/16 features 16 sin­
gle-ended or eight differential ana­
log channels. The ADC488/8S has 
eight differential analog inputs and 
independent sample-and-hold cir­
cuits that reduce interchannel skew 
to ±20 ns. Channel sequences can be 
programmed to any of 20 levels from 
1 µs to 50 s in a 1, 2, 5, 10 sequence. 
Programmable inputs of +1 , ±2, 
±5, and ±10 V are available. 

A variety of trigger capabilities 
permits unattended signal acquisi­
tions and lends the units to use as 
digital oscilloscopes or waveform 
digitizers . For analog-input-level 
triggering, both the level and slope 
are programmable. Users can also 
program the digitizers to trigger on 
the rising or falling edge of an exter-

• ''·~t T .-\\~' ~ 

nal TTL signal or choose the IEEE-
488 Group Execute Trigger (GET) 
and Talk commands for triggering. 

The instruments store acquired 
data in a 2-ksample buffer (expand­
able to 128 ksamples), and use direct 
memory access to output the data at 
up to 200 kbytes /s. 

The ADC488/16 costs $1495, and 
the ADC488/8S goes for $1995. Both 
units are available immediately. 

!Otech Inc., 25971 Cannon Rd., 
Cleveland, OH 44146; (216) 439-
4093. CIRCLE 329 
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34-GHZ DIGITIZING SCOPE 
INCLUDES TD R AND 
ANALYSIS CAPABILITY 

Designers working in the high 
microwave range will find the 
HP 54123T four-channel, 34-

GHz digitizing oscilloscope especial­
ly useful. The scope includes a time­
domain reflectometer (TDR) func­
tion and analyzes statistics. 

Automatic scaling and parameter 
measurements, along with a 9-in. col­
or display and menu-driven front 
panel, make the HP 54123T easy to 
use. The unit is programmable over 
the HP-IB (IEEE-488), and users can 
output the waveform, scaling infor­
mation, and measurement results to 
plotters and printers. 

The scope can trigger on signals to 
2.5 GHz, but an optional external 
trigger, the HP 54118A, handles sig­
nals with bandwidths to 18 GHz. Be­
cause it uses true-edge triggers rath­
er than countdown triggers, the HP 
54123T can trigger on rf bursts, logic 
signals, and sine waves. 

A 12-bit analog-to-digital convert­
er offers up to 14 bits of effective 
voltage resolution. Matched IF fil­
ters ensure a low noise floor that per­
mits a sensitivity of 1 m VI div. 

The built-in TDR function mea­
sures impedance, reflection coeffi­
cient, and distance from a reference 
plane. Differential, as well as stan­
dard, TDR measurements are possi­
ble. Using the internal statistical 
analysis and histogram capability, 
designers can make quantitive and 
repeatable noise measurements and 
evaluate jitter and eye patterns with­
out an external controller. 

The HP 54123T costs $34,800 with 
an estimated delivery time of seven 
weeks after receipt of order. The HP 
54118A 18-GHz trigger costs $8925. 

Hewlett-Packard Co., Colorado 
Springs Div., P.O. Box 2197, Colo­
rado Springs, CO 80901-2197; (800) 
752-0900. CIRCLE 330 
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VIDEO DACS SPAN 4·T0·8·BIT 
RESOLUTION AND PACK LCD· 
CONTROL CIRCUITRY 

A
family of monolithic triple vid­
eo digital-to-analog convert­
ers with on-chip color palettes 

have bandwidths of 65 MHz-high 
enough to handle the 1024-by-768-
pixel resolution of the IBM 8514/ A 
standard. There are three basic ver­
sions of the converters: one with tri­
ple 4-bit converters, another with tri­
ple 6-bit devices, and a third with 
three 8-bit d-a converters. The con­
verters are fabricated with a merged 
bipolar-CMOS process. 

The HD153108 packs triple 4-bit 
converters and runs at 50 MHz. The 
HD153109, 129, and 119 run at 65 
MHz with 6-bit resolution. Lastly, a 
lone triple 8-bit unit, the HD153110, 
also runs at 65 MHz. In addition to 
their triple video outputs, the 
HD153108 and 109 both include cir­
cuits that control a monochrome liq­
uid-crystal display (LCD). Color­
LCD panels can be controlled by the 
HD153119and110 6- and 8-bit palette 
d-a converters, which supply RGB 
digital data to the flat display. The 
third 6-bit unit, the HD153129, re­
places the VGA interface's original 
Inmos color-palette chip. 

Included on the 4-bit chip is a 
blanking input for display control 
and a four-color overlay color regis­
ter for cursors or menus. On the two 
proprietary 6-bit converters, a pixel 
word mask is included for display 
control. The 8-bit converter chip in­
cludes a programmable black level 
of zero or 7.5 IRE and has selectable 
timing synchronized to the rising or 
falling edge of the clock. 

The HD153108 and 109 come in 44-
lead plastic leaded chip carriers and 
sell for $26.60 and $25.60, respective­
ly, in quantities of 1000. Both are 
available from stock. Prices for the 
other chips have not yet been set. 
Samples of the 28-pin HD153129 are 
available, while both the 153119 and 
110 will be sampled in early 1990. 

Hitachi America Ltd., 2000 Sier­
ra Point Pkwy., Brisbane, CA 
94005; John Hull, (415) 589-8300. 
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FAST, PRECISE UNITY·GAIN· 
STABLE OP AMPS COME TWO 
ATA TIME 

National Semiconductor's sev­
eral-year-old junction-isolated 
complementary bipolar pro­

cess has produced a precision op 
amp, the dual LM6118, and it was 
worth waiting for. For example, its 
minimum open-loop gain over tem­
perature reaches 90 dB while putting 
+10 Vacross 500 n. That rises to 100 
dB when putting ±17 V across 10 
k.!1. That's while running off ±20-V 
rails. Or, it can put +1Vacross50 n. 

Minimum unity-gain bandwidth is 
14 MHz and a typical settling time to 
0.01% for a 10-V step is 400 ns. Mini­
mum slew rate over temperature at a 
gain of+ 1is50 VI µs. Ata gain of-1, 
the minimum rate is 30 VI µs. This 
translates into a full-power band­
width of 1 MHz. That's while driving 
500 n with ±10 V. Total harmonic 
distortion is 3%. Moreover, two of 
these come in a DIP for $4.65 in quan­
tities of 100. That union of speed and 
output current demands just 7.5 mA 
from the supply rails. 

These op amps' blend of unity-gain 
stability and speed lend them to ap­
plications where the closed-loop 
noise-gain is unity-output amplifi­
ers for fast 12-bit d-a converters, fast 
integrators, and active filters. By us­
ing both halves of the device, users 
can build a single-ended input to a 
differential output amplifier that 
can swing 40 V pk-pk at 1 MHz. 

Maximum bias current and offset 
voltage over temperature are no 
more than 1250 nA and 4 m V respec­
tively, regardless of grade. Similar­
ly, common-mode rejection ratio is 
never less than 75 dB. As noted, price 
in quantities of 100 start at $4.65 
each in an 8-pin plastic DIP for a-40°­
to-+850C device. The part also comes 
in 14-pin plastic DIPs and SOICs, 8-
pin ceramic DIPs, and 8-pin metal 
cans. Military versions are also avail­
able. Small quantities are available 
from stock. 

National Semiconductor Corp., 
P 0. Box 58090, Sunnyvale, CA 
95052-8090; Bettina Briz, (408) 721-
2274. CIRCLE 339 

FRANK GOODENOUGH 
DESIGN 

MULTIPLEXERS TAKE ±60-V 
FAULT ON INPUT OR OUTPUT 
WITH POWER OFF OR ON 

I n a typical data-acquisition sys­
tem using general-purpose IC an­
alog multiplexers, faults that put 

much more than the supply voltage 
across the chip's input or output pins 
cause it to self-destruct. Worse, the 
expensive system may go with it. 
Now, Maxim's MAX378/389 has end-, 
ed that problem. Without power ap­
plied, these CMOS chips can take up 
to ±75 Von either their input or out­
put pins. Under this condition, a max­
imum of 20 µA of leakage current 
flows in the circuit whether 0 or 5 Vis 
on the digital-control pins. Under 
similar conditions, but powered up 
with ±15 V on the supply pins, no 
more than 40 µA flows. A fault volt­
age always sees an open circuit. 

These chips double the voltage rat­
ing and improve on the performance 
of available fault-protected multi­
plexers. Their inputs can be protect­
ed from high-voltage transients by 
simple RC circuits or varistors. 
There's another advantage in sys­
tems in which the input channel of 
more than one multiplexer samples 
the same analog signal. If one multi­
plexer is powered down or fails, sig­
nal integrity is maintained. 

The MAX378 and MAX379 are 8-
channel single-ended and 4-channel 
differential break-berore-make cir­
cuits, respectively. Series-connected 
n-channel, p-channel, and n-channel 
MOSFET switches provide fault pro­
tection. Access time, break-before­
make delay, enable delay, and set­
tling time to 0.01% are respectively 
1000, 25, 1500, and 3500 ns. On resis­
tance runs a maximum of 4000 n 
over temperature. Off isolation at 
25°C with a 7-V rms, 100-kHz signal 
and a 1-kn load is 50 dB minimum. 
Both multiplexers come in 16-pin 
plastic and ceramic DIPs as well as 
16-pin SOICs. Commercial-, industri­
al-, and military-grade units are 
available. In quantities of 100, prices 
start at $13.31. 

Maxim Integrated Products, 120 
San Gabriel Dr., Sunnyvale, CA 
94086; (408) 737-7600. CIRCLE 332 
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REAlr TIME 80386 
OPERATING SYSTEM J UMPS 
FROM 16 TO 32 BITS 

With Intel's introduction of 
the iRMX III operating sys­
tem, they have extended 

their existing software to 32 bits. 
This protected-mode, real-time oper­
ating system was designed with the 
80386 microprocessor in mind. 

The 32-bit version of iRMX III is 
binary-compatible with existing 16-
bit iRMX II applications. This means 
those applications can be run concur­
rently with 32-bit code. In addition, 
16- and 32-bit tasks can communicate 
with one another. 

The operating system gives users 
more powerful I / O capabilities, and 
lets them use memory pools up to 4 
Gbytes. On top of that, it improves 
integer-math performance with its 
32 bits and permits larger segment 
sizes to be processed. 

