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Microprocessors? 
Then you need HMI's development systems. high-quality development products to support your 

We support the entire 68000 family. As Motorola projects. HMI believes in supporting the entire family 
enhances and increases integration of its micro- of products for the Motorola family. Ease of use and 
processors, you can count on HMI to be there with familiarity are common in all the emulators. 

Features of HMI's development systems includes: 
· Run at real-time with no wait states. · Complex events and sequences for break and 
· Window driven source level debugging-SourceGat~ trigger conditions. 
· C, Pascal and ADA compiler source lever support · Two independent 4K deep trace buffers. 

for all major compiler companies. · 1 µsec resolution interval timer. 
· Real-time hardware performance analyzer. · 100 nsec resolution Time-stamp in trace buffer. 
· Works with IBM PC family and UNIX based • Logic state analyzer capabilities built into the 

machines including Sun and Apollo. emulator. 
· RS232 Interface up to 115.2K. • 16 External Trace bits. 
· Parallel Interface for high-speed code downloading. • Overlay memory up to 4 Mbytes. 

If you are looking for one emulator company that provides support for the entire Motorola family, then 
look to HMI for total support. 

Motorola Devices Supported Include: 
68000 68302 68EC020 
68008 68301/303 68EC030 
68010 68330/333 68HC001 
68020 683311332 68HC11 including 
68030 68340 Fl and 03 
6809 
IBM is Reg . T.M . lnc ern atio nal Business Machines , Inc. Unix is Rt;g . T.M., Bell Labo r2to ries, Inc. 

IHMll 
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Huntsville Microsystems, Inc. 
3322 South Memorial Parkway 
Huntsville, AL 35801 
Tel. : (205) 881-6005 
FAX: (205) 882-6701 



MILITARY TRIMMERS from the Tech no Division 
include broad MIL qualification to RT24, 26, 27 ; 
RTR24; RJ24, 26 and RJR24 , 26. Tech no RJ24 
and RJR24 trimmers offer you 25 turns for precision 
adjusting , while the RJ26 and RJR26 offer 22 turns. 
They have zero backlash and offer a monolithic clutch . 

In addition , Techno offers )'.;" and %" multlturn 
trimmers with a TCR of± 50 PPM/°C for precision 
applications. All Established Reliability trimmers meet 
the requirements of MIL-STD-202, Method 208. 

Contact : lechno Division, Dale Electronics, Inc., 
7803 Lemona Avenue, Van Nuys, California 
91405-1139 Phone (818) 781 -1642. 

Circle No.1 

Dale® Can. 
Add trimmers to the list of ways 

Dale® can help keep your project 
under budget and on-time. We offer 
immediate interchangeability with 
models you 're using now. Cermet, 
wirewound. Military, industrial, 
commercial. Square, round , 
rectangular. Surface mount and 
through-hole. Discover how Dale 
trimmers can end your search for 
multiple suppliers More than ever 
we're your 1-stop source for resistive 
components - always ready to match 
your delivery schedule from factory 
or distributor stock. Call today 

COMMERCIAL TRIMMERS include Surface 
mount Thick film chips (.2W) plus .197" (2W) and 
1/4" (.25W) square cermet styles. Through-hole 
cermet styles include .276" (5W) round , 1/4" 
(.25W), 9/32" (5W), and 3/8" (5W) square cermet 
Rectangular 3/4" ( 75W) wirewound 
For more information contact : Dale Electronics, Inc., 
1155 West 23rd Street , Tempe, Arizona 85282-1883. 
Phone (602) 967-7874. 

A COMPANY OF 
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Over 50 off-the-shelf models ... 
3KHz-BOOMHz from $325 

Having difficulty locating RF or pulse 
transformers with low droop, fast risetime or a 
particular impedance ratio over a specific frequencY,: 
range? ... Mini-Circuits offers a solution. 

Choose impedance ratios from 1 :1 to 36:1, 
connector or pin versions (plastic or metal case 
built to meet MIL-T-21038 and MIL-T-55831 re­
quirements*). Ultra-wideband response achieves low 
droop and fast risetime for pulse applications. Ratings 
up to 1 OOOM ohms insulation resistance and up to 1 OOOV 
dielectric voltage. For wide dynamic range applications involving 
up to 100 mA DC primary current, use the T-H series. 
Coaxial connector models are offered with 50 and 75 ohm 
impedance; BNC standard; request other types. 
Available for immediate delivery with one-year guarantee. 

·units are not OPL listed 

T. TH , TT 
bent lead version 

style X 65 

case styles 
T, TH, case W 38, X 65 bent lead version, KK81 bent lead version 

finding new ways .. 
setting higher standards 

r;;:I Mini-Circuit$ 
A D1v1 s1on of Sc1ent1f1c Components Corporation 

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

C71 REV. B 
CIRCLE NO. 3 

TMO, case A 11, t case B 13 FT, FTB, case H 16 
NEW TC SURFACE MOUNT MODELS from 1 MHz to 1500 MHz 

NSN GUIDE 
MCLNO. NSN 
FTBl - 1- 75 5950-01 - 132-8034 
FTB 1-6 5950- 01 - 225-8773 
Tl - 1 5950- 10- t28-3745 
T 1 - lT 5950-01 - 1 53-0668 
T2- 1 5950-01 - 106- 1218 
T3- 1T 5950-01 - 1 53-0298 
T4- 1 5950-01 -024-7626 
T9- 1 5950-01 - 1 05-8153 
T16-1 5950-01 -094-7439 
TMOl - 1 5950-01 - 178-2612 

MCLNO. 
TM02- 1 
TM02.5-6 
TM02.5-6T 
TM03- 1T 
TM04- 1 
TM04-2 
TM04-6 
TM05- 1T 
TM09- 1 
TM016-1 

NSN 
5950-01 - t 83-64 t 4 
5950-01 - 215- 4038 
5950-01 - 215-8697 
5950-01 - 168- 7512 
5950-01 -067- 1012 
5950-01 -091 - 3553 
5950-01 - 132-8102 
5950-01-183-0779 
5950-01-141-0174 
5950-01 - 138- 4593 



SPDT switc es with built-in driver 
ABSORPTIVE or REFLECTIVE de to 5GHz 

Truly incredible ... superfast 3nsec GaAs SPOT reflective or absorptive 
switches with built-in driver, available in pc plug-in or SMA connector models, 
from only $19.95. So why bother designing and building a driver interface to 
further complicate your subsystem and take added space when you can 
specify Mini-Circuits' latest innovative integrated components? 

Check the outstanding performance of these units ... high isolation, 
excellent return loss (even in the "off" state for absorptive models) and 3-sigma 
guaranteed unit-to-unit repeatability for insertion loss. These rugged devices 
operate over a - 55 ° to +100°C span. Plug-in models are 
housed in a tiny plastic case and are available in tape­
and-reel format (1500 units max, 24mm). All models 
are available for immediate delivery with a one-year 
guarantee. 

f1nd1ng new ways . 
setting higher standards 

SPECIFICATIONS (typ) 

Frequency 
(MHz) 

Ins. Loss (dB) 
Isolation (dB) 
1 dB Comp (dBm) 
RF Input (max dBm) 
VSWR "on" 
Video Bkthru 

(mV,p/p) 

Absorptive SPOT 
YSWA-2-50DR 

ZYSWA-2-50DR 

de- 500- 2000-
500 2000 5000 
1.1 1.4 1.9 
42 31 20 
18 20 22.5 

20 
1.25 1.35 1.5 
30 30 30 

3 3 3 Sw. Spd (nsec) 
Price,$ YSWA-2-50DR (pin) 23.95 

ZYSWA-2-50DR (SMA) 69.95 (1-9 qty) 

Reflective SPOT 
YSW-2-50DR 

ZYSW-2-50DR 

de- 500- 2000-
500 2000 5000 
0.9 1.3 1.4 
50 40 28 
20 20 24 
22 22 26 
1.4 1.4 14 
30 30 30 

3 3 3 
YSW-2-50DR (pin) 19.95 

ZYSW-2-50DR (SMA) 59.95 
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On the cover: Fitted with larger memo­
ries and new multioperation architec­
tures, 32-bit floating-point DSP proces­
sors are built to handle the toughest 
math and multimedia applications. See 
our Special Report on pg 126. (Photo 
courtesy Texas Instruments Inc; art di­
rection by Mike Dennis; computer 
graphics by The Color Place) 
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SPECIAL REPORT 
32-bit floating-point DSP processors 126 

Thirty-two-bit floating-point DSP processors are the muscle 
machines for the 1990s. These single-chip µPs are powerful math 
engines that have hardware bolted on for multiprocessing and large 
addressing. They're tackling applications ranging from voice 
recognition to near-supercomputer processing.-Ray Weiss, 
Regional Editor 

DESIGN FEATURES 
Wescon/91: Show and products 157 

The Jim Williams Papers 

In this issue, EDN presents the last three in a group of articles 
on high-speed analog design. 

Filters and oscillators 193 
Filters get rid of a signal's unwanted frequency components. 

Oscillators create signals at predictable frequencies. As you might 
imagine, the two types of circuits have more than a little in 
common. 

High-speed data-conversion circuits 211 
The variety of circuits that prove useful in high-speed data 

conversion is almost limitless. Here is a collection of circuits that 
can turn out to be lifesavers in several situations. 

High-speed communications circuits 233 
High-frequency communications signals need wideband analog 

circuits. High-speed monolithic amplifiers let you build simple, 
effective circuit s to meet this need for both optical and RF 
transmission. 

Continued on page 7 
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Povver Revelation 

Our Westcor division's family of configur­
able AC or DC input fan cooled StakPAC 
switchers reveals a new world of power 
density and output flexibility to the system 
designer ... whatever your power needs. 
Each StakPAC is built with field proven ro­
botically manufactured Vicor VI-200 Series 
power components providing you the flexi­
bility of a customized supply combined 
with the off-the-shelf availability of stan­
dard catalog products ... "first article" Stak­
PACS are typically delivered in 2 weeks. 

Compact, up to 6W(m3, low profile StakPACs 
set the standard for "box" or open frame 
switchers. Besides meeting conducted EMI 
standards, custom configured StakPACs are 
pre-approved to UL, CSA, TUY and VDE 
safety standards (DC Mini- in process). 

6 

MODEL 

StakPAC 

MINI 

DC MINI 

POWER OUTPUTS INPUT 

1,200W up to 8 110/220 
VAC 

600W up to 5 110/220 
VAC 

BOOW up to 5 5 Ranges 
18-76 voe 

CIRCLE NO. 5 

DIMENSIONS 
(inches) 

3.2 x 5.5 x 11.5 

1.9 x 5.5 x 12.2 

2.5 x 4.3 x 12.2 

Whether your application is OFF-LINE or 
DC INPUT, chances are we have a solution 
for you ... we are designed into computer, 
telecom, and test measurement systems 
worldwide. Please call us to discuss your 
needs, then relax ... bulky standards and 
risky long lead-time custom supplies be­
long to the past. Discover the new world of 
configurable supplies: StakPAC, MiniStak­
PAC and DC Mini. 

Call VICOR EXPRESS for information and 
be sure to ask for a StakPAC or DC Mini 
Handbook: (800) 735-6200 or (508) 470-2900 
at ext. 265. Or call Westcor (west coast) at 
(408) 395-7050. 

VIGOR 
~ 
Component Solutions For Your Power System 



Continued from page 5 

As math software packages evolve and 
expand their palette of features, the 
question remains as to how much you 
need to spend to get the functions you 
want. See what your more than $400 will 
buy on pg 75. 

EDN n1agazine 
now offers 

Express ~equest, 
a convement wav 

to retrieve produ~t 
infor111ation bv 

J 

phone. See the 
Reader Service 

Card in the front 
for details on how 

to use this free 
service. 

Ex11.ress11111~ 
Request If 
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Use Spice and analog circuits 
to model control systems 

259 

If you already know Spice, you don't have to learn another 
simulator to model control systems. You can just replace system 
block diagrams with equivalent circuits.-George Ellis, 
Industrial Drives 

Vintage filter scheme yields low 
distortion in new audio designs 

267 

Digital audio systems having wide dynamic range can strain 
antialiasing and anti-imaging filter requirements. Increasingly, 
audio designers are employing an almost forgotten filter 
architecture, the GIC filter, to achieve simplicity while meeting 
adequate attenuation and low-distortion requirements. 
-Rick Downs, Burr-Braum Corp 

TECHNOLOGY UPDATES 
Factory-automation networks: 63 
The best LAN may be found off the MAP 

Before you select a local-area network (LAN) that will operate 
in an industrial environment, you must consider a variety of factors 
that range from the certainty of initial costs to the potential of 
future innovations.-J D Mosley, Regional Editor 

Over-$400 math software packages: 75 
Software smooths complex computations 

Evolving math software packages reduce work associated with 
long and tedious calculations and let you concentrate more on the 
big picture.-John Gallant, Associate Editor 

Silicon pressure sensors: 
Inexpensive sensors provide precision 

99 

Today's solid-state silicon pressure sensors take advantage of 
fabrication advancements in IC processing to provide a cost­
effective solution for high-volume applications.-Tom Ormond, 
Senior Editor 

Continued on page 9 

Cahners Publishing Company, A Division of Reed Publ ishing USA D Specialized Business 
Magazines for Building & Construction D Research D Technology D Electronics D Computing 
D Printing D Publishing D Health Care D Foodservice D Packaging D Environmental 
Engineering D Manufacturing D Entertainment D Media D Home Furnishings D Interior 
Design D and Lodging. Specialized Consumer Magazines for Child Care D Boating D and 
Wedding Planning. 
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As you would expect, the perfect 
Christmas calculator can do polar plots. 
The HP 48SX will revolu­
tionize the way you work. 
No wonder the revolutionary 
HP 48SX is on so many wish 
lists this year. It's the only 
scientific calculator that has 
over 2100 built-in functions 
and custom capabilities. 

You can type an equation just 
like it appears in a textbook. 
Graph an equation and deter­
mine its characteristics while 

viewing it. Or, with automatic 
unit management, enter data in 
any given unit and get the 
answer in the unit you want. And 
all with the option of accessing 
PCs via a built-in serial I/0. 

And when you buy an HP 48SX 
this holiday season, you'll also 
be helping America's kids excel! 
Your purchase of an HP 48SX 
will help equip selected high 
schools with a $5,000 set of cal-

CIRCLE NO. 6 

culators and other key teaching 
materials. 

So put an HP 48SX on your 
shopping list now, and see your 
nearest HP retailer today. 

HP calculators. The best for 
your success. 

F//'OW HEWLETT .:J.!a ~ACKARD 
C l991 Hewlett-Packard Company PG12 104A 

EDN November 7, 1991 
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AMO Reintroduces 
Learning Curve Pricing With The 
Am386™SXL-25 Microprocessor 

It's no ordinary 386SX. 
It's the Am386SXL-25 micro­

processor A higher speed, lower 
power, plug-in replacement for the 
386SX microprocessor 

And with it, AMO resurrects 
learning curve pricing. 

That means aggressive, pre­
dictable price reductions between 20% 
and 30% each year 

Best of all, it's available today, 
available in quantity, and available 
to everyone. 

That's why the Am386SXL-25 
CPU is the microprocessor for the masses. 

To get your hands on your 
own supply of Am386SXL-25 micro­
processors, call AMO today at 
1--800-222--9323. 

~ 
Advanced Micro Devices 

"~re Not rvur Competition." 
CIRCLE NO. 8 
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IN MEMORY MOD 
CROSSOVER HAS J 

You've heard the old 

saying, "we'll cross that 

bridge when we come to it." 

Well, we have. 

Cost crossover today 

makes 4-meg DRAMs 

more economical per bit 

than 1-meg DRAMs. And 

given all the benefits in 

reliability and board real 

estate, that's good news. 

MEMORY MODULES 
$ 

COST 
PER 
BIT i IMEG 

CROSSOVER 

'88 '89 '90 '91 '92 

People are lining up to 

take advantage of it. 

One specific advantage 

is in memory modules. 

Samsung 4-meg-based 

modules are actually 

more cost-effective today 

than their 1-meg-based 

counterparts. 

All the modules listed 

here have reliability specs 

based on 600 temperature 

cycles (0-125°C) and 500 

hours (85°C, 85 % RH) . 

Available features include 

70, 80, and 100 ns access 



ULES, COST· PER· BIT 
UST BEEN COMPLETED. 

times, fast p a ge mode , 

low-power versions, gold 

lead finish, and customer­

specific labeling. 

8 

SAMSUNG MEMORY MODULES 
BASED ON ll · MEG DRAM1 

Part Number Or.'la11i.=atio11 

KMM 58 IOOOAN IM x 8 

KMM 59 !000AN IM x 9 

KMM 584000 A 4M x 8 

KM M594000 A 4M x 9 

KMM532IOOOA IM x 32 

K M M533 I OOOA IM x 33 

KMM 536 IOOOA IM x 36 

KMM5322000 A 2M x 32 

KMM5332000A 2M x 33 

KMM5362000A 2M x 36 

Samsung is one of the 

world's leading manufact­

ure rs of both DRAMs 

and memory modules. 

Our outstanding quality, 

reliability, and availability 

have helped us gain this 

leading position. 

For data sheets on 

our 4-meg DRAMs and 

4-meg-based modules, 

call 1-800-423-7364 or 

(408) 954-7229 today. Or 

write to Memory Module 

Marketing, Samsung Semi­

conductor, 3725 No. First 

St., San Jose, CA 95134 . 

c8 SAMSUNG 

Technology that workJ for Life. 



HFA-0005. 

• 
Ultra high speed in 
a monolithic 
design. 420 V/µs 
slew rate. 300 MHz 
bandwidth. 

HFA-0002. 

CA-3080. 
How about an 
operational 
transconductance 
amplifier? 
Harris has it. And 
it's a low-cost 
building block for 
high-speed systems. 

Widely used for 
wideband appli­
cations, this 
monolithic features 
just 2. 7 n V/rt Hz 
input voltage noise. 

16 

HA-5033. 
Buffering video has 
never been easier. 
Thanks to a 
1300 V/µs slew 
rate, excellent 
differential phase 
and gain. 

HA-2548. 

HFA-0001. 
This op really hops. 
Cause it's the 
world's fastest 
monolithic op amp. 
With 1000 V/µs 
slew rate, 350 MHz 
bandwidth. 

HA-2444. 
A mux and 4 video 
op amps ina 
single chip. Ideal 
for digitally 
selectable 
4-chan~ video. 

This wideband 
precision op amp 
features 0.2 m V 
input offset voltage 
and 5 nA input 
bias current. 

From ops that really hop, 
to ops at low cost, nobody 
gives you more op amps to 
choose from than Harris. 

Where else could you get 
the fastest monolithic op 
amps in the world? 

CA-3246. 
ThisNPN 
transistor array 
covers a wide array 
of applications -
all the way from 
DC to 1.5 GHz. 

HA-5020. 
Our low-cost 
version of the 
E/.2020, but 
enhanced to give 
you a full 100 MHz 
bandwidth. 

Over 35 op amps with 
bandwidth greater than 
10 megahertz? 

Or 35 amps available 
in SOIC, as well as all the 
usual types and styles 
of packages? 

EDN November 7, 1991 



HA-5104 QUAD. 
The synthesis of 
high performance 
and low noise in 
one op amp. This 
quad gives you 
4.3 n V/rt Hz input 
voltage noise. 

HA-5221. 
To be precise, 
there's no more 
precise 35 MHz 
op amp.Just 
3.4 n V /rt Hz input 
noise voltage. Just 
0.5 µVIC 0 offset 
voltage drift. 

HA-5222. 
What's better than 
an HA-5221? Two 
of them in one 
convenient package. 
Same low noise. 
Same low offset 
voltage drift. 

you drop. 
Even processes from 

bipolar to CMOS to the 
best of both, Bi CMOS? 

There's only one 
semiconductor company 
in the world that gives you 
all this. And that's Harris. 

EDN November 7, 1991 

And there's only one 
number to call to find out 
more. 1-800-4-HARRIS, 
extension 1150. 

ll~~T~ 
CIRCLE NO. 16 

CA-5470. 

HA-5004. 
AlOOMHz 
current feedbac 
amplifier with 
output current 
that's ultra-high: 
±lOOmA. 

Low in cost, high 
in performance. 
This quad amp 
combo takes a 
single supply 
voltage from 3 
to 16 V. 
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THE SMT Lf YOU'VE 
BEEN WAITING 
TD 5EE ... -

Once again, HP has its name in lights. 
Leave it to HP 
to premiere the 
very first SMT 
LED offering the 
brightness, 
clarity, and color 
choices of 
through-hole LEDs. 
As one of the world's most expe­
rienced LED suppliers, HP wrote 
the book on high-performance 
LEDs. Now you can see the same 
star performance on tape, because 
our new LED is compatible with 
tape-fed automatic pick & place 

CG08102/HA 

equipment and SMT solder 
processes. 
Its small footprint means you can 
pack more imprints per board. 
Yet it conforms to the EIA-535 
BAAC standard specification for 
case size 3528 tantalum capacitors. 
But we haven't let the bright 
lights go to our head. Our new 
SMT LED is competitively priced 
and multi-sourced. 
A class production all the way, 
these new LEDs are designed to 
meet most quality and reliability 
standards, eliminating the need 
for incoming inspection. 

CIRCLE NO. 17 

Once again, HP sets the stage for 
quality, reliability, and innovation. 
To get the star treatment call 
1-800-752-0900, ext. 2691, and 
ask for our FREE red & green 
SMT LED sample kit and the name 
of your nearest Hamilton/ Avnet 
location-HP's largest electronic 
components distributor. You'll 
soon see what the biggest names 
in lights can do for you. 

There is a better way. 

F//ffl HEWLETT 
~~ PACKARD 



NEWS BREAIZS 
EDITED BY SUSAN ROSE 

MOTOROLA INTRODUCES LOW POWER, LOW COST 680x0s 
Motorola is expanding its 680x0 CISC family of µPs with new design variations: 

a low-cost version of the 68040 without an FPU (floating-point unit), and a 3.3V, 
low-power member of the 68300 family. The LC040 ($126 (10,000) for a 20-MHz 
version) is a PC and embedded-system-application version of the 68040: the FPU is 
removed and low power memory buffers have been added. The embedded-system 
68EC040 ($90 (10,000) for a 20-MHz version) is a stripped-down 68040 with the MMU 
(memory-management unit) removed and low-power buffers. The $24.15 (10,000) 
68340 microcontroller is an upgraded 68300. The microcontroller is built around 
the 32-bit 68020 core and has a 16-bit external memory bus. The device operates to 
8 .39 MHz at 3.3V or to 16.78 MHz at 5V. It includes two DMA channels, two serial 
ports, two 16-bit timers, and 16 I/0 lines. The device also incorporates a system 
integration module, taking on memory, clock, and system-control functions nor­
mally left to glue logic. Motorola, Austin, TX, (512) 891-2386.-Ray Weiss 

VHDL PACKAGE SUPPORTS MODEL DEVELOPMENT 
The StcL_DevelopersKit is a collection of a modeling guidebook and five VHDL 

(VHSIC Hardware Description Language) subroutine packages. The guidebook is a 
style guide that presents information on how to write and validate functionally 
accurate models using defined interfaces, timing, and comprehensive testbenches. 
The five subroutine packages lay a foundation upon which you can build your 
VHDL models. These simulator-independent packages include StLTiming for adding 
selectable min imum, maximum, and typical timing modes to your model; Std._IOpak 
for converting datatypes for file I/0 and assertion statements; StLRegpak for model­
ing addition, subtraction, multiplication, division, mod, remainder, shift, rotate, 
and relational operators at the register-transfer level; and StLMempak for efficient 
memory utilization of memory models and interface to VHDL for Intel hex and Jedec 
formats. Source-code licenses start at $35,900. VHDL Consulting Group, Allentown, 
PA, (215) 266-9791.-Michael C Markowitz 

JOINT EFFORT YIELDS ETHERNET CONTROLLER ICs AND CARD 
Racal-Datacom and NCR have joined in an agreement to produce Ethernet products. 

The result is Racal-Datacom's $369 NI6610-3M triple-media Ethernet card for 8- and 
16-bit PC buses and NCR's Ethercore chip set. The card provides connectors for thin 
and thick-coaxial Ethernet and an RJ-45 connector for lOBase-T Ethernet LANs. A 
2-media version of the card costs $279. 

The chip set currently includes the NCR92Cl 10 media-access controller with on­
chip Manchester encoder and decoder and an attachment unit interface (AUI); the 
NCR92Cl05 network-management module, which tracks and records all 37 network 
events specified by the IEEE 802.3 Ethernet standard; the NCR92Cl43 ISA slavejhost 
interface module, which links the media access controller to the PC bus and controls 
the LAN subsystem's RAM; and the NCR92Cl40 bus-interface module, which effects 
the physical interface between the host bus and the LAN subsystem. The chips cost 
$12.95, $10.95, $13.90, and $9.95 (5000) , respectively. The company is planning 
more chips for other host CPU buses. NCR Corp, Dayton, OH, (303) 226-9603, FAX 
(303) 226-9626. Racal-Datacom, Boxborough, MA, (508) 263-9929, FAX (508) 263-
8655.- Steven H Leibson 
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NEWS BREAIZS 
SPREAD-SPECTRUM MODEM COMMUNICATES OVER AC LINES 

Intellon Carp's modem-subsystem IC and evaluation system lets manufacturers 
implement carrier-sense/multiple-access (CSMA) networks over standard ac power 
lines. The products utilize the company's spread-spectrum carrier technology, which 
is expected to be approved by the Electronic Industries Association as the power-line 
signaling standard for its Consumer Electronics Bus (CEBus). The CEBus, which 
supports data rates of 10,000 bps, enables communication and control among electri­
cal devices, sensors, and control systems in commercial buildings and private homes. 
The spread-spectrum power-line modem (SSPM) is scalable over a range of frequencies 
and data rates. For example, to meet European regulatory requirements, the modem 
uses a frequency band of 20 to 80 kHz that supports a data rate of 2000 bps. In the 
US, the modem uses the FCC-accepted range of 100 to 400 kHz to achieve 10,000 bps. 

The chip, which comes in a 28-pin plastic leaded chip carrier, handles the CEBus 
physical layer protocol, and assists the higher-layer protocols by performing pream­
ble detection, carrier detection, collision detection, and a cyclical redundancy check. 
The chip costs $5 (25,000 OEM) plus a one-time $2500 license fee. No license fee is 
required for sample lots. A modem board incorporating the chip and power-line 
interface and protection circuitry costs $105 (10). An evaluation system, which 
includes software and three CEBus nodes, costs $3495. Intellon Corp, Ocala, FL, (904) 
237-7416, FAX (904) 237-7616.-Dave Pryce 

MIPS CHIP INTEGRATES GRAPHICS ENGINE 
LSI Logic's LR33020 is a MIPS processor that integrates a graphics coprocessor 

on chip. The chip has a graphics engine with bitblt processor (pixel mover and 
operator) and a graphics DMA channel. The MIPS core holds a 4-kbyte I and 1-kbyte 
D cache and integrates a dynamic RAM (DRAM) or volatile RAM (VRAM) memory 
controller. The device's R3000 core lets the CPU set up graphics operations via the 
MIPS coprocessor interface. The CPU then monitors and increments the bitblt engine 
as it operates on as many as four memory words at one time. Suited for X-terminal 
and laser-printer applications, the processor lets designers build minimal chip-count 
implementations. The chip includes hardware-debugging support, including break­
point registers and instruction trace features. Running to 40 MHz with zero-wait­
state operation, the chip supports an interleaved, 64-bit DRAM and 8-bit VRAM 
interface. The chip will sample in December and prices start at $129 (1000) for a 
25-MHz version. LSI Logic Corp, Milpitas, CA, (408) 433-4288.-Ray Weiss 

THERMAL ANALYSIS PB.OGRAM PB.EDICTS HOT SPOTS 
Flowmeric's Flowtherm is a thermal analysis CAD program that lets you study 3-D 

air flow and heat transfer in electronic systems. The program accepts data on your 
hardware design and considers the effects of air viscosity, turbulence, and buoyancy 
force. The program outputs a picture of the hardware, showing fluid velocities and 
temperature profiles in all areas of your design. You can apply the program to one 
section of a pc board or to a complete rack of equipment. The program analyzes 
natural-, forced-, or mixed-convection designs and considers steady-state and tran­
sient effects. The program also solves conjugate heat-transfer problems by simultane­
ously calculating temperature distribution in fluid and solid sections of the design. 
A 386-PC version costs £12,000 and a SPARC-2 version costs £30,000. One-month trial 
and two days of tuition cost £1100. Flowmerics, Kingston-upon-Thames, UK, (81) 
547-3373, FAX (81) 547-2682.-Brian Kerridge 
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Portable data products from Datakey are meeting the needs of 
electronic OEM design engineers in a wide range of commercial 
and military applications. They can help you: 
D Save valuable system space 
D Reduce system power requirements 
D Cut the cost of memory /feature expansion 
D Improve system and facility security 
D Speed data transfer, make data handling more convenient 
D Make ROM upgrades quicker, easier 
D Simplify system design and manufacturability 
D Ruggedize your system or IjO device 
D Reduce repetitive data input 
D Differentiate your product in the marketplace 

These versatile devices withstand rough handling and retain 
your data even when exposed to dust, dirt, moisture, magnetic 
fields, and other environmental haz.ards. 

Dalia
_ ... __ -
- .. ~ia la _ .. ----- -_. _,,,,,,,_ __ ------ --~_. ----~~ "!!! ""!! """"!!!!!!! '!!!!!!!!!"" ® 

Advanced Solutions 
in Portable Data 
Technology.™ 

We've developed a whole array of solutions for tough portable 
data applications - including the access device for the U.S. gov­
ernment's secure phone system. Hundreds of thousands of these 
devices are in use today 

Choose from our standard products, including 
Serial Memory Keys (lK, 2K, or 4Kbit capacity), 
Parallel Memory Keys (64K to 512Kbit capacity), 
Memory Cards (chip-on-card or edge-connect 
with embedded memory), l.nw-Cost Personal 
ID and Memory Tokens, Mechanical/Electronic 
Keys, and more. 

We also design and manufacture custom 
portable data devices. 

So, call today for our free booklet. It just 
may help you solve some of the toughest 
design problems around. Yours. 

Call 1-800-328-8828 
Need it fast? We'll fax it. 

Datakey, Inc. • 407 West Travelers Trail, Minneapolis, MN 55337 U.SA. •Phone (612) 890-6850 •Fax (612) 890-2726 
United Kingdom: 44 730 816502 •West Germany: 49-06173-68872 •Belgium: 32 3 325 19 10 •Netherlands: 023-31 91 84 
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NEWS BREAIZS 
CLOCKED Fil'O MEMORY ACHIEVES 70-MHZ SHIFT RATE 

Cypress Semiconductor's family of clocked FIFO memories handles data using a 
gated clock instead of asynchronous handshaking. The read and write ports of these 
devices have independent clocks, letting you shift data in and out at different speeds. 
The devices also feature status flag signals that are synchronous with data move­
ment. The flag signals indicate when the FIFO is full, half-full, and empty. 

The family has four members: the CY7C441 and -451(512x9 bits) and the CY7C442 
and -453 (2k x 9 bits). The -45x family members offer more features than the -44x 
parts, including programmable near-full and near-empty flags, built-in parity genera­
tion and checking, and direct depth cascadability. Parts are available in 300-mil DIP 
and 32-pin plastic leaded chip carriers for the same cost. The -441 costs $25.85 (100); 
the -443, $41.30; the -451, $33.75; and the -453, $56.80. Cypress Semiconductor, San 
Jose, CA, (408) 943-2600.-Richard A Quinnell 

DSP CARD SUITS SBUS HOST 
The SDSP/C30D from Loughborough Sound Images is a DSP system on a card suit­

able for Sbus-compatible workstations. The system hardware consists of a Texas 
Instruments 33-MHz TMS320C30 processor, 2k x 32-bit-word dual-port static RAM 
(SRAM), and 128k x 32-bit-word zero-wait-state SRAM (expandable to 512k). The base 
card accepts plug-in analog-signal I/O daughter boards, and the combination fits an 
Sbus single-slot space. Options exist for either a proprietary 16-bit parallel I/O port, 
or a SCSI port. Software support includes an interface library of control functions, 
and a device driver. Other software tools include a debu~ monitor, C compiler, and 
Spectron Microsystems Spox applications programming interface. System with de­
vice driver, debug monitor, and interface library costs £2695; analog daughter board 
is an additional £600. Loughborough Sound Images, Loughborough, UK, (509) 231843, 
FAX (509) 262433.-Brian Kerridge 

DIGITAL SCOPE HAS FOUR 350-MHz CHANNELS FOR $7495 
The TDS 460, a new member of TDS series of digital oscilloscopes from Tektronix, 

offers midrange performance with a graphical user interface, automatic measure­
ments, and fast screen updates. The $7495 scope digitizes at 100 Msamples/sec with 
8-bit resolution. Waveform record length is 5k points, optionally expandable to 30k 
points. A 150-MHz version, the TDS 420, is also available for $5995. Tektronix, 
Beaverton, OR, (800) 426-2200.-Doug Conner 

MONOLITHIC 12-BIT ADC SAMPLES AT 3 MBPS 
The HI-5800 ADC from Harris Semiconductor is a complete data-con version system 

containing a buffered S/H amplifier, precision-temperature and curvature-corrected 
bandgap 2 .5V reference, 2-step subranging ADC with 7-bit flash and 7-bit DAC with 
digital error correction, control logic and timing generator. Competitive p~rformance 
alternatives to this $110 (100) device are higher-pin-count and more-expensive hy­
brids and slower monolithic ADCs that may require off-chip S/H amplifiers and refer­
ences. For 500-kHz inputs sampled at 3 MSPS, the chip features a S/N ratio plus distor­
tion of 71 dBc. The device is available in industrial and commercial temperature 
ranges, and comes in 40-pin DIPs and plastic leaded chip carriers . Samples will be 
available in January, 1992, with production quantities available in March. Harris 
Semiconductor, Melbourne, FL, (800) 442-7747, FAX (407) 724-3937. 
-Anne Watson Swager 
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y Settle for Y2 
an '040 Board? 

You 've chosen the '040 because you 
need maximum performance in your 
VME system . But look carefully, 
because other Single Board Computers 
may only give you only half of what you 
expected from the '040. 

Compare Synergy's SV430 perform­
ance to any other SBC. Compare bus 
speed , MIPs, support , flexibility, docu­
mentation , reliabi lity, 1/0 intelligence 
or any spec you can think of. We think 
you'll find the same thing we did-the 

SV430 outperforms every other SBC on 
the market by as much as 150%. 

Surpri singly, thi s kind of quality won ' t cost 
you any extra, because Synergy products 

lead in another important area-value . At 
Synergy, you don ' t have to pay a premium 

price for premium performance . 

• Let us show you just how far ahead your system 
can be with a Synergy processor board . Call us today, 

and get the whole '040 story. 

Compare our specs. Synergy is superior across the board! 
VME 
Transfers 
VME64 doubles 
bus performance 
to 66 MB/s-and 
the SV430 is the 
onl y '040 board 
that has it. But 
we don't need 
VME64 to win 
this comparison . 

Even normal 32-bit transfers race at 33 MB/s . 
That's 200% faster than Force or Motorola. 

1/0 Modules 
Synergy's EZ-Bus modules are compatible 
with our entire line of SBCs. This mean ~ 
Synergy's current line of 12 intelligent 1/0 
modules are immediately available for the 
SV430 - today. No other vendor comes close 
for selection, functionality or avai labili ty. 

Data from Mowrpla MVMEl65 data 'i hect dated 2/90. and 
Force C PU-40 dam .-. heel A 1 Rev. I. DRAM mca ... urcmenh 
.'lhown are with parity. VMEbu' 1rnn,fer'i are to a 60n.., -.la.,c . 

VM EM i., a trademark of Performance Tcchnolo!,!ie.-.. Inc . 

DRAM 
Burst 
Rates 
A 25 MHz '040 
is capable of 
accessi ng mem­
ory at 80 MB/s. 
The closer you 
are to thi s max­
imum , the more 
'040 perform­

ance you're gain ing. SV430 burst s are 26% 
faster than Force and Motorola . 

'020/'030 
Compatibility 
Software 
compatibility 
between Synergy 
SBCs means 
users have simple 
upgrades to the 
SV430 from 
our '020 and 

'030 SBCs . Force offers compatibility on ly from 
the '030 level , and Motorola offers '' up ward 
mi gration" - a polite phrase that means rewrit­
ing your code . 

DRAM 
· , Random 

Accesses 
Non-burst '040 
performance is 
measured in wait 
states. Fewer 
wait states mean 
higher perform­
ance. The SV430 
is not on ly 66% 

faster than Force or Motorola , it supports twice 
the on-board memory-32 MB. 

Product 
Warranty 
Synergy backs 
the reliability of 
its SBCs with a 
two year standard 
warranty. Force 
and Motorola 
onl y offer 
you one. 

Synergy Microsystems , Inc., 179 Calle Magdalena, Enc initas, CA 92024 ( 619) 753-2191 FAX: 619-753-0903 
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r to 3Gffz fromS114s 
Jowpass, highpass, 

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

LOW PASS 

frequency 

HIGH PASS 

"'UL ~ : 
c • 
. g : 

~ : : 
~ : : 

frequency 

BANDPASS 

treQ.JerlCy 

NARROWBAND IF 

Lu ' 
~ ! l: ; ti 

:: : ' '::' 

FREQUENCY 

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

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

NO. Min. Nom. 

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

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

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

NO. Min. Min. Norn. 

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

bandpass 20 to 70MHz 
CENTER PASS BAND, MHz 

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

NO. FO F1 F2 

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

narrowband IF 
CENTER PASS BAND, MHz 

FREQ. 1.L. 1.SdB max. 
MODEL MHz 

NO. FO F1 -F2 

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

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

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

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

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

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

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

band band 
Min. Min. typ. typ. 

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

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

STOP BAND, MHz VSWR 
(loss > 10 dB) (loss > 20 dB) 1.3:1 typ. 
Min. Max. Min. Max. total band 
F3 F4 FS F6 MHz 

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

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

STOP BAND, MHz STOP BAND, MHz PASS-
l.L. > 20dB l.L. > 35dB BAND 

VSWR 
FS F6 F7 F8-F9 Max. 

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

PRICE 
$ 

Qty. 
(1-9) 

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

PRICE 
$ 

Qty. 
(1-9) 

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

PRICE 
$ 

Qty. 
(1-9) 

14.95 
14.95 
14.95 
14.95 
14.95 
14.95 

PRICE 
$ 

Qty. 
(1-9) 

18.95 
18.95 
18.95 
18.95 
18.95 
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Ask any computer maker; 
our little memory cards 
are big news. And the 
software media of 
choice for the next 
generation of 
portable systems. 

The little, palm­
sized systems driving 
tomorrow's market WOilt have (Actual size.) 

room for heavy floppy drives and hard 
disks. They'll take their software '' to go.'' 
In the form of 68-pin memory cards 
from Fujitsu Microelectronics. 

As the leading maker of 68-pin 
memory cards, Fujitsu did more than pio­
neer a new technology. We took a leading 
role in making it the international standard:' 

Which means that the software you 
put on our memory cards will run on a 
whole new generation of portable computers. 

It also means that we have a head 
start in producing an entire family of 

cO 
FUJITSU 
Every step of the way.sM 

68-pin memory card 
products, including 

Flash EPROM, EPROM, 
SRAM, OTPROM, and Mask 

ROM cards. With up to 
16 Mbyte of storage currently 

available on a single card. 
And higher densities on the way. 

Changing media is a big 
move. Fortunately, Fujitsu can help you 
with the transition every step of the way. 
Our support services cover everything 
you need- from application design to 
programming hardware to PC card drives 
and interface chips - to shorten your 
design cycle. So why not call Fujitsu 
Microelectronics today, at 1-800-642-7616, 
and start making a little history of your own? 

*PCMCIA (Personal Computer Memory Card In ternational Association) and JEIDA 
Qapan Electronic Industry Development Association). 

FUJITSU MICROELECTRONICS, INC. 
Integrated Circuits Division 
3545 North First Street, San Jose, CA 95134-1804. 
1-800-642-7616. 

Cl 1990, Fujitsu Microelectronics, Inc. 
F.very step of the way is a se rvice mark of Fuj itsu Microelec tronics, Inc. 
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Power 
tools 

KEPCO 
DIGITAL 
POWER 
CONTROLLERS 
Choose your tools carefully for the 
work at hand. Choose a single unit 
ATE power supply and drive it with an 
SN digital analog interface to 
translate GPIB commands to useful 
voltage and current. Or choose a 
multiple-unit TMA-MAT system and 
drive up to 27 independent voltages 
and currents from a single GPIB 
address. Get full status monitoring 
and read back of actual values. 

Kepco's power tools are carefully 
calibrated to provide you with just the 
right combination for the work you 
need to do. 

SEE US AT WESCON/91 
KEPCO BOOTH 2135, 2137 

146-1716 

a-c power 
and d-c bipolar 

de, unipolar power 
O Listen only, GPIB 

O 12 bit control , 0-6V to 0-325V, unipolar de 

0 Power: 50W, 100W, 250W, 500W, 1000W 

O Control one, four or eight units, analog drive 

Kepco Group SN/ATE Power Supplies 

de, bipolar power 
0 Listen only, GPIB 

0 12 bit control, ± 20V to ± 200V, bipolar de 

O Power: 100W, 200W, 400W 

0 Single unit, self-contained 

Kepco Group BIT/BOP Power Supplies 

de, unipolar power 
0 Listen, talk-verify, GPIB 

O 12 bit control, 0-6V to 0-325V, unipolar de 

0 Power: 50W, 100W, 250W, 500W, 1000W 

O Control one to sixteen units, analog drive 

Kepco Group TLDIATE Power Supplies 

de (selectable polarity) power 
O TalK-listen, GPIB, full read back 

of both voltage and current 

O 12 bit control, 0-6V to 0-150V 
unipolar de with polarity selection 

0 Power: 360W, 720W, 1080W 

O 1-27 unit control, digital (bit-bus) drive 

Kepco Group TMA/MAT Power Supplies 

software controller 
O Talk-listen on bit-bus 

0 Control up to 27 power supplies 
(Kepco type MAT) 

0 Plugs directly into DOS computer 

ac power 
0 Talk-listen, GPIB 

0 12 bit amplitude and frequency control , 
0-125V ac, 47-2000Hz ac power 

0 1KVA to 18KVA 

0 Expandable to 90KVA 

Kepco Group RGBIBOP Power Supplies 

SEE OUR PAGES IN VOLUMED eem1~ 

Call/fax/write to Dept. MCT-12 for any [•II•] 
of our three catalogs. · ·

1 

· VISA \ 

Kepco, lnc .•. 131-38 Sanford Avenue, Flushing , NY 11352 USA. Tel· (718) 461-7000. Fax· (718) 767-1102. Easyllnk (TWX) 710-582-2631 a KE pc 0 .. 
Eastern Region: 131-38 Sanford Avenue , Flushing , NY 11352 USA• Tel (718) 461-7000 •Fax (718) 767-1102 • Easyl1nk (TWX) 710-582-2631 ~ 
Western Region: 800 West Airport Freeway, Suite 320 LB 6018, living, TX 75062 USA. Tel · (214) 579-7746. Fax. (214) 579-4608 -=- THE POWER SUPPLIER •• 

Kepco Europe, Ltd ., London , England: Salamander Quay West, Park Lane, Harefield, Middlesex UB9 6NZ •Tel: + 44 895 825046 •Fax: + 44 895 825045 SINCE 
1946 
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You'll Find Som 
At Both Ends With 

We've all seen the light regarding Ethernet on 
twisted-pair Now we'd like to show you the full 
spectrum in IOBASE-T- with the most complete 
selection of silicon for both ends of the LAN. 

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

30 

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

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

Am79C980JC And you won't find the design 

EDN November 7, 1991 



ething Great 
AMOS 10BASE-T. 

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

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

So call AMD today at 1~800~222~9323 

LOGIC t 
rtfrf//IG& 

~t1AGEMflif coNfROL EfiANSlotJ 

I l 
/MR FUNCTIONAL BLOCJ:. /JIAGIW1 

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

~ 
Advanced Micro Devices 

1991 Advanced Micro Devices. Inc. 901 Thompson Place. P.O. Box 34 5 3. Sunnyvale. CA 94088. 
TPEX and IMR are trademarks o f Advanced Micro Devices. Inc. Velcro isa registered trademark 
o f Velcro Industries B.V. tNetherlands Corporatio n I: Amsterdam. Netherlands. 
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NOW PHONE LINES 
BEAS 

TECHNOWGICALLY 
ADVANCED 

AS THE ER T DOOR. 
Our single-chip 
MC145447 
call identifier is the 
end of the line for 
unwanted callers. 

, Motorola has a 
', whole new way of 

looking at call 
identification technology: 

A fully-integrated, single-chip 
receiver that requires no 
adjustment. 

With our new MCI 4544 7, any telephone, FAX, 
PBX, answering machine, key system, modem, or 

other telephone equipment 
can identify the originating 
phone number of incoming 

calls wherever Calling Number Delivery is offered. 
There's also an integrated ring detector. A standby 

mode for low-power consumption. And excellent 
input sensitivity for the detection of weak signals. 

As a call identifier 
pioneer, Motorola is leading 
the way in embedded, single­
chip solutions. To gain an 
insider's view of this new 
technology, call us at 

1-800-521-6274, or mail in 
the coupon below for a free 

call identifier Sample Kit. 
You migl1t just find opportunity 

knocking at your door. 

,-------------------, 
I FREE SAMPLE KIT! For a better design tomorrow, send off today. I 
I To receive a free MCI 45447 Sample Kit and teclmical data, return this coupon to: I 

I Motorola, Inc. I 
P.O. Box 1466 

I Austin , Texas 78767 EON 11/7/91 I 

I Application Requirements I 
I Nan1e I 

Title _ ____________ _ 
1 Company I 

I Address ____________ _ 
I City _ ____________ _ 

State Zip ___ _ 
I Phone fax L ___________ -_-_-_-_-_-_----~ 

®MOTOROLA 
e 199 1 Motorola, Inc. <f!Y and Motorola arc rcy,istcrcd t ra.dcmark.~ of Motorola, Inc. 
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SIGNALS & NOISE 
When automatic phone 
answering doesn't work 
With reference to the letter, 
"Reader objects to automatic phone 
answering" (EDN, Sept 2, 1991, pg 
36), my experience with computer­
ized switchboards is one of actual 
inconvenience as opposed to minor 
irritation. 

Having had cause to telephone a 
company in the States, I was 
greeted by a pleasant voice explain­
ing the office hours and giving a 
list of options I could select by 
pressing a key. Unfortunately , I 
could not get any further into the 
system. Although touch-tone dial­
ing is being introduced in this coun­
try, it is by no means widespread 
as yet. 

Assuming companies with auto­
mated switchboards are not deliber­
ately discriminating against callers 
with pulse-dialing telephones, 
would it not be possible to either 
provide an announcement of an al­
ternative number for personal at­
tention, or arrange that no response 
within a given time passes the call 
to a receptionist? 
Ken Wood 
Senior Design Engineer 
Digital Imaging Systems Ltd 
Newport , Wales, UK 

Discussion of NPR 
specification may "mislead" 
Part 2 of the series "Designers' 
guide to subranging AID convert­
ers" (EDN, April 25, 1991, pg 155) 
by Ray Ushani contains a discussion 
of the noise power ratio (NPR) 
specification for ADCs that may be 
misleading to your readers. 

You can find the seminal work 
in this area in "Quantization and 
Saturation Noise Due to Analog-to­
Digital Conversion" published by 
Gray and Zeoli, IEEE Transac­
tions on Aerospace and Electronic 
Systems, January 1971. This paper 
describes the calculations that are 
used to optimize noise conditions in 
the type of applications discussed 
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in Ushani's article. Although the 
equation for NPR is correct, the 
method of application to communi­
cations systems is not. 

Optimization of NPR is based on 
an assumption of a Gaussian distri­
bution for the input-signal ampli­
tude (see Fig 5 in the article) in 
communications systems. The de­
signer needs to choose the full-scale 
range of the ADC based on the rms 
amplitude of the input signals, or 
a , the standard deviation from the 
Gaussian distribution. The designer 
must optimize this full-scale range 
by trading off the quantization 
noise, which depends on the AID 
resolution versus the potential for 
saturation noise when signals ex­
ceed full scale. Gray and Zeoli's pa­
per provides an excellent descrip­
tion of these two sources of noise. 
By determining the load factor "k" 
on the basis of guaranteeing that 
saturation never occurs, as Ushani 
suggests, the noise ratio will be­
come dominated by the quantization 
noise source for all nonsaturating 
signals. 

In the article, it's recommended 
that the loading factor should be 
set to 8 in a 12-bit ADC. Because 
the full-scale range of the ADC 
is equal to ka, this results in 
68% of the input signals being 
digitized with only one-eighth of 
the ADC's range. This is equivalent 
to a loss of 3 bits of dynamic range, 
or a loss of 18 dB by using 
only 9 bits of a 12-bit ADC. From 
the same calculations, 95% of the 
signals would use only one-fourth 
the range, resulting in a loss of 2 
bits and 12 dB. To optimize the 
overall noise performance, the 
analysis by Gray and Zeoli rec­
ommends a loading factor of ap­
proximately 5 for a 12-bit ADC, al­
lowing 99. 7% of the signals to be 
digitized over 60% of the ADC's 
range, rather than 37.5% as Ushani 
suggested. 
Mike Demler 
Micro Networks Co 
Worcester, MA 

(Author's reply: Mr Demler believes 
that the method of application to 
communications systems is incor­
rect. Specifically, he explains that 
to optimize the overall noise per­
formance, a loading factor of 5, 
rather than 8 for a 12-bit ADC, 
should be selected. 

He believes the equation for NPR 
is correct. According to this equa­
tion (NPR=6.02N+20 log(Vs!K), 
a loading factor of 8 will result in 
an NPR of 58.83 dB. This NPR is 
3.87 dB less than the ideal NPR of 
62. 7 dB that's the result of a loading 
factor of 5. 

It's not clear to me what Demler 
is referring to when he deducts a 
loss of 18 dB. I hope he's not refer­
ring to a loss of 18 dB in NPR. 

Although a loading factor of 5 
(5.01) is theoretically the ideal load­
ing factor, in practice, FDM (fre­
quency-division multiplexing) sys­
tems usually operate at a noise­
loading level of a few decibels below 
the point of maximum NPR.) 

More information on 
stacked bar codes 
Concerning the article on stacked 
bar codes (EDN , December 20, 
1990, pg 108), I'd like to clarify a 
few points. Codablock MLC-2D is 
not the only suitable stacked-bar­
code symbology currently available. 
In fact, Code 49 and Code 16K are 
equally suitable. 
• The article implies that only Code 

49 requires multiple check char­
acters. In fact, all stacked symbol­
ogies require multiple check char­
acters to ensure data integrity. 

• The article states that Coda­
block is easier to print. This is 
not the case. All stacked sym­
bologies can be printed, using 
current printing technologies, 
with equal ease. 

• Code 49 and Code 16K have 
been accepted as viable sym­
bologies by the bar-code indus­
try, and symbology specifica­
tions for them are available. 

33 



SIGNALS & NOISE 

Currently, only the original 
company specification is avail­
able for Codablock. 

• Code 16K and Code 49 are com­
patible with existing, linear bar­
code symbologies, and bar-code 
readers can automatically dis­
tinguish among them. 

• Because Codablock uses Code 39 
and other symbologies and doesn't 
require special start and stop char­
acters or other decoding checks, 
Codablock symbols cannot be 
automatically distinguished 
from conventional Code 39 or 
other symbols. Codablock read­
ers cannot automatically distin­
guish between conventional and 
stacked versions of a symbol­
ogy. Codablock readers, there­
fore, require a switch (hardware 
or software) that enables them 
to change from reading Coda­
block to conventional symbols. 

These comments don't mean that 

Codablock would not be a suitable 
solution for a particular application. 
However, Code 49 and Code 16K 
should also be considered on their 
actual merits. 
Bert Moore 
Director of Technical 
Communications 
Technical Symbology Committee 
Aim USA 
Pittsburgh, PA 

Reader notes observations 
about dissociation of skills 
In the editorial, "Intelligences the­
ory reshapes thought" (EDN Soft­
ware Engineering Special Supple­
ment, June 20, 1991, pg 9), Charles 
Small's observations about the dis­
sociation of skills of programmers 
and engineers are interesting, and 
not something I would have antici­
pated. Of course, I assume that 
both groups are at least adequate 

in logical-mathematical thinking, or 
they could not survive in their cho­
sen fields. Small's remarks also re­
mind us that sometimes what is 
thought to be intrinsic to a field 
(use of language in programming) may 
be a cultural or historical accident. 
Howard Gardner 
Harvard Project Zero 
Graduate School of Education 
Harvard University 
Cambridge, MA 

NEXT WEEK IN EDN 

In the November 14 EON 
News Edition, look for a Prod­
uct Watch on SBus cards and 
a Career Opportunities article 
on ISDN. 

More answers. 
Every week in EDN. 

Power distribution. Made sitnple. 

Why settle for this ••• . .. when you can have this? 

You already know how complex a 
power distribution network can get. 
Wires, terminals, shrink tubing and 
cable ties, just to start things off. 
Then there's the fixturing, testing, 
crosstalk and ringing. Top it all off 
with dents in the budget, quality 
certification headaches and a 
ferocious appetite for enclosure real 
estate. 

The Bus Bar Division of Methode 
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Electronics can custom design 
solutions to your power distribution 
problems. From bus systems that 
mount on circuit boards and 
backplanes to sophisticated 
laminated or powder coated bars, 
Methode's bus bars provide 
reliability and economy. 

If high current densities, low noise, 
designed-in capacitance and accurate 
termination locations are what you 
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need, talk to us. 

We'll make power distribution 
simple. 

Otf ETHOOE El...ECTROt'lll,INC. 

Bus Bar Division 
4001 Industrial Avenue 

Rolling Meadows, IL 60008 
708/577-9545 • Fax: 708/577-9689 
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DESIGN NEWS 

Analog Design Insights from Maxim Integrated Products No. 23 

Analog Solutions For Tough Design Problems 
Fastest, +5V-Supply 12-Bit ADC 

llFlt 

REFOllT 
POWER-DOWN 

3-WIRE SERIAL 
OR 

8-BIT PARALLEL 

µP 

The MAX190 converts rail-to-rail signals to either serial or 
parallel data in 7 .5µs on battery power. Precision 
laser-trimmed reference, clock and trackfrlold included 
on-chip . The MAX190's already-low 15mW power 
consumption is reduced to 150,!W during shutdown. 

CIRCL£ 274 

Dual 12-Bit Multiplying DAC in 
20-Pin DIP/SO Saves Space 

VREFA 

OAOA 

4-BIT 
DATA IN 

&MC• 

VREFB 

RFBA 

IOUTA 

AGNO 

IOUTB 

RFBB 

The MX7549current-output, four-quadrant multiplying 
DAC features 1 % resistance match between DACs, 
making many dual applications possible. The new 
DAC has ±1hLSB max integral nonlinearity , ±5ppm(C 
max gain temperature coefficient, and operates from a 
single +5V to+ 15V supply. Pin compatible to AD7549. 

(CIRCL£ !77) 

Four Comparators W'lfh On-Chip 
DAC Adjustable Thresholds 

CONTROL 
SIGNALS 

THRESHOLD COMPARATORS & 
SETIING DACs OUTPUT DRIVERS 
,----'"---.,~ 

} 

OUTPUTS 
HIGH/LOW 

REFERENCE SIGNAL OUTPUTLEVEL 
INPUTS SETIING 

New MAX516 automates calibration, minimizes part 
count with 4 BiCMOS comparators with 
DAC-programmed input thresholds in a single device. 
Features include 0.4% resolution, 1.5µs propagation 
delay and 50mW max power consumption. 

(CIRCL£ 280) 

15-Bit ADC Uses Only 1.25µA 
Supply Current! 

+5V -5V 

The MAX135 low-noise. SY-powered, multi-slope 
integrating ADC provides ±0.005% accuracy at 16 
conversions per second, while requiring only 125µA 
of supply current over temperature ( 1 OµA in sleep 
mode). Resolution is extended to 18 bits with 3 
sub-LSB bits and data averaging. 8-bit data bus and 
3 logic control lines simplify µP interfacing. CIRCL£ 276 

Complete 12-Bit Voltage-Output 
DAC Includes +5V Reference 

SIMPLIFY " DATA INNOLTAGE OUT" ~ 

'°" '?>· 

DIGITAL 
ATTENUATION

11
3: .. :::.,, 

CODES 0010 1g301 1001 
11110011000110 

011 0001 011111 0101 
0011 0011001 0011 0101 

•":># x N 
... ;_,,~9.z<JO 

·' ·\ 
•t-350V +9.225V ... ,.~ 

·"~:9·<ssv 
)(If> 

'°st-

The MAX507/508 combine a laser-trimmed DAC, a 
high-performance BiCMOS output amp, and a 
buried-zener voltage reference on a single IC, greatly 
improving reliability compared to multi-chip solutions. 
Data is transferred into the input register in 8+4-bit 
(MAX508) or 12-bit (MAX507) wide data formats. 

(CIRCL£ !71) 

Broadcast Quality Video Op Amp 
+5V 

The MAX404 video op amp has 0.01 · differential 
phase and 0.05% differential gain while operating 
from±5V supplies. Featuring BOMHz gain-bandwidth 
and SOOV/µs slew rate , this amplifier is ideal for video 
and other high-speed applications . SOmA 
continuous output current is guaranteed. (CIRCL£ !11) 

4-Quadrant Multiplying 
Voltage-Output 12-Bit DAC 
Includes Output Amplifier 

INPUT .IA!AAW!AA .. 
SIGNAL mnmm 

DIGITAL 
ATT~grs10~1113i,fJi~brJ, 

111100110 00110 
011 00010111110101 

0011 0011001 0011 0101 

The MAX501 /502 combine a BiCMOS amplifier with 
±1 OV drive capability and a laser-trimmed, 
thin-film-resistor DAC on a single chip . These DACs 
accept a DC or AC reference and have buffered input 
latches that are easily interfaced to both 8-bit 
(MAX501) and 16-bit-wide (MAX502) data buses. 

CIRCLE 271 

Quad 12-Bit Voltage-Output DACs 
Replace 8 Components! 

~ 10 
0 
> 1/2LSB/div ·---+ -

1 : ' t- ,. -1 - ; -
f- - ~ .. . 

J_ LL. ~_L_ 
TIME 1µs/div 

The monolithic MAX526 replaces 4 DACs and 4 op 
amps. Monotonic 12-bit performance quaranteed with 
1"2LSB relative accuracy over temperature for all 4 
outputs and 1 LSB total unadjusted error with no zero­
or full-scale adjustments at +25"C. Outputs settle to 
1hLSB in 3µs. 

(CIRCL£ !711) 

Lowest Noise Dual Op Amp For 
5V Systems 

VOLTAGE NOISE DENSITY vs. FREQUENCY 
100 

S ±!JV 

~ 
TA=+25"C 

~ 
~ 
v; 
z 
~ 10 3 
~ 
0 z 
~ 

~ 
3 
~ 

r----... 
> 

1 IF CORNER = 90Hz 
1 

1 10 100 lk 10k 
FREQUENCY (Hz) 

The MAX412 provides the best noise J>!1rformance ­
even at very low supply voltages. <2.4nVNRZ@ 1 kHz noise 
gucvanteed! Withaguaranteedoutputvcitageswingd7.3Vpp 
and greater than 97d8 SINAD (SignaVTHD+N) while 
operating from ±SV supplies, the MAX412 is ideal for SV 
systems. 8-pin DIP/SO. (CIRCL£ ZIZ) 



Complete +5V Serial Port IC With 
1µF Extemal Caps! 

COMPLETE DTE INTERFACE 

PRINTER 

The MAX241 is a complete serial port on a single chip. 
It features 4 drivers and 5 receivers in a 28-pin SO 
package. A separate shutdown mace reduces supply 
current to a mere 1µA. 

(CI RCLE Zll) 

Complete Flash Memory 
Programmer In 1/2 Square Inch! 

_y. 
Vpp SltlN l)( 1--~---01'--..---< Vpp 

PROG~A0~~~~~ "'="' flASH 
(DIRECTFROM ~ 

MICROPROCESSOR) CC 5000pf • MEMORY 

I 33µF ~-~ 

Small +5V PWM Regulator Has 
94% Efficiency! 

OUTPUT 
.,.,,,___,....,V'-..._+_sv @ 300mA 

• lOOµf 

The MAX730 is the smallest complete PWM 
step-down available . Its 8-pin SOIC package and all 
surface-mount external components fit into 0.55 
square inches. It delivers up to 300mA from 5.2V to 
11 .0V inputs with 94% efficiency. (CIRCLE Zl4) 

B·Digit 1 OMHz LED Display Driver 
Works With Any µP! 

DATA 
IN 

Guaranteed 750mA Output From 
Small +5V PWM Regulator 

INPUT 
+60VT0+16.0V 

MAXC001 

·~ 
~ MAXLOOl 

WElr°ilil i00µH OUTPUT 
+5V@750mA 

lOOµf 

The MAX738 PWM step-down switching regulator is 
ideal for high-efficiency step-down applications . It has 
a 6V to 16V input voltage, up to 750mA output current, 
and 88% efficiency. 

Two RS-232 Serial Ports On A 
Single Chip! 

(CIRCl£ Zl5) 

TWO COMPLETE DTE INTERFACES 

PERSONAL COMPUTER 

CLOCK--+--+------' 
LOAD---<>------~ 

PAINTER 

The MAX732 200mA step-up regulator is a simple , 
compact flash memory programming supply that has 
direct µP-controlled shutdown. It will step up from +5V 
to + 12V±4% at 200mA with 88% efficiency . 
Pre-assembled evaluation kit available . 

(CIRCLE Zl6) 

Simplify Battery Load Management, 
Drive 4 LowCost NMOSFET's from +5V 

+5V----~ 

vcc IRFZ40 
TOLOAO 1 

INl 
TO LOAO 2 

IN2 ON 

nu S 
AIWICIM TO LOA03 

IN3 AMl:lll1 
CMOS OFF TO LOAD 4 

IN4 

HOLD 

cU~sS LATCH Cf PR POWER READY 
LOAD = GND 

The MAX621 1620 drive 4 low-cost 35A/O 0280 
N-MOSFETs from 4.5V to 16.0V inputs. It combines a 
power supply, four latched MOSFET drivers, protection 
circuitry - all in a single 18-pin IC. The MAX621 has 
internal charge-pump capacitors; MAX620 costs less 
and requires 3 inexpensive external components. 

(CIRCLE 21U) 

* DATA SHEETS * 
MAX190 (Cirde 274) MAX404 (Clrde 281) 
MAX135 (Cirde 275) MAX41 2 (Cird e 282) 
MAX501/502 (Cirde 276) MAX241 (Cirde283) 
MX7549 (Cirde 277) MAX730 (Cirde284) 
MAX5071508 (Circle 278) MAX738 (C ircle 285) 
MAX526 (Circle 279) MAX732 (C ircle 286) 
MAX516 (Circle 280) MAX721 9 (Circle 287) 

The new MAX7219 has an easy-to-use serial 3-wire 
interface and digital/analog brightness control. Only 
one external resistor is required to set the segment 
current for all LEDs. The MAX7219 has 1 kHz per digit 
scan rate and is available in a compact 24-pin SO 
package. (CIRCLE Z17) 

Four a.an Switches In 0.3in2 - No 
External Components! 

TO LOAD 1 

~1 c~~s S TO LOAD 2 

OFF 
TO LOAD 3 

HOLD TO LOAD 4 nu s LATCH 
POWER READY CMOS 

LOAD 

The MAX625 allows logic signals to switch four 1A 
loads (4A peak) , simplifying load switching in 
low-voltage systems and extending battery life . It has 
a 4.5V to 16.5V input supply range and 70µA typical 
quiescent current. Ideal for battery-powered and 
distributed power applications requiring high 
efficiency and small size. Available in 24-pin narrow 
plastic DI Ps. (CIR CLE ZUI) 

MAX249 (Cirde 288) 

The MAX249 has 6 drivers and 10 receivers - two 
complete Data Terminal Equipment (DTE) serial ports 
on one chip, making it ideal for space-critical 
applications. Plus, the MAX249 uses space saving 
1µF capacitors and is guaranteed to operate at data 
rates up to 64kb/s. (CIRCLE Ziil 

100mA.output, Monolithic Voltage 
Converter Upgrades ICL7660 

l'OSITlVE VDLTAIE aa.uR 

INVERTED 
NEGATIVE 
VOLTAGE 
OUTPUT 

The MAX660 charge-pump voltage inverter converts 
a + 1.5V to +5.5V input to a -1.5V to -5 .5V output. It is 
a pin-compatible high-current upgrade of the 
ICL7660. 100mA is supplied with only a 0.65Vvoltage 
drop, compared to only 15mA with the ICL7660. 
Efficiency exceeds 90% for most applications . 

(CI RCLE Zll1 ) 

* FREE SAMPLES * 
MAX621/620 (Cirde289) For applications assistance, call (408) 737-7600, 
MAX625 (Cirde290) FAX (408) 737-7194 or write Maxim Integrated 
MAX660 (Cirde 291 ) Products, 120 San Gabriel Drive , Sunnyvale, CA 

94086. 



There's a new standard 
for functionality, ease-of-use and 

TheTl-68. 
• pnce. 

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

We met all of our goals and then some. 
The TI-68 has 254 useful functions. It solves 
up to five simultaneous equations with real 
or complex coefficients. A prompting system 
guides you through all entries and results. 
You can handle the complex numbers exactly 
the way you want, without entering a special 
mode. The TI-68 evaluates 4D complex number 
functions and lets you choose polar or 
© 1989 11 
IH00033D 

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

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

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

Working with number bases and conver­
sions are also no problem. Perform arithmetic 
functions in decimal, hexadecimal, octal or 
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binary. And it does Boolean logic operations, too. 
The TI-68 provides up to 440 program 

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

The TI-68 has what you've been looking 
for - the right functionality at the right 
price. See and try it at a nearby retailer, or 
call 1-806-747-1882 for additional informa­
tion and to request free product literature. 

TEXAS ..lf 
INSTRUMENTS 
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HowTeradyne helps Northern Telecom 

john Haydon, Ken Bradley, Gary Hobin, Terry Caves of Northern Telecom 
Electronics, Ottawa. 
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"To us, time is a strategic tool, a way of getting the edge it takes to 
gain a leadership role in world markets. With Teradyne testers, test 
development and manufacturing setup times are shorter, and actual 
test performance is far superior." 

KEN BRADLEY, General Manager 

Northern Telecom believes a quality message begins with a 
commitment: to deliver the highest performance products at 
the lowest cost - quickly and on time. 

That's why Northern Telecom Electronics chose the Teradyne 
A500 Family of systems to test its most advanced mixed-signal 
chips. Pushing the performance envelope can be risky, but 
Teradyne is helping Northern Telecom avoid the pitfalls. 

"Our Norstar key system is extremely silicon intensive. The A500 
provided virtually unlimited test capability and reduced test time. 

EDN November 7, 1991 



send the world a quality message. 
I believe without it, the entire project would not be nearly as 
successful as it is.n 

GARY HOBIN, Manager, 
Test & Product Engineering 

Because the A500 Family's IMAGE™ programming environment 
permits full tester simulation at off-line workstations, test program 
development parallels design. That cuts product development times 
dramatically. And because test data is fed back quickly and early in 
the process, Northern Telecom engineers can eliminate bottle­
necks, enhance manufacturability, and accelerate time-to-market. 

"Teradyne helps us meet our high-volume jJrodudion goals - on time. 
And they perform beyond our expectations in terms of operating costs; 
tester maintenance cost is 80% lower than budget- and tester uptime 
measures in the 98%-plus range.n 

JOHN HAYDON, Business Unit Manager, 
Test Operations 

Teradyne's A500 Family testers run reliably, producing the 
accurate, repeatable results that let Northern Telecom engineers 
ramp up fast to high-yield, high-volume production. So when a 
customer needs devices, Northern Telecom Electronics is ready 
to deliver quantity as well as quality. 

"Teradyne's seroice continues after the sale. It's as if they take our 
priorities as their own. That's helped us achieve the quality it takes 
to succeed in such highly competitive markets as the U.S., U. K., 
Germany, and japan.n 

TERRY CAVES, Director of Operations 

Teradyne's A500 Family of Test Systems. Helping companies 
like Northern Telecom send their customers the right message. 
To see how we can help you, call Beth Sulak at (617) 422-2746. 
Or write today to: 
Teradyne, Inc., 
321 Harrison Ave., 
Boston, MA 02118. 
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the world's largest selection 
2KHz to 8GHz from $495 
With over 300 models, from 2-way to 48-way, 0°, 90° and 180°, a variety of 
pin and connector packages, 50 and 75 ohm, covering 2KHz to 8000MHz, 
Mini-Circuits offers the world 's largest selection of off-the-shelf power 
splitter/combiners. So why compromise your systems design when you 
can select the power splitter/combiner that closely matches your 
specific package and frequency band requirements at lowest cost 
and with immediate delivery. 

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

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

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

finding new ways ... 
setting higher standards 

t::I Mini-Circuits 
A 01v1s1on of Sc1enllf1c Components Corporation 

P 0 . 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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Finally . A CASE environment 
everyone can disagree on. 

Software engineers can't always agree on which tools, 

networks, or platforms are best. So it's good news that the 

open environment of Teamwork<E can agree with all of them. 

Cadre's Teamwork takes maximum advantage of any 

situation. It's modular, easy to use, easy to extend, and lets 

you deal with changing requirements throughout the life 

cycle. It lets you automate standard techniques to simplify the 

analysis, design, coding, testing, and maintenance of complex 

software systems. 

In short, Teamwork is the serious aid to software 

engineering- forward and reverse. And thanks to Cadre's 

strong alliances with third-party software and hardware 

partners, it will continue to make the difference for developers 

on into the next century. 

Teamwork gives you customizable menus, a program-

mable interface, and supports heterogeneous networks. It 

plugs neatly into your own environment and extends the 

Teamwork project database to support your own and third­

party tools. You get greater control over your projects without 

changing the way you like to work. 

This kind of flexibility is what Cadre's Unified CASE® 

is all about. It's a unique solution that binds all aspects of the 

software development process together into one cohesive 

whole - at the same time giving you maximum performance 

at each point in the process. And since each part of Teamwork 

can also function independently as well as in the integrated 

environment, you don 't even need to have it all to, well, have 

it all. 

If your software engineers find it hard to agree on 

anything, give them a chance to agree on everything. Call 

1-800-743-CASE for complete 

CADRE information. 
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Tape duplicator system 
sought and found 

I am searching for a magnetic-tape 
duplicating system. The tape is a 1/t­
in. DC300 cartridge formatted per 
ANSI X3.56-1977. Ideally, the sys­
tem would copy one or more mas­
ters to five blank tapes. 
Robert Roy 
Test Engineer 
Lockheed Sanders 
Nashua, NH 

One company that sells tape duplica­
tor systems is 

Trace Mountain 
1040 E Brokaw Rd 
San Jose, CA 95131 
(408) 441-8040. 

JEDEC and Intel HEX 
files are not the same 

Does anyone have any information 
regarding JEDEC data files? I am 
familiar with Intel hex-format data 
files-are they the same? 
Stephen Gibbons 
Frequency and Time Systems 
Medford, MA 

No, the JEDEC file is not the same 
as Intel HEX files. The JEDEC file 
format was developed, and is periodi­
cally updated , by a joint civilian­
military committee. Members of this 
committee include engineers from 
Data I/O ((800) 426-1045). The file for­
mat is used to program PLDs of all 
kinds and includes a standard header 
identifying the design, author, and 
part number; programming data for 
the PLD; and, optionally, test vectors 
for a programmed device. 

If you hunt around on the EDN 
Bulletin Board Service, you will find 
numerous examples of JEDEC files 

EDN November 7, 1991 
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attached· to messages about PLD de­
signs. Check the /freeware and 
/di_sig Special Interest Groups. 

Help arrives for 
slide-rule collectors 

Reader Steven A Zilber asked for in­
formation on slide rules in the July 
18, 1991, issue. I've been collecting 
them for 30 years-my oldest is a 
Bulldog Handy Calculator for wir­
ing electric motors, copyrighted in 
1935. I know of no collector society. 
I have found flea markets to be a 
good source. 

I suggest he contact manufactur­
ers of promotional slide rules in­
cluding 

American Slide Chart 
445 Gunderson Dr 
Wheaton, IL 60187 
(312) 665-3333 

Datalizer Slide Chart Inc 
1786 Armitage Ct 
Addison, IL 60101 
(312) 620-5050 

Promotional Slideglide Corp 
33 Rockwell Pl 
Brooklyn; NY 11217 
(212) 858-2917 

Robert W Tillotson, Sr 
Magnavox Electronic Systems Co 
Fort Wayne, IN. 

Orphaned meter 
needs new LCD 

I hope that someone may be able 
to identify and inform me of a 
source of replacement for the liquid­
crystal display in my "orphaned" 
Doric C-Meter, Model 130A. Beck­
man Industrial (Cedar Grove, NJ) 
was the last parent, but it no longer 
supports the unit and has not re-

tained a parts list. Instead, the com­
pany has a new meter with a rotary, 
9-position switch replacing a totally 
autoranging unit. I can't see that 
as a technology improvement. 

The markings on the LCD are 118 
E 7 R15-485 LXD 22-79. It is a 3Yz­
digit display with a LOW BAT indi­
cation on the left side, edge 
mounted in a 40-pin holder. I would 
be most grateful for any informa­
tion that anyone has in helping me 
make a repair on an excellent test 
unit. 
Ray E Edester 
Merritt Island, FL 

The markings you describe must be 
company specific because we couldn't 
use them to find out any specific infor­
mation about the LCD in question. 
However, the following vendors all 
offer small LCDs that could fit your 
needs. 

AND 
770 Airport Blvd 
Burlingame, CA 94010 
(415) 347-9916 
FAX (415) 340-1670 

Hamlin 
Lake and Grove Sts 
Lake Mills, WI 53551 
(414) 648-2361 
FAX (414) 648-3001 

IEE Inc 
77 40 Lemona Ave 
Van Nuys, CA 91409 
(818) 787-0311 
FAX (818) 901-9046. 

Ask EON solves nagging design problems and 
answers difficult questions. Address your letters 
to Ask EON, 275 Washington St, Newton, MA 
02158. FAX (617) 558-4470; MCI: EONBOS. 
Or send us a letter on EON's bulletin-board 
system at (617) 558-4241 ; from the Main Sys­
tem Menu, enter ss/asLedn and select W to 
write us a letter. 
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Powerful New Features! 
• AC and DC measurements of up to 

1600 points; each with 6 guard points 
• Test capacitors, inductors, resistors, 

semiconductors, opens and shorts 
• Complete 400-point systems with 

fixture and PC for $9995. (200-point 
core systems starting at $4495.) 

The most cost-effective way to 
find manufacturing faults! 

Call (206) 653-4861 

I CHECKSUM{Y 
8416134th St. N.E., Arlington, WA 98223 

CALENDAR 

An Inside Look At FDDI (semi­
nar), University of New Hamp­
shire, Durham, NH. Trellis Com­
munications Corp, 749 E Industrial 
Park Dr, Manchester, NH 03109. 
(603) 668-1213. FAX (603) 668-9211. 
November 12 to 13. 

Engineering Documentation Con­
trol Seminar, Windsor Locks, CT. 
University of Wisconsin, Milwau­
kee, Center for Continuing Engi­
neering Education, 929 N 6th St, 
Milwaukee, WI 53203. (414) 227-
3125. November 14 to 15. 

Wescon, San Francisco, CA. Elec­
tronic Conventions Management, 
8110 Airport Blvd, Los Angeles, 
CA 90045. (800) 877-2668; (213) 215-
3976, ext 252. FAX (213) 641-5117. 
November 19 to 21. 

Hands-On Novell Networking 
____________ c_1R_c_L_E_N_o_._4_s ____________ 

1 
(short course), Ottawa, Ontario. 
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The PQFP Test Clip Solution ... 
... for hands-free testing of SMT PQFP packages. 

• Clips directly onto your soldered-on PQFP device. 
• Support for testing, logic analysis, and emulation. 
• Converts JEDEC and EIAJ PQFP package footprints 

to standard test points .1" apart. 
• Available in package sizes 80 pin--160 pin. 
• Custom sizes also available! 

Call for FREE Catalog and Quotation: 

Emulation Technology Inc. 
2344 Walsh Ave. Santa Clara, CA 95051 
Phone: 408 982-0660 FAX: 408 982-0664 

CIRCLE NO. 46 

Call your Emulation 
Technology Distributor: 

AUSTRIA 
222-603-1953 

AUSTRALIA 
613-764-5199 

BELGIUM 
15-212223 

CANADA 
613-725-2177 

DENMARK 
44-532244 

ENGLAND 
234-266455 

FINLAND 
0-334133 

FRANCE 
1-69412801 

GERMANY 
89-4602071 
89-61208199 

HONGKONG 
3-460985 

HUNGARY 
361-116-2287 

KOREA 
2-516-1 144 

INDIA 
11 -6421114 

IS RAEL 
3-260-148 

ITALY 
2-353-8041 

JAPAN 
33-988-7534 
33-791-6411 

NETHERLANDS 
10-450-1444 

NORWAY 
2-900900 

SINGAPORE 
281-7244 

SOUTH AFRICA 
11 -789-1743 

SPAIN 
1-555-8112 

SWEDEN 
8-744-0300 

SWITZERLAND 
55-48-52-00 

TAIWAN 
2-507-9556 
2-721 -9533 

Learning Tree International, Box 
45028, Los Angeles, CA 90045. 
(800) 421-8166; (213) 417-9700; in 
Canada, (800) 267-1824. FAX (213) 
337-7568. November 19 to 22. 

Precision Positioning & Program­
mable Motor Controllers (semi­
nar), Lawrence, MA. New England 
Affiliated Technologies, 620 Essex 
St, Lawrence, MA 01841. (800) 227-
1066; (508) 685-4900. FAX (508) 
688-8027. November 20. 

FOSE Conference: Computers 
and Information Systems for Gov­
ernment and Industry, San Anto­
nio, TX. National Trade Produc­
tions Inc, 313 S Patrick St, Alexan­
dria, VA 22314. (800) 638-8510; 
(703) 683-8500. FAX (703) 836-4486. 
November 20 to 21. 

End-Use Power Line Harmonics 
(short course), Foster City, CA . . 
BMI, 335 Lakeside Dr, Foster City, 
CA 94404. (415) 570-5355. FAX 
(415) 574-2176. TWX 910-374-3059. 
November 21 to 22. 
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Seagate's Low-Profile 3.5" Drives 

alance, motion, 
volume: the 
raw materials 

of art-and technology. At Seagate, 
we've consistently excelled in pack­
ing the features you want, plus the 
performance you need, into an ele­
gantly compact package. 

Seagate's 1" high, 3.5"-inch 
disc drives-the ST3120, ST3144, 
ST3283, ST3500 and ST3600-offer 
performance levels unusual even in 
full-form-factor drives. These ad­
vanced drives are ideal for perform­
ance-oriented applications where 
size, weight and power must be kept 
to a minimum, such as high-end lap­
tops and portable workstations. 

Available in AT, SCSI-2 and 
Fast SCSI-2 interfaces, the drives 
combine a 3,600 RPM or 4,500 RPM 
spindle motor with Zone Bit Record­
ing (ZBR) to offer access times as 
low as 9.9 msec. Power consumption 
is from 3.5 to 5 watts, and capacities 
range from 106 to 525 formatted 
megabytes. 

When creativity and craftsman­
ship combine, the result is art. For 
complete product specifications, 
contact your authorized Seagate 
distributor or call Seagate directly at 
800-468-DISC or 408-438-6550. 

c5S5' Seagate 
AT is a trademark of International Business Machines 
Corporation. Seagare and the Seagate logo arc registered 
trademarks of Seagate Technology, Inc. 
0 199 1 Seagate Technology, Inc. 
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ELEC'92 
INTERNATIONAL ELECTRONICS & 

ELECTRICAL SHOW 

March 6-10, 1992 

• Electronic components & pans • Electrical machinery & apparatus • Telecommunications equipment 
• Meters & instruments • Manufacturing equipment • Consumer electronics • Illumination devices 

·. . ~CHI~ EXTE~l TRADE 
Org:mizer . • DEVHOFW1ENT COUNCll 

S . ~ 1'11!'1;1 WOlllD 
ponsor. ~TRADE CENTER 

Venue, TAIPEI WORLD TRADE CENTER EXHIBITION HALL, 5 Hsinyi Road, Section 5 
Tulpei , l1.Uwan, Rt:publicofChina Tel : 886-2·725·1111Fax.886-2-725·1314 Telex: 28094 
TPEWfC Branch Offices, New York·CETDC, Inc. Tel, (212)532-7055 Fax, (212)213-4189 
San Francisco-Far East Trade Service, Inc. TeL (415)788-4304 Fax, (415)788-0468 
Chicago-Far East Trade Service, Inc. TeL (312)819-7373 Fa" (312)819-7377 
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CALENDAR 

MIL-STD-1553 Seminar, Phoenix, 
AZ. Test Systems Inc, 217 W Pal- · 
maire, Phoenix, AZ 85021. (602) 
861-1010. FAX (602) 861-1082. De­
cember 3 to 4. 

Troubleshooting, Upgrading, and 
Installing Novell (short course), 
San Juan, Puerto Rico. Center for 
Advanced Professional Develop­
ment, 1820 E Garry St, Suite 110, 
Santa Ana, CA 92705. (714) 261-
0240. FAX (714) 261-6277. Decem­
ber 5 to 6. 

SEMI Technology Symposium, 
Makuhari, Japan. SEMI, 805 E 
Middlefield Rd , Mountain View, 
CA 94043. (415) 940-6903; (415) 964-
5111. December 6 to 7. 

IEEE International Electron De­
vices Meeting, Washington, DC. 
Courtesy Associates, Melissa Wid­
erkehr, 655 15th St NW, Suite 300, 
Washington, DC 20005. (202) 34 7-
5900. December 8 to 11. 

Winter Simulation Conference, 
Phoenix, AZ. EPIC Management 
Inc. (800) 447-6949. December 8 to 11. 

International Seminar On Double 
Layer Capacitors & Similar En­
ergy Storage Devices, Deerfield 
Beach, FL. Dr SP Wolsky, 1900 Co­
coanut Rd, Boca Raton, FL 33432. 
(407) 391-3544. FAX (407) 750-1367. 
December 9 to 11. 

Designing Industrial Experiments 
(short course), University of Wis­
consin, Madison. Dept of Engineer­
ing Professional Development, Uni­
versity of Wisconsin, Madison, 432 
N Lake St, Madison, WI 53706. 
(608) 262-2061. FAX (608) 263-3160. 
December 9 to 13. 

Dexpo Fall, Anaheim, CA. Miller 
Freeman Expositions, 1050 Com­
monwealth Ave, Boston, MA 02215. 
(800) 873-3976; (617) 232-3976. De­
cember 10 to 12. 
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We've never met a 
computer we didn't like. 

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

So the last thing you need is a 
fickle plotter. 

With this in mind, we've designed 
a whole host of connectivity solutions. 
To suit just about any 

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

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

We even have software 
computer. In any config­
uration or environment. 