Users familiar with previous ver­
sions of the software won't need any 
training to upgrade to the newer lev­
el. The user interface is almost iden­
tical. The operating system sells for 
$5650 for the AT bus version and 
$6450 for the Multibus version and is 
available immediately. Users of ver­
sion II can upgrade to version III for 
$3150. The software is shipped with 
the ASM 386 assembler, the PL/ M 
386 compiler, SMD III debug moni­
tor, and a text editor. 

Intel Corp. , 3065 Bowers Ave., 
P. 0. Box 58065, Santa Clara, CA 
95052; (800) 548-4725. CIRCLE 333 

RICHARD NASS 

SOFTWARE-ANALYSIS 
WORK STATION ADDS 
REVERSE ENGINEERING 

With the addition of the 
Pl 750A probe and ISA-
1750A disassembler soft­

ware, Cadre Technologies' Software 
Analysis Workstation (SAW) can re­
verse-engineer, debug, and test soft­
ware for 1750A-based applications. 
Companies developing 1750A-based 
software can use the SAW not only 
for verification of new code, but also 
for analysis and debugging of exist­
ing software. 

Any of the popular 1750A imple­
mentations can be accommodated by 
the new probe. It connects to the tar­
get using coaxial flying leads. These 
connections can be made directly at 
the processor, from peripheral con­
trollers, at defined debug ports, or at 
any point on the target where signals 
are accessible. 

The probe opens the door for engi­
neers to use Cadre's PathMap run­
time reverse-engineering tool on 
1750A-based software. PathMap cre­
ates a comprehensive run-time view 
of 1750A embedded-software execu­
tion from one in-target measure­
ment. It does so by drawing a struc­
ture chart, which represents the 
code's actual behavior. 

The P1750A probe and ISA-1750A 
disassembler software are available 
now. Existing users of the SAW can 
upgrade by buying the probe for 
$3500, the software for $765, and the 
SFA-1750A accessory-kit software 
for $145. Complete systems start at 
$17,000. 

Cadre Technologies Inc., Port­
land Division, 19545 N. W Von 
Newmann Dr., B eaverton, OR 
97005; (800) 547-4455. CIRCLE 334 

LISA GUNN 

Still using these tools 

~ 
~ 
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to enter your 
engineering/scientific 

data into a 
spreadsheet? 

If so, you need ... 

MEASURE 

Measure is the only package that stores 
engineering and scientific data directly to 
either a Lotus 1-2-3 or Symphony spread­
sheet where it is ready for immediate 
analysis, storage, or display. Measure 
accepts data from IEEE-488 and RS-232 
instruments and plug-in data acquisition 
boards for IBM PC/XT I AT and PS/2 
computers. 

Now supports new Lab-PC data acquisition 
board-high JJerf ormance at a low cost. 

Call for Free Catalog 
(800) IEEE-488 • (512) 794-0100 

Y~!!: 
~ 12109 Technology Blvd. 

Austin, Texas 78727-6204 

JAPAN\3)788· 1922 • FKANCE(1 ) 486533 70 
UNITED KINGDOM !63) 523-545 • WEST GERMANY (89J 80-7081 

IT ALY (2) 4830-1892 • THE NETHERLANDS (7) 099-6360 

SEE US AT ATE BOOTH #108 
CIRCLE 67 
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2-MM CONNECTOR SYSTEM FITS 
IN WITH IEEE'S FUTUREBUS 
PLUS STANDARD 

Futurebus Plus, which has been 
designed as the next-genera­
tion standard bus that will pick 

up where the VME and Multibus II 
formats leave off, has an intercon­
nection system ready that fits its 
standards. The Metral connector 
system, introduced jointly by AT&T 

Microelectronics and DuPont Elec­
tronics, meets the IEEE's Futurebus 
Plus working group's standard. 

The system is based on a 2-mm 
grid and provides up to 432 signal po­
sitions on a double-height Euro­
board, which is more than twice the 
192 signal positions available with to­
day's DIN connector system. Boards 
can be spaced on a 15-mm pitch. 

Components are included in the 
modular system for board-to-board 
and board-to-cable interconnections 
with input/output options. It is 
based on a 12-mm building block to 
provide connectors with 24, 48, 96, 
and 192 contact positions. 

The system's modularity enables 
designers to upgrade their designs 
to take on new functions without ma­
jor changes. It is compatible with the 
96-pin DIN connector for systems 
that combine Futurebus Plus and 
Multibus boards. 

In large volumes, both companies 
estimate that pricing will range from 
$0.05 to $0.10 per mated pair. Produc­
tion quantities will be available in the 
first quarter of 1990. 

AT&T Microelectronics, 555 
Union Blvd., Dept. 52AL330240, Al­
len town, PA 18103; (800) 372-
2447. CIRCLE 335 

DuPont Electronics, Barley Mill 
Plaza, Customer Service, Wilming­
ton, DE 19880-0022; (800) 237-
2374. CIRCLE 336 

DAVID MALIN/AK 
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SUBRACK MECHANICALLY 
SUPPORTS AND PROTECTS 
ELECTRONIC SYSTEMS 

C ailed the industry standard for 
the 1990s, BICC-Vero Elec­
tronics' KM6-II subrack suc­

ceeds the company's KM6 subrack. 
The new unit incorporates all the 
benefits of its predecessor, such as 
rugged construction, totally conduc­
tive components, and low piece-part 
counts. The unit is easily converted 
into a high-performance EMC su­
brack. 

The KM6-II is fully compatible 
with all existing KM6 accessories, 
front panels, and plug-in units. Be­
sides full compliance with IEC stan­
dard 297-3, the subrack offers in­
creased strength for applications in­
volving vibration. 

In addition to its likeness to the 
earlier design, the KM6-II sports 
some new features. It is easier to as­
semble and customize, and its guides 
are assembled or removed simply 
and quickly. The guides can be fixed 
with a screw where required, and of­
fer an anti-vibration boss and provi­
sion for a grounding clip. The entire 
unit is conductively finished. 

In addition to the standard ver­
sion, which accepts 220- and 160-mm 

boards, the KM6-II is available in a 
universal version that houses Euro­
cards of different sizes in a variety of 
configurations. 

The KM6-II subrack will range 
from $98 to $325 in single quantities. 
Delivery is from stock to 6 weeks. 

BIGG-Vero Electronics Inc., 1000 
Sherman Ave., Hamden, CT 06514; 
(800) 242-2863. CIRCLE 338 

DAVID MALIN/AK 
DESIGN 

• VOE, UL, CSA 
Safety and Emissions 

• 5 Outputs 
• 400Watts 

• HI-REL All purpose 
switcher 

OUTPUTS 

No. 1: 5V @ 50A 
No. 2: +12V @ BA 
No. 3: - 12V @ SA 
No. 4: +24V @ 4A - 6A pk. 
No. 5: 5V @ 10A 

OUTPUTS 1 and 5 
±0.40/o total regulation 

OUTPUTS 2, 3, and 4 
±2.50/o total regulation 

DIMENSIONS 
MODEL CV405B 

15.45" x 5.10" x 3.15" 

Call Toll Free 1-800-523-2332; 
In PA 215-699-9261 . 

FAX: 215-699-2310 TWX: 510-661-8061 
P.O. Box 1369, Wlssahlckon Avenue, 

North Wales, PA 19454 

CIRCLE 78 
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DEVELOPER'S PROGRAM AIDS 
OEM IMPLEMENTATION OF 
FD DI NETWORKS 

A
combination of hardware, 
software, training, and sup­
port is now available to OEMs 

and system integrators to help them 
evaluate and implement FDDI net­
works. CMC's Forerunner program 
is based on the company's VMEbus 
FDDI network interface. 

Offered to developers, CMC's 
VMEbus FDDI processor imple­
ments the company's FXP architec­
ture. An Advanced Micro Devices 
29000 microprocessor with RISC ar­
chitecture provides full throughput 
on the FDDI network and the VME-

bus interface. 
The CMC-1056 card is being of­

fered in two versions of the Forerun­
ner developer's kit. The first kit is de­
signed for OEMs and integrators 
who want to develop device drivers 
using CMC-135 Ethernet adapters 
and to be able to use those drivers for 
FDDI later. It contains two CMC-135 
Ethernet boards and two CMC-1056 
cards. The second package provides 
two CMC-1056 cards for users inter-

. ested only in FDDI. 
The FDDI developer's kit with 

FDDI and Ethernet interfaces costs 
$29,995. The FD DI-only version goes 
for $24,995. Both kits include two 
days of training at CMC and 90 days 
of telephone engineering support as 
well as software development. Both 
versions are available from stock. 

CMG, 125 Cremona Dr., Santa 
Barbara, CA 93117; (805) 968-
4262. CIRCLE 337 

DAVID MALIN/AK 

TOKEN BRIDGES SUPPORT 
IBM SOURCE ROUTING 
The TokenMaster 400 family of IBM 
token ring bridges is one of the first 
to offer 100% compatibility with the 
IBM source routing protocol. The 
products can be used to integrate to­
ken rings in both broadband and 
baseband environments. Frequency 
agile across six user-selectable chan­
nels, the TokenMaster 400 broad­
band bridge connects multiple 4-
Mbit/ s IBM token rings as far as 10 
km away and is available in both sin­
gle-cable and dual-cable versions. 
The TokenMaster 425 subnetwork 
bridge allows users to seamlessly in­
terconnect multiple token ring net­
works in a baseband environment. 
All IEEE 802.5-compatible bridges 
are driven by a 12-MHz 80286 proces­
sor. External broadband channel 
switches and ROM-based program­
ming permit plug-and-play perfor­
mance. Units cost $5890. 

Netronix, 1372 N. McDowell 
Blvd., Petaluma, CA 94952; (800) 
282-2535 or (707) 762-2703. 

MODEM IC MEETS 
EUROPEAN NEEDS 

CIRCLE344 

The SSI 73K321L single-chip mo­
dem, designed specifically for Euro­
pean Videotex applications, can out­
perform other solutions when oper­
ating over a range of European tele­
phone line conditions. It is both V.23-
and V.21-compliant and requires 
only 30 mW from a single 5-V power 
supply. The device operates at 1200-
bit/ s in the V.23 mode (for Videotex) 
and allows 300-bit/s fall-back in the 
V.21 mode (for PC and other telecom­
munication applications). In addition 
to detecting and generating the 2100-
Hz answer tone needed for call initia­
tion, the circuit provides a number of 
other functions, including FSK mod­
ulation and demodulation. Packag­
ing options for the SSI 73K321L in­
clude 22- and 28-pin DIPs, as well as 
20-pin PLCCs. In lots of 100, the de­
vice sells for $11. 