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

~-........ /, 
il..:::~ !Iii·''' · ·~Ll;~~ 

that manages network 
plotter workflow. Just 
the thing to make 
your network more 
productive. .......::,...=::::=:::::::=s 

EDN November 7, 1991 

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

CIRCLE NO. 49 

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

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

You'll find us very accommodating. 

XEROX 
The engineering document company. 

Xerox Engineering Systems 
2710 Walsh Ave., Santa Clara, CA 95051 Xerox 1s a trademark of 
Xerox Corporation. All other brands or products are trademarks 
of their respective holders. © 1991 Versatec, Inc. 
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When is designing with DSPs 
stool? When you lack the sup 



like sitting on a two.-legged 
port only TMS320 provides. 

Strong, solid support is essential 
to your design success with 

digital signal processing. That's why 
we at Texas Instruments have developed 
the support for our TMS320 DSP 
family as carefully and extensively as 

includes more 
than 100 
university labs. 

When it 
comes to DSP 
support, no one 

the family itself. in the industry l•iiiiiiiiiiiiiiiilil 
gives you as 

World,class development tools 
Choose any DSP in our five-generation 
family, and you will find that the 

· development 
· "' environment is the 

same as that for 
general-purpose 

microprocessors. 
Included in 
the com­

prehensive 
line-up are 

advanced 
high-level-language 

ANSI-compatible C 
compilers, HLL C-source­

level debuggers, scan-based emulators, 
a multitasking DSP operating system 
and a low-cost evaluation module for 
benchmarking. 

Tap into plenty of help 
Our technical hot line connects you 
with TMS320 specialists who can 
answer your questions, provide more 
information or discuss 
a fine design point. 
We also maintain an 
on-line bulletin­
board service. 

Hands-on work­
shops are a convenient 
opportunity for familiar­
izing yourself with the TMS320 family 
and development environment. More 
than 2,0CO pages of applications notes 
and DSP code are available. In addi­
tion, there are over 100 third parties 
and consultants supporting the TMS320 
family. And our university program 

© 1991 TI 08- 1204 

strong a third leg as we do. 

The right DSP at the right price 
The other two legs - performance and 
price - are just as strong. 

Our industry-standard TMS320 family 
contains more than 30 members, includ­
ing the super-performance parallel­
processing TMS3 20C40. Prices start 
as low as $3 for 16-bit devices and $25 
for 32-bit devices. That makes it easier 
and faster than ever before for you to 
closely match a DSP to your price/ 
performance needs. 

When only a custom 
device will do, 
our unique 
customizable 
digital signal 
processing 
capability (cDSP) 
can adapt our 
general-purpose 
DSPs to your needs. 

To experience our strong support, 
call 1,800,336,5236, ext. 3536 
We'll send you brochures on our com­
prehensive TMS320 support, broad 
TMS320 family and cDSP capability. 

TEXAS .,, 
INSTRUMENTS 
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Our pulse generators 
will test what you have. 

High Speed Bi-polar BI CMOS 

That's a big statement. 
But these are powerful pro­
grammable pulse generators. 
Combined, they deliver top 
speed, high resolution and 
pulse-parameter flexibility. So 
you get accurate testing of 
your present and future high­
speed designs, whether they're 
!Cs, PCBs, or components. 

Put the 500 MHz HP 8131A 

HP 8130A Pulse Generator 

ii:= If I :. un • UH 
tU. T i • i 'ff!" i • i 

HP 8131A Pulse Generator 

ECL ECLips 

to work on your hottest new 
devices. With a transition time 
of <200 ps, plus pulse widths 
down to 500 ps with 10 ps 
timing resolution, you get the 
stimulus you've needed for 
accurate testing of your fastest 
designs. 

For the most complete testing 
of your high-speed devices, 
choose the HP 8130A. It has 

GaAs 
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And what you have in mind. 

the features you've want:ed in 
a 300 MHz pulse generator, 
including variable transition 
times down to 1 ns, and 10 ps 
timing resolution. Which means 
you not only have the flexi­
bility for high-speed parametric 
testing of digital devices, but 
for analog device testing as well. 

So call 1-800-452-4844 today. 
Ask for Ext. 2631 to get data 

EDN November 7, 1991 

sheets and application infor­
mation. Then get the program­
mable pulse generators you 
need for the fast devices you 
have in hand and mind. 

There is a better way. 

HEWLETT 
PACKARD 
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~National 
~Semiconductor 

Our 10-bit multi-step 
conversion technique gets you from 

A to D in 1/64 of a flash. 

Designing ADCs with a Like on-chip multiplexer (including 
powerful architecture and 2/4 and 8 channel) and sample-
unsurpassed functionality. and-hold. Which means a big sav­

ings in board space and testing, 
Using a patented multi-step con- and improved system reliability. 

version technique, our 10- and 8-bit 
analog-to-digital converters (ADCs) Optimizing speed and 
now require just 1/64 as many com- power with 10-bit ADCs. 
parators as full-flash converters. Drawing a mere 23SmW of 

This powerful architecture not power (1/2 that of half-flash 
only shrinks the number of com- devices), our ADC10061/2/4 still 
parators, but also reduces the display a conversion time of 900ns. 
power consumption and die size. That's lMs/s, which is guaranteed 
So now you get low-power CMOS over temperature. 
devices-available in military (883/ They also guarantee zero and 
SMD) and industrial temperature full-scale errors, with no missing 
ranges-that are ideal for high- codes, at ± 1 LSB. Plus, the 
speed data acquisition, disk drives, ADC10061 is a pin-for-pin upgrade 
and instrumentation. to our ADC1061. With twice the 

What's more, our multi-step ADCs speed. And since their input range 
offer unsurpassed functionality. spans from o to SV witlf 

V> 
<;; 
::20 

B·Bit • 10·Bit single SV operation, 
10 1----4----~--4-~1&R.114t1aS1 there's no need for a 

negative power supply. 

~ 0.1 '----...... --~ ..... --+----+-· 
Pushing the envelope 
on high-performance 

8-bitADCs. 0. 
Cf) 

10mW 
(S.A. - Successive 
Approximation) 

100mW 
Power 

A quick flash 01111111//i·step performa11ce. 

1W 
Offering the same SV 

system compatibility as 
our 10-bit ADCs, our new 

8-bit families, the ADC08061/2/4/8 
and the ADC08161/4/8, boast conver­
sion times of SOOns and consume 
only lOOmW of power. With a total 
error budget of± 1/2 LSB. 

In fact, the ADC08o61 is pin­
compatible with the industry-stan­
dard ADC0820. Of course, none of 
this would be possible if it wasn't 
for our ongoing commitment to 
high-performance mixed analog+ 
digital technology. 

Making the conversion 
to multi-step ADCs. 

For samples, call or write us 
today. And discover why other 
conversion techniques could be 
just a flash in the pan. 

1-800-NAT-SEMI, Ext. 121 
National Semiconductor Corp. 
PO. Box7643 
Mt. Prospect, IL 60056-7643 

~National 
~Semiconductor 

© 1991 National Semiconductor Corporat ion 

NORTH AMERICA: RO. Box 7643, Mt. Prospect, IL 60056-7643 (Tel : 1 800628 7364, ext. 121 ; Fax: l 800 888 5113); EUROPE: RaiffeisenstraBe 10, 0 -801 6 Feldkirchen, Germany 
(Tel: 49 8141 103 O; Fax: 49 8141 103 515); HONG KO G: 15th Floor, Stra ight Block, Ocean Center, 5 Canton Rd.,Tsimshatsui , Hong Kong (Tel: 852 737 1600; Fax: 852 736 9921 ); 
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EDITORIAL 

Buy this and you're a thief 

• 

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

American Society of 
Business Press Editors Award 
1988, 1983, 1981 
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The recording industry is lobbying Congress to slap outrageous 
royalty fees on digital-audio-tape (DAT) recorders and blank digital 
audio tape. This unprecedented "theft tax" presumes that your 
main intent in buying products capable of recording near-perfect 
audio is to make illegal use of copyrighted audio material. You 
have been prejudged a thief. The only reason this problem has 
come to a head is because the recording lobby has convinced our 
legislators that the vastly improved recording quality possible with 
digital audio has somehow changed the status quo. 

You see, retailers have been able to sell other types of recording 
products, such as reel-to-reel, 8-track, and cassette tapes, without 
royalty fees. The same goes for the recorders that imprint sound 
on these tapes. Home use of these recording products is a well­
established legal concept. Recently, the home-use concept was 
tested yet again in the courts. The Supreme Court ruled that 
people use VCRs mostly for time-shifting and other appropriate 
uses and not for illegal copying. It denied similar royalty fees on 
blank VCR tape. 

In fact, the digital audio recorders sold in the US will have a 
copy-protection mechanism that prevents people from making cop­
ies of copied tapes. Thus digital-audio-tape recorders already safe­
guard copyrights. Many laws protect copyrighted material from 
commercial exploitation, and these laws are not about to wink out 
of existence when DAT recorders become widely available. 

With an electronic preventative in place and thorough protection 
provided by existing copyright laws, the recording industry's fur­
ther attempt to bleed the public with unwarranted fees is nothing 
more than blind greed. If Congress decides to put fees on DAT 
products, the precedent could be earth-shaking. One could easily 
imagine the subsequent need for royalty fees on other recording 
products such as cassette recorders and VCRs. Similarly, one could 
imagine fees on photocopiers and photocopier paper, or worse, on 
computers and floppy disks. If you agree that the royalties pro­
posed by the recording industry are absurd and would set a very 
bad precedent, please contact your local legislator and say so. 

Steven H Leibson 
Executive Editor 

Send me your comments via FAX at (617) 558-4470, or on the 
EDN Bulletin Board System at (617) 558-4241300/1200/2400,8,N,1. 

55 



nti 

56 EDN November 7, 1991 



MACH210 1800 

MACH 120" 1200 

MACH 220" 2400 

MACH 130 1800 

MACH 230" 3600 

· Available 04 1991 
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AMO Presents The MACH™ Family Of 
High Speed, High Density PLDs. 

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

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

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

12ns 66 7 M.Hz 44 MASC 110 

12ns 66.7MHz 44 MASC 210 get to market faster. too. Because 
1sns soMHz 68 MASC120 it's supported by most popular 
1sns soMHz 68 MASC220 design tools: Including ABEL':" CUPL':" 
15ns 50MHz 84 MASC130 LOG/iC" MINC. OrCad~ and AMD's 
1
sns soMHz 

84 
MASC

230 own PALASM~ software.There's also 
hardware and software support from over 20 additional 
FusionPLD partners. 

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

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

~ 
Advanced Micro Devices 

901 Thompson Place. P.O. Box 3453.Sunnyvale. CA 94088 © 1991 Advanced Micro Devices. Inc. 
MACH and MASC are trademarks. and PALASM is a registered trademark of 

Advanced Micro Devices. Inc. All brand or product names mentioned are trademarks 
or registered trademarks of their respective holders. 
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ANY WAY YOU SLICE IT, 
GENERATION COVERS EVERY 

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

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

For the notebook market, 
take our newest Pancho drive. Summit S40MB C.ougor2IOMB 

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

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

Then there's our new 
Jaguar Series for the desktop 
market-3.5-inch drives offer­
ing 85 and 170 Mbytes. A 17 
msec. average seek time and a 

f"l!""'ss1110M• PonmoBsM• light weight, patented 1-inch 

World Headquarters: 3081 Zilnker R~d. ~n Jose, CA 95134 Telephone: (408) 456 .. tSOO FAX: (408) 456-4501 Sales Offices: Asiti -Singiporc: (65) 2%-1992 • Tiiipci: (886 ) 2-718-9193 • Tokyo: (81) 3-3485-8901 • Seoul: (82) 2-551-0511 Europe 
C \991 Conner Pcripher.ils, Inc. 
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CONNER'S NEWEST 
SEGMENT OF THE MARKET. 
high form factor make them ideal for a full range of desk­
top computers. 

For workstations, we're introducing two new 3.5-inch 
drives-the 210 Mbyte Cougar and 540 Mbyte Summit. Cougar 
is the highest performance low-profile drive on the mark<.!t 
today. While Summit delivers the greatest capacity and 
performance of any 3.5-inch drive. Both provide a fast average 
seek time of 12 msec., a 2.5 Mbyte per second sustained 
transfer rate and a SCSI-2 interface. 

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

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

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

C~··••ri11 .., ...... 
Delivering A Generation Ahead 

- London:(«) 071-409-0090 • Munich: (49) 89-129-8061 • Pouis: (33) J.47-47-41-08 • Aosto1: (39) 125-800260 • U.S.-Boston: (611) 449-9550 • Do1 llas: (2 14) 680-2913 •I rvine: (714 ) 727-2462 • Minnco1polis: (612) 449-5 186 • ~n Jose: (408) 456-4500. 
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F L U K E A N D PHILIP S T H E G L 0 B A L 

FLUKE ® 

Introducing 
There's More Than One Reason to Reach for It. 
In fact, there's every reason to reach for Scope Meter.'" 
Because only ScopeMeter combines the expertise 
of Fluke and Philips to bring you a dual-channel 
digital scope along with everything you've come to 
expect from Fluke digital multi meters. 
The result: the first truly integrated scope-and­
multimeter that lets you see a waveform and digital 
meter display at the same time from the same input. 
Or switch between dedicated high-performance 
Scope and Meter functions with the touch of a key. 
That makes it faster and easier than ever to capture, 

store and analyze precisely the information you're 
looking for. 

What's more, ScopeMeter is compact, 
easy-to-use and built for the most 

demanding field conditions. In short, 
ScopeMeter has everything 

it takes to be the only test equipment you take. 
Including the right price. To get your hands on a 
ScopeMeter, contact your Fluke sales office or 
your nearest Fluke distributor. For more product 
information, call 
1-800-44-FLUKE. 

SCOPEMETER. 
Now there's only one to reach for. 

Built to Take It. 
ScopeMeter's double-insulated case and 
rugged construction stand up to all kinds 
of abuse. ScopeMeter measures up to 
600 volts, is completely sealed against 
water, dust and contaminants and 
shielded from EMI. It comes with a 

shock-resistant holster. A three­
year warranty. And Fluke's 

longstanding reputation for 
reliability. It's enough to make 
our toughest customers smile. 

Double Duty. 
Twice the instrument of any other, ScopeMeter 
combines a 50 MHz dual-channel digital storage 
scope with a 3000-count (3 21.J digit) full-featured 
multimeter. Lab-performance features such as 
Min Max Record and 40 ns Glitch Capture make 
it easy to troubleshoot even intermittent fail­

ures. You 're looking at the first tru ly integrated 
scope-and-multimeter display that lets you 

see a waveform and digital meter display 
simultaneously on a backlit screen you 

can read across a room. 
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A L L A N C E N T E S T & M E A S U R E M E N T 

e 
SCOPEMETER. 

PHILIPS 

FLUKE 90 SERIES SCOPEMETER SELECTION GUIDE 

Suggested List Price 
Bandwidth 
Sample Rate 
Autoset 
Multimeter Display 
True RMS Volts 
Diode Test 
Continuity Beeper 
Time/Division 
Volts/Division 

FLUKE 97 
$1795 

50 MHz Dual Channel 
25 Megasamples/second 
Automatically sets Voltage, Time and Trigger 
3213 digits (>3000 Counts) 
AC or AC+DC up to 600V (1700V Pk-Pk) 
Up to 2.BV 
Yes 
10 ns/div to 60 sec/div 
1 mV/div to 100V/div 
By Number of Cycles, Events, Time, or Zoom Mode 

FLUKE 95 
$1495 

Digital Delay or Pre-Trigger 

Special Multimeter Modes Min Max Average Record, Relative (zero), dBm, dBV, dBW, 

Oscilloscope Cursors 
Glitch Capture 
Waveform Processing 
Waveform Memory 
Set-Up Memory 

Waveform Mathematics 

Signal Generator Output 
Component Tester Output 
Optically Isolated 
RS-232-C Interface 
Printer Output 
Backlit Display 

Audio Watts,% Scale, Frequency, Smoothing;• Change Alert'" 
12 Measurements, Display 5 Simultaneously 
2'40 ns 
Average, Variable Persistence, Min Max Record 
Store and Recall 8 Waveforms 
Store and Recall 10 Front Panel Set-Ups 
Add, Subtract, Multiply, Invert, 
Filter or Integrate Waveforms 
Sinewave or Squarewave 
Voltage or Current Ramp 

Full Operation by Remote Control 

Serial 
Electroluminescent 

Simply 

ScopeMeter's ~v~Ya~t­
panel layout is simple and 

straightforward to use. Pop-up 
menus and five function keys 
provide quick, visible control 
of all your options. With one 

touch of Autoset, ScopeMeter 
automatically sets voltage, 

timing and triggering control. 
And safety-designed BNC 

connectors and detachable 
probes simplify floating 

measurements. 

© 1991 John Fluke Mfg . Co .. Inc. Ad No. 00084 

FLUKE 93 
$1195 

5 mV/div to 100V/div 
By Time 
Frequency, Smoothing"• 
Change Alert'" 

Goes 
Wherever 

You Go. 
ScopeMeter is a breakthrough in 
portable power. It slips easily into 

a briefcase, tool kit, or its own 
optional soft or hard case; and runs 

on rechargeable NiCad batteries, 
standard C-cells or the included line 

voltage adapter/battery charger. On 
the job, its adjustable tilt-stand is a 

strong, secure hanger, too. And 
ScopeMeter is compatible with a 

wide range of Fluke and 
Philips accessories. 

FLUKE ® 
CIRCLE NO. 54 
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SIEMENS 

We Admit This Test Of Our Slimline 
Display Is Stacked In Our Favor. 
Our new LED dot matrix 
Intelligent Display~ has proven 
once again why Siemens is at 
the forefront of display device 
technology. And has left the 
competition at a loss for words. 

Because its package size is 60% 
smaller, the Siemens Slx2016 
Slimline allows you to say 
a lot more, in a lot less 
space. The Slimline 
family features a .4-inch 
package height, rather 
than the .8-inch height 
industry standard , while 
keeping a .19-inch character 

c 1991 Siemens Components_ Inc 

height. Plus, our displays are X 
and Y stackable, to give you max­
imum flexibility in your design . 

The Slx2016 is the first in 
a series of Siemens Slimline 
Intelligent Displays, all of which 
will give you on-board display 
drivers with control logic and 

easy addressability. 

And it's available now, in 
four bright colors includ­
ing red , yellow, green, and 
High-Efficiency Red . 

So if you 're looking for 
the slimmest Intelligent Display 

CIRCLE NO. 55 

available, compare us to the 
competition . You'll see that they 
just don't stack up. 

For more information, call ( 408) 
725-3423, FAX ( 408) 725-3439, 
or write: 
Siemens Components, Inc. 
Optoelectronics Division 
19000 Homestead Road 
Cupertino, CA 95014-0799 

Distributors: Advent Electronics, Inc., 
Hall-Mark, Insight Electronics, 
Marshall , Summit, 
Western Microtechnology. 



TECHNOLOGY UPDATE 

Before you select 
a local-area net­

work (IAN) that 
will operate in an 

industrial environ­
ment, you must 

consider a variety 
of factors that range 
from the certainty 
of initial costs to 

the potential of 
future innovations. 

JD Mosley, 
Regional Editor 
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FACTORY-AUTOMATION N ETWORKS 

The best LAN may be 
found off the MAP 
A lthough factories are :.10torious 

for communication-degrading 
elements such as dirt, electro­

magnetic interference (EMI), and heat, 
computer-integrated manufacturing 
(CIM) is the only way many companies 
can remain competitive in today's global 
market. Linking computers, program­
mable controllers, and a variety of LAN 
gateways requires specialized hard­
ware, and deciding among the many 
available networks can raise se­
rious design dilemmas if you 
don't understand the signifi­
cance of different features. 

If you prefer the flexibility 
and security of a multivendor­
supported standard, the Manu­
facturing-Automation Protocol 
(MAP) is a prudent choice. 
Frustrated by the growing num­
bers of "automation islands" 
that had proliferated through­
out General Motors's (GM) fa­
cilities by the mid-1980s, that 
company's system integrators 
adopted a communication stan­
dard called MAP that conformed 
to the International Standards 
Organization/Open Systems In­
terconnection (ISO/OSI) model. 
Other significant end-users, 
such as Boeing, Ford, DuPont, 
Kodak, and McDonnell Douglas, 
joined GM to support MAP as 
a de facto standard for factory­
floor communications. 

and other manufacturing equipment. By 
1985, GM had installed 20,000 program­
mable controllers and 2000 robots, yet 
only about 15% of those processor­
controlled machines could exchange in­
formation. So, GM's system integrators 
turned to a token-bus protocol dubbed 
IEEE 802.4 for real-time LAN nodal 
control within the ISO/OSI model. This 
protocol uses a deterministic-access 
method that ensures each node on the 

The problem of automation is­
lands began when factories first 
attempted computerized control 
of individual processes such as 
conveyors, product-test stands, 

If you need to tap into a MAP LAN, many proprietary 
networks offer gateways like this Pyramid Integrator for 
Allen-Bradley's Data Highway Plus LAN. Using such gate­
ways lets you eliminate "islands of automation" that arise 
when the controllers from competing vendors can't exchange 
data. 
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Factory-automation networks 

LAN will have an opportunity to 
transmit data within a specific 
length of time. 

IEEE 802.4 addresses the func­
tions of the physical and data-link 
layers of the 7-layer ISO/OSI com­
munications model. The physical 
layer specifies the network's con­
necting, cabling, and electrical sig­
naling considerations for transmit­
ting and receiving the serial stream 
of data bits. The data-link layer in­
cludes the Media Access Control 
(MAC) sublayer, which converts 
frames of data called messages into 
serial bit streams and transmits 
them across the physical layer ac­
cording to the IEEE 802.4 token­
bus specification. By providing 
standardization at these first two 
layers, the specification establishes 
a stable hardware base that permits 
software-based customization at the 
upper layers of the model. Fig 1 
illustrates the ISO/OSI layers and 
their relationship to IEEE 802.4. 

Layers and layers of data 
The MAC sublayer is one point 

at which the IEEE 802.4 and MAP 
specs differ in scope. While MAP 
encompasses only 10 Mbps broad­
band and 5- to 10-Mbps phase-

coherent frequency-shift keying 
(FSK) carrierband data rates, the 
IEEE spec includes 1, 5, and 10 
Mbps broadband, a 1-Mbps phase­
continuous FSK, and 5-, 10-, and 
20-Mbps fiber-optic variations. Ac­
cordingly, a proprietary industrial 
LAN can meet the IEEE 802.4 spec 
without being MAP compliant. 

MAP's broadband token bus 
forms the backbone of the network. 
Connected to this backbone are sin­
gle-channel carrierband subnets, 
which in turn connect to the various 
machines in the factory via nodes. 
You can obtain a copy of the specifi­
cation for the latest version of this 
network, MAP 3.0, by contacting 
the Corporation for Open Systems 
(McLean, VA) at (703) 883-2765. 
You can also write to the Chairman 
of MAP's Technical Review Com­
mittee, AES MAP Program, Mail 
Stop A/MD-39, 3300 Mound Rd, 
Warren, MI 48090. 

But the easiest way to get up to 
speed on what it will take to inte­
grate your site with a MAP net­
work is to contact any of the various 
MAP-component or -board vendors 
such as Allen-Bradley , Digital 
Equipment Corp (DEC), Texas In­
struments, or Motorola. Most of 

Table 1- A comparative table of industrial LANs 

IEEE 802.4 
Network Proprietary Vendor compatible? 

An:net Open Standard Microsystems No 
(specs available) 

Bltbus Open Digital Equipment Corp, No 
(Intel specification) Micro/sys 

Data Highway Plus Yes Allen-Bradley No 

DECnet/OSI Open Digital Equipment Corp Yes 
(specs available) 

802.3/Ethernet No Digital Equipment Corp Yes 

MAP No Motorola, Digital Equipment No 
Corp, Hewlett-Packard, Texas 
Instruments, Allen-Bradley, etc 

Tlwey Open Texas Instruments No 
(specs available) -

64 

these vendors offer a proprietary 
network in addition to MAP and can 
offer alternate products for your 
comparison. Motorola, however, 
has elected to concentrate its design 
efforts on MAP components and 
boards. 

Minimize to economize 
In 1985, Motorola manufactured 

the first single-chip VLSI im­
plementation of the IEEE 802.4 
MAC sublayer and dubbed it the 
MC68824 Token-Bus Controller 
Chip. This chip operates at both the 
10-Mbps broadband and the 5- to 
10-Mbps carrierband data rates 
specified for the physical layer in 
the MAP protocol. By reducing 
ISO/OSI layers 1 and 2 to hard­
ware, the MC68824 offers cost and 
space savings while providing a sili­
con embodiment of MAP's written 
standards. A surface-mount version 
of the chip sells for $32.10 (10,000). 

Motorola's latest MAP compo­
nent is the MHW11005 carrierband 
modem module, which interfaces 
via a serial interface to the 
MC68824. This modem, measuring 
less than 5 in. 2, simplifies nodal 
integration by managing the node's 
physical-layer requirements, and 

Media Data rate 
access Modulat ion (bps) 

Token Baseband dipulse 2.5M 
passing 

Multidrop Not applicable 2.4M 

Token Baseband 57.6k 
passing 

Token ring Binary phase-shift 10M to 100M 
and key; Manchester 

CSMA/CD Encoding 

CSMA/CD Binary phase-shift 10M 
key 

Polling Phase-coherent 5M or 10M 
FSK 

Poling Nonreturn to zero, 300 to 115.2k 
inverted 
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TECHNOLOGY UPDATE 

by encoding, modulating, receiving, 
and decoding data. Management 
functions include local loopback, 
command reset, and transmitter en­
able. The module includes a LAN 
cable interface with a 75!l F connec­
tor. Return loss is ?:14 dB over the 
operating frequency of 2 to 15 MHz. 
Operating at 5 Mbps, this baseband 
modem requires a 5V de power sup­
ply and sells for $250 (500). 

NO. 
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However, MAP is not always the 
recommended network for a given 
site. Due to installation costs that 
run two, three, and even four times 
the price of other industrial net­
works, MAP has a reputation for 
being a luxury-class network. The 
LAN s developed by individual ven­
dors are generally less expensive 
and less complex. And although 
these networks are often generi­
cally referred to as proprietary net­
works, several vendors have made 
their documentation public to en­
courage proliferation as an open 
specification. 

Fig 1-Based on the 7-layer ISO/OSI communications model, the Manufacturing Automa­
tion Protocol (MAP) was devised by system integrators at General Motors to unite the 
"islands of automation" created by the computerization of individual manufacturing 'JYY"OC­
esses. The IEEE 802 LAN standard 'JYY"Ovides the specifu: implementation of the first two 
layers of the model. 

Furthermore, these proprietary 
LAN s typically provide an easy mi­
gration path to MAP. One such ex­
ample is TI way from Texas Instru­
ments (TI). This host-based net­
work lets a central computer con-

trol as many as 254 separate nodes 
to provide a central collection point 
for information. Thus, with the ap­
propriate software, a TI way opera­
tor can program, monitor, and con­
trol any controller on the network 
from a single location. Implemented 
in the early 1980s and based on the 
high-level data-link-control (HDLC) 
protocol, TI way specifies extremely 
high data accuracy with an unde­
tected bit-error rate of 6 x 10-13

• In 
comparison, MAP specs a rate 
of 10-9• 

Mel Hagar, senior member of Tl's 

Coding frequency Minimum SIN ratio 
(MHz) Ambient noise floor (dBmV) 

5 Varies by implementation Not applicable 

Baseband Not applicable Not applicab~e 

Proprietsry Proprietary Proprietary 

10 to 20 at 10 Mbps; 100 to 125 2 Vim up to 30 MHz; 26 at 10 Mbps 
at 100 Mbps 5 Vim above 30 MHz 

10 to 20 at 10 Mbps 2 Vim up to 30 MHz; 26 at 10 Mbps 1 
5 Vim above 30 MHz 

5 to 10 at 5 Mbps; 10 to 20 2 Vim up to 30 MHz; 20 at 5 Mbps; 23 at 10 Mbps 
at 10 Mbps 5 Vim above 30 MHz 

Baseband Not applicable Not applicable 

EDN November 7, 1991 

TI way technical staff, suggests that 
if your greatest concern is overall 
life-cycle cost, a standard network 
such as MAP would be your best 
choice. Although the initial cost per 
node can be as much as three or 
four times greater than the cost of 
a proprietary network, the cer­
tainty of being able to expand the 
network to suit your firm's future 
needs without having to retrain 
your staff in usage and maintenance 
procedures makes MAP a cost­
effective solution over the life of the 
network. 

Yet, proprietary networks are 
often the only reasonable way to 
connect the industrial controllers 
that are already installed in your 
factory. For example, Tl's Tiway 
network is the only communication 
link that supports every controller 
TI has produced since 1972. 

To prevent Tiway from creating 
an automation island within your 
plant, TI sells gateways to MAP 
and to other vendor's networks and 
will even custom-design a gateway 
for you. However, Mr. Hagar cau­
tions that the biggest problem en­
countered when customizing a gate­
way involves obtaining the protocol 
and documentation for the non­
TI way LAN. Some LAN vendors 
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2-PORT TAP WITH 

are highly protective of the specs 
for their networks, but Hagar notes 
that his company offers TI way as 
an open specification with full docu­
mentation available upon request. 

0.2-dB INSERTION LOSS 
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BELDEN 1224A 
RG11 /U CABLE: 

Meanwhile, DEC is challenging 
the venerable belief that data com­
munication in a factory is impossible 
unless the network was specifically 
designed to combat EMI. In tests 
conducted at 14 manufacturing 
sites, including a 90-building aero­
space complex and a 2200-acre 
chemical-plant location, DEC's sys­
tem integrators discovered that its 
IEEE 802.3/Ethernet LAN was im­
mune to the EMI levels encoun­
tered at each site. 

c( 
I-... 40 

ATTENUATION 
1---"''k:::--+--+--~::---+--t---j---l 1.02 dB/100m @ 5 MHz 

0 1.23 dB/100m @ 10 MHz 
a: 
w 
m 
::IE 
j 30 
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l--'""""".!:--+---P'~-t---+--"~---j---l 2or4PORT 

z 20-dB DROP LOSS 

20 

10 

0 2 3 4 5 6 7 8 9 10 11 12 Of course, it remains true that 
high levels of EMI will degrade any 
network's performance by corrupt­
ing the packets of data being sent 
and increasing the network's traffic 
load due to the required retransmis­
sion of data. However, the DEC 
study sought to quantify the 
amount of EMI actually present on 
plant floors and the effect of that 
EMI on Ethernet LANs. 

CABLE LENGTH (X100m) 

This graph illmtrates the relationship between carrierband cable length and the number 
of taps in a 5-Mbps network. Developed by IEEE 802.4 LAN design engineers at Motorola, 
it also shows that a 0.1-dB difference in insertion loss at each tap will significantly affect 
the number of taps a given length of RG11/U cable can accommodate. 

Using anechoic chamber tests to 
monitor network performance and 

measure EMI levels simultane ­
ously, the testers generated net­
work load levels that ranged from 
10% to 30%. The maximum loads 
generated for this test were sub­
stantially greater than the network 

load levels encountered at any of 
the plants running full production 
shifts. The test also employed a 
spectrum analyzer ·to determine 
whether the electric field generated 
around the cable passed through its 
covering, shielding, and insulation 
to induce a voltage on the con­
ductor. 

Table 2-lndustrial networking characteristics 
Enterprise levels Plant levels Work cell levels 

(3 and 4) (2 and 3) (1 and 2) 

Function Integration of Integration of work Automation 
enterprise group/departments 

Distance Many miles 1000+ ft 100 ft 

'fype Wide-area network LAN LAN subnet 

Physical X.25, CCITT, 802.3/Ethernet, Serial lines, Bitbus, MAP, 
connection satellite, baseband, broad- 802.3/Ethernet 

microwave band, fiber 

Speed 5 kbps to 1.5 Mbps 10 Mbps Less than 19.2 kbps 

Protocol DECnet/OSI , SNA DECnet/OSI, Many proprietary, MMS 
TCP/IP 

Node types Mainframes, Minicomputers, Plant-floor equipment, program-
departmental mainframes, PCs mable logic controllers, robots, 
computers numerical control equipment, 

terminals, distributed control 
systems 

Number of nodes Thousands Hundreds Less than 10 

Communication File transfer, program to program, virtual Read/write data, start/stop 
services terminal, remote data file access, net- device, upload/download 

work management, resource sharing program, device status 

(Data courtesy Digital Equipment Corp) 
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The test results showed that the 
highest EMI level was 0.1412 Vim 
at 11 kHz in a control room that 
was located above high-voltage 
transformers in a metal-smelting 
plant. However, even this reading 
was less than 10% of the IEEE 
802.3/Ethernet noise-immunity 
specs. And the number of data­
transmission errors were practi­
cally nonexistent. Further testing 
showed that Ethernet cables are 
unaffected by EMI levels reaching 
20V /m at all frequencies, a figure 
well surpassing the specification's 
EMI limits of 2V /m over frequen­
cies ranging from 10 kHz to 30 MHz 
and 5V/m from 30 MHz to 1 GHz. 
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Yet some system integrators dis­
dain Ethernet's tendency to suffer 
from reduced data throughput un­
der heavy loads due to its carrier­
sense multiple-access/collision-de­
tection (CSMA/CD) network-ac­
cessing scheme. Although this 
method can provide fast access to 
the network under average loading 
conditions, Ethernet's lack of flow­
control functions makes its perform­
ance unpredictable when data 
transmissions exceed 30% of the 
maximum data rate of 10 Mbps. At 
that point, network traffic reaches 
the point where collisions become 
common and network contention 
problems arise. 

Acronyms used in this article 

In contrast, Arcnet specs a 2.5-
Mbps data rate but employs a de­
terministic token-passing protocol 
that provides predictable perform­
ance at 96.8% of maximum loading. 
Furthermore, for messages of 
seven or fewer data bytes, Arcnet 
data packets occupy less time on the 
network than equivalent Ethernet 
packets. Such small data packets 
commonly occur in control applica­
tions. As a result, even though 
Arcnet's specs aren't as impressive 
as Ethernet's at first glance, under 
heavily loaded factory conditions, 

ATA- Arcnet Trade Association 
CCITT-International Telegraph 
and Telephone Consultative 
Committee 
CIM-Computer-integrated manu­
facturing 
CSMA/CD-Carrier-sense multiple­
access/collision detection 
EMI- Electromagnetic interference 
FSK- Frequency-shift keying 
HDLC-High-level data link control 
ISO/OSI-International Standards 

Arcnet can actually meet or exceed 
Ethernet's data throughput. 

In addition, the RG-62U coaxial 
cable that Arcnet LAN s often use 
costs about $0.30/ft, or one-third 
the cost of standard Ethernet ca­
bling. However, Arcnet allows you 
to opt for twisted-pair wiring or fi­
ber-optic cables if you wish. You 
may lay out the network in any mix 
of star, tree, and bus topologies. 
These configurations simplify 
troubleshooting because you can 
simply unplug each network node 
until you isolate the problem area. 
And in the event of a node failure 
or cable damage, Arcnet automati­
cally reconfigures around the prob­
lem and continues to operate. 

For more information ... 

Organization/open systems intercon­
nection 
LAN-Local-area network 
MAC-Media access control 
MAP-Manufacturing automation 
protocol 
MMS--Manufacturing message 
specification 
SNA-Systems network architecture 
TCP/IP-Transmission-control 
protocol/internet protocol 

To further reduce costs and sim­
plify installation, Standard Mi­
crosystems Corp developed the 
COM20020 Arcnet controller chip 
that includes a LAN controller, a 
2k x 8-bit dual-port static RAM 
buffer, and a glue-free interface to 
several popular microcontrollers, 
including the Intel 80xx and the Mo­
torola 68xx families. 

Its 40-nsec dual-port memory al­
lows the COM20020 and a microcon­
troller to arbitrate for and access 
the on-chip memory in a single clock 
cycle without incurring wait states, 
independent of the network data 
rate. This LAN controller also pro­
vides hardware diagnostics and 
automatically detects and adapts to 

For more information on the factory-automation network products discussed in this article, circle the appropriate 
numbers on the Information Retrieval Service card or use EDN's Express Request service. When you contact any 
of the following manufacturers directly, please let them know you read about their products in EDN. 
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146 Main St 
Maynard, MA 01754 
Contact local sales office 
Circle No. 708 

Micro/sys 
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Glendale, CA 91201 
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Motorola Inc 
Technical Systems Div 
2900 S Diablo Way 
Tempe, AZ 85282 
(800) 624-8999, ext 230; 
(416) 793-5700 
Circle No. 710 

Standard Microsystems Corp 
35 Marcus Blvd 
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(516) 273-3100 
FAX(516)231-6004 
Circle No. 711 
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Texas Instruments Inc 
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(615) 461-2000 
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the type of microcontroller interface 
its node employs. The chip has a 
list price of $16.23 (1000), although 
high-volume pricing falls below $10. 

Arcnet was originally introduced 
by Datapoint Corp in 1977 and pres­
ently has over 3,000,000 nodes in­
stalled worldwide. You can receive 
a copy of the Arcnet spec by writing 
to the Arcnet Trade Association 
(ATA), ATA Standards Committee, 
3365 N Arlington Heights Rd, Suite 
J, Arlington Heights, IL 60004. 
You can call the ATA at (708) 255-
3003 or access the FAX by calling 
(708) 577-7276. 

The ultimate factors that will in­
fluence your factory-automation de­
cisions are cost, performance, reli­
ability, service, and ease of expan­
sion. You must first decide what 
you want the network to accom­
plish. Then, identify the minimum 
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set of functions and performance 
levels necessary to meet your appli­
cation requirements. 

Set priorities for the enhance­
ments you'd like the network to of­
fer so that you can determine which 
functions and operations are indis­
pensable and which you can sacri­
fice for improved cost, reliability, 
or performance. Finally, make cer­
tain you have considered both the 
initial installation costs and the on­
going maintenance costs. Think of 
the time you spend researching 
LAN alternatives for your indus­
trial site as an investment in your 
company's future productivity. EDN 
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Evolving math 
software packages 

reduce work associ­
ated with long and 

tedious calcula­
tions and let you 
concentrate more 

on the big picture. 

John Gallant, 
Associate Editor 

TECHNOLOGY UPDATE 

OVER-$400 MATH SOFTWARE PACKAGES 

Software smooths 
complex computations 
I n the early- to mid-1970s, the 

newly invented µP-based calcula­
tor threatened to replace an old 

friend, the slide-rule, which had become 
such a reliable and familiar standby for 
many years. With the advent of afford­
able high-performance personal comput­
ers in the 1980s, perhaps another meta­
morphosis is taking place-from the cal­
culator to the math software package. 

Current math software packages are 
the product of university and govern­
ment projects. These projects developed 
sophisticated algorithms using main­
frame computers to solve complex prob­
lems well beyond the capabilities 
of early calculators. 
Now commercial soft­
ware packages have in­
corporated these algo­
rithms. EDN reviewed 
many math software 
packages a year and a 
half ago (Ref 1). In addi­
tion, a recent EDN arti­
cle (Ref 2) concentrated 
on the capabilities of 
math packages and state­
o f- the-art cal cu la tors 
costing $400 or less. Af­
ter reviewing these ar­
ticles, two obvious ques­
tions arise-"What revi­
sions and additions have 
been introduced in the 
last year and a half!" and 
"What do I get if I shell 
out more than $400 for a 
math package?" 

The 1-word answer to 
the first question is­

ing entities, and each revision reflects 
their customer-feedback wish list. The 
answer to the second question is not as 
clear cut. The under-$400 math pack­
ages are powerful tools and can solve a 
variety of complex everyday engineer­
ing problems. In general, the over-$400 
math packages offer more functions, 
GUis, sophisticated graphic displays, 
and a breadth of esoteric mathematical 
capabilities that cover many fields. All 
of this extra power requires lots of com­
puter memory space, however. 

As a baseline, consider the capabili­
ties of an under-$400 package-Soft 
Warehouse's $250 Derive. Derive oper-

considerable. All of the A good graphics package lets you visualize computations. Mathe­
math packages are evolv- rnatica's 3-D color plots provide animation and light-source simulation. 
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ates on an MS-DOS version-2.1-
compatible computer having at 
least an 8086 µP and a minimum 
of 512 kbytes of RAM. The software 
employs a command-line user inter­
face and an on-line help menu. The 
interface lets you enter expressions 
using algebraic notation. 

This general math package lets 
you perform vector and matrix op­
erations, solve recurrence equa­
tions, solve basic first-order differ­
ential equations, and generate 2-D 
and 3-D mesh plots. You can also 
store results in a Basic, Pascal, or 
Fortran file for use by an external 
program. 

You can symbolically solve simul­
taneous equations, perform partial 
fraction expansion, factor expres­
sions, and expand functions in a 
Taylor series. A symbolic solution 
means that you can enter an expres­
sion using variables, such as x, y, 
and z, and obtain a solution as a 
function of these variables. In addi­
tion, you can enter numerical values 
and differentiate and integrate ex­
pressions. 

Version 2.07 of Derive answers 
some of Derive's early critics. For 
example, the addition of IF-THEN­
ELSE conditional statements, logi­
cal AND and OR functions, and it­
eration statements provides some 
programmability that was lacking 
in earlier versions. Version 2. 07 can 
now calculate eigenvectors and plot 
complex expressions in 2-D. 

Although this synopsis describes 
only some of the capabilities of un­
der-$400 math packages, they do 
lack many functions that you find 
in over-$400 packages. For exam­
ple, the over-$400 variety lets you 
calculate the forward and inverse 
Fourier transform of an expression 
using a single-line statement­
something not available in a pack­
age like Derive. In addition, because 
Derive and others don't require a 
coprocessor, their floating-point 
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You can model linear and nonlinear networks having multiple inputs and outputs using 
Simulab, an extension to Matlab. 

computations can take a long time. 
The over-$400 math packages 

generally complement each other 
and the under-$400s by offering dif­
ferent specific features not avail­
able on the other packages. There-

Exact Definite Integration 
> f: = int(cos(x)'lO • 
> cos(2*x)'8 * cos( 4*x)'6 • 
> cos(6*xr4 • cos(8*xr2. 
> x=O .. Pi/4); 

,, 
4 

f: = J cos(x)10 cos(2x)8 

x=O 

cos(4x)6 cos(&)4 cos(8x)2 dx 

5166673,,. 
536870912 

2966549762512816 
+ 98120709987525225 

> evalf(f); 
0.06046735344555153366470667778402200730593 

Exact arithmetic means that you can get 
an answer to any precision. Maple's exact 
arithmetic represents fractions by the ratio 
of 2 rational numbers. 

fore, many universities and indus­
trial facilities often own multiple 
math-package licenses for specific 
application-related problems. 

Mathsoft's $495 MathCAD ver­
sion 3. 0 runs on the Microsoft Win­
dows 3.0 operating system. The 
package emphasizes ease of use. To 
this end, it offers 10 application pro­
grams designed specifically for dif­
ferent disciplines, such as electrical, 
chemical, civil, and mechanical engi­
neering, for $99 each. For example, 
the electrical engineering package 
contains custom analysis programs 
for networks, transmission lines, 
digital filters , Chebyshev polynomi­
als, and antenna patterns. 

The GUI is slick, and using this 
software is as easy as scratching on 
a blackboard or on the back of a 
napkin. Using the mouse, you pull 
down familiar mathematical sym­
bols from an operator palette and 
build equations on a workspace 
area. You then can solve the equa­
tion and dynamically change pa­
rameters with a mouse click. A few 
more mouse clicks opens a window 
to display 2-D or 3-D graphics re-
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sults while maintaining a view of 
the scratchpad area. 

logical-operator statements for lim­
ited programming. 

now open a window that performs 
symbolic calculations based on the 
Maple algorithm. You can create and print entire 

documents containing text with em­
bedded math calculations. Besides 
its large palette of math functions, 
which includes the solution to linear 
or nonlinear equations having as 
many as 50 unknowns, MathCAD 
automatically handles units conver­
sion. It allows some conditional and 

Version 3.0, which was released 
in June 1991, also answers some 
previous criticisms. Previous 
MathCAD versions could only per­
form numerical computations. 
Through a royalty agreement with 
Waterloo Maple Software, Math­
CAD now incorporates some of Ma­
ple's symbolic capabilities. You can 

Version 3.0 also lets you thumb 
through a software version of the 
CRC Standard Mathematical Ta­
bles handbook. This allows you to 
use the mouse to find cookbook so­
lutions to standard electrical engi­
neering problems. Unfortunately, 
the current version can only send 

Table 1-Representative $400-and-up math software packages 
Computer Minimum PC Cost 

Vendor Product systems configuration (DOS version) Comments 

Integrated Xmath SPARCstation NA $2495 X-Windows/Motlf GUI. Object-oriented numeric 
Systems (SPARCstation computations. Mathscript high-level program-
Inc version) ming language. Postscript graphics output files. 

Imports and exports ASCII data files. Spread-
sheet editing of data sets and matrices. Inter-
active 3-D plot rotation. 

Mathsoft Math CAD DOS-compatible 2 Mbytes of RAM; $495 Access to formulas, constants, and diagrams in 
Inc (Version 3.0) SPARCstation 80286, 80386, CRC electronics handbook. Symbolic compute-

Macintosh or 80486 µP; lions. Windows GUI. Optional "Application 
DOS 3.1; Packs" libraries. Data access is via ASCII print 

Coprocessor; files only. 
Windows 3.0; 
Mouse; EGA 

Mathworks Matlab DOS-compatible 2 Mbytes of RAM; $1595 386-Matlab uses high memory above DOS's 
Inc Macintosh 80386 or (386-Matlab) 640-kbyte limit and has no limit on matrix or 

SPARCstation 80486 µP; vector size. Can execute DOS commands from 
Silicon Graphics DOS 3.1; within the program. MEX-files let you call C and 

IBM System/6000 Coprocessor; Fortran routines. Numeric computations only. 
HP 9000/300 1.2-Mbyte floppy- Optional "Toolbox" libraries and Simulab shell 
DECstation disk drive; Hard- ($3995) for modeling dynamic systems. 
VAXstation disk drive 

Alliant 
Convex 

Cray 

Symbolics Macsyma DOS-compatible 4 Mbytes of RAM; $995 Over 1500 functions. Solves first- and second-
Inc (Rel 417.1) HP 9000/300 80386 or order equations symbolically and numerically. 

SPARCstation 80486 µP; Point-and-click 3-D object rotation. Contour 
VAXstation 25 Mbytes plots. Optional Postscript file graphics output. 
Symbolics available on 

Apollo hard-disk drive; 
Windows 3.0; 
Coprocessor 

Waterloo Maple V DOS-compatible 2 Mbytes of RAM; $695 Symbolic computations. Command-line inter-
Maple Macintosh 80386 or face. Exact integer and ratio of rational num-
Sottwars SPARCstation 80486 µP; bers representation having arbitrary precision. 

VAXstation Coprocessor; Galois field arithmetic. Postscript file graphics 
IBM PS/2 DOS 3.3; output. 

Apollo 7.5 Mbytes 
Amiga available on 

hard-disk drive 

Wolfram Mathematica DOS-compatible 4 Mbytes of RAM; $595 843 functions. Symbolic computations. 3-D color 
Research (Version 2.0) Macintosh 80386 or graphics with fills, animation, and shading from 
Inc SPARCstation 80486 µP; a light-source simulator. Commands to create 

Silicon Graphics Coprocessor; and play sounds. Mathiink program communi-
Data General DOS 3.0; cates with an external C and Fortran routine 

IBM System/6000 8 Mbytes available and vice versa. Postscript file graphics output. 
Convex on hard-disk drive; 

VAXstation Windows 3.0 
HP 9000/300 

Note: NA =Not applicable. 
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calculation results to an ASCII 
print file, which requires external 
conversion if destined for a Fortran 
or C program. 

Because version 3. 0 also runs on 
Sun's Unix-based workstations, 
Mathsoft no longer offers its Math­
station package. 

Numerics are rapid 
Matlab, from Mathworks Inc, is 

a math software package that spe­
cializes in matrix computations. 
You can trace the roots of this ma­
ture package to the University of 
New Mexico in the 1970s. Math­
works rewrote the original Fortran 
code in C language to speed up cal­
culations. This speed merchant per­
forms numeric computations only, 
however. 

Matlab is available for a range of 
computers including PCs, Macin­
tosh, DEC, HP, Apollo, Sun, IBM, 
Convex, and Cray computers. A PC 
version costs $695, a Macintosh ver­
sion costs $795, and a multiuser 
workstation license can cost as much 
as $6500. Mathworks also offers a 
special 386-Matlab version for 80386 
and 80486 MS-DOS computers. 

Because of its maturity, Matlab 
contains a broad range of math 
functions developed by many users. 
In fact you can obtain free software 
routines via a Matlab user group. 
Specialized toolbox packages are 
optionally available for $295 each. 
The toolboxes are optimized for cus­
tom functions associated with DSP, 
control-system theory, and state 
equations. A spline toolbox lets you 
generate piecewise polynomials and 
arbitrary waveforms that have 
smooth transitions between break­
points. 

Matlab's syntax lets you create 
complex functions with very few 
statements. For example, you can 
build a digital filter by typing But­
ter or Cheby and the number of 

· poles. You can also extract data 
from an external C and Fortran 
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X windows provides an easy user interface that uses pull-down menus. Xmath combines 
numeric computing with a Motif user interj ace. 

subroutine using MEX-files. The 
MEX-files let you call functions 
from math subroutine libraries and 
access data from a data-acquisition 
board. 

Mathwork's Simulab is a model­
ing and simulation program that 
acts as a shell for and uses Matlab's 
computation system. A $3995 
Macintosh version and a $4000 Sun­
wor ksta tion version employ the 
Macintosh or X-Windows GUI, re­
spectively, to model block diagrams 
of multiple-input and multiple­
output systems. You can model 
nonlinear functions such as dead­
band zones and limiting characteris­
tics. Its 2-D and 3-D color graphics 
can perform polygon fills and ani­
mation. The package also lets you 
listen to the sound of a waveform 
such as a chirp signal. 

If your application requires sym­
bolic solutions to specialized prob­
lems, you should consider one of the 
3 Big Ms-Macsyma, Mathematica, 
and Maple. All of these programs 
have comparable features and differ 
primarily in syntax, user interface, 

and graphics capability. Macsyma, 
from Symbolics Inc, is the oldest 
of the three and dates back to work 
performed at MIT in the late 1960s. 
Fig 1 shows a sample of Macsyma's 
particular brand of syntax. The 
software is written in Lisp and, be­
cause much of the code is inefficient, 
it requires lots of memory. The 
PC386 package requires 4 Mbytes 
of RAM, but Symbolics recom­
mends 8 Mbytes. 

Macsyma boasts of having more 
than 1500 commands. You can sym­
bolically solve any first-order and 
some second-order differential 
equations. You can compute the for­
ward and inverse Laplace trans­
form of a large collection of func­
tions, including Bessel and error 
functions. Release 417.1 has added 
symbolic functions to compute the 
exponential of a matrix; expand al­
gebraic and transcendental equa­
tions in a Taylor series; perform 
tensor analysis; and perform statis­
tical analysis, using 10 commonly 
used probability density functions. 

PC386 has a Microsoft Windows 
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True portables are 
totally off the wall. 

No outlets. No rechargers. No reliance on AC 
whatsoever. That's true portability. It's what 
the world is coming to. And it runs on easy-to­
replace primary batteries. The next generation 
promises even smaller, lighter weight, more 
convenient portables. That depends on you, 

select a primary battery' system from our broad line 

and you can depend on us. 

Duracell is the primary source for:p~ri~m~ar~y lll!llli 
power. We offer you a world of technical 
expertise and marketing experi­
ence in developing powerful 
solutions for computers, cellular 
phones and more. Let us help you 

EDN November 7, 1991 Visit us at WESCON Booth #152 

that includes alkaline and high power lithium 
manganese dioxide batteries. 

Call us for application-specific data, 
design-in assistance, or just more 

"nformation. Our OEM hotline number 
(800) 544· 5454, Ext. 3281. Or fax 

us at (203) 791-3273. 
True portability is the cutting edge. 

And it's in your power. 

DU RACE Lt 
PORTABILITY IS PRIMARY 
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interface. Using a mouse, you can 
scroll through calculations to re­
view previous results. It can plot 
2-D and 3-D color graphics and fill 
in the space between curves. The 
graphics have a rotation feature 
that lets you change the perspective 
of a 3-D drawing by simply clicking 
the mouse. You can display con­
tours of 3-D drawings just as 
easily. 

Knockout graphics 
Mathematica, from Wolfram Re­

search, probably has the slickest 
graphics of the 3 Big Ms. And clear 
graphics help you to visualize com­
putations. Mathematica's color 
graphics are as polished as any 
graphics drawing program. You can 
create 2-D and 3-D color surfaces 
with fills , remove hidden surfaces, 
simulate the effects of a light 
source, and generate contour plots. 
The graphics output format is in 
Postscript's page-description lan­
guage for plotting graphics .on a 
Postscript-compatible printer. 

The documentation for Mathema­
tica is overwhelming at first glance. 
In fact , Addison Wesley has pub­
lished the second edition of a 1000-
pg book entitled "Mathematica" by 
Stephan Wolfram, one of Mathe­
matica's originators, to guide the 
uninitiated. Even the book's intro­
duction admits that you may never 
learn all the details of Mathema­
tica's features. Version 2.0 boasts 
of adding 283 functions to its prede­
cessor for a total of 843 functions. 
Announced in January 1991, Ver­
sion 2.0's cost varies from $595 for 
the Macintosh to $30,000 for a Con­
vex computer. 

Mathematica can manipulate 
strings, differentiate and integrate 
differential equations symbolically 
and numerically, interpolate func­
tions, and expand trigonometric ex­
pressions. The package has an ex­
tensive programming language that 
includes DO, FOR, and NEXT 

82 

statements as well as trace func­
tions for debugging and error detec­
tion. Version 2.0 also has commands 
that create and play musical 
sounds. In addition, a Mathlink 
communications program lets an ex­
ternal C-language or Fortran pro­
gram call Mathematica, and vice versa. 

Maple's strength appeals to pure 
mathematicians. The package\from 

INTEGRATION 
• SYMBOLIC INTEGRATION 

- INTEGRATE (indefinite) 

Waterloo Maple Software operates 
on 80386 or 80486 PCs, Macintosh 
computers, and popular worksta­
tions. The software performs inte­
ger arithmetic and represents frac­
tions by the ratio of 2 rational num­
bers. Therefore, it can generate 
numbers having arbitrary preci­
sion. 

Maple uses a command-line inter-

(cl) INTEGRATE( l / y"(3/ 4 )/( y- l ), y ) ; 
1/ 4 1/ 4 1/ 4 

(dl ) - log (y + 1) - 2 a t a n(y ) + log (y - 1) 
- INTEGRATE (definite , contour integral method) 

(cl) 2 * INTEGRATE( s i n(x) / x , x , 0 , inf) ; 
(dl) %pi 

• NUMERICAL INTEGRATION 
- ROMBERG 

(cl) ROMBERG( exp (- x" 2) , x , 0 . 0 , 1 . 4 ) ; 
(dl ) 0 . 84394073 

- NEWTON -COTES 
(cl) (load(qq) , QUANC8 ( s i n( l / x) , x , 0 .1 , 1 .0 )) ; 
(dl ) 0 . 515292 

LAPLACE AND FOURIER TRANSFORMS 
- LAPLACE 

( c 1) LAPLACE ( s i n ( t ) , t , s ) ; 
1 

(dl ) 

s2 + 1 

- ILT 
(c2) ILT( di , s , t ) ; 
(d2 ) s i n(t) 

- TOTALFOURIER 
( c 1) I oad ( ' ' four i er ' ' ) $ 

(c2 ) TOTALFOURIER( abs(x) , x , %p i ) ; 
inf 

\ 
n 

(2 (- 1) - 2) cos(n x) 
> 

I n2 

n = 1 %p i 

(d2 ) ----------------------------- + - - -
%p i 2 

Fig 1-The over-$400 packages differ witklg in syntax. This sample from a product bro­
chure gives a feel for Macsyma's syntax. You type in statements such as those beginning 
with "c," and the program returns the "d" statements. 
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How to spend less time 
thumbing through books and more 

time tllumbing through results. 
New Mathcad 3.0 

New Mathcad 3. 0 crunches, 
graphs, updates, and &Wcuments 
your worli in real math notation. 

' We'll uu e Colp'"s osollolOr Here is what lhe c11cu1t looks hk1 
The 1esonent l!equency 1s given by Ila tormulo 

Automatically. 
(The d10ig1om ond 1he tormulo wv1e 

f•_!_ l bolhpostedintromoneot 
l n Methcod's Electronic Handbooks ) 

New symbolic capabilities are 
available with a simple menu pick. x' 

W'lttt c, = se 1(1 fa.rad L = 2 rnH and f = t 
We wont •he olhe1 ce.pootonce We'll use Sotve tram lhe S~ 

C1 = Cz C1 = 3S27 
(-1 •< Lr•' C~ 

It's the fast, efficient, com­
prehensive way to do technical 
calculations. 

Page I 

Move those reference texts off your 
desk. Put that calculator back in your 
pocket. And save that cryptic spreadsheet 
for your budgets and bookkeeping. 

It's time to get problems out of the way 
and make room for answers. With new 
Mathcad 3.0, the major new upgrade to 
the world's best-selling math software. 

It's the all-in-one sofution with a singular 
purpose: to put results in your hands as 
quickly and thoroughly as possible. 

New Mathcad is a workhorse that handles 
everything from simple sums to matrix 
manipulation. Effort:lessly, 
naturally. 

Simply type your calculations 
into tile live document, 
just like you'd write 
them on a scratch pad. 
And let Mathcad do the 
work for you. It per­
forms the calculations. 
Graphs in 2-D or 3-D. 
Automatically updates 
results each time you 
change a variable. And 
prints out presentation­
quality documents, com­
plete with equations in real 
math notation, even scanned-in graphics. 

Newly upgraded Mathcad 3.0 now has 
Electronic Bandbooks for instant access to 

A(\. I" OS 
--
A<1t.. ~ 

/I\"­
.... I I"· 

.· I \ 

.. " " " 

hundreds of standard formulas, useful data, 
even entire calculations. Just click 'n' paste 
them from a hypertext window into your 
documents, ready to use. 

When you need to simplify a formula, 
Mathcad's symbolic calculation capabilities 
are available with a simple menu pick. 
There's no arcane programming fanguage 
to learn, so you can do integrals, Taylor 
series, infinite sums, and more-all with 

point 'n' click simplicity. The 
symbolic answer can be used 
for both numerical calcula­
tions or further symbolic 
transformation. 

You'll also find improved 
equation editing, enhanced 
graphing features, and 
more documentation 
options. So why waste 
time workin_g with 
problems( Join the 

120,000 users that get 
results-with Mathcad. 
• New easy to learn and use 
Microsoft Windows 3.0 interface 

• New easy to use symbolic calculations 
• New Electronic Handbooks with hun­

dreds of built-in solutions 
• Optional Applications Packs with adapt­
able templates for Electrical, Mechanical, 

.. 

New Windows 3. 0 interface makes 
caku/ation fast and effortless. 

New Electronic Handbooks give 
instant access to hundreds of stan­

dard formulas. Just click 'n' paste. 

auto 

Civil and Chemical 
Engineering, Statistics, 
Advanced Math, and 
Numerical Methods 
• Differentials, cubic 

w • .. ' .. ' I I I I 
0 I .__, - . -
- r-1 
- 0 I - .. 

IMRi@1 
EDITOR'S 
CHOICE 

splines, FFfs, matrices and more Mathcad2.5 

• Enhanced2-Dand3-Dgraphics 3-~r~e. 
• Improved presentation-quality ,___Bcst_o_r'_87__, 

documentation 
• PC DOS, Macintosh~ and Unix® versions 
also available 

For a FREE Mathcad demo disk, or 
upgrade information~ 
call 1-800-MATHCAD 
(or 617-577-1017, 
Fax 617-577-8829) . Or 
see your software dealer. 

Available for IBM•compatibles, 
Macintosh com~uters, and 
UNIX workstations. 

Ma1hc111r 

1-800-MATHCAD 
'Frte •PB"""' ,,.;U.bk for those who purcb1Ut M.ihcwl 2.5 for DOS from 
511191-6130191. O.llfor.UU1ils. 

The answer is 
Mathcad® 

MathSoft, Inc. 
201 Broadway, Cambridge, MA 02139 USA 

Australia: Hearne (03) 8661766; Belgium: SCIA 013/551775; Dcnnw'<: Engbcrg42251777; Finland: 'hna'X>#IJ.-7677; France: IS&<:.cgos (l)46092'100; Germany: Softline(07802)4-036; It.lly:ClunclOl-90091773; Japan: CRCOJ-3665-9741; 
EON 11 Netherlands: Klaasing01~1600; Norway: Protcch 09-959020; Swim:rUnd: Rtdacom 032 41 0111; U.K.: Adept Scientific (0462) 480055. In other locations, conuct MathSoft, USA. 
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face, but a Windows version is un­
der development. Its set of com­
mands is almost as large as 
Macsyma's, and it can symbolically 
integrate some algebraic and loga­
rithmic integrands that Macsyma 
can't (by Symbolics Inc's own ad­
mission). Its programming lan­
guage contains DO, WHILE, IF­
THEN-ELSE, FOR, and NEXT 
statements as well as trace-debug­
ging features. 

Maple performs tensor mathe­
matics; solves recurrence equations; 
solves first- and second-order 
differential equations; and performs 
arithmetic over finite fields such as 
Galois fields. A functional library 
contains a linear algebra package 
and a statistics package. The pack­
age can make 2-D and 3-D color 
plots having color-patch shading, 
but the plots don't look as slick as 

Mathematica's. The software also 
generates Postscript files for com­
patible printers. Some reviews 
have found Maple's numeric ability 
to be extremely fast. You can also 
write C and Fortran programs from 
within Maple. 

Finally, if you have access to a 
Sun SPARCstation running X Win­
dows, you may want to take a look 
at Xmath from Integrated Systems 
Inc. The package is a C + + re­
vamped version of Matlab's matrix­
based kernel. Xmath is an object­
oriented package that manipulates 
numerical data using pull-down 
menus. The package has 200 mathe­
matical functions and 18 applica­
tion-specific engineering objects. A 
DSP module lets you call and design 
an object such as an IIR (infinite 
impulse response) filter for pro­
gramming use. 

Acronyms used in 
this article 
EGA- Extended graphics adapter 
GUI-Graphical user interface 
HR-Infinite impulse response 
VGA-Video graphics adapter 

Xmath's editor displays matrix 
entries in a spreadsheet-style dis­
play. A point and click of the mouse 
highlight entries to change and can 
perform calculations on specific en­
tries. You can also generate 2-D 
and 3-D plots and rotate objects us­
ing the mouse. 

A brief article such as this can 
only mention a few highlights of the 
various math packages. All of the 
math packages have considerably 
more capability than space allows. 
Not all of these packages are good 
at everything, however. A specific 

- INT~GRAT~D OR CPl 

Slotpro TM 
SERIES 

BENCHMARKS YOU WON'l 
SCSI Port IDE Port 

Produci names are trademarks or registered trademarks of their respective companies. 
386 & 486 are trademar1<s of Intel Corp . SLOTpro is a trademark of Diversified Technology Inc. 
The Intel Inside Logo is a trademark of Intel Corporation. 
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application will determine which 
package to use. These packages 
complement each other, so you re­
ally should consider purchasing 
more than one if you have a wide 
range of computations to do. EDN 
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Fully Integrated with: 
• 2 Serial 
• 1 Parallel 

Design Enhancement On-Board Battery 
For FCC/UL Approval For CMOS RAM 

PS/2 Mouse Support 

PS/2 I AT Keyboard Support 

ti 
ti 
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ti •IDE 

'486" 25/3311Hz - CAT1010 

Call ua toll free for orders and information. 
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On-Board Battery 
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Printer Port ti ti 
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Fully Integrated with: 
• 2 Serial 
• 1 Parallel 
• Floppy 
• SCSI 
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• PROM Disk 
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CPU & Memory Only 
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•PROM Disk 
'386' 25/33111Hz - CAT990 

Fully Integrated with: 
• 2 Sertal 
• 1 Parallel 

: ~EfY 
• IDE 
• CACHE 
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The basic idea behind our new 
Updating your system code, 

to say the least, has been 
a pain. Well, erase those 

painful memories. 
Introducing Intel 

Boot Block Flash 
Memory. The first blocked flash 

memory architecture that includes four separately 
erasable blocks with one "lockable" block for 

critical boot code. A remarkable design that allows 
one lMb Boot ~lock Flash Memory chip to 
eliminate up to three memory chips. 

It also allows you to reconfigure your system 
quickly and easily so you don't lose precious time 
getting to market. Also, future updates-whether 
it's for hardware or software-are easy. For 
instance, updating a PC BIOS is as easy and cheap 
as sending your customers a floppy disk. And all 

Inte l386 and lntel486 are trademarks of Imel Corporation. Pink Pearl* is a registered trademark of Eberhard Faber Inc. © 1991 Imel Corporation. 
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block-erasable Flash Memory. 
you need to change your embedded program 
code is a serial link. Life should be so simple. 

Intel Boot Block Flash Memory has two con­
figurations compatible with microprocessors and 
microcontrollers that boot from either high or low 
memory. Such as the i960'" microprocessor or the 
industry-standard Intel386 ··and Intel486 ·· micro­
processor families. 

Now that you have the basic idea, we'd like 

you to know more. So call (800)5484725 and 
ask for Llterature Packet # A6A38. And be the 
first on your block to make updating easy with 
Intel's new Boot Block Flash Memory. 

intel. 
The Computer Inside.™ 
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Catalyst Serial E2PR0Ms. The Shortest 
Distance Between Tuday and Tumorrow. 

For the long haul, Catalyst Serial 
E2PROMs get you where you're going. In 
the shortest possible time frame. 

We're the quickest route to the exact 
densities, voltage levels and bus struc­
hu--es you need. So you move smoothly 
from 1K to 16K. From 5-volt to the indus­
tiy' s first 2-volt operation. And we've got 
you wired for 2-, 3- and 4-wire buses. 

Plus when it comes to time-to-market 
on next-generation designs, our ZERO 
Power'" standby and password-protected 
Secure Access features can set your prod­
ucts apari. Catalyst is also a convenient 
source for parallel E2PROMs, Flash 
memories, NVRAMs and EPROMs. 

For your nearest distributor or 
Catalyst Sales Office, call ( 408) 748-7700 
today. Or write Catalyst Semiconductor, 
Inc., 2231 Calle de Luna, Santa Clara, 
CA 95054. 
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Today's solid-state 
silicon pressure 

sensors take advan­
tage of fabrication 

advancements in 
IC processing to 

provide a cost­
effective solution 
for high-volume 

applications. 

Tom Ormond, 
Senior Editor 
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SILICON PRESSURE SENSORS 

Inexpensive sensors 
provide precision 
S olid-state silicon sensors are rap­

idly gaining acceptance for appli­
cations in the automotive, avion­

ics, medical, and process-control indus­
tries. In fact, the majority of all pres­
sure transducers used today incorporate 
a micromachined silicon conversion ele­
ment (see box, "The inside story"). 

Silicon sensors are highly accurate 
and smaller, more reliable, and more 
cost effective than devices that employ 
more traditional technologies such as 
variable capacitance, potentiometric, 
force balance, piezoelectric, or vibrating 
wire. Small size provides significant ad­
vantages in such applications as avion­
ics, where instruments must fit in con­
fined spaces and weigh as little as possi­
ble. And of course, low cost is of prime 
importance when you get into consumer 
areas like automotive electronics. Table 
1 lists silicon sensors and some of the 
parameters integral to 
needs of high-volume 
applications at a low cost. 

meeting the 

find many products to choose from. As 
the table illustrates, you'll also find 
many levels of product performance. If 
the variety seems daunting, you can 
simplify sensor selection by deciding 
what capabilities you'll need. For exam­
ple, you can specify a unit that provides 
only the basic sensing function, which 
is all you need if your system already 
includes compensation and signal-condi­
tioning circuitry. 

Series 24PC sensors from Micro. 
Switch typify what's available in the 
sensor-only category. In these sensors, 
the sensing element (an integral part of 
an IC chip) is a silicon diaphragm that 
contains four implanted piezoresistors. 
The four piezoresistive elements are 
symmetrically positioned over the dia­
phragm to implement a balanced bridge. 

A key feature of the 24PC sensors is 
a novel seal design (Fig 1) that cuts 
assembly time and reduces production 

These sensors' pres­
sure-measurement capa­
bility ranges from less 
than 1 psi to 10,000 psi, 
comparing favorably with 
other sensor types. Their 
output levels are high 
enough for use-without 
amplification-by most 
logic families. In addi­
tion, they can operate in 
hostile environments. 
Best of all, you get this 
performance for a very 
moderate cost. 

When you go shopping 
for a silicon sensor, you'll 

Signal conditioned to interface directly with a µP, Motorola's 
MPX5100A is a single-chip, 15-psi absolute pressure sensor. It has 
a 0.5 to 4.5V output and is ternperature compensated for operation 
over a 0 to 85°C range. 

~ Circle No. 105 99 



Embedded Controllers 

The world of disk drive electronics, 
that is. By implementing Silicon Systems' 
embedded interface controllers into your 
design you can achieve optimum 
performance in a low-power CMOS 
package. 

Our complete line of embedded 
controller !Cs-combining PC-AT/XT 
or SCSI interfaces with Buffer Manager 
and Storage Controller-gives you 
everything you need to span the entire 
spectrum of performance, power and 
Circle #106 For Product Info 

interface standards. Your design cycle for 
customized versions is shortened by our 
standard cell design method. You can 
easily port firmware from AT to SCSI 
designs. And, by keeping things all in 
the family, you 're sure to come out better 
on pncmg. 

So take control, and learn more 
about our embedded controllers. Call 
us for literature package SPD-8. We'll 
connect you with your nearest 
Silicon Systems representative and 

Circle #107 For Career Info 

update you on our latest developments. 
1-800-624-8999, ext. 151. 

Silicon Systems, Inc. 
14351 Myford Road, Tustin, CA 92680 
Ph (714) 731-7110 Fax (714) 731-6925 
European Hdq. U.K. Ph (44) 79-881-2331 
Fax (44) 79-881-2117 
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Silicon pressure sensors 

costs. The design eliminates wire 
bonding and tab tape connections, 
resulting in improved reliability. 
The conductive seal also allows Mi­
cro Switch to employ a large dia­
phragm area, which improves sen­
sor stability. The sensors' assembly 
provides wet-wet sensing capability 
and increases application versatil­
ity. You can mount the devices on 
a pc board, and they are wave­
solder compatible. 

Sense-only devices certainly have 
their place in some applications; 
however, more often than not you'll 
require a transducer that can do 
more than provide the basic sense 
capability. Fortunately, a number 
of devices offer an increase in per­
formance sophistication-tempera­
ture-compensated operation. 

Handling harsh environments 
Sensym's SCXL004 sensors work 

in applications that require high ac­
curacy over very low operating 
pressure ranges. These internally 
calibrated and temperature-com­
pensated sensors are designed to 
provide an accurate and stable out­
put over a 0 to 50°C range. The 
devices are ratiometric to the sup­
ply voltage, so changes in the sup­
ply voltage will cause proportional 
changes in the offset voltage and 
full-scale span. The SCXL sensors 

The inside story 

Table 1-Representative sensor parameters 

Full- Oper-
scale Full- at Ing 

Prop- pressure Accuracy scale range 
Manufacturer Model erty1 (psi) (%) output (•C) Price 

Endevco 8540 A 15 to 500 0.25 300 mV -54 to $950 
+2602 

Foxboro/ 1230/1231 A, G 5 to 5000 0.125 , 100 mV -28 to $75/$90 
ICT 0.25 +822 

Fujlkura' FPM G, A 5 to 120 0.2 80 to o to 502 From $14.95 
130 

IC Sensors 1431 A 15 to 300 0.25 60 mV -40 to $2 (OEM qty) 
+ 1252 

Keller PSI Series 2 A, D, 1.5 to 300 0.25 18 to -10 to $46.50 
G 250 mV +802 

Lucas NPI A, G 15 to 1.0 100 mV Oto 702 $38 (1000) 
Novasensor 10,000 

Micro 24PC G 1.0 to 30 1.0 44 to -40 to $15 
Switch 315 mV +85 

Motorola MPX5100A A 15 0.2 4.5V o to 952 $45 (100) 

Senaym SCXL004 D, G 0.15 1.0 40 mV o to 502 $39.75 (100) 

Notes: 
1. A=absolute; D=differential ; G=gauge. 
2. Temperature compensated. 
3. Distributed in US by Servoflow Corp-see manufacturers' box. 

are calibrated for offset and output 
span and require little user adjust­
ment. 

SCXL sensors are intended for 
use with noncorrosive, nonionic 
working fluids such as air and 
gases. The fluids must not react 
with plastic, aluminum, RTV, sili­
con, or glass. The sensor's housing 
is designed for convenient pressure 
connection and pc-board mounting. 
To mount a sensor in a horizontal 

position on a board, you simply 
bend the leads and attach the pack­
age using mounting screws. Tygon 
or silicon tubing is recommended for 
terminations at the pressure ports. 

If you're moving into new appli­
cation areas, you'll be looking for 
as much sensing capability as you 
can get. You're in luck, because, of 
course, some vendors offer units 
with all the bells and whistles. 

Motorola's MPX5100 Series pie-

The foundation for semiconductor pressure-sensing 
technology is chemically pure silicon. The silicon 
force collector is inherently linear and highly shock 
resistant. 

diaphragm, the four bridge arms, which are posi­
tioned to act as strain sensors, detect the resultant 
plate stress and develop a classic unbalanced bridge. 

In this fashion, the device is able to derive an 
electrical signal that is proportional to the pressure 
from a monocrystalline force collector. This force 
collector features integrated strain gauges and 
thereby eliminates problems associated with the 
construction of pressure sensors from multiple, dis­
crete components. 

Automated semiconductor-fabrication techniques 
are used to diffuse a 4-arm Wheatstone bridge into 
the lattice structure of the silicon crystal. A cavity 
is then micromachined from the opposite surface of 
the chip to create a thin-diaphragm force collector 
precisely indexed relative to the four arms of the 
Wheatstone bridge. When pressure is applied to the 
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TECHNOLOGY UPDATE 

Silicon pressure sensors 

zoresistive transducers are state-of­
the-art monolithic silicon pressure 
sensors designed for a range of ap­
plications. However, the units are 
particularly well suited for those 
applications employing a microcon­
troller or microprocessor that has 
AID converter inputs. The patented 
transducer combines advanced mi­
cromachining techniques, thin-film 
metallization, and bipolar semicon­
ductor processing to integrate the 
sensing element, offset calibration, 
temperature compensation cir­
cuitry, signal amplification, and an 
absolute pressure reference onto a 
single monolithic chip. The unit em­
ploys a Motorola-patented shear 
stress strain gauge that has a 0.2% 
linearity specification. 

Fig I-High reliability is a prime advan­
tage provided by the simplified construction 
of 24PC Series sensors. The conductive seal 
also allows Micro Switch to employ a large 
diaphragm area, which improves sensor sta­
bility. 
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The MPX5100A essentially re­
sponds in a straight line. Design 
techniques employed for the chip­
carrier element containing the pres­
sure die improve the sensor's relia-

bility. A silicon gel isolates the die 
surface and wire bonds from harsh 
environments without interfering 
with the transmission of the pres­
sure signal to the silicon diaphragm. 

Design flexibility is the primary advantage offered by Novasensor's NP/ pressure sensors. 
Capable of measuring pressures of 10,000 psi, the devices provide a 100-mV output, feature 
a ±2% interchangeability, and are accurate to ±1% over a Oto 70°C operating range. 

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

Endevco Corp 
30700 Rancho Viejo Rd 
San Juan Capistrano, CA 
(714) 493-8181 
Circle No. 713 

Foxboro/JCT Inc 
199 River Oaks Pkwy 
San Jose, CA 95134 
(408) 432-1010 
FAX (408) 432-1860 
Bruce Hanson 
Circle No. 714 

Fujikura Ltd 

IC Sensors 
1701 McCarthy Blvd 
Milpitas, CA 95035 
(408) 432-1800 
FAX (408) 432-7322 
Dave Kertes 
Circle No. 717 

Keller PSI 
3355 Mission Ave 
Oceanside, CA 92054 
(619) 967-6066 
FAX (619) 967-0563 
Circle No. 718 

Micro Switch 
11 W Spring St 
Freeport, IL 61032 
(815) 235-6600 
Circle No. 720 

Motorola Inc 
5005 E McDowell Rd 
Phoenix, AZ 85008 
(602) 244-4556 
FAX (602) 244-5738 
Dan Slocum 
(602) 244-4556 
Circle No. 721 

5-1, Kiba 1 Chome, Koto-Ku 
Tokyo 135, Japan 

Lucas Novasensor 
1055 Mission Ct 
Fremont, CA 94539 
(415) 490-9100 

Sensym Inc 
1244 Reamwood Ave 
Sunnyvale, CA 94089 
(408) 744-1500 

Tokyo 647-111 
TLX 262-2262 
Circle No. 715 
In the US: 
Servoflow Corp 
75 Allen St 
Lexington, MA 02173 
(617) 862-9572 
FAX (617) 862-9244 
Circle No. 716 

FAX (415) 770-0645 
Circle No. 719 

VOTE ... 

FAX (408) 734-0407 
Duncan Miller 
Circle No. 722 

Please also use the Information Retrieval Service card to rate this 
article (circle one): 
High Interest 509 Medium Interest 510 Low Interest 511 
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WE'RE GIVING THE 22Vl0 
A WELL DESERVED • 
~ EP610PC 

- - - - ------------
The 22Vl0 was a pretty 

good part in its day. But 

now its days are numbered. 

BecauseAltera's new 15ns EP610 is more 

dense, flexible and less costly. 

In fact , the EP610 delivers 60% more macro­

cells than the 22Vl0. Which lets you pack a lot 

more functionality into the same board space and 

give any design a shot of new life. 

And while the 22Vl0 was rigid, the EP610's 

programmable clocks and flip-flops give you 

incredible flexibility. Which means you can pro­

gram the EP610's registers for D-, T-, JK- or SR­

operation or for asynchronous clocks. So 

it's perfect for all kinds of applications, including 

counters, state machines, 

memory and peripheral 

(_ 1991.AlteraCorporation. 

interfaces, asynchronous logic and more. 

Best of all, you get all this at a lower price than 

the22Vl0. 

The EP610 also gives you a wide selection of 

low-cost Altera and third-party development tools 

to choose from . And a great future to look forward 

to-the rest of the Altera Classic™ EPLD family. 

Like our 68-pin, 48-macrocell, 20ns EP1810 with 

more density and I/O than other mid-range CMOS 

PLDs. And our 12ns, 20-pin EP330 that replaces 

over 20 kinds of PAL"s and GAL"s. 

So call (800) 44-EP610 for a Classic EPLD data· 

book and a free Altera EP610 sample. 

And breathe new 

life into your designs. 

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

.... 

Classic is a trademark or Altera Corporation. Other brands or 
products mentioned are trademarks of their respecl lve holders. 
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TECHNOLOGY UPDATE 

Silicon pressure sensors 

Motorola employs a single piezore­
sistive implant to sense shear st ress 
rather than the more traditional 
Wheatstone bridge configuration. 
MPX devices are compatible with 
most noncorrosive gases. However, 
the measured media must not react 
with silicon gel , RTV , or valox 
plastic. 

Accurate to better than 
±0.25%, Model 1431 absolu te 
pressure sensors f rom IC Sen­
sors are Jwiised in a surf ace­
mou nt package measuring 
O . .J x O. :J in . They operate from 
either a constant- current or 
constant-voltage ~ npply, meas­
ure pressure levels of 15 to .JOO 
psi, and have a 60-m V typical 
output span. 

The MPX5100 Series t ransducers 
are available in absolute , differen­
t ial, and gauge versions. You can 
purchase the devices in basic ele­
ment form as well as in top- or side­
ported packages. Customized pack­
aging is also available to help mini­
mize the use of addit ional adapters. 

Sensor vendors are still striving 
to develop sensors for low-pressure 
applications- areas where full-scale 
readings are less than 1 psi. On an-

other front, vendors are looking to 
add significant levels of sophistica­
tion to their sensor products to de­
velop smart devices (see box "Add­
ing some smarts"). Given the way 
the silicon-sensor market has devel­
oped over the past few years, it 
seems quite likely that vendors will 

be offering both low pressure sen­
sors and smart sensors in the very 
near future. EDN 

Article Interest Quotient 
(Circle One) 

High 509 Medium 510 Low 511 
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Adding some smarts 
Increasing the intelligence of a sensor is nothing 
more than an example of added value. Most of to­
day's solid-state sensors interface with computers 
or µPs. Smart sensors would be able to take over 
some of the functions that would normally have to 
reside in the computer. There are several levels of 
sensor sophistication-conversion, environmental 
compensation, communication, and diagnostics. A 
sensor need not incorporate all levels to be consid­
ered a smart device--one level may be all the smarts 
a device needs to satisfy the application at hand. 

Conversion involves the transformation of a condi­
tion or an image to a measurable electric or elec­
tronic signal. All sensors have this capability, and 
in some cases, this capability may be all that's 
needed for the job. Conversion-level sensors may 
employ sophisticated technologies (like silicon mi­
cromachining) in order to detect changes in specific 
variables such as pressure. 

Environmental compensation can involve a couple 
of factors. For example, the sensor may be able to 
compensate for changes in its operating environment 
and provide an output signal that reflects the condi­
tions. Compensation for temperature changes is a 
common enhancement in a number of todays silicon 
pressure sensors. Other environmentally compen-

sated sensors might incorporate circuitry that pro­
tects them from the operating environment. For ex­
ample, the circuitry might cause the sensor to shut 
off if conditions reach damaging levels. 

A sensor with communication capabilities can in­
terface with a monitoring system without going 
through an intermediate communications device. 
The most basic example of communication capability 
involves the conversion of an analog signal into a 
digital signal. Other capabilities could include sensor 
addressability or the ability to interface with system 
protocols. An addressable sensor can identify itself, 
interpret selective signals from the host computer, 
and provide its output only on demand. AID conver­
sion represents one-way communication-from the 
sensor to the system-but addressable sensors 
would be capable of receiving and transmitting data. 

Sensors with self-diagnostics would be able to per­
form one or both of two functions. First, they could 
inform the system when they have, or soon will 
have, problems operating. Secondly, they could pro­
vide some kind of output to alert the system when 
they fail. The latter function would be very impor­
tant in systems employing many sensors; repair per­
sonnel could then easily find which sensor (or sen­
sors) needed to be replaced. 
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Condor's Global Peiformance 
(GP) switching power supplies 
offer full agency approvals, 
continuous range input 
and more! 
Our newest switchers have the 
approvals you need (UL 1950, VDE 
Level B EMI, IEC 950, CSA and TUV) 
and the features you want, including: 

• 71 models (single- and rµulti-output) 
• Industry-standard packages 
• 6 power levels ( 40 to 200W) 
• Continuous input voltage (85-264V) 
• OVP on all 5V outputs and 

single-output units 

EDN November 7, 1991 

• Fully regulated outputs 
• MTBF 100,000 + hours per Mil Hndbk 

217E 
• 8-hour burn-in with cycling (24 hours 

on medical versions) 
• Computerized testing (data sheets 

furnished) 
• 2-year warranty 
• 30-day FREE evaluation (call us 

for samples) 

If you're looking for world class per­
formance, quick turnaround and 
competitive pricing, try our new GP 
switchers - the only approval they're 
missing is yours! 

CIRCLE NO. 109 

nd commerci 

Standard of 

UL 544 IEC 601 MEDICAL 
VERSIONS ALSO AVAILABLE 
All Global Performance switchers 
are available in full medical 
configurations. Call us for details. 

CALL FOR OUR FREE CATALOG! 

Condor D.C. Power Supplies, Inc. 
2311 Statham Parkway 
Oxnard, CA 93033 • (805) 486-4565 
CALL 'IDLL FREE: 
1-800-235-5929 (outside CA) 
FAX: (805) 487-8911 
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Zilog Datacommunication 

• 
mversa 

Zilog's SCCn1 and USC™ datacom controller 
families give you a tremendous selection and the 
mostflexibility in protocols, system interfaces 
and data transfer rates in the industry. 

At Zilog, we understand our markets. We provide the 
devices that meet the needs of datacommunication designs 
right now, yet we always have an eye on the future. \~e 
offer serial communications controllers that ensure quick , 
easy and fl ex ible interconnect.ion of hosts and peripherals 
into LANs and WANs. And we provide fl exibi lity in 
protocols allowing designers to build CPU-based boards 
with custom software, rather than hardware or firmware. 

Our SCC and USC families of 8- and 16-bii SCC 
controllers range from Serial Input/Output controllers 
Appletalk is a registered trademark of Apple Computer, Inc. . 
SCC, USC, 810, ESCC, IUSC and Superin1egration are trademarks nf Z1log, Inc . 
©1991, Zilog, Inc. 
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• 

(SIOT" controller) and the versat1 e 
SCC controller that's used in all Appletalk® networks ... 
to the Enhanced sec (ESCCTM controller). which boosts 

performance up to 10 times. Plus our Integrated USC 
(IUSCT" controller). which pro,·ides sophisticated buffer 
management capability, is perfect for handling fast. 

packetized data across networks. And you get simplified. 
faster system operation with an on-board DMJ\. Since all 
these controllers offer code compatibility in their families ,. 
you 're also assured a quick , easy migration path . 

There's no question that ASSPs are the best 
option for a rapidly growing number of designs. At Zilog 
we've been prnducing ASSPs and refining Superintegra­
tion TM design methodology longer and better than anyone. 
which is why we provide the largest library of familiar 
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1 ustry. We're continually develop­
ing new members of Zilog·s SCC and USC controller 
families. and, because we have the manufacturing control 
that comes from having our own fabr ica tion fac ili ties. 
you can rest assured that every exciting innova tion wi ll 
rellecl the high standards of quality and reliability for 
which Zilog is known ... and all the fl ex ibili ty you need 
for today's complex designs. 

To find out more about Zilog's Datacorn families, or 
any of our rapidly growing Superintegration product 
families, contact your local Zilog sa les offi ce or your auth­
orized distributor today. Zilog, Inc. , 210 East I lacienda 
Ave., Campbel l, CA 95008-6600, ( 408) 370-8000. 

~ 
2iUJb 
Doing It Right 
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Zilog Intelligent Peripherals 

Zilog's Z80® MPU Family. It's the smartest 
way to add impressive performance and 
innovation without having to spend time 
learning and writing new code. 

It's little wonder the Z80 8-bit MPU is the world 's 

most popular 8-bit microprocessor: It's the only CPU wi th 

an architecture that makes task switching so fas t, simple 
and accurate. In fact the Z80 outperfo rms many 16-

bit parts. And that makes it especially valuable as the 

core for the w1de range of Superin tegration ™ devices that 

make up the industry's leading family of intelligent 
peripheral controllers. 

So if you're looking for a way to upgrade an ex isting 

design, or for the ex tra performance you need for sorne­
zs is a registered trademark and Superintegration is a trademark of Zilog, Inc. 
@1991, Zilog, Inc. 

• ast . 

thing entirely new, the smart move is to look to the Z80 
MPU famil y. You ' ll find the combinations of features that 

will give you just what you need, including the high­
performance Z181 ,™ Zilog's Smart Access (SAC™ ) Con­

troller. And best of all , since you're already familiar 

with the Z80 code, the migration path couldn 't be quicker: 

Others may choose to concentrate on highly complex 

solutions for workstation and PC environments. But we 
think the wiser strategy is to go on developing high . 
integration, va lue added 8- and 16-bit solutions for the 

intelligent peripherals, datacommunication and consumer 
microcontrollers markets. At the same time, we're contin­

uing to develop 32-bit RI SC and DSP devices and to 
produce some of the most sophisticated ASSPs in the 
industry. 



It's very clear that ASSPs are the best option for a 
rapidly growing number of designs. At Zilog we've been 
producing ASSPs and developing Superi11tegration des ign 
methodology longer and better than anyone, which is 
why we have the largest library of familiar cores and rells 
in the industry. You can be sure Zilog will continue to 
develop new members of the Z80 MPU famil y. And , 
because we have our own fabrication fac ilities, you know 
that every new part will have the same high standards 
for quality, cost/performance and reliability for which 

Zilog has always been k11ow11 . 

\ ~;~:~~ 
-.i '-X'<' Hll 

The smart 
thing to do is to find 
out more about the Z80 family of 
Intelligent Peripheral Controllers, or any 
of Zilog's rapidly growing Superintegration product 
families . Contact your local Zilog sales office or your auth­
orized distributor today. Zilog, Inc. , 210 East Hacienda 
Ave., Campbell , CA 95008-6600, ( 408) :370-8000. 

~ 
2.iUJb 

CIRCLE NO. 111 
Doing It Right 
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Zilog Microcontrollers 

ore 

Zilog's Z8® family 
offers an impressive 
range of microcontrollers; 
each one of them aimed at optimum system 
cost/performance in specific applications. 

The Z8 family is one of die broadest MCU lines in 
the industry. Choose from 1 k to 16k HOM, and from 
18 to 80 pins configured in the lates t packages. You can 

even get mul tiprocessor and DSP capabilities. It's a 

cost-effec tive, high performance 8- to 16-bit microcon­
troller family. And more importantly, it's precisely 
targeted, with hardware and software designed for par­

ticul ar applications in specific markets. 
Z8 is a registered trademark and Superintegration is a trademark ol Zilog, loc. ©1991, Zilog, loc. 
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01ces. 

Zilog's Superintegration ™ technology assures more 
performance with fewer components. The Z8's familia1: 
elegant architecture guarantees it 's easy to program 

and simple to use. Whether you need a highly sophisti ­
cated microcontroller: like the Z86C94 with DSP-an 

industry first-or something much simple1; you' ll find the 

MCU you' re looking for in the innovative, high-integra­
tion Z8 famil y. 

We offer an enormous range of Superintegration 

ASSPs. And every member of the Z8 family was devel­
oped for specific applications in specific markets, such as 

mass storage, auto, computer peripherals, speech pro­
cess ing and embedded control. We know that you're 
looking for the best cost/performance you can get in your 

~ystem, in your market. 
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ASSPs are clearly the best choice for a fast growing 
number of today's designs. At Zilog, we've been produc­
ing ASSPs and refining the technology longer and better 
than anyone. So we offer the largest library of familiar 
cores and cells in the industry and an easy, code-compati­
ble migration path. Since we have our own fabrication 
facilities, we can maintain the high standards of quality 
and reliability for which Zilog has always been known . 
As we continue to develop new members of the ZS family, 
you know they' ll be right on target. 

To find out more about the ZS Microcontroller fami ly, 
or any of Zilog's rapidly growing Superintegration 
product families, contact your local Zilog sales office 
or your authorized distributor today. Zilog, Inc., 
210 East Hacienda Ave., Campbell , CA 9500S-6600, 
( 40S) 370-SOOO. 

~ 
2iUJb 
Doing It Right 
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The l\1etraf Universal Connector System 
ItThrives On Change. 

There's only one connector system 
designed to meet the ever-changing 
needs of electronic system designs. 
Du Pont Metral.™ 

Ifs the first- and best- modular 
connector system for designers and 
engineers who need a system that will 
meet their needs today and tomorrow, 
even as design trends move toward 
higher density, metric measures, global 
standardization, and surface mount 
compatibility. In fact thafs why Metral 
was selected as the IEEE connector 

standard for Futurebus + and SCI. 
Metral offers a 2mm, "hard metric" 
grid which delivers over two times the 
density of DIN. Without the high cost 
of other high density connectors. 

Whaf s more, Metral is modular, 
malting it remarkably adaptable with 
virtually unlimited flexibility in any 
printed circuit design. And ifs available 
in a variety of functions - including 
power, co-ax, fiber optic, and signal -
to eliminate component variety and 
reduce the number of suppliers. 

And now you can see all 

U.S.: (Pl) 237-4357 • Canada: (8Xl) a13.s963 • Aigcnlilla: 54-l-312-20U • Brazil: 55-11-421-8122 • Mexico: 525-W00-33 Venezueb: 58-2-9'2-6(122 • Europe: 41-(22) 717-Slll 
lllJlll: 81·3-3.58.1-5511 •Australia: 61-2-92:16111• Hong Kong/China; 8.12-734-5345 • Korea: 82-2-721-5114 • Singapore:G.1-273-2244 •Taiwan: 886-2-719-1999 

CIRCLE NO. 113 

the benefits of Metral, firsthand, with a 
free video from Du Pont. Just call 
1-800-237-4357 and ask for your free 
tape and catalog on Metral. Du Pont 
Metral. The connector system designed 

with change in mind. 

DuPont Electronics 

~ 



Module-generation tool eases 
top-down FPGA design 

Engineers no longer need to 
face a Robson's choice be­
tween low-level gate delay 

or high-level language for FPGA 
design. With Xilinx's Blox tool, which 
uses high-level module generation, 
engineers can define their designs 
graphically with parameterized func­
tional blocks similar to those in sili­
con-module or data-path compilers. 

Blox comprises 30 logic modules, 
including adders, subtracters, reg­
isters, static RAMs, comparators, 
multiplexers, accumulators, shift 
registers, PROMs, bus interfaces, 
counters, 3-state buffers, and bus 
functions. 

With this tool, you don't need to 
learn a new front-end tool. Instead, 
you can continue to use current 
schematic editors, such as View­
logic's Viewdraw, Mentor's Neted, 
Futurenet's Dash, the Cadence edi­
tor, and the OrCAD-SDT. Blox ac­
cepts netlist entry from these popu­
lar editors, and has the ability to 
specify a design in higher-level, 
parameterized models. 

Engineers can define designs at a functional block level using Blox's schematic capture. 

By simply changing a parameter, 
a module such as an adder can have 
its size automatically changed. 
Thus, modules can be changed from 
9 to 10 bits without having to re­
draw anything. In addition, the tool 
is "smart"; it can take one parame­
ter size and backtrack to other mod­
ules that feed the labeled entity­
and change their sizes as well. A 
single parameter change can scale 
a design up or down. 

The software then converts a ge­
neric design to a standard, hierar­
chical Xilinx netlist file (XNF) and 
feeds the file to the tool for process­
ing. This design is then synthesized 
into an FPGA implementation. But 
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unlike most gate-level designs, Blox 
has the advantage of top-down de­
sign information. This grouping of 
function and location helps to en­
sure efficient routing. 

The Blox tool does the following 
operations on the netlist: 

• Scales data-path widths 
• Assigns clock and high fanout 

signals to buffers 
• Assigns master reset signal 
• Remaps arithmetic functions 

to use XC4000 fast-carry logic 
• Moves registers/flip-flops to 

IIO blocks on the chip periph­
ery (these 110 blocks have built­
in fl ip-flops) 

• E xpands and m erges the logic 
modules. 

Blox is built with a rule-based 
system, which makes it easy to map 
designs into the underlying RAM­
based logic architecture. The soft-

ware has an advantage over the 
older gate-based mapping: Blox has 
high-level design knowledge, which 
aids in mapping the logic into the 
FPGA architecture. 

Engineers no longer have to use 
pure module-based design; they can 
mix design representations. The 
circuit structure and major blocks 
can be defined graphically. But, 
control logic, such as state machines, 
can be defined in a number of ways, 
such as schematics or equations. 

Blox links into the standard Xi-
1 inx XACT 4000 development sys­
tem and costs $2995 for a PC and 
$4995 for a workstation version. 
-Ray Weiss 

X ilinx Inc, 2100 Logic Dr , San 
Jose, CA 95124. Phone (408) 559-
7778. FAX (408) 559-7114 . TWX 
510-600-8750. 

Circle No. 734 
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PRODUCT UPDATE 

In-circuit emulator supports 
multiprocessing debugging 
Debugging software is a major 
barrier to building multiprocessor 
systems. Traditional test ap­
proaches, such as ICEs, become un­
affordable for large numbers of 
CPUs. However, a Texas Instru­
ments's hardware/software team, 
the TMS32C40, with on-chip debug­
ging, and the XDS 510 parallel de­
bugger, lets you debug DSP 
multiprocessing systems. 

With the XDS 510 debugger 
you can control multiple C40s. They 
can stop and start all or just one 
processor; halt one or more CPUs 
with breakpoints; and single-step 
one or all processors. The proces­
sors can be stopped within a few 
clock steps. Also, you can group and 
control processors by a defined 
name. And, executing software can 
be debugged at the source-code 
level with a host window for each 
processor. 

Each TMS320C40 has a JTAG 
(IEEE JTAG 1149.1 test bus) serial 
port for onboard test and real-time 
execution control. The JTAG serial 
port links to an on-chip analysis 
module and can be used to control 
the processor. The CPU can be 
halted, registers and status read or 
set, breakpoints set, and events 
monitored. Multiple C40 processors 
are linked via a JTAG serial link. 

<lows for each C40 CPU; they allow 
users to view the processors' source 
and disassembled code, memory, 
function call, and a watch window. 

The XDS 510 comes with a 
TMS320C40 C compiler, which has 
a parallel runtime support library. 
Library functions support interpro­
cessor communications via the C40's 
six communication-link ports (each 
C40 has six ports for point-to-point 
links with other C40s). Each 8-bit 
port has a peak throughput of 
20 Mbytes/sec. A parallel-process­
ing assembler/linker partitions code 
between processors. The assem­
bler/linker has directives for map­
ping program and data code to spe­
cific processors. 

Each C40 has an on-chip DSP 
analysis module, which takes on key 
ICE-like functions. Each module 
has breakpoint address compara­
tors for program, data, and DMA 
addresses. Discontinuities-pro­
gram trace address changes-are 
saved in a program discontinuity 

stack, which holds the from, to, and 
PC addresses. Also included is an 
event counter for benchmarking 
and profiling execution. 

Currently, the XDS 510 runs on 
a PC under OS/2. The development 
software runs on PCs (DOS, OS/2) 
and the Apple Macintosh, as well 
as Sun and DEC workstations. 

The company is also fielding 
a parallel development system 
(PDS), which integrates four C40s 
onto a single board. These DSP 
processors each have no-wait-state 
64k x 32-bit words or static RAM 
(SRAM) and 8 kbytes of EPROM. 
The system also has a shared global 
memory on a common bus with 
128k x 32 words of one-wait-state 
SRAM. A board JTAG connector 
links in the XDS 510 emulator. The 
debugger system costs $8000; the 
compiler costs $1500.-Ray Weiss 

Texas Instruments, Semiconduc­
tor Group, Box 809066, Dallas, TX 
75380. Phone (800) 336-5236. 

Circle No. 733 

The XDS 510 parallel In-System 
Emulator development system util­
izes the C40's JTAG interface to 
control one or more C40 processors. 
The emulator runs on a PC. It has 
a PC half-card, which drops into the 
PC host bus. A target cable runs 
from the half-card to an Active 
Buffer Pod and a short cable that 
links to an onboard, 14-pin JTAG 
connector. A full C/assembler 
source-code debugger also comes as 
part of the package. The debugger 
provides a set of interactive win- You can ckbug multiple processors via a JTAG serial port on the TMS32C40. 
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Limited Only By Your Imagination 

Remember how quickly you could turn a concept into reality with a set of quality 

building blocks? How you always seemed to have just the right parts and how well they 

fit together? How easily you could modify your creation to explore creative alternatives? 

Our Vl-200 and VI-JOO families of high density converters, along with a host of 

compatible modular peripheral products, are designed to "plug and play" 

perfectly ... offering you the flexibility, ease-of-use, quality and repeatability needed 

to implement virtually any power system solution. And with hundreds of 

standard models to choose from ... input ratings from 10 to 400 Volts, outputs from 

2 to 95 Volts and power expansion from Watts to kilowatts ... you won't be 

stuck at the last minute with "missing" parts. 

You're not playing with toys anymore ... which may be the most important reason for 

specifying Vicor's component-level "building blocks" for your next power system. 

CIRCLE NO. 114 

VICOR 

23 Frontage Road Andover, MA 01810 

TEL: (508) 470-2900 FAX: (508) 475-6715 
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PRODUCT UPDATE 

Microcontroller combines CISC and DSP 
for low-end voice processing 
The NS32AM160 microcontroller 
(µC) is part of a 3-chip set for low­
end voice processing. When com­
bined with two chips, an ARAM 
(audio-quality DRAM that's flawed) 
and a codec, the µC performs voice 
processing. It handles voice synthe­
sis, recording, and playback, as well 
as modem and phone-line processing. 

In addition, the company pro­
vides application software and algo­
rithms for voice processing. Also 
available is a set of turnkey answer­
ing-machine software. You can 
modify this generic code to build 
tailored applications or run it as is 
for a fast out-of-the-box implemen­
tation. 

The µC has a dual-processor ar­
rangement. It combines the com­
pany's 32-bit embedded CISC­
(complex-instruction-set-computer) 
core processor with a 16-bit DSP 
processor. In this arrangement, the 
host 32-bit CISC CPU handles 
overall system control and I/O, as 
well as setting up and kicking off 
DSP. Both processors run at 20 or 
25 MHz. 

The chip contains a 25-kbyte 
ROM to hold program arid con­
stants and a 2.1-kbyte RAM for dy­
namic data and code. Off-chip mem­
ory can hold processing parameters 
and data. The DSP processor runs 
from its own 4-kbyte RAM. How­
ever, one on-chip memory space 
serves both the CISC and DSP 
processors , allowing data ex­
changes between the processors. 
The DSP processor runs as a slave 
to the host CPU and executes out 
of on-chip memory. 

The DSP module is a pipelined, 
vector-processing engine. In many 
ways, it resembles the old-fash­
ioned display-list processors for 
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INTERRUPT 

.-----1--------------, 
DSP MODULE 

16-BIT 32-BIT INTERRUPT 
DSP 1-- 4-kBYTE 

CPU CONTROL 
UNIT RAM WATCHDOG UNIT 

t--
TIMER 

------------- ____ J 

25-kBYTE 2.1-kBYTE 1/0 BUS-INTERRUPT 20-MHz INTERNAL 
ROM SYSTEM UNITS UNIT AND DRAM PWM CLOCK 

RAM CONTROLLER GENERATOR 

YI l~ YI li-J D D 
The 32AM160 microcontroller controls voice processing by combining a 32-bit CISC CPU 
with a dedicated DSP module. 

vector graphics. The host CPU sets 
up the initial program and initializes 
processing by setting a program 
pointer to nonzero. The DSP mod­
ule runs the program to completion 
and then stops, waiting for its next 
assignment. It can pass data to the 
host via shared memory, as well as 
trigger a host interrupt for immedi­
ate response. A 16-bit processor, 
the DSP module provides a simpli­
fied instruction set, having 52 in­
structions. It's a DSP processor 
that handles complex math calcula­
tions. 

At 25 MHz, the µC executes an 
FIR-filter algorithm at 40 nsec/tap 
and a complex FIR-filter algorithm 

at 160 nsec/tap. The chip has a dy­
namic-RAM controller, a 1-MHz 
PWM unit , a timer, a watchdog 
timer, a 4-level interrupt control 
unit, and 16 bit-programmable I/O 
lines. For off-chip memory, the µC 
relies on an 8-bit bus and 11 address 
lines. 

The chip sells for $17 (10,000) and 
comes in a 68-pin plastic-leaded­
chip-carrier package.-Ray Weiss 

Nati onal Semiconductor Corp, 
Box 58090, Santa Clara, CA 95052. 
Phone (408) 721-5000. 

Circle No. 735 
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It pays to design 
teleco01 products using 

a very rme line. 
Using the world's finest passive 

component line can make a big differ­
ence to other lines. Like product lines. 
Like bottom lines. 

To the former, of course, Murata Erie 
brings an unquestionable assurance of 
superior performance, superior relia­
bility. And that can't help but improve 
the latter. 

But the Murata Erie contribution 
goes much further. 

First, there are the significant bene­
fits that come with finding a single 
source able to meet virtually any pas­
sive component requirement. And we're 
discussing not only product types, but 
your needs for on-time delivery, in 
volume, as well. 

That's where multiple plants in 
North America and overseas help set 
Murata Erie apart from the rest. Where 
manufacturing capacity-exemplified 
by our routinely shipping 3.5 billion 
ceramic capacitors per month-can play 
an important role in productivity, in 
profitability. And both are enhanced by 
our extensive network oflocal distrib­
utors, nearby sources for both product 
and dependable technical know-how. 

And speaking of technological exper­
tise, it's well to remember who has 
more of it. And that, from the beginning, 
it's been Murata Erie setting the pace 
in electro-ceramic technology- the heart 
of an array of sub-technologies rang­
ing from dielectrics to piezoelectrics. 

Write or call us today. When you 
have the facts, you'll see why leading 
telecom OEMs choose the Murata Erie 
passive component line. It's the one 
that helps move their lines-product 
and bottom-in the right direction . 

P!'nERiEI® 
MURATA ERIE NORTH AMERICA 

2200 Lake Park Dr. 
Smyrna, GA 30080 
(404) 436-1300 

Dielectric Resonators, EMI/RFI Filters and Filter Connectors, Ceramic Resonators, Gigafils~ Ceramic Capacitors, Piezoelectric Speakers, Microphones and Alarms, Duplexers, Isolators, 
Inductors, Miniature Coaxial Connectors, Trimming Potentiometers, Crystal , DR and SAW Oscillators, Ceramic Filters, Resistor Networks, Hybrid Circuits, LC Filters, Trimming Capacitors 

EDN November 7, 1991 CIRCLE NO. 115 117 



PRODUCT UPDATE 

IC encodes RGB or YCrCb inputs 
to produce NTSC or PAL outputs 

The Bt858 digital encoder IC con­
verts computer-graphics images to 
formats used with television display 
standards. It can drive NTSC video 
devices used in the USA and PAL 
(phase-alternation-line) units that 
are common in Europe. It also pro­
vides Y and C outputs for S-Video 
display applications and can accept 
input data in RGB (red-green-blue) 
or YCrCb color-space formats. 

The IC provides one of the key 
capabilities needed in multimedia 
systems. Boards that use the en­
coder can output computer-gener­
ated presentations directly to tele­
visions or to consumer video-tape 
recorders. Other applications in­
clude video editing and using the 
IC with video peripherals such as 
scanners and cameras and photo da­
tabases. 

The IC's generated 4-field, 525-

CLOCK_OUT 

VIDEO TIMING 
CONTROL 

CLOCK_IN 

Ro- R1 

Ro -G7 

Bo - 8 7 

OLo - OL3 LATCH 

H/HSYNC 

VNSYNC 

CSYNC 

F/BLANK 

KEY_O 

CB FLAG 

line NTSC signals are considered 
nearly studio quality. For PAL 
applicatioms, the chip produces an 
8-field, 625-line image. In NTSC, 
PAL, or S-video modes, the IC 
provides pixel clock rates ranging 
from 12 to 18 MHz. You can also 
program the number of pixels gen­
erated for each scan line, allowing 
you to use the IC in applications 
other than standard 12.27-MHz 
NTSC, 13.5-MHz CCIR601, and 
14. 75-MHz PAL. 

Fig 1 depicts the internal archi­
tecture of the Bt858. The IC has 
three 256 x 8-bit lookup-table RAM 
arrays. A separate stack of 15 24-bit 
registers stores overlay informa­
tion. The IC also has an on-chip 
color-bar generator and can handle 
mixing of computer-generated 
graphics and captured video im­
ages. 

VREF 

The IC accepts composite sync or 
separate horizontal and vertical 
sync signals for timing control. It 
can also accept the CCIR601 H, V, 
and F control signals, or it can gen­
erate horizontal and vertical sync 
signals. The color-conversion blocks 
perform RGB to YIQ/YUV for 
NTSC applications and YCrCb to 
YIQ/YUV for PAL applications. 

The video encoder represents the 
first in a family of ICs from the com­
pany that targets multimedia appli­
cations. The CMOS device requires 
a 5V power supply and typically dis­
sipates 900 mW. It comes in a 132-
pin quad flatpack and costs $67 
(100).-Maury Wright 

Brooktree Corp, 9950 Barnes 
Canyon Rd, San Diego, CA 92121. 
Phone (800) 843-3642; (619) 452-
7580. FAX (619) 452-1249. 

Circle No. 731 
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Fig 1-A choice of S-Video, NTSC, or PAL outputs makes the Bf,858 video-encoder IC useful in applicaticms that re,quire compatibility 
with different international television standards. 
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WORLD'S SMALLEST 

NKK introduces the surface mount 
G3T with patented STC contacts, 

gull-wing terminals. VPS or infrared 
reflow solderable. 

TV STAR 

JW rockers & JP pushbuttons. High 
inrush current resistance protects 

against contact welding. TV-8 
(16 Amp)+ TV-5 (10 Amp) Rated. 

DOUBLE DUTY 

Logic-level for PCB or power rating 
for snap-in panel mounting, from 

very low-profile UB pushbuttons with 
full-face LED illumination. 

EASY DOES IT 

Washable M2B subminiature 
pushbuttons feature 

very-light-touch, snap-acting 
contacts. Straight, right 

angle, vertical PC terminals. 

TURNING POINT 

Washable Binary Coded DIP rotary 
DR-A switch can be PC or panel 
mounted. Crisp operation. Right 

angle or straight terminals. 

New NO switch is half the size 
of ordinary binary coded 

DIP rotaries. Washable and 
universal footprint pattern. 

WORTH A MILLION 

Million operations from unique LED 
illuminated JB keypad switch. Red, 

green or yellow LED options. 

100,000 CHOICES 

YB pushbutton yields literally 
100,000 + part numbers with 

variations in mounting, illumination, 
circuitry and color. 



PRODUCT UPDATE 

Gyroscope allows 3-D motion sensing 
for robotics and desktop computers 
The Gyropoint pointing device lets 
you add to your computer the abil­
ity to sense either linear or angular 
motion with three degrees of free­
dom. A miniature gyroscope is the 
key to the pointer's unique ability 
and is available to system develop­
ers for other motion-sensing appli­
cations. 

The pointing device resembles a 
3-button mouse, but it's a mouse 
with wings. Instead of being con­
fined to a flat surface, the pointer 
works in unrestricted free space 
and allows you three degrees of 
freedom. If you're using it in its 
mouse-compatible mode, the 
pointer gives you X- and Y-axis po­
sition data. You can either slide the 
pointer along a flat surface (it has 
a Teflon bottom for easy sliding) or 
wave it around in mid-air. 

If your application software sig­
nals the pointer that it can accept 
3-D data, the pointer operates as 
an angular sensor, giving you direct 
measurements of roll, pitch, and 
yaw. The pointer's mode switch lets 
you signal the application software 
whether to interpret the pointer's 
data as linear or angular motion. 
It also has an activate switch, allow­
ing you to turn the pointer when 
you're not pointing with it. 

An embedded microcontroller 
handles all the pointer's interface 
functions and translation between 
angular and linear data in mouse­
compatible mode. At rates from 
1200 to 4800 baud, the device will 
handle RS-232C, RS-423, and Ap­
ple Desktop Bus protocols. 

The key element of this pointer 
is a miniature spin gyroscope, the 
Gyroengine. The pointer uses two 
of these devices to provide three 
degrees of freedom. Like a conven-

120 

tional gyroscope, the Gyroengine 
uses a spinning motor inside a dou­
ble-gimbaled housing to establish 
an inertial reference axis. The gim­
bals allow the axis to remain stable 
if the housing moves. Optical sen­
sors detect the housing's movement 
relative to the axis and an onboard 
microcontroller translates that 
movement into a serial data stream. 

The gyroscope is small, measur­
ing 1. 75 in. high by 1.25 in. in di-

ged. It will operate in 0 to 70°C 
temperature at unlimited altitude. 
It will also tolerate shocks as great 
as lOOOG for 3 msec. 

Although the Gyropoint is avail­
able to OEMs as a product for bun­
dling with 3-D application software, 
it is intended to be a demonstration 
vehicle for the Gyroengine. The en­
gine suits a range of motion-sensing 
applications. Electronic navigation, 
robotic arm movement, and plat-

You can't see the wings on this nwuse, but it has them. The Gyrapoim 3-D painter can 
operate like a mow;e, but it doesn't need to stay on a table. 

ameter. It weighs 1.2 oz and draws 
a nominal O.lW at 3V when run­
ning. Its microcontroller handles all 
of the gyroscope's control functions, 
including spinning up the motor, 
sampling the position data, and re­
covery from out-of-range motion. 
The gyroscope's range is 360° for 
yaw and ± 80° for roll and pitch, 
with an angular resolution of 
10 bits/degree. It has a drift of 
<2°/min. 

The gyroscope is also fairly rug-

form stabilization are among the 
possibilities. A developer's kit that 
includes a pointer, interface sche­
matics, and documentation costs 
$1000. Production pointers will be 
available in early 1992. 
-Richard A Quinnell 

Gyration Inc, 12930 Saratoga 
Ave, Bldg C, Saratoga, CA 95070. 
(408) 255-3016. FAX (408) 255-
9075. 
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PRODUCT UPDATE 

Fractal geometry compresses video 
images that have independent resolution 
In the late 1970s Benoit Mandel­
brot, a professor at the Massachu­
setts Institute of Technology, dem­
onstrated that you can create ab­
stract pictures by the repeated 
use of some fundamental 
mathematical formulas 
called fractals. This work 
stimulated the interest of 
scientists as to whether 
still or moving video im­
ages could be repre­
sented by a fractal model. 
The P.OEM series uses 
fractals for image com­
pression in hardware and 
image decompression in 
software. 

In the mid-1980s, Dr 
Michael Barnsley discov­
ered that you can de­
scribe an image using 
a mathematical break­
through called the "frac­
tal transform." In May of 
1987, Dr Barnsley helped 
found Iterated Systems 
Inc to put the fractal 
transform into practical 
use in image-compression 
applications. The com­
pany currently offers a 
family of fractal-based, 
image-compression prod­
ucts for the OEM, soft­
ware development, and 
system-integration mar­
ket. The product family 
name, P.OEM, stands for 
Pictures for OEMs. 

µP. The board accepts data from a 
frame grabber or a scanner and the 
eight fractal-transform chips oper­
ate in parallel to compress an image 
into fractal-image-format (FIF) 

files . The board can compress a 768-
kbyte image to 10 kbytes in 240 sec 
or less. The company recently an­
nounced a price reduction for this 
board, called the FTC-SB, from 

$8850 to $2995. 
In addition , a lower­

cost version of the board, 
called the FTC-l B, has 
one fractal-transform 
ASIC. The $1995 board 
calculates the fractal 
transform at a much 
slower rate , however. An 
$8850 board, called the 
FTC-II , uses eight frac­
tal-transform chips, 1 
Mbyte of RAM, and an 
80960 µP. This board 
operates with the latest 
version of the company's 
software development 
kit, called P.OEM Color 
Still frame Developer's 
Kit version 2.1, which 
performs decompression 
in software. 

The company has de­
veloped an ASIC that 
performs the fractal 
transform and offers an 
ISA bus board having 
eight fractal-transform 
ASICs, 256 kbytes of 
RAM, and an Intel 80960 

A 20-kbyte fractal-image-format (FIF) file generated these three 
photographs. By applying the fractal transform to successive sections 
of the file, the pictures display compression ratios of 154:1, 614:1, 
and 2456:1, while maintaining 1280 x 800-pixel resolution. 

By taking advantage of 
a feature of fractal-trans­
form technology called 
fractal Zoom, version 2.1 
of the developer's kit can 
demonstrate compression 
ratios as high as 2456:1. 
This feature can scale 
sections of a compressed 
image file to create a 
"zoom effect" without de­
grading the resolution. 
Because of the resolu­
tion-independent nature 
of fractal image compres­
sion, the resolution is lim­
ited only by the display 
circuitry. The $2995 soft­
ware package consists of 
MS-DOS linkable mod­
ules , which can be ac-
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UPDATE 

cessed by a C language program for 
OEM use. 

To illustrate the power and vi­
ability of fractal image-compres­
sion, the company is offering a $79 
software package that has a "clip­
art library" of 250 color images hav­
ing 640 x 400 x 24-bit resolution. 
This software, called the Fractal 
Formatter, occupies less than 4 
Mbytes of hard-disk space and rep­
resents 192 Mbytes of uncom­
pressed color-image data. The im­
ages are in FIF format and are com­
pressed using the P.OEM com­
pression algorithm. 

In addition, Fractal Formatter 
accepts image files from a variety 
of formats including Targa, Tiff, 
and Raster files for editing or con­
version to FIF files. You can cut 
and paste images, rotate images, 
and shrink the dimensions. Because 
the software runs under Microsoft 
Windows, you can extract images 
from the "clip-art library" into a 
graphic design with the click of a 
mouse.-John Gallant 

Iterated Systems Inc, 5550A 
Peachtree Pkwy, Norcross, GA 
30092. Phone (404) 840-0310. FAX 
( 404) 840-0029. 
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IT'S COMING 
In the November 21, 1991, issue 

of EDN Magazine, we'll present the 
18th annual microprocessor direc­
tory. We'll investigate the ad­
vanced scheduling techniques that 
allow emerging µPs to break cur­
rent performance barriers, fol­
lowed by more than 40 pages of 
specs and analyses on current 8-, 
16-, and 32-bit µPs and µCs. It's 
a reference guide worth saving. 

EDN November 7, 1991 

ADVERTISEMENT 

PRODUCT UPDATE-NEW NICOLET MULTIPRO 

Multi-Channel Instruments 
Get Oscilloscope Operation 
Uses unique 
Microsoft Windows 3.0® 
"Front Panel" 

Nicolet In strument Corporation 
announced the new MultiPro multi­
channel transient analyzer. The 
MultiPro, co mp anion product to the 
recently-announced Nicolet Pro Digital 
Oscilloscopes, extends the Nicolet Pro 
architecture to high channel counts, and 
offers a unique Microsoft Windows 3.0® 
"front panel" to retain an oscilloscope's 
ease of operation. The MultiPro was 
designed for engineers and scientists with 
advanced requirements for data integrity 
and trigger reliability in a multi-channel 
instrument. Nicolet has enhanced the 
flexibility of the system by making it 
easy to mix memory depths, sampling 
rates and resolution levels without 
programming. 

Multi-Channel Data Acquisition 
Without Programming 

Synchronous acquisition of multi­
channel analog data used to force a choice 
between racks and racks of scopes (for 
ease of setup and operation), or weeks of 
programming under the aging CAMAC 
standard (for economy at high channel 
counts). Nicolet 's use of the familiar 
Windows® user interface breaks the ease 
vs. economy dilemma, and delivers other 
benefits besides. Under Windows®, the 
output data is immediately portable to 
other programs, including spreadsheets, 
word processors, graphics programs and 
Nicolet FAMOS®. What's 
more, Nicolet macros 
can be used to sequence 
error-free repetitive tests. 

Total Event Capture 
But important as they 

are, ease and economy 
can't be the top priorities 
in multi-channel re­
cording. Often, the event 
of interest is a high­
speed impact, explosion, 
or other rare and 
expensive transient, and 
its magnitude, duration 
and timing are hard to 
predict. The Nicolet 
MultiPro' s solution is a 

dynamic range, extreme memory length, 
unique triggering and sim ultaneou s 
acquisition. 

When an event's magnitude can't be 
known in advance, Nicolet's 12-bit 
digitizers allow conservation gain settings 
without unacceptable loss of resolution. 
And when timing or duration is uncertain, 
the optional ultra-long memories (up to 
3 megawords per channel) give plenty 
of margin for safety. 

Triggering received special attention 
from the MultiPro's designers, because a 
missed or false trigger in multi-channel 
event capture is a disaster. The MultiPro, 
like Nicolet's new scopes, has a unique 
variable-sensitivity "hysteresis" control to 
prevent false triggers. The MultiPro arms 
or triggers when the input passes 
sequentia ll y through two operator­
selected voltages, eliminating triggers due 
to noise or baseline instability. Advanced 
"logic analyzer" trigger modes such as 
minimum-interval, dropout and n-event 
are implemented. 

Instruments for 
Measurement Experts 

The new Nicolet MultiPro systems 
come in a compact seven-slot "tower," or 
a rack for systems with up to several 
hundred channels. With the introduction 
of the MultiPro, Nicolet's "measurement 
expert" customers have a multi-channel 
instrument that helps them focus on their 
measurement. 

Call Nicolet Measurement Instruments 
(800) 356-8088 

combination of wide Nicolet MultiPro system with compact seven-slot tower. 
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You Design Actel FI 
You Do A PLil But 11. 
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Use PLO Tools. Fast. Fast. Fast. 100% Automatic Place And Route. 

You design Actel FPGAs using 
the some tools os you would a PLD: 

Our FPGAs ore reel speed demons. Coupled with your PLD tools, 
A ctel's Action Logic™ System (Ai.SJ 

ABEL;" CUPL;" LOG/iC™ ond 
PGADesigner.™ But that's where 

the similarity ends. 

Whatever appl ication you moy 
be working on, our ports wi ll 

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

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

desk. With Auto Place a nd Route 

Announcing A Simple Way To Get 
From PLDs To FPGAs. 

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

First of all, you don't 
have to give up your exist­
ing PLD design tools or 
Boolean equations. Actels 
ALES™ 1 program trans­
lates the output of PLD 

tools like CUPL™ and 
LOG/iC™ into logic opti­
mized for our ACT™ 
devices. ABEL™ 4.0 
includes optimization for 
Actel devices. Entire FPGA 
designs can be developed 
with PGADesigner. ™ 

Actel devices offer 
everything you want in an 
FPGA. Like high 1/0 and 
flip-flop counts. And 
100% automatic place 

and route gets you to 
market fast. 

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

Other FPGA manufac­
turers fall short on design 
verification. Our exclusive 
Actionprobe" diagnostic 
tools, give you 100% 

that's proven in thousa nds 
of applications. 

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

It's never been easier to 
make your innovative 
designs a reality. We offer 
you a complete family of 
powerful FPGAs, like the 
A1010 and A1020, avail­
able in 44, 68 and 84 pin 
PLCC versions and imple­
menting up to 273 flip­
flops or up to 546 latches. 
And the first member of our 
ACT 2 family, the power-

© 1991 Act.el Corporation, 955 E. Arques Ave., Sunnyvale, CA 94086. ACT, Action Logic, ALES, PUCE, and Action probe are trademarks or registered trademarks of Act.el Corporation. 
NI other products or brand names mentioned are trademarks or registered trademarks of their respective holders. 
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1GAs The Satne Way 
e Similarity Ends There. 

More Flexibility And Capacity. 

Designing with Actel FPGAs 
gives you more freedom thon you 

ever imogined. More gotes. 
More flip-flops. More 1/0. In loct, 

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

ful A1280. With 8,000 
gates, up to 998 flip-flops, 
and 1401/0 pins, its the 
highest capacity FPGA 
today. And our 
A1240-l is the 
fastest. In the 
Al240-1, 16-bit 
counters run at 

Smoll Footprint. 

Actel FPGAs give you for more 
gotes per squore inch. As much os 
ten times os mony os the densest 

PLDs. Thot can sove o lot 
of reol estote. 

capacity, and auto place 
and route capabilities of 
our FPGAs are made pos-

sible by Actel's revo­
lutionary PUCE~ 

antifuse program­
ming element. The 
advanced technol­
ogy that makes our 
family of FPGAs 
an ideal way to 
unleash your engi-

998 

684 

341 

293 

147 

7 5 MHz, 16-bit 
accumulators at 
33 MHz. Enough 
capacity and 
speed to handle 

The FPGA Design Guide neering creativity. 

almost any application. 
The superior speed, 
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Call 1-800-228-3532 
for your free FPGA 
Design Guide. 

CIRCLE NO. 118 

More Fun. 

Designing Actel FPGAs is so 
simple thot you 'll hove more time 
to do the things thot made you 
want to become an engineer 

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

Broad Family With High Capacity 
Al.?<ftl 

Al.?~tl 

Al.?.?S 

A / P2PA A?ll2PA 

34 57 69 83 104 140 

l/OPINS 

Risk-Free Logic Integration 
125 







"Processors like the TMS32C40 and 
DSP96002 are designed for large-scale 
multiprocessing. They don't even have 
a serial port." - Tony Agnello, Ariel 

tinue to grow in raw processing power. New chips 
such as Analog Devices' ADSP-21020 deliver millions 
of floating-point operations per second running directly 
out of local memory. 

DSP, once the stuff of high-end signal processing, 
is becoming a key tool for multimedia applications, 
such as combining voice and video information. DSP 
CPUs are moving to the system mother board as copro­
cessors for multimedia processing. And the software 
is falling into place to ease the transition from micro­
processor- to DSP-style processing. "Programming 
DSP chips,'' says Jimmie Edrington, an IBM design 
engineer, "is no more difficult to learn than program­
ming a microprocessor." 

However, dedicated DSP processors are not alone. 
Standard RISC processors are taking on DSP charac­
teristics for higher processing throughput. New CPUs 
are emerging, such as the National Semiconductor 
Swordfish and Intel's i860, that deliver both RISC inte­
ger performance and millions of 32-bit floating-point 
operations per second. Table 1 compares the capabili­
ties of the i860 and two dedicated DSP chips. The i860 
has a faster instruction cycle but lacks the hardware 
to do the real-time digital signal processing of the 

Table 1-RISC vs DSP floating-point CPUs 

Motorola DSP96002 and 
Texas Instruments TMS320C40 

Intel 1860 RISC CPU 32-bit DSP CPUs 

Designed to run Unix Won't run Unix, no MMU 

64-bit arithmetic 32-tit arithmetic 

25-nsec instruction cycle 50-nsec instruction cycle 
(pipelined) (pipelined) 

No OMA for concurrent 1/0 OMA controllers for concurrent 
1/0 

Slow context switch Faster context switch 

Standard interrupt mechanism Faster interrupts 

One external bus Two external buses 

Off-chip memory penalty Sing :~ycle external memory 
accesses 

No cache lock Locking caches 

Pipelined FPU Single-cycle FPU multiply 
operations 

No integer-to-floating-point Singl~ycle integer-to-floating-
conversion instruction point conversion 

No integer multiples 32 x 32-bit integer MAC 

Graphics engine No graphics engine 

Need high-level language Easy-to-use assemblers 

C compilers C compilers optimized for 
parallel operations 

Long-instruction-word operation; 1 instruction/word parallel 
as many as 2 instructions/word, operation 
1 integer, 1 floating point 
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A typical multiprocessing DSP design is illustrated by the IBM GT4x 
graphics adaptor, which has six TI TMS320C30s in a 3-card subsys­
tem. The adapter handles 2- and 3-D wireframes and 3-D surfaces 
with 1280 x 1024-pixel resolution. 

Texas Instruments TMS320C40 and Motorola 
DSP96002. 

The first thing to realize about DSP chips is that 
they are not standard processors. Instead, they repre­
sent a new and different track in CPU evolution-they 
were designed for the digital-signal-processing tech­
niques first developed in the 1960s. Also, DSP chips 
do not support any particular programming language 
or operating system. In contrast, 32-bit RISC chips 
are tightly bound to C and Unix. 

Thirty-two-bit DSP chips have many embedded­
system microprocessor attributes, such as relatively 
simple memory hierarchies and moderately clean glue­
logic requirements. Typically, high-end DSP chips 
have Harvard architectures (dual program and data 
access), which allow for dual memory access and high 
application throughput. 

A major feature distinguishing DSP chips from mi­
croprocessors is a high-speed MAC (multiply-and­
accumulate) capability for high-speed, iterative algo­
rithmic processing (Fig 1). MAC hardware enables 
many DSP chips to perform single-cycle, floating-point 
multiplies, which the MAC generally accumulates with­
out additional overhead. MAC cycles are a key advan­
tage for math-intensive processing such as matrix ma­
nipulation and building a sum-of-product series. 

DSP chips offer fast iterative processing with built-in 
iteration controls. Unlike standard processors, for 
which programmers must explicitly set up, iterate, 
and control processing loops, many of these DSP chips 
have built-in hardware-control mechanisms. These 
mechanisms include loop controls, which define loop 
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boundaries and loop counts; circular buffer controls 
(module access to a table) and separate memory struc­
tures and addressing units for walking through X, Y 
(coefficient and data) tables and defining the data stride 
or item length. These mechanisms are extremely effi­
cient for building a series or for matrix/vector manipu­
lation. 

DSP chips are surprising. You can do a lot of process­
ing with little written . code because these devices can 
do multiple operations per instruction. The operations 
include built-in looping and addressing. The chips have 
iterative controls for walking through two data memo­
ries and a result matrix at the same time. Doing multi­
ple operations eliminates much of the algorithm book­
keeping and control necessary to implement an FFT 
in Motorola's 680x0, for example. DSP-chip architec­
tures are highly complex, but there's a real payoff for 
that complexity in reduced code. 

"I'm very pleased with DSP processors. Chips like 
the TI C30 are easy to code for and provide fast loop­
ing, "says Mark Graham, a design engineer at Evans 
and Sutherland Computer Group (Salt Lake City, UT). 

Sophisticated DSP chips, such as the Motorola 96002 
and the Analog Devices 21020, can do multiple opera­
tions per instruction cycle. Relying on multiple-bus 

INSTRUCTIONS 
---------~/ PROGRAM 

RAM/CACHE 

Texas Instruments TMS320C40 
Clock speed . . . 40, 50 MHz (clock is divided by 2 internally) 
Instruction cycle . . . . . . . . . . . . . . 40 nsec at 50 MHz 
MAC cycle . . . . . . . . . . . . . . . . . 40 nsec at 50 MHz 
Accumulator size . . . . . . . . . . . . . . . . . . . . 40 bits 
Floating-point formats . . . . . . . . . . . . . . 40 and 32 bit 
Registers . . . . . . . . . . . twenty-two 32 bit, twelve 40 bit 
On-chip memory . . . . . . . . . . . . . . two 4-kbyte RAMs 
On-chip program memory .. . ... . ....... 512 bytes 
External buses .. . ... . . 2 (each has 32-bit address and 

32-bit data) 
Internal buses ...... program, two data, OMA, peripheral 
Off-chip fetch . . . . . . no wait states using 21-nsec SAAM 
CPU pipeline . . . . . . . . . . . . . . . . . . . . . 4 stages 
Pipelined MAC . . . . . 1-cycle multiply and 1-cycle addition 
Special addressing . . . . . . . . . . . . modulo, bit reverse 
Loop controls . . . . . . . . . . . repeat (block or instruction) 
Maximum parallel operations . . . . . . . . . . . . . . . . 11 ' 
Number of instructions . . . . . . . . . . . . . . . . . . 135" 
Special instructions . . . . . . programmable delayed branch 
Floating-point divide . . . . . . . . . . . . . . . . . 360 nsec 
Interrupt response . . . . . . . . . . . . . . . . 4 instructions 
1024-point FFT . . . . . . . . . . . . . . . . . . . 1.025 msec 
Interrupts . . . . . . . . . . . . . . . . . . . . . . . 4 external 
Pins .. . ..... . . . . .. . . . . ....... . ... 325 
OMA channels . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Timers . . . . . . . . . . . . . . . . . . . . . . . . two 32 bit 
Serial port . . . . . . . . . . . . . . . . . . . . . . . . . none 
Byte addressing . . . . . . . . . . . . . . . . . . . . . . word 
Special features . . . . 6 communications ports (20 Mbytes/sec 

using OMA); internal ICE and parallel debug 
features: breakpoint, trace, count 

Price/availability . . . . . . . . . . . . . . . . $560/sampling 

*Includes addressing, register operations, loops, OMA, and 
OMA addressing. 
** IEEE-754 floating point. 

ADDR1 

DATA RAM 1 DATA RAM 2 

INSTRUCTION /\---~ 
ADDRESS 

LOOP CONTROL 

ADDRESSING 

- MODULE 

DATA-ADDRESS 
GENERATOR 

- BIT 
REVERSAL 

I LOOP I 

MULTIPLE DATA BUS 

FLOATING-POINT FLOATING-POINT 
MULTIPLIER ADDER 

RESULT/INTERMEDIATE 
REGISTERS 

SHIFTER INTEGER 
ALU 

Fig 1-A generic 32-bit floating-point processor supports 3-memory addressing with automatic addressing and loop control. A low-overhead 
multiply/accumulate unit (MAC) calculates series. 
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"It's work setting up loops and handling 
arrays. With DSP/C, we added special 
data types to minimize C expressions." 
- Marc M Hoffman, Analog Devices 

This PC plug-in DSP board has a peak performance of 60 Mflops, 
64 Mbytes of DRAM, and a range of both input and output oversam­
pling audio converters. Ariel Corp's DSP-96 board is based on Mo­
torola's DSP96002 floating-point DSP processor. 

architectures lets these chips schedule more than one 
operation in an instruction cycle. For example, running 
with on-chip instruction cache and data memories, the 
96002 can do a floating-point multiply, add, and sub­
tract while loading two registers and doing a DMA 
transfer, all in one instruction cycle. 

Additionally, floating-point DSP chips eliminate scal­
ing-one of the major problems in fixed-point DSP and 
numeric application code. Without floating-point capa­
bilities, programmers must continually scale intermedi­
ate results for processing. Many floating-point chips 
automatically scale results to hold maximum signifi­
cance. Engineers, however, still have to be careful not 
to lose a result's significance when combining two val­
ues with different exponents. 

Most 32-bit DSP chips can do real-time processing 
and deliver low-latency interrupt responses. Also, DSP 
interrupt handling is highly deterministic. And al­
though DSP processors are pipelined, their pipelines 
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tend to be fairly simple, which minimizes overhead for 
pipeline flushing and restoration. 

Many floating-point DSP chips lend themselves to 
multiprocessing. Some of the newer second-generation 
chips are specifically designed for both the sequential­
staging and parallel-processing variations of 
multiprocessing. Texas Instruments' TMS320C40, for 
example, has six communications channels. Each chan­
nel is 8 bits wide and has its own DMA port; each 
port can move data as fast as 20 Mbytes/sec. 

Digital signal processing and many other math­
intensive applications lend themselves to multiple­
processor designs. These applications tend to be algo-

Texas Instruments TMS320C30 
Clock speed .. . .. .. 27, 33, 40 MHz (clock is divided by 

2 internally) 
Instruction cycle . ...... .. . . ... 50 nsec at 40 MHz 
MAC cycle .. . . . . . . . . .... . .. 50 nsec at 40 MHz 
Accumulator size . . . . . . . . . . . . . . . . . . . . 40 bits 
Floating-point formats . . . . . . . . . . . . . . 40 and 32 bit 
Registers . . . . . . . . . . . . twenty 32 bit and eight 40-bit 

precision floating point 
On-chip memory . . . two 4-kbyte RAMs, one 16-kbyte ROM 
On-chip program memory . . . . . . . . . . . . . . 256 bytes 
External buses . . . . . . . . . . 24-bit address, 32-bit data; 

32-bit address, 32-bit data 
Internal buses . . . . . . . . . . program, 2 data (2 address, 

shared data), OMA 
Off-chip fetch . . . . . . . . . . . 1 cycle if no bus contention 
CPU pipeline . . . . . . . . . . . . . . . . . . . . . 4 stages 
Pipelined MAC . .... 1-cycle multiply and 1-cycle addition 
Special addressing . . . . . . . . . . . . modulo, bit reverse 
Loop controls .. .. ... .. .. repeat (block or instruction) 
Maximum parallel operations . . . . . . . . . . . . . . . . . 7 
Number of instructions . . . . . . . . . . . . . . . . . . 135· 
Floating-point divide . . . . . . . . . . . . . . . . . 1560 nsec 
Interrupt response . . . . . . . . . . . . . . . . 3 instructions 
1024-point FFT . . . . . . . . . . . . . . . . . . . 3.00 msec 
Interrupts . . . . . . . . . . . ....... 4 external , 1 reset 
Pins ....... . . . .... .. ........ . 180 (PGA) 
OMA channels . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Timers . . . . . . . . . . . . . . . . . . . . . . . . two 32 bit 
Serial ports . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Byte addressing . . . . . . . . . . . . . . . . . . . . . . word 
Special features . . . . . . divide-by-2 clock, 2 accesses per 

internal bus per cycle 

Price . . ..... 27-, 33-, 40-MHz versions: $92, $108, $135 
(10,000) 

*Load/store architecture 

EDN November 7. 1991 



rithm oriented, and many of these algorithms-such 
as digital filters, FFTs, and matrix manipulation­
consist of building a series with a sum-of-products form 
or ordered processing applied to regular structures, 
such as matrices. In many cases, you can break down 
problems into segments that can be processed sepa­
rately, either in sequential or parallel stages. 

The 32-bit floating-point DSP product world is divided 
on the issue of multiprocessing. Some chip vendors see 
multiprocessing as the key to the nineties. Others favor 
limited multiprocessing and high DSP throughput as 
the critical design criteria for 1990s DSP applications. 

One way to get increased throughput for an applica­
tion is to partition the problem and add CPUs for each 
application subset stage. Doing so with DSP chips is 
fairly easy because, unlike their RISC cousins, DSP 
chips tend to have regular memory structures with 
minimal memory hierarchies and run directly with local 
memory or out of on-chip memory. Another plus is 
that DSP chips tend to have clean interfaces that re­
quire a minimum of glue logic or support chips. For 
example, Motorola's 96002 needs no support logic to 
drive SRAM (static RAM) directly. 

INSTRUCTION CACHE DATA RAM 1 

128 32-BIT WORDS 1 k 32-BIT WORDS 

GLOBAL Il TI BUS 

32-bit floating-point DSP processors 

However, designing a parallel or staged processing 
system has its own family of problems. For one thing, 
designers must balance data throughput against proc­
essing time to ensure that the system is limited by 
neither the data flow nor the processing speed. For 
another, designers have to coordinate system data flow 
between processors to ensure lock-step processing. 

A major design constraint of multiprocessing sys­
tems is the need for global, or common, memory­
memory accessible by more than one processor. A 
physical means must exist for the processors to get to 
the data, and you need a system to ensure that data 
is locked when a CPU accesses or changes it. Many 
DSP processors use shared local memory to pass data. 

Two new DSP processors stand out for their multi­
processor architectures: the Motorola DSP96002 and 
the Texas Instruments TMS320C40. Each company has 
taken a different tack toward multiprocessing. Mo­
torola has opted for a bus-oriented, tightly coupled 
architecture to take advantage of the company's excel­
lent bus technology. Texas Instruments has taken the 
opposite approach, that of loosely coupled processors 
connected via point-to-point links. 

DATA RAM 2 DATA ROM 

1 k 32-BIT WORDS 
BOOT LOADER 
(RESERVED) 

u u LOCAL 
BUS 

• '~2 .. BUSES: PROGRAM, TWO DATA, OMA; 32-BIT ADDRESSES AND DATA .. 7~2 .. 

l ;. 
PERIPHERAL 

CPU OMA 
BUS 

CONTROLLER"< 7 

FLOATING-POINT FLOATING-POINT OMA CHANNEL 0 COMM PORTO 

AND INTEGER AND INTEGER OMA CHANNEL 1 COMM PORT1 
MULTIPLIER ALU 

OMA CHANNEL 2 COMM PORT2 

I I -FLOATING-POINT REGISTERS OMA CHANNEL 3 COMM PORT3 

OMA CHANNEL 4 COMM PORT4 

ADDRESS ADDRESS 
OMA CHANNEL 5 COMM PORTS 

GENERATOR 1 GENERATOR2 

.. 1 I TIMER 0 

I I .. 
8 AUXILIARY REGISTERS TIMER 1 

I 14 CONTROL REGISTERS I 

Fig 2-Featuring six communications ports and six DMA channels, Texas Instruments' TMS320C40 brings a new dimension to DSP 
multiprocessing. Designers can link multiple C40s point to point and move data as fast as 20 Mbytes/sec/port. 
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32-bit floating-point DSP processors 

Both DSP chips have large die and complex, multi­
operation architectures. Neither chip has traditional 
DSP serial ports. As one DSP-board designer put it, 
these two chips don't fit the classic DSP-chip mold of 
AID serial data in, do fast DSP processing, and serial 
DIA data out. The chips are heavyweight processors 
for staged multiprocessing. 

Motorola's 96002 has two complete memory ports. 
Each port can access local or shared memory and is a 
system bus complete with system arbitration. A 96002 
can act as a bus master and access a slave processor's 
internal memory. Thus, staged processors can directly 
pass data to the next CPU. Data transfers via an out­
put bus to the slave processor's host interface. Both 
the output bus and the slave's host interface use one 
of the processors' DMA channels. Designers can choose 
among three transfer techniques ranging from a full­
handshake DMA transfer to a no-handshake transfer. 
Bus-arbitration logic must be added for master/slave­
type bus operations. 

Tl's TMS320C40, which is available in sample quanti­
ties, is an upgrade of the popular TMS32C30 rigged 
for parallel processing (Fig 2). The company has added 
dual buses, similar to the 96002's, for dual bus access 
as well as bus-oriented multiprocessing. The earlier C30 
has two buses (24 and 13 bits) with limited addressing. 

But the real surprise in the C40 is its six communica­
tions ports. In many ways, Tl's port approach resem­
bles the Inmos/SGS Thomson Transputer's parallel­
processing scheme. The Transputer, a 32-bit stack­
oriented CPU, was designed for parallel processing. 
It has four 20-Mbps serial communications channels 
on chip for point-to-point CPU links. Although not well 
accepted by American designers, the Transputer is the 

A helping hand for DSP 

AT&T DSP32C 
Clock speed . .. ...... .. . ....... ... 40 MHz 
Instruction cycle . . . . . . . . . . . . . . . . . . . . 80 nsec 
MAC cycle . . . . . . . . . . . . . . . . . 80 nsec (pipelined) 
Accumulator size . . . . . . . . . . . . . . . . . . . . 40 bits 
Floating-point format . . . . . . 32 bit (sign, 23-bit mantissa, 

8-bit exponent) 
Registers . .... twenty-two 32-bit integer, 4 floating point 
On-chip memory ...... . .... three 2-kbyte RAMs for 

instructions or data 
On-chip program memory . . . . . . . . . . . . . . see above 
External buses . . . . . . . . . . . 24-bit address, 32-bit data 
Internal buses ... .. . 1 (operates at 4 x system bus rate) 
Off-chip fetch . . . . . . 40 nsec (as many as 2 accesses per 

instruction cycle) 
CPU pipeline . . . . . . . . . . . . . . . . . . . . . 3 stages 
Pipelined MAC . . ... .... . 2-stage multiply/accumulate 

in 4-stage pipeline 
Special addressing . . . . . . . . . . . . . . . . . bit reverse 
Loop controls . . . . . . . . . . . . . . . . . . . . . . . . yes 
Maximum parallel operations . . . . . . . . . . . . . . . . . 7 
Number of instructions . . . . . . . . . . . . . . . . . . . . 9 
Special instructions . .. integer-to-floating-point conversion, 

forced branch/return for interrupt handling 
Floating-point divide . . . . . . . . . . . . . . . . . 880 nsec 
Interrupt response . . . . . . . . . . . . . . . . 3 instructions 
1024-point FFT . . . . . . . . . . . . . . . . . . . . 2.9 msec 
Interrupts . . . . ..... . ... .. .. . ... 6 (4 external) 
Pins . . . . . . . . . . . . . . . . . . . . . . . . . 133 (PGA) 
OMA channels . .. .... . . .. ... 3 (serial, 1/0, parallel) 
Timer . ...... . . ........ . .... . .. . . none 
Serial port . . . . . . . . . . . . . 1 (plus 16-bit parallel port) 
Byte addressing . . . . . . . . . . . . . . . 8, 16, and 32 bit 
Special features . . . . . . . . . . C-like assembly language, 

16-bit parallel port 
Price . . . . . . . . . . . . . . . . . . . . . . . . $71 (10,000) 

base for a hotbed of parallel-system architectures in 
Europe, particularly in the United Kingdom. 

TI architects went the Transputer one better: They 
gave the C40 six 8-bit communications ports, each capa­
ble of passing data at rates up to 20 Mbytes/sec. These 
ports can link, point-to-point, to other C40s. 'Each port 
has DMA capabilities: Port data transfer is independ­
ent of the chip CPU. The six DMA channels share a 
DMA bus for the main external ports. They also share 

For those who have no current 
signal-processing training, read­
ing these two books can easily 
bring you up to speed on DSP: 

• Introductory Digital Signal 
Processing w'ith C om'/)Uter Ap­
plications, by Paul A Lynn and 
Wolfgang Fuerst, John Wiley & 
Sons Ltd, New York, NY, 1989. 
This book is straightforward; it 
directly tackles digital signal 

processing with simple examples 
and moves quickly from equa­
tions to Basic and Pascal pro­
grams to illustrate DSP princi­
ples. The book covers time- and 
frequency-domain analysis, digi­
tal filters, and Fourier trans­
forms. 

MA, and Prentice-Hall Inc, 
Englewood Cliffs, NJ, 1990. This 
book is a more formal and com­
plete text. It defines and explains 
digital signal processing as well 
as digital filters and Fourier 
transforms. The book also ex­
plores digital hardware ap­
proaches to DSP and shows DSP 
programming examples. 
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• Digital Signal Processing in 
VLSI, by Richard J Higgins, 
Analog Devices Inc, Norwood, 
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the peripheral bus, which also serves the timers. A 
C40 can move as much as 120 Mbytes of data without 
loading down the DSP CPU. DMA data movement, 
however, may slow main processing because of mem­
ory-access conflicts. 

Designers can use the C40 to build multiprocessor 
DSP systems that can take on architectural forms such 
as hypercubes and meshes. Companies have already 
started deploying the C40 as a parallel processor. Ariel 
Corp is fielding a VMEbus board that integrates four 
C40s, each of which has as much as 2 Mbytes of SRAM 
and 64 Mbytes of DRAM (dynamic RAM). The V-C40 
card links the onboard processors via their communica­
tions ports and brings out 12 of the ports for large-scale 
parallel-processing interconnections. 

But the C40's communications ports are not the lat­
est word in parallel processing. The Inmos/SGS Thom­
son designers are upgrading the Transputer. A new 
chip, the T9000, will be available in sample quantities 
next year. The T9000's serial link speed will be 100 
Mbps (12.5 Mbytes/sec), and the chip will have virtual 
packet-switching links instead of the older point-to­
point links. Packets of data can travel over a network 
of links. Transputer systems will dynamically route 
these packets to addressed processors. An additional 
chip, the C104, will handle dynamic routing for net­
works of T9000s. 

Both the TI and Motorola DSP chips have on-chip 
emulation features for debugging. These features let 
developers breakpoint, examine machine states, and 
control execution via a serial interface. TI uses a JTAG 
interface for both test and emulation; Motorola uses 
its own serial interface. 

TI, however, has gone a step further by directly 
building into its chip the facility to control and debug 

Acronyms used in this article 

Analog Devices ADSP-21020 
Clock speed . . . . . . . . . . . . . . . . 15, 20, 25 MHz bus 
Instruction cycle . . . . . . . . . . . . . . 40 nsec at 25 MHz 
MAC cycle . . . . . . . . . . . . . . . . . 40 nsec at 25 MHz 
Accumulator size . . . . . . . . . . . . . . . . . . . . 80 bits 
Floating-point format . . . . . . . . IEEE 754 40-bit extended 
Registers . . . . . . . . two 16 x 40-bit, 10-port register files 
On-chip memory . . . . . . . . . . . . . . . . . . . . . none 
On-chip program memory . . . . . . . . . . . . . 32 x 48 bits 
External buses . . . . . . . . . two program (24-bit address, 

48-bit data), data (32-bit address and data) 
Internal buses . . . . . . . . . 48-bit program and 32-bit data 
Off-chip fetch . . . . ...... . .. .. . 1 cycle, dual ports 
CPU pipeline . . . . . . . . . . . . . . . . . . . . . 3 stages 
Pipelined MAC . . . . . . . . 1-cycle multiply and 1-cycle add 
Special addressing . . . . . . . . . . . . modulo, bit reverse 
Loop controls . . . . . loop address, counter (6-deep stack) 
Maximum parallel operations . . . . . . . . . . . . . . . . . 7 
Number of instructions . . . . . . . . . . . . . . . . . . . 53· 
Special instructions . . . . . . programmable delayed branch, 

multiply with add or subtract; count leading 1 s or Os 
External-memory interface . . . . . flexible access, runs with 

35-nsec SAAM 
Floating-point divide . . . . . . . . . . . . . . . . . 300 nsec 
Interrupt response . . . . . . . . . . . . . . . . 3 instructions 
1024-point FFT ........... . . ..... . 0.77 msec 
Interrupts . . . . . . . . . . . . . . . . . . . . . . 5 hardware 
Pins . . . . . . . . . . . . . . . . . . . . . . . . . 223 (PGA) 
OMA channels . . . . . . . . . . . . . . . . . . . . . . . none 
Timer . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 bit 
Serial port . . . . . . . . . . . . . . . . . . . . . . . . . none 
Byte addressing . . . . . . . . . . . . . . . . . . . . . . . no 
Special features . ... OSP/C (Numeric C); 2-bus access to 

external memory running from complex 
instruction cache; 1 /Vx takes 450 nsec; 

JTAG and chip-based ICE 
Price/availability ....... 15-, 20-, and 25-MHz versions: 

$185, $246, $276 (100) 

*Load/store architecture. 

multiple processors. Users can control multiple proces­
sors all linked by a single, serial JTAG test interface. 
Any or all processors can be halted within a few clocks 
by the user or by breakpoints. Users can single-step 
the processors as well. 

"We believe that the future of DSP is in paralltl 

ALU-Arithmetic and logic unit 
APl-Application program interface 
ASIC-Application-specific inte­
grated circuit 
bps-Bits per second 
CPU-Central processing unit 
DMA-Direct memory access 
DRAM-Dynamic random-access 
memory 

FPU-Floating-point unit 
ICE-In-circuit emulator 
!SR-Interrupt service routine 
JTAG--Joint Test Action Group 
LIW-Long instruction word 
MAC-Multiply and accumulate 
MESI-Modified, exclusive, shared, 
and invalid 

NIA-Not applicable 
PC-Personal computer 
PGA-Pin-grid array 
PQFP-Plastic quad flatpack 
RAM-Random-access memory 
RISC-Reduced-instruction-set com­
puter 
ROM-Read-only memory 
SRAM-Static random-access memory 

DSP-Digital signal processing 
EPROM-Erasable programmable 
read-only memory 
FFT-Fast Fourier transform 
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Mflops-Millions of floating-point 
operations per second 
MIPS-Millions of instructions per 
second 
MMU-Memory-management unit 
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32-bit floating-point DSP processors 

processing," says Ray Simar, architect of the C40. "For 
example, the majority of C30 designs involve more 
than one processor. So we recognized the need for 
low-cost debugging for parallel processing. The C40 
lets you control a number of C40s with a single JTAG 
serial interface. This interface also lets you test your 
board components." 

Both the DSP96002 and the TMS32C40 inherit tradi­
tional DSP architectures. Both CPUs have complex 
architectures for DSP-class operations. Such opera­
tions include iterative processing with dual access of 
ordered operands such as constants and array vari­
ables. The chips' floating-point units have parallel func­
tional units. Both processors have dual internal data 
RAMs and an instruction cache for tight, on-chip proc­
essing loops. 

Some vendors have taken the middle road by design­
ing their DSP chips for minimal multiple-processor de­
asigns. These chips can handle sequential or staged 
processing as well as limited shared-memory multi­
processing. 

In many cases, limited multiprocessing is all that's 
needed for dedicated applications such as graphics and 
image processing. For example, the new graphics sub­
system for the IBM RS/6000 workstations is based on 
multiple TMS320C30s. The subsystem can do high-

134 

ADDRESS BUS 

PROGRAM CACHE 
32x48 BITS 

DATA 
ADDRESS 

GENERATOR 1 24 DATA BUS 

DATA 
ADDRESS 

GENERATOR 2 

FLOATING-POINT MULTIPLIER 
FIXED-POINT MULTIPLIER 

FIXED-POINT ACCUMULATOR 

REGISTER FILE 
16x40 BITS 

48 

40 

32·BIT 
BARREL SHIFTER 

resolution 2- and 3-D graphics on an X terminal. 
"We've looked at the C40, and it looks good, but we 
just don't need the communications capability for our 
application," says IBM's Jimmie Edrington. "In fact, 
I wish TI would move some of the instruction upgrades 
in the C40 back into the C30 where we could use them. " 

Analog Devices' ADSP-21020 chip suits high­
throughput, limited-multiprocessing DSP applications. 
Although the chip has a dual-bus architecture, the 
buses are for local and shared memory, not tightly 
coupled processing. 

The ADSP-21020 does dedicated digital signal proc­
essing and follows the cache and bus-sharing strategy 
Analog Devices used in its earlier fixed-point DSP 
processors (Fig 3). The ADSP-21020 has a Harvard 
architecture with a data and program bus. However, 
for complex DSP instructions, the CPU uses the in­
struction bus as a second data bus while instructions 
execute out of cache. Basically, complex, 3-address in­
structions are cached with their addresses in a small 
32-word cache. This cache frees up the program bus 
for use as an additional data path for DSP calculations 
that require coefficients and data simultaneously. 

Unlike most caches, this small cache holds single 
instructions and their associated addresses. Only com­
plex instructions-ones that need to use the instruction 

PROGRAM 
BUS 

DATA 
BUS 

72 

72 

FLOATING-POINT 
ALU 

FI XED-POINT 
ALU 

Fig 3-An on-chip cache lets Analog De­
vices' AD2 I 020 do fast inner-loop process­
ing. The processor caches complex instruc­
tions then uses the program bus as a second 
data bus. 
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bus for data-are cached; regular instructions execute 
directly from memory. The complex instructions are 
typically the core inner-loop instructions. Thus, a small 
cache can be sufficient for a mult iloop algorithm. The 
21020 executes directly out of memory with no wait 
states for instructions or data. The only drawback to 
this scheme is in initializing the cache, which means 
paying the penalty for the first access of a complex 
instruction. 

The 25-MHz 21020 runs with 35-nsec SRAM, which 
minimizes memory costs. You can hook the chip di­
rectly to memory. On the down side, the chip uses 
48-bit instruction words and 40-bit data words, which 
leads to some incompatibility in sharing the program 
bus. Because of its architecture, the chip requires a 
minimum of eleven 8-bit-wide memory chips. Proces­
sors can share data memory for coordination. 

AT&T's DSP32C also fits into this mainstream proc­
essing camp, although it also serves as a base for multi­
processor implementations. This processor is a first­
generation 32-bit DSP chip that combines a pipelined 
floating-point DSP engine with a pipelined floating­
point MAC. 

Coding the DSP32C in assembly language is rela­
tively easy-the assembly syntax is C-like, which 
makes coding the processor an easy transition for C 
programmers. However, the processor's floating-point 
unit has a 4-stage pipeline. So although floating-point 
results appear every cycle, a calculation actually takes 
four cycles to work through the pipeline. This pipeline 
can create difficulties for exception processing and for 
interrupts that can break into the cycle. Also, because 
the chip is pipelined as well as the FPU, there can be 
programming difficulties in accessing intermediate re­
sults. Many programmers first do straightforward code 
for the inner loops while minimizing parallel opera­
tions. They then tighten up the code incrementally and 
add parallelism. 

The DSP32C architecture is flexible. It has three 
on-chip RAMs, which can be used for code and data. 
Its internal bus has four stages, each of which can be 
used for bus operations. 

Bare-bones DSP 
Many dedicated applications, such as speech process­

ing, telecommunications, and graphics, require 32-bit 
floating-point processing with a minimum of costly 
overhead. What many of these specialized low-end ap­
plications need is a bare-bones DSP processor with a 
small die and an uncomplicated architecture. 

NEC's two 32-bit floating-point DSP processors suit 
such single-chip DSP applications. The company built 
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Motorola DSP96002 
Clock speed . 
Instruction cycle . . . 

. .... .. . .... . 33, 40 MHz 

. . . 50 nsec at 40 MHz (2 clocks/ 
instruction cycle) 

MAC cycle . . . . . . . . . . . . . . . . . 50 nsec at 40 MHz 
Accumulator size . . . . . . . . . . . . . . . . . . . . 96 bits 
Floating-point formats .... .. . IEEE-754 single precision 

(32 bits) and single extended precision (44 bits) 
Registers . . . .. .. .. 10-register file (96 bits), 24 address 

registers (32 bits) 
On-chip memory . . . . . two 4-kby1e RAMs; X ROM for sin 

values, Y ROM for cos values 
(each ROM is 512 by1es) 

On-chip program memory . . . . . . . . . . . 4 kby1es RAM 
External buses . . . . . . . . . two 32-bit (address and data) 
Internal buses ... . . .. .. 5: X, Y, global, OMA data, and 

program bus; 3 address buses: X, Y, program 
Off-chip fetch . . . . . 1 instruction cycle if no bus contention 
CPU pipeline . . . . . . . . . . . . . . . . . . . . . 3 stages 
Pipelined MAC . . . . . 1-cycle multiply and add (no pipeline) 
Special addressing . . . . . X and Y modulo and bit reversal 
Loop controls . . . . . . . . DO instruction with loop counter; 

stack for nested DO loops 
Maximum parallel operations . . . . . . . . . . . . . . . . 1 o· 
Number of instructions . . . . . . . . . . . . . . . . . . . 133 
Special instructions ... . . . .. floating-point multiply, add, 

and subtract for FFTs; graphics compare 
Floating-point divide . . . . . . . . . . . . . . . . . 300 nsec 
Interrupt response .. .. 6 instructions (fast = 2 instructions) 
1024-point FFT .. . . . .... . ... ... .. . 1.047 msec 
Interrupts . . . . . . . . . . . . . . . . . . . . . . . 3 external 
Pins . . . . . . . . . . . . . . . . . . . . . . . . . 223 (PGA) 
OMA channels . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Timer ......... . .... . ....... . .... none 
Serial port . . . . . . . . . . . . . . . . . . . . . . . . . none 
By1e addressing . . . . . . . . . . . . . . . . . . . . . . none 
Special features . . .. . . 2 parallel external buses (master/ 

slave); on-chip ICE-breakpoint, trace, count 
(program and data); 2-word interrupt service instruction 

Price .......... . 33 MHz, $368; 40 MHz, $441 (100) 

*Includes addressing, register operations, loops, OMA, and 
OMA addressing. 

these two chips around a tight ALU with 8 accumula­
tors and incorporated a floating-point multiply unit. 
They have two 512-word RAMs for application con­
stants and data, and each RAM has a dedicated 
pointer. A single level of loop control provides low­
overhead table or matrix processing. 

The company's minimal-architecture approach is evi­
dent in the chips' straightforward instruction set. Each 
chip has only 26 instructions; many of their rivals have 
more than 100. Moreover, the CPUs are easy to pro­
gram because of their 1-bus architecture. 

Even floating-point multiplies are simple: The CPUs 
don't have a traditional multiply instruction. Instead, 
they have an automatic multiplier, which turns two 
32-bit operands into a 55-bit result (47-bit mantissa, 
8-bit exponent) each cycle. To multiply, all you have 
to do is load the registers, and the next cycle will 
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produce a floating-point result on the internal bus. 
MAC cycles are pipelined in that a multiply can be 
followed by its accumulate, which runs in parallel with 
the next multiply. However, the chips have no floating­
point-divide instruction. 

The two chips are the NEC 13.3-MHz µPD77230, 
which has a 150-nsec instruction cycle time, and the 
11.1-MHz µPD77240, which has a 90-nsec cycle time. 
Each instruction cycle takes two clock cycles. The chips 
share a common inner architecture but have different 
external interfaces. The older device, the µPD77230, 
is structured for traditional "serial-in, serial-out" DSP 
processing and has an external bus for accessing off­
chip data. In slave mode, the chip can directly interface 
to a microprocessor host as a coprocessor. 

The newer µPD77240 speeds processing with two 
external buses, one for data and one for instructions. 
The chip can address as many as 62k program words 
and 16M words of data memory. The µPD77230 can 
address 4k program words and 8k words of data­
memory. 

DSP chips of all stripes are finding their way onto 

INPUT ~--~ 

110 
PROCESSOR 

(b) 

VMEBUS 

system mother boards as coprocessors. Next Inc (Red­
wood City, CA) started this trend by putting the 24-bit 
Motorola 56001 on its workstation mother board. To­
day, mother-board-based DSP is attracting attention 
as a low-cost way to build in multimedia capability for 
applications ranging from modems and voice processing 
to video graphics. 

AT&T engineers have configured a DSP32C vari­
ation for system mother boards. The DSP3210 lowers 
the cost of integrating DSP capability on mother 
boards by executing out of the hosy CPU's DRAM 
rather than requiring its own dedicated local memory. 
Engineers redesigned the DSP32C's interface by elimi­
nating the 16-bit interface and substituting a 32-bit, 
byte-addressable memory interface. The chip can inter­
face to page RAMs and accommodates both Intel and 
Motorola CPU memory interfaces (big-endian and lit­
tle-endian memory configurations). The DSP3210 has 
programmable wait states with %-cycle granularity. 
It also has two 1-kbyte, on-chip RAMs for data or 
instructions and a 256-word boot ROM. 

AT&T developed a new real-time operating sys-

VMEBUS 

PORT B BUS 

---- OUTPUT 
110 

PROCESSOR ~--/ 
SIGNAL BUS 

(a) 

DSP chips are building blocks for large-scale processing systems. Spectrum's Vasp (a) is a scalable, multiprocessor system built around 
Motorola's 96002 (b). The system was designed for aperture radar applications. 

136 EDN November 7, 1991 



KILL THE NOISE WITH 

MICROJQ®CAPACITORS 
Reduce voltage noise spikes in ICs by as much as a 
factor of 10. Without redesign. Without using addi­
tional space. 

With Micro/Q® decoupling capacitors from Rogers. 

Micro/Q capacitors mount under the IC. Share mount­
ing holes. Tu improve noise suppression where it's 
most effective-at the source. 

Best of all, Micro/Q capacitors kill the noise without 
killing a lot of valuable space. 

Micro/Q® is a registered. trademark of Rogers Corporation. 
Another MEKTRON® Interconnection Product. 

MICRO/Q 1000 STANDARD CAPACITORS 
Improve board performance without redesign. 
Noise problems are solved by retrofitting on 
existing boards. 

CIRCLE NO. 121 

MICRO/Q 3000 CAPACITORS 
Reduces noise associated with the use of PGA 
and PLCC devices. Several part sizes are avail­
able to address a variety of package sizes, 
Micro/Q 3000 is designed to be used with all 
16/32-bit MPUs, DSPs, GSPs, FPPs, gate arrays, 
standard cells, and fully custom ASICs. 
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For all the facts, including the Micro/Q capacitor track 
record for noise-reduction in dynamic RAMs, EPROMs, 
static RAMs and boards that need EMl/RFI fix, call a 
Rogers' Product Specialist today at (602) 967-0624 
(Fax 602-967-9385). And ask for a free sample. 

'Jechnology for wmorrow built on TQC wday. 

t ROGERS ~~:g~~;~~~~~Division 
CIRCLE NO. 123 2400 S. Roosevelt Street 

Tumpe, AZ 85282 

DISTRIBUTION: Europe, Japan, Tuiwan, Singapore, Hong Kong, 
Korea, Brazil, Australia 

MICRO/Q 1000 CUSTOM CAPACITORS 
Special pinouts are available to address the 
wide variety of specialty DIPs such as analog 
devices, op-amps, and the center pinout 
advanced CMOS devices. Applications include: 
decoupling, EMI/RFI filtering, and compensation. 
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MICRO/Q 3500SM CAPACITORS 
FOR SMT·PLCCs 
Family of surface mount capacitors designed to 
fit under 44, 52, 68, 84/larger pin count PLCCs. 
Low inductance, 0.5- 0.6 nanoHenries. Pads 
absorb coefficient of thermal 
expansion mis-mate~"/ 
between board > 
and device during ci; 
soldering. Supplied 
in tape and reel or , . 
in bulk. Available with Z5V 
or X7R dielectrics. 

CIRCLE NO. 125 137 



32-bit floating-point DSP processors 

tem-VCOS, the Visible Caching Operating System­
that makes the DSP3210 a reality as a coprocessor. 
VCOS is a portable, real-time, multitasking and 
multiprocessing operating system. VCAS, the VCOS 
Application Server, resides on the host and loads and 
links DSP tasks and provides memory management 
and I/O buffering between the host and DSP CPUs. 
A debugger is also available from AT&T. 

VCOS is a minimal operating system-it takes up 
less than 400 32-bit words in on-chip memory. The OS 
uses the host's large, slow system memory for program 
and data storage. It treats host memory as a resource 
to cache data and code for faster on-chip processing. 
VCOS-based code tries to retrieve chunks of data using 
block moves for high-throughput on-chip processing. 
VCOS is "slaved" to the host OS, which allocates and 
controls VCOS data structures, thus eliminating host­
DSP memory contention. VCOS executes in both the 
foreground and the interrupt levels. In the foreground, 
DSP tasks are an execution list of linked modules, 
which VCOS calls. On the interrupt level, an interrupt 
execution list runs in response to an interrupt. 

VCOS comes with a complete library of DSP func­
tions for multimedia applications. These applications 
include V.32 modem, V.29 FAX modem, music and 
video recording, speech processing, graphics, audio, 
and video-compression functions. 

AT&T's DSP3210 won't be alone on the mother 
board. DSP board vendor Spectrum Signal Processing 
Inc offers an ASIC controller to put high-performance 
DSP processing on the PC mother board. An 
SSP42C100 Medialink Controller (MLC) chip is needed 
for each PC, workstation, or DSP board subsystem. 
The chip sets up a high-speed, 66-Mbyte/sec (sus­
tained), 16-bit data bus between the subsystems. MLC 
chips at each subsystem provide a memory-to-memory 
transfer mechanism for moving data in packets among 
the subsystems. 

The MLC chip provides a base for multiprocessing 
as well as linking subsystems to a host. It can act as 
a data gateway by providing high-speed processor-to­
processor transfers. Currently, the chip can link Texas 
Instruments TMS320C3X processors and Intel 80386 
hosts. 