Silicon Systems, 14351 Myford 
Rd., Tustin, CA 92680; (714) 731-
7110. CIRCLE 345 

pLUG·IN 
ceMouNT 

suRFA TORS 
AXIALINDUC 

TOROIDAL 
LEADS 

ULATED 
1NS 

PICO's Ultra-Miniature 
Power Inductors are ideal for 
Noise, Spike and Power Fil­
tering Applications in Power 
Supplies, DC-DC Converters 
and Switching Regulators. 

• QPL standards available 
MIL-T-27/356 

• Temperature range - 55°C to 
+ 130°C 

• All units are magnetically shielded 
• All units meet the requirements 

of MI L-T-27 (TF5S04ZZ) 
• Minimum possible size 
• Split windings 
• Inductance values to 20mH with 

DC currents to 23 amps 

PICO manufactures complete lines of 
Transformers, Inductors, DC-DC Converters 

and AC-DC Power Supplies 

De/ivery­
stock to 
one week 

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

Call Toll Free 800·431 ·1064 
IN NEW YORK CALL 914•699•5514 

CIRCLE43 
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IC CREATES 1553B 
BUFFERED INTERFACE 
Intended for both military and com­
mercial applications, the MCT83000 
remote terminal interface unit pro­
vides a fully buffered intelligent link 

Now. there's no 
need for lightning 
damage or lost or 
d isrupted data 
communications signals-
even in a lightning storm. Our new 
low-cost fiber optic modems isolate 
your equ.ipment from transients caused 
by lightning. inductive switching. and 
electrostatic discharge. They provide 
complete EMl/RFI rejection, eliminate 
ground loops. and reduce error rates. 

Various models feature: 
• data rates to 5MBaud 
•distances to 3.5km at 19.2kBaud 
• signal or system power source 
• dual or mult ipott capabilities 
• rugged designs for hostile environments. 

If you'd rather not lose your data or 
system hardware to transients, write: 
Burr-Brown Corporation 
P.O. Box 11400. Tucson. AZ. 85734. 
Or. call 1-3Q0.5.4&.6132 toll free. 

NEW PRODUCTS 
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between either a single- or dual-re­
dundant MIL-STD-1553B data bus 
and any 8- or 16-bit CPU. Each 2.375-
by-2.375-in. package contains two 
low-power 1553B transceivers, a 
1553B monolithic remote terminal 
protocol device, a gate array for 

BURR-BROWN* 

EIEI 

CIRCLE 77 
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memory contention resolution and 
control, a 2k-by-16-bit area of double­
buffered dual-port RAM into which 
all 1553B transfers to the host CPU 
are memory mapped, and four MSI 
devices to buffer the MCT83000's ini­
tialize word and make available the 
1553B command word. The part al­
lows the host CPU to access the 
memory at all times and guarantees 
that only complete valid messages 
are received or transmitted. Packag­
ing possibilities include 90-pin quad­
in-line configurations and 90-pin flat­
packs. Single-unit pricing starts at 
$1450. 

Marconi Circuit Technology 
Corp., 45 Davids Dr., Hauppauge, 
NY 11788; (516) 231-7710. CIRCLE 348 

V .32 MODEM PROVIDES 
12-KBIT/S TURBO MODE 

Packaged as a dual-in-line module, 
the RC9696/12 V.32-compatible mo­
dem supports data transmissions at 
9600 bits/s, as well as a turbo mode, 
in which data is transmitted at 12,000 
bits/s. The unit can be used with all 
of the popular dial-up standards, in 
addition to the 12-kbit/s full-duplex 
mode for dial-up operation over the 
public switched telephone network. 
CMOS construction results in a low 
power consumption of only 2 W (typi­
cal). Standard features include trel­
lis-coded modulation (TCM) for im­
proved error detection and correc­
tion, adaptive equalization, a parallel 
microprocessor bus interface, a 
CCITT V.24/RS-232-C port, and a dy­
namic receive range of -43 to 0 dBm. 
The 3-1/ 4-by-4-in. module sells for 
$250 in lots of 1000 units. 

Rockwell International Corp., 
Semiconductor Products Division, 
4311 Jamboree Rd., P. 0. Box C, MS 
501-300, Newport Beach, CA 92658; 
(714) 833-4700. CIRCLE 349 
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Watt's UP,™ 
from Semicontluctor 

Cirwits, Inc. 
New 7.5 Watt DC/DC 
Converter Series 
Achieves Breakthrough 
Performance 
The pioneering technology leader in 
encapsulated power converter modules, 
Semiconductor Circuits, Inc. introduces 
the HA series. The HA series offers up 
to 7.5 watts in single or dual outputs in a 
product configuration more typical of 3 
to 5 watt converters. 

This breakthrough series incorporates 
our extensive MOSFET and surface 
mount technology design experience to 
achieve higher power density and higher 
reliability. 

With a Pi input filter 
to reduce input 
reflected ripple, 
continuous short 
circuit 

continuous 
shielding, 
and tight output 
new HA series is perfect for board­
level power conversion applications 
requiring low output noise. 

OEM power supply 
Key Features 
Power 

Inputs 

7.5 watts (no derating between -21° to 71°C) 

4.5 - 5.5 Vdc; 9.0 - 36.0 Vdc; 20.0 - 72 .0 Vdc 

designers can look to the HA 
series for an input range of 4. 5 
to 5.5 Vdc or ultrawide inputs 
of 9-36 and 20-72 Vdc, 
efficiencies of greater than 
753 (typical), and 500 Vdc of 
1/0 isolation. 

Short Circuit 
Protection 

Regulation 

Line 
Single Output 
Dual Output 

Continuous with auto restart 

SV Input Wide Range Input 

0.0!% 0.25% 
0.1% l.0% 
0.0!% 1.0% 

SUBSIDIARY OF ASTEC AMERICA. INC 

The HA series 
offers Uq, 

4ft. '1'11 It;.· designers 

ol'(l lb 'tus 'r4 "1;;//t 
a range 'II-fl/' •

4 of output a>s ~ 
~('(l 

voltages: 5, 9, 12, 
and 15, as well as 

± 12 and ± 15 Vdc. And all these 
features and capabilities come in 

a case measuring only 2.0" by 
2.0" by .375;' with industry-standard 
pinouts. 

For more information on how to put 
the HA series to work in your low noise 
de-to-de conversion applications, please 
contact your nearest Semiconductor 
Circuits, Inc. distributor or representa­
tive. Or contact us direct in New 
Hampshire, telephone: (603) 893-2330 
or FAX: (603) 893-6280. And be sure 
to ask for the latest 
edition of our Quick 
Selection Guide to 
Power Converters. 

49 Range Road • Windham, New Hampshire 03087 
(603) 893-2330 

CIRCLE69 



CATALOG DESCRIBES 
CONNECTOR LINE 
Schematics and 
photographs are 
used to illustrate 
this 40-page cata­
log of miniature, 
microminiature, 
and subminiature 
connectors; jacks; 
and plugs. Cover-
ing both standard and custom de­
signs, the publication provides data 
on such connectors as modular, pan­
el, and chassis mount; pc board 
mount; DIN; coaxial; miniature and 
feeder consent; BNC, UHF, and 
MIC; and communication types in a 
wide variety of angles, sizes, and 
shapes. Terminal boards, binding 
posts, barrier strips, clips, and fuse 
holders are also depicted. 

Shogyo International Corp., 287 
Northern Blvd., Great Neck, NY 
11021; (516)466-0911. CIRCLE 350 

ARCNETLAN 
PRODUCT SUMMARY 
Volume I of the Local Area Network 
Product Summary is a 12-page tab­
loid that discusses the merits of 
ARCNET local area networks in in­
dustrial applications. In addition to 
comparisons between ARCNET and 
Ethernet, the document describes 
hardware, software, and training 
products for LAN designers, manag­
ers, and administrators. It is orga­
nized by bus structure and vendor, 
offering products from nine differ­
ent sources for the IBM PC bus, 3U 
and 6U VMEbus, Q-bus, and Unibus 
structures under MS-DOS, OS/2, 
Unix, RTUX, VMS, and OS-9 operat­
ing systems. Extensive technical 
specifications are given for starter 
kits linking PCs, PC to VMEbus, and 
Q-bus to PC. 

C&C Technology Inc., Bldg. 9, 
Unit 60, 245 W Roosevelt Rd., West 
Chicago, IL 60185; (312) 231-
0015. CIRCLE 351 

DECOUPLING CAPS 
SUIT PGA DESIGNS 
Information is provided in this eight-
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page pamphlet on Rogers' Micro/Q 
3000 capacitors, a family of very low 
inductance decoupling capacitors 
specifically designed for through­
hole mounting under pin-grid-arrays 
(PGAs), PGA sockets, and socketed 
PLCCs and LCCs. The brochure dis­
cusses their key benefits, perfor­
mance characteristics, supplies all 
necessary specifications, and shows 
how to incorporate the Micro/Q 3000 
into the user's design. 

Rogers Corp., 2001 W Chandler 
Blvd., Box 700, Chandler, AZ 85244; 
(602) 963-4584. CIRCLE 352 

BOOK FOCUSES ON 
SUN WINDOW SYSTEM 
The first in a planned 10-book series, 
The NeWS Book is a definitive work 
on Sun Microsystems' Network/ ex­
tensible Window System (NeWS). 
Aimed at users who have a basic un­
derstanding of programming and 
window systems, it serves as a guide 
to developing windowed applica­
tions. Other books in the Sun Techni­
cal Reference Library series will ad­
dress SPARC, RPC programming, 
and CAD/CAM. Next to be intro­
duced is The SunTechnology Pa­
pers, which will include articles from 
Sun's quarterly magazine, Sun­
Technology. The books will be avail­
able in computer book stores or di­
rectly from the publisher, Springer­
Verlag. For more information about 
The NeWS Book, contact Gerhard 
Rossbach, Springer-Verlag, at (805) 
963-7960. 