DSP operat ing software 
Until the current generation of 32-bit, floating-point 

DSP processors, DSP processing was the domain of 
bare-bones, assembly-language programming. Tight, 
efficient code was the order of the day, especially for 
16-bit DSP processors with limited address space and 
first-generation C compilers. 
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AT&T DSP3210 
Clock speed .. . .... ... .. . .. . ... 50, 66.7 MHz 
Instruction cycle . . .. . . .. . .... 60 nsec at 66.7 MHz 
MAC cycle .. . . . . . ... 60 nsec (pipelined) at 66.7 MHz 
Accumulator size . . . . . . . . . . . . . . . . . . . . 40 bits 
Floating-point format . . . . . . 32 bit (sign, 23-bit mantissa, 

8-bit exponent) 
Registers ........ .. .. . . twenty-two 24-bit integer, 

4 floating point 
On-chip memory . . . . . . . . . . . . . . two 4-kbyte RAMs 

(for data, program) 
On-chip program memory . . . . . . . . . . . . . . boot ROM 
External buses . . . . . . . . . . . . 32-bit address and data 
Internal buses . . . . . . . . . . one 32-bit bus, 4 cycles per 

instruction cycle 
Off-chip fetch . . . . . 30 nsec, (as many as 2 accesses per 

instruction cycle) 
CPU pipeline . . . . . . . . . . . . . . . . . . . . . 3 stages 
Pipelined MAC . . . . . . . . 4-stage pipeline (2-stage MAC) 
Special addressing . . . . . . . . . . . . . . . . . bit reverse 
Loop controls . . . . . . . . . . . . . loop counter, stackable 
Maximum parallel operations . . . . . . . . . . . . . . . . . 9 
Number of instructions . . . . . . . . . . . . . . . . . . . 63' 
Special instructions . . . .. . . integer-to-floating-point and 

pixel-to-floating-point conversion 
Floating-point divide . . . . . . . . . . . . . . . . . 660 nsec 
Interrupt response . . . . . . . . . . . . . . . . 3 instructions 
1024-point FFT . .. . . . . . ..... .. .. . .. 1.9 msec 
Interrupts . . . . . . . . . . . . . . . . . . . . . 6 (4 external) 
Pins . . ..... ... ... .. .. . . .. . . . . 132 (PQFP) 
OMA channels . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Timer . . . . . . . . . . . . . . . . . . . . . . . . . one 32 bit 
Serial port . . . . . . . . . . . . . . . . . . . . . 1 (plus 8-bit 

parallel port) 
Byte addressing ... ... . . . . . ... . .. . 8, 16, 32 bit 
Special features . . . . . C-like assembly language, big/little 

endian support for Intel- and Motorola-style 
buses, power-down mode 

Price .. .. ..... .. .. . .... . ..... $60 (10,000) 

*Load/store architecture 

Today's 32-bit, floating-point DSP chips are forcing 
a reevaluation of DSP software. For one thing, these 
DSP CPUs have much larger address spaces than pre­
vious-generation DSP chips. Many can address 16 
Mbytes to 4 Gbytes. And the performance of C compil­
ers for these chips has reached professional standards. 

Larger address spaces mean that programs no longer 
have to live in small, restricted data and code spaces. 
Moreover, as one DSP-board developer puts it, mem­
ory size and cost is no longer a limiting factor for DSP 
applications. Many DSP projects routinely use tens of 
megabytes of memory or more. 

Today, many DSP programmers are turning to C 
to limit program complexity. Programmers use C for 
writing the overall program and for structuring data, 
but they still rely on assembly language for fast, critical 
code, such as for algorithm inner loops. "I do about 
90% of my code in C," says IBM's Edrington, "and 10% 

EDN November 7, 1991 



SIEMENS 
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manufactu rer, providing 
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4-MbDRAMs. suppliers, with DRAMs 
available worldwide, in volumes which 
have doubled since 1989. And we 
are continu ing to advance this tech­
nology with our 16-Mb and 64-Mb 
DRAM programs. 
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in assembly language for speed." Chris Hodges, direc­
tor of software at DSP-board vendor Atlantic Signal 
Processing Inc (Atlanta, GA), agrees with this scheme. 
"No one even pretends to put all their critical code in 
C. You use C for your control code and data structures, 
and assembly language for time-critical code." 

C is also opening up high-end DSP processing to 
higher-level operating software. C lets vendors de­
velop tools and operating systems generically and then 
port them to other DSP processors, even those from 
different vendors. Using specialized application func­
tion libraries finely tuned in assembly language for 
each DSP architecture generally enhances the perform­
ance of each chip. 

Currently, there are two breakthrough development 
tools for high-level, floating-point DSP chips. One, 
Spectron Microsystems' Spox operating system, is a 
generic DSP operating system and application environ­
ment. The second, Comdisco's Multiprox development 
tool, lets engineers graphically specify and partition 
DSP applications for multiple DSP processors. 

Spox was developed by engineers who got tired of 
reinventing the DSP wheel for each application. Spox 
is a full-fledged, message-passing operating system 
structured for signal-processing and math-intensive ap­
plications. This high-level application environment has 
easy to use features including device-independent I/O, 
processor set up, and host interfacing. But Spox does 
more than just offer those functions: It provides an 
object-based model for DSP and math processing. Spox 
actually defines new data types, such as vector and 
matrix, for DSP-class processing. 

Last year Spectron introduced OSPA (Open Signal 
Processing Architecture), a11 extension to Spox for 
host-driven DSP applications. Running on software 
such as Microsoft Windows 3.0, OSPA provides a host­
level interface. Using this interface, host applications 
can schedule and control multiple tasks running on a 
DSP coprocessor. Essentially, OSPA is a software 
layer, or API (application program interface), that 
eases integrating DSP processing power into host­
based interactive applications. 

Spectron initially developed Spox for Texas Instru­
ments' C30, but now the operating system also runs 
on the Motorola 96002, and the company is porting it 
to the TI C40 and the Analog Devices 21020. 

Spectron is also working on a parallel-processing ver­
sion of Spox, which is in beta testing. "Spox was de­
signed with parallel processing in mind," says Spectron 
President David Wong, "The underlying message­
passing model supports multiprocessing. Now we are 
adding a software layer to link multiple processors, 
each running Spox." The multiprocessing extensions 
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NEC µPD77230 
Clock speed . . . . . . . 13.3 MHz (2 clocks per instruction) 
Instruction cycle . . . . . . . . . . . . . . . . . . . 150 nsec 
MAC cycle . . . . . . . . . . . . . . . . . . . . . . 150 nsec 
Accumulator size . . . . . . . . . . . . . . . . . . . . 55 bits 
Floating-point format . . . . . . . . . . . . . . . NEC format 
Registers . . . . . . . . . . . . . . eight 55-bit accumulators, 

2 multiply registers 
On-chip memory . . . . . . . . . . . . . . two 2-kbyte RAMs, 

one 4-kbyte ROM 
On-chip program memory . . . . . . . . . . . . 8-kbyte ROM 
External buses . . . . . . . . . . . . master (13-bit address, 

32-bit data) slave (16-bit bus, plus 4 1/0 pins) 
Internal buses . . . . . . . . . . . . . 32-bit main, 55-bit ALU 
CPU pipeline . . . . . . . . . . . . . . . . . . . . . 3 stages 
Off-chip fetch . . . . . . . . . . . . 2 instruction cycles (fast), 

4 instruction cycles (slow) 
Pipelined MAC . . . . . . . . . . . 1 cycle (multiply then add) 
Special addressing . . . . . . . . . . . . . . . . . . . modulo 
Loop controls . . . . . . . . . . . . . . . 10-bit loop counter 
Maximum parallel operations . . . . . . . . . . . . . . . . . 9 
Number of instructions . . . . . . . . . . . . . . . . . . . 26 
Special instructions . . . . . . automatic multiply each cycle 
Floating-point divide . . .. .. . ........ .. ... N/A 
Interrupt response . . . . . . . . . . . . . . . . 3 instructions 
1024-point complex FFT . . . .. .. . . . . ... 11 .78 msec 
Interrupts . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Pins . . . . . . . . . . . . . . . . . . . . . . . . . . 68 (PGA) 
OMA channels . . . . . . . . . . . . . . . . . . . . . . . none 
Timer . .. ..... . .. . ... .. .... .. . ... none 
Serial port .. .. . . . . . ....... .... .. 1 in, 1 out 
Byte addressing . . . . . . . . . . . . . . . . . . . . . . none 
Special features . . . automatic multiply cycle, slave mode to 

16-bit microprocessor 
Price . .... . ..... . . . .. . .... . .. . $75 (1000) 

are built around message-based primitives and can im­
aplement high-speed data streaming through named 
pipes. The Spox resource-lock monitor allocates shared 
memory. 

The second breakthrough DSP tool is Comdisco's 
Multiprox development package, which is a new option 
to its Signal Processing Workstation (SPW) tool set. 
Using the tool set, engineers can specify DSP applica­
tions graphically by using icons that represent DSP­
specific processing to draw a data-flow diagram. Multi­
prox enables engineers to partition these data-flow de­
signs into processor-specific portions. 

Additionally, the SPW tool set and Multiprox auto­
matically convert the diagrams to processor-specific C 
code and build in the software links, or IPC (interpro­
cessor communication) routines, to move data from one 
processor to another. The data-flow diagrams convert 
to a C program, which calls processor-specific routines, 
many of which are hand-optimized assembly code for 
efficiency. Thus, an engineer can use the tools to map 
top-level software designs to different processors or 
mixes of processors. 

The SPW and Multiprox tool set is flexible enough 
to map a DSP application onto Sun workstations, each 
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Design better PCBs faster and cheaper with 
CAM-Bridge™ CAD/CAM software for PCs 
and UNIX workstations. · 
And save a couple of trees in the process. 
CAM-Bridge™ software from ALS DESIGN makes 
the transition from DOS to UNIX easy as it provides 
you with a complete set of affordable, high-performance 
CAM tools ! Our software supports (better than 
anyone else's) a variety of computer platforms 
including SUN SPARCstation, IBM 6000, MIPS 
MAGNUM, HP 9000, DG AViiON, and 286, 386 and 
486 PCs. Plus we offer FREE professional assistance 
in Gerber artwork verification and preparation . And 
FREE telephone technical support if or when you 
need it. And best of all , because we help reduce the 
need for paper and film , we can also save a few 
trees as well. 

For a whole new way to look at PCB design and 
fabrication , call us at 1-800-825-7051 today! 

For CAD/CAM products priced from $295 to $14,995, here's your window of opportunity: 
A . TO GET YOU ON YOUR WAY ... 

ALS-VIEW II ELP@$295 
GERBER VIEWER 
• Fast graphics with Auto Panning 
• View & Print positive/ negative 
composites with imbedded traces 
• Measure features and clearances 
• Variable scale printing 

ALS-DRC @ $495 
GERBER DESIGN RULE CHECKER 
• Graphical view of violations • Checks 
Arc. Pad & Track clearances • Reports 
abutting & imbedded features • Netlist 
extraction 

ALS-VPLOT@ $495 
FILE FORMAT CONVERTER AND 
PLOTTER DRIVER 
• INPUTS: DXF. GERBER. HPGL, 
EXCELLON • OUTPUTS: DXF. 
GERBER. HPGL.EXCELLON. 
POSTSCRIPT 

ALS-VIEW Ill @ $795 
GERBER 
VlEWER/EDITOR/PANELIZER 
• Edit multi-layer. single features or by 
window. • Gerber & apertures 1/ 10,000 
• Panelization • Plus features in 
ALS-VIEW II ELP 

FREE GERBER VIEWER 
(value: $295.00J 
with purchase of 

ALS-DRC or ALS-VPLOT 
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B . MOVE WITH 3rd PARTY PRODUCTS ... 

PHASE Ill LOGIC 
SCHEMATIC CAPTURE 
• DOS or UNIX • EDIF 2.00 xlators • Open 
ASCII Database 

DYNAMIC SOFT ANALYSIS 
THERMAL & RELIABILllY ANALYSIS 
• DOS or UNIX • Temperature Map • Failure 
Rate Map 

CADWARE 
NETLIST & CAD DATABASE XLATORS 
• Netlist to Netlist • CAD database to CAD 
database • PCAD<->PADS • PADS <-> REDAC 

COMPUTERS: 
SUN SPARCstations. SPARC and PC 286, 
386 & 486 compatibles available. Worldwide 
service. Call for pricing! 

Are we barking up the right tree? . 
Find out why IBM. AT&T. Honeywell, . 
NASA, Compaq, Hitachi and many 
others are already successfully 
utilizing ALS DESIGN products! 

Call 1-800-825-7051 
to place an order or FAX your 
special request to 1-617-577-1209. 

C · TO THE ULTIMATE CAM PACKAGES! 

CAM-Bridge™@$2,495 
FULL CAM PACKAGE FOR PCs 
• Includes ALS-VIEW, ALS-DRC & ALS-VPLOT • Plus 
Multi-layer Panelization • Plus 1/ 10.000 Resolution • 
Plus Auto Venting 

CAM-Bridge TM Wortcstation @ $7 ,495 
FULL CAM PACKAGE FOR UNIX WORKSTATIONS 
• SUN SPARCstation, IBM 6000, MIPS MAGNUM, 
HP 9000. DG AViiON • View & Edit DXF. GERBER & 
HPGL • Multi-layer Editing • Multi-layer DRC • 
1/ 10.000 Resolution 

Complete system including hardware and software @ $1 4 ,995. 

ALS DESIGN CORPORATION 

D E S I G N 

USA Headquarters 
One Kendall Square - #2200 
Cambridge, MA 02139 
TE~ C617l621 -7101 
FAX: C617l 577-1209 

Europe Headquarters 
38 Rue Fessart 
92100 Boulogne, FR 
TEL: C33l 1-46-04-30-4 7 
FAX: C33l 1-48-25.g3.50 

All trademarks are the property of their respective manufacturers. 
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32-bit floating-point DSP processors 

of which subs for a DSP processor. Thus developers 
can use networks of workstations linked via Ethernet 
and TCP/IP to emulate and debug multiprocessor DSP 
designs. 

More software changes are underway. Tl's 
TMS32C40 is attracting a lot of attention in Europe 
because of its Transputer-like communications ports. 
Many Transputer users will be porting their parallel­
processing technology to the 32-bit floating-point DSP­
chip world. For starters, Perihelion Software Ltd 
(Somerset, UK) is porting its Helios, a Unix-like oper­
ating system, to the C40. Other software, including 
parallel-application C compilers, should follow suit. 

DSP C compilers, including Texas Instruments's, are 
taking a turn for the better according to users. And 
Intermetrics (Cambridge, MA), the cross-develop­
ment-tool vendor, is shipping a C compiler for the Mo­
torola 96002 and NEC 77240. These compilers are part 

NEC µPD77240 

Clock speed . . . . . . . 11.1 MHz 
Instruction cycle . . . . . . 90 nsec 
MAC cycle . . . . . . . . . 90 nsec 
Accumulator size . . . . . . . . . . . . . . . . . . . . 55 bits 
Floating-point format . . . . . . . . . . . . . . . NEC format 
Registers . . . . . . . . . . . . . . eight 55-bit accumulators, 

2 multiply registers 
On-chip data memory . . . . . . . . . . . two 2-kbyte RAMs, 

4-kbyte ROM 
On-chip program memory . . . . . . . . . . . . 8-kbyte ROM 
External buses . . . . 2 program (16-bit address, 32-bit data), 

1 data (24-bit address, 32-bit data) 
Internal buses . . . . . . . . . . . . . 32-bit main, 55-bit ALU 
CPU pipeline . . . . . . . . . . . . . . . . . 3 stages 
Off-chip fetch . . . . . . . . . . . . 2 instruction cycles (fast), 

4 instruction cycles (slow) 
Pipelined MAC . . . . . . . . . . . 1 cycle (multiply then add) 
Special addressing . . . . . . . . . . . . modulo, bit reverse 
Loop controls . . . . . . . . . . . . . . . 10-bit loop counter 
Maximum parallel operations . . . . . . . . . . . . . . . . . 9 
Number of instructions . . . . . . . . . . . . . . . . . . . 26 
Special instructions . . . . . . automatic multiply each cycle 
Floating-point divide . . ... .... .. .... .... . N/A 
Interrupt response . . . . . . . . . . . . . . . . 3 instructions 
1024-point complex FFT ........ .... .. 7.07 msec 
Interrupts . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Pins . . . . . . . . . . . . . . . . . . . . . . . . . 132 (PGA) 
OMA channels . . . . . . . . . . . . . . . . . . . . . . . none 
Timer .. . .. .. . ....... .. . . .. .. . . .. none 
Serial port . . . . . . . . . . . . . . . . . . . . . . . . . none 
Byte addressing . . . . . . . . . . . . . . . . . . . . none 
Special features . . . . automatic multiply cycle, built-in DSP 

library with more than 100 routines 
Price .... . ....... . . ........... $85 (1000) 
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Intel i860XP 
Clock speed . . . . . . . . . . . . . . . . . . . . 40, 50 MHz 
Instruction cycle . . 20 nsec at 50 MHz', as many as 

2 instructions/cycle 
MAC cycle . . . . . . . . . . . . . 20 nsec (pipelined) 
Accumulator size . . . . . . . . . . . . . . . . . . . . 64 bits 
Floating-point formats . . . . . . . . . . . . . IEEE-754 single 

or double precision 
Registers . . . . . . . . thirty-two 32-bit integer, eight 128-bit 

or sixteen 64-bit floating point 
On-chip memory . . . . . . . . . . . . . 16-kbyte data cache 
On-chip program memory . . . . . . . . . . . . . . 16 kbytes 
External buses . . . . . . . . . . . . . . . . . 32-bit address, 

64-bit data 
Internal buses ........ .. ... 32-, 64-, 128-bit buses 
Off-chip fetch . . . . . . . . . . . . . . . . . . 2 clock cycles; 

burst mode = 1 + n cycles 
CPU pipeline . . . . . . . . . . . . . . . . . . . . . 4 stages 
Pipelined MAC . . . . . . pipelined (3 stages); 1-cycle single, 

2-cycle double precision 
Special addressing . . ... . .. . .. . . . ....... N/A 
Loop controls . .. . . . loop-control counter, program-status 

register 
Maximum parallel operations . . . . . . . . . . . . . . . . . 7 
Number of instructions . . . . . . . . . . . . . . . . . . . 98 .. 
Special instructions .. .. ..... floating-point-to-integer, 

integer-to-floating-point, Z-buffer operations; 
2-instruction mode 

Floating-point divide . . . . . . . . . . . . . . . . . 300 nsec 
Interrupt response . . . . . . . . . . . . . . . 24 instructions 
1024-point FFT . . . . . . . . . . . . . . . . . . . . 76 msec 
Interrupts . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Pins . . . . . . . . . . . . . . . . . . . . . . . . . 262 (PGA) 
OMA channels . . . . . . . . . . . . . . . . . . . . . . . none 
Timer . . ..... .. ........ . . ........ none 
Serial port . . . . . . . . . . . . . . . . JTAG boundary scan 
Byte addressing . . . . . . . . . . . . . . . . . . . . . . yes 
Special features . . . . . . . pipelined graphics engine, multi-

processing cache coherency (MESI), second-level 
cache-control chip available, memory burst mode, 

breakpoint register 
Price/availability .... .. . ... 25-, 40-, 50-MHz versions: 

$158, $521, $652 (1000)/sampling 

*Superscalar-1 or 2 instructions per cycle. 
**Load/store architecture. 

of Intermetrics's Intertools tool set, which provides a 
familiar development environment and includes the 
XDB source-level debugger. Also, Motorola is fielding 
a new 96002C compiler based on the Free Software 
Foundation's (Cambridge, MA) GNU compiler. 

Analog Devices has developed its own specialized C 
compiler, the DSP/C compiler, which extends C for 
DSP and vector processing. Taking a leaf from the 
Numerical C extensions (ANSI X3Jll C standards 
group), DSP/C extends C with vector, operator, IEEE 
floating-point, and math extensions. DSP/C also adds 
complex types, restricted pointers, and dynamic arrays. 
The extensions lead to far less C coding for DSP inner 
loops. Array, vector, and matrix data types are simpli­
fied, and the new types minimize typecasting errors. 
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_ LabVIEW® 2 
Where The Only Barrier Is Your Imagination 

By now, you are probably familiar with LabVIEW 2, 
the most celebrated application software for data 
acquisition and instrument control on the Macintosh. 
It recently won the 1990 MacUser Magazine Editors' 
Choice Award. Five years ago, LabVIEW introduced 

the combination of front panel intefoces and graphical pro­
gramming. Today, engineers and scientists around the world 
are using LabVIEW 2 in a broad spectrum of applications. 

Unlike other graphical packages, LabVIEW 2 does not 
sacrifice power and flexibility for ease of use. With 
LabVIEW 2, you quickly build block diagram programs and 

add your own blocks to expand upon our libraries. You also 
create front panel user interfaces and import pictures to 
customize the panels. Yet LabVIEW 2 virtual instruments run 
as quickly as compiled C programs. 

If you thought LabVIEW 2 was just for test and measure­
ment, call us to find out what LabVIEW 2 is really about. 

for a free labVIEW 2 Demo disk call: 
(512) 794-0 l 00 or 
(800) 258-7014 
(U.S. and Canada) 

~~: 
6504 Bridge Point Porkwoy 
Austin, TX 78730-5039 

International Branch Orfices: Australia (03) 879 9422, Denmark (45) 76 73 22, France (I) 48 65 33 70. Gennany (089) 714 5093. Italy (02) 4830 1892, 
Japan (03) 3788 1921, Netherlands (01720) 45761. Norway (03) 846 866, Spain (908) 604 304, Switzerland (056) 45 58 80, U.K. (0635) 523 545 

Product names listed are trademarks of their respective manufacturers. Company names listed are trademarks or trade names of their respective companies. 
© Copyright 199 1 National Instruments Corporation. All rights reserved. Photos counesy of CRS Plus Inc .. NuLogic Inc .. NASA Johnson Space Center, Nemesis Air Racing. and Renaissance Designs. 
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32-bit floating-point DSP processors 

Dedicated DSP processors aren't the only game in 
town for single-chip, DSP a:pplications. DSP-like fea­
tures are finding a home in conventional microproces­
sor architectures. For example, vendors of 8- and 16-bit 
microcontrollei:s are adding DSP capabilities to applica­
: ions such as motor, servo, and car controls. On the 
32-bit front, two RISC processors deliver DSP-class 
floating-point performance: Intel's i860 and National 
Semiconductor's NS32SF641 Swordfish. Both CPUs 
combine RISC main processors with an integrated DSP 
unit. Single-cycle execution times for these processors 
are extremely fast: The clocks of the i860 and Swordfish 
run at 40 and 50 MHz, respectively. The typical DSP 
effective cycle rate is 20 to 25 MHz. 

Developers of applications that need DSP-class per­
formance , but require a standard processor, should 
look carefully at these two high-throughput processors. 
Both combine RISC architectures with DSP MAC units 
but have taken different implementation paths. The 
i860 resembles a standard CPU: It has an MMU and 
can run Unix. The Swordfish is tailored for real-time, 
embedded processing. 

Both processors increase throughput by issuing mul­
tiple instructions per instruction cycle. This approach 
differs from the traditional DSP method of defining 
multiple operations in one instruction. However, the 
Intel and National Semiconductor architects took dif­
ferent tacks. Intel's i860 is a long-instruction-word 
(LIW) machine: It accepts two 32-bit instructions on 
a 64-bit bus. One instruction is for the integer unit; 
the other is for the floating-point/graphics unit. 

The Swordfish, however, has a modified superscalar 
architecture: The chip executes as many as two instruc­
tions per instruction cycle. Its CPU is fed from a 64-bit 
external data bus and includes two parallel, linked 
pipelines (A and B), each of which has its own integer 
ALU. The CPU can receive and dispatch two instruc­
t ions to or from the linked pipelines. The B pipeline, 
however, schedules only one floating-point unit. When 
executing noninterlocked instructions out of cache, the 
Swordfish's execution peaks at 100 MIPS. However, 
if executing out of external memory for code or data, 
the chip's peak rate can fall to 50 MIPS or less. 

The Swordfish's two pipelines, each of which has 
;.n ALU, provide easy indexing to walk through coeffi­
cient and data tables for DSP processing. The CPU 
has a 64-bit bus that takes in two instructions or data 
words at a time from the cache, which helps keep both 
pipelines fed. 

Both RISC CPUs have pipelined DSP functional 
units. The i860 floating-point unit is four stages deep; 
the Swordfish's is five stages. Such pipelining compli­
cates processing, especially in a real-time system in 
which interrupts must be serviced. Servicing inter-
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National Semiconductor Swordfish 
Clock speed . . . . . . .. ... . .... 33-, 40-, 50-MHz 

bus (internal) 
Instruction cycle . . . .. 20 nsec at 50 MHz', as many as 

2 instructions/cycle 
MAC cycle . . . . . . . . . . . 20 nsec at 50 MHz (pipelined) 
Accumulator size . . . . . . . . . . . . . . . . . . . . 64 bits 
Floating-point formats . . . . . 32-bit single precision, 64-bit 

double precision** 
Registers . . . . . . . . . thirty-two 32-bit integer (32-/16-bit 

single-/double-precision floating point) 
On-chip memory . . . . . . . . . 1-kbyte data cache (locking) 
On-chip program memory ........ . . 4 kbytes (locking) 
External buses . . . . . . . . . . . 32-bit address, 64-bit data 
Internal buses . . . . . . . . . . . . . . . . . . . . . . 64 bit 
Off-chip fetch . ... . ..... . . ... .. 64 bit (40 nsec) 
Pipelined MAC . . . . . . . . . 5 stages; 2 cycles per multiply 

for multiply/multiply sequences, 1 cycle for 
multiply/add sequences 

Special addressing . . ... . . . .. . . . . . . . . ... N/A 
Loop controls . .. . ... ... ..... . .. ... . . . N/A 
Maximum parallel operations . . . . . . . . . . . . . . . . . 4 
Number of instructions . . . . . . . . . . . . . . . . . . 58' '" 
Special instructions . ...... integer-to-floating-point and 

floating-point-to-integer conversions, 
compare and branch 

Floating-point divide . . . . . . . 16/31 instruction cycles for 
single/double precision 

Interrupt response . . . . . . . . . . . . 16 instruction cycles 
1024-point FFT . . . . . . . . . . . . . . . . . . . 1.025 msec 
Interrupts . . . . . . . . . . . . . . . as many as 15 external 

(4-bit coded) 
Pins . . . . . . . . . . . . . . . . . . . . . . . . . 223 (PGA) 
OMA channels . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Timer . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 bit 
Serial port . . . . . . . . . . . . . . . . . . 1 for on-chip ICE 
Byte addressing . . . . . . . . . . . . . . . . . . . . . . yes 
Special features . . ... 2 pipelines, ALU, branch prediction, 

fault-tolerant shadow mode 
Hardware debug support . . . . 6 debug registers; instruction 

trace, trap, count 
Price/availability . . . . . . . . . . . . . . . . $880/sampling 

** IEEE-754 floating point. 
*** Load/store architecture. 

rupts means breaking the pipeline's execution; which 
causes the CPU logic to flush and later restore or 
restart the pipeline. 

The i860 further complicates interrupt handling be­
cause it has an exposed pipeline with internal states 
that must be stored and reset to continue. Also, many 
developers consider programming the i860's pipeline 
difficult because of its complexity. Using assembly lan­
guage to program inner DSP loops is especially diffi­
cult. And the chip's software was designed for C and 
Fortran programming. Assembly-language coding for 
optimal inner-loop processing is difficult to write due 
to the RISC architecture and the exposed pipeline. 

In contrast , coding the Swordfish is a bit easier given 
its small, compact instruction set (58 instructions vs 
98 for the i860). Additionally, the Swordfish's software 
and hardware are configured for easy assembly or C 
programming. 
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Or Write 
Your Own 

Ending ... ----
The NEW Piher Opens Up Unlimited 

Specifying And Design Options 

The New Piher is now backed by 
the resources of The Meggitt Group. 
Powered by a nationwide sales and 
distribution network. Poised to offer 
you unmatched resistive component 
options and value. 

Designers can now team with our 
international pool of engineering talent 
to create custom specials. 

Specifiers and Purchasers can 
expect prompt technical support and 
efficient customer service from 
people who understand your 
production requirements. 

Choose from a 
complete, quality line 
of carbon and cermet 
trimmer potentio­
meters in a wide 
range of specifi­
cations. All are 
competitively 
priced and 
readily available 

from one of the nation's most 
extensive inventories. 

And all Piher components (as 
evidenced by our prestigious Ford 
Q-1 award) meet the highest stan­
dards for quality and reliability. 

Find out more about the New 
Piher. For a Free 108-page Product 
Catalog, call 1-800-323-6693, or 
write Piher, 903 Feehanville Drive, 
Mt. Prospect, IL 60056. 

In Illinois call 708-390-6680. 
FAX: 708-390-9866. 

See us at WESCON Booth #1362 

Pll-IEA 
,.,.. MEGGITT A ~ELECTR0N1cs Co. 
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32-bit floating-point DSP processors 

However, the i860 has some solid built-in advan­
tages. These advantages are confined mainly to moder­
ate real-time processing due to the chip's high interrupt 
overhead. The chip also has a built-in pipelined graph­
ics engine, which makes the chip a good choice as a 
math-intensive graphics coprocessor. 

Intel has recently upgraded to a second-generation 
chip, the i860XP, which has a 50-MHz clock. The up­
grade has two large 16-kbyte caches for instructions 
and data and is designed for multiprocessor configura­
tions. The device also has a built-in MESI (modified, 
exclusive, shared, and invalid) cache-coherency protocol. 

Intel engineers included a quick fix to minimize 
i860XP pipeline overhead for interrupts. If interrupt 
service routines (ISRs) don't use the pipeline, they 
don't have to save and restore the pipeline. The ISR 
can set a status bit; the bit will trigger an exception 
if any instruction tries to use the pipeline. 

Although introduced in 1983, DSP processors, espe­
cially the 32-bit floating-point chips, are still a rela­
tively new engineering tool. The newer 32-bit floating­
point DSP CPUs and their tools-high-level language 
compilers, top-down design systems, and operating 
systems-are now opening digital signal processing to 
wider use. You can expect to see DSP processors in 
more applications as more and more engineers use 
them as drop-in solutions to bounded processing prob­
lems that require math-intensive performance. 

Today, DSP chips aren't thought of as general proc­
essors, even with their 32-bit addressing. However, 
that assessment will change as DSP power goes up 
and operating systems like Spox and Helios come into 

use. Expect DSP chips to take on more generalized 
applications as well as become application hosts. 

Compared with RISC processors, high-end DSP 
chips still have an advantage for complex, math­
intensive processing. However, higher-performance 
RISC chips are reaching DSP processing plateaus as 
RISC clock rates increase and multioperation tech­
niques take effect. Also, RISC architectures are start­
ing to take on DSP-chip characteristics, such as on-chip 
MAC units and multiple operations. 

The race is on. To keep their lead, DSP chips will 
have to track the RISC/CISC performance curve. That 
curve predicts CPU performance levels of 2000 to 3000 
VAX MIPS and 250-MHz on-chip clock rates by the 
year 2000. The question is whether the evolution of 
complex DSP architectures can compete with the fast 
turnaround time of the simpler RISC CPUs, whose 
performance doubles every 18 to 24 months. 

DSP processors have a real-time advantage because 
next-generation RISC CPUs rely on complex memory 
hierarchies and superscalar instruction scheduling. 
These techniques have performance penalties for cache 
misses and interrupts that limit determinism. Unlike 
RISC designers, DSP-chip developers live within the 
constraints of restricted memory hierarchies, fast MAC 
cycles, and multiple operations. But there's room for 
improvement: DSP-chip instruction cycles currently 
run at 20 to 25 MHz, far below RISC rates. EDN 

Article Interest Quotient (Circle One) 
High 485 Medium 486 Low 487 

Manufacturers of 32-bit floating-point DSP µPs 
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For more information on 32-bit floating-point DSP µPs such as those described in this article, circle the appropriate 
numbers on the Information Retrieval Service card or use EDN's Express Request service. When you contact any 
of the following manufacturers directly, please let them know you saw their products in EDN. 

Analog Devices 
Digital Signal Processing Div 
1 Technology Way 
Norwood, MA 02062 
(617) 329-4700 
Circle No. 665 

Ariel Corp 
433 River Rd 
Highland Park, NJ 08904 
(201) 249-2900 
FAX (201) 249-2123 
Circle No. 666 

AT&T Microelectronics 
555 Union Blvd 
Allentown, PA 18103 
(800) 372-2447 
Circle No. 667 

In mos 
SGS Thomson Microelectronics Group 
13-10 Electronics Dr 
Carrollton, TX 75006 
(214) 466-8844 
Circle No. 668 

Intel Corp 
3065 Bowers Ave 
Santa Clara, CA 95051 
(800) 548-4725 
Circle No. 669 

Motorola Inc 
Microprocessor Products Group 
6501 William Cannon Dr 
WeRt Austin, TX 78735 
(512) 891-2030 
Circle No. 670 

National Semiconductor Corp 
2900 Semiconductor Dr 
Santa Clara, CA 95052 
( 408) 562-5900 
Circle No. 671 

NEC Electronics Inc 
401 Ellis St 
Mountain View, CA 94039 
( 415) 96()..6()()() 

Circle No. 672 

Spectron Microsystems 
600 Ward Dr 
Santa Barbara, CA 93111 
(805) 967-0503 
FAX (805) 683-4995 
Circle No. 673 

Spectrum Signal Processing Inc 
Suite 301 , Discovery Park 
3700 Gilmore Way 
Burnaby, BC 
V5G 4Ml Canada 
(604) 438-7266 
Circle No. 674 

Texas Instruments 
Semiconductor Group 
Dallas, TX 75380 
(800) 336-5236 
Circle No. 675 
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100 Years Ago 
We Lit-Up A 

Sin e Market. 
To y Philips · , 

Innovations · · 
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Worldwide. 
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On front: A.] Philips and company staff 
members marked key developmental 
moments in broadcasting and other fields. 

A Look Back At A Company Built On Looking Ahead. 

From A Single, Small Factory ... 
To A Global Presence In A Variety Of 
&tablished And Emerging Markets. 

- ~ 

.fi 

Pure, unwavering determination frequent­
ly works miracles. It did for Gerard Philip~ 
a century ago, when he bought a small 

factory, hired 10 workers, and pro­
ceeded to build what would become 
a global business enterprise. 

----------=-~-=="'--~- - -- With carbon filament lamps 
as the firm's first product, and 
Gerard's brother Anton Philips 
as its first sales manager, the start­
up company grew quickly to 

Philips innovations in sound have spanned 
decades- up to todays high-precision 

audio technology. 

prominence in the lighting market of Europe. 
Through the years, the company's continuous, wide-ranging 

research yielded knowledge and capabilities to broaden the product 
range. The original carbon-filament lamps gave way to incandescent 
lamps, and later, to gas-discharge lamps. X-ray tubes were followed by 
X-ray equipment; and the early radio valves, followed by complete radio 
receivers. 

By the midpoint of the company's first century, Philips' technical ex­
pertise had grown to encompass phonographs, telecommunications 
equipment, and electric shavers. 

Today, worldwide, Philips Components serves major end markets 
which include computers and electronic data processing, the multi­
faceted automotive and industrial markets, the militaryigovernment sec­
tor, and highly specialized professional systems. 

In automotive electronics, Philips Components products fulfill tradi­
tional applications such as car radios and sound systems, engine and 
transmission controllers, instrument displays, driver information centers, 
and other electronic systems. Other applications include anti-lock brak­
ing systems, airbags, and cellular telephones. 

Philips Components Discrete Products Division has become a strong 
component supplier to the electronic data processing industry Primary 
application areas for our components are telecommunication and net­
working products, monitors and terminals, peripheral board-level com­
ponents, power supplies, and tape storage products. 

The hundred-year story of Philips is one of marketing growth, based 
on ever-increasing technical expertise-a direct result of the intense 
dedication to research which has characterized the company since year 
one. As the world's technological capability continues to expand, so too 
will the commercial opportunities for Philips, in existing markets and in 
new ones yet unknown. 

Our century-long spirit of innovation continues. Use the attached reply card 
to learn more about our products. 



Philips Innovation: TOPFEf<!: 
It's The First Monolithic 
Fully Protected MOSFET. 

TOPFET® provides over­
temperature protection for Tj 
above lSO 0 C...short-circuit load 
protection ... rugged overvoltage 
clamping for inductive load 
repetitive switching ... input ESD 
protection ... and reverse battery 
protection. 

This integrated device em­
bodies N-channel enhancement 
mode DMOS technology, and re­
quires minimal external com­
ponents for high-reliability 
protection. 

Characteristics include good 
immunity to high dV/dt, and a 
low operating input current at an 
input level of S V. Maximum on­
state resistance ranges from 28 
mfl to 100 mfl and maximum 
continuous drain source voltage 
is SO V. 

The first TOPFET at SO mfl 
resistance is available now: The 
rest of the series will become 
available by 2nd quarter 1992. 
® Registration pending . TOPFET is the 
Philips designation for Temperature & 
Overload Protected Field Effect Transistor. 

NEW: 719J4 Series Capacitors 
For Interference Suppression 
Designed To Meet Worldwide 
Requirements. 

Philips' new radial-box capacitor 
series carries these approvals: 
UL1414, CSA, VOE S6S-l, SEMKO, 
NEMKO, DEMKO, OVE, IMQ, FI, 
and SEY lOSS.1978. 

Devices are constructed of 
flame retardant materials and 
have a dual dielectric system 
which prevents active flammabili­
ty under fault conditions. 

Capacitance range 0.010 to 
.68 µF; tolerance is ± 10%; voltage 
rating is 2SO VAC @ S0/6o Hz 
@8S 0 C. 

The capacitors are available in 
bulk or on tape and reel, and 
designers' sample kits or bulk 
samples are also available. 

Circulators And Isolators For 
RF, In Easy-Reference 
Full-Line Brochure. 

Philips' extensive product line 
provides over 16o high-quality 
coaxial and waveguide cir­
culators and isolators. Applica­
tions include radio and TV 
transmitters, navigation aids and 
radio links, air traffic control 
systems, radar, mobile telephone 
systems, magnetic resonance 
tomography, industrial 
microwave heating systems, and 
wideband measurement. 

Both product types range in 
frequencies from 68 MHz to 18 
GHz, providing up to SO dB 
isolation, with insertion loss as 
low as 0.2 dB, and CW power 
ratings from lW to 6.S KW 

The full -color brochure lists 
the complete selection of 
available circulators and isolators. 
Devices with alternate connec­
tors and operating frequencies 
may also be available on request. 

Maximum Capacitance In 
Minimum Size: Series 49XC 
Tantalum SMD® Chips. 

Here's top performance in sur­
face mount tantalum chip 
capacitors: the highest 
capacitance rating at a given 
rated voltage. And the advanced 
49XC XTRA CHIP Series devices 
require as little as one-seventh 
the volume needed for typical 
molded tantalum chip 
capacitors. 

49XC Series capacitance 
range is 1.0 µF through 220 µF, 
in the voltage range from 4 to 
SO VOC. These capacitors 
operate from - SS °C through 
+8S °C with full rating; through 
+ 12 S °C with voltage derating. 

In five standard case sizes (D, 
E, F, G, and H), 49XC Series 
chips possess a unique, patented 
construction which yields 
devices exhibiting AC character­
istics ideally suited for 

high-frequency applications. 
Packaging is 12 mm em­

bossed tape, reeled, for efficien­
cy in handling and storage. This 
packaging conforms to EIA Stan­
dard RS-481 and is compatible 
with all tape-fed high speed 
placement equipment. 

Availability of 49XC Series 
tantalum chips: stock to eight 
weeks ARO. 

Aluminum Electrolytic Chip 
Capacitors: Now Broader 
Range, In Smaller Sizes. 

Philips 2222-I39 Series Long 
Life SMD® Capacitors now 
offer longer working life as well 
as enhanced specifications. 

Useful life of the devices is 
200,000 hours@ 40 °C. Load 
life rating is 2,000 hours, at 
lOS 0 C. 

The series provides 
capacitances from .22 µF to 220 
µF, in the operating temperature 
range of -SS °C to +10S 0 C. 
Voltage ratings between 6.3 V 
and 63 V are standard; 100 V 
and 16o V are available on 
special order. 

Cases sizes for the series are 
10.8 x 4.1 x 4.4 mm, 13.8 x 4.1 
x 4.4 mm, 14.3 x 6.2 x 6.9 mm, 
and 14.3 x 7.6 x 8.2 mm. The 
4.4 mm mounting height is ideal 
for use on low-proftle printed 
circuit boards. 

Fully flame-retardant, 
molded construction helps to in­
sulate and protect against harsh 
environments, and make these 
capacitors suitable for flexible 
terminals, reflow and wave 
soldering. 

Due to their self-healing, 
dielectric, electrolytic 
technology, the devices are in­
sensitive to voltage spikes. Thus 
they do not require current­
limiting resistors. 

Application areas include 
automotive, telecommunications, 
electronic data processing, and 
control equipment. Smoothing, 
coupling, decoupling, buffering, 
and timing are among the fre­
quently specified functions. 

Availability: stock to 12 
weeks ARO. 

NEW: Fast-Acting, Highly 
Durable NfC Thermistors 
For Harsh Environments. 

Excellent temperature-sensing 
performance comes in a choice 
of glass-encapsulated packages! 

Series 2322 633 8 .... ther­
mistors are axial-leaded, in the 
SOD-27 package developed in 
Europe. Series 2322 633 S .... 
devices are electrically equiva­
lent, in the SOD-80 surface 
mount MELF package. 

Both series offer resistance 
ratings of 10, 20, or 30 Kfl , 
tolerances of± S% or ± 10%, 
~(2 S/8S) of 3977, and~ tolerance 
of 1.3%. 

Series 2322 633 8 .... perfor­
mance is guaranteed from - 40 °C 
to + lSS 0 C. These devices are 
ideal for automotive and telecom­
munications applications. 

Both series are available from 
stock. 

Thin Film Technology, SMD® 
Combined In MELF Resistor. 

Philips 981406 MELF precision 
resistor benefits from technology 
used in manufacturing leaded 
metal film resistors -even 
though it comes in a surface 
mount package. 

This thin film SMD® resistor is 
formed by depositing metal film 
on a high alumina core which is 
then capped and spiralled to 
value. The 9B1406's end caps are 
coated with nickel-copper-nickel 
and pure tin. The result: excellent 
soldering characteristics are main­
tained after long storage. 

The MELF resistor offers TCs 
down to ± 1 S ppm/ °C and 
tolerances to .1 % . Availability is 
.22 ohm to 10 megohm in the 
S% SO PPM version. In bulk or 
tape and reel. 

SMD®is a servicemark of North American Philips Corporation . 



Ultra Precision Metal Film Packaging: on tape with 8mm 
Resistors Available Now. between cente rs, wrapped on 

13-inch reels (2 ,800 pieces per 
reel) in accordance with EIA St<m-
dard 481A. 

Applicatons: EMl/RFI 
suppression. 

Samples now available. 

New Metal Film Technology 
Yields Miniature-Size 

Philips is taking aim at test and in-
Power Resistors Up To 3 W. 

strumentation and measurement 
equipment with its UPR 5000Z .-.-.:./~ series of ultra precision mec,11 film 
resistors. / // ~ Initially developed to replace 

/ "' high precision wirewounds, the "' series is ideal for replacing bulky 
// 

metal foil designs. Use them for A 
to D conversio ns and o ther cir- Philips ' new PR series is a 
cuitry requiring precise, stable miniature power resistor line of I, 
resistors. 

Avai lable in th ree body sizes 
2, and 3 watt devices. The I watt 
unit is the same size as ;u1 RN55 . 

ranging from l/20W to 1/3 W, the The new resistors have a 5% 
resisto rs feature tolerances as low tolerance level ;u1d a temperature 
as ± .01 % and temperature coeffi. coefficient of250 ppm. The 
ciencs starting as low as ± 2ppm/c. devices combine high wattage 
Other series characteristics: ex-
cellent temperature and time 

capabili ty with low hot spot 
par;u11eters. 

stabili ty, low voltage, low noise, Size is 295 inches CL-C L. 
;u1d high initial accuracy and Packaging is RS296D Class I tape 
tracking. and reel for automatic insertion. 

Ask UPR SOOOZ resistors in Avai labil ity: stock to 12 weeks 
bulk or on tape and reel. Delivery 

ARO. 
from stock or with in 8 weeks 
ARO. Newest Data Disk Set On 

NEW: Ferrite Beads For Surface 
Discrete Semiconductors 

Mount Production. 
Covers 3,600 Type 
Numbers. 

\ 

New beads are in .335" (8.9mm) Two-disk set includes quick-
and .160" (4.6mm)sizecategories, search feature ;u1d menu format , 
;u1d are m;u1ufactured of 4S2 fer- produc1 descriptions, ;u1d c~m-
rite material. 

lmpecl;u1ces match those of 
parative data on competitors 
devices. 

the most frequently used tape Disks run on all IBM 
and reeled beads-on-wire. PC/XT/AT computers ;u1d 

Construction: a piece of flat compatibles. 
tinned copper wi re passed Specifying ;u1d ordering 
through and crimped on the rec- d iscrete semiconducto rs is easier 
cangular ferrite bead. than ever' 

Philips Components 

PHILIPS 

~ 
~ 

Sales Offices and Manufacturer Representatives 
AL Humsv ille. Over & Over. Inc. (205) 8.1' 7105 

AZ Tempe, Philips Components (602) 820 2225 

CA Orangevale, Webster Assoc iates (916) 989 0843 

CA Irvine, Harper & Strong (7 11) 261 7233 

CA Santa Clara , Technology Sales. Inc. ( 408) 727 7200 

co Englewood, Philips Componellls (303) 7 79 9696 
Fl. Altamonte Springs. Philips Components (407) 3.\9 5073 

Fl. Ft. Lauderdale. Philips Components (.)05) 485 Ol l5 

GA No rcross . Over & Over, Inc. ('10'1) '149 6205 

GA Roswell. Philips Components (404) 992 0150 

IA Cedar Rapids, Lorenz Sales. Inc. (319) .177 4666 

11. llannockburn. GM R Sales. Inc. (708) 295 84'10 

11. Rolling Meadows. Philips Components (708) 6 7 0 9494 

IN Fort Way ne. Corrao Marsh. Inc. (219) <182 -2725 

IN Greenfield , Co rrao Marsh . Inc. (317) 462-4'146 

IN Kokomo. Philips Componems (317) '156 161'i 

KS Overland Park . Lorenz Sales. Inc (91.\l 469 1:m 

KS Wich ita. Lorenz Sales. Inc. (316) 7 21-0500 

MA Woburn, Phili ps Com ponents (617) 932·'1748 

MD Columbia , Delta 111 Associates (301) 7 30 4 7 00 

Ml Farmington Hills. Philips Components (31.l) 55.)-6010 

MN Minneapolis. Electrir f.omponems Sales. Inc. (612) 933·2594 

MO St. Lou is. Lorenz Sales. Inc. (314) 997 4558 

NC Charlotte. Over & Over, Inc. (704) 542 9111 

NC Raleigh. Philips Co mponents (919) 782 3334 

NC Raleigh . Over & Over. Inc. (919) 876 7 .B8 

NE Lincoln. Lorenz Sa les. Inc. (402) 475-4660 

NJ Englewood Cliffs, Ed Glass Associates (201) 592 0200 

NJ Parsippany, Pl1ihps Componems (201) 455 1507 

NY Skaneateles. Empire Tech . Assoc.. Inc. (315) 685 57 03 

NY East Roches ter, Empire Tech Assoc.. Inc. (716) 381 8500 

OH Dayton . Philips Components (51.\) 4:16 0066 

OH Wickliffe, Ph ilips Compone111s (216) 731· 7721 

OR Beaverton. Eclipse Alarket Group (503) 642-1661 

PA Willow Grove. Philips Componellls 1215) 659-6096 

PR Caparra Heights, M. Anderson Co .. Inc. (809) 7 83 6544 

TX Ri chardson. Philips Componems (2 14) 231-8274 

TX Austin . Philips Components (512) 331 8828 

TX llouston , Philips Components (713) 272-8086 

WA Redmond , Ecl ipse Markel Group (2o6) 885 6991 

WA Spokane, Eclipse Markel Group (509) 922 3972 

WI Mil waukee, Phi lips Componems (414) 2284244 

Canada Scarborough , Omario. Philips Components (4 16) 292 5161 

Mexico CD. Juarez, Chihuahu a. Philips Components 011 +52+ 16+186701/02 

Mexico Mexico City. Philips Components 011 +52 + 55 + 333858/59 

1-800-44 7-3 762 

PHILIPS 



Dr. Gilbert F. Amelio, 
President and Chief Executive Officer 
of National Semiconductor Corporation. 

Dr. Gilbert Amelio , President and CEO of National 
Semiconductor Corporation, will be the keynote speaker at 
ED N's Second Annual "Innovation and Innovator of the 
Year Awards" Banquet on November 19 during Wescon in 
San Francisco. EDN's Innovation program recognizes the year's 

most innovative products and innovative engineer or engineering team in the 
electronics industry. Dr. Amelio will speak on the "Role of Innovation in Global 
Competition." Dr. Amelio holds 16 patents and is credited with being the co­
inventor of the industry's first charge-coupled image sensor. These devices are 
used in most consumer video cameras today. 

Come hear what the leader of one of the world's largest semiconductor corpora­
tions has to say about innovation. Support these innovative people and prod­
ucts awarded EDN's 1991 "Innovation and Innovator of the Year Awards." 

To receive a reservation form for the industry event of the year, fax Pam Winch 
at (617) 558-44 70. 

EDN November 7, 1991 CIRCLE NO. 235 153 
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APPLE COMPAQ FORD KODAK AT&T HEWLETT-PACKARD MOTOROLA CANON LM ERICSSON SONY 

THE HISTORY OF LINEAR TECHNOLOGY FOR 
THOSE OF You WHO LIKE DETAILS (AND PICTURES). 

It's crazy, isn't it? One day 

a bunch of enterprising you ng 

turks start a company. 

Next thing you know it's a 

worldwide business doing $100M 

a year and you' re celebrating your 

tenth ann iversary. 

See the companies listed in 

the border of this ad? Those are our 

customers. 

Regretfully, we couldn't list them 

all. But over the last ten years, all 

of them have given us problems. 

Problems that required a cost 

effective, high performance 

linear solution. Which is good 

because when we started this 

business we figured the best way to 

become successful was to become 

the best at solving high performance 

linear application problems. 

You might say that was our 

HONEYWELL INPUT OUTPUT 

niche in the beginning. And it 's 

still our niche today. In appli-

cations for computers, instruments, 

avionics, telephones, military and 

aerospace, all our energy is 

focused on delivering high 

performance linear solutions. 

Customers rely on us for analog 

products that meet the increasing 

demands of high performance 

systems. For high accuracy 

instrumentation, we've developed 

low noise operational amplifiers, 

references, and comparators. For 

high performance systems we 

provide high efficiency power 

supply ICs. We've created high 

speed amplifiers, interface 

circuits and A/D converters for 

data acquisition. For battery 

powered applications, we supply 

a wide range of micropower 

devices. And for communication 

systems, we offer high perfor-

mance filters. We've advanced 

the state-of-the-art in areas of 

precision, speed, efficiency, 

quality and reliability as well as 

providing more complete solutions 

on a single chip. Our customers 

receive the most cost-effective 

solutions to their problems. 

-
-==-- - --~ 

And every product we make is 

backed by a worldwide network 

of service and support. 

How are we doing? So far, 

so good. Join the companies we've 

worked with over the last ten years 

- send us your problems. After 

all, that's what we're here for. And 

we've got a history of delivering 

the best high performance linear 

solution for the job. For more infor-

mation please cal l 800-637-5545. 

NORTHERN TELECOM ROCKWELL-COLLINS MAGNAVOX N EC 

EDN November 7, 1991 



BRITISH AEROSPACE G ENER AL DYNAMICS METTLER CONNER PERIPHERALS MITA C ALCATEL BOS C H 

HUGHES SAMSUNG 

EDN November 7, 1991 

AND FOR THE REST OF You. 
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Thanks For Your Support. 

Linear Technology Corporation, 1630 McCarthy Blvd., Milpitas, CA 95035 

TEKTRONIX FUJITSU UTC BON DWELL 

CIRCLE NO. 133 
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IT AlMOST READS YOUR MIND. 
CADS TAR' s revolutionary new user 
interface almost reads your mind, 
anticipating your next move and 
intelligently defaulting to the most 
likely action. For example, if you 
pick a part, CADSTAR lets you move 
it without selecting an action from 
a menu. If you pick a connection, 
you can manually route it instantly. 

CADSTAR' s new Motif style 
graphical interface has clear, logical 
menus integrated across all func­
tions. The best part is, you'll rarely 
need to use those menus! Imagine 
software so smart, it knows what you 
want to do next. CADSTAR is easy 
to learn, and it drastically reduces 
keystrokes, saving you hours. 
The Power Remains 

CADSTAR remains the most 
powerful design software you can 

run on a PC. Unique features like 
comprehensive, automatic/interac­
tive routines for placement, gate 
and pin swapping, and routing 
give you remarkable design flex­
ibility. Racal-Redac continues to 
enhance the design technology 
used by thousands of engineers 
worldwide. CADSTAR includes: 
• Integrated Schematic Capture, 

PCB Layout, Autorouting, 
Manufacturing Outputs 

• 5, 000 part library 
• Double sided SMDs 
• Curved tracks & copper, 

teardrop pads 
• Copper maximization 
• Blind & buried vias 
• Toll Free hotline support 

CADSTAR works with Racal­
Redac' s 386 Advanced Router, the 

most powerful PC based router 
available. It features 32 bit, gridless, 
shove aside, rip up and retry tech­
nology for 100% routing completion. 
Is There A CADSTAR In Your Future? 

Call or write for your free 
CADSTAR demo disk and brochure. 
See for yourself how powerful, 
and easy to use, new CADSTAR 
really is. Call (508) 692-4900. 

CAD STAR' 
RACAL·REDAC 
Racal-Redac, Inc. 
238 Littleton Road 
Westford, MA 01886-9984, USA 
Phone: (508) 692-4900 r.11';1r.3r.tr. 
Fax: (508) 692-4725 WWli.!1~t.:J 
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T 0 5 REL A Y TECHNOLOGY 

The High Performance 
Gigahertz Relay 

• RF switching through 4 GHz 

• Magnetic latching cuts power drain 

• Convenient Centigrid package 

• Military and commercial versions 

The T0-5 family of relays 
were always good in RF switching 
applications . We didn't plan it that 
way. It just happened. Low inter­
contact capacitance. Low inser­
tion loss. Up through 500 MHz. 
No problem. 

But then you wanted to go 
even higher. You wanted gigahertz 
performance. And not just 1 GHz, 
but 3 or 4. That took some serious 
doing. But our combination of 

experience and innovation was 
equal to the task. We married our 
two decades ofT0-5 technology 
with some new techniques we 
developed to enhance the RF 
characteristics. The result? We 
were able to extend the relay's 
performance from the MHz range 
to the GHz range. And handle RF 
switching functions all the way up 
to 4 GHz. With intercontact isola-

tion even higher and insertion loss 
even lower than in the MHz range. 

The high performance 
gigahertz Centigrid relay. It will 
handle your toughest RF switch­
ing assignments, especially when 
power drain is critical. Call or 
write today for complete details. 

._ TELEDYNE RELAYS 
Innovations In Switching Technology 

Teledyne Relays, 12525 Daphne Avenue, Hawthorne, California 90250 • 213-777-0077, FAX: 213-779-9161. 

European Headquarters: W Germany: Abraham Lincoln Strasse 38-42, 6200 Wiesbaden• Belgium: 181 Chaussee de la Hulpe, 1170 Brussels• U.K.: The Harlequin Centre , 

Southall Lane, Southall , Middlesex, UB2 5NH •Japan: Taikoh No. 3 Building, 2-10-7 Shibuya, Shibuya-Ku, Tokyo 150 • France: L' Arche Du Pare. 738 Rue Yves Kermen , 92100-Boulogne Billancoun 
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Czechoslovakia will answer ques­
tions and provide information re­
garding the capabilities and proce­
dures available to nuture business 
ventures in these countries. The at­
tending Eastern Bloc representa­
tives are all top executives from the 
electronics industry in their respec­
tive countries. The session is a 
great opportunity to investigate the 
2-way potential for developing com­
mercial relationships with countries 
in transition from state-owned en­
terprises to private establishments. 

Also on Tuesday afternoon, you 
can attend a special session about 
PCs vs · workstations: There is an 
ongoing controversy within the in­
dustry over which platform to use 
for electronic design. Numerous 

surveys have been conducted to 
determine achievable performance 
levels of PCs vs workstations. The 
surveys compare DOS and Unix: 
Which platform has been the plat­
form of choice among EDA compa­
nies and end users? EDAC (Elec­
tronic Design Automation Compa­
nies), the voice of the EDA indus­
try, asserts that t he applicat ions 
software drives EDA productivity 
more than the hardware on which 
the software runs. The panelists 
in this session represent platform 
manufacturers and EDA companies 
and all have experience using vari­
ous platforms. They will explore 
the role of standards in achieving 
maximum application performance 
independent of the system used. 

On Wednesday, November 20, a 
panel of editors and analysts will 
explore the future of the semicon­
ductor industr y- an ar ea that 
seems to change almost daily. As 
chips become more complex, some 
manufact urers have posit ioned 
themselves as system houses. Oth­
ers have begun advertising in main­
stream media, rather than in trade 
publications. Still other manufac­
t urers have spun off software­
support divisions into separate com­
panies. Attend the panel session 
and hear a lively discussion explor­
ing current semiconductor issues. 
Take a look into the crystal ball and 
hear predictions as to where this 
volatile industry is heading. 

Also on Wednesday, the Purchas-

Table 1-Wescon /91 technical conferences and courses schedule 

Tuesday Neural networks Advances In High-speed Technical courses 
November 19, 1991 and robotics FPGAs logic design Memory systems Image display (9:00 am to 5:00 pm) 

9:00 am to 
Session 1 Session 3 Session 5 Session 7 Session 9 Short course T1 
The "new wave" in Next-generation Solving clock distribu- Specialty memories: Implementation of flat- Concurrent engineer-

11:00 am computing: Advanced FPGAs accelerate tion problems in high- A rapidly evolving set panel displays ing: Tying it all 
technologies facilitate system design speed systems of tools for the together 
today's neural-network designer of high-

Short course T2 
applications performance products Surface-mount 
Session 2 Session 4 Special session Session 8 technology: Principles 

2:00 pm to Machine-vision Advanced CAE tools PCs vs workstations: Design advances of and practices 
4:00 pm systems for FPGA design The software memory cards for 

Short course T3 implications portable systems 
An introduction to 
optical-based sensors 

Wednesday Commu nlcltlon High-speed Memory systems Technical courses 
November 20, 1991 networks Advances In PLDs logic design and sensors image display (9:00 am to 5:00 pm) 

Session 11 Session 14 Session 17 Session 20 Session 10 Short course T 4 
9:00 am to The framework of an Innovative, high-density High-speed logic to Hassle-free cache Image compression: A Design for testability 
11:00 am OSI network manage- PLO architectures the rescue . design (without compro- key enabler of multi-

Short course TS ment system mising performance) media 
Surface-mounUfine-

Session 12 Session 18 Session 21 pitch technology 
11 :30 am to FOOi design issues Interconnect issues for Recent trends in 

Short course T6 1:30 pm high-speed electronic embedded control 
systems memory Short-run statistical 

Session 13 Session 16 Session 19 Session 20 Special session 
process control for 
electronics 

2:00 pm to The emerging New PLO design tools Combating EMI in Enabling sensor tech- Virtual reality manufacturing 
4:00 pm 10 BaseT standard: enable flexible and high-speed electronic nologies-markets, 

Trends in silicon and efficient systems-level systems trends, and applications Short course T7 

software design 3000-series FPGA 
design 

Thursday Embedded PC applications ASICs and Design for testability T echnlcal courses 
November 21, 1991 controls and architectures multichlp modules and manufae1urabillty (9:00 am to 1 :00 pm) 

Session 23 Session 25 Session 27 Session 29 Short course TB 

9:00 am to 
Real-time and Portable applications ASIC directions for the Electronic product Data storage; 

11 :00 am 
embedded systems for PC-compatible '90s design for manufactur- magnetic, optical, 
development and chip sets ability and testability and systems 
deployment Short course T9 
Session 24 Session 26 Session 28 Session 30 From DIPs to multi-

11 :30 am to High-performance PC bus architectures: The impact of Using the IEEE chips: An introduction 
1:30 pm embedded control Beyond the standard multichip modules in boundary-scan and to high-performance 

devices AT bus performance the '90s test-access port packaging 
(JTAG) 
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ing Management Association of Sili­
con Valley will present a program 
entitled "Out Sourcing: A New 
Wave of the Future." To implement 
or sustain a successful out-sourcing 
program, the working relationships 
amongst engineering, manufactur­
ing, and purchasing must be clearly 
defined. The Wescon/91 Purchasing 
Conference explores critical issues, 
such as how to develop a team ap­
proach for negotiations, how to help 
engineering clearly define and docu­
ment specifications, how to intimately 
involve manufacturing, and how to 
build effective ties with suppliers. 

Short courses off er variety 
In addition to the special semi­

nars, you can attend a variety of 
short courses. This year's short 
courses were chosen specifically to 
meet the needs of management and 
engineering professionals. These 
courses are in session all three days 
of the show and provide valuable 
information that will help advance 
your career now and in the future. 
The program includes three man­
agement seminars-"Doing Busi­
ness with the Japanese" on N ovem­
ber 19; "The Healing Manager: 
Shortcuts to Total Quality and 
Process Improvement" on N ovem­
ber 20; and "Protecting and Market­
ing Software in a Competitive Mar­
ket" on November 21. 

The technical segment of the 
short-course program includes nine 
sessions. On Tuesday, November 
19, the program includes courses 
on concurrent engineering, surface-

mount technology, and optical­
based sensors. Wednesday's pro­
gram features four sessions­
"Design for Testability", "Surface 
Mount/Fine Pitch Technology" , 
"Short-Run Statistical Process Con­
trol for Electronics Manufacturing'' , 
and "3000-Series Field Programma­
ble Gate Array Design." The pro­
gram concludes on November 21 , 
with two sessions-"Data Storage: 
Magnetic, Optical, and Systems," 
and "From DIPs to Multichips: An 
Introduction to High Performance 
Packaging." All short courses will 
be held at the San Francisco 
Marriott. 

The Wescon/91 technical confer­
ence is intended to highlight the 
most relevant and promising techni­
cal topics for today's electronics in­
dustry and to set the stage for to­
morrow's products and markets. 
Emerging technologies, new devel­
opments and applications for exist­
ing technologies, and new solutions 
for persistent problems are all part 
of this year's program. In general, 
the sessions emphasize practical 
technical applications and realistic 
solutions to authentic problems. 
This emphasis is certainly evident 
in the area of high-speed logic de­
sign-a topic discussed in five sepa­
rate sessions. 

As processors increase in speed, 
the problems encountered when 
distributing clock signals to various 
loads also increase. Skew and duty­
cycle distortion, for example can re­
duce the cycle budget by several 
nsec; however, you can solve this 

Transportation and show details 

problem by using minimum-skew 
clock drivers. In Session 5, suppli­
ers will highlight the benefits, fea­
tures, and application details of 
these products. 

As noted, the rapid increase in 
µP clock frequencies has consider­
ably reduced the cycle-time budgets 
of designers. As a result, designers 
are continually looking for the fast­
est standard devices they can get. 
While speed may be the main con­
sideration, it is not the only one-­
noise reduction, power consump­
tion, and packaging are also key pa­
rameters in high-speed logic design. 
The discussions presented in Ses­
sion 17 will let designers compare 
the most recent high-speed logic offer­
ings and thereby let them make an 
informed choice regarding the best 
technology for their application. 

The presentations in Session 18 
will deal with interconnect issues in 
high-speed logic design. With clock 
rates for VLSI circuits approaching 
100 MHz, electromagnetic interfer­
ence is emerging as a major barrier 
for high-speed operation. Speakers 
will examine different hardware ap­
proaches to circumvent the EMI 
problem at various stages of the de­
sign. These approaches include the 
use of novel devices and intercon­
nects, new ICs and multichip mod­
ule designs, and innovative archi­
tectures. 

Advanced TTL families are be­
coming the technology of choice for 
high-speed system designers. How­
ever, the features that make these 
logic families so popular may also 

Parking in downtown San Francisco is severely 
limited. Avoid parking problems at Moscone Con­
vention Center by taking the Cow Palace Shuttle. 
Park at the Cow Palace (parking costs $5 per 
day) and take the free shuttle to the show. If you 
take the BART/MUNI metro, Powell Station at 
4th and Market is closest to the Moscone Con­
vention Center. If you're riding the MUNI, take 

the 45 Union or 30 Stockton for Moscone Center. 
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Registration at the door costs $10. This fee 
admits you to both the exhibits and the Profes­
sional Program. For more information, contact 
Electronic Convention Management, 8110 Air­
port Blvd, Los Angeles, CA 90045. Phone (213) 
215-3976. 
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JOIN THE TEAM 
WITH ALL THE MCU TOOLS. 

Oki MCUs-
For Total Toolset Support. 

Is incomplete support preventing your 
MCU design from moving forward? 
Join the nX crew at Oki, where our 
nX MCUs provide the performance 
upgrades and toolset support needed 
to propel your design swiftly to the 
finish line. 

Choose from a range of nX­

generation 8-bit or 16-bit MCUs, 
including OTPs, and a variety of on­
chip features: A/Ds, I/ Os, PWMs, 
and more. 

Our in-circuit emulator and 
evaluation modules expedite pro­
gramming and emulation. And with 
nX, you receive complete software 
support-including assemblers, 
debuggers, converters, and trans­
lators. 

Starting a new design? Want to 
convert your resident 80C51 codes? 
Look to the team that won't leave 
your design dead in the water. With 
nX and Oki's total tool support, your 
design glides smoothly and quickly 
from concept to code. 