Sun Microsystems Inc., 2550 Gar­
cia Ave., Mountain View, CA 94043; 
(415) 960-1300. CIRCLE 353 

DIGITAL SCOPE 
EVALUATION KIT 
Users and propective users of digital 
oscilloscopes can compare various 
models with the Scope Evaluation 
Kit. The kit contains a surface­
mount circuit board that generates 
three test signals typical of applica­
tions in which 100-500-MHz digital 
scopes are used. An instruction man­
ual and 9-V battery are included so 
testing can be performed within min­
utes. The kit also includes a booklet 

D ES I GN 

that discusses important criteria to 
look at when considering a change 
from an analog to a digital oscillo­
scope. 

Tektronix Inc., P 0. Box 500, Bea­
verton, OR 97077; (800) 426-2200. 

COAXIAL 
COMPONENTS 

CIRCLE 354 

Detailed specifications, as well as op­
erating and installation information, 
are given in the 60-page Coaxial 
Components Catalog (literature re­
lease 5959-7861) for Hewlett-Pack­
ard's line of switches, detectors, and 
fixed and step attenuators. Intended 
for system design engineers and mi­
crowave product designers, the pub­
lication includes such products as the 
new HP 33314 SPDT coaxial switch, 
which is specified for a life of 5 mil­
lion cycles with better than 0.03-dB 
repeatability. The company's 11-, 70-, 
and 90-dB step attenuators with 
ranges to 40 GHz are also included as 
are several families of coaxial detec­
tors. 

Hewlett-Packard Co., Inquiries, 
19310 Pruneridge Ave., Cupertino, 
CA 95014; (800) 752-0900 or call local 
sales office. CIRCLE 355 

DEVELOPMENT GUIDE 
TARGETS STD BUS 
An 82-page refer­
ence book devoted 
to the STD bus 
highlights a full 
range of board­
level products, de­
velopment sys­
tems, software, 
and card cages. 
Also described are Bitbus interfaces 
for factory networking, a large se­
lection of industrial 110 and analog 
110 boards, and specialized boards 
for stepping motor control, video im­
aging, and other functions. Engi­
neering specifications, block dia­
grams, and photos are included for 
each entry. Application notes cover a 
variety of uses for the STD bus prod­
ucts profiled in this guide. 

Computer Dynamics Sales, 107 
S. Main St., Greer, SC 29650; (803) 
877-8700. CIRCLE 356 



UPCOMING MEETINGS 

JANUARY 
International Winter Consumer 
Electronics Show (CES), January 
6-9, 1990. Mirage Hotel, Las Vegas, 
NV. Cynthia Saraniti, Electronic In­
d us tries Association / Consumer 
Electronics Group, 1722 Eye St., N. 
W. , Ste. 200, Washington, DC 20006; 
(202) 457-8700. 

ATE & Instrumentation West, Jan­
uary 9-11, 1990. Disneyland Hotel 
Convention Center, Anaheim, CA. 
MG Expositions Group, 1050 Com­
monwealth Ave. , Boston, MA 02215; 
(617) 232-3976 or (800) 223-7126. 

VXIbus User Group Meeting, J anu­
ary 10, 1990. Disneyland Hotel, Ana­
heim, CA. Sandy Garza, National In­
struments, 12109 Technology Blvd., 
Austin, TX 78727-6204; (512) 794-0100 
or (800) 433-3488. 

SMART VI (Surface Mount and 
Advanced Related Technologies) 
Conference and Exhibition, Janu­
ary 15-18, 1990. Buena Vista Palace, 
Orlando-Lake Buena Vista, FL. EIA 
Components Group, 1722 Eye St., N. 
W. , Ste. 300, Washington, DC 20006; 
(202)457-4930. 

Fifth Annual Battery Conference 
'90, January 16-18, 1990. California 
State University, Long Beach, CA. 
Julie Allison, Dept. of Electrical En­
gineering, California State Universi­
ty , 1250 Bellflower Blvd., Long 
Beach, CA 90840; (213) 985-4605. 

Network Management Conference, 
January 24-26, 1990. Innisbrook Re­
sort, Tarpon Springs, FL. Frost & 
Sullivan Inc., 106 Fulton St. , New 
York, NY 10038-2786; (212) 233-1080. 

SEMICON/Southwest 90, January 
31-February 1, 1990. The Infomart, 
Dallas, TX. Lisa Anderson, Semicon­
ductor Equipment and Materials, 
805 East Middlefield Rd., Mountain 
View, CA 94043; (415) 964-5111. 

FEBRUARY 
International Tape Automated 
Bonding (TAB) Symposium, Feb­
ruary 5-7, 1990. Red Lion Inn, San 
Jose, CA. Courtney Miller, Texas In-

struments, 8315 LBJ Freeway, P.O. 
Box 22547 4, TX 75265; (214) 997-3952. 

Application Technology Confer­
ence, February 12-15, 1990. San 
Jose Convention Center, San Jose, 
CA. Ed Teja, Systems/USA Techni­
cal Conference, AEA, 5201 Great 
America Pkwy., Santa Clara, CA 
95054; (503) 231-9914. 

NetWorld 90 Boston, February 12-
15, 1990. Hynes Convention Center, 
Boston, MA. Ann Scully, NetWorld, 
385 Sylvan Ave., Englewood Cliffs, 
NJ 07632; (201) 569-8542. 

Buscon '90 West, February 13-16, 
1990. Long Beach Convention Cen­
ter, Long Beach, CA. Sharon Green, 
Conference Management Corp., 200 
Connecticut Ave., Norwalk, CT 
06856-4990; (203) 852-0500, ext. 247. 

Power Electronics Conference, 
February 13-16, 1990. Long Beach 
Convention Center, Long Beach, CA. 
For more info call (203) 852-0500. 

International Solid State Circuits 
Conference (ISSCC), February 14-
16, 1990. San-Francisco Hilton, San 
Francisco, CA. For more info call 
(202) 347-5900. 

National Electronic Packaging 
and Production Conference (NEP­
CON) West '90, February 26-March 
1, 1990. Anaheim Convention Center, 
Anaheim, CA. J anet Schafer, 
Cahners Exposition Group, 1350 E. 
Touhy Ave., Des Plaines, IL 60017-
5060; (312) 299-9311. 

Compcon Spring 90, February 26-
March 2, 1990. Cathedral Hill Hotel, 
San Francisco, CA. Dr. Kenichi 
Miura, Fujitsu America, 3055 Or­
chard Dr. , San Jose, CA 95134; (408) 
432-1300 ext. 5408. 

Third International Software for 
Strategic Systems Conference, 
February 27-28, 1990. Von Braun 
Civic Center, Huntsville, AL. Caro­
lyn Freeman, Conferences & Mar­
keting, The University of Alabama 
in Huntsville, Huntsville, AL 35899; 
(205) 895-6372 or (800) 448-4035. 
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ELECTRONIC DESIGN'S DIRECT CONNECTION ADS 
Can Be Colorful 

Now, your ads in this section can be in eye-catching color*. 
In Full Color In Two Colors 

*Color Premiums: Full Color, $250; Two Color, $150 

RED 

YELLOW 

BLUE 

GREEN 

To get your ad in full color, just supply a color print, slide, or transparency and 
your copy. Or highlight your ad with one of the four colors above. 

To place your order: 
Call Jeanie Griffin at (201) 393-6080 

NEW, GRIDLESS, 100% AUTOROUTING 
HiWIRE-Plus'"' lets you quickly create and revise sche­
matics and PCBs on your IBM PC. With the new, 
gridless, multilayer autorouter (AR) for HiWIRE-Plus, 
creating printed-circuit layouts is even faster. AR and 
HiWIRE-Plus are each $895 and come with thirty-day 
money-back guarantees. Credit cards are welcome. 
WINTEK CORPORATION 
1801 South St., Lafayette, IN 47904 
(800) 7 42-6809 or (317) 7 42-8428 

8051 
PC based emulators for the 8051 family 
(8051/51FA/31/32144/152/451/535/552/83C751 + CMOS + more . 

• PC plug-in boards or RS-232 box. 
• Up to 20 MHz real-time emulation 
• FuU Source-level Debugger including complete C-variable 

support. 
• 48 bit wide, 16K deep trace, with "source tine trace" 
• " Bond-out " pods for 8051 , 83C552, 83C451 , 83C652, 

83C751, BOC515180C517 

Prices: 32K Emulator 8031 $1790; 4K Trace $1495" 

CALL OR WRITE FOR FREE DEMO DISK! 
Ask about our demo VIDEO ·usoo1y 

noHau 
CORPORATION 

51 E. Campbell Avenue 
Campbell , CA 95008 
FAX (408) 378-7869 
(408) 866-1 820 

ELECTRONICS TOOLS AND 
TEST EQUIPMENT 

l 

At $495, Wintek's Universal EPROM Programmer is a 
low-cost and versatile tool for programming most in­
dustry-standard EPROMs (2716-27256). Since it can 
operate with an IBM PC, as well as stand-alone, the 
Programmer is ideal for use with PC-based microcom­
puter development software. Credit cards are wel­
come. 