Call 1-800-0KI-6388 for ou r 
nX Brochure (ask for Package 052). Description 65K 66K 67K 

~~~~~~~~~~~~~~ 

Software 

Relocateable Assembler 
Linker 
Librarian 
Symbolic Debugger 
Object Converter 
Object Analyzer 
BOC51 Translator 
C-Compiler 
C-Debugger 

Hardware 

OMFICE + EVM65524 
OMFICE + EVM66201 
OMFICE + EVM67620 
* Under development 

'1 '1 ~ 
'1 ~ ~ 
'1 ~ ~ 
~ ~ ~ 
~ ~ ~ 

~ 
'1 

* ~ 

* ~ 

'1 

TRANSFORMING TECHNOLOGY INTO CUSTOMER SOLUTIONS 
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OKI 
Semiconductor 
785 North Mary Avenue 
Sunnyvale, CA 94086-2909 . 
1-800-0Kl-6388 
(Ask for Pkg 052) 
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Two DSP 
Tools 

ONE 
POWERFUL 

DSP 
SOLUTION 

Start with the blazing speed of our DSP32C-based 
ZPB34 DSP processor board . then add the versatility 
of our upgraded DSPlay XL™ code development 
software. The unique combination forms one of the 
most powerful integrated DSP platforms available 
on an IBM® PC or compatible. Simple. painless. 
and powerful. 

The ZPB34 features AT&T's SOMHz DSP32C floating 
point processor and is available in four standard 
memory configurations from 64KB to 576KB. It's ideal 
for applications requiring large FFTs. execution of 
complex real-time algorithms, and image 
processing. High-speed buffered serial ports are 
included for interconnections of processing boards 
or connection to our ever-expanding line of 
high-performance analog 1/0 systems. 

Add power to speed with our improved DSPlay XL 
DSP code generation software. It features a menu­
driven diagram approach to algorithm 
development and generates standard executable 
code for both AT&T's DSP32 and DSP32C. New 
version 3.19 includes over 100 DSP functions. an 
assembler for user-defined blocks. FIR and llR digital 
filter design routines . and 1/0 control. 

Put the power of our DSP solutions to work for you. 
For information on our entire line, call 
1-800-548-6132, Fax (602) 7 41-3895. or write 
Burr-Brown Corp .. P.O. Box 11400, 

Tucson. AZ 85734. 

DSPlay XL™, Burr-Brown Corp. 
WE®. AT&T Corp. 
IBM®. IBM Corp. 

EIEI 
Signal Processing Solutions 

CIRCLE NO. 138 

You can control any IEEE-488 (HP-IB, GP-IB, 488.2) 
device witn our cards, cables and software 

for the PC/AT/386, EISA, Micro Channel 
~ ! and Macintosh II. You get fast hardware 

and software support for all the 
popular languages, plus a software 

- library of time saving utilities. 
Instrument control has never 
been easier. 
FREE 
Informative Catalog 800-234-4CEC 
Applications help 617-273-1818 

r~ Capital Equipment Corp. 
~ ~~~ Burlington, MA. 01803 

_a.... .. . - ... -
CIRCLE NO. 139 
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contribute to higher levels of EMI. 
The papers in Session 19 examine 
EMI sources and evaluate their 
relative importance in typical high­
speed system design. The papers 
also highlight the most potent and 
common EMI problems encoun­
tered in system design and discuss 
potential solutions. 

Before, during, or after you at­
tend your sessions, you can visit the 
exhibition floor to survey the new 
products. This year, for the first 
time, semiconductor products and 
test and measurement instruments 
will appear on the exhibit floor. 
They will be located in the Design 
Automation Center. Exhibiters in 
the Semiconductor Center include 
Motorola Inc, Fujitsu America (IC 
and Advanced Product divisions), 
Micron Technology, Mitel Semicon­
ductor, NMB Technologies, Toshiba 
America, and Microchip Technology 
Inc. In the Test and Measurement 
area, the exhibitors include East­
man Kodak, John Fluke Manufac­
turing Co, Keithley Instruments, 
LeCroy Corp, Martin Marietta 
Electronic Systems, National In­
struments, Nicolet Test Instru­
ments Division, Panasonic Factory 
Automation, Tektronix Inc, and 
WH Brady Co. 

EDA companies in the Design 
Automation Center include Data 
110 Corp, BP Microsystems, Micro­
Sim Corp, Racal-Dana Inc, CAD 
Software Inc, Huntsville Microsys­
tems Inc, Mine Inc, Omatron Inc, 
OrCAD, PCAD/CADAM, and So­
phia Systems and Technology. 
Wescon/91 will also feature a com­
prehensive showing of components, 
hardware, subsystems, and manu­
facturing materials as well as engi­
neering and manufacturing services. 

EDN 

Article Interest Quotient 
(Circle One) 

High 512 Medium 513 Low 514 
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FUSE 
PROTECTION 

WHY YOU NEED IT 
OMPETE IN THE WORLDWIDE '90s 

ann makes more fuses than anyone. But during the 90's, as your designers face Increased worldwide 
petition, It Is our solid-matrix fuses that are growing the fastest because they make your products more 

mpetltlve. Our advanced PC-Tron radial lead, SMD Tron surface mount and Mlcrotron standard submlnlature 
uses, all save board space. • Both Bussmann high performance PC-Tron and SMD Tron fuses provide current­

limltlng capability never before available to designers. The solid matrix surrounding the fuse element rapidly 
extinguishes the arc, when a fault occurs ... predlctably. So for the first time, both PC board components and 
equipment are protected. That's a competitive edge for you. • Both Bussmann high performance fuses provide 
for the economies of automatic Insertion and are completely sealed, to withstand rigorous board washing. • For 
designs locked Into the conventional submlnlature fuse footprint, Bussmann offers Mlcrotron-the reliable stan­
dard. Contact your Bussmann distributor or Bussmann directly for samples and literature on solid-matrix fuses; 
5x20mm or 1 x 1-1/4 In. glass tube fuses; fuseholders, blocks and accessories. 

BUSSMANN-LEADER IN CIRCUIT PROTECTION-WORLDWIDE 
BUSSMANN 
P.O. Box 14460 
St. Louis, MO 63178 
Phone: (314)394-28n 
FAX: (314)527-1445 
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BUSSMANN 
Cooper (U.K.) Limited 
Beswick Works 
Frome, Somerset BA 111 PP 
United Kingdom 
Phone: 44-0373-464-311 
FAX: 44-0373-473-175 

BUSSMANN FAR EAST 
The Plaza 
7500 A Beach Road 
No. 14-319/320 
Singapore 0719 
Republic of Singapore 
Phone: 65-2988311 
FAX: 65-2963807 

Visit us at WESCON Booth #1344 

CIRCLE NO. 140 

~ BUSSMANN 
COOPER 
INDUSTRIES 
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What other companies' 
datacom controllers look 

like to your CPU. 
The CPU overhead imposed by standard datacom controllers can be 

a drag on your system performance, and on your development efforts. 
ow there's a more intelligent solution. The Cirrus Logic CL-CD2400 

single-chip datacom controller can send and receive complete packets 
with no host supervision. This gives you up to seven times more system 

II 
II 

CPU overhead per character 

Async Sync 

1,160 ns 

CPU overhead per packet 

CL-CD·Z400 

Other 
Serial 
Communications 
Controllers 

28,300 ns 

performance than other serial 
communications controllers. 

The CL-CD2400 even saves 
you development and debugging 
time, and lowers development 
expense. Our fast, flexible, double­
buffered DMA makes buffer 
chaining and circular queues 
easy to implement. An append 
mode makes DMA efficient fo r 
async applications as well. 
Interrupt or DMA operation is 
selectable on a per-channel, 
per-direction basis. The 
CL-CD2400 even has much 

The CL-CD2400 has more intelligence for sophisticated more flexible latency require­
error checking. special character matching. address men ts than other controllers. 

recognition and automatic DMA management -
with I/7th the overhead•. 

And you get all this with fewer parts. So you use less board 
space. At a much lower cost than you might expect. 

Give your whole system and your development efforts a boost. 
Get the intelligent datacom controller that saves work for you and 
your CPU: The CL-CD2400 from Cirrus Logic. 

System 
bus 
interface 
plus OMA 
control 
and 
interface 
log ic 

MOOEMSIGNAtS 

RECEIVE wiCRC 
JRANSM:T witRC 
, ... ilS/1lll(WU 

M00£MSIGNAl.S 
RECEIV( w/CRC 
TRANSM:I w,-0(: 
,_ 
MOOEMSIGNAl.S 
RECEIVE w/CRC 
fAANSMll w!UlC 
IMRSt1ft'.i.i1)f'L 

MOOEMSIGNALS 
AECEIV[ w/CRC 

"""""1w.<><: 
,_ 

The next generation datacom controllers: 
An on-chip RISC processor gives you the 
intell igence to achieve more performance. 
Four multi -protocol channels let you choose 
from all asynchronous and synchronous 
protocols. An integrated 32-bit-address 
OMA control ler, integrated interrupt 
controller and on-chip FIFOs for each channel 
give fast 1/0. Sophisticated character- and 
frame-processing features make this the 
most efficient controller on the market. 

,-----------------, I For free product information and technical comparison I 

I Call 1-800-952-6300. I 
I Ask for dept. LD26. I L _________________ ~ 

CIRRUS LOGIC 
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e1991 Cirrus logic. Inc .. 3100 West Warren Avenue. Fremont. CA 94538{4151623-8300; Japan.: !81) 462-76-0001; Singa!Xlfe \65) 3532122; Taiwan: U366l 2-718-4533; Germany \49)8152-2030. United Kingdan. (44) 344-700-782 
· Overhead measured in an X.25 application CPU ovefhead measured on PC-canpatible Cirrus logic and the Cirrus Logic 1ogo are trademarks of Cirrus logic, Inc All other trademarks are registered to their respective companies 
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Low-profile grid-array sockets 
handle as many as 484 pins 
The Ampflat land grid-array (LGA) 
socket assembly from AMP accom­
modates LGA packages that have 
as many as 484 positions. It is con­
figured on a 0.05-in. centerline grid 
and offers a mounted profile of 0.2 
in. The keystone of the assembly 
is a contact array that is 0.009-in. 
high when compressed and features 
10-psec max delay and a per contact 
thermal resistance of 200 °CIW. The 
unit also features a positive contact 
wipe, a replaceable contact array, 
and a choice of gold or tin/lead over 
nickel platings. 

The socket assembly is composed 
of a heat-clamp pressure plate, a 
chip-carrier nest that holds the 

LGA device, a contact array, and 
an insulator-spacer. All of these 
components are sandwiched be­
tween a cover plate and a base 
plate. The insulator thickness is se-

Software synthesizes 
FPGA logic layouts 
The PGADesigner family of logic­
synthesis tools for field-program­
mable gate arrays (FPGAs) can 
synthesize layouts for Xilinx's 
XC2000 and XC3000 logic-cell ar­
rays, Actel's ACT1010 and 10120, 
Altera's Max Series, and AMD's 
Mach 1 and Mach 2 families. Certain 
versions of the tools can also auto­
matically partition some or all of 
your FPGA design over multiple 
smaller PLDs, such as the 22V10. 

You can enter your design in any 
combination of three methods; sche­
matics with any program that pro­
duces an industry-standard EDIF 
(electronic data interchange format) 
output file, a waveform editor, or 
hardware-description languages. 
To use the waveform editor, you 

EDN November 7, 1991 

draw the input and output wave­
forms for your circuit with a graph­
ics editor. The software then syn­
thesizes a synchronous circuit that 
accepts the specified inputs and 
generates the specified outputs. 

The hardware-description lan­
guages let you specify your design 
with Boolean equations, truth ta-

lected to match the thickness of the 
pc board for a given assembly. In 
this manner, the resultant stack 
thickness of the assembly yields the 
required normal forces under com­
pression. You can install or remove 
the clamping top plate by using an 
ordinary screwdriver. Both top and 
bottom plates are made of stainless 
steel. The bottom plate insulator is 
assembled with adhesive on its top 
and bottom surfaces so that the bot­
tom plate is permanently attached 
to the pc board after initial installa­
tion. $20 to $26. 

AMP Inc, Box 3608, Harrisburg, 
PA 17105. Phone (800) 522-6752. 
Booth No 2154. Circle No. 351 

bles, and state machines. The state 
machine tool uses a Pascal-like syn­
tax and lets you embed Boolean 
equations and truth tables in the 
arguments of the state-machine 
program constructs. 

The tools run on Sun-3 and Sun-4 
workstations and on 286 and 386 
MS-DOS machines. The company 
offers two configurations; one for 
both PLDs and FPGAs and the 
other for FPGAs only. Base prices 
include routines for one FPGA 
type; additional FPGA types are 
optional. $300 to $16,000. 

Mine Inc, 6755 Earl Dr, Colo­
rado Springs, CO 80918. Phone 
(719) 590-1155. FAX (719) 590-
7330. Booth No 1524. 

Circle No. 352 
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SCSI-2 protocol controllers 
feature on-chip µP core 
An on-chip µP core lets the 
MB86600 family of SCSI-2 ICs per­
form command sequences without 
interrupting the host CPU. The de­
vices support the wide and fast data 
transfers defined by the latest ver­
sion of the ANSI SCSI specification 
and let you implement a SCSI-host 
design that complies with the CAM 
(Common Access Method) of the 
LADDR (Layered Architecture 
Device Driver) de facto standards. 

The SCSI-2 ICs support target 
and initiator applications. A pro­
prietary command set features 22 
initiator-specific commands and 22 
target commands. Each µP-core 
command lets the ICs perform one 
or more SCSI-2 commands. The ICs 

automatically handle the requisite 
bus phases and sequences. 

A 32-byte FIFO buffer paces data 
transfers between the SCSI bus and 
DMA interface. The buffer permits 

Peak power meter 
operates to 40 GHz 
The 4400 power meter is designed 
for microwave CW, peak power 
measurements, and pulse waveform 
characterization. With associated 
sensors, it ranges from 30 MHz to 
40 GHz and has a - 40 to + 20 dBm 
dynamic range. Plotter, diagnostic 
RS-232C, and IEEE-488 interfaces 
(for ATE applications) are pro­
vided. 

Menu-driven setup, with compre­
hensive help displays, allow easy 
and quick setup for automatic meas­
urement and display of a variety of 
pulse parameters-power, time , 
and frequency related. Measure­
ments are made at a rate of 40 to 
70 per second. Measurement val­
ues, waveforms, and related text 
are displayed on a color CRT. The 
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display-element color is user se­
lected. Waveforms are digitized at 
a 1-MHz rate, and there's a dedi­
cated DSP for high-speed measure­
ments. Waveform data can be 
downloaded to a plotter. 

The 4400 meter includes a 1-GHz 
precision calibrator, which ensures 
measurement accuracy. Sensor cali­
bration factors are stored in each 

a transfer offset value as high as 
32 bytes during synchronous data 
transfers. The devices also have 32-
byte send-and-receive buffers that 
handle command , message, and 
status information. 

The MB86601 provides signal 
transceivers on chip for single­
ended SCSI-2 applications. The 
MB86602 contains control circuitry 
for external differential or single­
ended transceivers. Both support 
10-Mbyte/sec synchronous-data 
transfers. $19.95 (1000). 

Fujitsu Microelectronics Inc, 
3545 N First St, San Jose, CA 
95134. Phone (800) 642-7616. FAX 
(408) 432-9044. Booth No 917. 

Circle No. 353 

sensor and calibration-factor and 
sensor-temperature data are down­
loaded to the instrument for auto­
matic correction of measured val­
ues. Automatic self-diagnostic rou­
tines are accessible to check op­
erational integrity. Operating soft­
ware can be reloaded or enhanced 
via the built-in disk drive-there's 
no need to open the case or change 
PROMs. The meter is available in 
single- and dual-channel versions. 
$11,750 and $13,000, respectively. 

Boonton Electronics Corp, 791 
Route 10, Randolph, NJ 07869. 
Phone (201) 584-1077. FAX (201) 
584-3037. Booth No 2141. 

Circle No. 354 
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Plasma Display Module 
The Model GP01280128-01 is a de 
gas-plasma display that features a 
128 x 128-dot viewing area for 
graphics and text. Horizontal and 
vertical resolution measures 40 
lines/in. The display, along with 
most of the drive electronics , 
mounts on a single pc board. Oper­
ating life is 40,000 hours. The 3.6-
in. diagonal viewing area can dis­
play 16 rows of 21 characters in a 
5 x 7 dot-matrix format. You can 
use this same format to display as 
many as 336 dot-matrix characters 
and graphics symbols. The module 
has a diffuse neon-orange display 
color, which features a 50-tL bright­
ness level. Viewing angle measures 
130°. $105 (100). Delivery 12 to 14 
weeks ARO. 

Babcock Display Products Inc, 
1051 S East St, Anaheim, CA 
92805. Phone (714) 491-5100. FAX 
(714) 490-1368. Booth Nos 4203, 
4205. Circle No. 437 

Digital Voltmeters 
The four models in the AP-501 Se­
ries of de digital voltmeters feature 
a 31/2-digit LED display. Units in 
the line measure from 200 m V to 
200V with an accuracy of 0.1% of 
reading. 

The input configuration of the 
meter depends on the model. The 
-11 and -12 versions (199.9 mV and 
l.999V, respectively) accept a dif­
ferential input. The 19.99V -13 and 

168 

the 199.9V -14 models have a single­
ended input. All models will operate 
at 2.5 conversions per sec. 

Other features of the AP-501 me­
ters include automatic zero adjust­
ment and adjustable decimal point 
to any digit. An overrange indicator 
signals when the input exceeds the 
rated-input level. The meters weigh 
approximately 50g and operate 
from a single 5V supply. $71. 

Selco Products Co, 7580 Stage 
Rd, Buena Park, CA 90621. Phone 
(213) 921-0681. FAX (714) 739-
1507. Booth No 4216. 

Circle No. 438 

High-Temperature Sockets 
These PGA and DIP screw-machine 
sockets can withstand the rigors of 
infra-red and vapor-phase soldering 
processes encountered in surface­
moun t and mixed (surface-mount 
and through-hole combinations) ap­
plications. Heat deflection ratings 
equal 230°C for the DIP sockets and 
275°C for the PGA devices. 

Both devices utilize glass-filled, 
molded polymer construction. The 
DIP sockets are supplied in open 
or closed versions that have center­
to-center spacings of 0.300, 0.400, 
0.600, and 0.900 in. The models 
with 0.300- and 0.600-in. spacings 
are compatible with automatic in­
sertion equipment. The high-tern-

perature PGA sockets are available 
in more than 250 standard configu­
rations, ranging from 9 x 9 through 
21x21 grids. Custom PGA foot­
prints are also available. $0.015 to 
$0.03 per pin for the DIP sockets; 
$0.02 to $0.05 per pin for the PGA 
models (OEM qty). 

Mark Eyelet Inc, 63 Wakelee 
Rd, Wolcott, CT 06716. Phone 
(203) 756-8847. FAX (203) 755-
9410. Booth Nos 950, 952. 

Circle No. 439 

VME Power Supply 
JRS Series quad-output, rack­
mountable switching power sup­
plies are designed for VME applica­
tions. The units feature true cur­
rent-sharing, have parallel outputs, 
and can be used in N + 1 redundant 
systems. 

With 110/220V ac or 48V de input 
capabilities , these supplies lend 
themselves to telecommunications 
applications. They also feature a 
battery charger-a prime advan­
tage in applications requiring no 
downtime. You can tailor each of 
the four outputs to develop from 5 
to 48V. The units can be sold sepa­
rately as modules or configured to 
meet most VME requirements. ALI 
supplies are designed to meet UL, 
CSA, TUV, and VDE require­
ments. $1 to $2/W, depending on 
quantities. Delivery, four to 12 
weeks ARO. 

Joule Power Inc, Joyce Indus­
trial Park, Summer Rd, Roxboro, 
MA 01719. Phone (508) 263-9712. 
FAX (508) 263-9071. Booth No 
3406. Circle No. 440 
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Searching for ~bedded solu~ons? •. ,, . , . 
Let us shed a little SPARClite. , , · 

We're blazing a trail for designers of embedded 
control systems. And now the unparalleled 
performance, innovation, simplicity and cost 
efficiency of RISC technology are finally in sight. 

Introducing SPARClite'." A complete family of 
RISC processors from the Advanced Products 
Division of Fujitsu Microelectronics. Designed 
from the ground up for high-performance 
embedded applications. 

Our first SPARClite family member, the 

cP 

40 MIPs peak and 37 MIPs sustained performance. 
Software compatible with the industry-standard 

SPARC* architecture, our MB86930 provides the on­
chip cache memory needed to meet the demands 
of performance-critical real-time routines. As 
well as a unique cache-locking mechanism and 
many other on-chip peripheral functions. 

What's more, Fujitsu's SPARClite program is 
complemented by a full range of multi-platform 

support tools from the leading names in 
development systems. To help you get 

FUJITSU to market more quickly than ever before. 
So why keep searching in the dark? 

Call us at 1-800-523-0034. And turn on 
SPARClite for the best in embedded 

MB86930 processor, provides a new gen­
eration of solutions that can easily be 
designed into your embedded applications 
- for much greater performance at very 
competitive prices. Operating at clock 
speeds up to 40 MHz - and providing Delivering the Creative Advantage. solutions. 

R.JJITSU MICROELECTRONICS, INC., Advanced Products Division. 77 Rio Robles, San Jose, CA 95134-1807. Ph: 408-45&-1161 Fax: 408-943-9293. 
R.JJITSU MICROELECTRONICS ASIA PTE LTD. (Head Office, Singapore): Ph: 65-336-1600 Fax: 65-336-1609. HONG KONG SAIB5 OFC: Ph: 852-723-0393 Fax: 852-721-6555. 

TAIPEI SAIB5 OFC: Ph: 886-2-757-6548 Fax: 886-2-757-6571. JAPAN SALES OFC: Ph: 81-3-3216-3211 Fax: 81-3-3216-9771. KML CORP. (Rep., Korea): Ph: 82-2-588-2011 Fax: 82-2-588-2017. 
PACIAC MICROELECTRONICS, PTY. LTD., (Rep., Australia): Ph: 61-2-481-0065 Fax: 61-2-484-4460. 

R.JJITSU MIKROELEKTRONIK GmbH (Dreieich-Buchschlag, Germany): Ph: 06103-6900 Fax: 06103-690122. 
SPAROite is a trademari< of SPARC International, exdusively licensed to l\ijitsu Microelectronics, Inc. SPARC is a registered trademari< of SPARC International, Inc. 
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Surface-Mount Relay 
The G6H-2F is a surface-mountable 
electromechanical relay that meas­
ures 5.5 x 9.41x14 mm. The unit 
has a 2-Form C-contact arrange­
ment and can switch voltage and 
current levels of 125V ac/llOV de 
and lA, respectively. The maxi­
mum power-switching rating is 
30W or 62.5 VA. 

The operating-power require­
ment is 140 mW. The relay con­
forms to the FCC Part 68 surge­
withstand requirement of 1.5 kV. 
Dielectric strength ratings are 
lOOOV ac between each contact and 
between contacts and coil. Relay 
lifetime measures 200,000 opera­
tions with a lA, 30V de load. 

The G6H-2F relay is compatible 
with infrared, dual-wave, and va­
por-phase soldering systems. Con­
tact resistance is 60 mn and operat­
ing range spans - 40 to + 85°C. 
$2.45 (1000). Delivery, seven to 20 
weeks ARO. 

Omron Electronics Inc, 1 E 
Commerce Dr, Schaumburg, IL 
60173. Phone (708) 843-7900. FAX 
(708) 843-7787. Booth No 2153. 

Circle No. 355 

Trimmer Capacitors 
Type 9 compression-trimmer ca­
pacitors have a mica dielectric and 
are designed for applications re­
quiring high-voltage ratings and 
high-RF power handling. The units 
have a 2000V-dc working-voltage 
rating and withstand test voltages 
ranging to 3000V de. 

170 

The devices in the Type 9 family 
are available in eight capacitance 
values ranging from 10 to 48 pF to 
250 to 480 pF. All models operate 
over a - 35 to + 85°C range. The 
unit design features a ceramic base, 
which encloses the mica films and 
plates. Device insulation resistance 
is 10110 min. From $3.49 (100). De­
livery, 10 weeks ARO. 

Sprague-Goodman Electronics 
Inc, 134 Fulton Ave, Garden City 
Park, NY 11040. Phone (516) 746-
1385. FAX (516) 746-1396. Booth 
No 1641. Circle No. 356 

Virtual Disk Card 
The PM-7008 virtual disk card is de­
signed to affordably replace the 
floppy-disk drive in PC computer 
systems. The unit works just like 
a floppy- or hard-disk drive, except 
that it uses electronic components 
to replace the magnetic media. 

Use of electronic media decreases 
disk-access time. You can use the 
PM-7008 as a 256-kbyte RAM­
based virtual disk, a 512-kbyte 
ROM-based virtual disk, or a combi­
nation of both. The RAM-based 
card uses a battery to maintain data 
in case of power failure. The unit 
has the same multiple read/write 
cycle capability as a standard 
floppy-disk drive. The ROM-based 
card has no need for batteries be­
cause ROM is more permanent than 
RAM. Once you program the ROM, 
it can only be erased by ultraviolet 
light from an EPROM eraser. $125. 

Acqutek Corp, Box 187, Sandy, 
UT 84091. Phone (801) 572-8151. 
Booth No 4317. Circle No. 357 

Decoupling Capacitors 
Memoryguard decoupling capaci­
tors are designed for advanced 
memory applications and offer suffi­
cient capacitance values for tomor­
row's 16-Mbyte DRAMs. The ca-

pacitors come in a 1210 package and 
have capacitance values ranging to 
0.47 µF in a 0.026-in.-high package 
or 0.39 µF in 0.023-in.-high pack­
ages. In addition, the 0.22-µF ca­
pacitor, which has become the stan­
dard for decoupling 4-Mbyte 
DRAMs, is now available in a 1206 
package that measures 0.026-in. 
high. The devices mount under­
neath surface-mountable SOJ-pack­
aged memories-a key feature in 
applications where board space is 
at a premium. Packaged on 8-mm 
embossed mylar tape, the capaci­
tors are provided with solder­
plated-nickel barrier terminations. 
$0.02 to $0.09 (100,000). 

Johanson Dielectrics Inc, 2220 
Screenland Dr, Burbank, CA 
91505. Phone (818) 841-8500. FAX 
(818) 841-7261. Booth No 1846. 

Circle No. 358 

Impact Printers 
The PL180RM family of low-cost, 
impact printers is designed for 
panel-mounting applications. Four 
versions are available that feature 
column counts of 24 to 42. All units 
are packaged in an injection-molded 
plastic enclosure. You can load pa­
per and change ribbon from the 
front panel. 

Each model in the printer family 
is available with either a Centronics 
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New SLICs cut the cost of 
on-premises/PBX subscriber lines 

Lower cost chips that need fewer external components are the latest 
Subscriber Line Interface Circuit offerings from Ericsson. 

Designed for cost sensitive applications such as general purpose PBX/ 
Key systems, they give you three other major advantages over alternative 
solutions: wide supply voltage operation from -24 V to -58 V de, on-hook 
transmission and a very low on-hook power dissipation of just 35 mW with 
-48 V de supply or 20 mW when running from a -24 V de supply. 

So you can reduce the cost of your power supply circuit too! 
Each sue includes loop current and ring trip detection, together with a ------- . 

• •• •• •• •• • •• • • 

ring relay driver. And they work with either a conventional 
or programmable CODEC/ filter, all of which simplifies 
design. 

Please send me your EDN 11f7191 
latest PBL 3766 and PBL 3767 datasheets 
Name Equally important, the new circuits are available in two 

versions: the PBL 3766 with a programmable constant loop 
current, and the PBL 3767 with programmable resistive 
battery feed and loop current limitation for short lines. 

Company 

Both come in a choice of 22-pin plastic DIP or 28-pin 
PLCC packages with compliant 'j' leads. 

j ob Title 

Address 

Simply call us for full technical data or clip the coupon. 
Tele phone 

Ericsson Components Inc. 
403 International Parkway, Richardson TX 75081 
Tel: 214 - 669 - 9900 Fax: 214 - 680 - 1059 

Fax 

Representatives, Alabama (205)880-8050. Ari zona (602) 991-6300. Cali fornia (408) 253- 1960, (619) 
292- 177 1. (7 14) 891-4621. Colorado (303) 758-4884. Connecticul (203) 243-9343. Florida (407) 352-
3755. Georgia (404) 448- 1215. Illinois (3 12) 968-0118. Indiana (3 17) 577-9950. Iowa (3 19) 354-8894. 
Massachusetls (508) 692-2500. New j ersey (20 1) 525-8000. New York (516) 929-5756, (7 16) 586-0777, 
(518) 383-2239. N.Carolina (919) 847-8800. S. Carolina (803) 233-4637. Texas (2 14) 553- 1200, (512) 
83+8374, (7 13) 370-8177. Washington (206) 882-0962, (206) 254-4572. Wisconsin (414) 781-1730. 
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Intel has given designers another 
exciting product breakthrough. This 
time it's Intel's i96Q1M SNSB 32-bit 
embedded processors -- the products 
that let you design-in high perform­
ance in cost-sensitive applications. 

With a full 32-bit internal architecture 
and a 16-bit data bus, the i960 SNSB 
processors prol'ide more performance 
than any other 16-bit embedded 
processor. And they're part of the 
complete i960 family. which spans 5 to 
66 MIPS while preserving software 
compatibility. 

Hamilton/Avnet has the i960 SA/SB 
procrnors and evaluation boards in 
stock. and the development tools to 
start your design now 1 From compilers 
and simulators. to debuggers and 
emulators. we offer the development 
tools you need to take full advantage 
of your design, while reducing time to 
market. 

So get high perfom1ance. at a cost 
you'll be thrilled about with Intel'> 
i960 SNSB and development tools. 
For the Hamilton/ Avnet branch nearest 
you or further infom1ation. call toll 
free. 1 (800) 4~2-6458. 

HAMILTON/AVNET 
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or an RS-232C interface. Available 
power options include a choice of 5 
or 12V de, or 120V ac. Standard 
features include a bit-image graph­
ics mode and a 6900-character input 
buffer. Overall printer dimensions 
are 4.45 x 4.5 x 2.5 in. $150 (100). 

Telpar Inc, Box 796, Addison, 
TX 75001. Phone (214) 233-6631. 
FAX (214) 233-8947. Booth No 736. 

Circle No. 359 

Analyzer-Support Package 
The LR33000 µP-support pack­
age-a TGI-LR33K target-inter­
face adapter (TIA) and LR33000 
disassembler-interfaces with the 
ML4400 logic analyzer. The pack­
age features dual-clocking modes 
that let either every clock cycle or 
only complete bus transactions 
clock data to the logic analyzer. 
There's also a dynamic-cache dis­
able feature that lets the processor 
run from its cache until a preset 
condition is met, and then forces 
cache misses, which lets the logic 
analyzer access CPU activity with­
out affecting the long-term per­
formance of the CPU. 

The TIA plugs directly into the 
LR33000 PGA socket of the board 
being tested. This direct connection 
lets users collect information on 
CPU activity. This activity can then 
be disassembled by the ML4400 
into LR33000 instruction mnemon­
ics. Full disassembly of the 
LR33000 instruction and data cy­
cles, with tables of as many as 
10,000 symbols, is also provided. 
The TIA registers CPU signals to 
improve analyzer timing margins 

EDN November 7, 1991 

and minimize loading on the CPU 
signals support. $10,000. 

American Arium, 14281 Cham­
bers Rd, Tustin, CA 92680. Phone 
(714) 731-2138. FAX (714) 731-
6344. Booth No 2134. 

Circle No. 360 

Motor Driver 
The RD-023MS driver executes 
smooth microsteps for a step motor. 
Working in conjunction with a 0. 9° 
step motor, the driver can achieve 
as many as 160,000 steps per revo­
lution. The RD023MS can step as 
small as 1

/400 of a full step and 
thereby achieve more stable torque 
and also reduce resonance ampli­
tude. Users can select from a choice 
of 22 microstep divisions. Idle cur­
rent setting is also user adjustable. 
When the motor is idle, the driver 
can step the motor current down 
to 20% of rated current to reduce 
heat generation. The driver is 
housed in a 4.1 x 2.2 x 1.1-in. pack­
age. $450. 

Semix Inc, 4160 Technology Dr, 
Fremont, CA 94538. Phone (415) 
659-8800. FAX (415) 659-8444. 
Booth No 4328. Circle No. 361 

Digital Oscilloscopes 
DCS-Series portable digital oscillo­
scopes feature as many as four 
channels. Each channel has its own 
digitizer that operates at 100 MHz/ 
sec. The DCS-8200 is a 20-channel 
model that offers both 20-MHz/sec 
real time or 50-MHz/sec equivalent­
time digital-scope performance and 
50-MHz analog-scope performance 

in a single package. This unit can 
acquire as many as two channels at 
20 MHz/sec each and store the data 
into 32-word memory. The scope 
has a peak-detect feature that al­
lows the acquisition of glitches as 
small as 10 nsec at any sweep-speed 
setting. The unit also features ver­
tical and horizontal Autoset. 

The DCS scopes come standard 
with IEEE-488, RS-232C and X-Y 
output modes. The embedded 
HPGL protocol lets users plot sig­
nals directly from the DCS-8200. 
Front-panel memory stores 20 test 
steps to accommodate computer­
free, semiautomatic testing appli­
cations. $3295. 

Kenwood USA Corp, 2201 E 
Dominguez St, Long Beach, CA 
90810. Phone (213) 761-8287. 
Booth No 2717. Circle No. 362 

Surface-Mount Trimmers 
ST-4G side-adjust, single-turn cer­
met trimmers withstand wave- or 
reflow-soldering temperatures as 
high as 260°C for 10 sec and manual­
soldering temperatures of 350°C 
max for 3 sec. Resistance value 
ranges from 10!1 to 2 Mn, and reso­
lution is infinite. 

The trimmers operate over a - 55 
to + 125°C range. Maximum input 
voltage is 200V de and power rating 
measures 250 mW at 70°C; power­
handling capability derates to OW 
at 125°C. Rotational life is 100 cy­
cles, and maximum shaft torque is 
100 grams x centimeters. The ST-
4G contains a precious-metal alloy­
brush wiper that delivers g9od set­
ting stability and 1 % max contact-
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resistance variation. The trimmer 
will withstand lOOg shock and a vi­
bration of 20g from 10 to 2000 Hz. 
The trimmer features an 0-ring seal 
and tolerates temperature exposure 
of I25°C for 250 hours. $0.93 (1000). 

Mepcopal Co, 11468 Sorrento 
Valley Rd, San Diego, CA 92121. 
Phone (619) 453-0332. FAX (619) 
481-1123. Booth No 1450. 

Circle No. 363 

Pick-and-Place System 
The SMT-880 is a manual pick-and­
place system designed for prototyp­
ing or low volume production of sur­
face-mount boards. Operators se­
lect a component from the loose 
carousel, stick, or tape feeders, pick 
it up with the vacuum head and 
then guide it with the free-floating 
X-Y -Z arm to the appropriate place 
on the board. 

A control knob on the vacuum 
head of the SMT0880 system pro­
vides theta rotation to ensure 
proper component orientation. The 
vacuum head automatically releases 
the component when contact is 
made with the board. 

The system has an adjustable 
board holder and a total working 
area of 8 x I2 in. The unit comes 
complete with ESD-safe carousel 
vacuum pump and removable hand 
rest that glides over the board 
holder and provides the operator 
with a stable, fatigue-relieving plat­
form. From $3495. 

OK Industries Inc, 4 Executive 
Plaza, Yonkers, NY 10701. Phone 
(914) 969-6800. FAX (914) 969-
6650. Booth No 1917. 

Circle No. 364 
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PC-Board Connectors 
These low-profile (0.25-in. mounted 
height) pc-board connectors are 
available in 2- through 40-position, 
dual-row (4- to 80-contact models), 
O. IOO-in. grid configurations. The 
connectors are available in a choice 
of tail lengths-0.05 and O. I2 in. 
The connectors are available with 
contact grids of O. Ix O. I or 
O. I x O. I5 in. All units are end-to­
end and side-by-side stackable. The 
connector-insulator material is com­
patible with reflow-solder proc­
esses; built-in standoffs facilitate 
post-solder cleaning. The connec­
tors feature gold or tin plating and 
mate with 0.025-in.2 pin headers. 
The connectors are also available in 
surface-mount versions. $0.487 
(10,000) for a 2 x IO-position version 
with tin plating. 

Methode Electronics Inc, 1700 
Hicks Rd, Rolling Meadows, IL 
60008. Phone (708) 392-3500. FAX 
(708) 392-9404. Booth No 226. 

Circle No. 365 

Rotary Switches 
The T-style versions of Series 50/5I 
1/2-in. rotary switches withstand 
wave-soldering and board-cleaning 
techniques because of their process 
seal. You can mount a switch on a 
pc board along with other compo-

nents and subject it to modern as­
sembly processes. No special han­
dling is required-no secondary 
wiring or soldering is needed. 

The switches are available in 4-, 
6-, 8-, 10-, or I2-position versions. 
One- through 4-pole versions are 
available in a choice of shorting or 

nonshorting contacts. Contact resis­
tance measures 50 mO. max. Insula­
tion resistance and voltage break­
down are 1090. and 600V ac, respec­
tively. Termination options include 
a choice of solder-lug, pc-board, and 
water-tight panel seals. $7.50 (IOO) 
for a I-pole model. 

Grayhill Inc, Box 10373, La­
Grange, IL 60525. Phone (312) 354-
1040. FAX (312) 354-2820 Booth No 
1241. Circle No. 366 

Audio-Frequency Board 
The AT-A2I50 4-channel, audio­
frequency-input plug-in board is de­
signed for IBM PC/AT and compat­
ible computers. It is available in 
two versions-the A2I50C is de­
signed for general audio-frequency 
range measurements and the 
A2150S is targeted at speech and 
voice-band applications. 

The boards feature analog and 
real-time digital filters to prevent 
aliasing. Their S/N ratio is 93 dB, 
and THD is - 95 dB. The A2150C 
has ± 0.015-dB amplitude flatness 
from de to 20 kHz, and the A2150S 
has a ± 0.105-dB flatness from de 
to 4 kHz. Pretrigger, post-trigger, 
and delay-trigger modes are acti­
vated by an analog signal, which 
matches a programmed level and 
slope polarity, or by a TTL trigger 
pulse. The boards include an RTSI 
bus for synchronizing the sampling 
and/or triggering of multiple AT­
A2150 boards and to facilitate DMA 
transfers. $1995. 

National Instruments Corp, 
6504 Bridge Point Pkwy, Austin, 
TX 78730. Phone (512) 794-0100. 
FAX (512) 794-8411. Booth No 
2642. Circle No. 367 

EDN November 7, 1991 



Harris presents tlie worlds most precise 
monolithic integrating AID converter. · 

Now there's a monolithic inte­
grating ADC that's a bull's-eye 
in price/performance. 

The Harris Hl-7159, 
It's the highest resolution 

Data Size: 51/2 digits (200,000 counts) 
Resolution (18 bit): To 10 µV 
Conversion Rate: To 60 cps 
Linearity: ± 0.0015% 

EDN November 7, 1991 

multi-slope integrating IC ADC 
on the market. With a full 18 
bits, for 10 times the resolution 
of any competitor (Electronic 
Design, 1/10/91). 

And the Hl-7159 is right on 
the money, too. Just $15in100-
lot quantities. 

And that price includes serial 
and parallel BCD outputs for 

CIRCLE NO. 145 

easy interface to microproces­
sors. Plus instant, accurate 
response to step changes, for ex­
cellent compatibility with MUXes. 

So find out more about the 
most accurate ADC of all. Call 
1-800-4-HARRIS, extension 1159. 

~HARRIS \&J SEMICONDUCTO R 
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Switching Supplies two or three auxiliary outputs are 
rated for 12 or 15V at lOA, 12 or 
15V at 3A, and 5, 12, or 24V at 
3A. The line also includes models 
featuring user-adjustable outputs-
12 to 15V at lOA, 12 to 24V at 2A, 
2 to 6V at 3A, and 5 to 15V at 3A. 

The 22 models in the Series 2A 
250W power-supply family provide 
three or four well-regulated out­
puts. All models also feature an 
automatic universal-input range of 
90 to 264V ac. 

The main output in Series 2A 
supplies is rated for 5V at 30A. The 

Standard supply features include 
a de fan, internal EMI filter, input-

Get the support that meets y00r production requirements today. And u new 
technologies come your way, easily upgrade the MULTITRK-4000 with the sWitch 
of a TRAKCel. Program EPROMs, FLASH Devices, Single Chip Micros, CMOS 
PLDs and many more - all on one site! No other programmer offers such flexibility. 
Precision Programming with the MULTITRK-4000: 

e High Volume - Embedded Controller (8/16/32Bit), EPROMs, PLDs. 
e High Density - GANG/SET Operations, High Speed Up/Download. 
• Custom Packages - DIP, PLCC, PQFP, PSOP, TSOP, PGA, etc. 
e All Computer Environments - SUN, VAX, HP, APPLE, PCAT/PS2. 

The MUL TITRK-4000 has lots of features too: 
• 3.5" Micro Disk Drive to facilitate Device Library Updates. 
• RS-232 Serial Port (9-pin) with BAUD rates of 150-57,600. 
• Parallel Port with a Data Transfer Rate in excess of IOOK Bits/Sec. 
• DMA Port with a Transfer Rate of 12 MBit/Sec. (Optional) 
• Over 10 years of solid reputation and a 30-day Money Back Guarantee. 

Call today for complete details. TOLL FREE: 1-800-523-1565 

ID mm~ ---3°-Nw __ r.;..~7,,..,.t~-::-t. .... ~-tB_ioc_~-:.-to-n,"'""F-L -33-48--7 """'0,.........(40_7_)99-4--3--52...,-lO 
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power-fail signal, and output sense 
on outputs of lOA or more. There 
is also overvoltage protection on all 
outputs, overtemperature s!rnt­
down, overload protection, and soft 
start. All units conform to UL, 
FCC, CSA, EMI, and TUV safety 
and emission standards. $279 to 
$302. 

Qualidyne Systems Inc, 3055 
Del Sol Blvd, San Diego, CA 
92154. Phone (619) 575-1100. FAX 
(619) 429-1011. Booth No 346. 

Circle No. 368 

Clock Oscillators 
E500 Series ECL-clock oscillators 
are available in both through-hole 
and surface-mount versions. Units 
are available with outputs ranging 
from 24 to 180 MHz. The oscillators 
are available in two operating­
range grades-an industrial range 
of - 40 to + 85°C and a standard 
range of 0 to 70°C. 

The oscillators output a square 
wave, which is compatible with 
lOOK and lOK ECL families. The 
output duty cycle measures 50/50, 
± 5%, and rise and fall times equal 
2 nsec max. Output frequency sta­
bility varies with output frequency 
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IN THE TIME IT TAKES TO READ 
THIS AD, YOU COULD ROUTE 

THE WORLD'S FASTEST FPGA. 
Believe it or not, it only 

takes about 150 seconds to 
place and route a Xilinx 
FPGA. 

It will probably take 
you longer to read this ad. 

THE FIRST AND STILL 
THE FASTEST. 

At Xilinx we invented 
the FPGA. And we've led 
the industry ever since. 

reprogrammed an un­
limited number of times. 

Our FPGAs save you 
an enormous amount of 
time right up front. And 
they also save you time 
later when you need to 
make those "last minute" 
enhancements. 

Its one more way we 
make it easier for you to 
get your product to market 
as fast as possible. 

With the fastest, high­
est performance FPGAs 
available anywhere. 

Today, weoffersystem 
clock speeds of 60 MHz. 

Our new push-lmlton software mnkes programming other /JJgic deuices seem positively tedious. 
GETTING AN EDGE OVER 
YOUR COMPETITORS IS 

JUST A PHONE CALL AWAY. 
With on-board RAM. And on-chip 
wide decode. 

Making our newest FPGAs ideal 
for everything from FIFOs to address 
decoding. 

NEW ENHANCED SOFTWARE 
PROVIDES PUSH BUTTON 

SOLUTION. 
To make Xilinx FPGAs even 

faster and easier to program, we've 
redesigned our software. 

60 

50 

40 

20 

10 

SYSTEM CLOCK SPEEDS 

16 Bi1 
Counter 

•3000 Family 
• 4000 Family 

16 Bit Mder/ Critical Path Circuit 
Subtractor AT&N Sept. 90 

As measured by typical design benchmarks, 
the XC3000 family 'is the industry'sjastest 
FPGA Or at 1£ast il was until we introduced 
the 4000family. 

Our new version of XACT™ now 
comes with 200 soft macros. And 
fifty hard macros. 

Providing automatic placing and 
routing for virtually all designs. With 
greater than 90% gate utilization. 

If you've worked with Xilinx 
FPGAs before, you'll see improve-

ments even before you start to place 
and route your design. 

If you've never worked with 
Xilinx FPGAs before, you'll find every 
other logic device to be positively 
tedious by comparison. 

WHEN IT COMES TO SYSTEM 
TESTING, WE PASS WITH 

FLYING COLORS. 
Our newest FPGAs offer you the 

industrys first on-chip JTAG boun­
dary scan for easy testing of PC 
boards and device I/Os. 

This unique Xilinx offering 
improves overall system testability 
and dramatically reduces board 
test costs. A major boost for those 
designing high-density, surface 
mount systems or complex, multi­
layer PC boards. 

IF AT FIRST YOU DON'T SUCCEED, 
IT'S EASY TO TRY AGAIN. 

Xilinx FPGAs can be quickly 

-

If you've read this far, 
you could have already placed and 
routed one of our FPGAs. 

40 

10 

ELAPSED TIME FOR 100% ROUTING 

1000 2000 

USABLE GATES 

• 3000 Family 
• 4000Family 

New algorithms have reduced pince and 
route times by ajactorojjour. 

So don't delay. No other pro­
grammable logic company offers 
you the many exclusive features of 
Xilinx FPGAs. 

Call 1-800-255-7778. Or in 
California, 408-559-7778. And we'll 
send you more information on how 
our FPGAs can give you the com­
petitive edge. 

But you better hurry. 
Some of your competitors have 

already finished reading this ad. 

l:XILINX 
The Programmable Gate Array 

Company.sM 

© 1991 Xilinx, Inc. 2100 Logic Drive, San Jose, CA 95124. Europe, 44 (932) 349401. Japan, 81(3)297-9191. Asia, 852 (3) 721·0900. Xilinx and XACTare trademarks 
and The Programmable Gate Array Company is a service mark of Xilinx, Inc. All other trademarks or registered trademarks are the property of their respective holders. 
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range and model. Models E531 and 
E521 operate from 24 to 180 MHz 
and have stabilities of ± 100 and 
± 50 ppm, respectively. Models 
E511 and E631 operate over a 24- to 
140-MHz range and have stabilities 
of ± 25 and ± 100 ppm, respec­
tively. Versions are available that 
operate on supply levels of - 5.2, 
-4.5, or 5V. $43.90 for a Model 
E531 unit with a 120-MHz output 
frequency. Delivery, stock to seven 
weeks ARO. 

Connor-Winfield Corp, 1865 
Selmarten Rd, Aurora, IL 60505. 
Phone (708) 851-4722. Booth 
No 310. Circle No. 369 

Industrial Keyboard 
Series 19R rack-mount keyboards 
are designed specifically for hostile­
environment applications. The units 
carry an IP (international protec­
tion) rating of 64, qualifying it 

for a dust-tight (6 out of 6) rating. 
Two configurations are avail­

able-an enclosed anodized-alumi­
num unit and a black-painted steel 
unit-mounted on ball-bearing 
slides. The steel-slide version is 
equipped with a friction latch in the 
in position and positive detent 
spring latch in the fully extended 
position. Either keyboard is avail­
able as a desktop stand-alone unit. 
$395 to $554. 

Preh Electronic Industries Inc, 
470 E Main St, Lake Zurich, IL 
60047. Phone (708) 438-4000. 
Booth No 2000. Circle No. 370 

LET YOUR IMAGINATION GO WILD ... 

Field Recorder 
The Dash 8 is an 8-channel field re­
corder that can record real-time 
data from de to 25 kHz at speeds 
ranging to 200 mm/sec. It also 
stores captured data for faster play­
back in any format at effective chart 
speeds ranging to 10,000 mm/sec. 

The unit has built-in signal condi­
tioning circuitry that accepts sig­
nals ranging from 50 m V to 500V 
full scale. Data capture and play­
back let you make a detailed analy­
sis of high-speed data in slow­
motion replay. The recorder can 
sample data at 250 kHz in real time, 
and at rates ranging from 0.1 to 250 
kHz in playback modes. The built-in 
nonvolatile memory has a 32-
ksample capacity. 

Recorder operation is simple: 
Menus displayed on the 80-character 
screen guide the user through the 
entire programming sequence. Six 
soft keys perform different functions 
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at different times as determined by 
the internal software. $9950. Deliv­
ery, four to six weeks ARO. 

Astro-Med Inc, Astro-Med In­
dustrial Park, West Warwick, RI 
02893. Phone (401) 828-4000. 
Booth No 2248. Circle No. 371 

Storage Oscilloscopes 
COR5500U Series digital-storage 
oscilloscopes offer 400 point-per­
division horizontal and 8-bit vertical 
resolution. The 100-MHz 5501 and 

EDN November 7, 1991 

the 60-MHz 5561 feature two chan- DC/DC Converters 
nels with external trigger, 20-MHz/ The latest addition to the FW Fam­
sec digitizing rate per channel, two ily of de/de converters, the Model 
4-kbit reference memories per chan- 48S5.1500FW, has a 20 to 60V input 
nel, and two 4-kbit storage memo- range and outputs 5V at lA. 
ries per channel. The scopes feature Housed in a 2.02 x 2.02 x 0.37-in. 
digital readout and cursor measure- package, the unit has a 10-m V p-p 
ment, 1-mV sensitivity, 2-nsec min output noise specification and an 
sweep time, illuminated graticule, 80% efficiency figure. Line regula­
and level-lock auto trigger. A user- tion is 0.1 % max and operating 
defined comment function lets the range spans - 25 to + 80°C. 
operator write alphanumerics on 
the screen. The scopes operate from 
line voltages of 100 to 240V ac. The 
scopes consume 55W and weigh 14 
lb. An optional IEEE-488 interface 
provides a means of controlling the 
units and outputting data to a 
printer. From $2895 for the 100-
MHz model; from $2495 for the 60-
MHz model. 

Kikusui International Corp, 
1980 Orizaba Ave, Signal Hill, CA 
90804. Phone (213) 986-1677. 
Booth No 2542. Circle No. 372 

The converter includes reverse 
polarity protection. A built-in 
pulse-by-pulse digital current-limit 
circuit protects the converter from 

You've got the designs. And now the only thing 
standing between you and successfully bringing 
those designs to market are your suppliers. 

Fortunately when it comes to capacitors, Nichicon 
has removed that hurdle. 

With the widest selection of quality capacitor 
designs. With expanded production capabilities 
that assure quality performance 
and deliverability With responsive 
customer service that's repeatedly 
proven Nichicon is ready to meet 

GET TO MARKET ON TIME. 
your needs with just-in-time delivery 
capabilities, dock-to-stock quality 
assurance programs and answers 
to your questions in a single call. 

Call your local Nichicon representative or distributor 
today for your free copy of the latest Nichicon 
Product Catalog. We'll help you get your 
designs to market ... on time and within budget. 

. L. ® n1.c •con 
The capacitor choice. 
708-843-7500 • FAX 708-843-2798 

CIRCLE NO. 148 
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output shorts to ground. The input 
and output are also protected from 
power surges with 500W transient­
suppressor diodes. $62.90 (100). 

EEPROM Programmer eight sockets that can program a 
broad range of memory devices. 
The programmer is available with 
options that will support all avail­
able device packages including DIP, 
PLCC, and PGA. 

The programmer can duplicate as 
many as 32 devices from on-board 
memory. It will support 8-, 16-, and 

--------------------------------, 32-bit-wide data-path operations, 

Calex Mfg Co Inc, 3355 Vincent 
Rd, Pleasant Hill, CA 94523. 
Phone (415) 932-3911. FAX (415) 
932-6017. Booth No 1447. 

Circle No. 373 

The MultiTRK-4000 is a gang-and­
set EEPROM programmer. De­
signed for the production environ­
ment, the unit can program as many 
as 32 devices at one time. The unit 
uses the company's multitrack de­
sign-each track supports individ­
ual socket cells. Each cell contains 

180 

(If you didn't see the lmm trimmer potentiometer, look again!) 

When it comes to quality execution 
of electronic componentry, Noble 
crosses al I the Ts and dots every I. 

Our surface mount trimmer 
potentiometer (TMC3K) continues our 
commitment to space saving design, 
bringing state-of-the-art performance 
to a new dimension: 

3.0mm x 3.6Smm x l.Smm 

Easi ly adjusted, TMC3K incor­
porates a metal glaze element for 
outstanding stability; it is designed 
for reflow soldering, can be adhesive­
mounted to circuit boards, and is 
avai lable on 8mm tape for automated 

assembly. Operating temperature range 
is - 30°C to + 125°C. 

The Noble 3mm potentiometer is 
perfect for hand held equipment, disk 
drives, bar code devices, and other 
consumer and business electronic 
products. For a free sample and more 
information on why it makes sense for 
you, call or write Noble today. 

Cl)N\)BLE 
5450 Meadowbrook Industria l Court 

Rolling Meadows, IL 60008 
Phone: (708) 364-6038 FAX: (708) 364-6045 

CIRCLE NO. 150 

including multiple set sizes. Single 

or multiple EEPROMs, or single or 
multiple sets can be downloaded 
into RAM and programmed simul­
taneously. The programmer fea­
tures RS232-C and bidirectional­
parallel 110 interfaces. $4995. Deliv­
ery, four to six weeks ARO. 

Bytek Corp, 543 NW 77th St, 
Boca Raton, FL 33487. Phone 
(407) 994-3520. FAX (407) 994-
3615. Booth No 1528. 

Circle No. 374 

Eurocard Power Supplies 
APS60 Series 60W power supplies 
are designed specifically for VME 
and Multibus applications. They fea-

ture a 100-kHz switching frequency 
and are available in single-and mul­
tiple-output versions. The units are 
housed in an 8HP x 160 mmx 3U 

EDN November 7, 1991 



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. 
Now you can order Abbott's full mil-qualified compact 
power supplies in both DC and AC input models. 

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

DC-to-DC models accept input from 14V to 32V. AC-to-DC 
models accept 103.4 to 126.5V rms, 47-440 Hz single phase. 

All Mil/Pacs operate at temperature extremes from 

- 55 °C to + 100 ° C. All are designed with a field-proven 
topology that has been verified by rigorous environmental 
stress screening. 

Mil/Pacs are available with or without MIL-STD-2000. 
Either way, the specs are worth reading. Just write us at 
2727 South La Cienega Bl., Los Angeles, CA 90034. Or call 
(213) 936-8185. 

~ 
WHEN RELIABILITY IS IMPERATIVE!'" 
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enclosure. The supplies meet FCC 
and VDE emission requirements and 
carry UL-1950, CSA-950, TUV-950, 
IEC-950, and BSI approvals. You 
can confiugre APS60 Series sup­
plies as open-frame switchers. Cus­
tom front panels are also available. 
From $99 (OEM qty) for a single­
output model. Delivery, stock to 
eight weeks. 

Advanced Power Solutions, 5994 
W Las Positas Blvd, Suite 211, 
Pleasanton, CA 94588. Phone 
(415) 734-3060. Booth No 256. 

Circle No. 375 

Optical Connectors 
Series 86061 SC-type fiber-optic 
connectors have fewer components 
than the standard NTT-style con­
nectors. Compatible with all exist­
ing SC-type connector hardware, 
the units feature a prepolished, pre­
lensed ferrule-alumina or zirconia. 

Typical insertion loss for multimode 
and single-mode versions is 0.15 
and 0.17 dB, respectively. An 86760 
Series tool kit simplifies field termi­
nation of the connector. A bulkhead 
feedthrough adapter combines with 
a precision-molded polymeric hous­
ing and a precision ceramic align­
ment sleeve to optimize connector­
to-connector mating. $8.20 (100) for 

a multimode connector with an alu­
mina ferrule. 

Molex Inc, 2111 Oxford Rd, Des 
Plaines, IL 60018. Phone (708) 
803-3600. FAX (708) 969-1352. 
Booth No 954. Circle No. 376 

DC/DC Converters 
HDF Series de/de converters output 
3W and are housed in a 1. 75 x 0.83 x 
0.43-in. single in-line package (SIP). 
The units are available in single-and 
dual-output versions. 

The 10-model family includes ver­
sions that accept inputs of 5, 12, 
or 24V. Available outputs include 
a choice of 5V at 600 mA, ± 12V 
at 125 mA, or ± 15V at 100 mA. 
Isolation from input to output is 
guaranteed at 500V de. One model 
accepts a 24V input and outputs 
15V at 200 mA. All models feature 
a total-regulation error band of 
± 5% for all effects including a 5 to 
100% load change. 

Typical efficiency for the HDF 
converters is specified at 70% 
for a unit with a 5V input and a 
dual output. Efficiency for units 
with 12 or 24V inputs and a single 
output measures 80%. Each con­
verter is housed in a potted plastic 

How well does Texas Instruments support 
TMS320C5x DSP 

Preview l'.t·11letin 
~~~ ~~~~ 

Futurebus+ and 
Backplane Transceiver Logic 
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package. $15.69 to $18.47 (1000). 
Shindengen America Inc, 2649 

Townsgate Rd, Suite 200, West­
lake, CA 91361. Phone (805) 373-
1130. Booth No 147. Circle No. 377 

Resistor Chips 
VSM Style bulk-metal-foil surface­
mountable resistors exceed the re­
quirements of MIL-R-55342, Charac­
teristic Y. The units have a maximum 
temperature coefficient of resistance 

(TCR) of 5 ppm/°C over a - 55 to 
+ 125°C range. The chips are available 
with TCR tracking figures ranging 
to 0.5 ppm/°C. They have resistance 
values of 50 to 150 kO, and stan­
dard resistance tolerance is 0.01 %. 

Other salient VSM-chip-resistor 
features include a 50 ppm/year max 
resistance shelf-life stability for 
nonhermetically sealed units, and 5 
ppm/year for sealed versions. The 
chips are user trimmable for in­
circuit calibration. $4.33 (100 for a 
1-kO unit with a 0.02% tolerance. 
Delivery, four to six weeks ARO. 

Vishay Resistors, 63 Lincoln 
Hwy, Malvern, PA 19355. Phone 
(215) 644-1300. Booth No 2610. 

Circle No. 378 

Power Supply 
The 350W PFQ~50 is a 4-output 
switching supply that offers built­
in, active power-factor correction 

(0.96 to 0.99 depending on load), 
and universal input (90 through 
264V) as standard features. The 
supply has a 5V main-output rating 
of 50A. One of the three auxiliary 
outputs develops a 16A pk output 
to accommodate initial turn-on/spin­
up of disk drives. The other two 
auxiliary outputs are rated for 5A. 

All three PFQ350 auxiliary outputs 
will provide 12, 15, or 24V; outputs 
two and three also offer a 5V capa­
bility. The isolation rating is 3750V 
ac. Overload, overvoltage, and over­
temperature protection are standard. 
Options include power-fail detect cir­
cuitry, power-valid signal, and remote 
inhibit. The supply meets most inter­
national specifications for safety isola­
tion and EMI/RFI emissions. $339 
(100). Delivery, stock to 12 weeks ARO. 

Switching Systems International, 
500 Porter Way, Placentia, CA 
92670. Phone (714) 996-0909. Booth 
No 242. Circle No. 379 

the }TAG/IEEE 1149.l testability standard? 
r~ Let us count the ways. 
~ ....... ---- Texas Instruments was the first 

electronics company to develop 
products for implementing the 
]TAG/IEEE 1149.l testability stan­
dard. Here's the latest of a fast-grow­
ing list of Tl products compatible 
with the 1149 .1 standard. 
Standard Logic 

l. Bi CMOS (BCT) Octals (5) 
2. Advanced BiCMOS (ABT) 

Octals (8) 
3. Advanced BiCMOS (ABT) 

Widebus'" (7) 
Support Devices 

4. Test Bus Controller 
5. Digital Bus Monitor 
6. Scan Path Linker 
7. Scan Path Selector 

Application-Specific Memory 
8. Diary 

rM WiJehus and ASSET are Lrndemarks ofTexa'> 
Inst ruments lncorp<m\tcJ. 
Fururehus+ j3 a rradcmark of IEEE. 

© 1991 Tl 09- 1203 

Digital Signal Processors 
9. TMS320C::40 

10. TMS320C::50 
11. TMS320C::51 
Floating-Point Processor 
12. TMS34082 
Futurebus+T" 
13. Protocol 1/0 Controller 
14. Arbitration Controller 
15. Programmable Arbiter 
16. Data Path Unit 
1 7. Protocol and Cache 

Controller 
18. Data Path for Cache 
Gate Arrays 
19. TGClOO Family (14 macros) 
20. TGBlOOO Family (15 macros) 
Standard Cells 
21. TSC700 Family (14 macros) 
Diagnostic Software Tools 
22. ASSET" 

Comprehensive support 
Tl offers a wide selection of 
literature as well as training and edu­
cational testability courses. 

For more information, call 
1,SQ0,336,5236, ext. 3911 
lf you would like to know more about 
JTAG/lEEE 1149.l and how it's being 
supported by Texas Instruments, 
please request 
a copy of our 
"Testability Q&A ~ ­
Update." 

When it comes 
to ]TAG/IEEE 
1149.l testability 
support, you can 
count on TL 

Q 
A 

TEXAS ~ 
INSTRUMENTS 
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"We saved 
over $19,000 
at the demo!" 

C A HNERS .A •• ® ~~ 
Computer A ided 
Product Selection 

It's easy to find out more 
about CAPS! For your free 

information kit, callJill 
Adams at 800-245-6696. 

Do it today! 

Cahners Technical Information Service • 275 Washington Street • Newton, MA 02158-1630 
Telephone: 617-558-4960 • Facsimile: 617-630-2168 • Telex: 940573 • Toll-free: 800-245-6696 
CAPS is a registered trademark of Reed Publishing (USA) Inc. 

CAPSi is a productivity-boosting 
engineering tool that helps you 
find, select, and specify ICs and 

semiconductors faster and 
easier than ever before. 

"The microfilm system we purchased for 
IC and semiconductor search and selec­
tion just wasn't working out. It was hard 
to use and there weren't enough people 
using it to justify the cost. So, we decided · 
to evaluate CD-ROM-based systems. 

"While all this was happening, our pur­
chasing people found a new IC vendor. 
They wanted to know if the new vendor 
made equivalents for some of our most 
commonly-used components. They 
thought we could get a better price. It 
would take us hours to find equivalents 
on the microfilm system, so we decided 
to challenge a couple of new CD-ROM­
based systems. 

"The first demonstration was a flop. Their 
system didn't even include the new ven­
dor. Needless to say, we weren't impressed. 

"Then Cahners came to demonstrate the 
CAPS system. In less than 20 minutes, 
CAPS found equivalents for the compo­
nents we wanted. I figure we saved over 
$19,000 at the demo! 

"Oh yes ... we bought the system!" 

- Frank Lucas 
Test Engineering Manager 
Welch Allyn 
Data Collection Division 

Updated monthly, the CD-ROM (Compact Disc -
Read-Only Memory) based CAPS system gives 
you fast , easy, query-driven access to technical 
specifications and applications data for over 
575,000 !Cs and semiconductors made by nearly 
500 companies worldwide. Best of all, CAPS pro­
vides instant access to hundreds of thousands of 
pages of complete, unabridged manufacturers' 
datasheets, so you have everything you need 
right at your fingertips. 

184 CIRCLE NO. 151 See us at Wescon '91 Booth #1759 EDN November 7, 1991 



"THE BANTAM NEW COLLEGE 

I 
FRENCH 

----- -<_~------
ENGLISH 

DICTIONARY 
~ 

FULLY REVISED ANO EXPANDED 
WITH THOUSANDS OF 

NEW AND UPDATED ENTRIES 
THE MOST COMPLETE 

MODERN FRENCH DICTIONARY 
IN PAPERBACK 

yd ilil . ii " . I Ii . Uli::ll I 

We offer the most complete line of 
debuggers, emulators and languages. 

......... When you need development tools, 
Intel's selection runs the gamut. In fact, 
we offer the most extensive line avail­
able for Intel architectures-from i386;" 
i486,'" i860,'" i960,'" and 186 micro­
processors, to MCS®-51 and MCS-96 
microcontrollers. 

Because they're all from Intel, our 
tools work better together to help you get to market 
quickly. No other vendor can give you a better view of 
what's going on inside the processor. Plus, you save time by 
ordering tools from our catalog with a simple phone call. 

What's more, Intel offers support from start to finish , 
including a 30-day, money-back guarantee, hotline assis­
tance, training, field consulting, and support contracts. 
Which makes your purchase virtually risk free. So if your 
debugging needs can't be met by a shoe, call Intel at 
(800)874-6835 or fax (503)696-4633 for our free catalog. 
You 'II find all the tools you need. And then some. 

intel. 
The Computer Inside.™ 

e 199 11nrel Corporation. MCS is a registered crademark, and i386, i486, i860, and i960 arc trademarks of Imel Corporation. AJI brand names shown are registered trademarks of their respect ive holders. 
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From Outer Space to Your Place 



We're Your Best Defense. 
BY putting our military 
experience to work in 
high-volume, low-cost 
applications. we're giving 
new meaning to the term National Defense. 
Our Power Supply Supervisory Chips are a 
good example. 

These Raytheon Linear Arrays (RLAs) act 
as a computer's early warning system. They 
monitor internal voltage levels to 0.3% accu­
racy-and signal a shut down before power 
surges can fry the system. 

It's "Defense Technology" with a peaceful 
purpose. And it's helping take computers into 
places they've never been. 

Our RLAs have business benefits. too. If you 
can't decide between a custom or semicustom 
device. don't. Our Win-Win program lets you 
get to market quickly with a semicustom array, 
then shift to full custom as sales increase. 

Win-Win is fast. flexible. and makes good 
business sense because it eliminates the risk 
of getting into a full custom array before you're 
really ready. 

Raytheon is committed to analog technology. 
From our design kits and engineering support 
to our fab and plastic assembly facility. We 
have the experience it takes to help you develop 

• 
creative. cost effective solutions. 

Find out how. Call 1-800-722-7074 for our 
new analog brochure. 
Raytheon Company, Semiconductor Division. 
350 Ellis St. Mountain View. CA 94039. 

CIRCLE NO. 153 

Raytheon 
Where quality starts with fundamentals 



CAE Technology Report 

Simulating Multiple FPGAs 
The newest release of SUSIE 6.0 facili­
tates simulation of multiple Xilinx, Actel 
and other FPGAs (field programmable 
gate arrays) parts at board level. With 
SUSIE 6.0, de-
signers can 
simulate in the 
same run, any 
combination of 
parts and tech­
nologies, even 
from different 
vendors . Be­
cause of its real 
time operation, 
SUSIE allows 
simulation of partially operational FPGA 
designs. The improperly operating FPGA 
outputs can be overridden with test vec­
tors that represent the part specification. 
SUSIE will simulate such test vectors as if 
they were generated by the FPGA itself. 
One of the key SUSIE features is that 
designers can freely move between board 
and component (FPGA) levels and simu­
late designs at either level. 

CIRCLE 10 

The Latest Trend: 
Real-Time Simulation 

Real time simulators allow the designer 
to directly interact with the design as if it 
were real hardware. The user can modify 
logic designs, replace devices, rotate 
switches, etc., all in real time and without 
any compilations. What's more, the de­
signer can go back to a previous simula­
tion cycle, change design parameters and 
instantly compare the new design be­
havior with the old one. Sint:e the real 
time simulators do away with lengthy 
engineering calculations and produce 
instant responses, they turn out reliable 
designs at a fraction of typical develop­
ment costs. Because of advanced user 
interfaces, learning the new tools takes 
only hours, or days at most. A prime 
example of such easy to learn simulator 
is SUSIE 6.0 ($1,995) . 

CIRCLE 11 

If Money is an Object ... 
If saving money is an object, consider the 
new generation of CAE tools that are 
based on 386 / 486 PCs. The best example 
of such low-cost PC-based tools is the 

SUSIE logic 
simulator. It 
has been 
benchmarked 
at roughly ten 
times the 
speed of some 
workstation­
based prod­
ucts, yet it is 
priced at only 
a fraction of 

these products. Furthermore, SUSIE 
comes with many patented features such 
as selective simulation which allows for 
interactive selection of design sections 
for analysis. Regardless of which work­
station-based software is chosen, the user 
canexpecttosaveatleast30% to50% and 
inmanycases300% to500% by opting for 
the 386/486 environment. 

CIRCLE 12 

New Modeling Capability 

Simulators are only as good as their li­
braries, designers claim. Today, some 
simulators have very large IC libraries 
but even more importantly, they are sup­
ported by easy-to-use device modeling 
tools that make designers totally inde­
pendent of simulator vendors. One such 
tool is ICMaker from ALDEC Co. This 
tool allows for instant cloning of new IC 
parts from existing models. Another tool, 
MOBIC 6.0 ($995) converts Boolean equa­
tions into optimized assembly language 
IC models. These models execute about 
ten times faster than any other models 
but provide only functional simulation. 
Finally, there is a score of VHDL IC mod­
eling tools that cost from $1,995 and en­
sure a constant flow of high quality tim­
ing IC Models. Thanks to easy-to-use IC 
modeling software, logic simulators are 
becoming the most popular tool in engi­
neering labs. 

CIRCLE 13 

Fast Design Troubleshooting 

Real time simulators ushered in new de­
sign methodology that makes trouble­
shooting of even the largest designs a 
simple task. The user can dynamically 
segment the entire design into small en­
tities and troubleshoot them indepen­
dent of each other. However, an even 
more powerful method is to establish a 
core of the design and cut off all major 
feeding blocks by overriding them with 
"test vectors", which can be any key­
board key. By toggling these keyboard 
keys, the user can test in real time the 
effect of selected blocks on the design 
core. This method is particularly useful 
with feedback loops. Overriding such 
feedbacks with test vectors is equivalent 
to both opening the feedback loop and 
emulating the required feedback signals. 
The real time troubleshooting process 
cuts the development time to less than 
10% and is the only method of handling 
complex designs. 

CIRCLE 14 

ALTERA Users Benefit Again 
Altera's programmable logic devices have 
found broad applications because they 
save design time and produce reliable, 
cost-effective designs. With the release of 
MAX/VT ($995) library by ALDEC, the 
ALTERA users can now test their de­
signs in real time and have instant re­
sponses to their tests. Moreover, the 
users can move freely between testing 
the internal operation of ALTERA parts 
and their interaction with other compo­
nents at the board level. Since testing of 
these parts at the board level is now 
performed inabout10% of the scheduled 
time, this adds even more incentives to 
using the Altera's EPLD and MAX parts. 

CIRCLE 15 

To get a free evaluation package call 
1-800-48-SUSIE 

AUTOMATED LOGIC DESIGN COMPANY 
3525 OLD CONEJO f?D. #111 

NEWBURY PARK. CA 91320 
PHONE (805) 499 6867 

Fox (805) 498 7945 

SUSIE and MOBIC are trademarks of ALDEC Inc. 
ActeI, Altera, MAX, Xilinx are 

trademarks of their respective holders. 
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A vision 
becomes reality 

As a world leader in the DIN 4161 2 connector market, 

HARTING has been instrumental in the setting of connec­

to r standards. 

Once again HARTING innovation and support are to be 

seen in the deve lopment and standardisation of a high 

density, mu lti pin, hard metr ic connector system . 

The introduction of har·pak® makes available a futur­

istic, internationally standardised (IEC) metr ic connector 

sys tem. 

The tota lly three dimensional modular design of the 

har·pak® system has turned a vision into reality providing 

the user with new potentials for computer aided designs . 

The system meets existing international standards speci­

fying physical , mechanical and electrical requirements . 

This state of the art concept can be utilised in a wide range 

of high technology applications such as telecommunica­

tions and factory automation . 

__ C~on_necton from HARTING - the ~uallty connection HARTING 

~ EDN November 7, 1991 

HARTING ELEKTRONIK GmbH · P.O. Box 1140 · W-4992 Espelkomp 
Germany· Telephone 05772 I 47-0 ·Fox 05772 I 47-462 
Telex 972310-14 hed CIRCLE NO. 167 191 



Take a look at what the 
DS345 Synthesized Function Generator 
offers for only $1895. 
30 MHz direct digitally synthesized source 
1 µHz resolution 
12 bit, 40 Msample/sec arbitrary waveform generation 
Low phase noise and distortion 
Fast phase continuous frequency and phase switching 
Sine, square, ramp, and triangle wavef arms 
Frequency, amplitude, and phase modulation 
Sweep and burst modes 
Available GPIB and RS232 interfaces 

Now take a look at your function generator. 

~ 5rANFORD RESEARCH SYSTEMS . MODEL 05345 • JOMHz SYNTHESIZED FUNCnON GENERA TOR 

The DS345 from SRS. 
At $1895, it's the only function generator you need. 

s RS STANFORD RESEARCH SYSTEMS 

1290 D Reamwood Avenue, Sunnyvale, CA 94089 TEL (408)744-9040 FAX 4087449049 TLX 706891 SRS UD 
192 Circle No. 294 For U.S. Response Circle No. 295 For Response outside the U.S. 



JIM WILLIAMS 
P A P E R S 

Filters and 
oscillators 

Filters get rid of a signal's unwanted fre­
quency components. Oscillators create 
signals at predictable frequencies. As you 
might imagine, the two types of circuits 
have more than a little in common. 

Jim Williams, Linear Technology Corp 

F 
ilters and oscillators share a common point of 
view-they deal with signals in the frequency do­
main. You can define a filter's function as rejecting 

frequencies you don't want (the job of a band-reject 
filter, for example) or including only the frequencies 
you want (what a bandpass filter does). If you reorient 
your thinking slightly, though, you realize that all fil­
ters reject unwanted frequencies. (The bandpass filter 
rejects frequencies outside the band of interest.) When 
you view filters in this way, you see that any filter's 
function is the inverse of an oscillator's; oscillators syn­
thesize individual frequencies or ranges of frequencies. 
Although there are more kinds of filters and oscillators 
than any magazine article of reasonable length can hope 
to touch on, herein are a few types of circuits that can 
meet a range of needs. 

Fig la shows a highly selective bandpass filter using 
a resonant ceramic element and a single amplifier. Ex­
cept at its resonant frequency, (in this case, 400 kHz) 
the ceramic element looks like a high impedance. For 
off-resonance inputs, IC1 produces no output; it acts 
as a follower whose input is grounded. At resonance, 
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Fig I-One amplifier and a ceramic resonator create a bandpass 
filter (a) . The solid curve of b shows the filter's frequency response. 
Note the dip to -40 dB on the high side of resonance. The dip is the 
result of the resonator's parasitic capacitance. 
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the ceramic element has a low impedance, and IC, 
behaves as an inverter with gain. The 1000 resistor 
isolates ICi's summing point from the ceramic ele­
ment's capacitance. This capacitance is quite substan­
tial and limits the circuit's out-of-band rejection. Fig 
lb, curve A shows this effect. This plot shows very 
steep rejection, with IC1's output down almost 20 dB 
at 300 kHz and 40 dB at 425 kHz. The device's stray 
parasitic capacitance causes the gentle rise in the out­
put at higher frequencies and also sets the - 20-dB 
floor at 300 kHz. 

Fig 2 shows how to use a nulling technique to par­
tially correct problems caused by the ceramic element's 
parasitic capacitance. This circuit is similar to the pre­
vious one, except that a portion of the input goes to 
IC1's positive input. The R-C network at that input 
has an impedance close to the ceramic resonator's off­
null impedance. Therefore, out-of-band components 
produce similar signals at IC1's inputs, and, because 
of IC1's common-mode rejection, produce little output. 
At resonance, the added R-C network appears as a 
much higher impedance than does the ceramic element, 
and the filter response is similar to that of the circuit 
in Fig la. Fig lb, curve B shows that this circuit has 
much better out-of-band rejection than does the earlier 
circuit. The high-frequency rolloff is smooth, and, at 
475 kHz, over 20 dB deeper than that of the circuit in 
Fig la. At 375 kHz and below, on the low-frequency 
side of resonance, the circuits behave similarly. 

By using quartz crystals, you can make filters whose 
high-frequency selectivity is even higher than that of 
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Fig 2-A slight modification of the circuit in Fig la allows you to 
cancel out the effects of the resonator's parasitic capacitance. The 
dashed curve of Fig 1 b shows the effects on the filter response. Below 
resonance, the rrwdified circuit attenuates by an extra 20 dB. Above 
approximately 525 kHz, the improvement is even rrwre dramatic. 

filters based on ceramic resonators. Fig 3a replaces Fig 
la's ceramic element with a 3.57-MHz quartz crystal. 
Fig 3b shows almost 30 dB of attenuation only a few 
kHz on either side of resonance! The differential nulling 
technique used with the ceramic elements is less effec­
tive with quartz crystals. Crystals have significantly 
lower parasitic capacitance, making the cancellation 
less effective. 

Oscillators use crystals and resonators 
The circuit in Fig 4 places a crystal within the ampli­

fier's feedback path, creating an oscillator. With the 
crystal removed, the circuit is a familiar noninverting 
amplifier with a grounded input. The impedance ratio 
of the elements associated with ICi's negative input 
sets the gain. Inserting the crystal closes a positive 

~--~~=~===~~~-~------~~=-~~==g 
~---· _________ .,. __________ _J 

3.575 MHz 3.58 MHz 
(b) 

Fig 3-Replacing the ceramic resonator of Fig la with a 3.57-MHz crystal is the rrwst significant change that leads to this crystal filter 
(a) . You can see the crystal filter's response in b. 
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10-MHz 
>----o SINE OUT 

Fig 4-An incandescent lamp's current-dependent resistance stabi­
lizes the oscillation amplitude of this 10-MHz crystal oscillator. 

feedback path at the crystal's resonant frequency, and 
oscillations commence. 

In any oscillator, you must control the gain as well 
as the phase shift at the frequency of interest. If the 
gain is too low, oscillation will not occur. Conversely, 
too much gain produces saturation limiting. In this 
circuit, gain control comes from the positive tempera­
ture coefficient of the lamp at IC1's negative input. 
When you first apply power, the lamp's resistance is 
low, the gain is high, and the oscillation amplitude 
increases. As the amplitude builds, the lamp current 
increases and causes heating, which raises the lamp 
resistance. The increased resistance reduces the ampli­
fier gain and the circuit finds a stable operating point. 
This circuit's sine-wave output has all of the stability 

1 µF 

(8) 

OUTPUT 
2vp_p 

advantages associated with quartz crystals. Although 
shown with a 10-MHz crystal, the circuit works well 
with a variety of crystal types from 100 kHz to 20 
MHz. Using a lamp to control the amplifier gain is a 
classic technique, first described by Meacham in 1938. 
Electronic gain control, though more complex, offers 
more precise control of amplitude. 

Fig 5a's quartz stabilized oscillator replaces the lamp 
with an electronic amplitude-stabilization loop. IC2 

compares the IC1 oscillator's positive output peaks with 
a de reference. The diode in the de-reference path com­
pensates for the rectifier diode's temperature depend­
ence. IC2 biases Q11 controlling the FET's channel re­
sistance and influencing the loop gain. The amplitude 
of the oscillator's output is a reflection of the loop gain. 
Loop closure around IC1 stabilizes the amplitude of the 
oscillator's output; the 1-µF capacitor compensates the 
gain-control loop. 

The de-reference network provides optimum tem­
perature compensation for the rectifier diode, which 
sees IC1's 2V p-p, 20-MHz output waveform. IC1's small 
output swing minimizes the distortion attributable to 
channel-resistance modulation in Q1• To use this circuit, 
adjust the 500 trimmer until 2V p-p oscillations appear 
at ICi's output. 

Fig 5b is a spectrum analysis of the oscillator's out­
put. The fundamental is at 20 MHz; the second har­
monic, at 40 MHz, is 47 dB down. The third harmonic, 

10 MHz 100 MHz 

(b) 

Fig 5-An electronic gain-control circuit that uses the voltage-controlled on-resistance of a FET stabilizes the output amplitude of this 
20-MHz crystal oscillator (a) . In b, you see that the output's harnwnics are at least 47 dB below the fundamental. 
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50 dB down, occurs at 60 MHz. Resolution bandwidth 
for the spectrum analysis is 1 kHz. 

The circuit in Fig 6a replaces the quartz crystal 
with a Wien network at IC2's positive input. IC1 

controls Q1 to stabilize the amplitude of IC2's oscilla­
tions. The operation is identical to that of the circuit 
in the previous figure. Although the Wien network is 
not nearly as stable as a quartz crystal, it has the 
advantage of a variable-frequency output. Normally, 
you vary the frequency by varying either R or C or 
both. The use of manually adjustable elements, such 
as dual potentiometers and 2-section variable capaci-

1 µF 

10k 

10k 

10k 

LT1004 
1.2V 

OSCILLATOR 

a , 
2N4393 0.1 µF 

360 

250 

1k 

tors is common. The circuit in Fig 6a uses fixed, 3600 
Wien-network resistors and uses varactor diodes as 
capacitors. The varactor diodes' voltage-variable 
capacitance allows de tuning of the oscillator. Apply­
ing 0 to lOV de to the varactors shifts the oscillation 
frequency from 1 to 10 MHz. The 0.1-µF capacitor 
blocks the de bias from IC2's positive input but lets the 
Wien network function normally. IC2's 2V p-p output 
minimizes the varactors' junction effects and thereby 
limits distortion. 

This 5V-powered circuit requires a voltage step-up 
to develop adequate varactor drive. IC3 and the 

THIS SECTION MAY BE DELETED IF~10V SUPPLY IS AVAILABLE 
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Fig 6-A pair of varactor diodes lets you tune this Wien-bridge oscillator (a) from 1MHzto10 MHz by applying a 0 to 10V signal. Adding 
the components in the right half of the schematic lets you operate the circuit from a 5V supply and permits controlling the frequency with 
a O to 2. 5V signal. The spectrum analysis in b shows that the sinusoidal output is quite clean. 
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LTll 72 switching regulator form a simple voltage step­
up regulator. ICs controls the LTll 72 to produce what­
ever output voltage is required to close a loop at !Cs's 
negative input. The 22-µF output capacitor stores L1's 
high-voltage inductive-flyback pulses after they have 
been rectified by the diode-and-zener-connected Q2• 

The 7.5-kn/2.5-kO divider closes the loop by providing 
a sample of the output value to !Cs's negative input. 
The 0.1-µF capacitor stabilizes this feedback action. 
IC2's zener drop allows the circuit to produce controlled 
outputs at voltages as small as zero. This arrangement 
permits a 0 to 2.5V input at ICs to produce a corre­
sponding 0 to lOV varactor bias. Fig 6b, a spectral 
plot of the circuit running at 7.6 MHz, shows the second 
harmonic down 35 dB and the third harmonic down 
almost 60 dB. The resolution bandwidth is 3 kHz. 

Fig 7a shows the schematic of an AM radio station­
complete from microphone to antenna, but lacking a 
Federal Communications Commission license. IC1, set 
up as a quartz-stabilized oscillator similar to the one 
in Fig 4, generates the carrier. IC1's output feeds IC2, 

which functions as a modulated RF power-output 
stage. The bias applied to offset pins 1 and 8 restricts 
IC2's input-signal range. (See the LT1194 data sheet 
for details.) ICs, a microphone amplifier, supplies bias 
to the offset pins, resulting in an amplitude-modulated 
RF carrier at IC2's output. The de voltage summed 
with the microphone output biases !Cs's output to the 
appropriate level for good quality modulation charac­
teristics. Calibrating this circuit involves trimming the 

(a) 

ANTENNA 

-,_"' f _s-

1000 potentiometer in the oscillator for a stable 1 V 
p-p 1-MHz output from IC1• 

Fig 7a does not show on-air personalities-or, in 
keeping with current trends in AM radio-a means of 
providing any kind of program other than a talk show. 
There is no phonograph pickup or connection to the 
output of a compact-disc player. Nevertheless, you can 
connect such a music source to the microphone input. 
Fig 7b shows a typical AM carrier output at the an­
tenna. In a throw-back to the days when top-40 formats 
reigned on the AM band, the modulating signal is Mr 
Chuck Berry singing the rock-'n'-roll classic "Johnny 
B. Goode." 

Start with a triangle; end up with a sine 
The oscillators presented to this point have limited 

tuning-frequency range. Although the circuit in Fig 
8a is not a true oscillator, it produces a synthesized 
sine-wave output over a wide dynamic range. Many 
applications such as audio, shaker-table driving, and 
automatic test equipment require voltage-controlled 
oscillators (VCOs) that have sine-wave outputs. This 
circuit meets this need, spanning a range of 1 Hz to 1 
MHz (equal to 6 decades or 120 dB) for a 0 to lOV 
input. The circuit maintains 0.25% frequency linearity 
and 0.40% distortion. 

To understand the circuit, assume Q5 is on and its 
collector (Fig Sb, trace A,) is at -15V, cutting off Q1• 

ICs, which inverts the positive input voltage and biases 
the summing node of integrator IC1 through the 3.6-kO 

2V/DIV 

HORIZ=5 mSEC/DIV 

(b) 

Fig 7-Though perhaps not worthy of Wolfman Jack or Dick Biondi, the circuit of a is still a complete AM radio station. When Chuck 
Berry picks his guitar and belts out "Johnny B. Goode," the modulated output looks like what you see in b. 
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resistor and the self-biased FET's, pulls a current, 
- I, from the summing point. IC2, a precision op amp, 
provides de stabilization of IC,. IC,'s output, (trace 
B,) ramps positive until IC5's input, (trace C,) crosses 
zero and causes IC5's inverting output to go negative. 
The Q.i/Qi; level shifter then turns off, and Qi;'s collector 
goes to + 15V, allowing Q1 to come on. The values of 

E,N 
0 TO 10V 

10k. 

100!1 HIGH-
1 +21 FREQUENCY 
t /SYMMETRY 

/ 240pF 
(POLYSTYRENE) 

10k 

300 pF 

OPTIONAL OFFSET SERVO (SEE TEXT) ____, _______ __ 

the resistors in Q1's path result in a current, + 2I, 
exactly twice the absolute magnitude of the current, 
- I, that flows out of the summing node. As a result, 
the net current into the junction becomes +I , and IC1 

integrates negatively at the same rate it did during its 
posit ive-going excursion. 

When IC, integrates far enough in the negative di-
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5.36k. 
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-15V 

HORIZ=10 µSEC/DIV 
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Fig ~A clnssic function generator, a, creates square and triangular waves whose frequency you can control with a de voltage. A 
trigonometric-function generator IC converts the triangle to a sine. The traces in b show waveforms within the circuit. The lowest trace 
shows the residual distortion after you remove the out'fJUt's fundamental-frequency component. In c, you see the circuit's quick and clean 
response to a command to chdngefrequency. 
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FOR EMULATING THE MOTOROLA 68302, 68332*, 
AND 68HC16 . .. IT'S THE ADVENTURES OF 

•. 1114, 

instruction? And is the 
number of breakpoints 
unlimited? 

6 H:~~es! 
the sequential 

and combinational logic 
of the emulator's event 
system? Can one event 
sequence re-arm an­
other? This capability is 
critical when attempting 
to isolate spurious fault 
conditions. 

complex world of 
microcontrollers, a lot 

of companies make a 
lot of claims. It can be 
confusing. How do you 
avoid a poisoned apple? 
Pentica suggests that you 
ask a few basic questions. 
The following seven 
might appear gigantic to 
some, but we can help 
you cut them (and your 
development problems) 
down to size. 

1 Setting a true 
execution 

breakpoint on the 68302 
is difficult but necessary. 
Is the emulator precise 
enough to break only on 
execution of instruction 
rather than when it's 
fetched from the program? 

2 Especially if you're 
using a high-level 

debugger, will the execu­
tion breakpoint you set 
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3 With the 
bewildering 

situations presented by 
multi-use pins, the 68332 
and 68HC16 challenge an 
emulator to be nearly 
clairvoyant. For in­
stance, when using port 
E as I/O instead of bus 
control, how much 
emulator function is 
retained? 

4 Can the trace 
buffer start and 

stop .. . then start again? 
Can you qualify the trace 
to critical functions to 
ensure maximum use of 
the trace buffer? 

5 Is the emulator's 
event system 

independent of the 
breakpoints? Or do 
you have to reconfigure 
each situation, losing 
flexibility? 

CIRCLE NO. 154 

7 We'd be happy 
to give you our 

answers to these and 
any other questions you 
might have. Give us a 
call. We're here to help! 

PENTICA 
IN-CIRCUIT EMULATORS 
~~!J~~! 

Pentica Systems, Inc. 
One Kendall Square 

Building 200 
Cambridge, MA 02139 USA 

(617) 577-1101 
Fax: (617) 494-9162 

Pentica Systems, Ltd. 
Oaklands Park 

Wokingham, Berkshire 
RG11 2FE UK 
(0734) 792101 

Fax: (0734) 774081 

'Support for the 68332 wi ll be ava ilable Q2 1992. 
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rection, !Cs's + input crosses zero and the circuit's 
two outputs change state. The state change switches 
the Q./Qs level shifter's state, causing Q1 to go off and 
the entire cycle to repeat. The result is a triangular 
waveform at IC1's output. The frequency of this trian­
gle depends on the circuit's input voltage and varies 
from 1 Hz to 1 MHz with a 0 to lOV input. The LT1009 
diode bridge and the series-parallel diodes provide a 
stable bipolar reference that always opposes the sign 
of IC1's output ramp. The Schottky diodes bound !Cs's 
+ input, ensuring its clean recovery from overdrive. 

Sine of the times 
The AD639 trigonometric function generator, biased 

via IC4, converts ICi's triangular output into a sine 
wave, (trace D). To avoid output distortion, you must 
supply the AD639 with a triangular wave that does 
not vary in amplitude. At higher frequencies, delays 
in the IC1-integrator switching loop result in late turn­
on and turn-off of Q1• Unless you minimize these delays, 
the triangle amplitude will increase with frequency and 
cause the distortion level to increase. ICs, the ~/Qs 
level shifter, and Q1 generate a total delay of 14 nsec. 
This small delay, combined with the 22-pF feed­
forward network at !Cs's input, keeps distortion to 
just 0.40% over the entire 1-MHz range. At 100 kHz, 
the distortion is typically less than 0.2%. The 8-pF 
capacitor in Qi's source line minimizes the effects of 
gate-source charge transfer, which occurs whenever 
Q1 switches. Without this capacitor, a sharp spike 
would occur at the triangle peaks, increasing distor­
tion. FETs Q2 and Qa compensate for the temperature­
dependent on-resistance of Q1 and keep the + 21/ - I 
relationship constant with temperature. 

This circuit responds very rapidly to input changes­
something most sine-wave generators cannot do. Fig 
8c shows what happens when the input switches be­
tween two levels, (trace A). IC1's triangle output (trace 
B), shifts frequency immediately, with no glitches or 
poor dynamics. The sine output, (trace C), reflecting 
this action, is similarly clean. To adjust this circuit, 
apply 10.00V and trim the 100,0, potentiometer for a 
symmetrical triangle output at IC1• Next, apply 100 
µ V and trim the 100-k!l potentiometer for triangle 
symmetry. Then, apply 10.00V again and trim the 1-k!l 
frequency-trim adjustment for a 1-MHz output fre­
quency. Finally, adjust the distortion-trim potentiome­
ters for minimum distortion as measured on a distortion 
analyzer (Fig 8b, trace E). You may have to readjust 
the other potentiometers slightly to achieve the lowest 
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possible distortion. If you won't operate the circuit 
below 100 Hz, you can delete the IC2-based de­
stabilization stage. If you make this change, you should 
ground IC1's positive input. 

Many of the filter and oscillator circuits presented 
here are simple as well as useful. Their simplicity 
shows that clever circuit designers often take a mini­
malist approach. When you speak or write, you are 
more likely to get your point across if you use short 
words that are familiar to your audience. So it is with 
circuits. The simplest design that does the job usually 
costs the least and operates more reliably than complex 
alternatives. EDN 

Author's biography 
For rrwre information on this article's au thor, turn to pg 163 
in the October 10, 1991, issue. 
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WSB-100 Waveform Board: 

20MHz/32K 
$1290 

The WSB-100 waveform synthesizer offers speed and 
memory at a price that's half what you'd expect to pay. 

With its analog module, the WSB-100 becomes a 
12-bit waveform board for the PC-AT and compatibles 
that can be used in a wide range of testing and control 
applications. Multiple boards can be connected to 
store longer waveforms or to run several waveforms 
simultaneously. 

Optional modules enable the WSB-100 to act as a 
digital pulse generator or 16-bit word generator. 

A 10 MHz/ 32K configuration is available at an even 
lower price. 
Call for our free 
Interface Handbook: 
1-800-553-1170 

QGUATECH 
662 Wolf Ledges Parkway 

A kron. OH 443 11 

PC-AT is a registered trademark o f IBM Corp. 

CIRCLE NO. 239 
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Sampling s 
There's 
only one 
cotnplete 
source. 
No matter what your require­
ment, you will find the an­
swer in DATEL's broad line of 
Sampling Analog-to-Digital 
Converters. 

Characterized through 
Nyquist operation, these 
converters offer superior 
Signal-to-Noise ratios and 
harmonic distortion specifica­
tions. 
Bottom line, compare these 
converters with any competi­
tive units, and you'll see there 
is no reason to look 
anywhere else. 

Throughput Linearity 
Model Bits (MHz) (LSB) 
ADS-111 12 0.500 ±1 /2 
ADS-193 12 1.0 ±1 /2 
ADS-112 12 1.0 ±1 /2 
ADS-117 12 2.0 ±3/4 
ADS-132 12 2.0 ±1 /2 
ADS-118 12 5.0 ±1 /2 
ADS-131 12 5.0 ±3/4 
ADS-130 12 10.0 ±3/4 
ADS-924 14 0.300 ±1 
ADS-928 14 0.500 ±1 /2 
ADS-941 14 1.0 ±3/4 
ADS-942 14 2.0 ±3/4 
ADS-944 14 5.0 ±1 
ADS-976 16 0.200 ±2 
ADS-930 16 0.500 ±1 1/2 
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Power 
Sampling A/Ds can improve your 

(Watts) Case circuit's performance call or write 
1.3 24-PIN DA TEL, Inc., 11 Cabot Boulevard, 
1.3 40-PIN 
1.3 24-PIN Mansfield, MA 02048. 
1.4 24-PIN 
2.9 32-PIN 

Let DATEL convert you. 2.3 24-PIN 
3.6 40-PIN 
3.8 40-PIN Call now 800-233-2765 1.3 24-PIN 
2.9 32-PIN 
3.1 32-PIN 

~ ID~@~ 3.2 32-PIN 
3.4 32-PIN 
1.8 32-PIN 
1.8 40-PIN 

INNOVATION and EXCELLENCE 
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The New World Of 
Electronics Manufacturing 

The world of electronics manufacturing used 
to be at war. Each engineer, whether they were 
involved in the design, production , assembly or test 
of printed circuit boards, had their own battleground 
-their own territory. Crossing the technology 
borders between these different disciplines took 
more than a passport, it took a miracle. 

Not so anymore. Attend NEPCON West 1992 
and enter the new world of electronics manufac­
turing-a world where there are no boundaries 
and no borders. Where different disciplines work 
together, not only to get products to market faster , 
but to get them there with improved quality and 
increased efficiency as well. 

*''°"""' IUCflO/llfC IWCllMJINO A/llD '«XHICTION CON,,'1NC/ 

.. II!!! ........ 

r--~·rvr:.:1 
Conference: February 23-27, 1992 
Exposition: February 25-27, 1992 
Anaheim Convention Center 
Anaheim Marriott 
Anaheim Hilton 
Anaheim, California 

NEPCON West 1992 is a world where Con­
current Engineering is the universal language. It 's a 
place where your entire product development team 
will learn new strategies, find new products, and 
discover new solutions for every phase of the elec­
tronics manufacturing process. At NEPCON West 1992 
you will meet with over 1000 suppliers of the prod­
ucts and services used in the design , manufacture 
and test of printed circuits and electronics assemblies 
-all in the same place, all at the same time. 

The new world of electronics manufacturing 
is waiting for you at NEPCON West 1992 . Come 
Explore! 

r-------------------
clip and mail to: 

NEPCON West '92 Cahners Exposition Group 
1350 East Touhy, P. 0. Box 5060 , Des Plaines, IL 60017-5060 

I want to EX PW RE the new world of electronics-manufacturing at 
NEPCON West '92, please send me pre-registration materials. 

Name _____________________ _ 

Title _____________________ _ 
Company ____________________ _ 

Address---------------------
Ci ty----------- State ____ ZIP ___ _ 

Country--------------------­
My company is interested in exhibiting at future NEPCON events. 

Call meat: --------------------

CKi _,-_- ·-· 
© Reed Publishing r.m. ~ibi~;... Please feel free to contact us for additional information , NEPCON West '92. c/o Cahners Exposition 

L--------• __ <_u_.s_.A_.)_1_nc_ .. _1_9_91 ___ ~ __ com __ .... _ .. ~, ___ ..__Gr~, phonc(708) z~~o~X~8)63~7~ ~1-______ _J 
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High-speed 
dala-conuersion circuits 

The variety of circuits that prove useful 
in high-speed data conversion is almost 
limitless. Here is a collection of circuits 
that can turn out to be lifesavers in sev­
eral situations. 

Jim Williams, Linear Technology Corp 

A ny reasonably complete listing of the types of 
circuits that you can use in data conversion and 
analog/digital data acquisition would be long in­

deed. Although books have been written just on DIA 
and AID converters, such circuits are hardly the only 
ones that prove useful in acquiring fast-changing ana­
log signals. You almost can't mention ADCs without 
also bringing up sample and hold (S/H) circuits. Volt­
age-to-frequency converters offer a very attractive al­
ternative to more conventional ADCs, especially where 
you need signal isolation or outstanding linearity. 
Comparators are the heart of any analog-to-digital 
conversion scheme. Trigger circuits let you view and 
capture waveforms that recur at intervals that aren't 
perfectly periodic. Time-to-voltage converters let 
you see how pulse widths and time intervals vary 
as a function of time, and rms-to-dc converters extract 
an important property of ac signals-their heating 
value. There is a measure of commonality among 
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the techniques you use to "design such circuits. 
Here for your entertainment and edification is a pot­
pourri of useful circuits that perform diverse functions. 

In Fig la, the LT1016 comparator and the LT1122 
high-speed FET amplifier combine to form a high­
speed V/F converter. A variety of circuit techniques 
yields a 1-Hz to 10-MHz output. The circuit continues 
to function with a 20% overrange (VIN = 12V; fouT = 12 
MHz). This circuit has a wider dynamic range (140 
dB, or seven decades) than any unit available com­
mercially. The 10-MHz full-scale frequency is 10 x as 
high as that of currently available monolithic V/F 
converters. 

The theory of operation depends on the identity 
Q =CV. Each time the circuit produces an output 
pulse, it feeds back a fixed quantity of charge (Q) to 
a summing node (7). The circuit's input furnishes a 
comparison current at the summing node and a moni­
toring amplifier's feedback capacitor integrates the dif­
ference signal. The amplifier controls the circuit's out­
put-pulse generator, completing a feedback loop 
around the integrating amplifier. To maintain the sum­
ming node at zero, the pulse generator runs at a fre­
quency at which the pumped charge just offsets the 
current produced by the input signal. Thus, the output 
frequency is linearly proportional to the input voltage. 

IC1 is the integrating amplifier. Stabilizing IC1 with 
IC2, a chopper-stabilized op amp, produces 0.05 µ V/°C 
of offset drift. IC2 measures the de value of the nega­
tive input, compares it with ground, and forces the 
positive input to maintain the offset balance in IC1• 
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Note that IC2 is an integrator that cannot see high­
frequency signals. It functions only at de and low fre­
quencies. 

Integrator IC1 has a 68-pF feedback capacitor. When 
you apply a positive voltage to the input, IC1's output 
integrates in a negative direction (Fig l b, trace A). 

INPUT 
0TO10V 

15 pF 
(POLYSTYRENE) 

During this period, IC5's inverting output is low. The 
paralleled HCMOS inverters form a reference-voltage 
switch. The LT1034s (driven by the LM134 current 
source and the Qa/Q.i combination) establish the ref er­
ence voltage; a small input-voltage-related term adds 
to the reference, improving overall circuit linearity. 

OUTPUT 
1 Hz TO 10 MHz 

15V 15V 

4.7 µF 

~:, 

DC 
STABILIZATION 

(OPTIONAL, 
SEE TEXT) 

-() =2N2369 

~ =74HC14 
(a) -vr-

A 

B 

c 
D 

INTEGRATOR 
1k 5-pF 

COMPARATOR 

+ 
I 10µF 

"=1 % METAL FILM/10 ppm/'C 
BYPASS ALL ICs WITH 2.2 
µFON EACH SUPPLY DIRECTLY 
AT PINS 

VERT=A = 0.5/DIV C= 200 mA/DIV 
8 = 5V/DIV D = 1V/DIV 

(b) HORIZ = 100 nSEC/DIV 

D 

(c) 

100k" REFERENCE 

REFERENCE 
SWITCH 

20k 

2.2M" 

10-MHz -:> ... c-----~ 
TRIM 

LT137 
- 5V ( Ho---- -1 0UT IN 

ADJ 

2µFi 

. + - -- • . 
'v I 

I 

. . ! ' . 
' . . 

VERT= A= 0.2V /DIV 
8 = 2V/DIV 

HORIZ = 10 nSEC/DIV 

C= 5V/DIV 
D= 0.5V/DIV 

LT1034 
1.2V 

LT1034 
2.5V 

0 3 

a. 

- 15V 

Fig 1-A voltage-to-frequency converter with a maximum output frequency of 10 MHz and a 140-dB dynamic range is only moderately 
complex (a). In b, yous~& the circuit waveforms; c is an expanded view of the discharge-reset sequence upon which the circuit performance 
depends . 
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an integrator, is the actual hold amplifier. Its output 
feeds back to the switching bridge's input, forming a 
summing point with IC1's output resistor. This feed­
back loop enhances accuracy by placing the bridge 
within a loop. 

Driving the S/H input line switches the bridge. Q1 

and Q2 drive L1's primary. L1's secondaries provide 
complementary drive to the bridge with negligible time 
skew. 

Fig 2b shows the circuit acquiring a full-scale step. 
Trace A is the input command; trace B is IC2's output. 
The aberration (that is, the "hold step") visible in IC2's 
output when the circuit switches into the hold mode 
is the result of minute residual ac imbalances in the 
bridge. Fig 2c illustrates this effect in high-resolution 
detail, with the "hold-step trim" deliberately discon­
nected. After IC2's output nominally settles at final 
value, the circuit switches into the hold mode. The 
bridge imbalance dumps a small parasitic charge into 
IC2's summing point, in this case causing IC2 to step 
10 m V higher. Properly connected and adjusted, the 
trim supplies a small compensatory charge during 
switching. Fig 2d shows the effect of this compensation 
on the output. The settled hold-mode output is the 
same as the acquired input voltage. To trim this circuit, 
ground the input while pulsing the S/H control line. 
Next, adjust the trim for a minimal amplitude step 
between the S/H states. 

In contrast to low-frequency S/H circuits, this cir­
cuit, if left in the sample mode, cannot pass a signal. 
The transformers' inherent ac coupling prevents the 
circuit from providing a de output. Moreover, extend-

TYPICAL 

lsoURCE 

(a) 

2k 

3 pF 

* =HP5082·2810 

ing the sample-mode duration beyond 500 nsec will 
saturate the transformers, causing erroneous outputs 
and excessive dissipation in Q1 and Q2• If the control 
input can remain in the high state for extended periods, 
you should ac-couple the control signal. 

Compare currents in 15 nsec 
Fig 3a shows a way to build a high-speed current 

comparator with resolution in the 12-bit range. Com­
paring currents, which is the fastest way to compare 
DAC outputs with analog values, is a common tech­
nique in high-speed instrumentation, especially in high­
speed AID converters. IC1 is a Schottky-bounded am­
plifier. The bounding diodes hold down the response 
time by preventing summing-point overdrive from 
causing IC1 to saturate. Select the capacitor-it com­
pensates for the DAC output capacitance-for the best 
amplifier damping; the 3-pF value shown is typical. 
The feedback resistor maximizes the circuit's gain­
bandwidth product; the 10-kfi value shown is also typi­
cal. Voltage gains of 4 to 10 are common. 

Fig 3b shows the circuit's performance. Trace A, a 
test input, causes IC 1's output (trace B) to slew through 
zero (the screen's center horizontal line). When IC1 

crosses zero, IC2's input goes negative and IC2 re­
sponds 10 nsec later with a TTL output (trace C). The 
total time from when the test input reaches the TTL 
high threshold until the comparator output level be­
comes a TTL high is < 15 nsec. 

Fig 4a is an extremely versatile trigger circuit. De­
signing a fast , stable trigger is not easy, and often 
entails a considerable number of discrete components. 

A 
B 

c 

(b) 

VERT = A = SV/DIV 
B = O.SV/DIV C = 2V/DIV 

HORIZ = 10 nSEC/DIV 

Fig 3-0nly two /Cs yield a fast summing comparator (a) . In b, you can observe key waveforms as the circuit operates. 
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This circuit, without level adjustment, triggers reliably 
from de to 50 MHz over a 2 to 300-m V input range. 

ICi. a gain-of-10 preamplifier, feeds an adaptive trig­
ger configuration that maintains the output compara­
tor's (IC3's) trip point at one-half the input-signal ampli­
tude, regardless of the signal's magnitude. The self­
adjusting trip point ensures reliable automatic trigger­
ing over a wide input-amplitude range, even for very 
low-level inputs. As an option, the network (shown in 
dashed lines in Fig 4a) permits changing the trip 
threshold. The adjustment lets you select any point 
on the input-waveform edge as the trigger point. 

Fig 4b shows the performance for a 40-MHz input 
sine wave (trace A). At IC1's output (trace B), the 
input signal has received voltage gain with little or 
no phase shift. Comparator IC3 gives a clean logic out­
put (trace C). At the highest frequencies, bandwidth 
limiting can occur in IC,, but it is irrelevant; the adap­
tive trigger threshold will simply vary in proportion 
to the input to maintain the circuit output. 

The circuit of Fig 5a lets you determine very short 
pulse widths (in this case, 250 nsec full scale) with a 
typical error of 1 %. Digital methods of achieving simi-

lar results dictate GHz clock speeds, and thus result 
in cumbersome implementation·s. In addition, proces­
sor-based approaches that use averaging techniques 
require repetitive pulses; this circuit does not. Circuits 
of the type shown in Fig 5a frequently appear in auto­
matic test equipment and nuclear and high-energy 
physics work, where measuring the width of short 
pulses is a common requirement. 

The circuit functions by charging a capacitor for the 
duration of the pulse. When the pulse ends, the charg­
ing ceases, and the voltage across the capacitor is pro­
portional to the width of the pulse. 

The pulse whose width is to be measured (Fig 5b, 
trace A) simultaneously biases the 74C221 dual one­
shot and Qa. Qa, aided by Baker clamping, feed-forward 
capacitance, and optimized de base biasing, turns off 
in a few nsec. Current source Q2's emitter becomes 
forward biased, and Q2 supplies constant current to 
the 100-pF integrating capacitor. Q1 supplies tempera­
ture compensation for Q2 and the 2.5V LT1009 provides 
the current-source reference. The 100-pF capacitor at 
Q2's collector charges in ramp fashion (trace B). IC , 
supplies a buffered output (trace C). When the input 

,----------------
: TOQ3 E~MITIER 

(a) 

PNP=2N3906 
KPN=2N3904 

sv 

0.005 µF T so: 22M 
~OpF 

7 0.005 µF 

-SV 

I 
I 
I TOIC 
I +INPLfr 
: ISOOpF 

I 7 OPTIONAL 

:-~-0~1:_M~T~':_R __ ~§_E_T~~T- A 

B 

c 

(b) 

VERT =A=0.1/DIV 
B=0.1/DIV 
C=SV/DIV 

HORIZ= 100 nSEC/DIV 

Fig 4-An extremely versatile trigger circuit (a) consists of three !Cs and two pairs of transistors, each connected as a current source. 
The circuit adjusts its threshold as the amplitude of the incoming signal varies. In b, you see waveforms during circuit operation. 
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IC3 and IC4 provide low-drift buffering and present a 
low-impedance reference to the supply pins of the par­
alleled inverters. The HCMOS outputs give essentially 
error-free low-resistance switching. The reference 
switch's output charges the 15-pF capacitor via the 
path that includes Q1• 

When IC1's output crosses zero, IC5's inverting out­
put goes high and the reference switch (trace B) goes 
to ground, causing the 15-pF capacitor to dispense 
charge into the summing node via Q2's base-emitter 
junction. The amount of charge dispensed is a direct 
function of the voltage that had existed across the 
15-pF capacitor (Q =CV). Qa and ~ in the reference 
string provide temperature compensation for Q1 and 
Q2• The current that flows through the 15-pF capacitor 
(trace C) reflects the charge-pumping action. Remov­
ing current from IC1's summing junction (trace D) 
drives the junction negative very quickly. The initial 
negative-going 15-nsec transient at IC1's output results 
from amplifier delay. 

The input signal feeds directly through the feedback 
capacitor and appears at the output. When the ampli­
fier finally responds, its output (trace A) slew limits 
as the amplifier attempts to regain control of the sum­
ming node. The 1.2-k!l pull-up resistor and the RC 
damper at IC1's output enhance the amplifier's recov­
ery from slewing. The amount of time the reference 
switch remains at ground depends on the 5-pF/10000 
hysteresis network at IC5 and on how long IC1 takes 
to recover. A 60-nsec interval is long enough for the 
15-pF capacitor to fully discharge. After the discharge, 
IC5 changes state, the reference switch swings posi­
tive, the capacitor recharges, and the entire cycle re-

Acroynms used in this article 
ac-Alternating current 
AID-Analog-to-digital 
ADC-Analog-to-digital converter 
DI A-Digital-to-analog 
DAC-Digital-to-analog converter 
de-Direct current 
FET-Field-effect transistor 
LSB-Least-significant bit 
RC-Resistance-capacitance 
rms-Root-mean-square 
S/H-Sample and hold 
TTL-Transistor-transistor logic 
V/F-Voltage to frequency 
VFC- Voltage-to-frequency converter 
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peats. The frequency at which this oscillation occurs 
is directly proportional to the current into the summing 
junction, and, in turn, to the input voltage. Any input 
current will dictate an oscillation frequency that holds 
the summing point at an average value of zero. 

At MHz frequencies, maintaining a linear relation­
ship between the input voltage and the output fre­
quency places severe restrictions on the circuit timing. 
The key to achieving a 10-MHz full-scale operating 
frequency is the ability to transmit information around 
the loop very quickly. The discharge-reset sequence 
detailed in Fig le is particularly critical. 

Fig le, trace A is the output of integrator IC 1• Its 
ramp output crosses zero at the first vertical graticule 
division on the left. A few nsec later, IC5's inverting 
output begins to rise (trace B), switching the reference 
switch to ground (trace C). The reference switch begins 
to head towards ground about 16 nsec after IC1's output 
crosses zero. Two nanoseconds later, the summing 
point (trace D) begins to go negative as current flows 
from it through the 15-pF capacitor. At 25 nsec, IC5's 
inverting output is fully positive, the reference switch 
is at ground, and the summing point is at its negative 
extreme. Now, IC1 begins to take control. Its output 
(trace A) slews rapidly in the positive direction, restor­
ing the summing point. At 60 nsec, IC1 is in control 
of the summing node and the integration ramp begins 
again. 

Come on, get going 
Start-up and overdrive conditions could force IC1's 

output to go to the negative rail and stay there. The 
ac-coupled nature of the charge-dispensing loop can 
preclude normal operation and cause the circuit to 
latch. The remaining HCMOS inverter provides a 
"watchdog" function for this condition. If IC1's output 
goes to the negative rail, the reference switch tries 
to stay at ground. The remaining inverter goes high, 
lifting IC1's positive input, causing IC1's output to slew 
positive, and thus initiating normal circuit action. The 
1-knllO-µF combination and the 10-M!l resistor in se­
ries with the inverter input limit the loop bandwidth 
during start-up, preventing unwanted outputs. 

The LM134 current source that drives the reference 
string has a built-in 0.33%/°C thermal coefficient, caus­
ing a slight voltage modulation in the Qa/~ pair over 
temperature. This small change ( - + 120 ppml°C) op­
poses the .- 120 ppm/°C drift in the 15-pF polystyrene 
capacitor and reduces the temperature coefficient of 
the complete circuit. 
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To trim this circuit, apply exactly 6V at the input 
and adjust the 2-k!l potentiometer for 6.000-MHz out­
put. Next, put in exactly lOV and trim the 20-k!l po­
tentiometer for a 10.000-MHz output. Repeat these 
adjustments until both points stay fixed. IC2's low drift 
eliminates a zero adjustment. If operation below 600 
Hz is not required, you can delete IC2 and its associated 
components. 

Nonlinearity of this circuit is 0.03% and full-scale 
drift is 50 ppm/°C. Zero-point error, controlled by IC2, 

is 0.05 Hz/°C. 

(a) 

(c) 

15V 

10 

a , 
2N3904 

a, 
2N3906 

- 15V 

2-pF 
HOLD 
STEP 20pF 
TRIM (POLYSTYRENE) 

500 *-J .----1 

470 

-tf =1N5711 . MATCHED 20 mV 

L
1 

=PULSE ENGINEERING 
PE-2229X 1 :1 :1 

• =0.1% FILM RESISTOR 

VERT= 10 mV /DIV ON 5V PEDESTAL 
(ZERO IS OFF THE SCREEN) 

HORIZ = 50 nSEC/DIV 

Fig 2a shows a simple, very fast S/H circuit. This cir­
cuit will acquire a 5V input to 8-bit accuracy in 100 nsec. 
The hold step amplitude is less than % LSB, and hold 
settling time is less than 25 nsec. The aperture time 
is 4 nsec, and the droop rate is about 1

/2 LSB in 1 µsec. 
Inverting buffer IC1 feeds the input to a Schottky 

switching bridge. The Schottky bridge, which is similar 
to types used in sampling oscilloscopes, switches in 1 
nsec and eliminates the charge pump-through that an 
FET switch would contribute. The switching bridge's 
output feeds output-amplifier IC2• IC2, configured as 

A 

B 

(b) 

(d) 

VERT= A = 2V /DIV 
B = 1V/DIV 

HORIZ = 50 nSEC/DIV 

VERT = 10 mV/DIV ON SV PEDESTAL 
(ZERO IS OFF THE SCREEN) 

HORIZ = 50 nSEC/DIV 

Fig 2-Thi,s very fast SIH circuit (a), acquires signals to 8-bit accuracy in 100 nsec. In b you see the waveforms within the circuit. Accurate 
operation depends on cancellation of the switching signals that feed through the bridge. In c, the compensation is disconnected. In d, you 
can see the effect of the compensation. 
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pulse ends, ~ turns on rapidly, reverse-biasing Q2's 
emitter and turning off the current source. IC1's volt­
age is directly proportional to the input pulse width. 
A monitoring AID converter can acquire this data. 

After an interval set by the 74C22l's delay (a resistor 
and a capacitor set the delay), a pulse appears at the 
circuit's Q2 output (trace D). This pulse turns on Q.i, 
discharging the 100-pF capacitor to zero and readying 
the circuit for the next input pulse. 

This circuit' s accuracy and resolution depend 
strongly on keeping the delay in switching the Qi/Q2 

15V 

20 pF 

2k 

current source very short. Fig 5c provides amplitude 
and time-expanded versions of critical circuit wave­
forms. Trace A is the input pulse and trace B is IC 1's 
input, showing the beginning of the ramp's ascent. 
Trace C, ICi's output, shows a delay of about 13 nsec 
from IC1's input. Traces D and E, also IC i's input and 
output, record similar delays introduced by IC 1 at the 
ramp turn-off. The photo reflects the extremely fast 
current-source switching; IC1 causes most of the delay. 
IC1's delay is far less critical than the current-source­
switching delays. IC1 will always settle to the correct 
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BAND C=0.2V/DIV 
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HORIZ = 20 nSEC/DIV 
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VERT= A = 20V /DIV 
B=10V/DIV 
C=10V/DIV 
D=20V/DIV 

HORIZ = 200 nSEC/DIV 

VERT=A = 5V/DIV (UNCALIBRATED) 
B = 0.2V/DIV 

HORIZONTAL= 10 nSEC/DIV 

Fig 5-Changing pu/,se widths to voltages provides a convenient way to monitor changes in time intervals that occur as a function of time. 
The circuit in a performs this function . In b you see circuit waveforms. These waveforms appear in expanded form in c. The current-source 
turn-off appears in d. 
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value well before the one-shot resets the circuit. In 
practice, you should not trigger a monitoring AID con­
verter until about 50 nsec after the circuit's input pulse 
has ceased. This delay gives IC1 plenty of time to catch 
up to the 100-pF capacitor's settled value. 

As mentioned, fast current-source switching is es­
sential for good results. Fig 5d details the current­
source turn-off. Trace A is the circuit's input-pulse 
rising edge, and trace B shows the "top" of the ramp. 
Turn-off occurs in a few nanoseconds. Similar speed 
is characteristic of the input's falling edge (current­
source turn-on). In addition, note that the circuit's ac­
curacy and resolution limits depend on the difference 
in current-source turn-on and turn-off delays. There­
fore, the effective overall delay is extremely small. 

To calibrate this circuit, apply a 250-nsec-width pulse 
and trim the 1-kO potentiometer for a lOV output. 
The circuit will convert pulse widths between 20 and 
250 nsec to voltages with an accuracy that is typically 
1 %. The 20-nsec minimum-measurable width is the re­
sult of the 100-pF capacitor's inability to discharge 
fully. If you must measure the width of pulses narrower 
than 20 nsec, you can replace Q4 with a lower­
saturation-voltage device or you can offset IC 1's 
output. 

Most ac rms measurements use logarithmic tech­
niques to compute a waveform's rms value. Such meth­
ods work with signals whose bandwidth is below 1 

DC AMPLIFIER 

1-------
1 
I 
I 

IN U I SENSOR 
TEMPERATURE 

SENSOR P T 

{ j: H::~::RATURE : ----- ._ __ .,..__, 
I 

I 
I 
I __________ i_ ____ -----

DC OUTPUT 

Fig 6--A basic thermal rms-to-dc converter uses a pair of heating 
elements. The unknown ac voltage drives one; a de voltage drives 
the other. By using a high-gain amplifier to provide the de voltage, 
you force the heating effect of the de to equal that of the ac. Hence 
the rms value of the de and ac are equal. Thus, when you measure 
the de voltage, you are measuring the rms ac voltage. 
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MHz and whose crest factor is less than about 10. 
Practically speaking, a waveform's ability to heat a 
resistive load defines its rms value. Specialized instru­
ments employ thermally based assemblies that com­
pute the rms values of input signals. Compared with 
logarithmically based converters, thermal methods 
work over a substantially wider bandwidth and pro­
duce accurate results with signals that have much 
higher crest factors (ratio of peak to rms voltage). 

Thermal rms-to-dc converters are direct acting, ther­
moelectronic analog computers. The thermal technique 
is explicit, relying on "first principles"-that is, on the 
definition of rms. The simple operation permits wide­
band performance unattainable with implicit, indirect 
methods based on logarithmic computing. 

Fig 6 shows a classic scheme for implementing a 
thermally based rms-to-dc converter. Here, the de am­
plifier forces a second, identical, heater-sensor pair to 
the same thermal conditions as the pair driven by the 
input. This differentially sensed, feedback-enforced 
loop makes ambient-temperature shifts a common­
mode term, eliminating their effect. Also, although the 
voltage and thermal interaction is nonlinear, the input­
output voltage relationship is linear and has a gain of 1. 

The ability of this arrangement to reject ambient­
temperature shifts depends on the heater-sensor pairs 
being at equal temperatures. You can achieve this con­
dition by thermally insulating the sensors with a ther­
mal time constant well below that of any ambient­
temperature shifts. If you match the time constants 
of the heater-sensor pairs, ambient temperature-terms 
will affect the pairs equally and the de amplifier will 
reject this common-mode term. Note that, even though 
the pairs are at equal temperatures, they are insulated 
from each other. Any thermal interaction between the 
pairs reduces the system's thermally based gain terms. 
This interaction would cause unfavorable signal-to­
noise performance and limit the dynamic operating 
range. The output of Fig 6's circuit is linear because 
the matched thermal pairs' nonlinear voltage-tempera­
ture relationships cancel each other. 

The advantages of this approach have made its use 
popular in thermally based rms measurements. Typi­
cally, the assembly consists of matched heater resistors, 
sensors, and thermal insulation. These assemblies are rela­
tively large and producing them is rather expensive. 

Fig 7a's economical wide-band thermally based volt­
meter uses a monolithic thermal converter. The 
LT1223 amplifier provides gain and drives the LT1088 
rms-to-dc thermal converter. The supply biases the 
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from a DC source, you know how trou-
blesome .. . or even catastrophic ... unpredicta-
ble overvoltage events can be. Load dumps, 
lightning strikes or cleared fuses result in voltage 
surges and high voltage transients which can exceed 
the voltage ratings of your power system and cause 
interruptions in system operation or outright system 
failure. How can you ensure safe, uninterrupted 
operation of critical equipment in the face of input 
source transients and surges? 
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VI-200 converters is your solution for providing up to 
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filter meets Bellcore, British Telecom and FCCNDE 
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LT1088's temperature-sensing diodes. ICI> set up as 
a differential servo amplifier with a gain of 9000, ex­
tracts the diode's difference signal and biases Q1• Q1 

drives one of the LT1088's heaters, completing a loop. 
The 3300-pF capacitor gives a stable roll-off. The 1.5-
MOJ0.0225-µF combination improves settling by reduc­
ing the gain during output slewing. The LT1088's 
square-law thermal gain makes the overall loop gain 
lower for small inputs. Normally, the low gain would 
cause slow settling for values below about 10 to 20% 
of full scale. The LT1004 1-k0./3-kO network provides 
a simple breakpoint that boosts the amplifier gain at 
low signal levels to improve settling. IC2, a gain-

trimmable output stage, compensates for gain vari­
ations in the two sides of the LT1088. 

Tu trim the circuit, apply a de signal of about 10% of full 
scale (that is, 0.05V) and adjust the "zero trim" so that 
VouT =VIN. Next, apply a full-scale de input and set 
the full-scale trim for a full-scale output. Repeat the 
trims until both errors are well below 1 % of full-scale. 
An alternate trimming scheme involves applying no 
input, grounding Q1's base, and adjusting the zero trim 
until IC1's output is active. Then you disconnect Q1's 
base from ground, apply a full-scale input, and trim 
the full-scale adjustment to produce a full-scale output. 

Fig 7b is a plot of the circuit's error vs input fre-

Fig 7-A functioning rms-to-dc converter appears in a. In b, you see the circuit's error vs frequency for several input-signal amplitudes 
and for two values of heater resistance. 
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Introducing PAPST's new 5000 & 7000 series AC & DC fans. 
PAPST not only adds an extra 

dimension in air performance and 
noise reduction to the world's 
largest selection of fans, but gives 
you the technical advantage of 
specifying PAPST quality in sizes 
never before available. 

The 5000 series (148-160 CFM) 
completes our line between 
120mm square fans and 172mm 

round fans. The 7000 series 
(213-242 CFM) features an 
entirely new line of DC fans and 
redesigned AC fans. 

And like all PAPST fans, 
they're designed to last. They use 
less power than other fans. They're 
made of quality electrical grade 
lamination, not fender grade steel. 
They have larger-than-average 

~ 
EDN November 7, 1991 SEE US AT WESCON. BOOTH #1155 

bearings, larger oil and grease 
reservoirs and thicker shafts. 

Take off with PAPST Call 
1-800-245-FANS for a free 
catalog. 

PAPST MECHATRONIC 
CORPORATION 
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Newport, RI 02840 
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quency. When you apply your input to one of the 
500 heaters, the LT1088's error spec is 2% to 100 
MHz; using a 2500 heater, the spec is 1% to 20 MHz. 
Most of the error shown results from bandwidth re­
strictions in IC3, but the performance is still impres­
sive. The plots include data taken at various input 
levels into both a high and a low-resistance heater. 
The error in the response to a 500-m V input into the 
2500 heater rises to 1 % at 8 MHz, and 2.5% at 14 
MHz before peaking badly beyond 17 MHz. This input 
level forces a 9.5V-rms output at IC3, and introduces 
large-signal bandwidth limitations. The 400-m V input 
to the 2500 heater produces essentially flat response 
to 20 MHz, the LT1088's 2500-heater specification 
limit. 

The 500 heater provides significantly wider band­
width, although in the circuit of Fig 7a, IC3's 50-mA 
output limits the maximum input to about 100-m V rms 
(1. 76V rms at the LT1088). 

As you can see, the circuits discussed here are useful 
in their own right. They are also thought provoking. 
You can combine and modify them virtually without 
limit, and in so doing, produce new circuits that per­
form many other useful functions. EDN 

Author's biography 
For more information on this article's author, turn to pg 163 
in the October 10, 1991 issue. 
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High-frequency communications signals 
need wideband analog circuits. High­
speed monolithic amplifiers let you build 
simple, effective circuits to meet this need 
for both optical and RF transmission. 

Jim Williams, Linear Technology Corp 

M egahertz-range data transmission and communi­
cations requires wideband linear circuitry. By de­
signing around a monolithic high-speed amplifier, 

you can easily implement a variety of standard high­
performance communications circuits. The following 
circuits detail several such designs for both optical and 
RF transmission. All have been carefully worked out 
and can serve as good idea sources. 

Amplifying fast photodiode signals over a wide range 
of optical intensity is one common optical-communica­
tions requirement. Fig la's fast FET amplifier gives 
wideband operation for 5 decades of photocurrent. You 
set up the photodiode in the conventional manner and 
use a -15V bias to aid diode response. Photocurrent 
feeds directly to IC1's summing point, which causes 
IC1's output signal to move to whatever level is re­
quired to maintain virtual ground at the negative input 

EDN November 7, 1991 

pin. Fig lb details the circuit's operating characteris­
tics when using the HP5082-4204 photodiode. 

You must use care when frequency-compensating 
this circuit. The diode has approximately 2 pF of para­
sitic capacitance, which creates a significant lag at IC/s 
summing point. Without a feedback capacitor, the cir­
cuit's high-speed dynamics are poor. Fig le illustrates 
this point by showing the circuit's response to a photo­
current input pulse (trace A) when the 3-pF feedback 
capacitor is removed. IC1's output voltage (trace B) 
overshoots and saturates before finally ringing down 
to its final value. Replacing the feedback capacitor 
gives Fig Id's results. The same input pulse (trace A) 
produces a cleanly damped output voltage (trace B). 
The capacitor, however, imposes a 50% speed penalty 
(note that the horizontal scale of Fig Id is faster than 
that of Fig le). This penalty is unavoidable because 
suppressing the parasitic ringing's relatively low fre­
quency mandates significant roll-off. 

Basic amplifier has many uses 
You can use the basic photodiode amplifier as the 

foundation for a variety of measurement and communi­
cations circuits. One such measurement circuit is Fig 
2a's photointegrator. The output voltage represents 
the integral of the diode's photocurrent over a time 
period defined by the control line. This circuit is par-

233 



JIM WILLIAMS 
P A P E R S 

ticularly useful for measuring the total energy in a light 
pulse or pulses. The circuit is a fast integrator and 
uses IC2A as a reset switch. IC28 , which the control 
input signal switches simultaneously with IC2A, com­
pensates for IC2A's charge-injection error. 

When the control input line is low (Fig 2b, trace A) 
and no photocurrent is present, IC2A is closed and IC1 

acts as a grounded follower. Under these conditions, 
IC1's output signal (trace C) sits at OV. When the con­
trol input line goes high, IC1 becomes an integrator 
as soon as IC2A opens. Due to the switch delay, IC2 

opens approximately 150 nsec after the control input 
line goes high. 

When IC2A opens, it delivers some parasitic charge 
to IC1's summing point. IC28 provides a compensatory 
charge-based pulse at IC1's positive terminal to cancel 

3 pf 

29k 
LIGHT INPUT 

"""' -1svn----e--,...._--e---~ 

I 2 pf : 

~--H--J 
PHOTOCURRENT 

~ = HEWLETI-PACKARD HP5082-4204 

(a) 

A 

8 

HORIZONTAL SCALE=500 nSEC/DIV 

TRACE VERTICAL SCALE 

A 175 µA/DIV 

(c} 8 10V/DIV 

the effects of IC2A's charge error. The combined effect 
of the two charge pulses shows up as a fast, small 
amplitude event in IC1's output, which settles rapidly 
back to OV. You can see this event on trace C near 
the 400-nsec mark. 

Once the switches have opened, the integrator is 
ready to receive and record a light pulse. When a light 
pulse (trace B) falls on the photodiode, IC1 responds 
by integrating (trace C). With the circuit as shown in 
Fig 2a, IC1 integrates rapidly until the light pulse 
ceases. IC 1's voltage after the light event is over is 
related to the total energy the photodiode sees during 
the event. In typical operation, the control line then 
returns low, which resets IC1 for the next light event. 

When the circuit has only 10 pF of integration capaci­
tance, its output droop rate is about 0.2V/µsec. You 

RESPONSE DATA 

LIGHT (900 nm) DIODE CURRENT CIRCUIT OUTPUT 

1mW 350µ.A 10.0V 

100 µ.W 35 µ.A 1V 

10 µ.W 3.5 µ.A 0.1V 

1 µ.W 350 nA 0.01V 

100 nW 35 nA 0.001V 

(b) 

A 

8 

HORIZONTAL SCALE=200 nSEC/DIV 

TRACE VERTICAL SCALE 

A 175 µA/DIV 

(d) 8 5V/DIV 

Fig 1-This basic photodiode amplifier circuit (a) handles 5 decades of light intensity . The table (b) details the circuit's operating 
characteristics with the HP5082-4204 diode. Parts c and d show the circuit's response (trace BJ to an input signal (trace A) without and 
with compensation, respectively . 
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can increase the capacitance, but the integration speed 
will suffer accordingly. As shown, the circuit accommo­
dates integration times of nanoseconds to milliseconds 
and photocurrents ranging from nanoamperes to hun­
dreds of microamperes. Thus, light pulses with optical­
power intensities spanning microwatts to milliwatts 
over wide ranges of duration are practical input signals. 

The primary factors restricting the circuit's accuracy 
are IC1's 75-pA bias current and 12V output swing and 

(a) 

RUN 
OV~5V 

LIGHT INPUT 

"""' 
I I 
: 2 pF I 

L---4~-----' 
PHOTOCURRENT 

NOTES: 
1. Ill = HEWLETI­
PACKARD HP5082-4204. 

2. 10-pF CAPACITOR= 10 pF 
POLYSTYRENE. 

3. DO NOT ALTER 
LTC201 SWITCH 
CONNECTIONS. 

A 
B 

c 

7 

30k 

HORIZONTAL SCALE=200 nSEC/DIV 

TRACE VERTICAL SCALE 

A 21//DIV 

(b) B,C SV/DIV 

Fig 2--The basic photodiode amplifier is the basis for this integro­
tor, which has a resettable output (a). When the control line is high 
(b, trace A), the circuit integrates (trace C) the incoming signal 
(trace B). 
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the effectiveness of the charge-cancellation network. 
Typically, the circuit can achieve full-scale accuracy 
within several percent if you trim the charge-cancella­
tion network. To trim the network, make sure that 
no light falls on the diode while you repetitively pulse 
the control line. Adjust the trimmer capacitor to 
achieve a OV output at IC 1 immediately after the dis­
turbance associated with the IC2A-IC28 switching set­
tles. 

A communications circuit that relies on the basic 
photodiode amplifier is the simple fiber-optic receiver 
in Fig 3a. IC1i a photocurrent-to-voltage converter 
similar to Fig la, feeds comparator IC2• IC2 compares 
IC1's output voltage to a de level established by the 

PHOTOCURRENT = 
2.5 TO 350 µA 

"""' 

10k 

(a) NOTE: * = HP5082-4024 

(b) 

A 

B 

c 

HORIZONTAL SCALE=20 nSEC/DIV 

TRACE VERTICAL SCALE 

A SV/DIV 

B 0.2V/DIV 

c 2V/DIV 

Fig ~This simple optical receiver (a) has a fixed signal threshold. 
The outputs of IC, (b, trace B) and IC, (trace CJ lag the input signal 
(trace A). 
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threshold-adjust potentiometer, thus producing a logic­
compatible output signal. Fig 3b shows this circuit's 
typical waveforms. Trace A is a pulse associated with 
a light input signal. Trace B is IC 1's response, and 
trace C is IC2's output signal. The phase shift between 
the photocurrent input signal and IC2's output signal 
is due to IC1's delay in reaching the threshold level. 
Reducing the threshold level will help reduce the shift 
but moves the circuit's operation closer to the noise 
floor. Additionally, the fixed threshold level cannot 
account for response changes in the emitter and detec­
tor diodes and the fiber-optic line over time and tem­
perature. These response changes manifest as changes 
in the apparent amplitude of the signal. 

Receiving high-speed fiber-optic data with such in­
put amplitude variations is not easy, especially if the 
variation is wide. Unless the receiver is carefully de-

10k 

signed, the high-speed data and uncertain intensity of 
the light level can cause erroneous results. Fig 4a 
addresses the previous circuit's fixed-threshold limita­
tion and offers significant performance advantages. 
This receiver reliably conditions fiber-optic input sig­
nals as fast as 40 MHz. The peak-to-peak amplitude 
of input signal can vary by as much as 40 dB. The 
circuit's digital output stage has an adaptive threshold 
trigger that accommodates signal intensity variations 
due to component aging and other causes. The circuit 
has an analog output signal that you can use to monitor 
the detector's output. 

The PIN photodiode detects the optical signal, which 
IC1 then amplifies. A second stage, IC2, further ampli­
fies the signal. The output voltage of this second stage 
biases a 2-way peak detector (Q1 through Q.i). Qz's emit­
ter capacitor stores the signal's maximum peak while 

ANALOG OUTPUT =c 0.2VlµA -----t•-n SV 
PHOTOCUAAENT 

o, o, 

HP5082·4207 

0 005 µF T ~ ..... p ..... F --2-2M----< 

~ 22M 

1k 

PHOTOCUARENT * 500 nA TO 350 µA (a) 
o, 

50 
3k 

~------o -sv 

A 
OUTPUT 

B 
NOTE: 
0 1, 0 2"' 2N3904;0 3, O, = 2N3906 

c 

HORIZONTAL SCALE=20 nSEC/DIV 

TRACE VERTICAL SCALE 

A 5V/DIV 

(b) B,C 2V/DIV 

Fig 4-A self-adapting threshold is the hallmark of this optical receiver (a). Driven by a test signal (b, trace A ), the circuit lets you 
monitor the detector's eztrrent (trace B) in addition to producing a final oittput (trace C). 
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Protective circuit can save you a load 

Some type of fuse or circuit 
breaker helps protect integrated 
circuits during developmental 
probing and expensive loads dur­
ing trimming and calibration. Fig 
Aa shows a simple circuit that 
will turn off current in a load 18 
nsec after that current exceeds a 
preset value. The circuit is espe­
cially versatile because one side 
of the load is grounded. 

Under normal conditions, Q1's 
emitter is biased on and supply­
ing power to the load via the 100 
current shunt. Differential ampli­
fier IC1's output signal resides be­
low comparator IC2's voltage­
programmed trip point, and Q2 

is off. 
When an overload occurs, Q1's 

1k 

emitter current begins to in­
crease (Fig Ab, trace A, just 
prior to the third vertical divi­
sion). IC/s output voltage (trace 
B) begins to rise as it tracks the 
increase in voltage across the 100 
shunt. The 9-kO, 1-kO voltage di­
viders keep IC1's input pins 
within their common-mode 
range. Qi's emitter voltage (trace 
C) begins to drop as the transis­
tor beta-limits. When IC1's ver­
sion of the load current exceeds 
IC2's trip point, IC2 goes high 
(trace D), which turns on ~· (Lo­
cal positive feedback at IC2's 
latch pin causes IC2 to latch in 
this off state.)~ steals Q1's base 
drive, thus turning off the load 
current. 

200 
CALIBRATE 

A 

B 
c 

1k' 

1k' 

~ 
RESET 

(NORMALLY 1 OPEN) 

NOTES: 
1. • =1% FILM RESISTORS. 
2. USE ±5V SUPPLIES. 

(a) 

L~ ""''c" 
TRIP-SET 
SOURCES 

/ 

DIA CONVERTER 

D 

(b) 

Once you've cleared the load 
fault, you can use the push button 
to reset the circuit. The delay 
from the onset of excessive load 
current to complete circuit shut­
down is less than 18 nsec. (When 
interpreting the Fig Ab wave­
forms, note that trace A's current 
probe has a 4-nsec delay.) To cali­
brate the circuit, ground Q2's 
base and install a 250-mA load. 
Adjust the 2000 trim for a 2.5V 
output signal at IC1• Next, re­
move the load, unground ~·s 
base, and press the reset button. 
Finally, set the desired trip 
voltage, and the circuit is ready 
for use. 

10Q 
METAL FILM RESISTOR, 

9k' SW (10 1000 1/2W IN PARALLEL) 

HORIZONTAL SCALE=10 nSEC/DIV 

TRACE VERTICAL SCALE 

A 001A/DIV 

B 1V/DIV 

C 2V/DIV 

D 10V/DIV 

Fig A-This circuit breaker (a) trips in as little as 18 nsec. The circuit shuts down the load (b, trace CJ when the load current 
(trace A) exceeds the trip point. Trace B represents IC,'s output volroge; trace D represents IC/s output voltage. 
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Q,/s emitter capacitor retains the minimum excursion. 
The de value of the midpoint of IC2's output signal 
appears at the junction of the 500-pF capacitor and the 
22-Mfl resistors. This point will always be midway 
between the signal's excursions, regardless of the sig­
nal's absolute amplitude. The low-bias LT1097 op amp 
(IC3) buffers this signal-adaptive voltage to set the 

(a) 

0.01 µF + 

I :[iµF 
- -= ---~ 

X1 Vs 
50 

X2 IC , W1 o------ -< 

AD834 

W2 ......-------

+! 1 µF -7.SV 

OUTPUT = ± V,s 
= (X1-X2)(Y1-Y2) 

soo* 
1pFTO5 pF 

500* 
0.01 µFI 

~ NOTES: 
-= 1. +J- = 1n4148. 7 

2. * = 0.1% METAL FILM RESISTOR. 
3.([::J= FERRITE BEAD, FERRONICS #21 -110J. 

trigger voltage at IC/s positive input pin. IC/s nega­
tive input pin is biased directly from IC2's output. 

Fig 4b shows the results of using the test circuit of 
Fig 4a. The pulse generator's output signal is trace 
A; IC2's analog output voltage is trace B. IC/s output 
signal is trace C. The waveforms were recorded using 
a 5-µA photocurrent at about 20 MHz as the test signal. 

A 

B 

(b) 

HORIZONTAL SCALE=40 nSEC/DIV 

VERTICAL SCALE =0.5V/DIV 

Fig 5-This mixer's (a) single-ended output signal is easier to work with than differential signals. Trace B (b) is the result of mixing trace 
A with a 20-MHz sine wave. 
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0.6VRMS TO 1.3VRMS 
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0.1 µF 
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0.33 µF 

15V 

AMPLITUDE 
ADJUST 
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CONTROL 
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CH1 
INPUT 

CH2 
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COMMOn 

OUTPUT 
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CH1 
IC 1 OUTPUT 

AD539 

BASE 
COMMON 

CH2 
OUTPUT 

100k 

.------....----..NV~---<u 15V 

10k 
1k 

LT1034 
1.2V 

RMS TO DC CONVERTER 

LT1088 
(SEE FIG 6b) 

son INPUT 

1k 

20 

25 MHz 
LEVELED OUTPUT 

1VRMS 

Fig 6-A servo loop enables this circuit to stabilize RF signals. The loop circuit (a) uses an rms-to-dc converter (b). 
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Note that IC4's output transitions (trace C) correspond 
with the midpoint (plus IC/s 10-nsec propagation de­
lay) of IC2's output signal (trace B), in accordance with 
the adaptive-trigger circuit's operation. 

Mixer yields single-ended signal 
Another common communications requirement, par­

ticularly for RF work, is mixing signals for modulation 
or heterodyning. Analog multipliers can mix signals, 
but they have a drawback; their output signals take a 
differential form. These differential signals, which have 
substantial common-mode content, are frequently in­
convenient to work with. You can use RF transformers 
to convert them to single-ended signals, but you lose 
de and low-frequency information in the process. Fig 
5a illustrates a better approach. The circuit uses the 
LT1193 differential amplifier (IC2) to accomplish the 
differential-to-single-ended transition. Set up IC1 in the 
configuration Ref 1 recommends. The LT1193 takes 
the differential signal from IC1's 500-terminated out­
put lines and provides a single-ended output signal. 
The amplifier's gain of 2 yields an 11 V output signal 
at full scale. 

IC1's output signals ride on a common-mode level 
quite close to the device's positive supply. This com­
mon-mode level falls outside IC2's input common-mode 

ZERO TRIM 
(TRIM AT 10% 

OF FULL SCALE) 

5V 

1 
500 

2.7k" 

Acronyms used in this article 
FET-Field-effect transistor 
RF-Radio frequency 
rms---Root mean square 

range. The diodes in the 7.5V supply rails drop the 
supply voltage to IC1i which biases ICi's output signals 
within IC2's input range. This scheme avoids the at­
tenuation and matching problems you'd get if you 
placed a level shift between the multiplier and ampli­
fier. The impedance of the ferrite beads combine with 
the diodes' impedance to ensure adequate bypassing 
for the mµltiplier. 

This circuit's performance is quite impressive. Error 
remains within 2% over de to 50 MHz, and feedthrough 
is less than - 50 dB. Trimming the circuit involves 
adjusting the variable capacitor at the amplifier for 
minimal output square-wave peaking. Fig 5b shows 
the circuit's performance when multiplying a 20-MHz 
sine wave by trace A's waveform. The output signal 
(trace B) is a singularly clean instantaneous representa­
tion of the X and Y input products. 

Often in RF communications you will want to stabi­
lize the amplitude of a waveform against variations in 

15V 

0.01 µF I 

I 0.01 µF 9.09M' -=-
LT1004 
1.2V 

-15V 

(b) 
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input signal strength over time and temperature. In­
struments and transmitters must often provide this 
function, which is not easy if the instruments must 
also maintain waveform purity. Fig 6a shows a circuit 
that stabilizes waveform amplitudes while maintaining 
waveform purity. 

You apply the RF input signal to the AD539 wide­
band multiplier (IC1), which drives IC2• An LT1088-
based rms-to-dc converter (Fig 6b) turns IC2's output 
to de. A servo amplifier (IC3) compares that de output 
signal with a settable de reference and biases the multi­
plier's control channel, thus completing a loop. The 
0.33-µF capacitor provides frequency compensation by 
rolling off gain at a frequency well below the response 
of the LT1088 servo amplifier. The loop maintains the 
output's 25-MHz rms amplitude at the de reference's 

E IN 
0 TO ±3V 

(a) 

(b) 

A 

B 

100 pF 

I = ~ 
R x 10 

HORIZONTAL SCALE=10 nSEC/DIV 

TRACE VERTICAL SCALE 

A 0.5V/DIV 

B 5 mA/DIV 

Fig 7-A voltage-controlled current source (a) often conies in 
handy. This circuit produces a clean output current (b, trace B) 4 
nsec after the input voltage (trace A ). 

240 

value; it rejects changes in load, input-signal strength, 
power-supply voltage, and other variables. 

All of the previous circuits have a voltage-based out­
put signal. Sometimes, however, you'll want your out­
put in current form. Fig 7a shows a voltage-controlled 
current source that has both the load and control volt­
age referenced to ground. This simple, powerful circuit 
produces output current in accordance with the sign 

100 

100 pF 

NOTES: 
1. O ,, 0 5 = 2N5160, 0 2. 0 3 = 2N3866, 

0 4 , 0 6 = 2N3375. 

SV 

I = ~ 
2. (LJ = FERRITE BEADS, FERRONICS #21 -110J. 

R x 10 

(a) 

(b) 

A 
B 

HORIZONTAL SCALE =20 nSEC/DIV 

TRACE VERTICAL SCALE 

A 0.5V/DIV 

B 0.2A/DIV 

Fig 8-A booster circuit in the middle of this voltage-to-current 
converter (a) provides more power to your load than does the citrrent 
source of Fig 7. Trace A (b) represents voltage; trace B represents 
current. 
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and magnitude of the control voltage. Resistor R sets 
the circuit's scale factor. 

IC1i biased by EIN, drives current through R (in this 
case 10!1) and the load. IC2, sensing the differential 
voltage across R, closes a loop back to IC1• The load 
current is constant because IC1's loop forces a fixed 
voltage across R. The 2-kD, 100-pF combination sets 
roll-off, and the configuration is stable. Fig 7b shows 
the circuit's dynamic response. Trace A is the control 
input voltage, EIN; trace B is the output current. The 
response has a delay of 5 nsec and no slew residue or 
aberrations. 

Fig Sa is Fig 7a's basic current source plus a lA 
booster stage to increase output power. Including the 
booster inside IC 1's feedback loop eliminates the 
booster's de errors. Note that the booster needs no 
current-limiting features because of the circuit's inher­
ent current-limiting operation. Fig Sb shows that the 
circuit's response is as clean as that of the lower-power 
version, although its delay is about 20 nsec slower. 
The loop stability considerations involved in placing 
IC2 and the booster in IC1's feedback path are signifi­
cant. This type of circuit receives detailed treatment 
in Ref 2. EDN 
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These 12-24 VDC brushless motors 
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package. And , no brushes to wear means more reliable 
operation. AMETEK, Lamb Electric Division, 627 Lake 
Street, Kent, OH 44240. Tel: 216-673-3451 . Fax: 216-
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Design Feature 

Use Spice and 
analog circuits to 

model control systems 
If you already know Spice) you don)t have 
to learn another simulator to model control 
systems. You can just replace system block 
diagrams with equivalent circuits. 

George Ellis, Industrial Drives 

The first step in designing a control system for the 
real world is to model the system. You could use soft­
ware specifically designed for modeling control sys­
tems' block diagrams, or-if you're an electronic de­
signer with Spice experience-you can use 
Spice. 

Spice (Simulation Program with Integrated Circuit 
Emphasis) is an analog-circuit simulator; most lines of 
Spice-model code specify electronic components. In a 
model for a block-diagram simulator, on the other hand, 
most lines specify blocks. However, you can often rep­
resent blocks in Spice by using equivalent electronic 
circuits. For example, you might use a resistor and 
capacitor in Spice as the equivalent of an FIO (first­
order lowpass filter) block in a block-diagram simula­
tor. The two types of models are comparable on a 
higher level as well; in both cases, you describe a sys­
tem as a group of elements connected at nodes. 

In this case, the chief advantage of using Spice is 
convenience; if you're already familiar with S:Rice, you 
can model control systems without having to learn an­
other simulator. Another benefit of Spice is that you 
can use one model for both the frequency domain and 
the time domain. With this one model, you can predict 
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bandwidth, peaking, phase shift, settling time, rise 
time, and overshoot. 

When you model control systems with Spice, you 
replace both linear and nonlinear blocks with equiva­
lent subcircuits. Linear blocks, such as integrators and 
lowpass filters, require only ideal op amps, resistors, 
and capacitors. Nonlinear blocks require nonlinear 
components. For example, you can use Spice inductor 
coupling (K elements) to simulate saturation and hys­
teresis. To model deadband, you can use back-to-back 
diodes in series with a resistor. (In this circuit, voltage 
is the input and current is the output.) A simple op-amp 
circuit can model friction (see box 1, "Nonlinear model­
ing in Spice"). Behavioral modeling, a feature available 
on many commercial versions of Spice, enhances Spice's 
ability to create nonlinear models. 

Behavioral modeling adds to convenience 
Behavioral modeling allows you to describe func­

tional blocks with algebra and look-up tables rather 
than forcing you to find equivalent electronic compo­
nents and subcircuits. For example, with PSpice (from 
Microsim Corp), you can use square roots, logarithms, 
and sinusoids for voltage-controlled voltage and cur­
rent sources. You also can use look-up tables for func­
tions that are difficult to describe algebraically. One 
caution: While most versions of Spice are more or less 
compatible, behavioral modeling varies considerably 
from one vendor's software to the next. 

The basic Spice tool for block diagrams is the voltage­
controlled voltage source (VCVS) (Fig 1). The VCVS 
is an isolated voltage amplifier. The output voltage 
(+OUT to - OUT) is equal to the input voltage (+IN 
to - IN) multiplied by a constant gain. If the gain 
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You can often represent control-system 
blocks in Spice using equivalent electronic 
circuits. 

constant is large and - OUT is connected to the power­
supply common, the VCVS acts like an ideal op amp. 

Fig 2 shows a model of a simple control system that 
consists of a proportional controller, a lowpass filter, 
and an integrating plant. The plant might represent 
an idealized motor or a mass in a frictionless system. 
Suppose that you have been working with this model 
and have set the controller's proportional gain, Kp, to 
0.1 and the filter's - 3-dB cutoff frequency to 2000 
Hz. The filter time constant, 'T , is 1/(211' x 2000 
Hz)=0.0796 msec. However, you have determined that 
the system output is too noisy or "busy" with those 
values and you want to reduce the "busyness" by low­
ering the filter's cutoff frequency. A Spice model can 
predict the effect of the lower cutoff frequency on your 
system. 

To use Spice, you must first convert your block dia­
gram to an equivalent electrical circuit (Fig 3). You 
can model the three blocks-the controller, the filter, 
and the plant-with ideal op amps (El, E2, and E3, 
respectively) based on a VCVS gain of 106

; then select 

Nonlinear modeling in Spice 

+IN -----+---, 

- IN 

+OUT 

- OUT 

(NORMALLY CONNECTED 
TO POWER-SUPPLY COMMON) 

VOLTAGE-CONTROLLED 
VOLTAGE SOURCE 

Fig 1-The voltage-controlled voltage source (VCVS) is the basic 
Spice tool for block diagrams. If the gain constant is large and 
-- OUT is connected to power-SUJYPly common, the VCVS acts like 
an ideal op amp. 

resistor and capacitor values to yield Fig 2's gains 
(transfer functions). Note that the sign of the output 
is inverted because of the three inverting op amps. 
You should number each node in your circuit. For ex-

You can use simple circuits to 
model nonlinear effects in Spice. 
For instance, a simple model for 
dynamic friction is a constant load 
with an arithmetic sign opposite 
to the sign of the velocity. When 
velocity is zero, dynamic friction 
is also zero. 

of op amp E3 is approximately 
0.6V when velocity is negative, 
-0.6V when velocity is positive, 
and OV when velocity= 0. R5 

scales the dynamic friction so that 
it is in proper proportion to the 
torque produced by the motor 
current. 

Fig A shows a model of a servo 
motor with a frictional load. The 
circuit uses an op amp with di­
odes in the feedback path to simu­
late dynamic friction. Rl , Cl , and 
op amp El simulate an unloaded, 
ideal motor; torque is propor­
tional to motor current, and ve­
locity is the integral of torque. 
Op amp E2, with R2 and R3, in­
verts the sign of " - velocity" to 
produce " +velocity." Op amp 
E3, with Dl, D2, and R4, simu­
lates dynamic friction. The diodes 
are assumed to have a relatively 
constant drop of0.6V. The output 

260 

+ -----------+DYNAMIC FRICTION 
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100 UF 
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0 
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FRICTION 

Pig A-ThU! model of a servo motor with a frictional load uses an op amp with diodes 
in the feedback path to simulate dynamic friction. 
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ample, node 2 is the connection of Rl, R2, R6, and the 
inverting input of El. In Spice, power-supply common 
is always node 0. 

Often, engineers are skeptical of ideal models, fear­
ing that the models can't adequately represent their 
systems. Many systems have nonlinear effects that 
models should represent if they're going to be at all 
useful. For example, the torque constant of a servo 
motor can vary considerably over the motor's speed 
range. Therefore, a Spice model of a servo motor 
should account for this variance. However, many other 
components can be safely modeled as if they were ideal. 
For example, you almost never need to be concerned 
with the speed of an op amp in a temperature control­
ler. As a designer, you must decide when a nonideal 
condition affects your system enough to be included 
in the model. 

After representing your block diagram as a circuit, 
you must convert the circuit to a Spice model. The 
listing in Fig 4 is a Spice model or circuit that has 
three types of lines--comments, components, and con­
trol lines. You can include a stand-alone comment by 
beginning its line with an asterisk, or you can add a 
comment to any Spice line by introducing it with a 
semicolon. Component lines simply begin with the com­
ponent's name, and control lines begin with a period. 

The listing in Fig 4 includes four types of electronic 
components-an independent voltage source (Vl), re­
sistors (Rl through R6), capacitors (Cl and C2), and 
voltage-controlled voltage sources (E 1 through E3). 
Each component requires at least one line of code. 

PROPORTIONAL 
CONTROLLER 

LOWPASS 
FILTER 

I - II 
I II 

PLANT 

I II II I I _ _________ Ji_ _ ___ Jl _____ J 

OUTPUT 

Fig 2-This simple control system consists of a proportional control­
ler, a lowpass filter, and an integrating plant. The plant might 
represent an idealized motor or a mass in a frictionless system. KP 
is the proportional gain, and Tis the cutoff frequency in radians/sec. 

Vl simulates the system command. The line specify­
ing Vl is written in the following order: the label (Vl), 
the node list (1 , 0), the types of voltage sources that 
comprise Vl, and a comment. In this example, Vl has 
both AC and PULSE voltage components. The AC 
component, with a specified magnitude of 1 V, is used 
to generate frequency-domain data, such as plots of 
gain and phase. The PULSE source is used to generate 
time-domain data, such as overshoot and rise time; in 
this example, it is specified to change from 0 to 5V at 
the beginning of the simulation. Spice also allows other 
types of sources, such as exponentials, time-domain 
sinusoids, and piecewise-linear waveforms. 

Spice-model resistors and capacitors scale each of 
the blocks in a block-diagram model. In a Spice line, 
you specify a component with (in order) a label, a node 

PROPORTIONAL LOWPASS 
PLANT 

V(1) 
(COMMAND) 

V1 
AC 

CONTROLLER FIL TEA 
--------------------.., r----------------

C1 
0.082 UF 

R1 
10K 

R6 
10K 

7 7 I ____ __ ______ __ __ J 

r----------------
C2 

0.01 UF 

7 V(7) 
(-OUTPUT) 

Fig 3-0p amps and other components model each of the three blocks-the controller, the filter, and the plant--of Fig 2's control system. 
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Behavioral modeling) a feature available 
on many commercial versions of Spice) en­
hances the use of Spice for nonlinear models. 

list, and a component value. Notice that Spice allows 
you to use standard units; in the example, Rl appears 
as "lOKOhm" instead of "lOOOOOhms." Spice allows 
you to prefix all units with MEG (106

), K (103
), m (103), 

u (106), n (109), p (1012) , and several other multipliers. 
The listing in Fig 4 ends with two simulation control 

commands (TRAN and AC), two print commands, and 
an END command. 

Use both time and frequency domains 
The TRAN command controls the time-domain 

model. The statement . TRAN 200us lOms specifies 
that the output from the time-domain model occurs 
every 200 µsec for 10 msec. 

The AC command controls the frequency model. The 
statement .AC DEC 50 1 500 specifies that the output 
of the frequency-domain model will be printed at 50 
frequencies for each decade from 1 to 500 Hz. 

The two print statements command Spice to print 
both the transient and frequency-domain values of node 
7 as the model executes. Finally, as required by Spice, 
the END statement appears last in the program. 

The Spice model can plot several curves as it exe­
cutes. Fig 5 (generated with the PROBE output of 
Microsim's PSpice, as were Figs 6-8) shows the tran­
sient (time-domain) response of the system in Fig 3. 
The lowpass filter's cutoff frequency was set to 2000 
Hz (Cl= 0. 0082 µF ). Note that there is no overshoot. 

• Proportional control system with 200 Hz Filter 

Vl 1 0 AC l.OV PULSE 0 5 ; Command Signal: 
; 1 volt for freq domain (AC) 
; 5 volts for time domain (PULSE) 
; node 1 is i nput node 
; node o is always ground in SPICE 

•Prop ort ion a l Con t r oller (Kp = R2/R6 = 0.1) 
Rl l 2 l OKohm ; Input r esistor 
R2 2 3 !Ko hm ;Gain resistor 
El 3 O O 2 1 E6 ;Use VCVS for ideal op- amp 
R6 2 7 l OKoh m ;Feedback Resistor 

*Low Pass Fil t er. 
RJ 3 4 lOKoh m 
E2 5 0 0 4 1E6 
Cl 4 5 0 . 082uF 
R4 4 5 lOKohm 

• Plan t 
R5 5 6 l OKohm 
E J 7 0 0 6 1E6 
C2 6 7 O.OluF 

Break frequency = 1/ ( 2*pi • Cl *R4) = 200 Hz. 
;Low pass filter input resistor 
; Use VCVS for ideal op- amp 
; Low pass f i 1 ter capacitor 
;Low pass filter resistor 

; Plan t i nput "resistor '' 
; Use VCVS to form ideal i ntegrator 
; Plant integrl!ltor constant 
; Node 7 is the output node 

• Th is statement tells SPICE to execute time domain simulations 
.TRAN 200us lOms ;Pri nt ever y 200us for lOms. 

• Th is stat e me n t tells SPICE to execut e frequency domain simulations 
. AC DEC 50 1 500 ; 50 point s/decade from 1 to 500 Hz 

• select voltages to print out 
. PRI NT TRAN V( 7) ;Print transient response 
.PRI NT AC V(7) ;Print frequency domain response 

.END ;Required for SPICE 

Fig 4-This Spice mod.el, representing the circuit in Fig 3, has three 
types of lines-comments, components, and control lines. 
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Fig 5-The transient (time domain) response of Fig 3's syst,em 
shows no overshoot with the cu toff frequency of the lowpass filter set 
to 2000 Hz (Cl =0.0082 µF) . 

Fig 6 shows the response of the system with the cutoff 
frequency reduced to 200 Hz (Cl= 0.082 µF). The Spice 
plot in this case shows about half a volt of overshoot. 
These plots illustrate the general principle that reduc­
ing the cutoff frequencies of lowpass filters in control 
loops usually decreases stability. 

You can also use Spice to generate frequency-domain 
data such as Bode plots. Fig 7 shows the Bode gain 
plot for Fig 3's system with a 2000-Hz filter. The plot 
shows that the gain is flat from low frequency to about 

6.0 

5.0 

4.0 
> w 
Cl 

~ 30 
..J 
0 
> 

2.0 

1.0 

0.0 

0 2 4 6 
TIME (mSEC) 

8 10 

Fig 6-About half a volt of overshoot occurs in Fig 3's system when 
the cutoff frequency is reduced to 200 Hz (Cl =0.082 µF). 
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40 Hz; after that, the gain gradually declines. This 
plot indicates that the system is very stable. 

Fig 8 shows the same gain plot when the filter's 
cutoff frequency is reduced to 200 Hz. Notice that there 
is additional peaking of about half a dB. Because peak­
ing in the frequency domain generally indicates re­
duced stability, the gain plots also demonstrate the 
undesirable effects of reducing lowpass-filter cutoff fre­
quencies. 

10 30 100 300 1 000 3000 

FREQUENCY (Hz) 

Notice that the Spice model in Fig 4 makes no at­
tempt to evaluate noise; it assumes that noise evalu­
ation will be on the actual system. However, you can 
also use Spice to make noisy voltage sources by ampli­
fying noisy components (for example, intentionally 
noisy diodes) and then using filters to attain the desired 
noise spectrum. You can then inject noise into the 
model and evaluate the system performance in the 
presence of noise. 

If you want to try Spice before you buy it, Microsim 

Fig 7-The Bode gain plot for Fig 3's system, with a 2000-Hz filter, 
shows that the gain is flat to about 40 Hz; after that, the gain gradu­
ally declines . This plot indicates that the system is very stable. 
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For more information on analog-simulation software packages such as those described in this article, circle the 
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By providing a simple way to try out ideas) 
Spice can save you a considerable amount 
of time when an actual system is difficult 
or impractical to modify or build. 

Acronyms used in this article 
F IO-First-order lowpass filter 
Spic~imulation Program with Integrated Circuit 
Emphasis 
VCVS-Voltage-controlled voltage source 

offers an evaluation version of PSpice for PCs for a 
handling fee of about $10. It has all the features of the 
production version except that it limits the number of 
nodes and some elements. It includes the PSpice simu­
lator, behavioral modeling, a "simulation oscilloscope," 
and several other enhancements to standard Spice. 
This evaluation version performed the simulation and 
drew all the original plots for this article. 

By providing a simple way to try out ideas, Spice 
can save you a considerable amount of time when an 
actual system is difficult or impractical to modify or 
build. Its frequency- and time-domain plots can help 
you evaluate stability, response, parameter sensitivity, 
disturbance rejection, and other important measures 
of control-system performance. EDN 
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Fig /Ir-Additional peaking of about half a dB occurs when the 
filter's cutoff frequency is reduced to 200 Hz. 
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C&K 
SWITCH 

TECHNOLOGY 
MAKES 
BElTER 

SWITCH LOCKS! 

Switches have been a C&K specialty for 
years. We off er the largest and most 

versatile line of 

switch options in 

the industry from 

low level to power 

to multi-position 

and multi-pole configurations. Now 

combine these switching capabilities 
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with a variety of locks and you can see 
why C&K offers the greatest selection 
of switchlocks on the market today. 

Take the new 12mm miniature 

switchlock. C&K switch technology 
made it possible. Our new VDE switch­

lock incorporates the first American­

made switch of this type designed for 

international approval-by C&K. 

C&K switches can also be dressed 

up with many value-added features 

including wire leads and special har­
nesses. We do it 

all. We provide 
the right switch, 

the right lock 

and the right 
value-added enhancements to meet 

your needs from low to high security. 

CIRCLE NO. 162 

Fax for the facts from the No. 1 

supplier of switchlocks to the electronics 

industry, C&K. Or send us your specs 
and we'll send you a free engineer-

ing sample. 

The Primary Source Worldwide~ . 
C&K Components, Inc. 
Clayton Division 
2035 Highway 70 East 
Clayton, NC 27520-0687 

Sales/Customer Service Direct : (800) 334-7729 
Fax: (919) 553-4758 
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Design Feature 

Vintage filter scheme 
yields low distortion 
in new audio designs 

Digital audio systems having wide dynamic 
range can strain antialiasing and anti­
imaging filter requirements. Increasingly) 
audio designers are employing an almost 
fm;gotten filter architecture) the CIC filter) 
to achieve simplicity while meeting adequate 
attenuation and low-distortion requirements. 

Rick Downs, Burr-Brown Corp 

Digital-audio designers are constantly concerned about 
noise, total harmonic distortion, and phase linearity. 
To prevent aliased noise and distortion, designers, us­
ing an antialiasing filter, must limit the bandwidth of 
the audio signal before the signal reaches the analog-to­
digital converter (ADC). Using an anti-imaging filter, 
designers must also limit the bandwidth of the audio 
signal coming from the digital-to-analog converter 
(DAC). However, maintaining an acceptable phase 
linearity for a filter that matches the dynamic range 
of converters having 16-bit or greater resolution can 
be a challenging task. More and more digital audio 
designers are utilizing an early filter architecture, the 
Generalized Immittance Converter (GIC), to meet this 
challenge. 

EDN November 7, 1991 

The GIC (Fig 1) is a 2-port network whose input 
impedance is: 

V1NV------------------nVouT 

Z1N =C>-

Fig 1-The topology of a Generalized lmmittance Converter (GIC) 
can simulate the impedance of any passive component, including a 
frequency-dependent negative resistor (FDNR). 
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An active CIC filter can simulate the 
transfer characteristics of a passive LC lad­
der network. 

where s is the standard Laplacian operator. When imped­
ance Z82 is capacitive and the other impedances are resis­
tive, the GIC's input impedance simulates an inductor. 

You can also simulate an inductor by making Z4 capaci­
tive and the remaining impedances resistive. When 
you make any two of the numerator impedances capaci­
tive, such as Z1 and Z5, and the other impedances 
resistive, the GIC simulates a frequency-dependent 
negative resistor (FDNR). 

R3 
Zin(s) = z C R R C 

S I 2 4 5 

The impedances you make capacitive have different 
circuit implications. If you make Z1 a capacitor, and 
the filter is ac-coupled, the operational amplifier, IC 1 

will not have a bias-current return path, which could 
affect the filter's operation. When you make Z3 and 
Z5 capacitive, the op amps in the GIC all have a bias­
current return path. 

Audio designers generally make Z1 and Z5 capacitive, 
letting you set R2 = R3 (Z2 = Z3) to minimize the effect 
of op-amp gain-bandwidth mismatch. If you configure 
the GIC with capacitors for Z3 and Z5, you should 
employ op amps with well-matched gain bandwidths. 

An active GIC filter can simulate the transfer charac­
teristic of a passive LC ladder network (Fig 2a). You 
transform an LC ladder network into an active GIC 
filter by multiplying each ladder network element by 
l/s. The transformation changes all the inductors to 
resistors, the capacitors to FDNRs, and the resistors 

to capacitors (Fig 2b). You can set R1 = R2 and C3 = C5, 

allowing you to trim the filter using only one compo­
nent, R4• 

Because the GIC filter simulates an LC filter, it has 
a lower sensitivity to component value variations than 
other RC active filters, such as the familiar Sallen and 
Key topology (Ref 1). In addition, the GIC filter topol­
ogy lets you design high-order filters having unity gain, 
whereas the Sallen and Key filter topology (Fig 3) 
often requires gain greater than unity to derive real 
resistor values. 

To illustrate an active GIC filter design, consider 
the filter requirements in a practical digital-audio re­
cord and playback channel. Modern digital-audio chan­
nels oversample the recorded bandwidth using a sam­
pling rate that is greater than 4 x the Nyquist rate. 
Multiplying the recommended standard 48-kHz audio 
sampling rate by a factor of 4 produces the standard 
192-kHz 4 x -oversampling rate. 

Such a high oversampling rate eliminates the need 
for "brick-wall" attenuation slopes and eases limita­
tions on allowable phase distortion, hence allowing you 
to use lower-order-and lower-cost-antialiasing and 
anti-imaging filters. In addition, it avoids the manufac­
turing difficulties and nonlinear group delay associated 
with brick-wall filters. 

Playback devices assist anti-imaging 
The anti-imaging filter's attenuation requirements 

benefit from the attenuation provided by three factors 
in the playback channel. The first factor is the attenu­
ation characteristics of the digital interpolation filter 
that precedes the DAC. The filter interpolates the data 
between samples and removes most of the signal en­
ergy above 20 kHz to prevent aliasing by the DAC. 

Fig 2--An LC ladder network generates any lowpass-filter polynomial (a). You can simulate the filter's transfer function fry multiplying 
each element value by 1/s and realize the filter using GI Cs (b). 
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Fig 3-Active-filter handbooks contain many "cookbook" designs 
for the familiar Sallen and Key lowpass architecture. The topology 
often requires greater-than-unity gain to realize the filter. 

The second factor is the frequency response and 
linearity of the output power amplifier. The power 
amplifier bandwidth is generally restricted to 20 kHz, 
which attenuates higher-frequency energy. A caution 
however: Noise-shaping DACs have significant out-of­
band energy, which, ifthe amplifier becomes nonlinear, 
can create intermodulation products. 

The third factor is the frequency response of the 
DAC. Because a DAC maintains the analog value of 
each digital sample, the DAC exhibits the frequency 
response of a zero-order-hold filter given by 

H(f) _ SIN ( 1T f) 
- (7Tf) 

where f is the signal frequency and f. is the sampling 
frequency. The DAC's sin(x)/x frequency response can 
provide 20 dB or more of attenuation in the imaging 
frequency range, which is 20-kHz removed from the 
sampling rate. 

The antialiasing filter's attenuation requirements are 
more stringent. Because there isn't a digital filter or 
a power amplifier preceding the ADC, the filter can't 
benefit from the additional attenuation provided by 
these devices. In addition, because you mathematically 
represent the digital samples from the ADC as im­
pulses in discrete-time, an ADC doesn't exhibit the 
zero-order-hold response of a DAC. 

To match the dynamic range of a 16-bit ADC, the 
antialiasing filter should theoretically provide 96 dB 
of attenuation to keep alias responses below the quanti­
zation noise level. In practice, however, the amplitude 
of audio signals in the 10- to 20-kHz range is signifi-
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cantly less than the ADC's dynamic range. Therefore, 
designers often use 65 dB as an adequate rule of thumb 
for the antialiasing filter's attenuation. Because of the 
help it gets in the playback channel, the anti-imaging 
filter can be of a lower order than the antialiasing 
filter. 

Although you have a wide choice of lowpass filter 
polynomials, many of these polynomials are not suited 
for audio applications. Chebyshev and elliptic filters 
have steep cutoff characteristics, but their large pass­
band ripple can be troublesome in some audio applica­
tions. The Butterworth filter has a maximally flat pass­
band response, but its cutoff characteristics are less 
steep. Because these three types of filters don't exhibit 
constant group delay, passband frequencies experience 
unequal time delays that can cause excessive overshoot 
and ringing in the transient response. 

The Thompson filter, also known as the Bessel filter, 
has constant group delay, which provides excellent 
transient response in audio and DSP applications. 
However, the Thompson ' filter's cutoff characteristics 
are even less steep than the Butterworth filter's. 
Therefore, you would need a high-order Thompson fil­
ter to achieve the same stopband attenuation as a 
lower-order Butterworth filter. And because oversam­
pling relaxes the attenuation requirements, you can 
often employ a 40-kHz Butterworth filter, having toler­
able group delay from 20 Hz to 20 kHz, in most 4 x 
oversampled digital audio systems. 

Using a 192-kHz 4 X-oversampling rate, a 40-kHz 
Butterworth antialiasing filter must attenuate the ali­
asing components in the 160- to 170-kHz frequency 
range by the rule-of-thumb 65 dB. You determine the 
order of a Butterworth filter using the following 
equation: 

10~ = ~1 + (::)2n 

where K. is the stopband attenuation in dB, w8 is the 
minimum stop band frequency, we is the 3-dB cutoff 
frequency, and n is the filter order. Solving for n yields 

Loa[~] 
n= 

LOG[::] . 
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The anti-imaging filter benefits from the 
extra attenuation of the digital interpola­
tion filter) the DAC) and the power ampli­
fiers frequency response. 

1.5000 0.5000 
rvYV' f ;,,,, rvYV' 

Q 
L, L3 

~~ 
(a) 

1.5000 0.5000 

A, A, 

- 1 c. 
FDNR 

/- 8 2c2 
=1 .333 Fs 1 

units are Farad-seconds (Fs) 

Fig 4-A normalized third-order Butterworth filter serves as a 
buil.ding block for the anti-imaging filter (a). You obtain the 1wr­
rnalized GIG filter by multiplying each normalized element value 
by l ls (b) . 

Substituting Ks= 65, ws = 2ir x 160 kHz, and 
we= 21T x 40 kHz yields n = 5.4. Therefore, you would 
need a sixth-order antialiasing Butterworth filter. Be­
cause the anti-imaging filter benefits from attenuation 
due to the digital interpolation filter, the DAC's sin(x)/x 
response, and the restricted power amplifier band­
width, a third-order Butterworth filter, producing 36 
dB of attenuation at 160 kHz, should suffice. 

Fig 4a shows the component values for a third-order 
Butterworth LC filter having a normalized cutoff fre­
quency of 1 rad/sec. You can extract the component 
values from standard filter tables such as those found 
in Ref 1. To realize the filter using a GIC, you first 
transform each component by multiplying each value 
by 1/s. Therefore, L1 becomes R11 C2 becomes a FDNR 

having the value 1/(s2C2), La becomes Ra, and the termi­
nating resistor, R4, becomes C4 (Fig 4b). By setting 
the FDNR values, referring to Fig 1: Z1 = R11 Z2 = R2, 

R1 =R2 =1; Za=Ca, Z5 =C5 , Ca=C5 =1/s; and 
Z4 = R4 = l.333D.. Similar to the circuit in Fig 2b, a 
single resistor (R4) determines the value of the FDNR. 

Next you must scale the normalized cutoff frequency 
to the desired cutoff frequency of 40 kHz. To accom­
plish frequency scaling, you simply divide all capacitor 
values by D.0 = 27r x 40 kHz. Finally, you must scale 
the large capacitor values and small resistor values 
by an impedance scale factor to realize practical circuit 
elements. The impedance scale factor is 

z = NORMALIZED C VALUE 
n DESIRED C VALUE 

Choosing the desired C value to be 1000 pF yields an 
impedance scale factor of 

Multiplying all resistor values and dividing all fre­
quency-scaled capacitor values by 7.23x10a produces 
the final filter shown in Fig 5a. Because the output 
impedance of the filter is high, you should buffer the 
output using an op-amp voltage follower. Fig 6 shows 
the amplitude and phase response of the final filter. 

The measured noise-and-distortion and noise levels 
show a contrast between a third-order Butterworth 
filter design based on the familiar Sallen and Key 
architecture (Fig 5b) and this GIC realization. Noise-

1000 pF 

1.731 k 5.845k 6.227k 

I 1000pF I 1000pF 

3.978k 

3.978k 

(b) 

Fig 5-This unity-gain third-order Butterworth GIG filter has a 40-kHz cutoff frequency (a). The equivalent Sallen and Key realization 
requires twice the gain ( b). 
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MULTI 
CHOICE 
12 More Reasons 
For Taking A Closer 
Look At The MS2601 B 
Spectrum Analyzer 
• Sensitivity: -130 dBm 
• Dynamic Range: 75 dB 
• Frequency Response: ± 0.5 dB 

(100 Hz-2 GHz) 
• Built-In Quasi Peak Detector (VOE/FCC) 
• Noise Measurement Capability dBc/Hz 
• High Speed Measurement with Zone Marker 

and Zone Sweep 

Whether you're testing radio communications 
equipment, evaluating components, or testing and 
maintaining satellite broadcast or CATV systems, 
the MS2601B is right for the job. And, the low price 
is right for any budget! 

Best of all, Anritsu has put the highest level of 
performance in a compact unit that's easy to 
operate and easy to transport from one location 
to another. 

Anritsu's MS2601B Spectrum Analyzer. When 
you add up the specs, the performance and the low 
price, it's the only logical choice. For detailed 
literature or a demo, contact Anritsu. 

llnritsu 
Anritsu America, Inc. 15 Thornton Road, Oakland, NJ 07436 
Call 800-255-7234 •(in NJ) 201-337-1111 • FAX 201-337-1033 
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Because the Sallen and J(ey filter often 
requires greater-than-unity gain to realize 
component values) it can have higher noise 
gain than the unity-gain GIG filter. 

20.000 t--+--1--+-+-+-t++---+---+--+-t-+-t-+tt---+-t--+-+-+-++1+--+--+-+-t-+tirtt----1 
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line) and phase response (dot­
ted line) of the third-order 
Butterworth GIG filter are 
nearly constant througlwut the 
audiojrequency band. 
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and-distortion measurements were performed using a 
1-kHz test signal and a 22-Hz to 80-kHz measurement 
bandwidth. The noise-only levels were measured in 
the same bandwidth when the circuit inputs were 
grounded. The GIC realization achieves a -96-dB 
noise-and-distortion level that matches the dynamic 
range of a 16-bit digital audio system. 

The Sallen and Key realization achieves a - 93-dB 
noise-and-distortion level that's adequate for most con­
sumer audio systems, but is 3 dB higher than the GIC 
realization. Simple output-noise level was measured 
in dBu, referenced to 0 dBu, which equals 0.775 V 
(RMS). The GIC filter, at -104 dBu, has 7 dB less 
noise than the Sallen and Key filter. Because the Sallen 
and Key filter must have greater-than-unity gain to 
realize the component values, its noise gain is higher 
than the unity-gain GIC filter. 

You can design a sixth-order GIC filter in one of 
two ways to achieve the 65-dB antialiasing filter 
requirements. You can extend the previous design pro­
cedure using standard element values for a normalized 
sixth-order Butterworth filter, or you can simply cas­
cade two of the previously designed third-order GIC 
filters to achieve the sixth-order polynomial. 

A design based on a normalized sixth-order Butter­
worth filter is sensitive to gain-bandwidth mismatches 
between all the op amps in the circuit, however. If you 
use this approach you should employ op amps with 
high gain-bandwidth products. Cascading two third­
order GIC filters achieves acceptable results and has 
fewer op-amp matching difficulties. EDN 
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With over 2, 700 products, we've 
got one for you. 

A case in point: 

When an OEM manufacturer of power distribution 
systems needed a specialized encapsulant for torroidal 
coils, they called Emerson & Cuming. Their requirements 
specified an epoxy-based, single-component product 
which could eliminate meter/mix/dispense equipment, yet 
cure at a low temperature and possess exceptional 
thermal shock characteristics. The solution-one of our 
STYCAST® series encapsulants. 

Emerson & Cuming offers thousands of standard 
products and the ability to customize for your specific 
application. We have the encapsulant, adhesive or coating 
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To get a free selector guide or product sample for 
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Compact. Simple. Low Power. 
Surface Mount 

SCSI Terminator. 
Now you can achieve high 

efficiency SCSI termination in a 
surface mount IC. The LT1117-

2.85 is a 2.85 V 
device trimmed 

Actual Size ±1% to provide a 
high performance solution for 
active SCSI termination. And 
with active termination you'll 
get higher noise margins and 
improved cable impedance 
matching. Even at higher speeds 
you'll have fewer data errors. 

The LT1117-2.85 consumes 
only 50mW- that's 16 times less 
than the 800mW drain of passive 
terminators. The tiny SOT-223 
surface mount package elimi­
nates size, space and mounting 
headaches, too - it's small 
enough to mount inside the 
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connector! The LT1117-2.85 
doesn't consume excessive 
power or produce unacceptable 
outputs as TERMPWR 
conditions change. Regulation 
of the 2.85V active termination 
is guaranteed down to a 3.95V 
TERMPWR input at SOOmA of 
load current. In addition , the 
output is fully protected with 
short circuit current and 
thermal limiting. 

If you're fed up with termi­
nation schemes that degrade 
your SCSI performance, solve 
those problems today. Save space 
and power with the LT1117-2.85. 
It's priced at $1.95in100 up 
quantities and available now! 
For more information contact 
Linear Technology Corporation , 
1630 McCarthy Blvd. , Milpitas, 
CA 95035. Or call 800-637-5545. 
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DESIGN IDEAS 
EDITED BY ANNE WATSON SWAGER 

Technique extends EEPROM life 

N Kannan 
Centre for Development of Imaging Technology, 
Trivandrum Kerala, India 

EEPROMs are excellent read/write media for nonvola­
tile data storage, but they can handle only a limited 
number of write cycles. This limitation can be a liability 
for remote equipment that requires large numbers of 
write cycles. However, you can extend the EEPROM's 
operational life by using devices with more memory 
capacity than you actually need. You can extend the 
life of the chip by N times, where N is the number of 
memory banks used. Bank size depends on application 
requirements, and N depends on the maximum write 
cycles of the device and the number of cycles required 
for the particular application. 

The technique involves dividing total memory areas 
into N banks, each bank area being sufficient for the 
application (Fig 1). Reserve some locations for use as 

MEMORY MAP 

BANK POINTER 

COUNT REGISTER 1 

COUNT REGISTER 2 

0 

0 

0 

COUNT REGISTER N 

t 
BANK 1 

1 
l 

BANK 2 

1 

t 
BANKN 

! 

a bank pointer, BP, and in each bank, reserve some 
lbcation to use as a write-count register. The count 
register keeps track of the number of write cycles per­
formed in that bank, and the bank pointer points to 
the current bank in use. Before installation in a system, 
you should initialize the EEPROM so that the bank 
pointer points to bank 1 and the count registers equal 
zero. For each write cycle to the device, memory access 
is directed to the bank that BP points to, and the 
software increments the count register by one. When 
the count register exceeds a certain limit value, the 
bank pointer advances to the next bank for the next 
set of write cycles. Also, data in one bank can be 
block-moved to the next bank when a bank-change 
operation takes place. EDN BBS /Dl_SIG#l051 
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EDN 

Fig I-Creating N banks of memory extends an EEPROM write-cycle life by N times. The cost is the added memory. 
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DESIGN IDEAS 

Battery charger straddles input voltage 

Isaac Eng 
University of Ottawa, 
Ottawa, Ontario, Canada 

At times, it's necessary to charge a variable number 
of cells whose total voltage can be greater or less than 
the input source voltage. Schemes based on linear­
current regulators would be grossly inefficient if re­
quired to charge anywhere from one to 10 cells, and 
would be incapable of charging cells having a total 
voltage greater than the input voltage. You can side­
step these difficulties, however, using a switched­
current regulator. 

The circuit in Fig 1 is capable of charging anywhere 
from one to 10 AA NiCd cells-representing a total 
voltage from 0 to 15V-with a 5.22V input power 
source. The recommended charge current is 50 mA. 
The circuit uses the MC33063 in voltage-inverting 
mode and switches energy through the 55 µH inductor 
into the output filter capacitor (C1) and the load. The 
load consists of the 240 reference resistor and the cells 
being charged. The reference resistor is normally used 
to regulate constar.t voltage, but in this case serves 
to maintain a constant charge current. The voltage on 
pin 4 rises or falls to maintain a steady charge current 
for the number of cells being charged. C2 filters the 

_. _ _ _ s .... oc 

_ ___ 7'""' IPK SE F2'--------. 

v1~ 6 MC33063 3 
5.22V' >-----Vee Cr 

+ 

I 
100 pf 
C2 

....----
5 
.... FB 

24 

D2 1N5819 

-1T010 1 AA CELLS 

GND 
4 D, 

1N5819 

1000pF 

1 
C1 

Fig 1-This switched-current regulator can charge anywhere from 
one to 10 1.5V NiCd cells using an input voltage of approxi­
mately 5.2V. 

input, and CT is the regulator timing capacitor. D1 acts 
as a catch diode, and D2 protects against reverse polar­
ity. Charge-current accuracy depends almost solely on 
the reference resistor. Other component values and 
the input voltage need only be approximate. 
EDN BBS /Dl_SIG #1048 EDN 
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Charge pump powers high-side switch 

Dana Davis 
Maxim Integrated Products, Sunnyvale, CA 

High-side switches provide a basic method for extend­
ing battery life. They eliminate unnecessary power 
consumption by simply removing supply voltage from 
peripheral devices and subsystems when the circuits 
are not in use. The logic-controlled switch circuit in Fig 
1 provides output short-circuit protection in addition 
to low-loss switching and low quiescent current. The 
actual switch, Q11 is an n-channel MOSFET whose gate 
drive, which equals V BATTERY + lOV, is generated by 
ICi. a regulated charge pump. 
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You turn on the circuit by applying V BATTERY to the 
On/Off input. V ouT (pins 9 and 10 of IC1) then pumps 
up, reaching V cc + lOV in approximately a millisecond 
and providing power to op amp IC2• To ensure that 
Q1 remains off until sufficient gate drive is available, 
a threshold detector internal to IC1 triggers a 0-to­
V BATTERY transition at IC1's PR terminal when the ris­
ing output equals V cc + 8V. When the voltage at the 
PR terminal reaches V BATTERY• the voltage at IC2's in­
verting input equals 0. 75 x V BATTERY· The transition at 
the PR terminal also produces a 100-msec pulse at 
IC2's noninverting input. The pulse, whose amplitude 
is V BATTERY minus one diode drop, jump-starts Q1 into 
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0.5 to2000MHz trom$13~&24qfy) 
Tough enough to meet full MIL-specs, capable of operating over a wide -55° to +100°C 

temperature range, in a rugged package .. . that's Mini-Circuits' new MAN-amplifier series. 
The MAN-amplifier's tiny package (only 0.4 by 0.8 by 0.25 in.) requires about the same 
pc board area as a T0-8 and can take tougher punishment with leads that won't break 

off. Models are unconditionally stable and available covering frequency ranges 0.5 to 
2000 MHz, NF as low as 2.8dB, gain to 28dB, isolation greater than 40dB, and power 

output as high as +15dBm. Prices start at only $13.95 including screening, 
thermal shock -55°C to +100°C, fine and gross leak, and burn-in for 96 hours at 

100°C under normal operating voltage and current. 
Internally the MAN amplifiers consist of two stages, including coupling capacitors. 