Color illustrated 210-page catalog from Specialized 
Products Company details an extensive selection of 
electronic tool kits, test equipment, telecommunica­
tions equipment and electronic production aids. In-

WINTEK CORPORATION 
1801 South St. , Lafayette, IN 47904 
(800) 742-6809 or (317) 742-8428 

WINTEK 
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dexed catalog shows digital multimeters, breakout 
b0<es, hand tools, soldering equipment and more­
all with specifications and prices. 
Specialized Products Co., 2117 W. Walnut Hill Lane, 
Irving, TX 75038. Phone (800) 527-5018 

CIRCLE 257 I [ SPECIALIZED PRODUCTS CIRCLE 258 

IC DESIGN 

IEEE 488 
Easiest to use, 
GUARANTEED! 
• IBM PC. PS/2, Macintosh, HP, Sun , DEC 
• IEEE dev ice dr ivers for DOS, UN IX , 

Lotus 1-2-3, VMS , XENIX & Macintosh 
• Menu or icon-dri ven acquisition software 
• IEEE analyzers, expanders. extenders, buffers 
• Analog 1/0 . digital 1/0. RS-232, RS-422, SCSI , 

modem & Centron ics converters to IEEE 488 

Free Catalog & Demo Disks 
• (216) 439-4091 

lOtech 
IOtech • 25971 Cannon Rd. • Cleveland , OH 44146 

IOTECH CIRCLE 253 

I Rcal·Timc Design Rule Che<:k I Curvt<I and angular traces 
I TraceShoveandReroute·Whtld'"\.ovc I fuDSMTsuppon 
I Autoroote by wmdow, component or net I ?owerful placement tools 
I 32 la)'tr support: bhnd & buned VLas I Backannotauon: pll1/gate swap 

&rcn<kdmemory~'111th~designsarandJ2br~~ilVilllabk 

USA/Unad.i: ULTimate Techoology Corp. • Tel(406) 43 9B 944 • fax: 439.a%6 
UK/lrd111d: ULTimateTedlnology(UK)l.!d • Tel.:(0734)812030 • fax:8ts:m 
Germany: ULTimateTechnobgy • Tel07031876028 • fat859!5 
Int . HcadqUMten: ULTunat~Tedmology R.V. • Td.:(+31)2159 · 44424 t fax:43:s45 

llLTl~rJ;\[j'~ ASK FOR YOUR fRll DE.MO DISK 
TECH~;~ 

CIRCLE 256 

FLOW CHARTING II+ 
Flow Charting II+ will amaze you with its speed, power and 
simplicity 
• Update and print charts as fast as the situation changes 
• See your revisions right away-no long wait for charts to 

be hand drawn 
• Select 26 standard shapes: 10 text fonts 
• Tutorial manual makes learning easy 
• Runs on IBM or compatibles 
• Produces excellent organizational charts! 
• Only $229! 

PA1ION &PATION 
Software Corpora t i on 

Excellence in charting the /low of ideas 
For more information, see your local relailer or call 

1·800·525·0082 , ext 43 loulside Calil. ) 408·629·5376 (Calif.l lnl'I. ) 
81 Great Oaks Blvd., San Jose, CA 95119 

PATION & PATION CIRCLE 259 

To advertise call : Jeanie Griffin at (201 ) 393-6382 
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•TESS® simulates modems, radios, and other systems 
•Built-in FFT spectrum analyzer, plus over 55 models: 
filters, mixers, VCOs, logic, AID and lab equipment 

•Capture schematics graphically with OrCAC®& PCAC® 
•Add your own models toTESS easily using MODGEN 
•Call for demo disk •TESS is not co rotected 

Price lncre- Jan. 1, 19901 
Last chance to take advantage of 
otX la.v in~oductary prices. Free 
upgrade and ~ee suw0<t included. 

SYSTEM SIMULATION 

TESOFT PO BOX 305 
Roswell GA 30077-0305 
'lr404-751-9785 fAX404-W4-5817 
VISA, MasterCard, PO's accepted 

CIRCLE 260 

EZ-WRITER 
(E)EPROM Multiprogrammer . 

Best Portable (E)EPROM 
Programmer Money Can Buy. 

Models from 

0 $495. 

• 
• 40-pin Micro Option 
• All models with 40 char 
e GANG/SET (E)EPAOM Option 
• RAM expandable to 16 Megabit 
• Model K3 , with Parallel Port for fast Up/Download 
• Universal (E)EPROM Support 1nclud1ng Megabit devices 
• Model K3/C3, easy 3 key Operation 
• Data 110· Compat1b1llty features 

m ID= m 
1-800-523-1565 
In Florida ( 407) 994-3520 
Fax : (407) 994-3615 
CA (408) 437-2414 

* DatJ J/0 i.., a rcl!i..,lcn:d tradcmarl of DAT A l/OCo 

BYTEK CIRCLE 263 

New AFDPLUS 
Advanced Active Design Software 

• Fully lnleraclive 
• On Screen Design 

& Evaluation 
• On Screen Editing 

• Menu Driven 
• Aulomaled 

lnstalltion 
• Schematic Display 

and Prinl 
• lnlegrated AFDSIM 

lnlroductory price $850.00 (price effeclive through 1/31 /90) 
Call for your FREE DEMO DISC (303) 499-7566 or to order 
AFDPLUS send check or purchase order to: 
RLM Research 
P.O.Box 3630 
Boulder CO 80307-3630 
RLM RESEARCH CIRCLE 267 

To advertise call: Jeanie Griffin at (201) 393-6382 

DATA 1/0 : GREAT, H/W FLEXIBLE 
SAILOR : GREAT, S/W FLEXIBLE 

Sailor-PAL is S/W driven by PC/XT/AT/PS2 or laptops; 
powerful, reliable and S/W upgradable. 
Certified by IC manufacturers. Supports: 
• ?ns PALs • PLSs • Test Vectors 
• 12ns GALs • PEELs • 2-MEG EPROMs 
• EP900 • ECLs • Bipolar PROMs 
• EP1800 • 8751s • New high speed 
• PLAs • EEPROMs • CMOS PROMs 
Please call for a free demo disk. ADVIN SYSTEMS 
INC., 1050 East Duane Ave, Sunnyvale, CA 94086. 
(800) 627-2456 FAX (408) 136-2503 

ADVIN SYSTEMS CIRCLE 261 

Great 
Cuzintas 
& 
Cuzoutas 

Build an automated system for 
$Hundreds, not $Thousands! 
Complete line of miniaturized, low cost 
programmable controllers, power sup­
plies, A/D converters, E-PROM program­
mers, keypad, opto-isolated multi- line 
terminals. 3x4" stand-alone modules at 
$200-$600. Drive 32 solenoids with 
one board. Cata log, preprogramming 
avai lable. Basicon, Inc., 14273 NW 
Science Park IJr; Portland, OR, 97229 
503- 626-1012. BASIC ON. CIRCLE 

Over 150 Prototyping Adapters 
• Adapt-A-Boards '" make it easy to adapt standard or 
high-density prototyping boards to a variety of packages. 
e 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: Br 
Emulation Technology, Inc. 
2368-B Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

EMULATION TECHNOLOGY CIRCLE 268 

E L E C 

LOGIC 
OUTPUT 

IR1000 DIGIT AL INFRARED SIGNAL 
• Printed circuit board components 
• Responds to thermal radiation 
• TIL or CMOS compatible logic output 
• Accurate 90-60 Db gain low noise signal conditioner 
• Threshold voltage reference input 
• Current drain 200 uA available, ?ma standard 
• Optical components for infrared systems available 
• Complete infrared systems design available 
INFRARED, INC. PO Box 47, PARLIN, NJ 08859 
(201) 536-4455 

INFRARED SENSOR CIRCLE 262 

Digital Audio 
DESKTOP RECORDING BOARD™ 
For True Professional-Quality Digital Audio 

• Plugs into AT or compalible 
• Transfers audio dola lo or from hard disk in real lime 
• Software selectable 48kHz, 44. l kHz, or 32kHz sampling roles 
• Recording 

• 2 channels[ simultaneous 2X oversampling 
• 16-bil reso ution 
•digital P.OSt-conversion filters 
• linear P,hase anolog anlialiosing filters 

•Playback 
• 2 channels, simultaneous BX oversampling 
• 18-bil reso1ution 
• oulpul digilal filters 
•linear phase analog filters 

• C-lan[ua_q_e software toolkil 
• Price 51 Z'l5 in singles, $795 in lOO's 

For information: 

(612) SS9-6104 
Suite 330, 6311 Wayzata Blvd. • St. Louis Park, MN SS416 

STOP NOISE IN PGA, LCC PACKAGES 

MICRO/Q 3000 capacitors decouple 
low-inductance, high-frequency noise for 
PGA, LCC packages on complex board layouts. 
They fit under PGA or LCC sockets, take no 
extra board space. Choose from many pinout 
configurations. 

Rogers Corp. 2400 South Roosevelt St. , 
Temple, AZ 85282. 602/967-0624. 

ROGERS CORP. CIRCLE 269 I 
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Direct Connection Ads • New and current products for the electronic designer presented by their manufacturers. 
1 Tango-Schematic Series II~' Tango-PLO. The New "Best Value" in PCB-Design 

It simply works better. Price/Performance Leader. 
We listened to your suggestions and buih the best in PC-based 
schematic capture. More versatile than OrCAD.'"' More 
features than Schema.'" Easier to use than 
DASH.'" Thanks to our streamlined 
interface and integrated approach, 
Tango-Schematic makes creating 
complex schematics simple. 
Compare for yourself. 

Tango-Schematic features SEOCO '" 
libraries, with Ol'er 5,000 parts guaranteed ............... .: 
for accuracy: integrated component creation: true 
A~Sl/IEEE support; forward- and back-annotation: 
PostScript and DXl' output: free tech support: and much more. 
It 's all there for just $495-guaranteed. 

Iii& FREE EVALUATION PACKAGE 
.. 800 433-7801 6t9 ji+ tOOO 6t9 ii+IOt'! Fa\ 

ACCEL '" Techrmlogil'~ • 682; Flandrr:-. Dri\ l' • S:m Diego. C\ lJl lll LS:\ 
International price~ ma~ \ar ~. Contact u~ fo r the cli~1rihutor IH:arl'~l ~ou . 