A designer's delight, with all components self-contained. Just connect to a de 

FREQ. 
RANGE 
(MHz) 

MODEL IL tofu 
MAN-1 0.5-500 
MAN-2 0.5-1000 
MAN-1LN 0.5-500 

OMAN-1HLN 10-500 
MAN-1AD 5-500 
MAN-2AD 2-1000 
MAN-11AD 2-2000 

supply voltage and you are ready to go. 
The new .MAN-amplifiers series ... 

• wide bandwidth • low noise • high gain 
• high output power • high isolation 

GAIN MAX NF ISOL. DC PRICE 
dB PW Rt dB dB PWR $ea. 

min flattt dBm (typ) (typ) V/ ma (10-24) 
28 1.0 +8 4.5 40 12/ 60 13.95 
18 1.5 +7 6.0 34 12/ 85 15.95 
28 1.0 +8 2.8 39 12/ 60 15.95 
10 0.8 +15 3.7 14 12/70 15.95 
16 .05 +6 7.2 41 12/ 85 24.95 
9 0.4 - 2 6.5 28 15/ 22 22.50 
8 0.5 - 3.5 6.5 22 15/ 22 29.95 

ttMidband 1 OfL to fu12• ±0.5dB t 1 dB Gain Compression OCase Height 0.3 in. 
Max input power (no damage) +15dBm; VSWR in / out 1.8:1 max. 

Free ... 48-pg "RF / MW Amplifier Handbook" with specs, curves, handy selector chart, 
glossary of modern amplifier terms, and a practical Question and Answer section. 

finding new ways ... 
setting higher standards 

0 Mini-Circuits 
A Division of Sc1ent1fic Components Corporation 

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

conducting. The comparator-configured· amplifier then 
compares Q1's source voltage with the inverting input 
voltage. As long as the source voltage is more positive, 
Q1 remains on. 

Feedback through R1 provides short-circuit protec­
tion. If excessive load current pulls the source voltage 
below the reference level at IC2's inverting input, the 

14 
1N914 

Vee Vour 
IC1 

MAX623 Vour 

PR 
6 

GND GND 
100k 

7 8 

gate drive goes low and turns off Q1• Collapsing load 
voltage then latches the switch off. To reset, pull the 
On/Off input to ground for at least 100 msec. 
EDN BBS /DI-8IG # 1050 EDN 
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IRF541 

(INTERNATIONAL 
RECTIFIER) 

Fig 1-A regul.ated charge-pump IC generates a gate drive equal to V nATTERr + IOV for the high-side power switch Q,, an n-channel power 
MOSFET. 

5V powers filter-based oscillator 

Horace T Jones 
Rockville, MD 

The 5-kHz sine-wave oscillator in Fig 1 operates from 
a single supply. For supply voltages from 4.75 to 5.25V, 
the frequency shift is ±0.02%, and the change in out­
put voltage is less than 0.01 dB. The circuit can also 
operate from higher positive supply voltages, depend­
ing on the particular op amp you use. The circuit is 
based on a modified GIC bandpass filter with positive 
feedback through the 4. 7-kfl resistor and R4• With 
R4 =10 x Ri. the bandpass filter has a Q of 10, which 
implies low distortion. The circuit starts reliably and 
shows no evidence of spurious high-frequency oscilla­
tion. For split-supply operation, remove R7, make 
R6 = R5, and short circuit C3• 

EDN BBS /Dl_SIG #1049 EDN 
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3.01 k R7 

2.00k R6 

R, 
62k 

--~~~~~~~5% 

NOTES: 

Vour 
0.56V RMS 

R, 
6.34k 

I
C, 
0.005 µF 

VALUES SHOWN ARE FOR 1=5 kHz 
FOR OTHER FREQUENCIES: 

1) LET C2=C1 

I IN Hz 
R IN OHMS 

2rrC , J/R1(R2+R3) C IN FARADS 

2) f= 

3) R4=10R1 
(USE CLOSEST 5% VALUE) 

4) C >4000 F 
3- f µ 

Fig 1-Based on a modified GIG bandpass filter, this 5-kHz sine­
wave oscillator runs off 5V . 
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Shrink 

The continuous integration 
of high-density electronic 
equipment has created a 
burgeoning demand for thinner, 
more compact switching power supplies. 
To meet this demand, TOKIN has come 
up with an outstanding lineup of SMD 
(Surface Mount Devices) transformers. 
And to help you counter noise emissions 

EMC Chip Filters • M-600 Series ll TD<n ~ 3 
2 M·600 4 

Ej ~[]~ I 1
1.sl M 

~+od ~.3 (mm) 

TOKIN TECHNOLOGY UPDATE ~ o~~ 
~ 9c>,_ 

-.&.----~upplies with ·~~~$f}:.," 
S "-" -c/'c z:> ~ 

~, ~f>:"-&,.. 

from comp>e~ 
high-frequency 
power supplies, 
TOKIN offers a 

full selection of SMD-
type EMC components 
including High-Capaci­

tance Multilayer Ceramic 
Capacitors. Give us a call. 

Common-mode chip filters ideal for surface-mounting on PC boards 
........ ______________________ ........ __ __ 

Ceramic Capacitor for Converters 

Multilayer Ceramic Capacitors w L H 

mm 
L,, l 2 L, 

C205 (SD) 2.7 ±0.3 5.9±0.4 2.5 max. 0.3-2.5 0.3 min. 

C505 (SE) 5.0±0.4 5.6±0.5 3.0 max. 0.3-2.5 0.3 min. 

C408 (SA) 4.0±0.4 8.0±0.5 3.2 max. 0.3-2.5 0.3 min. 

C810 (SB) 6.3±0.4 10.0±0.5 4.5 max. 0.3-2.5 0.3 min. 

C812 (SC) 8.0±0.4 12.5±0.5 4.5 max. 0.3-2.5 0.3 min. 

Chip-type ceramic capacitor with large capacitance using YSU materials 
Products above are sold only in the U.S. 

l:t!titiMMM'Mlrf@l·Jil#IM@ii,.MF •@Mt•·lr!M'#P 
Solid Chip Inductors • NZ Series 

0.3 Min. 

3 .2 ± 0 .~ ..--

- ~ LJ ! ~(mm) 

• FEY15.3/13.0 

18.5Max. 17.0Max. 

(mm) 

SMD Transformers • FEY9.1/7.3 

Thin, ultra-small , with 
monolithic structure and excellent 
frequency characteristics ; 
designed for automatic mounting 

• FED11 .6 

~]fl 
J 13~alf J 16 5 Max J 

!I~ ~ 
'°~ 12Max. 

(mm) 

• FEP7T 

12.0 Max. 
(mm) (mm) 

•FEY12.8/11.5 

•FEES 

! 1-A~ 
~~ ~ 7.8Max. _J 

(mm) 

Superior magnetic circuit design technology ensures excellent frequency characteristics ; compact, thin ; ideal for ultra-high dennsity mounting ; SMD discrete monolithic structure 

TOK In 
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Tokin Corporation 
Hazama Bldg .• 5-8, Kita-Aoyama 2-chome, Minato-ku, Tokyo 107, Japan 
Phone: 03-3402-6166 Fax: 03-3497-9756 

Korea Representative Office 
#602, Champs-Elysees Bldg ., 889-5. 
Oaechi-Oong , Kangnam-gu, Seoul, Korea 
Phone: (2) 569-2582 -5 Fax: (2) 544-7087 

Tokin America Inc. 
155 Nicholson Lane, San Jose, California 95134, U.S.A. 
Phone : 408-432-8020 Fax: 408-434-0375 
Chicago Branch 
9935 Capitol Drive, Wheeling, Illinois 60090, U.S.A. 
Phone: 708-215-8802 Fax: 708-215-8804 
Boston Branch 
945 Concord Street, Framingham, Massachusetts 01701 , U.S.A . 
Phone: 508-875-0389 Fax: 508-875-1479 

CIRCLE NO. 172 

Tokin Electronics (HK) Ltd. 
Room 806 Austin Tower, 22-26A Austin Avenue, 
Tsimshatsui, Kowloon, Hong Kong 
Phone: 367-9157 Fax: 739-5950 
Taiw an Liaison Office 
3F-4, No. 57 Fu Shing N. Road, Taipei, Taiwan 
Phone: (021 7728852 Fax: (02) 7114260 
Singapore Branch 
140 Cecil Street, No. 13-01 PIL Bldg .• Singapore 
Phone: 2237076 Fax: 2236093, 2278772 

Tokin Europe GmbH 
Knorrstr. 142, 8000 Munchen 45, Germany 
Phone: 089-311 10 66 Fax: 089-311 35 84 Telex: 5 24 537 tokin d 
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DESIGN IDEAS 

Radiation detector activates alarm 

Jim Williams 
Linear Technology Corp, Milpitas, CA 

The circuit in Fig 1 produces an audible tick each time 
radiation or a cosmic ray passes through the detector. 
The LT1073 switching regulator pulses T1• T1 drives 
a voltage tripler, providing 500V of bias to the detec­
tor. R1 and R2 provide scaled feedback to the regulator, 
thereby closing a control loop. The 0.01-µF lag capaci­
tor adds ac hysteresis, and the 1N5818 Schottky diode 
clamps T1's negative-going excursions. When radiation 
or a cosmic ray strikes the detector, its impedance 

[ a, 
2N3906 

1M 3M 

SET IL 

drops briefly, transferring a quick negative-going spike 
through the 68-pF capacitor. This spike triggers the 
regulator's auxiliary gain block, which is configured 
as a comparator. Q1 and Q2 provide additional gain to 
drive the audible beeper (X1). About 10 to 15 cosmic 
rays per minute are recorded in a normal environment. 
The 1.5V operation permits portability and allows you 
to house the circuit in a small enclosure. 
EDN BBS /Dl_SIG #1047 EDN 

To Vote For This Design, Circle No. 750 

3x MUR1 100 
330 

f" LT1 073 500V 
REGULATED 

NOTES: 
T1 = COILTRONICS CTX10052-1 
X1 = PROJECTS UNLIMITED AT11 K 
R1 = VICTOREEN SUM MOX 108 

DETECTOR = UND-712,UND CORP.OCEANSIDE, NY 

68 pF 
600V 

GND FB 

Fig I-To detect rodiation and cosmic rays, this circuit provides 500V of bias to the radiation detector, whose impedance drops sharply 
when a ray passes through it. 

FEEDBACK AND AMPLIFICATION 

Reader disputes 8096 shortcoming 
I would like to comment on the Design Idea presented 
by John Liddy entitled, "Macro fixes 8096 shortcom­
ing" in your April 11 issue. Mr Liddy complains that 
the 8096 clears the entire contents of the program 
status word (PSW) whenever a PUSHF instruction is 
executed, resulting in "several undesirable events, in­
cluding disabling interrupts and clearing all the flags." 
I claim that this idiosyncrasy is actually a very valuable 
feature. 

280 

I agree that this characteristic may be "quite annoy­
ing when all you want to do is to save the contents of 
the carry flag for future use." However, consider the 
more general application for which this feature was 
designed, namely enhancement of interrupt service 
routine integrity. One of the bits in the PSW that is 
cleared by the PUSHF instruction is the global inter­
rupt-enable flag, bit 1. When an interrupt occurs, the 
8096 guarantees that the first instruction in the service 

EDN November 7, 1991 



ML4400 LOGIC ANALYZER 

~ow there's more ... 
le've just added support for Tl's 
MS320C50/51, Intel's 80486 
1cluding the chip set version and 
.SI's LR33000 at 50MHz with 
111 disassembly. 

o if you didn't know about these 
~atures, you'd better check our 
st of new ML4400 additions: 

1 !~~SocA, 
88100, R3000A, 29K 

User-modifiable disassemblers 
for R3000A, LR33000 and 
88 100 with full instruction 
mnemonic and data display 
Source code for disassemblers 
provided; user can customize 
displays 

2 ~~~~nd soft-
ware support for 680XO, 

now including 68040 
• Intel support - 80386, 

80386SX (AMP, TEXTOOL, 
Soldered PQFP), i486 at 50 
MHz, including chip set version 

• Check out our dynamic CACHE 
ON/OFF trigger function 

3 ~s~m!r support 
available 

• Supports 56000, ADSP2100, 
ATT DSP32C, and TMS 
320CXX including C50/5 l 

Prices start at $5895! 

' e 
The ML4400 Features: 
• Synchronous channels: 

160@ 50 MHz, 64@ 100 MHz 
• Up to four micros simultaneously 
• Real-time performance analysis 

(histograms) 
• 400 MHz on 16 ch., with 32K 

bits/ch. trace depth 
• 100 MHz on 80 ch., with 128K 

bits/ch. trace depth 
• Transitional timing, up to one 

billion virtual samples 
• Trigger functions include AND, 

OR, NOT, RANGE, COUNT, 
TIME, CACHE ON/OFF, 
GOTO and CROSS-TRIGGER 

• User-defined disassembler 

Don 't hold back! Call today for 
your free brochure on the analyzer 
that stands head and shoulders 
above the rest. (714) 731-1661 

\am.erican 
I~ ar1um 

Rental Program available Formerly American Automation and Arium Corporation 
14281 Chambers Road, Tustin, California 92680 

Circle No. 32 For Logic Analyzer Info Circle No. 33 For Development Systems Info See us at Wescon Booth #2134 & 2136 

American Arium produces In-circuit Emulators 
for an extensive list of micros ... Ask your Rep. 



DESIGN IDEAS 

Design Entry Blank 
$100 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design of 
each issue, determined by vote of readers. Additional 
$1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 

To: Design Ideas Editor, EON Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 

I hereby submit my Design Ideas entry. 
Name _______________ _ 

Title _________ Phone ____ _ 

Company ______________ _ 

Division (if any) ____________ _ 

Street _______________ _ 

City __________ State ____ _ 

Country Zip ____ _ 

Design Title _____________ _ 

Home Address ____________ _ 

Social Security Number _________ _ 
(US authors only) 

Entry blank must accompany all entries. Design entered 
must be submitted exclusively to EON , must not be 
patented, and must have no patent pending. Design must 
be original with author(s), must not have been previously 
published (limited-distribution house organs excepted), 
and must have been constructed and tested . Fully an­
notate all circuit diagrams. Please submit software listings 
and all other computer-readable documentation on a 
5V4-in . IBM PC disk. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author, or editor 
gives written permission for publication elsewhere. 

In submitting my entry, I agree to abide by the rules of 
the Design Ideas Program. 
Signed ______________ _ 

Date _______________ _ 

ISSUE WINNER 
The winning Design Idea for the July 18, 1991 , issue is 
entitled "Capacitance meter measures to within 0.3%;' 
submitted by M S Nagaraj of ISRO Satellite Centre 
(Bangalore, India). 
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ISSUE WINNER 
The winn ing Design Idea for the August 5, 1991, issue 
is entitled " Detector spots sneaky smokers;• submitted 
by Miss J Vandana of SEMP (Kalpakkam, TN, India). 

FEEDBACK AND AMPLIFICATION 

routine will always be executed. If this instruction is 
a PUSHF, then all interrupts are automatically dis­
abled. Thus, the service routine may modify the inter­
rupt mask register and re-enable interrupts without 
fear of being preempted by another interrupt. This 
truly wonderful feature allows the programmer to ef­
fectively create any interrupt priority ·structure de­
sired. Also note that a cleared PSW assures the pro­
grammer that any instruction executed after a PUSHF 
will not be corrupted by invalid flag states generated 
by previous instructions. 
Nevitt D Reesor 
Woodward Governor Co 
Fort Collins, CO 80522 

Author replies ... 
I would like to respond to Mr Reesor by first saying 
that I agree with him. However, it's not the usefulness 
of the PUSHF/POPF instructions in interrupt handling 
that I raised the issue about. 

The PUSHF/POPF instructions are the only instruc­
tions available to a programmer that allow him or her 
to access the 8096's PSW directly. Keeping this fact 
in mind, I remind the reader that a PUSH instruction 
by definition is not meant to be a destructive operation. 
The decision to destroy a register's contents should 
be completely left up to the programmer after he or 
she has saved the register. My feeling is that the de­
signers at Intel should have given the programmer the 
ability to use standard PUSH/POP instructions when 
the programmer desires to simply save the PSW on 
the stack and the PUSHF/POPF instructions when 
wanting to use the instructions for interrupt handling. 

The relevance of PUSHF/POPF's destroying the 
contents of the PSW is a purely application-specific 
issue. The application I am involved with contains 
many routines that return a true/false condition in one 
of the various PSW flags. So, the fact that the PSW 
is destroyed (interrupts are disabled and all flags are 
cleared) during the PUSHF instruction requires writ­
ing a macro to do a nondestructive PUSH of the PSW. 
John H Liddy 
Simplex Time Recorder Co 
1 Simplex Plaza 
Gardner, MA 01441 

ED N's bulletin board is on line 
Call EDN's free bulletin board system (BBS) at 
(617) 558-4241 (1200/2400,8,N ,1) and select 
/DL.SIG to get additional information or to com­
ment on these Design Ideas. 

EDN November 7, 1991 



Copy Wis Never Easier: 
Here's how B-G Instruments' OEM printer 

family can simplify production of high-quality data 
printout. 

Simple from the start. Our unique DataPlot 
software cuts development time and effort to a 
minimum. Just 14 commands let you create print­
outs with multiple columns, orientations, fonts and 
graphics. And if you'd prefer, we'll write a custom 
program for you. 

Multiple choices. Hardware options include 
print mechanisms like those listed here -
plus a powerful array of control boards 
and accessories. So custom sys­
tems can be configured quickly 
and easily to meet your 
precise needs. 

Data.Plot Thennal Print Mechanisms 

Model Paper Columns Dots Dots 
Number Width Across2 / Inch / Line 

PM1224 2.6 inches 18 to 37. 100 224 
PM1320 2.6 inches 23 to 53' 150 320 
PM1416 4.5 inches 29 to 69 100 416 
I This is the 300-piece OEM price. It is subject to change without notice. 
2 The maximum number of columns depends on the font and size selected. 

The higher number is for 5 x'7 characters, approximately 16 characters/in. 

OEM 
Price1 

$311 
$296 
$443 

Instantly apparent quality. Fea­
tures like thick-film printheads, 
high-torque stepper motors and 
heavy-gauge construction 

provide long life. While permanently 
lubricated gear trains and gold-plated connectors 
ensure reliable operation. And special 
touches such as automatic 
paper loading simplify 
operation. 

Smart solutions. The 
power of our software and 
microprocessor control 
electronics have helped 
many customers use our 
printers to create smart 
instrument systems. So the same basic tools can serve 
a variety of different applications. 

Get the det.ails. For-brochures, sample printouts 
and an OEM price list, or to arrange for a demonstra­
tion at your facility, call or 
write: B-G Instruments, P.O. 
Box 1867, Vashon, WA 98070. 
Phone 206-567-5000. FAX 
206-567-5010. 

•••• • •• • • • • : . . ••• •• • ••• • • • • :.. . . ... 
INSTRUMENTS 

CIRCLE NO. 173 
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"WE'VE HAD GREAT SUCCESS WITH CARROLL TOUCH. 
WHY CHANGE IF IT'S WORKING?" 

284 CIRCLE NO. 174 

John Santacroce 
Mechanical Engineering 
& Project Manager 
Hewlett-Packard Company 

''As a diverse international 
corporation, Hewlett-Packard 
manufactures everything 
from computers, measurement 

and computation equipment, medical equipment, 
analytical equipment and more. We're known 
for our high level of test and measurement systems 
capabilities. 

"We recently developed a touch-based auromo­
rive test system for a customer and there was no 
debate over using Carroll Touch in designing this. 
Our past experience with them has been very 
successful. 

"From my point of view, Carroll Touch has pro­
vided good, reliable touch frame assemblies. They 
also bring a high level of engineering expertise to 
our team, especially in the materials selection area. 

"Carroll Touch people really approach 
our projects as a team project." 

"Working with Carroll Touch people is great 
because everybody is part of the team - which helps 
us create a very successful product. Their willingness 
to go that extra step makes our job much easier. 

"In developing a recent functional spec for a 
touch frame, Carroll Touch engineers worked closely 
with us in making sure that the assemblies would 
survive electrostatic discharge. 

"We held design reviews of the various 
approaches and all of our recommendations were 
considered very sincerely by Carroll Touch. Com­
ments were intelligently relayed back to us and 
everything we asked for was delivered in the 
specified time." 

For more informa~ on hC:-carroll -:;:;;:,c-;;:an help you-;ea~u-;:;:;ss-:;;h-;:u~ 
touch technology applications, call 512/ 244-3500, or simply mail your business card I 
with this coupon to Carroll Touch, P.O. Box 1309, Round Rock, Texas 78680. 

-----------Title ____ _ 

Company Name _______________ _ 

---------- State·--- ZiP---

,~ Carroll Touch 

\,,J The Next Level of Contact 

I 
I 
I 
I 
I 
I 
I 
I 
I 

____ _ _______ EON ~n/91 _j 
© 1990 Carroll Touch 
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NEW PRODUCTS 

Direct Digital Synthesizer 
• Screened w MIL-STD-883 
• Works at clock frequencies to 

20MHz 
Featuring two independent synthe­
sizers on a single chip, the Q2334M-
20L is a 20-MHz direct digital syn­
thesizer (DDS) designed for mili­
tary applications such as frequency­
hopping radios, sonar, radar, an­
tijam modems and secure communi­
cations. Patented features include 
a noise-reduction circuit that allows 
the user to specify inexpensive 
DACs without the expected in­
crease in spur levels, and an algo­
rithmic sine look-up function, which 
provides better performance than 
an equivalent ROM implementa­
tion. The Q2334M-20L is screened 
to MIL-STD-883B and comes in a 
68-pin ceramic-leadless-chip-carrier 
package. $189 (1000). Delivery, 12 
weeks ARO. 

Qualcomm, 10555 Sorrento Val­
ley Rd, San Diego, CA 92121. 
Phone (619) 597-5005. FAX (619) 
452-9096. Circle No. 389 

JPEG-Compatible Chip Set 
• Performs at 27-Mbytes/sec 
• Reduces compression-system 

chip count 
Compatible with JPEG (Joint Pho­
tographic Experts Group) stan­
dards, this 3-chip set performs at 
full-motion video rates to 27-Mby­
tes/sec. The set comprises the 
L64 735 discrete-cosine-transform 
(DCT) processor, the L64745 coder 

EDN November 7, 1991 

INTEGRATED CIRCUITS 

circuit, and the L64765 raster-to­
block and color-space converter . 
The chip set can continuously code 
and decode any data stream, re­
gardless of the amount of image 
data processed or its compression 

ratio. The DCT processor and t he 
JPEG coder chips handle the trans­
form, quantization, and variable­
length coding functions; the color 
converter performs RGB to YUV 
conversion and provides the bidi-

Compact SCSI I Enet 
Mizar's new MZ 8554 packs maximum 1/0 into 
minimum VME space. 
The newest addition to Mizar's expand­
ing line of 3U VMEbus boards is the per­
fect solution for your system 1/0 needs. 
The MZ 8554 provides intelligent, high 
speed SCSI and Ethernet interfaces 
based upon the latest IC technology. 
Designed for superior system perfor­
mance, both interfaces provide 
direct memory access to on-board 
memory. In addition, both inter­
faces can execute command 
sequences independently of 
host processor intervention, 
freeing your main CPU from 
time consuming low-level 
protocol handling. 

The economical alternative 
to expensive two board 
solutions, the MZ 8554 
meets high-perfor­
mance 1/0 require­
ments for both 
single-height and 
double-height 
VME systems. 
And, the 
MZ 8554's price 
can't be beaten! 
Support for the 
MZ 8554 includes drivers for both 
Microware's OS-9n• and Wind River Systems' VxWorks™ Real-Time 
Operating System. 

The MZ 8554 is the perfect complement to Mizar's extensive line of 
3U CPU's and other peripheral boards. To find out why more and 
more engineers are turning to VME boards from Mizar, call today. 

Mizar. The shortest distance between concept and reality. 

l.7;~,9.~:~~i~=~~~~: MI ZAR 
Other names are trademarks of their 
respective manufacturers. 

© 1991 Mizar Digital Systems, Inc. 

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

CIRCLE NO. 175 
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Nobody does ferrites like DEXTER. We 
offer the industry's broadest selection of 
quality ferrites and associated hardware 
from world-class manufacturers. 
SIEMENS, MAGNETICS, FAIR-RITE, 
HITACHI, MMG/KRYSTINEL. From 
prototype quantities to production runs. 
From off-the-shelf to a wide range of 
value-added services - precision 
fabrication, E-core and pot-core gapping 
and testing, sorting and selecting by 
electrical specs. 

Call Toll Free 1-800-345-4082 for Free 
Catalog and Nearest DEXTER Location 

FERRITE CORES: 
THE DEXTER DIFFERENCE -
One-Stop-Shopping for all your 
ferrite needs. 

MAGNETIC 
MATERIALS 
DIVISION 

THE DEXTER CORPORATION 

ATLANTA• BOSTON• CHICAGO • DALLAS • 
LOS ANGELES• MINNEAPOLIS/ST. PAUL• 
NEW YORK • SAN FRANCISCO• TOLEDO/DETROIT• 
ENGLAND- GERMANY 

INTEGRATED 
CIRCUITS 

rectional control logic. The chip set 
simplifies the video interface, re­
ducing the need for system "glue" 
logic. The chip set comes in 20- and 
27-MHz versions; $220 and $287.50 
(1000), respectively. 

LSI Logic Corp, 1551 McCarthy 
Blvd, Milpitas, CA 95035. Phone 
(408) 433-7089. Circle No. 390 

• 55- and 280-MHz bandwidths 
____________ c_1R_C_L_E_N_o_. _1n ___________ ---j • 2000 and 3000Vlµsec slew rates 
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~· - · ... --
Conductive Silicone Rubber Keypads from 

ICHIA TECHNOLOGIES INC. 
From complete in-house design and tooling through total 
process SP'C, ICHIA has what it takes to create high 
performance keypads fast. 

•Fastest turnaround times 
•Highest quality finished keypad 
•Lowest price 

Call or FAX your requirements today. 

KEYTEK Inc. 
2 Essex Road 
New Milford, CT 06776 

(203)350-1153 FAX:(203)350-1155 

CIRCLE NO. 178 

Featuring wide bandwidths and 
fast slew rates, the CLC411 and 
CLC430 are ± 15V monolithic cur­
rent-feed back op amps. The 
CLC411 has a bandwidth of 280 
MHz, a slew rate of 3000V/µsec, dif­
ferential gain of 0.01 %, differential 
phase of 0.01°, and gain flatness of 
0.1 dB to 30 MHz. The CLC430 has 
a bandwidth of 55 MHz, a slew rate 
of 2000V/µsec, differential gain of 
0.02%, differential phase of 0.04°, 
and gain flatness of 0.5 dB to 20 
MHz. The CLC411 provides an out­
put current of 120 mA; that of the 
CLC430 is 85 mA. Specified for op­
eration over either the industrial or 
military temperature range, the de­
vices are available in a variety of 
8-pin packages, including plastic 
DIPs and SOICs, hermetic ceramic 
DIPs, and hermetic side-brazed ce­
ramic DIPs. Depending on type, 
temperature rating, and package 
style, from $2.54 to $29.21 (1000). 

Comlinear Corp, 4800 Wheaton 
Dr, Fort Collins, CO 80525. Phone 
(303) 226-0500. Circle No. 391 

Text continued on pg 297 
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LITERATURE 
® LINK 

"The engineering professionals link to technical literature" 
INSTRUMENT CONTROL AND DATA ACQUISITION 

Free 1992 catalog of instrumentation prod­
ucts for PCs, workstations, and more. Fea­
tures IEEE-488.2 interfaces and software, 
plug-in data acquisition boards. VXlbus 
controllers, DSP hardware and software, 
and signal conditioning accessories. Appli­
cation software for complete acquisition, 
analysis, and presentation of data, includ­
ing graphical interfaces. Application tutori­
als and training classes also detailed. 

National Instruments 
6504 Bridge Point Parkway 
Austin, TX 78730 
512-794-0100, 800-433-3488 (U.S. and Canada) 
FAX: 512-794-8411 

300 VOLT FAST PULSE GENERATOR 

BNC's Model 6040/202H is today's most 
advanced high voltage pulse generator. It 
provides outputs to ± 300V into 50 ohms 
at rates to I MHz with rise times of 5 ns. It 
also generates TTL I ns and ECL subns 
outputs to I 00 MHz. Crystal-controlled 
timing produces trigger sync'd digital de­
lays, pulse widths and double pulses with 
resolution to I ns and 25 ps jitter. A unique 
capability-the 6040 is quickly convertible 
into a I ns edge 20 V pulse source or, an op­
tical pulse generator for various wave­
lengths of light. 

Berkeley Nucleonics Corp. 
1121 Regatta Sq. 
Richmond, CA 94804 
510-234-1100 FAX: 510-236-3105 

PERFORMANCE PIEW ALARMS 

Chimes, sirens , warbles and beeps are 
among the unique sounds available in this 
series of piezoelectric alarms. Four mount­
ing options, six termination options and a 
manual volume control option available . 
Operating voltages from I VDC to 220 
VAC, low current consumption, most mod­
els available with U.L. component recogni­
tion. A ten page brochure provides com­
plete specifications for this broad line of 
performance alarms. 

Floyd Bell, Inc., 
P.O. Box 12327 
Columbus, OH 43212 
614-294-4000 FAX: 614-291-0823 
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AMD 29K, RISC DESIGN CONTEST BROCHURE 

AMD and Embedded Systems Program­
ming magazine are sponsoring a 29K RISC 
microprocessor design contest. Show off 
your hardware or software design talents 
and you could win a free trip for two to Ha­
waii! Find out why Apple, Hewlett­
Packard, Tektronix and Samsung power 
their embedded RISC designs using the 
29K Family 
Call or return reply card to get your free 
29K Contest brochure or other literature 
today. 

Advanced Micro Devices, Inc. 
5900 E. Ben White Blvd., MS 561 
Austin, TX 78741 
800-292-9263 FAX: 512-462-5051 

flream up 
a new design 
and you could 
wake up in Hawaii' 
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1,239,580-ELECTRICAL WAVE FILTERS 

TTE's I 00-page catalog offers a broad line 
of Active and Passive Filters. Included are 
Bessel, Butterworth, Cbebyshev, Elliptical 
Function, AntiAliasing, Programmable , 
Notch and Custom designs, all operating 
within the 0.1 Hz to 500MHz range. Order­
ing information is clear and easy to use. 
Part numbers, values and case numbers 
from the tables are provided for each prod­
uct. Additional information includes gen­
eral specifications, attenuation curves, re­
sponse comparisons, case drawings and 
mounting dimensions. 

TIE Incorporated 
2251 Barry Ave. 
Lost Angeles, CA 90064-1400 
213-478-8224 FAX: 213-445-2791 

ELECTRO-MECHANICAL 
COMPONENTS CATALOG 

Free 130-page engineering catalog contains 
descriptions and technical data on !EC con­
nectors, battery holders, RFl/EM 1 filters 
and internationally approved power cords. 
All components are available for off-the­
shelf delivery from stock, and are detailed 
with specifications, ratings and engineering 
diagrams 

Power Dynamics, Inc. 
P.O. Box 539, 59 Lakeside Ave. 
West Orange, NJ 07052 
20 I-736-5722 FAX:201-736-8930 
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VMEBUS PRODUCT SUMMARY 

VMEbus Product Summary features over 
75 products with hundreds of options. In­
cludes VAX on VME, Host Computer In­
terfaces, VME-to-VME Links, Digital 1/0 
Boards, Analog 1/0 Boards, Synchro/Re­
solver Boards, Serial 1/0 Boards, Interrupt 
Expanders, Intelligent 1/0 Controllers, and 
Universal 1/0 Controllers. Products are 
used worldwide in applications including 
data acquisition, simulation and training, 
robotics, process control, and factory auto­
mation. 
VME Microsystems 
International Corporation 
12090 South Memorial Parkway 
Huntsville, AKL 35803-3308 
800-322-3616, 205-880-0444 Circle# 7 

NEW SURFACE MOUNT INTERCONNECT GUIDE 

Samtec's new Surface Mount Interconnect 
Guide features PLCC and DIP sockets, and 
strips on .050", 2mm and .100" centers. A 
special section discusses parameters that 
influence solder joint reliability, lead co­
planarity, manufacturability , packaging 
and contact quality. Additional sections 
feature applications and product specifica­
tions. Contact: 

Samtec, Inc. 
P.O. Box 1147 
New Albany, IN 47151-1147 
800-SAMTEC-9 FAX: 812-948-504 7 

WORK STATIONS, LAB FURNITURE 

Twenty-page illustrated guide covers the 
Teclab line of technical work stations and 
laboratory systems furniture. Included are 
versatile work stations of different lengths, 
combined with a choice of cabinets , 
shelves, parts drawers, partitions, and other 
accessories . Catalog has dimensions and 
shows typical arrangements . It also de­
scribes available work surfaces, and has a 
convenient color selection guide. 

Teclab 
Kalamazoo Technical Furniture, Inc. 
Box 1165 
Kalamazoo, Ml 49005 
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FREE 756-PAGE INSTRUMENT CATALOG 

Our 1991-92 catalog features over 15,000 
of the latest Test, Measurement and Con­
trol Instruments available. Included are Air 
Velocity Meters, Flow Meters, Pressure 
Gauges, Sound Level Meters, Light Meters, 
pH Meters, Thermometers, Hygrometers, 
Force Gauges, Tachometers, Stroboscopes, 
Gas Detectors, Multimeters , Recorders, 
Data Loggers, Calibrators, Thickness 
Gauges , Vibration Monitors and many 
more. Representing over 150 manufactur­
ers such as Fluke, Honeywell, Dwyer, Al­
nor, Quest, Simpson, Rustrak and Ametek. 
Davis Instrument Mfg. Co., Inc. 
4701 Mt. Hope Drive 
Baltimore, MD 21215 
800-368-2516 FAX: 301-358-0252 Circle# 13 

150 PS PULSE EDGES TO 500 MHz 

BNC's Model 6040/20 IE generates :!: 5V 
pulses with 150 ps rise and fall times. The 
internal time base provides rep rates to I 00 
MHz and an external drive input extends 
this to 500 MHz with pulse widths to I ns 
or less. Crystal-amtrolled timing produces 
trigger sync'd digital delays, pulse widths 
and double pulses with resolution to 1 ns 
and 25 ps jitter. A unique feature-the 
6040 can be quickly converted to generate 
higher voltages or optical pulses of various 
wavelengths. 

Berkeley Nucleonics Corp. 
1121 Regatta Sq. 
Richmond, CA 94804 
510-234-1100 FAX: 510-236-3105 Circle# 8 

ELECTRONIC DESIGN ON THE MACINTOSH 

The first fully integrated CAE/CAD soft­
ware that makes the Macintosh the most 
po\\erful micro-based engineering tool for 
electronic circuit design. McCAD design 
modules include: • Schematic Capture • 
Analog/Digital Simulation • PLO Design • 
PCB Layout Editors• Advanced Autorout­
ing, etc. 

Vamp Inc. 
6753 Selma Ave. 
Los Angeles, CA 90028 
213-466-5533 
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RESISTORS, COILS, DELAY LINES, AND 
SM COMPONENTS FEATURE 
"SWIFT" DELIVERY 

RCD's '92 catalog details precisiion resis­
tors to ±0.0005%; wirewound up to 
IOOOW; metal film, carbon & metal oxide; 
.0002fl to IO"; high voltage, surge, fuse & 
temp. sensitive resistors; networks/hybrids. 
SM products include thick- and thin-film 
chips, melts, wirewound I W-5W, networks, 
inductors, delay lines, & zero-ohm jumpers. 
Most avail. on exclusive I-week "SWIFf" 
delivery. 

RCD Components Inc. 
520 E. Industrial Park Drive 
Manchester, NH 03103 
603-669-0054 FAX: 603-669-5455 Circle# 12 

INTEL SOLUTIONS960 DEVELOPMENT 
TOOLS CATALOG 

Intel's i960'm superscalar architecture 
brings you the widest range of processors 
for 32-bit embedded system designs. To 
help you minimize development costs, we 
have assembled 125 tools from 50 compa­
nies . The Solutions960 catalog includes 
complete information on all of these tools 
including: boards; software, modeling & de­
bug tools; real time operating systems; net­
working products; page description lan­
guages , consultants & training. For free 
copy call 800-548-4 725 and ask for A 9A23. 
Intel Corporation 
5000 W Chandler Blvd. , CH3-6 l 
Chandler, AZ 85226 
800-548-4725 Circle# 14 
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NEW IEEE-488 HARDWARE AND SOFTWARE 

This catalog introduces CEC's newest and 
fastest IEEEr488 hardware and software. 
Support for Visual BASIC, Turbo Pascal 
for Windows, a Windows DLL, Turbo 
C+ +, BASIC 7, and Quick Pascal are 
shown. A code generator and instrument li­
braries for QuickBASIC, Turbo Pascal, 
Microsoft C and FORTRAN are described 
along with the latest IEEE-488.2 software. 

Capital Equipment Corpation 
Burlington MA 01803 
Literature: 8()().234-4232; 
Tech Support: 617-273-1818; 
FAX: 617-273-9057 

INTERCONNECT COMPONENTS 

Mill-Max offers this brand new 88-page 
catalog featuring America's largest selec­
tion of precision-machined PCB pins, pin 
receptacles, IC socket pins, solder termi­
nals, wrapost receptacles and terminals. 
New products include space-saving .050" 
grid low profile and patented compliant tall 
receptacles and pins. This easy-to-use cata· 
log contains complete specs, plus a handy 
design guide to assist engineers and buyers 
in selecting the right component. Also high· 
lighted are Mill-Max's custom design capa­
bilities. 

Mill-Max 
190 Pine Hollow Road 
Oyster Bay, NY II 771 
516-922-6000 FAX: 516-922-9253 

NEW ALL-PRODUCT CATALOG 

A new 110-page Short Form Catalog, No. 
G-01-A, covering all major Murata Erie 
products is now available. Included in this 
new catalog is detailed technical informa­
tion on the company's complete lines of 
fixed ceramic capacitors, variable capaci· 
tors and resistors. Inductors, crystal oscil­
lators, ceramic filters and resonators, EMI 
filters, hybrid circuits and much more. 
Both surface mount and leaded compo­
nents are included. Detailed distributor 
availability is also indicated for all product 
lines. To receive this new catalog, call 

800-831-9172 

GLASS EPOXY LAMINATES 

The FGM is a rugged, accurate, highly sen­
sitive portable hand-held instrument which 
can measure de magnetic fields from I 
gamma (lnTesla) to 2 gauss. It is powered 
by a conventional 9 V alkaline battery com­
monly found in portable electronic devioes. 
This instrument can measure de magnetic 
fields to an absolute accuracy +I - 0. 5% on 
all ranges with linearity of +I - 0.2% (trace­
able to NIST). The full scale ranges include 
+I- 2000 milligauss, +I - 200 milligauss, 
and +/-20 milligauss. The 3''2 digit LCD 
display provides a resolution of 0.05%. 

Walker Scientific Inc. 
Rockdale Street 
Worcester, MA 01606 
508-852-3674 
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STD BUS CATALOG 

WinSystems' free 470-page databook pro­
vides complete detailed technical informa­
tion on over 200 STD and CMOS STD Bus 
products for both embedded and DOS com­
patible systems. The catalog includes non­
DOS single board computers, 80-88/286/ 
386 CPUs, memory , Ethernet and 
ARCNET networks, industrial 1/0, card 
cages with power supplies, video controllers 
and software tools for use in harsh indus­
trial applications 

WinSystems, Inc. 
715 Stadium Drive, Suite I 00 
Arlington, TX 76011 
817-274-7553 FAX: 817-548-1358 Circle# 16 

COMPUTER VIDEO INTERFACING 
CATALOG AND HANDBOK 

New 1991 full-line 152 page catalog and 
handbook contains specifications on over 
I 00 products for interfacing, distributing, 
switching, and converting computer video 
signals. Valuable application notes and dia­
grams are included. Products are available 
to support PC, Apple, Sun, Wang, Amiga 
and other computers. Free expert applica­
tions assistance and support. 

Communications Specialties, Inc. 
89A Cabot Court 
Hauppauge, NY 11788 
516-273-0404 FAX: 516-273-1638 

ELECTRONIC CAD 

Powerful, easy-to-use electronic design with 
the Doulgas CAD/CAM Professional Sys­
tem. This fully-integrated package takes 
you from schematic drawing to final-routed 
board with the advantage of the remarkable 
graphics and ease of use of the Apple 
Macintosh. Features: unlimited multilay· 
ers, SMT support and 0.00 I" resolution. 

Douglas Electronics, Inc. 
2777 Alvarado Street 
San Leandro, CA 94577 
510-483-8770 

TRIMMER CAPACITORS 

New 24 page trimmer capacitor catalog/ 
design manual is the most comprehensive 
publication available on these products. 
Covers air dielectric, sapphire dielectric 
and ceramic types. All are illustrated in a 
wide variety of sizes, capacitance ranges 
and mounting configurations. Catalog also 
includes a section on microwave tuning ele­
ments, a device used to introduce a variable 
reactance to waveguides and other micro­
wave structures. 

Johanson Manufacturing 
Corporation 
Rockaway Valley Road 
Boonton, NJ 07005 
201-334-2676 
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AC/DC SWITCHING POWER SUPPLIES 
AND DC/DC CONVERTERS 

This 48-page catalog covers International 
Power Sources' AC/DC switching power 
supplies and DC/DC converters. New prod­
ucts include a DC/DC converter for use 
with flash memory, a SSW universal input 
tabletop switching power supply, and a 
200-6SOW Eurorack series. Included are I 
to I SOW printed circuit board and chassis 
mount DC/DC converters and IS to 200W 
switching power supplies including open 
frame and chassis mount versions. 

International Power Sources Inc. 
200 Butterfield Drive 
Ashland, MA 01721 
S08-881-7434 FAX: S08-879-8669 Circle# 23 

PROTOTYPE DESIGN AND FABRICATION AIDS 

Your product looks better when DA TAK is 
your design partner. Get the 1991-92 cata­
log of rubdown transfers for marking con­
trol panels, parts, EPROM's, circuit boards 
and prototype projects. Here is a broad line 
of preset titles, letters, numbers, and sym­
bols in all sizes. The printed circuit section 
describes Direct Etch'm and JotDraft'm pat­
terns, PC repair kits, and fabrication sup­
plies. Another section shows how to order 
your special transfer designs in any color. 

DATAK Corporation 
SS Freeport Blvd, #23 
Sparks, NV 89431 
702-3S9-7474 FAX: 702-3S9-7494 Circle# 2S 

BURR-BROWN POWER CONVERTIBLES 

This selection guide provides an overview 
of over SOO DC/DC Converters offered by 
Burr-Brown Po-M:r Convertibles. It illus­
trates innovation in po-M:r density, small 
size packaging and surface mount manufac­
turing. Products are available in miniature 
SIP and DIP packages as 'M:ll as other in­
dustry standard pin outs. With output 
po-M:r ranging from .4SO watts to 2S Watts 
they come in regulated and unregulated 
units. Input voltages vary from S, 9, 12, IS, 
24, 18, 48 and output configurations are in 
single and dual voltages at S, 9, 12, IS. 

Circle # 27 

POWER SEMICONDUCTORS & HV SUPPLIES 

1991-92 Collmer catalog details Fuji Elec­
tric's power semiconductors. Ratings, speci­
fications, outline drawings. Modules: 
power Darlington (with high-performance 
Z-Series); new high-gain 600V and 1200V; 
new 600V and I 200V IGFBT; diode 
bridge; intelligent power. Also MOSFETs, 
switching transistors, MOYs; and Schottky, 
fast-recovery and high-voltage diodes. Also 
cataloged: Collmer's HY power supplies 
and multipliers. 

Collmer Semiconductor, Inc. 
14368 Proton Road 
Dallas, TX 7992S 
214-233-IS89 FAX: 214-233-0481 Ci rcle# 29 

PROGRAMMABLE AC POWER SOURCE 

Behlman's brochure highlights the Model 
ACP Power Source which delivers up to 
9,000 VA of clean, single phase or three 
phase AC power. Frequency is adjustable 
from 4S to I 0,000 Hz, ideal for a wide 
range of test applications from avionics to 
instruments and consumer products. Built­
in computer allows preprogramming of de­
sired events and computer interfacing. 
Models start as low as $4,430. 

Behl man 
6 Nevada Drive 
Lake Success, NY 11042 
800-4S6-2006 FAX: 80S-642-0790 Circle# 24 

PUT THE FUN BACK INTO ELECTRONICS! 

From low cost test and measurement equip­
ment to valuable additions to your stereo, 
IV and computer systems, ELEKTOR 
ELECTRONICS runs the gamut every 
month! Elektro's eleven yearly issues aver­
age fourteen articles each, all world class 
electronic construction projects from inter­
mediate to advanced-designed, built and 
tested by staff professionals. Send today for 
a free copy. Cancel if not satisfied and owe 
nothing. 

Elektor Electronics USA 
P.O. Box 876 
Peterborough, NH 034S8 
603-924-9464 

QUALITY 

2- and 3-wire power cord sets manufac­
tured to your specifications are available in 
a variety of NEMA plug configurations, 
colors, and wire-end terminations to meet 
your most stringent requirements. All cord 
sets are subjected to rigorous statistical 
quality inspection procedures to assure you 
of Zero Defects. Cord sets are U.L and 
CS.A listed and approved. Call or FAX us 
your requirements for an immediate quota­
tion. 

Kord King 
111 New Street 
Mt. Joy, A 17552 
717-7S3-8081 FAX: 717-653-6S69 
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ULTRA-MINI TRANSFORMERS, INDUCTORS, DC-DC 
CONVERTERS, AC-DC POWER SUPPLIES 

New 88-page catalog from Pico Electronics, 
Inc. is filled with electrical specifications 
for their line of ultra-miniature transform­
ers, inductors and DC-DC converters . 
Transformers & inductors available as 
plug-in , surface mount or torodial. Induc­
tors are offered with axial leads. More than 
8SO standard models of converters with single 
& dual outputs. Their small size (only 0.2' 
high) makes their encapsulated packaging 
attractive. Included are low profile AC to 
DC power supplies, O.S' ht. up to SS Watts. 
Pico Electronics, Inc. 
4S3 No. MacQuesten Parkway, 
Mt. Vernon, NY IOSS2 
914-699-5Sl4 (NY) Toll Free: 800-431-1064 Circle# 30 
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STANDARD LOW PRESSURE SENSORS 

Monolithic Sensors Inc. offers a folder fully 
detailing the background and capabilities of 
the company. MS! engineers and manufac­
tures standard, semi-<:ustom and custom ca­
pacitive pressure sensing devices for a wide 
variety of applications. fur a FREE copy, 
please contact: 

Monolithic Sensors Inc. 
2800 W. Golf Road 
Rolling Meadows, IL 60008 
708-437-8090 FAX:708-437-8 I 44 Circle# 31 

CROSSSOFfWARE,DEVELOPMENTTOOLS 

C and Modula-2 Cross Compilers, Macro 
Assemblers and Source Level Debuggers for 
Motorola and National Semiconductor 
families of microprocessors and microcon­
trollers. Introl software runs on MSDOS 
systems and most workstations. 

Intro) Corporation, 
9220 W. Howard Avenue, 
Milwaukee, WI 53228 
414-327-7171 FAX: 414-327-7734 Circle# 33 

NEW SIMPSON TEST INSTRUMENTS CATALOG 

New 44-page full color brochure by 
Simpson Electric is a guide to the selection 
of analog and digital test instruments for a 
wide range of applications. It details 
Simpson's extensive line of hand-held & 
benchtop multimeters, special function me­
ters, clamp-on testers & other testers for 
electrical, electronic and environmental aJ>­
plications. Ohmmeters, voltmeters, am­
meters & accessories are also covered . 
Write: 

Simpson Electric Company 
853 Dundee Ave 
Elgin, IL 60120-3090 
708-697-2260 FAX:708-697-2272 Circle# 35 

BATTERIES-NI-CAD, ALKALINE AND LITHIUM 

Dantona Industries now stocks thousands 
of batteries for Computers, Portable 
Phones, Medical, Military and Consumer 
uses. Our assembly capabilities have also 
been increased to include the manufacture 
of specialty packs for Medical, Military and 
OEM applications. Only the highest quality 
brand names like: Sanyo, Panasonic, Varta, 
Saft, Gates, Tadiran, Duracell and others 
are used. Our vast inventory of single cells 
can allow most orders to be shipped Same 
Day as ordered. 

Dantona Industries, Inc. 
90 Horton Avenue 
Lynbrook, New York 11563 
516-596-1515-516-596-1776 
FAX: 800-DANTONA Entire U.S.A. Circle # 37 

IC SOCKETS AND CONNECTORS 

From Mill-Max comes this updated 72-
page catalog of Preci-dip and EuroDip 
brand IC sockets and connectors. Included 
are DIP, SIP and PGA sockets, ultra low 
profile sockets, pin headers, sockets with 
disposable carriers and PCB connectors. 
New products include ultra low force PGA 
sockets, interstitial PGA sockets, space­
saving .050" grid interconnects, plus the 
first machined "truly" compliant solderless 
press-fit sockets and connectors. Also high­
lighted are Mill-Max's custom design capa­
bilities. 

Mill-Max 
190 Pine Hollow Road 
Oyster Bay, NY 11 771 
516-922-6000 FAX: 516-922-9253 

VERSA TERM AND VERSA PRO 

Our award winning text and graphics termi­
nal emulation applications VersaTerm and 
VersaTerm-PRO, use Serial, LocalTalk or 
Ethernet (TCP/IP, Telnet, FTP, and LAT 
included) connections to access main­
frames like DEC VAX, Cray, Prime and 
IBM. Our data analysis and graphing appli­
cation, KaleidaGraph, supports 16 plot 
types, extensive curve fitting, and flexible 
text import facilities. All products are 
Macintosh System 7.0 compatible. 

Synergy Software 
Reading, PA 
215-779-0522 FAX: 215-370-0548 
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SIMPSON MICROPROCESSOR CONTROLLERS 

New bulletin introduces Hawk series mi­
croprocessor controllers with LED dis­
play-a highly accurate digital unit for the 
price of a conventional panel meter. fur 
on/off or limit applications. Hawk is front 
key-pad programmable with dual set points 
& alarms, plus dual 5 A relay option-all in 
a compact 'h DIN case with password pro­
tection & menu programming. Models are 
available for voltage/current, resistance, 
RPM & more. Write: 

Simpson Electric Company 
853 Dundee Avenue 
Elgin, IL 60120-3090 
708-697-2260 FAX:708-697-2272 
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HIGH SPEED PULSE GENERATORS 

Over 300 unique models are listed in our 
new 113 page Catalog No. 8 with a selec­
tion of pulse and impulse generators, laser 
diode drivers, rnonocycle generators, ampli­
fiers, samplers, delay generators, frequency 
dividers, pulse transformers, power split­
ters, scope probes, etc., for PRF to 250 
MHz, rise times as low as 40 ps, pulse 
widths from 130 ps to 100 us and ampli­
tudes to 3000 volts. Over a third of the 
products are new and the catalog features 
enlarged selection guides and applications 
sections. 

Avtech Electrosystems Ltd. 
P.O. Box 5120 Stn. F. 
Ottawa, Canada K2C 3H4 
613-226-5772 FAX: 613-226-2802 Circle# 38 
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EMI/RFI FILTER AND CONNECTOR 
SELECTION GUIDE 

New six page brochure describes Spectrum 
Control's broad EMl /RFI filter product 
line including tubular filters , capacitors, 
solder-in filter, resin sealed filters, hermeti­
cally sealed filters , multisection filters , fil­
terplate assemblies, filtered connectors , 
custom filters and EMC testing services . 
Brochure provides information on applica­
tions , features , performance parameters 
and Fed/MIL approvals for each compo­
nent. 

Spectrum Control 
2185 West Eighth St. 
Erie, PA 16505 
814-455-0966 

CARBORUNDUM NON-INDUCTIVE 
BULK CERAMIC RESISTORS 

New brochure presents high-performance 
ceramic resistors that exceed performance 
of conventional film , composition and 
wire-wound resistors. Designed for high 
voltages, energies or frequencies . Resistors 
are available in three types: AS-high volt­
age/energy for capacitor crow bar circuits, 
pulse-forming networks, impulse voltage 
generators, snubbers, circuits; A-high re­
sistance for grounding resistors, voltage 
dividers; SP-high-power/frequency loads 
for parasitic suppression, current limiting, 
snubber circuits 

The Carborundum Company 
Electric Products Division 

Circle# 39 

716-278-2521 FAX:716-278-6270 Circle# 41 

TUSTIN TRAINING NEWS 

TTl's November 1991 Newsletter contains 
technical articles and news of training 
courses on Environmental Engineering, 
Contamination Control, Hazardous Materi­
als Safety, ElectroStatic Dischare, more. 
Complete 1992 Open Training Schedule. 

Tustin Technical Institute, Inc. 
22 East Los Olivos Street 
Santa Barbara, CA 93105 
805-682-71 '7 l FAX: 805-687-6949 
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UNIVERSAL INPUT POWER SUPPLIES 

Universal Input (85-270 Vac) power sup­
plies are featured in Integrated Power De­
signs' new catalog. Product families range 
from 45 to 115 watts, and offer one to four 
outputs. 
All models are UL, CSA, and TUY certi­
fied , or under evaluation. Each power sup­
ply has a VOE/FCC class "B" input filter, 
measures less than I'/, inches high, and of­
fers optional chassis and cover. 

Integrated Power Designs, Inc. 
9C Princess Road 
Lawrenceville, New Jersey 08648 
609-896-2122 FAX: 609-895-1738 Circle# 40 

NEW FROM MATRIX SYSTEMS A 50 PAGE 
CATALOG ON SWITCHING 
SYSTEMS AND MODULES MATRIX SYSTEMS 

A full line catalog containing over 50 data 
sheets arranged in a convenient spiral 
binder is available from Matrix Systems. 
The catalog provides descriptions, photo­
graphs, specifications, & interconnections 
on a variet y of broadband reed relay & 
solid state switching modules, matrices & 
systems. 
Inputs & outputs are compatible with RS-
232, RS-422, IEEE-488, 16-bit parallel, and 
the new VX I bus. For free copy phone: 

Matrix Systems 
5177 North Douglas Fir Road 
Calabasas, CA 91 302 
818-222-2301 FAX: 818-222-2304 

SWITOHNG SYmMS ANO MOOUlfS 

:::.t:r·- • 

Circle# 42 

LOW COST PC COMPATIBLE DATA LOGGER 

Displays 8 channels of thermocouple out­
put on computer monitor, saves data on 
disk, and drives printer. Designed specifi­
cally for laboratory and industrial monitor­
ing. Start measuring temperature without 
involved installations or set-up. Data line 
powered RS-232 interfaced device puts 
digital converter at sensing site and elimi­
nates sensor wire rat-nest at computer. 
Quick-Basic (R)MS source code and com­
piled program provided to offer user speed 
and flexibility. 

DCC Corp. 
7300 North Crescent Blvd. , 
Pennsauken, NJ 08110 
609-662-7272 FAX: 609-387-4413 Circle# 44 

Spotlight your Latest Catalog or Brochure in the Next Issue of 
EDN Literature Link 

1992 Mailing Schedule 
Issue Date 
February 17, 1992 
April 23, 1992 
June 18, 1992 
August 20, 1992 
October 29, 1992 

Closing Date 
December 20, 1991 
March 6, 1992 
May 1, 1992 
July 3, 1992 
September 11, 1992 

December 24, 1992 November 6, 1992 

Call Heather McElkenny today at 617 / 558-4282 or fax at 617 / 558-4470 to reserve your ad. 
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ELECTRONIC TEST ACCESSORIES 

New 130-page E-Z-Hook Catalog 65 fea­
tures over 12,000 problem-solving, time­
saving solutions to common testing, hook­
up, and assembly applications. Products in­
clude DIP testing accessories, continuity 
and voltage testers, multilead assemblies, 
test leads, wire/cable, components and 
adaptors, and type N, TNC, BNC, SMA/ 
UHF coaxial test accessories. Catalog prcr 
vides product specs, configuration dia­
grams, application examples, and ordering 
infonnation. 

E-Z-Hook 
P.O. Box 450 
Arcadia, CA 91066 
818-446-6175 FAX:818-446-0972 Circle# 45 

PROGRAMMABLE POSITION CONTROL 

A complete 416 page engineer's guide with 
specifications, dimensions and perform­
ance data presents brushless servos, micros­
tepping motor systems, indexes, linear mer 
tors and absolute encoders. 

Parker Hannifin Corporation 
Compumotor Division 
5500 Business Park Drive 
Rohnert Park, CA 94928 
800-358-9070 FAX: 707-584-8015 Circle# 47 

INDUSTRIAL COMPUTERS SELECTION GUIDE 

Pro-Log's Industrial Computers with 
modular, standard 1/0 schemes are ideal 
for environments where tern perature, 
shock, vibration and reliability are a con­
cern. The 224 page Selection Guide fea­
tures specifications on over 60 products. 
An applications section guides the user 
through system design. Systems are avail­
able as an integrated PLC, a 286/386 PC/ 
AT compatible, a high speed 32-bit work­
station, and in real time configurations. 

Pro-Log Corporation 
2555 Garden Road 
Monterey, CA 93940 
800-538-9570 FAX: 408-646-3517 Circle# 49 

DAWN VME PRODUCTS FULL-LINE CATALOG 

Dawn VME Products offers it's Product 
Catalog, filled with infonnation on the full 
product line. Dawn's catalog includes both 
VMEbus and SUNbus backplanes, exten­
der boards, slot bypass boards, slot load 
boards, card cages and enclosures, power 
supplies, fully assembled, packaged sys­
tems, and more. The back section features 
technical specifications on general Eurcr 
card, VMEbus and SUNbus requirements. 

Dawn VME Products 
47073 Warm Springs Blvd. 
Fremont, CA 94539 
800-258-DAWN FAX:5 I0-657-03274 

l!M&. 

Circle # 51 

HI-REL MINIATURE DC TO DC CONVERTERS 

When size is at a premium, performance is 
critical, and reliability is a must. Interpoint 
miniature DC-DC converters are the indus­
try leaders. Interpoint's newly expanded 
line of over 150 converters is described in 
this 16-page catalog. Input voltages range 
from 5 to 48 volts with power outputs from 
I to 200 watts in single, dual and triple­
output models. Both commercial and HI­
REL military models are described Includ­
ing hennetically sealed metal components 
with full environmental screening options. 
EMl filters and custom DC-DC converters 
are also available. 

800-822-8782 Ext. 241 Circle# 46 

REAL-TIME ADA-PROVEN SOLUTIONS 

Brochure describes the advantages of using 
Ada for large, real-time applications and 
embedded systems that demand extremely 
reliable code. Highlighted are Alsys prod­
ucts, the leading crosscompilers and tools 
for such applications. Products include 
cross-development systems for a wide range 
of host machines and target microproces­
sors and a complete set of software engi­
neering tools 

Alsys, Inc. 
6 7 South Bedford Street 
Burlington, MA 01803-5152 
617-270-0030 FAX: 671-270-6882 

DC/CAD USERS 

Additions to our product: 
• Edif Out and Xilinx Interface ( 11 /9 I) 
DC/CAD currently features: 
•Schematic, PCB Layout and Autorouting 
• Autoplacer and Design Rule Checker 
•Two way Gerber and DXF support 
• I-mil rip up and Retry Autorouter 
• WINDOW 3.0 with VMS 
• Opt Autoground plane and simulation 

Design Computation, Inc. 
1306 Highway 33 
Farmingdale, NJ 07727 
908-938-6661 FAX: 098-938-6662 

Circle# 48 

Circle# 50 

HOW TO PROTECT YOUR COMPUTER 

FREE, money-saving literature tells you 
what you need to know about uninterrup­
tible power systems (UPS). Best Power 
Technology's advanced technology, on-line 
UPS gives you complete protection from 
power line problems, including surges, sags, 
spikes, noise, brownouts, blackouts and 
lightning. BEST, the world's largest manu­
facturer of single-phase UPS, can protect 
your computer with models ranging in size 
from 500 VA through 18 KVA. For more 
infonnation contact: 

Best Power Technology, Inc. 
P.O. Box 280 
Necedah, WI 54646 
608-565-7200 ext. 2876, 800-356-5794 ext. 2876 Circle# 52 
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DATA CONVERSION COMPONENT DATABOOK 

DATEL's new 294 page, data sheeet for­
matted, Data Conversion Component 
Databook details over 232 product models 
covering the latest in data acquisition tech­
nology .... 
Sampling Analog-to-Digital Converters, Ac­
tive Filters, Hybrid Data Acquisition Sys­
tems, Amplifiers, Analog-to-Digital Con­
verters, Sample & Hold Amplifiers, Analog 
Multiplexers, Digital-to-Analog Converters 
In addition , more than 42 product models 
are showcased. 

Datel Inc. 
11 Cabot Boulevard 
Mansfield, MA 02049-1184 
508-339-3000 TLX: 174398 
FAX: 508-339-8356 

TELECOM IC DATA BOOK 

The complete reference tool for telecom de­
sign engineers. Contains 288 pages of speci­
fications for: 
• DTMF receivers and transceivers 
• Call progress tone receivers and transmit­
ters 
• MF trunk receivers and transmitters 
• Key system/PBX enhancements 
• Test and demonstration equipment 
• Product application notes for design-ins 

Teltone Corporation 
22121-20th Avenue SE 
Bothell, WA 98021-4408 
800-426-3926 FAX: 206-487-2288 

I ·1,' • 

COMPONENTS 
liiill - . ~~~ 
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Circle# 53 
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Circle# 55 

CURRENT, VOLTAGE, POWER, TRANSDUCERS 

Featured in this catalog are AC and DC 
current sensors, AC and DC current level 
detectors, frequency transducers, AC volt­
age sensors, watt and var transducers, bi­
directional current sensors. Specifications, 
descriptions, photos of these units are pro­
vided as well as application and ordering 
information. 

American Aerospace Controls, Inc. 
570 Smith Street 
Farmingdale, N.Y. 11735 
516-694-5100 FAX: 516-694-6739 

E(E)PROM PROGRAMMERS 

Reliable, fast and easy to use, Needham's 
Electronics E(E)Prom programmers are 
available in PC based or stand-alone 
models. Supporting 27 l 6-4Megabit de­
vices, Needham's programmers are capable 
of support for the latest in EPROM tech­
nology. Whether your needs are develoi>' 
ment or production, Needham's Rlectron­
ics offers an affordable model to meet your 
programming requirements. All models are 
made in the USA by Needham's Electronics 

Needham's Electronics 
4539 Orange Grove Ave. 
Sacramento, CA 95841 
916-924-8037 FAX: 916-972-9960 

MiB ~~...,.-.,. 1 

l.f$' - . 
Circle# 57 

Circle# 59 

F.W. BELL'S HANDHELD MULTIMETER 

Versatile, hand-held and easy-to-use F.W. 
Bell's C-600 Multimeter utili7.eS advanced 
Hall-effect technology to measure de or ac 
voltage and resistance. It's jaw-like clamp 
permits measurement without breaking the 
circuit or disturbing insulation. The unit 
features a 3'h digit LCD display and is ac­
curate within 1%. The C-600 complies with 
IEC 348 Safety Requirements for Elec­
tronic Measuring Apparatus. 

F.W. Bell, Inc. 

-C-600 

6120 Hanging Moss Road 
Orlando, FL 32807 
407-678-6900 Circle# 54 

XEROX ENGINEERING SYSTEMS OFFERS 
FREE SUBSCRIPTIONS TO 
TEMPLATE MAGAZINE 

Template: The Maga zine of Engineering 
Systems and Solutions is written and de­
signed for people involved in the creation, 
management and distribution of engineer­
ing documents. Topics include how engi­
neers will create and manage their docu­
ments at the tum of the century to how the 
principle of concurrent engineering is be­
coming the status-quo. Template also fea­
tures a " Solutions" section that contains tu­
torials on how customers have improved 
productivity and document quality. 
To order yot1r free .-.ai,00. call 

800-832-6979 ext TEMP Circle# 56 

HEWLETT-PACKARD LCR METERS, 
IMPEDANCE ANALYZERS 
AND TEST FIXTURES 
SELECTION GUIDE 

Includes HP' s new low cost LCR Meter, 
Milliohm and High Resistance Meters. Se­
lect the best measurement solution for a 
wide variety of test devices. Text fixtures 
are shown with cross-compatibility infor­
mation and a HP Application Note guide is 
provided. 

Hewlett-Packard, 

LCR M<."""" 
Impedance Ana!y.ter.i 
ru.:11l::st.F'ixtnn'.'S 
Sclecfjon Guidi• 

·= 

Attn: Inquiry manager 
19310 Pruneridge Ave., Bldg 49A 
Cupertino, CA 95014-9795 
800-452-4844 Circle# 58 

FREE CIRCUIT PROTECTION CATALOG 

84-page catalog details the full line of cir­
cuit protection devices offered by MP (Me­
chanical Products, Inc.) Selected by NASA 
as one of the top forty out of ten thousand 
suppliers, MP offers reliable, high-preci­
sion circuit breakers in a variety of configu­
rations. New to the MP line is the Series 24 
switchable circuit breaker, featuring single­
and two-pole protection combined with a 
handsome, lighted Power On/Off switch or 
with an optional toggle handle. 

Mechanical Products, Incorporated 
1824 River Street 
Jackson, Ml 49204 
51 7-782-0391 FAX: 517-782-2810 Circle # 60 
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8-Bit AID Converters 
• Optimized for DSP use 
• Low distortion , high linearity 
A family of three 8-bit AID convert­
ers targets DSP applications such 
as disk drives and video processing. 
The TLC5502-5 and TLC5503-5 are 
for use in high-speed servo control, 
voice-coil control, and read-write 
circuits in disk drives. Specifica­
tions include a 0 to 5V input range, 
a 10-MHz sampling rate, a 50-dB 
SIN ratio, -51-dB THD, and ±1 
LSB nonlinearity. The third device, 
the TLC5503-2, is for video applica­
tions such as digital TV and video 
processing. Specifications include a 
3 to 5V input range, a 20-MHz sam­
pling rate, ± 1 LSB nonlinearity, 
and 0.6% differential gain and 
phase. The converters come in 24-
pin SO packages. TLC5502-5, 
$10.44; TLC5503-2 and TLC5503-5, 
$8.34 (1000). 

Texas Instruments Inc, SC-
91044, Box 809066 , Dallas, TX 
75380. Phone (800) 336-5236, ext 
700~ (214) 995-6611 , ext 700. 

Circle No. 392 

Protocol Controllers 
• Meet SCSI II standards 
• Feature reduced host-CPU inter-

vention 
The MB86601 and MB86602 8-bit 
protocol controllers are designed to 
meet SCSI-2 specifications. By inte­
grat ing a high-speed internal proc­
essor and 256 bytes of RAM, the 
controllers reduce the need for host­
CPU intervention. These features 
facilit ate combination command 
processing and command queuing. 
Command processing enables the 

EDN November 7, 1991 
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user to define a "stack" of instruc­
tions and to perform multiple SCSI 
operations by issuing a single in­
struction. Execution from internal 
memory makes the SCSI operat ion 
invisible to the CPU. In addition, 
you can implement command queue 
structures within the internal mem­
ory to optimize command process-

ing. The controllers also offer a 40-
bit transfer counter, with the lower 
24 bits supporting variable block 
sizes to 16 Mbytes/block. The upper 
16 bits support multiple block trans­
fers to 64k blocks/transfer. Addi­
t ional features include a synchro­
nous bus-transfer rate of 10 Mbytes/ 
sec, and an asynchronous transfer 

~ il'mufalar Is an ext8n8lon bf 
the DEMO. You can load up to 64K of 
code and use 64K of XDATA space. You 
can program an "external environment" 
to interact with your code to simulate your 
target system. The emulator is the hard­
ware extension of the simulator! 

The 30MHz real-time emulator has been 
the industry standard for years. With its 
complex breakpoint logic and advanced 
trace, nobody can beat it for performance. 
Plug-in or RS-232 configuration. All 8051 
derivatives are supported! 

no Hau 
CORPORATION 

Call Nohau's 24-hour 
information center to 
receive info on your 
FAX 408-378-2912 

51 E. Campbell Avenue, Campbell, CA 95008 
(408) 866-1820 FAX (408) 378-7869 

Australia (02) 654 1873, Austria (0222) 38 76 38, Benelux + 31 1858· 16133, Canada (514) 689-5889, 
Czechoslovakia 0202-2683, Denmark (42) 65 81 11 , Finland 90·452 1255, France (01)-69 41 28 01 , Germany 
08131 -25083, 'Great Britain 0962-73 31 40, Greece 01 -862-9901 , Hungary (1) 117 6576, Israel (03) 48 48 
32, Italy (011) 771 00 10, Korea (02) 784 784 1, New Zealand (09) 392-464, Portugal 01-80 9518, Norway 
02-649050, Singapore (065) 284-6077, Spain (93) 217 2340, Sweden 040-9224 25, Switzerland (01) 740 41 05, 
Taiwan (02) 7640215, Thailand (02) 281 -9596, Yugoslavia 061 621066. 
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.1/otoro/a and Hetdett-Packard. 

Once our Fast Static.5 met up with Hewlett­
Packard, the attraction was obvious. 

With new 256K BiCMOS devices, Motorola helped 
unleash the speed to empower HP's hottest 
workstations: The HP Apollo Series 700. 

What made our 64K x 4 and 32K x 8 Fast SRAMs 
such a design-in favorite at HP? Performance for 
one thing. Availability for another. 

With both 10 and 12ns versions already shipping, 
these 111-compatible devices provide the sheer 

speed required by the world's fastest workstations. 
Once again, Motorola has what it takes to 

enhance system performance. Like preeminent 
technology. Relentless product support. And a 
growing family of Bi CMOS devices to accelerate 
your next design. 

Want to give our BiCMOS Fast SRAMs a try? just 
complete and send in the coupon on the opposite 
page. We'll introduce your design to powerful new 
friends. Faster than you thought possible. 

If you like what's new, wait 'til you see what's next. 

®MOTOROLA 

® and Motorola are registered trademarks of Motorola, Inc. ©1991 Motorola, Inc. BurstRAM and DSPRAM are trademarks of Motorola, Inc. 
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rate of 5 Mbytes/sec. The MB86601 
is for single-ended applications; the 
MB86602 supports differential and 
single-ended applications with ex­
ternal transceivers. The devices are 
available in 100-pin quad flatpacks. 
$19.95 (1000). 

Fujitsu Microelectronics Inc, 
3545 N First St, San Jose, CA 
95134. Phone (800) 642-7616; (408) 
922-9000. Circle No. 393 

Disk-Drive Read-Channel IC 
• Has 24 Mbps speed 
• ln1egrai.es all rood-channel fund:ians 
Featuring a speed of 24 Mbps, the 
PCA2400 integrates all of the cir­
cuitry associated with read-channel 
functions for a hard-disk drive. 
These functions include a pulse de­
tector with programmable AGC, a 
programmable filter, a frequency 
synthesizer for zone recording, a 
data separator, a 117 ENDEC with 
write precompensation, and a serial 
interface for mode control. The chip 
also includes quad peak detectors 
to support servo search and track­
ing. A programmable power-man­
agement feature has eight separate 
power-down modes. The PCA2400 
operates from a 5V supply and 
comes in an 80-pin plastic quad 
flatpack. $10 (OEM). 

GEC Plessey Semiconductor, 
1500 Green Hills Rd, Scotts Valley, 
CA 95066. Phone (408) 438-2900. 

Circle No. 394 

Dual-Port SRAM Modules 
• Have parity-bit capability 
• Access speeds as fast as 30 nsec 
A family of four dual-port static 
RAM modules contains devices hav­
ing either a 9-bit- or 36-bit-wide 
data path. The x 9 and x 36 con­
figurations provide designers with 
a parity bit for error detec­
tion in telecommunication and data­
communication systems. The avail­
able devices are the 8k x 
9-bit IDT7M10004, the 16k x 
9-bit IDT7M1005, the lk x 36bit 

EDN November 7, 1991 

IDT7M1011, and the 2k x 36-bit 
IDT7M1012. The 9-bit modules 
have access times of 35 nsec; the 
36-bit modules have access times of 
30 nsec. Each module is tested as 
if it were a single monolithic compo­
nent, using guard-banded ac and de 
parametric tests over the operating 
temperature range. The 9-bit mod­
ules come in 60-pin ceramic DIPs; 
the 36-bit modules come in 121-pin 
pin-grid-array packages. From $170 
to $365 (100). 

Integrated Device Technology 
Inc, Box 58015, Santa Clara, CA 
95052. Phone (408) 727-6116. FAX 
(408) 492-8674. Circle No. 395 

Serial EEPROMs With 
Extended Features 
• V cc lockout for write protection 
• Low power consumption 
The XL93LC06 (256-bit) and 
XL93LC46 (lk-bit) EEPROMs in­
clude several features that enhance 
performance. A V cc lockout func­
tion provides protection from inad­
vertent write commands, and an 
auto-increment feature allows the 
devices to output a continuous 
stream of memory content in re­
sponse to a single read instruction. 
An operating current of 2 mA and 
a standby current of 2 µA ensure 
low power consumption. Both de­
vices are compatible with the Mi­
crowire standard for serial data 
storage and transfer. Package op­
tions include 8-pin DIP and SO 
in a choice of standard pinouts. In 
an 8-pin DIP, XL93LC06, $0.68; 
XL93LC46, $0. 73 (1000). 

Exel Microelectronics, Box 
49038, San Jose, CA 95161. Phone 
(408) 432-0500. Circle No. 396 

More than 
meets the eye. 

Want to see more of Motorola's 
Fast Static,s? This chart gives you but 
a glimpse. For a closer look, mail in 
the coupon for our complete quarter­
ly update of new Memory products. 
We think you'll like what you see. 

• MOTOROLA FAST STATIC RAMs 

256K x 4 MCM6229• 25ns 
12SK x S MCM6226• 25ns 
256K x 1 MCM6207 15/20/25ns 
64K x 4 MCM670S•• 10/12ns 

MCM670900 (OE) 10/12ns 
MCM620S 15/20/25ns 
MCM6209 (OE) 15/20/25ns 

32K x S MCM6706•• 10/12ns 
MCM6206 15/17/20/25ns-

32Kx 9 MCM6205 15/17/20/25ns-
16K x 4 MCM62SS 10•/12/15/20/25ns• 

MCM6290 (OE) 10•/12/15/20/25ns-
64K x 1 MCM62S7 12/15/20/25ns• 
SK x S MCM6264 12-/15/20/25ns• 
SK x 9 MCM6265 12-/15/20/25ns 
4K x 4 MCM626S 20/25/35ns• 

MCM6269 (CS) 20/25/35ns 
MCM6270 (OE) 20/25/35ns • Synchronous Fast Static RAMs 

64K x4 MCM629S2• 12/15ns 
4 x 64K x 1 MCM629S3• 12/15ns 
64K x4 MCM629SO 15/20ns 
4 x 64K x 1 MCM629S1 15/20ns 
32K x 9 MCM62950• 17/20/25ns 

MCM62960• 17/20ns 
MCM62110• 15/20ns 

16K x 16 MCM62990 12-/15•/20ns 
16K x4 MCM6294 20/25ns 

MCM6295 25/30ns 
4K x 10 MCM62963 1S/25ns 
4K x 12 MCM62973/4 18/25ns 

MCM62975 25/30ns • BurstRAMs"" 

32K x 9 MCM62940 14/19/24ns 
32K x 9 MCM62486 14/19ns • DSPRAM"" 

BK x 24 MCM56824 20•/25/35ns • Latched Fast Static RAMs 

16K x 16 MCM62995 12-/17/20ns 
BK x 20 MCM62820 17•/23ns • Cache Tag RAM Comparators 

4K x 4 MCM4180 1s12ons 
4K x4 MCM62351 20/25ns • Fast Static RAM Modules 

256K x 32 MCM32257Z 25ns 
256K x 8 MCM8256Z 15/2Dns 
64K x 32 MCM3264Z 15/20ns 
2 x 32K x 36 MCM36232Z 15/2Dns 

-----------;-, 
Return this coupon to Motorola, Inc. EON 1117191 I 
P.O. Box 1466, Austin, Texas 78767 I 

Application Requiremen5 I 
I Name __________ _ 

I TI~----------~ 
I eompany __________ _ 

I M<lre$ __________ _ 

I : Stale __ Zip I 
L ______ _____ :.J 

®MOTOROLA 
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Your 
Authorized 
Maxtor 
Distributors 
A.D.P.I. 
1-800-275-2374 
301 -258-2744 
Anthem Electronics 
408-452-2287 
Arrow Commercial Systems Group 
1-800-323-43 73 
Arrow /Kierulff 
1-800-777-2776 
Avnet Computer 
1-800-422-7070 
ATS 
1-800-359-3580 
B.S.M/Business Solutions in Micro 
1-800-888-34 75 
214-699-8300 
Cal Abco 
818-704-9100 
800-669-2226 
Compac Micro Electronics 
1-800-426-6 722 
415-656-2244 
Computer Brokers of Canada 
4 16-660-1616 
1-800-663-0042 
1-800-361-6415 
CPC 
714-757-0505 
800-582-0505 
D &. H Distributing Co. 
717-236-8001 
Data Storage Marketing (D.S.M.) 
1-800-543-6098 
303-442-4747 
Firstop Computer 
1-800-832-4322 
Future Electronics 
514-694-7710 
Intelect 
0 11-525-255-5325 
Microland Electronics 
San Jose, California 
408-441-1688 
Richardson, Texas 
214-484-75 15 
Microware Distributors 
1-800-777-2589 
503-646-4492 
Mini-Micro Supply Co. 
408-456-9500 
1-800-628-3656 
Pioneer Standard Electronics 
1-800-8 7 4-6633 
Pioneer Technologies 
1-800-227-1693 
S.E.D. 
1-800-444-8962 
404-491-8962 
Tech Data 
1-800-237-8931 
813-539-7429 
Technology Factory 
1-800-848-2073 
1-800-227-4712 
U.S. Computer 
305-477-2288 
Vitek Systems Distribution 
1-800-366-6655 
Wyle Laboratories 
1-800-289-9953 
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NEW PRODUCTS 
COMPONENTS & POWER SUPPLIES 

Miniature Switches 
• A vailable in two styles 
• Rated for 15.IA operation 
V7 Timesaver Series miniature on­
off/off-on switches are available in 
two quick-connect styles-the D8 
(0.187 in. wide) and the E9 (0.250 
in. wide). The line includes more 
than 800 configurations, which have 
electrical switching ratings ranging 
from 100 mA to 15. IA. Additional 
standard features include a choice 
of silver serrated or gold projection 
contacts, three operating forces, 
seven actuator styles, and standard 
or metric mounting styles. Operat­
ing range spans - 40 to + 85°C. The 
switch line is specifically designed 
to provide cost-effective, time­
based advantages in delivery. From 
$0.45 to $2.90. 

Micro Switch, 11 W Spring St, 
Freeport, IL 61032. Phone (815) 
235-6600. Circle No. 380 

Interconnect Assemblies 
• Available with shielding 
• Off er 60-position capacity 
MSI multisignal interconnects are 
available with or without EMI/RFI 
shielding. The assemblies are avail­
able with standard impedances of 
50 to 950. The connectors will ter­
minate with FEP, PTFE, or Fi­
latex textile cables. Standard end­
to-end or daisy-chained termina­
tions are offered. Available in 10- to 
60-position versions, the socket con­
nectors mate with 0.025-in. square 
or round pins on a 0.1 x 0.1-in. grid. 

The connectors are compatible with 
lock-and-eject headers and are 
available in high or low profile con­
figurations. Current rating equals 
IA and contact resistance measures 
5 mO. The beryllium copper con­
tacts are finished with 30 µin. of 
gold inlay over 50 µin. of nickel. 
The connectors carry a UL 94V-O 
rating and operate over a - 40 to 
+ 105°C range. Double-ended, 50-
position assembly, which includes 
36 in. of EMI/RFI shielded FEP 
cable, $62.19 (1000). 

Meritec, Box 8003, Painesville, 
OH 44077. Phone (216) 354-3148. 
FAX (216) 354-0509. 

Circle No. 381 

Passive Delay Lines 
• Designed for surface-mount ap-

plications 
• Delays range to 250 nsec 
All units in these three series of 
lumped-constant passive delay lines 
are designed for surface-mount ap­
plications involving TTL or ECL cir­
cuitry. SMWD Series devices are 
housed in 0.2-in.-high DIPs. They 
are available with 50, 100, 200, 350, 
and 5000 impedances. This line irrludes 
188 models with delays ranging 
from 1 to 250 nsec. The SMD Series 
includes 40 models with delays 
ranging from 5 to 200 nsec. These 
units feature delay taps at 10% in­
crements, are also housed in 14-pin 
DIPs and are available in versions 
with 50, 100, and 2000. The SMMD 
Series includes 40 models with de­
lays of 5 to 200 nsec. Each model 
in this line features three separate 
and isolated delay lines. These de­
vices are housed in 16-pin DIPs and 
feature 50, 100, or 2000 imped­
ances. SMWD Series, $10; SMD Se­
ries, $20; SMMD Series, $22 (100). 

Engineered Components Co, 
Box 8121 , San Luis Obispo, CA 
93403. Phone (805) 544-3800. FAX 
(805) 544-8091. Circle No. 382 
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WHEN YOU PLUNGE 
INTO ASIC DESIGN, YOU WANT 
SUPPORT TOOLS THAT WORK. 

IJl<i's Advanced ~c Tools 
Reduce Your Risk. 

A 
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s an ASIC designer, you know the 
sinking feeling of working for 
weeks on a high-density design­
only to have it crash. You know 
the risks involved using tools that 
offer no assurances. 

Oki's advanced tools provide 
the lift you need to dive comfort­
ably into high-level ASIC design: 

Timing-driven layout · for an 
improved design-to-silicon match. 

Clock tree structures • for opti­
mized clock distribution. 

Power calculator · for increased 
overall system reliability. 

Coupled with our O.Sµm SOG 
technology and high-level sup­
port-such as Verilog, Synopsys, 
and IKOS.-these Oki software 
tools optimize ASIC perfom1ance 
and design time. 

So take the plunge. Call 
1-800-0KI-6388, Dept. 050, for 
Oki's ASIC capabilities brochure. 
See how risk-free ASIC design 
can be. 

Vendor Platform Operating System/Application 

Cadence Sun/Solbourne Verilog: Simulation, fault grading, design verffication 

IKOS IKOS Simulation, fault grading 

Mentor HP/Apollo Design capture, simulation 
Graphics Sun/Solbourne Parade: Layout, clock and timing structures 

Synopsys Sun-4 Design synthesis, test synthesis 
Interface to Mentor, Valid , Viewlogic 

Valid Sun/Solbourne Design capture, simulation 
DECstation 3100 Design check 
IBM RS6000 GED, ValidSIM, RapidSIM 

Viewlogic Sun-4 Design capture, simulation 
PC386 Design check 

TRANSFORMING TECHNOLOGY INTO CUSTOMER SOLUTIONS 

~~ OKI 
: -;v- Semiconductor 

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



COMPONENTS & POWER SUPPLIES 

Test Sockets 
• Have a 0.50-in. contact pitch 
• Feature uriping action contacts 
Series 550/560 molded carrier-ring 
test and burn-in sockets are avail­
able with 0.5- and 0.65-mm contact 
pitches. The units feature normally 
closed contacts that provide maxi­
mum wiping action at the point of 
contact. The devices are available 
in 26- and 46-mm sizes and operate 
over a - 565 to + 150°C range. 
Compatible with surface mount ap­
plications, the devices meet all 
JEDEC specifications. They fea­
ture open-frame bodies to maximize 
air flow across the devices under 
test. A pressure plate in the socket 
lid prevents package damage. Sup­
port rings in both the socket base 
and lid eliminate the possibility of 
the test pads' being damaged. Re­
ceptacles are available for all sock­
ets in the series. A 256-lead, 46-mm 
version, $105.40 (250). 