ACCEL TECHNOLOGIES CIRCLE 270 

No Waiting for Zero-wait Access 

The WACOM DMTC'" (W4006F-16/20/25) dedicated i80386 
DRAM controller comtJines dynamic memory peripherals con­
troller circuits for multiplexer. counter. and comparator. all on 
a single chip. Supports DRAM address cootrol and re fresh 
timing, too. The DMTC'" recognizes the state of the i80386 
via the control signal. that's why 11 can achieve zero wait 
access. Of course, putting all these ci rcui ts on a single 
chip means high speed performance, low power consump­
tion. more compact memory boards. and lower cost. too. 

e For the 16MHz, 20MHz. and 25MHz 

~~~~a~1e2~in~~ls(~~:~1~~~ ~~1~o[l 
Mb per b1t) . e Controls 256K x 1. 256K 
..; 4. lM•l , 1M~4 . 4M x 1, 4M X4 
16M "1. or 16M x 4tllt DRAM e Auto· 
mat1cally controls CPU access and 
refresh timing using the CAS before 
RAS refresh method • Ensures '2 bank -
interleaved cycle timing synchron 1zed 
to the 180386 CPU clock. to ach ieve -
zero wait access 

lljllf!lllfl j rrf/llll(/llHl/l/1i11i 
'l.ollil.I• ' 

WACOM CO., L T_D_. ________ Cl_R_CL_E_2_7_3 ____, 

RELIABILITY 
PREDICTION 
SOFTWARE 

ARE YOUR PRODUCTS RELIABLE? 

The RelCalc 2 Software Package predicts the reliability of your 
system using the part stress procedure of MIL·HDBK-217E, and 
runs on the IBM PC and full compalibles. Say goodbye lo 
tedious. time consuming, and error prone manual methods' 
RelCalc 2 is very easy lo use, and features menu winoows, 
library functions, global editing tor what-if? trials, and clear 
report formats. Try our Demo Package tor $25 . 

T-CUBED SYSTEMS, 31220 La Baya Drive# 110, Westlake 
Village, CA 91362. (818) 991·0057 • FAX: (818) 991-1281 

Tango-PLO. a unirersal PLO design tool with sophisti­
cated features at an affordable price. creates 
complex designs with multiple PALs 
and GALs. Our top-down approach. 
emphasizing logic descrip(ion fir st 
and part select ion second. along 
with a ··c-like· design language, 
makes Tango-PLO easy to use . 

Describe design s wi1h Boolean equa­
tions. truth tables. state machines. 
high-level C expressions. or existing JEDEC 
fil es. Simu lation with test-vector coverage checking 
guarantees no surprises. Rich functionalit)', one year's 
updates, free tech support and BBS, plus our :W-da~ guaran­
tee . All this for just $495 . Call todar. 

_Iii& FREE EVALUATION PACKAGE 
... 800 433-7801 6t9 ;;+tOOO 6t9 ;;+t0t9 Fa' 

-\CC EI. ' ~ T('d 11olo~ 1t'~ • 0815 Flander~ OriH' • Sa n Oitgo. CA fJl ll l LS ·\ 
ln! ernational prier~ ma~ 1ar~ . Conlacl u ~ for the dbtribuiur 1H.'art'~l ~ou 

ACCEL TECHNOLOGIES CIRCLE 271 

Lifetime IRff 
Software Updates 

$798 

• Supports over 970 20- & 24-pin PLDs 
• Approved by major monufacturers 
• FREE after sale support: updates via 24-hr 

BBS and toll-free technical support 
• 30-day money-back guarantee 

The Engineer's Programmer™ 

CALL "'B' 800-225-2102 
713/461 -9430 FAX 713/461-7413 BBS 713/461 -4958 

BP~ 
BP MICROSYSTEMS CIRCLE 274 

LCD WINDOWS CONTROLLER 
The CY325 supports LCDs up to 128x240 pixels 
(16x40 char) with easy-to-use high-level commands 
and Para llel or Serial 1nteriace to host computer. The 
256 built-in windows (or make your own) support 
window-relative text, graphics, plotting, bargraphs, 
waveforms, scroll/wrap/clip, etc. Read from an ND 
and Write into Window! Separate text and graphic 
planes can be written or erased in any window. Eight 
pins support a variety of functions (soft-keys, waveforms) 
or can be used for GP 1/0. Icons or special fonts can be 
user defined. Giant character mode. etc. Save months 
of design time with the CY325. $75 CMOS $20/ 1 OOOs. 

~ ~~~:~~~ti_c ~i[~~~~,~~~t~~s .I~~· 
~ Phone : (4151 726-:rnno • Telex: 910-350-5842 

Tango '" sets the pace in PC-based circuit board design 
\\ith an eas~-tu-use. pop -up menu interface and 
pm\erful features including I mil resolution. 
full S.11T support. DRC. Gerber and 
Pus1Script 1

"' output. fast high­
completiun auturouter. and phu­
!Uplot previewing. Configure 
~our per~onal PCB design station 
from our selection of entn-le\el 
and l'\pert tools. starting :u 
just s;9; . 

See for ~ou rse l f\\ h~ engineers rated 
Tango the "Hest \alue .. in PCB design at CAD 
Showdown ·s9. Hich functionalit\, one \ear's 
updalr>. free tech support and Il·Bs . pltis our .IO·da1 
~uaranter . Call toda~ . 

\CLH ·~ Ttchnologu.·~ • (1H!') ~b1 Hll' r ' l>rnt' • ~~m ll1 q!o. ( \ ll!l!l l S-\ 

EL LCD BACKLIGHTING. 

To backlight or not to backlight? With BKL's 
EL lamps, the answer is simple, inexpensive 
and fast! BKL's extremely thin (.012" to .024") 
quality lamps are made from Kard-0-Lite®, 
a patented electroluminescent material that 
makes them fit OEM needs. For the fastest 
turnaround in the industry, at affordable costs, 
call Eric Light, 215-277- 2910 or Fax us your 
specs: 21?-277-2956. 

BKL, Inc. 
421 Feheley Drive 

King of Prussia, PA 19406 

I AUTOMATE MIL·HDBK·217E CIRCLE 276 I ~I _C_Y_B_ER_N_E_Tl_C_M_IC_RO_S_Y_ST_E_M_S ____ Cl_RCLE 277 _J L BKL, INC. CIRCLE 278_J 
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Analog Circuit Simulation 
Completely Integrated CAE from $95 

From Schematic 
Entry through 

SPICE 

Simulation to 
Post Processing 
lsSPICE $95, the 
complete SP1CE 
program, runs on all 

""---------" PC's. 
lsSP1CEl386 $386, The fastest PC based SPICE program 
available. Has virtually no circuit size limitations. 

SPJceNer $295, a schematic editor for any SPICE 
simulator. Generates a complete SP1CE netlist. 

INTuScoPe $250, a graphics post processor that 
performs all the functions of a digital oscilloscJpe. 

P•ESPJcE $200, extensive model libraries, Monte Carlo 
analysis, and parameter sweeping. 

- Please Write or Call 
P.O. Box 6607 (213) 833-0710 
San Pedro, CA 30 Day Money 

90734-6607 Back Guarantee 

EE 
inliiSotr 

INTUSOFT CIRCLE 279 

Smart Fan® 
Speed Controllers 
more cooling air when you need it , 

less noise when you don't 

Smar!Fllifl proporllonally conirols fan or blowar opood to hold coo1tanl 

~~~~l~~l~~~~~~~·s~:1~1lrfil~6r'~~~f,: 1 a~~wg;y~ ~~ Is 
Models ro1 DC and AC lane and blowors ol all sl1os and typos . 

(
) CONTROL RESOURCES inc" Sroan Fan 01.,.lslon 1 P.O. Box 315 H1trv1Hd, MA 01451 USA (508) "156·8763 

CONTROL RESOURCES CIRCLE 282 

• Emulates 320C10/15/17 up to 25 MHz. 
IBM·PC/XT/AT/386 windowing interface 
with EGA 43-line, color, and mouse support 
Complex Hardware real-time breakpoints 

• Hardware Trace Buffer with filtering control 
• Program performance analysis 
• 8 level hardware sequencer, Pass Counters 
• also : 8051 /52, 80515/35, Supers, 8048/49 

SIGNUM SYSTEMS 
1820 14th St., Santa Monica, CA. 90404 

FREE! 
120 

Page 
Catalog 

"Optics 
for 

Industry" 
ROLYN OPTICS supplies all types of "Off-the­
Shelf" optical components. Lenses, prisms, mir­
rors , irises, microscope objectives & eyepieces 
plus hundreds of others. All from stock. Rolyn 
also supplies custom products & coatings in pro­
totype or production quantities. Write or call for 
our free 120 page catalog describing products & 
listing off-the-shelf prices. ROLYN OPTICS CO. , 
706 Arrowgrand Circle, Covina, CA 91722 , 
(818) 915-5707 & (818) 915-5717 . TELEX: 67-
0380. FAX: (818) 915-1379. 

FREE CATALOG CIRCLE 280 

87C51 PROGRAMMER $125. 
L~ical Sistems brings you support for the Intel 67C51 . The 

~ur~~~: p~o~~~~~~~s'r~~Fsi~~~rrt~~~~~~~~11~~~ t~~neral 
UPA97C51 you can program the 8751 and 87C51 security bits 
and the 87C51 encryption array. Logical Systems , helping you 

g~~~~;9 ~~~t gtu!g~i~~~ .pbo~~a~~~rr?e~:i'~~~. with our 

ADAPTER PROGRAMS PRICE 
UPA8751 C8751 , 8751H, AMD8753H, 8744 $ 95.00 

UPAB7C51 ~:t~i : gj~1~F~MDB753H , 8744 125.00 

UPA63701V Hitachi HD63701VO 65.00 
UPA451N 

UPA63701X 

UPA63701Y 
·L 
-Z 

UPA63705V 

CALL 

125.00 

95.00 
149.00 

95.00 
149.00 

0 65.00 
or FAX (315) 475-8460 

LOGICAL SYSTEMS CORPORATION 
P.O. Box 8184, Syracuse NY 13217-6184 USA , TLX 6715617 LOGS 

87C51 PROGRAMMER CIRCLE 283 

KEYTEC is the ONLY ONE 
l"OWIR RHn TUT HOLD Ol"l"RAT• .-.. -, '"" .-. 
CH1 0 Cl b 0 CH2 

PROORAM1 PROORAM2 PROQl'IAM3 

offers 1. Transparent Touch Screen, 2. Rubber Key 
Pad, 3. Membrane Switch , and 4. LCD . Custom or 
standard, large or small orders are equally welcome. 
Call KEYTEC 214-424·3459 or FAX 214-530-8510 for 
information. (213) 450-6096 

SIGNUM SYSTEMS 

telex: 362439 

CIRCLE 285 I ~I _K_E_Y_TE_C ___________ C_IR_C_LE~ I 

To advertise call : Jeanie Griffin at (201) 393-6382 E L E C T 

I RS232 EE/EPROM.1. MICRO & $
345

_
595 

I 
.MEMORY CARD i-ROGRAMMER 

• Programs EE/EProms, Flash [proms, ZPRams, Intel Micros, Memory· Cards. 
• Slan d-AJone Mode for EEJEProms and Memory Card Duplication / Verify . 

• ~1i1c~~~!V1~-E~~8.~~-~~.-~~~~~~ 1'F~~?;;~13.~~5~~c~i~~-~~J(,976 \. 
• Modular design; AcceplJ dedica ted modul ts: Memory Card programming 

. c~~ ~~;~~~~i~~)~~ s:~~[u?e~ncgo~~~f;i~~~~"ls~~u~:~~~s~~-modules. 
Opllonal built-in Eraser(flmer module ($50) Top cover conductwe foam pad. 

• User friendly Menu-Driven Interface Pro&ram for !RM-PC and Macintosh . 
• Full I yea rwarranly. Customer support via voice lme, fa.l or dtdicattd BBS . 

!INTELLIGENT ROM EMULATOR $395 I 
• Emulates 2716 through 27512 EProms l'lith a single unit. Access .ti mt llOns. 
• Connects to the standard para llel prinler port via a standard printer cable. 
• User friendly software. Command set includes: Load( data), Write( data), 

Display(mcmory),Type(of EProm),Edit(memory),Fil l(mcmory),Ca lculator, 
Reset( target system).Aclivate(debugging feature),Monitor(sclccted feature). 

: ~:S~~~"ro~ili~~~ai~~1~a1~1 ~~~~~~s~~,(~~eb~1~~~~5~e~s"~t;~~~ ~;;Fer. 
• Cascadablt up 10 8 units.I ncludes interface cable with T rigger and Reset dips. 
• CMOS (stand-alone) model with rechargeah!c NiCad banery backup: $495 

MC/ VISA / AMEX Ca/ltodayfordalashetts.I 

B&C MICROSYSTEMS INC. 
J55 Wesl Oli \'t A,·e, Sunnyvalt, CA 94086 USA 

TEL:(408)730·55l I FAX: (408)730-5521 

• 
CIRCLE 281 

LOW COST 
INTERFACE 

CARDS FOR 
PC/XT/AT 

I RS-485/422 Card [PC485] 1 95/125 
: ~~~ 1~tr"~;;0:l1a~~~~~~1~~n6~B1.0 ii~f~;P;,~r ;,;~r!~; 7i~~~ii~ u_A~;~5. 
• Dual drhers/ recei,ers: Handles ~ devkes;Compatible ~ith most com m. snwr. 
• 089 or phonejack. Sample communication wftware available - SS0/150 

1IEEE-488 Card [PC488AJ $IB 
: ~~~i~~~~~~:p~~~~~~!s~~\~ l ri_~.:~:~!!?c~: :~dR~~~~ti~r-t fs;J~AS I C 
• IRQ (1-6). DMA channel I or 2. Up to 4 boards per computer. 
• Compatible with mo~t IEEE-488 Sonware packages for IBM -PC (e.g. ASYS-

IJEE~-Sis Mta;; . ~Yai8Bf PIB·PCllA. 

I With Built-In Bus Analyzer $345 
• Software Support for BAS ICA. QuickBAS IC and GWBAS IC (PC488C only) 
• Additionu! libraries for C, Pascal. FORTRAN, Assembly available - $45 (all) 
• Po~·erful menu·dri\en BUS AI'loALYZER runs in the background while 488 

programs or commands arc executed; Features Program Steppi ng, Brea k 
points, real time bus data capture (4 K buffer), lnstanl screen toggling. 

• Complete Controller I Talker I Listener capability. Based on Tl 's TMS·99 14 . 
• NEC-72!0 based card crnn atiblc with National Instruments PCll · $445. 

ND+ D/A + DIO +Counter 295-995 
• ~~~ ~iff~~e~~~n~nk~~eec~1~~~1n~~tn~~a~"O.~~; t~"!~ob~t. ;~io~~~~~~~~~~~r. 
• 0 /A: ft2 channel~. 12-14 bit Resol~t1on ; DIG: 160ut/161n, ~L compatible. 
• Programmatic Interval Counterrfimer; Uses Intel 8253/8254. 

~ I C / VISA / AMEX Calltodayfordtltasheeul 

B&C MICROSYSTEMS INC. 
355 West Olh·e A\·t, Sunnyvalt, CA 94086 
TEL.: (408)730-5511 r.0::(408)730-552 1 

S&C MICROSYSTEMS CIRCLE 284 

INTERFACE 

• a 
T ·310 Telei:;hone Access Unit with 2-way 
Touchtone/ASCll conversion: 
• lntelllgent dialer for PCs and other 

DTE devices. Responds to call progress 
tones, voice, and other calling signals. 
ASCII controlled DTMF and audio input. 

• lntelllgent answering device reports 
incoming rings for auto or commanded 
answer. Answer tone, audio port, and 
DTMF to ASCII conversion for remote 
phone data entry. 

For more info call : 
11"$.,:"I•"'I"'••t•·,.f"'~"if"'. •p"·"'f"'~.,.ij 

(In Washington State: 206-827-9626) 

iCEL""CCNE® 
10801-120th Avenue NE, Kirkland, WA 98033 

TEL TONE CIRCLE 282_J 
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PRESERVATION 
PLAN ON IT 

Planning on restoring a house, 
saving a landmark, reviving your 
neighborhood? 

Writ e: 

National Trust for Historic Preservation 
Department PA 
1785 Massachusetts Ave., N.W. 
Washington, D.C. 20036 

8051 68HC11 
THE LEADING IN-CIRCUIT EMULATOR TECHNOLOGY. 

Australia (02) 654 1873, Austria (0222) 38 76 38, Benelux +31 1858-161 33, Denmark (02) 65 81 11 , Finland 
90-452 1255, France (011-69 412 801 , Great Britain 0962-73 31 40, Israel (03) 48 48 32, Italy (011 ) 771 00 10, 
Korea (02) 784 784 1, New Zealand (09) 392-464, Portuga l (01) 83 56 70, Sweden, Norway (040) 92 24 25, 
Singapore 065 743-2086, Spain (93) 217 2340, Switzerland (01) 740 41 05, Ta iwan (02) 7640215, 
West Germany 0183 1-1687, USA FAX (408) 378-7869. 

CIRCLE 72 

• 

When Bob Lawrence joined the 
railroad nearly 30 years ago, he be­
gan buying U.S. Savings Bonds for 
his retirement. Now he buys them 
for his grandkids. "Bonds pay good 
strong rates and they're simple to 
purchase;· he says. Become the next 
Great American Investor. Call us to 
find out more. 

U.S. SAYINGS BONDS 

1-800-US-BONDS 
A public service of this publicat ion. 



EAlwms 
The Battle Over 
Corporate Excess 
Inventorg 
It's been a tough fight, but EAL has emerged as the Champion 
Disposer of corporate excess Inventory. 

EAL-Wiii take your corporate excess 
Inventory and use II to generate schol­
arships for needy, deserving studems. 

EAL- Guarantees that 90% of your 
donation goes for the Intended 
purpose. 

EAL-Donations could mean an 
above cost tax deductlonllRS 
Reg.170(e) (3). 

EAL-Scholarships are given In the 
donating corporation's name. 

EAL-Leverages your gift to help 
participating colleges. 

EAL-Contributors Include American 
Cyanamid, Ameritech. Fannie May, 
Dow. Monsanto. 011-Drl. Quaker Oats, 

' , W.W. Grainger-plus nearly 100 other 
~»--4" .:- corporations. 

Cal/for more details 
312-690-0010 

Peter Rosham. Executive Director 

Educational Assistance Ltd.sM 
P.O. BOX 3021 •GLEN ELLYN, ILUNOIS 60138 • (312) 690-0010 

your ® 1iU®@ 

POWER 
Specialists 

AC LINE FILTERS 
EMISSION LEVELS 

FCC A & B 
VOE A & B 

*POWER ENTRY MODULES .......... 3·10 Amp 
*THREE-PHASE ..................... 3-70 Amp 
*MEDICAUPATIENT CARE ........... 3·20 Amp 
*SINGLE-PHASE, HIGH CURRENT .. 15-45 Amp 
*CUSTOM DESIGN ................. 3·100 Amp 

SWITCHING 
POWER SUPPLIES 

UNIVERSAL INPUT SWITCHABLE INPUT 
95·260 Volt 

UV330 Series/30W 
UV340 Series/40W 

115·220 Volt 
MF330 Series/30W 
M F339 Series/40W 

UV365 Series/65W BM Series/150,220W 
UV385 Series/SSW TABLETOP 30W,40W 

'CUSTOM DESIGN 

DC/DC 
CONVERTERS 

*200Z Series 

LOW COST 
CUSTOM DESIGN 

-DISPLAY APPLICATIONS 
*949Z,950Z Series 

-TELECOMMUNICATIONS 
*TDA,TDB Series 

-LOCAL NETWORK 

~~:itl-MfiCi, Inc. / ' @ CIRCLE 54 

8210 W. DOE AVE. 
VISALIA, CA 93291 
(209) 651 ·2222 

IIT TELEX NUMBER:4994462 
CABLE ADDRESS:'TRIMAG' 
FAX 209-651·0188 





YOU ALREADY HAVE 
32 GOOD REASONS TO ADVERTISE 

IN PENTON PUBLICATIONS. 

NOW YOU HAVE 8 MORE. 
These electronics magazines are now 

Penton Publications. We give them strength, 
stability, and quality. They give you a 
great way to reach your customers. 

Penton Publications 
1100 Superior Avenue, Cleveland, OH 44114 



HAMILTON/AVNET HAS 
THE LOCK ON 

INTEL 80C196KB/87C257 
EMBEDDED 

MICROCONTROLLER 
KITS 

INTEL from 
HAMILTON/AVNET 

Fasten your seat belts for the only 
highly integrated component kit tai­
lored for motor control applications -
Intel's 80C196KB embedded microcon­
troller and 87C257 latched EPROM kit 
from Hamilton/Avnet. 

Featuring 256 bytes of RAM, a 10-bit 
A/ D converter and high-speed 1/0 
modules, Intel's 80C196KB microcon­
troller supports fast math instructions 
and short interrupt latencies. And with 
no additional "glue" logic requ ired, the 
32K x8 (or 256K), 8 7C25 7 latched 
EPROM directly interfaces with the 
80C196KB microcontrol\er, providing a 
simple and reliable design. 

Available in PLCC packages, the 
compact size of the microcontroller 
and latched EPROM saves board space 
which allows for cost-effective, motor 
control solut ions. And Hamilton/Avnet 
has inventory to support your produc­
tion requirements. 

Hamilton/Avnet also stocks Intel hard­
ware and software development tools, 
and provides technical literature, de­
sign application notes and technical 
specialists to assist you with your design. 

Let Hamilton/Avnet hook you up wi th 
components that meet your em­
bedded application requirements. For 
the location nearest you. call toll free, 
1 (800) 442-6458. 

If you're interested in sampling a free 
80C196KB/ 87C257 kit, please fill out the 
coupon below". The kit includes the 
80C196KB and 8 7C257 components, as 
well as technical documentation. Hurry! 
This offer is for a limited time only. 
· Ffee 80C196KB 87C257 kit limite d lo fi rst 500 re sponses, one per 

custome• CIRCLE 76 

~ro!ltC?~ 
rPleo~ check the following-;------1 

D Please send me one 80C196KB/ 87C257 II 
sample kit. 

D Please send me technical information on I 
the 80C196KB/ 87C257 kit. I 

NAME ----------- I 
TITLE ___________ _ 

COMPANY _________ _ 

MSTOP _________ _ _ 

ADDRESS ----------

CIN ___________ _ 

STATE ------ ZIP ____ _ 

PHONE _________ _ 

APPLICATION - -----

Moil To: Hamilton/ Avnet 
Advertising Services 
10950 Washington Blvd. 
Culver City, CA 90230 



Abbott Transistor Labs. Inc ......... 22 
ACCEL Technologies .............. .. .. 140 
Advin Systems ............................. 139 
Aerospace Optics Inc .................... 37 
AMD ......................................... 10-11 
AMP Inc .................................... 14-15 
Analogic Corp ................................ 81 
Anritsu ........................................... 77 
ASATinc ....................... .. .............. 54 

Basicon ............................ ............ 139 
B&C Microsystems ..................... 141 
BKLinc ....................................... 140 
BP Microsystems ........................ 140 
Burr-Brown ............. 119, 75, 118, 134 
Buscon .. ..................... .................. 148 
Bytek Corp .............................. 53, 139 

Coilcraft ......................................... 71 
Control Resources ....................... 141 
Cybernetic Micro Systems ..... 12, 140 
Cypress Semiconductor91, Cover IV 

Data Display ......................... 115, 117 
Date! Inc ........................................ 53 
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Digital Audio Labs ...................... 139 
Digital Equipment .. ............. Cover II 

Emulation Technology ................ 139 

Hamilton-Avnet ........................... 146 
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Intusoft ............ ............................ 141 
IOtech .... ...................................... 138 

Keystone Carbon Co ..................... 18 
Keytec .......................................... 141 

Lambda Electronics .............. 109-112 
LeCroy ........................................... 31 
Logical Systems .......................... 141 

Matrix ............................................ 79 
Micron Technology ...................... 116 
Miller-Stephenson ....................... 113 
Mini-Circuits Laboratory, 

a Div. of Scientific Components 
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National Instruments .......... 127, 140 
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NCR Microelectronics .............. 26-27 
Nicolet ........................................... 96 
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Stanford Research Systems ......... 61 
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Teltone ......................................... 141 
Tesoft ........................................... 139 
Trimag .................. .................... ... 143 

Ultimate Technology ................... 138 
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Vicor .............................................. 25 
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SYSTEMS ARCHITECTURE 
AND THE POWER SOURCES 

TO MAKE THEM RUN 

BUSCON/90 ·WESTSM 
FEBRUARY 14·16, 1990 

LONG BEACH CONVENTION CENTER 
LONG BEACH, CA 

BOARDS, BOXES, SYSTEMS, 
SOFTWARE - IT'S ALL AT 

BUSCON/90-WEST 
Featuring the most complete selection of board 
level hardware, software and related products, and 
the industry's most prestigious technical conference, 
BUSCON /90- WEST offers the latest technical and 
industrial developments. It's the gateway to the 90's 
for those looking for the inside track on what's 
happening in systems architecture. 

The Power Electronics 
Conference '90 

February 14-16, 1990 
Convention Center• 

ng Beach, CA 

POWER SOURCE SUPPLIERS, 
SPECIFIERS, USERS, DESIGNERS, 
COMPONENT MANUFACTURERS 

Be prepared to meet the challenge of quality in 
the 90's. 
Quality technical program ... Exhibition .. . Receptions 
... Keynote address. Plus, two quality conferences 
have been added for 1990 
• Computer Tools For Power Conference - with 

computer design oriented seminars. 
• PSMA Annual Convention - with issue forums to 

discuss the latest information. 
Be part of the quality event. Sponsored by PSMA, 
managed by Conference Management Corporation. 

BE PART OF THE ACTION IN LONG BEACH. RETURN THE COMPLETED COUPON 
AND WE'LL SEND YOU A COMPLETE PROGRAM. 

r------------~--------------, 
-=~~-~-~=-- __ I'm interested in attending BUSCON / 90-WEST 

__ I'm interested in attending PEC 

BUSCON/90·WESr 
FEBRUARY 14·16, 1990 

LONG BEACH CONVENTION CENTER 
LONG BEACH. CA 

The Power Electronics 
Conference '90 

February 14 - 16, 1990 
Convention Center• 

ng Beach, CA 

Name ______________________ _ 

Title ______________________ _ 

Company _____________________ _ 

Address _____________________ _ 

City _______________ State __ Zip ___ _ 

Telephone ____________________ PB2 

Return to: Conference Management Corporation 
200 Connecticut Avenue, Norwalk, CT 06856 
(203) 852-0500 fax: (203) 838-3710 

~------------------------~--~ CIRCLE 68 



Amplifier Arsenal 
50KHz-2000MHz, Low Noise 250mW output Gain Controlled trom $69.95 

Our ZFL-2000 miniature wideband amplifier hit a bulls-eye 
when we introduced it last year. Now we've added more 
models to offer you a competitive edge in the continuing 
battle for systems improvement. 

The ZFL-2000, flat from 10 to 2000MHz, delivers +17dBm 
output and is priced at only $219. 

Need more output? Our ZFL-1 OOOH, flat from 10 to 
1 OOOMHz, delivers +20dBm output. 

Is low noise a critical factor: Our ZFL-500LN and 1000LN 
boast a 2.9dB NF. 

Variable gain important? Our ZFL-1000G, flat from 10 to 
1000MHz, delivers +3dBm output with 30dB gain control while 
maintaining constant input/output impedance. The ZFL-
1000GH spans 10-1200 MHz, has 30 dB gain control, and 
+9dBm output. 

Searching for a high-quality, low-cost amplifier? Our 
ZFL-500 flat from 50KHz to 500MHz, delivers +10dBm output 
for the unbelievable low price of only $69.95. Need to go 
higher in frequency? Consider the ZFL-750, from 0.2 to 
750MHz, for only $7 4.95. Or the $79.95 ZFL-1000, spanning 
0.1 to 1000 MHz. One week delivery ... one year guarantee. 

SPECIFICATIONS 
MODEL FREQUENCY GAIN, dB MAX. POWER NF PRICE$ 

MHz OUTPUT Qty. (1-9) 
(min.} dBm(typ} dB(typ} Ea. 

ZFL-500 0.05-500 20 +9 5.3 69.95 
ZFL-500LN 0.1-500 24 +5 2.9 79.95 
ZFL-750 0.2-750 18 +9 6.0 74.95 
ZFL-1000 0.1-1000 17 +9 6.0 79.95 
ZFL-1000G* 10-1000 17 +3 12.0 199.00 
ZFL-1000GH' 10-1200 24 +9 15.0 219.00 
ZFL-1000H 10-1000 28 +20 5.0 219.00 
ZFL-500HLN 10-500 19 +16 3.8 99.95 
ZFL-1000LN 0.1-1000 20 +3 2.9 89.95 
ZFL-1000VH 10-1000 20 +26 4.5 229.00 
ZFL-2000 10-2000 20 +17** 7.0 219.00 
* 30dB gain control **+15dBm below 1000MHz 

r;;;:I Mini-Circuits 
A D1v1s1on of Sc1ent1f1c Component s Corporation 

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

WE ACCEPT AMERICAN EXPRESS 

C101 REV.G 

CIRCLE 80 



How the world's fastest CMOS CPU 
chipset advances SPARC's role as the 
industry's next computing standard: 
Fact: Scalable High Performance. Operating from 25MHz 
to 40MHz, and offering 18 to 29 MIPS, this chipset demonstrates 
the scalability of the SPARC™ RISC architecture. That scalability 
has already produced high performance SPARC implementations 
in CMOS, ECL, and GaAs. This scalability enables high perform­
ance, binary compatible systems all the way from low-cost desktops 
to mainframe-class systems- consistent with the trend toward 
networked computing. This new chipset will enable new perform­
ance standards in desktop and workstation/server systems. 

Fact: Shrink Wrapped Applications. SPARC is the only 
RISC architecture that is truly open, with available, binary-com­
patible clones. The shrink-wrapped UNIX® applications base­

including the leading database, publishing, office and engi­
neering packages - is larger than for ALL of the other RISC 
architectures combined. And with major new support an­
nouncements from Lotus, Santa Cruz Operations (SCO), 
and Wordperfect, expect significant new applications. 
Applications drive the industry's next computing standard. 

Fact: Complete Solution. This chipset you see, designed 
by Ross Technology, a Cypress subsidiary, is available today. 
It includes the Integer Unit, Floating Point Unit, Cache Con­
troller/Memory Management Unit, and 256K Cache RAMs. 

Fact: Proven Support. SPARC runs UNIX. It runs the major 
windowing systems - NEWS™ and X-Windows~ It supports the 
AT&T OPEN Look user interface. SPARC-based development 
systems are available now, with a full complement of development 
tools, compilers, debuggers, documentation packages, and utilities. 

Fact: The Leaders. The system companies that support 
SPARC- AT&T, Sun, Toshiba, Solboume, ARIX, Philips, and 
ICL, to name a few-are moving faster toward the industry's 
next computing standard than are the supporters of any other 
RISC architecture. 

Call today for this important article: 
1-800-952-6300* Dept. C32. 

-- ~ - - "'"•"• . -
•f .a CYPRESS 
$' SEMICONDUCTOR 

*1-(800) 387-7599 in Canada. (32) 2-672-2220 in Europe. © 1989 Cypress 
Semiconductor, 3901 North First Street, San Jose, CA 95134. Phone (408) 943-2600, 
Telex: 821032 CYPRESS SNJ UD, TWX: 910-997-0753. 