CTI Technologies Inc, 7855 E 
E vans Rd, Suite A, Scottsdale, AZ 
85260. Phone (602) 998-1484. FAX 
(602) 483-2731. Circle No. 383 

LED Display Module 
• Measures to 199.9 mV 
• Accurate to 0.1% 
Model DPM5135 is an LED panel­
meter module that has a basic meas-
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uring range of 199.9 mV de. Module 
accuracy is specified at 0.1 % ± 1 
digit. The unit features simple 
snap-in mounting and a self-con­
tained bezel. The readout features 
0.56-in.-high digits. Input imped­
ance is greater than 1090, and sup­
ply requirements are 5V at 130 mA. 
Decimal-point position is user se-

lectable. The unit measures 
3.1x1. 7 x 0.95 in. and weighs ap­
proximately 1.6 oz. Operating 
range is specified at 0 to 70°C. 
$22.55 (100). Delivery, stock to six 
weeks ARO. 

DI International Inc, 95 E Main 
St, Huntington, NY 11743. Phone 
(516) 673-6866. Circle No. 384 

Some of our 
irresistible curves. 
Slandard (Pedestal} Mount 
0 .8, 1.0 Watts 

Standard (Pedestal) Mount Standard (Pedestal} Mount 
t.o, t .25, t .5 Watts 2.0 Watts 

Recessed (FootJ Mount 
2.0Watts 

Recessed fFootJ Mount 
3.0 Watts 

~ 
--- ----------~ 

: i - . 

6' I ~ l i; :.:_ 
Ill 3 +- ~ • 

' -~ -i·:y :·. 
1=~ : . 

Highest Performance. Highest Reliability. Widest Range of Power Ratings. 
Widest Package Selection ... In the Industry! 

Ohmite has the answers in resistor technology for 
today's expanding usage of surface mounted circuitry. 
Our unequaled family of surface mount power resistors 
enables engineers to integrate power resistors into 
designs that reduce circuit board real estate while 
maintaining high reliability and high performance . Their 
rectangular shape allows for trouble-free vacuum pickup 
by pick-and-place equipment. 

characteristics to your application. Choose from 0.8, 1.0, 
1.25, 1.5, 2.0, or 3.0 watt power ratings in wirewound or 
film constructions. Select film models for general purpose 
applications or wirewound models where lower resis­
tance values, lower temperature coefficients, or closer 
tolerances are required . 

Patented, flexible J-bend terminations eliminate the 
need for leaded components and reduce the chance 
of solder-joint breakage due to thermal expansion and 
vibration . 

A variety of models lets you match specific resistor 

Pedestal design models provide greater area for 
placement adhesives and are ideal for wave soldering. 
Recessed foot mount models decrease board contact, 
which lowers board temperature and makes reflow 
soldering clean-up easier. 

Call 708-675-2600 and ask for Catalog 1138 to get a 
closer look at our curves. 

OH MITE® 
Since 1925 Ohm1te Manufacturing Co has been 1n the forefront of 1nnovat1ve electronic component technology 

Progressive and compet1t1ve Ohm1te ma1nta1ns a trad1t1on of quality and service 
Ohm1te Manufacturing Co 3601 Howard Street Skokie, IL 60076 Tel 708 675 2600 Fax 708 675 1505 

The lnlormotlon presented here Is t»sed on dllta obtained b)' Ohmlte ManUfacturing Co. research and Is consk:M:red accu-ate. 
Howevt.r, no warr.,.,ty Is expressed or implied re511rdin9 the accu-ecy ot this dllta, the results to be obtalrted from the use thereof, or thet ll"f such use wlR lnh11"t!!e on any patent. 

This Information Is tumished upon the condlllon that the person recelvlo!! it shall meke his own tests to determine the sultbb!Uty for the pertlcular application. 

CIRCLE NO. 183 
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The CQpier Built 
For Your lfottom Line 

RICOHFT6750 

These days, the bottom 
line is the top priority. Which 
is why Ricoh designed our 
FT6750 copier to automatically 

feed, edit, sort, cover and 
staple reports. 

The RICOH FT6750 
does it all for under $15 a 
day~ So get your office 
running at top speed for 

less than top dollar. Call 
1-800-63-RICOH, ext.1350, now. 

ICD©®DG® 
Where hnagination Becomes Reality 

•Based on manufacturer's suggested retail price for copier, recy:Iingdocument handler and finisher ewer a five-year period. 

CIRCLE NO. 184 

BINARY CODED MINIATURE ROTARY SWITCHES 

LET You INTERFACE 

WIIB MICROPROCESSOR­

CONTROLLED EQUIPMENT. 

ESTABLISH DATA RATE 
SELECT ADDRESS 
REPLACE THUMBWHEELS 

• Only half-an-inch in diameter! 
• Choice of 16 or 8 positions 

maximum 
• Adjustable stops permit 

limited rotation 
• Shaft and panel seal 
• Shorting contacts 
• Very affordably priced 
• Off-the-shelf availability through 

your local Grayhill distributor 

Ask for Bulletin Number 438 with code ~l'a U J.i,, 
and truth table and detailed specs. ~I• 
See us at WESCON Booth #1241-1243 561 Hillgrove Avenue, P.O. Box 10373 

LaGrange, Illinois 60525-0373 USA 
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Phone : (708) 354-1040 FAX: (708) 354-2820 
TLX or TWX: 190254 GRAYHILL LAGE 

CIRCLE NO. 185 

COMPONENTS & 
POWER SUPPLIES 

DC/DC Converters 
• Output 15W 
• Have 82% efficiency 
NWS-H Series de/de converters ac­
cept inputs of 9 to 18, 18 to 36, or 
36 to 72V and develop a 5, 12, or 
15V output. The devices develop an 
output of 15W and have efficiencies 
of 79 to 82%. Maximum load- and 
line-regulation figures equal ± 1 
and ±0.5%, respectively. Maxi­
mum ripple and noise is less than 
50 m V p-p, and isolation voltage 
equals 500V de min. The units fea­
ture remote shutdown, and continu­
ous short-circuit protection. The 
converters are housed in an EMii 
RFI shielded package that meas­
ures 2 x 2 x 0.4 in. $110. 

International Power Devices 
Inc, 155 N Beacon St, Brighton, 
MA 02135. Phone (617) 782-3331. 
FAX (617) 782-7416. 

Circle No. 385 

DC/DC Converters 
• Provide a single output 
• Feature 0.2% regulation 
DCl-1-x/x series de/de converters 
accept inputs of 5 or 12V and pro­
vide an output of 5, 12, or 15V with 
a 1 W power-output capability. 
Minimum MTBF, calculated per the 
parts-stress method outlined in 
MIL STD-217E, equals 106 hours. 
Standard features include 30-m V 
p-p max ripple and noise, line and 
load regulation of ± 0.2% max, and 
500V de input/output isolation. All 
models include indefinite short­
circuit protection, reverse-voltage 
protection, and foldback current 
limiting. An input pi filter elimi-

' nates reflected ripple current. Each 
converter is housed in a 1.25 x 
0.80 x 0.4-in. phenolic package that 
carries a UL 94V-O rating. Opera­
tion is specified over a - 25 to 
+ 70°C range with no derating. 
Cooling is via natural convection. $54. 

Power General, 152 Will Dr, 
Canton, MA 02021. Phone (617) 
828-6216. FAX (617) 828-3215. 

Circle No. 386 
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~National 
~Semiconductor 

Now there's a 12-bit Data 
Acquisition System that gives you 
easy access to the analog world. 

Unsurpassed 
integration makes 
analog design easy. 

When crossing the 
border from analog to 
digital the last thing you 
want is excess baggage. 

That's why we de­
signed the industry's first -r. -..,..,..,.. , _ ~r-~...s 

+SY 12-bit plus sign 
Data Acquisition System, 
the LM124S8. A highly 
integrated one-chip 
solution that not only 

(''watchdog" comparison mode) 
you get optimized system 
performance at a through-

put rate of 87kS/s 
min. A four-channel 
version will be avail­
able in 1992. 

Single +5V 
Operation. 

With single +SY 
operation , you get 
all this performance 
while consuming just 
30mWmax(50µW shrinks board space ~~!2fili· ....._~~L~,.;_.?~J! 

but also reduces design ~~~~~~~~~~~...;--==:~!~ 
and debug time. 

in standby mode). 
What's more, the 

LM12458 's self-calibrating 
architecture ensures high 
accuracy over time and 
temperature. 

Versatility through 
software programmability. 

change your setup "on the fly" 
An eight-word instruction 
RAM stores your commands, 
which are then carried out by 
the on-chip sequencer. Easily configured via 

software, the LM124S8 lets you These commands allow 

DO-D7-

DB-015-

DATA 
BUS 

BUFFER 

DATA 
BUS +-+ 

BUFFER 

AO-A4-+ 

CS- SELECT 
RD- & 
WA--+ CONTROL 
ALE--+ LOGIC 
BW--+ 

INTERRUPT m you to choose which 
c~~~~gL DMARa input channels to access 

and the type of conversion 
REF~~~NcE vREFouT to be performed. The 

results are then stored in 
I:::I::::c:==== ~~~~+ a 32-word FIFO. 

With conversion 
Ju~1- - iNo-iN7 times of 8.8µs (12-bit 
PLEXEA 

plus sign), 4.2µs (8-bit 
plus sign), and 2.2µs 

System-level integration 
on a single chip. 

Access us with 
one easy call. 

For a free software design 
kit and more information , call: 
1-800-NAT-SEMI, Ext. 143. 

And gain duty-free passage 
to the analog world. 

~National 
~Semiconductor 

NORTH AMERICA: PO. Box 7643, Mt. Prospect, IL 60056-7643 (Tel: 1800628 7364, ext.143; Fax: 1800888 5113); EURO PE: RaiffeisenstraBe 10, D-8016 Feldkirchen, Germany 
(Tel: 49 8141 103 O; fax: 49 8141 103 515); HONG KONG: 15th Floor, Straight Block, Ocean Center, 5 Canton Rd.,Tsimshatsui , Hong Kong (Tel: 852 737 1600; Fax: 852 736 9921); 

JAPAN: 4-15, ishi-shinjuku , Shinjuku-ku,Tokyo,Japan 160 (Tel: 8133299 7030; Fax: 81 3 3374 4303). 
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And, for those who require a + 12 volt 
output for flash memory or other functions, 
the companion unit offered is a 1 MHz step­
up Boost Converter. 

Power Trends' Power Chipset TM drastically 
cuts component count and simplifies 

If you are designing notebook computers or 
other battery operated products, then Power 
Trends has the power conversion products for 
you. Call or write for more information about 
the Power Chipset™ for Notebook Computers 
from Power Trends. Samples are available 
now. Call today. 

a 
PO\NER TRENDS 

Power Trends, Inc. 1101 North Raddant Road, Batavia, IL 60510 • (708) 406-0900 •FAX (708) 406-0901 
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COMPONENTS & POWER SUPPLIES 

Lithium Battery 
• Develops a 9V output 
• Has a 10-year life 
The CR 9V lithium manganese di­
oxide battery has a 10-year life ex­
pectancy. The unit has a 950-mAhr 
capacity and is built from cells with 
25% more energy density than con­
ventionally built LiMn02 batteries. 
The unit is protected against over­
charging or polarity reversal and is 
designed primarily for low-drain ap­
plications. The stainless-steel case, 
laser-welded fabrication, and bob­
bin-type configuration of the lith­
ium cells provide for a very low self­
discharge of 0.5%/year. Operating 
range spans -30 to +75°C. $9.99 
(1000). Delivery, three to five 
weeks ARO. 

Varta Batteries Inc, 300 Execu­
tive Blvd, Elmsford, NY 10523. 
Phone (914) 592-2500. FAX (914) 
592-2667. Circle No. 387 

Suppression Networks 
• Have a 94V-O UL rating 
• Rated for 250V ac operation 
XYE Series EMI/RFI ac noise­
suppression networks provide nor­
mal- and common-mode attenu­
ation. Designed for pc-board 
mounting, the networks feature one 
X and two Y suppression capacitors 

EDN November 7, 1991 

in a single package. The line con­
sists of 75 models in three distinct 
package styles. All models meet the 
requirements of eight worldwide 
safety agencies at 250V ac. The net­
works feature double-wound, oil­
impregnated metallized polyester 
construction. The case material and 
internal potting carry a UL 94V-O 

flammability rating. The internal 
potting is designed to prevent ex­
pulsion of material under damaging 
surge conditions. $0. 72 to $1.10 
(OEM qty). 

Okaya Electric America Inc, 
503 Wall St, Valparaiso, IN 46383. 
Phone (219) 477-4488. FAX (219) 
477-4856. Circle No. 388 

VORTEX™ Concentrates 1/0 
for top 'C40 performance 

Harness the awesome power of 
Tl's TMS320C40 digital signal pro­

cessor to your AT or compatible com­
puter - the Vortex system board from 

ASPI is all you need! 
The Vortex is particularly well-suited 

for prototyping and implementing multi­
processor configurations. The six 'C40 
communication ports allow direct processor­
to-processor communication; almost any 
number of Vortex Boards can be linked 
quickly and easily by just plugging 
them together. 

Besides the main TMS3 20C40 proces­
sor, a Vortex Board has a TI TMS3 20C31 

floating-point processor. The 'C31 can be 
used with the 'C40 for 1/0 processing or 
filtering, or for entirely separate functions. 

This gives the Vortex a total floating-point 
capacity of 83 MFLOPS. 

The Vortex will accommodate up to 2 Mbytes 
of SRAM, and works with 

ASPI's daughter boards -
including a 64 Mbyte DRAM 

board, digital audio interface and general 
A-DID-A systems. 

Ask today for full details on this 
remarkable new DSP system. 

YOllO LEADEflS IN DSP DESIGN TOOLS 

Atlanta Signal Processors, Inc. • 770 Spring Street 
Atlanta, GA 30308 USA 
(404) 892-7265 • FAX: (404) 892-2512 

CIRCLE NO. 180 
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CCD Image Sensors 
The CCD t,echnolngy that kd 
fJJ Smry's ka.dership in co!ur video 
cameras is nuw availabk fJJ yau. 

High Speed SRAMs 

ECL Standard Logic 
Wide range of high-speed, high-performance 
ECL IDgic devices. Low cost and design simplicity. 

II 

Digital Audio 
Consumer-based kading-edge 
f£chno1Dgy. Cmnpact design. Small 
package. Capabk of CD-ROM 
interface. 

Interactive Video 
Sony's A/VIC kadership 
applies directly fJJ new multimedia 
sysf£ms. Superior bipolar linear 
t,echnolngy in encoder/decoder. 

Broad family COlX!YS all your fast-processm; 
cache-memory requirements. 

ECL Gate Arrays 
Super high-speed operation combined 
with 1Dw j>oux!r consumption and 
exf£nsive I/0 interfaces. 

1-Meg SRAMs 
Largest, most diverse family in 
the industry. The first products schedukd fJJ 
come from our new San AnfJJnio fab. 

-------········~· 
D/A Converters 
High speeds fJJ 500 MHz., 
low glitch energy, and low power 
consumption in very small packages. 

308 

STRAM 
High speed performance, self timed 
RAM with regisf£<t; synchronous SRAM 

A/D Converters 
18 models including the world's 
fast,est Fewer pins, smalkr 

GaAs FETs 
Staf£-of the-art performance, 
reliability and uniformity. Ideal 
when 1Dw noise is critical 

packages, 1Dw power consumption, 
and guaranf£ed low error rates. 

Laser Diodes 
Wide power range, high 
reliability, huge sekction. Ideal 
for optical disk, laser print,er 
and microsurgery designs. 
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If you can't get the parts you need, 
you can't get your best designs out the door. 

And that's where we can help. With 
cutting edge SRAMs-high and low 
speed. With high speed ND and DIA 
converters. With high speed ECL logic 
chips. And with a long list of other com­
ponents- the same components that have 
made Sony's consumer electronics 
so successful. 

Perhaps more important, we're 
always here to help. With a design center 
to support your design engineers, in devel­
oping applications all the way through 

production. With a service department 
to answer your questions and expedite 
your orders. And with world-class manu­
facturing, plus new facilities in San Antonio, 
Texas, to produce the technology you'll 
need next year. 

To learn more about our custom 
design support, our competitive prices, and 
our full line of components, just call us 
today at (714) 229-4331 or (416) 499-1414 
in Canada. You can even FAX us your cur­
rent requirements at (714) 229-4285 or 
(416) 499-8290 in Canada. 

SONY@ 
Sony Corporation of America, Component Products Company, 10833 Valley View Street, Cypress, CA 90630. 

Sony Canada, 411 Gordon Baker Road, Willowdale, Ontario M2H 2S6. 

Sony is a registered trademark of Sony Corporation. Prices and specifications are subject to change without notice. The purchase of products is subject to availability and Sony's standard terms and conditions of sales. 
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''SIZE IS POWER'' 
DEBUNKING THE MYTH 

The myth of mass. 
Many say, "Size is power." 
We say different, but 
understand a few of you 
may have doubts. Sometimes it's just 
hard to believe a device so small can 
dissipate so much power. A full 2 watts. 

But LI'ITLE FOOTr" does. 
It also delivers the highest current 

rating available, up to 3.5 amps, in a tiny 
SOIC-8 package. This results from a 
combination of our unique copper lead­
frame design that conducts heat directly 
from the backside of the die to optimize 
thermal performance, and our SiMOS 2.5 
(2.5 million cells/sq.in.) technology that 
creates the industry's highest power 
density and lowest on-resistance. Just 
what you need for motor control, load 
switching, and DC/DC conversion in 
applications where space and heat are 
critical constraints. 

How else can you design one or two 
powerful MOSFETs into your system in 
less than five one hundredths (0.05) of 
a single square inch? 

© Copyright 1991 Siliconix 
LITILE FOOT is a trademark of Silicon ix 
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Use the world's smallest evaluation 
board ... and see for yourself. 
Siliconix simplifies circuit testing by pro­
viding you with a mini-evaluation board. 
It's only I/z" x 1/2''. Just solder LI'ITLE 
FOOT to the mini-board and drop it into 
your socket. It takes only a few minutes 
to prove to yourself that 2 watts can be 
dissipated easily by this remarkable 
SOIC-8 packaging technology. 

LrITLE Foor is designed for 
manufacturability. 
LI'ITLE FOOT simplifies your assembly 
process because Siliconix's SOIC packag­
ing is compatible with the digital devices 
on your board. And its two-MOSFET cap­
ability means you use fewer components 
and get higher system reliability. 

LI'ITLE FOOT cuts your costs and 
reduces set-up time. And there are no 
solder voids, no lead trimming, and no 
tube jamming. It can also eliminate steps 
in your production cycle to get your 
product to market faster. 

Get the IJTILE Foor 
big advant.age. 
It runs cooler, saves space, 
improves reliability, increases 

efficiency, simplifies design, extends battery 
life, reduces costs, and cuts time to market. 
With this kind of designed-in performance 
it's not surprising that LI'ITLE FOOT sales 
have surpassed 20 million devices. 

And that's fact - not myth. 

L/1TLE F()(J]' comes in diff crent 
versimts that are ideal for motm cantro4 
/,oad SUJil.cki'fl{J, and DC/DC conversian. 

• N-ch MOSFETs (duals & singles) 
• P-ch MOSFETs (duals & singles) 
• N-& P-ch MOSFETs 

Voltage: 20-50V (200V coming) 
On-resistance: 50-300 mil 
Current Rating: 4.5A 
Power Dissipation: 2 W 

Call our toll-free hot line now! 
1-800-554-5565, ext 964. Ask for your LI'ITLE 
FOOT design kit and evaluation board. And 
remember at Siliconix we're bringing a seam­
less power interface to the digital world. 

Silicon ix 
2201 Laurelwood Rd, Santa Clara CA 95056 
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Take This Opportunity To Meet 
Our Distinguished Panel 

The PEP™ 4286 Interactive Flat Panel Display 

Ideal for Menu-Driven 
Applications 

The PEP™ 4286 inte ractive flat 
panel display provides you with a 
complete touchscreen man-machin e 
inte rface that is ideal for menu 
driven appl.ications. PEP 4286 
combines a full-dot DC gas plasma 
display with a highly reliable in­
frared touchscreen switch matrix . 

Exceptional LAB-6™ Brightness ... 
Even in Sunlight! 

The display's LAB-6™ cathod e 
coating provides a brightness level 
of 200fL before filtering, and un­
surpassed contrast. PEP 4286 can 
be used in high ambient light ap­
plications. This coating also a llows 
the display to be used over a wide 
-20 to +75°C temperature range . 

A Complete Touchscreen 
Sub-system 

As a comple te touchscreen sub­
system, the module includes a drip 
proof, polycarbonate bezel which 
seals to your front panel, a circular 
polarized filte r which has two sid e 
areas for fix ed function switch 
legends, and a rear chassis cover. 
14K bytes of batte ry backed CMOS 
RAM is built-in for C'anned 
messages. 

Ergonomically Distinguished 

• User friendly touchscreen input 
• Minimize training time and e rrors 

with menu driven input choices 
• Bell output for touch confirmation 
• 200fL brightness is software-dim­

mable in 6 steps for comfortable 
long term viewing 

• l R switch matrix means a clear, 
sharp display without distorting 
ove rlays 

• Dedicated fi xed fun ction switch 
a reas for most co mmonly used 
functions 

Economically Distinguished 

• Co mplete subsystem simplifies 
your design process and 
minimizes your time-to-market 

• Replace banks of switches and 
dials with soft keys 

• Display and touchscreen self-test 
speeds up QA and in-field 
diagnostics 

• Compact flat panel is only 3 " 
deep-fits where CRTs can ' t 

• Batte ry backed canned message 
RAM reduces host memory overhead 

CIRCLE NO. 215 

Display Features 

• 240 X120 accessible dots form a 
12 line by 40 characte r display, using 
a nominal 5 x 7 dot matrix 
characte r 

• 96-characte r U. S. ASCII 
characte r set in regular height­
width , double height, double 
width , double height-width ; a ll m 
regula r ancl rt>ve rse vid eo 

• 96-characte r ISA Graphics 
characte r set 

• 14.10 x 7.8 5 x 3.00" (W x H x D) 

Operation 

• Requires only +5.0VDC TTL 
supply and an unregulated 
ll-29VDC panel supply 

• Serial l/O RS-232-C (with CTS 
and DTR) and RS-422 inte rfaces 
at 1200 or 9600 baud 

• ANSI-standard VTlOO compatible 
control codes 

Industrial Electronic Engineers, Inc. 

Industrial Products Division 

7740 Lenw na Avenue 

Van Nuys, CA 91409-9234 

Tel. : (8 18) 787-03 11 , ext. 4 18 

FAX: (818) 901 -9046 

~/: __ _ _ 
=== ---====@ 

Circle No. 30 For Immediate Response Circle No. 31 For Future Reference 
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. ,·"", A 'Al -v • 1 to 7 outputs 
• 400 to 1500 watts 

• 120 kHz. MOSFET design 
• Current mode control 

• All outputs regulated and floating 

VM-101 3/91 

Call Toll Free 1 ·800·523·2332 
In PA: 215/699·9261 

s::: 7 De/'lran. inc. 
POWER ~PRODUCTS 



SPECIFICATIONS 
INPUT 
90-132 VAC or 180-264 VAC, 47-440 Hz. Strappable. 

INPUT SURGE 
Less than 68 Amps peak from cold start. For 1 OOOW and 
1500W units less than 136 Amps peak. 

HOLDUP TIME 
20 milliseconds from loss of nominal AC power. 

OUTPUTS 
See model selection table. 

ADJUSTABILITY 
±5% trim adjustment. All 5VDC outputs are adjustable up to 
5.2VDC @ full output. 

OUTPUT POLARITY 
All outputs are floating from chassis and each other and can be 
referenced to each other or ground as required. 

LINE REGULATION 
Less than ±0.1 % or ±5mV for input changes from nominal to 
min. or max. rated values. 

RECOVERY TIME 
Recovery within 1 %. 
Main output - 200 microseconds. 
Auxiliary outputs - 500 microseconds. 

AC UNDERVOLTAGE 
Protects against damage for undervoltage operation. 

OVERVOLTAGE PROTECTION 
Standard on main output. 

REVERSE VOLTAGE PROTECTION 
All outputs are protected up to load ratings. 

OVERLOAD & SHORT CIRCUIT 
Outputs protected by duty cycle current foldback circuit with 
automatic recovery. Auxiliaries have additional backup fuse 
protection. 

THERMAL SHUTDOWN 
Circuit cuts off supply in case of local over temperature . Units 
reset automatically when temperature returns to normal. 

SOFT START 
LOAD REGULATION Units have soft start feature to protect critical components. 
±0.2% or ±10mV for load changes from 50% to 0% or 100% of 
max. rated values . FAN OUTPUT 

MINIMUM LOAD 
Main output requires a 10% minimum load for full output from 
auxiliaries. 

REMOTE SENSING 
On all outputs except those less than 100 watts and less than 
20 Amps. 

RIPPLE & NOISE 
1 % or 1 OOmV pk-pk, 20 MHz bandwidth . 

OPERATING TEMPERATURE 
0-70°C. Derate 2.5% /°C above 50°C. 

COOLING 
A min. of 10 LFS cooling air directed over the units for full 
rating . Two test locations on chassis rated for max. temperature 
of 90°C. 1000 and 1500 watt units have built-in fan . 

TEMPERATURE COEFFICIENT 
±0.02% /°C. 

EFFICIENCY 
80% typical. 

SAFETY 
Units meet UL 1950, CSA 22.2 No. 220, CSA bulletin 1402C, 
EN 60 950, DIN VDE 0805/05.90. Certifications in process. 

DIELECTRIC WITHSTAND 
3750 VRMS input to ground. 
3750 VRMS input to output. 
700 voe output to ground. 

SPACING 
8 mm primary to secondary. 
4 mm to grounded circuits. 

LEAKAGE CURRENT 
0.75 mA at 115 VAC 60Hz. input. 
1.5 mA for 1000 watt and 1500 watt models. 

EMISSIONS 
Units meet FCC 20780 Part 15 Class A and VDE 0871 /6.78 
Class A for conducted emissions. Compliance with Class B 
limits by use of additional external filter. 1000 watt and 1500 
watt models require optional filter for Class A. 

DYNAMIC RESPONSE 
Peak transient less than ±2% or ± 200mV for step load change 
from 75% to 50% or 100% max. ratings . 

Nominal 12 VDC @ 12 watts maximum. 

INHIBIT 
TTL compatible system inhibit provided. 

SHOCK 
MIL-STD 810-D Method 516.3 , Procedure Ill. 

VIBRATION 
MIL-STD 810-D Method 514.3, Category 1, Procedure I. 

MECHANICAL 

CASE WATTS H x w x L 

1 400 W/500 W 2.5" x 5.05" x 9.0" 
2 750W 2.5" x 5.20" x 9.63" 
3 1000 w 5.0" x 5.05" x 10.4" 
4 1500 w 5.0" x 5.20" x 11.0" 
5 860W 2.5" x 5.0" x 6.85" 

POWER FAIL MONITOR 
Optional circuit provides isolated TTL and VME compatible 
power fail signal providing 4 milliseconds warning before main 
output drops by 5% after an input failure. Available on units with 
a high current 5 volt output. 

AUTO RANGER 
Optional circuit provides automatic operation at specified input 
ranges without strapping. Not available on single output units. 

PILOT BIAS 
Optional circuit provides SELV output of 5 volts at 1 Amp 
independent of the main power converter. Output isolation 
compliant to safety specifications referenced above. Not 
available on single output units. 

EMI FILTER 
For Class A on 1000 and 1500 watt units. 

COVER 
Optional flat cover recommended when customer supplied fan 
cooling is directed through the length of the unit. 

FAN COVER 
Optional cover with brushless DC fan which provides the 
required air flow for full rating of VM power supplies. 

POWER FACTOR CORRECTION 
Refer to Bulletin FM-101 for FM Series units with 0.99 power 
factor and harmonic currents compliant to IEC 555-2. 



DESCRIPTION 

VM Series switchers comprise a line of open frame 
power supplies with output combinations that are 
required for a large variety of bus systems such as 
VME, VXI, and FUTUREBUS. Units in this fully modular 
fami ly offer power density up to 10 watts per cubic inch. 
The small size and high power available permits more 
system hardware to be packaged in a given enclosure. 
The extended function without additional cabinet 
overhead wi ll give your product a competitive edge in 
the marketplace. 

VM Series feature outstanding quality, insuring full 
compliance to specifications, rel iable field operation and 
long service life. Th is exceptional quality is a result of 
three major efforts. 

• Meticulous innovative engineering design. 
• Total modular mechanical design. 
• Excellent thermal management. 

VM Series are available in power ratings from 400 to 
1500 watts and with 1 to 7 outputs in a single package. 

FEATURES 

- TUV, UL, CSA. 
- 10 watts per cubic inch. 
- 120 kilohertz MOSFET design. 
- Current mode control. 
- All outputs : 

Adjustable. 
Floating. 
Overload and short circuit proof. 

- System inhibit. 
- Load proportional DC fan output. 
- Options include: 

Auto ranger for continuous 
input operation. 

Power fail monitor. 
Pilot bias. 
EM/ filter for 1000 and 1500 watt units. 
Cover. 
Fan cover - 1000 and 1500 watt units 

have fan built in. 

7 output unit 
with fan cover 

SINGLE OUTPUT MODELS 
Model voe Amps 

VM12DO-YY 2VDC 150A 
VM1 2D1 -YY 3.3VDC 150A 
VM12D2-YY 5VDC 150A Nominal Power 

VM1 2D3-YY 12VDC 72A 860W 

VM1 2D4-YY 15VDC 57A Case 5 
VM12D6-YY 24VDC 36A 
VM12D9-YY 48VDC 18A 

MULTIPLE OUTPUT MODELS 
Model VM1A-YY 
Total Power: 400 Watts 
Case: 1 
Ratings: 5VDC @ 50A 

5VDC @ 10A 
12VDC@ 12A 
12VDC@ 6A 

Model VM18-YY 
Total Power: 500 Watts 
Case: 1 
Ratings: 5VDC @ 80A 

5VDC @ 10A 
12VDC @ 12A 
12VDC @ 12A 

Model VM38-YY 
Total Power: 500 Watts 
Case: 1 
Ratings: 5VDC @ 80A 

12VDC @ 12A 
24VDC @ 6A 

5VDC @ 10A 
12VDC @ 6A 

Model VX18-YY 
Total Power: 500 Watts 
Case: 1 
Ratings: 5VDC@ 30A 

2VDC @ 10A 
5VDC@ 10A 

12VDC@ 6A 
12VDC @ 6A 
24VDC@ 3A 
24VDC @ 3A 

Model VX1E-YY 
Total Power: 1000 Watts 
Case: 3 
Ratings: 5VDC @ 80A 

2VDC @20A 
5VDC@20A 

12VDC @ 10A 
12VDC@ 10A 
24VOC@ 5A 
24VDC@ 5A 

Model VM2A-YY 
Total Power: 400 Watts 
Case: 1 
Ratings: 5VDC @ 50A 

12VDC@ 6A 
12VDC@ 6A 
24VDC@ 6A 

Model VM28-YY 
Total Power: 500 Watts 
Case: 1 
Ratings: 5VDC@ 80A 

12VDC@ 12A 
12VDC@ 6A 
24VDC@ 6A 

Model VM1D-YY 
Total Power: 750 Watts 
Case: 2 
Ratings: 5VDC @ 120A 

12VDC@ 12A 
24VDC@ 6A 

5VDC@ 10A 
12VDC@ 6A 

Model VX 1 D-VY 
Total Power: 750 Watts 
Case: 2 
Ratings: 5VDC@ 60A 

2VDC@ 12A 
5VDC@ 12A 

12VDC@ 8A 
12VDC@ 8A 
24VDC@ 4A 
24VDC@ 4A 

Model VX1F-YY 
Total Power: 1500 Watts 
Case: 4 
Ratings : 5VDC@ 120A 

2VDC@ 30A 
5VDC@ 30A 

12VDC@ 15A 
12VDC@ 15A 
24VOC@ 8A 
24VDC@ 8A 

OPTIONS 
Code Function Code Function 
00 None 04 EMI Filter 
01 Power Fail 32 Cover 
02 Auto Ranger 64 Fan Cover 

Notes: 
1. All 5VDC outputs adjustable to 5.2VDC. Others trim adjustable ±5%. 
2. On models VX1 E-YY and VX1 F-YY the max. total power for the 

sum of outputs #1 to #3 must not exceed 500 watts and 750 
watts respectively. 

3. Models VX1 E-YY and VX1 F-YY include built-in fan . 
4. Models VX1 E and VX1 F require EM! Filter option to meet FCC 

and VDE Class A for conducted emissions. 
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NEW PRODUCTS 
TEST & MEASUREMENT INSTRUMENTS 

Data-Acquisition Package 
For Apple Macintosh 
• Consists of external ADC and 

software 
• Provides 45 analysis functions 
The SS-Pack/16 waveform-acquisi­
tion package combines Superscope 
data-acquisition software with the 
vendor's ADC488/16 ADC. It pro­
vides a data-acquisition package for 
those members of the Macintosh PC 
family that can accommodate an 
IEEE-488 interface. The ADC488/ 
16 mounts outside the computer. It 
accepts 16 analog inputs and digi­
tizes them at 20 rates from 0.02 to 
100 ksamples/sec. The software per­
forms 45 functions. It can display 
eight waveforms at once and pro­
vides virtual front panels for instru­
ment control. It also permits saving 
data to journal files from which you 
can easily load it into a spreadsheet. 
$2995. 

IOtech Inc, 25971 Cannon Rd, 
Cleveland, OH 44146. Phone (216) 
439-4091. FAX (216) 439-4093. 
TWX 650-282-0864. 

Circle No. 410 

Function Generator 
• Covers 0.002 Hz to 2 MHz 
• Reads out frequency to 31

/2 digits 
The TG230 2-MHz function genera­
tor provides a 31/2-digit readout of 
the output waveform's frequency, 
amplitude, and offset. The genera­
tor includes sweep and AM (ampli­
tude-modulation) capabilities and 
permits adjustment of the wave-

EDN November 7, 1991 

form symmetry. The sweep mode 
permits linear and logarithmic 
sweeps over ranges as great as 
1000:1 and permits digital readout 
of the start and stop frequencies. 
The AM facility provides a 400-Hz 

signal that can produce 100% modu­
lation. £249. 

Thurlby-Thandar Ltd, Glebe 
Rd, Huntingdon, Cambs PE18 
7DX, UK. Phone (0480) 412451. 

OTTO Precision Snap-Action Switches 

More 
than 
just 
the 

CIRCLE NO. 192 

Circle No. 411 
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TEST & MEASUREMENT INSTRUMENTS 

Data-Acquisition Boards 
For Laptop PCs 
• Plug into half-length ISA bus 

slots 
• Include ADC and DAG units 
The ADC-35 and ADC-45 are, re­
spectively, analog input and output 
boards for laptop PCs. In fact, the 
half-length cards work in any PC 
that can use 8-bit ISA bus I/O 
boards. The ADC-35 has a 12-bit 
ADC and a pacer clock. The ADC-
45 (despite its model number) is a 
4-channel, 12-bit DIA converter. 
The vendor's product line for laptop 
PCs also includes a 32-channel digi­
tal I/O board, a dual RS-232C 
board, an IEEE-488 interface, and 
an expansion chassis. ADC-35, 
$595; ADC-45, $725. 

Contee Microelectronics USA 
Inc, 2188 Bering Ave, San Jose, CA 
95131. Phone (800) 888-8884; (408) 
434-6767. FAX (408) 434-6884. 

Circle No. 412 

16-Bit, 2-Msample/Sec 
Arbitrary-Wave Generator 
• Is prepogrammed with 20 wave­

forms 
• Lets you use a mouse and a scope 

to define waveforms 
The 2411A device generates both 
predefined and arbitrary wave­
forms-ones you define yourself. 
Among the 20 signals in the unit's 
library are sine, square, triangle, 
sawtooth, pulse, exponential, sin(x)/x, 
and haversine waveforms. Al­
though the generator can store 216 

waveform points, it doesn't use 
much of this memory for the stan­
dard functions; the unit's µP exe­
cutes routines to create the signals 

when you need them. As with the 
firm's other generators, defining ar­
bitrary waves requires only a 
mouse and an X-Y scope. When cre­
ating your own waveforms, you can 
start from scratch or edit and com­
bine the predefined functions. The 
unit also produces gated and trig­
gered bursts as well as continuous 
waves. A sequence generator lets 
you link and loop on waveform seg­
ments to extend the unit's memory 
manyfold. 2411A generator, $2495; 
optional sequence generator, $895; 
IEEE-488 and RS-232C ports , 
$495. 

Pragmatic Instruments Inc, 
7313 Carroll Rd, San Diego, CA 
92121. Phone (619) 271-6770. FAX 
(619) 271-9567. Circle No. 413 

Coprocessor For Micro 
Channel Architecture Bus 
• Consists of two boards 
• Switches between Basic and DOS 

with simple commands 
A set of two boards for the Micro 
Channel Architecture bus of the 
IBM PS/2 family lets these PCs run 
Hewlett-Packard Basic and Basic 
Plus-dialects of the popular pro­
gramming language tailored to in­
strument control. The Microcat 
board set lets you invoke simple 
commands to switch rapidly be­
tween the MS DOS and Basic envi­
ronments. Installing the boards 
turns a PC into an HP 9000 Series 
300 workstation and lets you run 
the workstation versions of such ap­
plication packages as HP's Interac­
tive Test Generator, Functional 
Test Manager, and Data Acquisi­
tion Manager. Included in the board 
set is an IEEE-488 bus controller 
that is functionally identical to the 
HP98624A card used in the work­
stations. Set of two boards, $3850. 
Complete controller (PC with 
coprocessor), approximately $7000. 
Delivery, eight weeks ARO. 

Sejus Corp, 2618 Palisades Crest 
Dr, Lake Oswego, OR 97034. Phone 
(503) 638-9000. Circle No. 414 
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Nobody knows more about 
surface mount interconnects 
than Samtec. 
Samtec surface mount Strips, DIP's and PLCC s are 
designed for automated assembly, VP or IA soldering 
and to optimize electrical and mechanical properties. 

Our new Surface Mount Guide shows thousands of 
Interconnect solutions. And, if you don't see the solution 
you need, we'll design one to satisfy your moat 
demanding application. Call today. 

1-800-SAMTEC-9 

sa~tec IS SUDDEN SOLUTIONS 
--~~~~~~~~-SUOOENSERWCE._._._._._._._._._._._._._._._._. 

New Albany, Indiana USA • Cumbernauld, Scotland UK· Singapore 
SAMTEC, INC. P.O. Box 1147 · New Albany, IN 47151 -1147 USA • Phone 812-944-6733 · Fax 812-948-5047 · TWX 810-540-4095 ·Telex 333-918 
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INTERNATIONALLY APPROVED CIRCUIT BREAKERS 

When you're designing your product 
for global markets, take steps to 
protect it right. Choose Airpax. We 
build in the quality, performance and 
reliability you demand as well as the 
required international certification 
that will assist you in marketing your 
product anywhere in the world. From 
initial design through final shipment 
we can help you every step of the way. 

Step-by-step help 
on three continents. 

Engineers at our design/manufac­
turing centers in Belgium, Japan and 
the U.S. will assist in your design 
requirements by recommending the 
correct magnetic circuit breaker. 
When you're ready to manufacture. 

Wherever 

we're strategically located to provide 
on-time/just-in-time delivery anywhere. 

50 milliamps to 100Amps, 
1 to 6 poles and more. 

Consider your choices: S APAK® in 
rocker. toggle, paddle. baton, push-pull 
or push-to-reset styles; !EL, DIN rail 
mount in single or multi-handle; 

You DesigQ Your Product, 
We're With You 

Every Step Of The Way. 
UL, VDE, CSA, TUV 
and SEV approvals. 

For any international marketer. it 
can be a maze of acronyms out 
there. ot for Airpax, because ours 
is the broadest line of magnetic 
circuit breakers fully accepted for 
international applications in marine. 
instrumentation, medical systems. 
appliances. power supplies. 
information processing systems. 
industrial controls. HVAC equipment 
and other devices that demand 
reliable circuit protection. 
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IEG in a toggle and snap-in mount; 
and E-Frame branch circuit pro­
tectors. Designed to withstand shock. 
vibration and temperature variances. 

The next step 
is up to you. 

To find out more. write us. Or to 
secure prototypes fast for testing, 
built to your requirements at no 

extra cost, call our HOTLINE 
(301) 228-4600. Airpax, 

Woods Road, Box 520, 
Cambridge, MD 21613. 

FAX (301) 228-8910. 

CIRCLE NO. 195 
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• 100% IBM·AT Compatible STD BUS 
Industrial computer 

• Fast 10, 12, 16 or 20 MHz 80286 CPU 
• Phoenix Bios 
• 20, 40, 100 Mbyte 27 ms Hard Disk 
• VGA, EGA, CGA, MDA Color Graphics 
• Industry Standard IEEE 961 STD Bus 
• compact, Rugged, Industrial Packaging 

The STD·AT'" is the first 80286 IBM·AT compatible STD Bus computer offering over 
18 times the performance over a standard XT. The compact 4.5" x 6.5" STD Bus 
card size makes it ideal for mounting in disguised and embedded controllers in a 
wide variety of industrial and commercial applications. The STD·AT is the blending 
of proven hardware and software standards to provide the most rugged, 
compatible, cost effective industrial solutions. 

WRITE OR CALL FOR A FREE STD-AT BROCHURE 
P.O. Box 121361, Arlington, TX 76012 Phone 18171 274-7553 Fax 18171 548·1358 

.. TllE STD Bl S Al TllORITY'"" 

CIRCLE NO. 196 

No two emulators run the same. The trick is 
to get the best functionality you can for your 
investment. With the SIGN UM 8051 family in­
circuit emulator you get even more .. . you get: 
• Outstanding price/performance 
• Easy window interface & flash download 
• Free user support 
• C and PUM debuggers 
• Local variable support 
• 512K Mappable emulation RAM with 

256K H/W breakpoints 
• Break on register ranges 
• Program & external data access on the fly 
• Bank switching 
• A no-risk, iron-clad guarantee 

SIGNUM also has the Intel 8048, Zilog 28 
and Super-8,Texas Instruments DSP, the 
8051 /52 (from AMO, Siemens and Signetics). 
and more chips covered. 

So, don't just look at in-circuit emulators. 
The only way to truly test an emulator is to use 
it. Call for your own free trial and demo disk. 

You owe it to yourself to find how much 
emulator you can really get for your money. 

10 DAY FREE TRIAL 
~ 0 ® ()!] [Jj) fjlj) ~ w ~ fl~ fjlj) ~ 
171 East Thousand Oaks Blvd. 
Thousand Oaks, CA 91360 
Tel: 805-371-4608 ·Fax: 805-371-4610 
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INSTRUMENTS 

2.4-GHz Frequency Counter 
• Has 8-digit readout and 2-digit 

pice 
• Has 10-mV sensitivity 
The model 2300 handheld, battery­
operated counter works with sig­
nals from 1 MHz to 2.4 GHz. It pro­
vides 10-m V sensitivity through 900 
MHz. It has an 8-digit display. The 
unit features a display-hold feature 
that retains a reading after you re­
move the input signal. Model 2300 
counter, $99; rechargeable 600-
mAhr battery pack, $29. 

Optoelectronics Inc, 5821 NE 
14th Ave, Fort Lauderdale, FL 
33334. Phone (800) 327-5912; (305) 
771-2050. FAX (305) 771-2052. 

Circle No. 415 

4-Channel, 200-MHz 
Analog Scopes 
• Have sensitivity to 2 mV!div 
• Allow pairing of channels for dif-

ferential input 
The PM 3090 series 200-MHz analog 
oscilloscopes offer the convenience 
of µP control normally associated 
with digital scopes and the familiar 
feel and rapid display update rate 
of a true analog scope. Sensitivity 
extends from 5V/div to 2 mV/div. 
You can pair channels to obtain two 
fully differential channels. An auto­
set function instantly displays a sig­
nal without requiring you to adjust 
control settings. PM 3094 with 
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TEST & MEASUREMENT INSTRUMENTS 

4 channels, approximately $3500. 
John Fluke Mfg Co Inc, Box 

9090, E verett, WA 98206. Phone 
(800) 443-5853; (206) 347-6100. 

Circle No. 416 
Philips Test and Measurement, 

Bldg TQIII-4, 5600MD Eindhoven, 
The Nether lands. Phone local office. 

Circle No. 417 

Customized Expansion Box 
For PC Data Acquisition 
• Has eight 8-bit ISA bus slots 
• Includes 200W power supply 
The PCI-5500H is a customizable 
expansion box for peripheral cards 
that plug into the 8-bit ISA bus. It 
houses eight such cards. To use it, 
you plug a half-length interface card 

into the host PC. By equipping sev­
eral PCs with interface cards, you 
can use one expansion box with 
more than one PC. A Eurocard cage 
kit allows the box to accommodate 
three 3U-size Eurocards. An op­
tional splash-proof front panel per­
mits use of the box in many indus­
trial locations. Each version of the 

---------------------- ---------, box includes a 200W power supply. 
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LOW COST 

VITERBI 
DECODE S 
Less than s10! 
(in commercial quantities) 

Operating at up to 40 Kbps and 
priced at less than $10 in commercial 
quantities , the STEL-5269+40 is 
ideally suited for use in low cost 
modems with data rates such as 
38.4 Kbps. The STEL-5269+40 
uses the industry standard 
polynomials for constraint length 
7 and operates at rates 112 and 
1/3 . It is packaged in a 44 pin 
PLCC package, making it not only 
the lowest cost Viterbi decoder but 
smallest too! 

Call Stanford Telecom for information on 
the STEL-5269+40 and other Viterbi 
decoders operating at up to 20 Mbps! 

STAN FORD 
T-· ECF<e E .iE ® l:L \JiVi 

ASIC 
Custom 

Products 
Division 

ASIC & Custom Products Division 
2421 Mission College Blvd. 
Santa Cla ra, CA 95056 
Tel : (408) 980-5684 
Fax: (408) 727-1 482 

CIRCLE NO. 198 

cost Viterbi 

One version has a supply that oper­
ates between 100 and 127V ac; a 
second operates between 200 and 
240V ac; the third operates between 
90 and 110V ac. Expansion box, 
$995; interface card, $120; Eurocard 
kit, $79. 

Intelligent Instrumentation, 
1141 W Grant Rd, MS 131, Tucson, 
AZ 85705. Phone (602) 623-9801. 
FAX (602) 623-8965. 

Circle No. 418 

Programmable 
Power-Supply System 
• Uses 7-in. space in equipment 

rack 
• Houses eight 150W modules 
The 66000A modular power system 
mounts in a 7-in.-high space in an 
equipment rack. It houses as many 
as eight 150W programmable-out­
put de-supply modules. You pro­
gram the modules via the IEEE-· 
488 bus or with an optional key­
board. The system addresses the 
same problem that the VXI modu­
lar-instrument standard does­
reduction of the size of test sys­
tems. The VXI standard does not 
cover power sources that produce 
as much as 150W, however. An un­
usual feature of the system is that, 
although the cables that carry 
power to the unit under test plug 
directly onto the power modules, 
they remain captive in the main­
frame when you unplug modules. 
Mainframe, $1900; keyboard, $750; 
modules, $1750 each. 

Hewlett-Packard Co, 19310 
Pruneridge Ave, Cupertino, CA 
95014. Phone (800) 752-0900. 

Circle No. 419 
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Our newest line of defense 
against heat 

Insist on Interpoint 
A full line of high-temperature DC-DC converters 
from the industry leader. 

Get the hottest technology in board-mounted power 
supplies. Full military temperature range. Unsurpassed 
reliability. The lowest profiles. You can get it all with 
lnterpoint's new line of DC-DC converters. 

From arctic blasts to desert storms. lnterpoint's new 
generation DG-DC converters stand up to the toughest 
military environments. They deliver full power over the entire 
-55° to + 125° C. temperature range . And over an unprec­
edented power range. too. lnterpoint can now offer you an 
off-the-shelf hybrid power supply for any power 
level from 2 to 200 watts. 

For more than a decade. lnterpoint 
DC-DC converters have proven their 
reliability in many of the world 's most 

MSA Series: 5 W, 125° C. 

lnterpoint's new line of DC-DC converters features 
constant PWM switching frequencies from 500 
to 700kHz. Built-in sync. Parallel operation. Up to 
50 dB audio rejection Line and load regulation 
as low as 0.1 %. And fu ll MIL-STD-704 input for 
28- and 270-volt systems. 

EDN November 7, 1991 

advanced weapons systems - including mission-critical 
electronics on the Patriot and Tomahawk missiles. the 
Bradley Fighting Vehicle and F/A-18 aircraft. Our new 
generation converters are the most reliable yet. Each of 
them was designed with the specific intent of being 
qualified to the full performance and reliability standards 
of MIL-STD-883C. 

And lnterpoint continues to lead the way in power supply 
miniaturization. With power densities as high as 40 watts per 
cubic inch and package heights as low as .270 inch. this new 
generation of converters is bu ilt for the tightly packed boards 

in today's military and commercial avionics. ground 
vehicles and portables. 

It's the hottest new technology in DC-DC 
converters. And it's available only from 

lnterpoint. For more information. cal I 
1-800-822-8782. In Europe. 

44-276-26832. 

interpoint 
1030 I Willows Road I~ 0 . Box 97005 

Redmond, WA 98073-9705 
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THIS ISAMPTODAY 

Stripline high-performance connectors. 

AMP and ACTION PIN are trademarks of AMP Incorporated. 
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'Fast silicon' (rise time~l ns) requires 
strict impedance mntrol Conventional 
connectors give up half their pin count 
for this- a sacrifice you can do without. 

Our modular, scalable Stripline 
100 connector system can accom­
modate edge rates of250 ps (500 ps 
at <3% crosstalk), and still give you 
40 signal lines per inch - all four rows 
on a .l°x.111 grid. Reference planes 
isolate individual signal columns 
within the standard grid geometry, 
creating an interface completely trans-

EDN November 7, 1991 

parent to high-speed logic. 
Stripline 100 connectors deliver 

more than raw speed, too. Each 
reference plane can distribute three 
amps, and sequenced mating is 
available for ground, power, and 
two signal levels. 

Manufacturing is easier as well. 
ACTION PIN compliant posts (for 
existing 0.04011 pcb holes) simplify 
backplane assembly, and all materials 
are compatible with high-temp reflow 
processmg. 

CIRCLE NO. 273 

In fact, sub-nanosecond logic just 
got easier all around, and there's an 
easy way to 'bring yourself up to speed' 
on this exciting technology: call 
our Product Information Center 
at 1-800-522--0752 (fax 717-561--0110). 
AMP Incorporated, Harrisburg, PA 
17l(Xh36()8. In Canada call 4164 75--0222. 
For design assistance in characterized 
backplane assemblies, contact AMP 
Packaging Systems, 512-244-5100. 

ANIP 
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The next generation of 
IDC Interconnection: 

Same performance, 
one-half the size. 

System 311 is the next generation of reliable high 
performance IDC mass termination systems from 

Thomas & Betts, a pioneer in the development of IDC. 

A natural evolution, the new System 311 combines the finest 
capabilities of our proven Ansley® IDC System, downsized 

and precision engineered to terminate .025 pitch cable. 

Performance-oriented features make System 311 the new 
standard in IDC fine pitch systems - a beryllium copper 

contact with a dual mating beam that provides greater 
than 100 grams normal force (150 

KPSI Hertz Stress), a 
unique "coined-slot" 

IDC contact joint, one 
piece housing design, 

• NORTH AMERICA - Canada: 708-357-0404; Mexico: Naucalpan, 905-393-85-10 • PACIFIC - Australia: Wyong North, NSW, 
61-43-53-2300; Hong Kong: Kowloon, 852-739-1286; Japan: Tokyo, 81-3-3791-6411; Singapore: 65-747-0244; Taiwan: Taipei , 886-2-713-0509 
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Contact-to-Conductor Relationship -
Thomas & Betts ' "coined-slot" contacts are 
designed to position the terminated conductors 
within a specified region for maximum 
conductivity and reliability. 

Precision Lead-In Design -
assures that repeated connect/ 
disconnect functions are 
consistently smooth and 
without pin damage. 

and high performance materials are combined to ensure 
excellent system integrity and maximum reliability. 

System 311 incorporates these customer-requested features 
into a compact interconnect system with board space savings 
of up to 50%. 

From cable to connectors to application tooling, System 311 
is designed to meet or exceed the most stringent customer 
requirements for fine pitch IDC mass termination. 

For complete information or help with a specific application, 
call or fax: Thomas & Betts Corporation, Electronics 
Division, 200 Executive Center Drive, Greenville, S.C. , 
Phone: 803-676-2900, Fax: 803-676-2991. 

For the new System 311 Catalog call 800-344-4744. 

Our Own Vertical Eject Design -
saves board real estate and ensures 
positive locking and easy disen­
gagement of header from mating 
socket without stress to cable, 
contacts, or solder joints. 

Thomas&Betts 
• EUROPE - England: Marlow, 44-6284-6055; France: Rungis Cedex, 33-1 -4687-2385; Germany: Egelsbach, 49-6103-4040; Italy: 
Milano, 39-2-6120451 ; Luxembourg: Foetz, 35-255-0002; Spain: Barcelona, 34-3-3002252; Sweden: Upplands Vasby, 46-760-88110 
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Signetics. Because we're putt~ 
riglit at yo1 
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l00% of your PLD requirements 
. fingertips. 

often than not you will need several 
clllrar.mt.PID architectures to complete a single 
"8!!111!1PL Only Signetics delivers every PLO you 

k your system design. This eliminates the 
to deal with multiple vendors, multiple 
cations and multiple contracts. 

EVERY PLD )OU NEED IDR 
DESIGN. 

These PLO devices range from standard 
PAL*·type devices like our tons CMOS 22V10 
and 4.5ns ECL 20EV8 to application specific 
devices including 7.5ns 32-bit address decoders, 
55MHz programmable state machines, 32-bit 
programmable bus interfaces, up to 5000-gate 
CMOS EPLDs and more. 

Plus our complete PLO family is supported by 
industry-standard software and programmers. 
This allows you to eliminate the need for 
specialty programmers, and you can complete 
100% of your design using a single software 
package. 

So make the right selection. Call Signetics today 
to receive your PLO selection guide and software 
demo disk: 800-227-1817, ext. 7330. 

Signetics offers you the complete PW solution. 

Application specific PLOs 

• 55MHz programmable state machines (PLUS 105/ 
405·55) 

• 7.5ns 32·bit address decoder (PHD48N22-7) 
• 32-bit programmable bus interface (PML2552-35) 
• lOnsmemory decoder (PLUS153·10, PLUS173·10) 
• 5000-gate CMOS EPLD (PLV5000) 

Signetics 
EX1ENDING IBE DIMENSIONS OF PERFORMANCE 

PHILIPS 
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Why make 
users 

do this? 

When 
they can 
do this! 

Changing DIP switches is Changing an Address 
a five stage process: Switch takes only one 

disconnect the device, step: punch in the 
remove outer housing, "address" on the back of 
reset the DIP switches, the computer. Maximum 

reassemble unit, and downtime: 20 seconds. 
reconnect the device. 
Minimum downtime: 

20 minutes. 

IBM is a registered trademark of the International 
Business Machines Corporation. 

SEE US AT 
WES CON 

BOOTH #534 

Circle #34 For Immediate Need 

Circle #35 For Future Need 

Introducing the Address Switch™ 
It's a user-friendly world. At least, 
users insist it be that way. So they 
look for "user-friendly" features when 
they shop for computers and comput­
er products. That's why one major 
company introduced our Address 
Switch on the back panel of their per­
sonal computers. Users designate the 
"address" of their computers and 
peripherals with a simple, one-step 
press of the Address Switch. 

Wouldn't the Address Switch make 
your product much more 
user-friendly? 

Make "Switch-Addressable" 
One of Your Selling Features. 
Just as users look for "IBM 9 -com­
patible" on today's computers and 
peripheral devices, they will soon 
start looking for "switch-addressable". 
As local area networks continue their 
rapid growth, the need to change 
"addresses" on network devices 
in a quick and easy manner is 
becoming increasingly important. 
The Address Switch puts your device 
in the "preferred" category. 

The Address Switch 
Adapts to Your Design. 
Panel-mounted and easily accessible, 
the Address Switch adds value to 
your product by replacing internal DIP 
switches on IC boards with instant 
access on the external housing. 
Available in a variety of colors to 
match your product, gang-mountable 
in virtually any configuration, the 
Address Switch uses the standard 
SCSI design to adapt readily to 
any product line. 

Give Us Your Address, 
and We'll Give You Ours. 
Don't you owe it to your product to 
stay competitive? Call us today at 
708-360-3500, and we'll send you a 
Specifications Sheet describing the 
Address Switch in detail. Don't 
get left behind in the user-friendly 
race-the competition is already off 
and running. 

"Switch Addresses with the 
Address Switch." 

allBBILY* THE CHERRY CORPORATION ® 

Cherry Electrical Products 
3600 Sunset Avenue 
Waukegan, IL 60087 
Phone: 708-662-9200 
Facsimile : 708-662-2990 



NEW PRODUCTS 
COMPUTERS & PERIPHERALS 

Thermal Printer 
• Can print bar codes and labels 
• Prints at 12 lines/sec on thermal 

and 2-ply paper 
The DPU-5300 is a stand-alone 
thermal printer for point-of-sale ap­
plications. The unit can print bar 
codes and labels at 12 lines/sec. The 
data interface is via both an RS-
232C and a Centronics parallel port. 
The unit prints alphanumerics, bar 
codes, and graphics on thermal pa­
per, 2-ply paper, or label stock. The 
character matrix is 24 x 12 mm, and 
the vertical and horizontal dot pitch 
is 0.125 mm. Other features include 
a maximum 2-in./sec, 16-kbyte 
buffer, and a paper-out detector. 
The printer runs from a 110V 
ac adapter, and its environmen­
tally protected housing measures 
190 x 140 x 223.5 mm. $350 (1000). 

Seiko Instruments Inc, Thermal 
Printer Group, 2990 W Lomita 
Blvd, Torrance, CA 90505. Phone 
(213) 517-7787. FAX (213) 517-7792. 

Circle No. 397 

WAN Controller 
• Lets SBus systems communicate 

over El and Tl lines 
• Features 680302 processor and 

256 kbytes of SRAM 
The SB302 device is a wide-area­
network (WAN) controller for the 

EDN November 7, 1991 

SBus. It provides two full-duplex 
serial ports on a single-width ex­
pansion card. The board lets an 
SBus system communicate over E 1 
(2.048 Mbps) or Tl (1.544 Mbps) 
lines. You can independently pro-

gram the two serial ports. For ex­
ample, one port can operate at El 
rates while the other operates at 
64 kbps. Motorola's 68302 inte­
grated multiprotocol processor im­
plements asynchronous, high-level 

Electrochem lithium batteries 
higher perfonnance by design. 
Electrochem Industries, a 

pioneer in the manufacture of 
lithium batteries, can engineer 
any power source, from concept 
through completion, to meet 
your specific needs. We've 
developed power sources for 
numerous industries including 
high grade commercial, industrial 
and military applications. 

• A broad line of standard cell 
sizes and terminations 
• Custom lithium battery packs 
• Expert technical assistance and 
personalized service 

For more information contact 
Electrochem Industries, 
10,000 Wehrle Drive, 
Clarence, NY 14031 U.S.A. 
Tel: 716/759-2828 
FAX: 716/759-7390 

CIRCLE NO. 203 
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Sprague-Goodman 

Surftrim® 
Surface Mount 

Trimmer capadtors 
• 2 sizes: 

3.2 x 4.5 x 1.6 mm 
4.0 x 4.5 x 2.7 mm (sealed) 

• 4 mounting configurations 
• Carrier and reel , or bulk pack 
• 1.7 to 50 pF in 7 cap ranges 
• Operates to 85°C 

Phone, fax or write today for 
Engineering Bulletin SG-3058. 

134 Fulton Ave., Garden City Park, NY 11040 
Phone: 516-746-1385 •Fax: 516-746-1396 

CIRCLE NO. 299 

Sprague-Goodman 

• Surfcoil® 
SMT Inductors 

• Inductance from 10 nH to 1 mH 
• 8 model series in 3 sizes: 

2.5 x 2.0 x 1.6 mm (0.098" x 0.079' x 0.063') 
3.2 x 2.5 x 2.2 mm (0.126" x 0.098" x 0.087") 
4.5 x 3.2 x 3.2 mm (0.177" x 0.126" x 0.126' ) 

• Shielded, unshielded, ferrite core and 
nonmagnetic models 

• Operating temp: -20° to +85°C 
• Carrier and reel standard 
• Fully encapsulated 

Phone, fax or write today for 
Engineering Bulletin SG-8008. 

134 Fulton Ave., Garden City Park, NY 11040 
Phone: 516-746-1385 •Fax: 516-746-1396 

CIRCLE NO. 300 
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data-link control and synchronous 
data-link control, bisynchronous, 
and transparent-mode protocols. A 
6800 µP executes upper-level proto­
cols. The board also has a 256-kbyte 
static-RAM buffer, 2 Mbytes of dy­
namic RAM, and 512 kbytes of flash 
EPROM for program and data stor­
age. Bit swapping allows the board 
to handle data from any external 
UART. 16-MHz version, $1240 
(100). 

SBE Inc, 2400 Bisso Lane, Con­
cord, CA 94520. Phone (800) 347-
2666; (415) 680-7722. FAX (415) 
680-1427. Circle No. 398 

SCSI-2 Host Adapters 
• Operate in VMEbus or VME64 

systems 
• Support 10-Mbytelsec rates and 

extended command set 
The V/SCSI-2 4220 Cougar VMEbus 
board offers either one or two inde­
pendent Fast SCSI-2 channels. The 
V/SCSI-2 4220 Cougar with Eth­
ernet is a VMEbus board that has 
a single Fast SCSI-2 channel and 

an Ethernet controller. Both con­
trollers support 10-Mbyte/sec syn­
chronous and 2-Mbyte/sec asyn­
chronous Fast SCSI-2 data trans­
fer rates. Besides operating on the 
Fast SCSI-2 common command set, 
the boards operate on the extended 
command set, which provides error­
recovery capability. The boards 
operate in a standard VMEbus sys­
tem or a system conforming to the 
VME64 standard. They occupy a 
6U slot, and an optional daugh­
ter card creates two controller 
cards occupying one slot. The 
Ethernet controller communi-

cates with lOBase-2, lOBase-5, and 
lOBase-T networks. Single-channel 
V/SCSI-2 4220 Cougar, $2195; dual­
channel version and Cougar with 
Ethernet (first quarter of 1992) , 
$2790. 

Interphase Corp, 13800 Senlac, 
Dallas, TX 75234. Phone (214) 919-
9000. FAX (214) 919-9200. 

Circle No. 399 

Frame Grabber 
• Has programmable gain for 

16,000 selectable ranges 
• Captures real-time images hav-

ing 640 x 480 square pixels 
The DT2867-LC frame-grabber 
board for the 16-bit ISA bus cap­
tures real-time images from video 
cameras, VCRs, and still-video pro­
jectors. It provides 640 x 480 pixels 
with 256 gray levels. You can con­
tinuously adjust the offset and ref­
erence voltage on the input AID 
converter. A programmable-gain 
input amplifier can select more than 
16,000 ranges, allowing the input 
range to vary from 0-0.06 to O­
l.92V. A phase-locked loop elimi­
nates image jitter by tracking sync­
pulse variations common to VCRs. 
You can also image-capture to an 
external event using an external 
trigger pulse. The board stores im­
ages in one or two 512-kbyte frame 
buffers or displays the images di­
rectly. You can also overlay 15-
color graphics on live images. 
$2495. 

Data Translation, 100 Locke Dr, 
Marlboro, MA 01752. Phone (508) 
481-3700. FAX (508) 481-8620. TLX 
951646. Circle No. 400 
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BIG POWER SMALL PACKAGE 

NO COMPROMISE 

5.000 

~ 0.000 -- - 0.40 

Basler's 500 watt switcher MEASURES UP 
to your toughest specs 

- 2.000 -

• 500 watt switching power supply 1 

• 5 watts per cubic inch 
;: 

• .99 Power Factor Correction at 500 watts 
e Meets IEC 555-2 

'. 
• Switching frequency of 300KHz 
e FCCNDE Class "B" EMI filter 

• 1-5 isolated outputs 
(current limited and regulated) 

For Product Information, call TOLL-FREE: 

1-800-645-207 4 
CIRCLE NO. 205 

5.000 

§ . Basler Electric 
ELECTRONIC PRODUCT GROUP 
Rt 143 • Highland, Illinois 62249 USA 
Phone 618/654-2341 • Fax 618/654-2351 



De needles once 
provided all the data 
you needed. 

Today's high speeds 
require specialized 

probe tools to 
accurately measure 

high frequency 
parameters, and 

develop full speed 
models. 

Today's high-speed devices are simply too fast for 
yesterday's measurement methods. To develop 
accurate models you need modern tools that test "at­
speed", on the wafer. You need tools that provide 
better data, and more data, to characterize and refine 
your process with fewer design turns. You need 
probes that won't contaminate your measurements 
with crosstalk and parasitic impedance. 

You need the all-new Summit 10000 Semi-Auto­
matic Probe Station from Cascade Microtech. 

Summit 10000 is specifically designed for high­
speed measurements using gigahertz rnicroprobes, 
and offers superior rigidity, planarity and precision 
for probe placement with picosecond resolution. 

\ 

Circle No. 28 For Information Only 

• Layoul~tor~ 
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© 199 1 Cascade Microtech. Inc. 

The Summit 10000 automatically performs the large 
numbers of measurements required for meaningful 
statistical modeling and process control. While the 
industry's only square chuck holds your wafer and 
calibration substrate at the same time, speeding calibra­
tion and system verification. 

And, simple menu-driven operation will help your 
engineers, technicians and operators become proficient 
quickly. 

The Summit 10000 Probe Station is just the latest in a 
full line of cutting-edge solutions from the leader in high 
frequency measurement. Cascade Microtech offers a 
wide range of rnicroprobes and stations for digital and 
microwave applications. Plus comprehensive applica­
tions support to help you step up to today's high-speed 
measurement technology. 

For details on the Summit 10000, and free copies of 
our two booklets on high-speed measurement and model­
ing, just write or call Ken Smith at (503) 626-8245. 

... CASCADE MICRDTECH® 

14255 SW Brigadoon Court 
Beaverton, Oregon 97005 
In Japan call: 03-320-6410 

Circle No. 29 To have a Sales Engineer contact me now. 



COMPUTERS & PERIPHERALS 

DSP Board 
For AT/ISA Bus 

· • Contains dual TMS320C40 chips 
delivering 80 Mflops 

• Contains as much as 4 Mbytes 
of static RAM 

The Spirit-40 AT DSP board for the 
16-bit ISA bus uses dual TI 
TMS320C40 chips, which deliver as 
much as 80 Mflops. It operates in 
80286, 80386, and 80486 DOS-com­
patible computers. Each DSP chip 
has access to 256 kbytes of local 
static RAM (SRAM), which is ex­
pandable to 1 Mbyte. Each DSP 
chip can also locally access 64 
kbytes of EPROM and has access 
to as much as 2 Mbytes of global 
SRAM, which is also accessible to 
the ISA bus. The host can transfer 
data to and from the global memory 
via block I/O transfers or under 
DMA control. The board operates 
on the Spox operating system, and 
because the TMS320C40 is code 

-

compatible with the TMS320C30, 
the board can run application pro­
grams developed for the company's 
Spirit-30 board. Board with 1 
Mbyte of SRAM, $8995. Delivery, 
eight weeks ARO. 

Sonitech International Inc, 14 
Mica Lane, Wellesley, MA 02181. 
Phone (617) 235-6824. FAX (617) 
235-2531. Circle No. 401 

Vector Processor 
• Subsystem occupies one slot in a 

DECstation-5000 
• Has one or two 40-MHz i860 µPs 
The Supercard-5000 is a vector­
processor subsystem for Digital 
Equipment's DECstation-5000 
workstations. A stand-alone chassis 
houses one or two 4-MHz i860 µPs 
to deliver 160 Mflops. The subsys­
tem interfaces to the workstation 
via a cable and a single-slot Turbo­
channel adapter card. Each µP has 

access to 2, 8, or 16 Mbytes of local 
page-mode dynamic RAM. The 
page-mode architecture permits the 
µPs to access memory at 160 
Mbytes/sec. In addition, custom I/O 
ports operate at 160 Mbytes/sec. A 

40-Mbyte/sec VSB interface is 
available as an option. A 3.5x16 x 
16-in. enclosure fits on top of the 
DECstation enclosure. Compilers 
for both C and Fortran generate 
downloadable code. The system 
comes with a vector and signal-

., 
Jonathan Manufacturing Corporation • 1101 So. Acacia Ave., Fullerton, CA 92634 • (714) 526-4651 • FAX: 714-n3-5582 
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3M Lowers Cost 
of High 
Temperature 
Electrical Tapes 
New proprietary film 
matched with acrylic and 
silicone adhesives for 
UL Class 155°C/ 180°C 

AUSTIN, Tex. -Two newly developed 
high temperature electrical insulating 
tapes are lower priced than current tape 
constructions now on the market. The se­
cret is in matching new tough proprietary 
film with appropriate high temperature 
adhesives. 

Scotch™ Electrical Tape 72 is thin , 
high temperature resistant, light tan, and 
semi-opaque. It is combined with an acryl­
ic pressure-sensitive adhesive, and is UL 
Recognized for continuous use at temper­
atures not exceeding 155°C, for class F 
operating components. 

Scotch™ Elec­
trical Tape 73 is 
thin , high tempera­
ture resistant , light 
brown , and semi­
transparent. It is 
combined with a si-
1 icone press ure­
sensitive adhesive, 
and is UL Recog­
nized for continu­
ous use at temper­
atures not exceed­
ing 180°C, for 
class H operating 
components. 

Flexibility, conformabi­
lity and flagging resist­
ance are also key fea­
tures. UL Component 
Recognition. ~ 

® 

Typical high temperature electrical in­
sulating applications are in motors, coils, 
transformers, TV yoke/ deflection mag­
nets, wrap and fill capacitors, and similar 
electrical and electronic products. 

Both tapes are flame retardant, flag­
ging resistant and meet NASA outgassing 
requirements. 

Permanently printable using conven­
tional tape printing equipment. Standard 
widths from 1116" to 4''. Custom slitting 
available. 

For more information, contact a 3M 
Electrical Specialties Division represent­
ative or authorized distributor or call 
1-800-233-3636. 

See Us at Wescon 

3M Electrical Specialties Division 3M 
PO Box2963 
Austin , TX 78769-2963 

CIRCLE NO. 207 
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processing library and will be avail­
able in the first quarter of 1992. 
System with one i860 and 2 Mbytes 
of RAM, $20,000. 

CSP Inc, 40 Linnell Circle, 
Billerica, MA 01821. Phone (617) 
272-6020. Circle No. 402 

VMEbus DSP Board 
• Contains 12 DSP32 chips deliv­

ering 300 Mjlops 
• Each DSP chip has access to 512 

kbytes of static RAM 
The VME9Ul2 9U VMEbus board 
contains 12 AT&T DSP32C chips. 
It provides 300 Mflops and 150 
MIPS. Each DSP chip executes pro­
grams and accesses data from 128 
kbytes of static RAM, which is ex­
pandable to 512 kbytes. The board 
operates as either a VMEbus mas­
ter or slave for either DMA or mem­
ory-mapped data transfers. An op­
tional daughter card, TlD, provides 
a Tl-compatible communication 
link. The TlD can accept differen­
tial NRZ data. Because TlD sup­
ports Alternate Mark Inversion, 
the card interfaces directly to a Tl 
line. The optional Cl2 daughter 
card contains 12 8-bit companding 
codecs. Cl2 has 12 balanced input 
and output channels. The VME-
9Ul2's DSP chips communicate 
with each other and with the daugh­
ter cards using 4-time-division, mul­
tiplexed 16-Mbps serial buses. 
Board with 12 DSP chips and 128 
kbytes/chip, $18,800. 

Communication Automation 
and Control Inc, 1642 Union Blvd, 
Allentown, PA 18103. Phone (215) 
776-6669. Circle No. 403 

lllm ......... l!::'J ............ ~ 
UNIVERSAL 
VOLTAGE POWER 
SUPPLIES FOR 
NOTEBOOK PCS 

FEATURES: 
UNIVERSAL INPUT 
HIGH EFFICIENCY 
BUILT-IN- EMI FIL TEA 
LOW OUTPUT RIPPLE 
OVER VOLT AGE AND 
SHORT CIRCUIT PROTECTION 
SMALL FOOT PRINT 

MODfl 
Y:INADAPTER 

PSA-093(1') 

PSA·122(P) 

PSA-152(P) 

PSA-t61(P) 

PSA t7t(P) 

PSA-18t(P) 

PSA-241(1') 

PSM·302t 

MODfl 
40W ADAPTER 

PSA·464t 

PSA-4642 

PSA-4643 

PSA·4631 

MODfl 
flJN ADAPTER 

PSA-t24jP) 

PSA·ISJjP) 

PSA·t62(P) 

PSA-t63jP) 

PSA·t73jP) 

PSA·IBJjP) 

PSA-242(P) 

"'§--COPlTEC '91 
R8605 

• O/Pl • O/P2 • O/P3 • O/P4 

• 9 SVIJA 

• 1'N/25A 

• 15V/2A 

• 16.5Vil 6A 

• 17V/1 75A 

• 18V/1 65A 

• 24V/I 25A 

• 5V/2A • 12V/15A • 

• O/Pl • O/P2 • O/P3 • O/P4 
(CHARGER OUTPUT) 

• 18V/1 4A IA • 

• 11Vl2A I SA • 

• 56V/25A 25A • 

• 5V/3A • t2V/t 5A • -t2V/OJA(N/O CHARGER) 

• O/Pl • O/P2 • O/P3 • O/P4 

• 12V/42A 

• 15V/36A 

• 16.5V/2 5A 

• t6.5V/30A 

• 17V/32A 

• 18V/3A 

• 24V/22A 

~.~!~~NG ENTERPRISE CO., l TD. 

16, LANE 530. CHUNG CHENG NORTH 
ROAO, SAN CHUNG CITY 

0 TAIPEI. TAIWAN. R.O.C. 

FAX: 886-2-9817086 & 886-2·9833222 
TEL: 886-2-9882126 & 886-2-9805255 

PHIHONG U.S.A. INC. 
920 HILLVIEW DR.. SUITE # 195 MILPITAS. 
CA 95035 TEL: 408-263-2200 

TEL: 408-263-2213 
EUROPE: 
HN ELEKTAONIK 

POSTFACH 1113 D-6456 
LANGENSELBOLD W. GERMANY 
TEL06184-2872 FAX: 06184-62316 
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What You Doiit Know 
About RITTAL 

Can Hurt Your Design. 

EDN November 7, 1991 CIRCLE NO. 209 

The new PC Industrial Enclosure 
is just one of over 3000 RITTAL 
solutions. See what our perfect 
enclosure systems can do for 
you. Call 1-800-4PS 4000 for 
free RITTAL literature. You'll 
change the way you think about 
enclosures, forever. 

RITTAL Corporation 
3100 Upper Valley Pike 
Springfield, OH 45504 
Phone: 1-(800)-4 77-4000 
Fax: (513) 328-5299 
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Whether you fax it, fire it, send it 
measure it, wire it,compute it 
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SETTLING TIME-nS 

Output Swing and Error vs. Settnng Time 

Precision 

With the AD840, AD841 and 
AD842, there's no need to 
trade speed for accuracy. All 
three settle to 0.01 % within 
100 ns (840/8421 and 110 ns 
18411 - critical in data acqui· 
sition and instrumentation 
applications-and offer low 
offset voltages and drifts, 
and fast slew rates. 

The Analog family o1 

hi:' 
C5 

VouT • /rw ·leffl 
Pff07lJDIOC€ £8£Cf{}R. 

mlnput 

For op amps requiring low 
input current, the OP-42, 
OP-44,AD845 and AD843 
are all remartiably fast- slew 
rates are 58, 120, 100 and 
250 V/µs, respectively. In 
addition, they offer offset 

voHages of less than 1 mV 
and extremely low current 
noise. 

ICMIP4 G2 
(dB) 

Transimpedance Amplifiers 

The OP-160, OP-260,AD844, 
AD846, AD9617 and AD9618 
all utilize a current feedback 
architecture to achieve slew 
ratesfrom450to2000V/µs 
without compromising 
stability- even in hostile 
environments. Other benefits 
include low power dissipa· 
tion and high unity-gain 

bandwidth. 

_If whatever it is you're trying to do involves high-speed op amps, Analog Devices 

is the company to call. With our current products and new introductions, we have the 

broadest line of high-speed op amps available. A line that gives you the right combination 

of speed, precision, noise and price. So chances are, weve got exactly what you need for 

Authorized North American Distributors: AllianaJ Electronics 505-292-3360 • Alli.ed Electronics 817-595-3500 ·Anthem Electronics 408-453-1200 ·BED Electronics, Inc. 416-821-7800 ·Bell Industries 
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;hoot it,. launch it, land it, test it, 
lisplay it or air it, we've got it. 
ligh-speed op amps. 

Buffers General Purpose 

If you're looking for With the right combination 
extremely low distortion at speed, precision, power 

buffers, look at the specs at dissipation and high output 

the AD9620 and AD9630- drive capability, the AD827, 

distortion at20MHz: AD829,AD847, AD848, 

- 73dBcand - 66dBc, AD849and0P-64areideal 

respectively; fast settling general purpose solutions. 

time: less than Sns to And they're ideally priced 

0.02%; and extremely low solutions-most singles are 

noise: 2.2 nV/\/iil. under $3,and dualsare 

under$5. 

~~o--'~~,._... _ __,,_.__....__._ 
~ 

lrpulV~& eun.dNcJii99:~0.-. 

Low Noise 

It used to be you had to choose 

between speed or low noise. 

But with the AD829, you get 

both. It features voltage noise 

at 2 nV/ViiZ and current noise 

at 1.5 pAl\fiiZ with a 50 MHz 
unity-gain bandwidth. Those 

specs, combined with the low 

price at $2.95/lOOs, make it 
ideal for both audio and video 

applications. 

whatever application you're working in. Call us at 1-800-262-5643, or write to Analog Devices, 

P.O. Box 9106, Norwood, MA 02062-9106, for a complete high-speed op 111111111111 ANALOG 
amp selection guide and ajree copy of our SPICE model lihrary. W DEVICES 
Analog Devices, One Technology Way, Norwood, MA 02062-9106. Distribution, offices and applications support available worldwide. 

213-826-6778 · Future Electronics 514-694-7710 ·Halt-Mark Electronics 214-343-5000 ·Newark Electronics 312-784-5100 ·Pioneer St,andard 216-587-3600 ·Pioneer 'Ilichnoi.ogi,es Graup 1-800-227-1693 
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Right 
Ange Pressllt 
Cost-€fficient ERNIPress pressfit connec­
tors for the Eurocard sub-assembly: 

• Type B & C male versions and Type 
Q & R female versions 

• Universal press-in technique for thru 
hole or SMT board designs 

• Gas tight connection with­
stands corrosion and vibra­
tion 

CIRCLE NO. 250 

Extended DIN High 1/0 Connectors 
Extended DIN connectors including 
120. 128, and 150 positions: 

• Cost-€fficient inverse (reverse) style 
1wo-piece DIN connectors 

• 3 row (120 & 150) or 4 row 
(128) versions 

• Solder. wirewrap. & pressfit 
options 

CIRCLE NO. 253 

PCB 
Edgecard 
Connectors 
ERNI Edgecard connectors featuring 
the latest configurations and options: 

• Connectors for every bus type like 
STD. Multi(+ S-100). Q , Apple II. XT & 
Al Microchannel. and more 

• Complete range of high-density 
.050" types 

• Extensive options in contact 
style. type of termination, 
mounting. and p lating 

CIRCLE NO. 254 

.oso· SMC 

Introducing ERNl 's .050" SMC two­
piece high-density connector system: 

• Perpendicular (daughter to mother 
board). stacking (parallel or mezza­
nine). and side-to-side (edge-to­
edge) mating configurations 

• Anti-twist contact design assures 
longer life and reliability 

• Built-in keying plug cavity for 
easy plug installation 

CIRCLE NO. 255 

336 

LOG 
Miniature 
Housing 
Enclosures 
Multi-use. non-
metallic . miniature. hous­
ing enclosures: 

• Internal PCB mount terminal blocks 
• Multiple connecting options (from 

12 up to 70) 
• DIN-rail mountable 

CIRCLE NO. 251 

Introducing The New 
High-Density 160 
Connector From ERNI. 

Appllc:ation 
Specific DIN Connectors 
PCB process compatibility and appli­
c ation specific opt ions from ERNI: 

• SMT DIN Connectors 
• PCB hold-down clips 
• Variable p in lengths for early-make­

late-break connections for ·zap­
proofing· 

CIRCLE NO. 252 

ing cycles. Add in ERNl's Eurocard 
Center connector and you have a 
multifunctional signal + coax + 
power + fiber optic system or 362 sig­
nal connections all possible on a 

An interesting addition to DIN 41612, double Eurocard. The selections list 
the new Type E and TE 160 pin con- seems endless when you include 
nectors meet today's design needs backplane shrouds, coding strips, 
for high-density connectors. So pock pressfit tooling, and more. 
it in: 160 connections in an array of 5 And with ERNI you get a 1NOr1d-
rows of 32 contacts in 3.740" x .618' - class supplier manufacturing in 5 
Type El60 external dimensions ('res, countries with offices in 20 others. 
'2!i connectors could physically fit in With ERNI you get more than just a 
this ad spoce!). DIN supplier. you get a multi-product 

Spec it where miniaturization re- company. 
quires more contacts So get with ERNI 
in less space. Take . 0Ppg 1'1'17,r-;;; 0 pp g pp U and get to know 
advantage of its flexi-~~ P ~'17 more about us and 
bility through either - - about all the pos-
standard (E) or inverse ·~ · · sibilities and advan-
(TE) styles. Choose 160 pins+ Eurocard Center tages of the 160 
your connections: connecfOls =Increased 1/0 with series. Phone or 
dip solder, wire wrap. power, coax, &/or flberoptics write to: ERNI 
or compliant press- Components; 
fit. More choices: 3 quality grades 520 Southlake Blvd.; 
with either gold- or tin-plated termi- Richmond, VA 23236; 
nation areas - providing design Phone (804) 794-6367; 
options to withstand up to 500 mat- FAX (804) 379-2109. 

CIRCLE NO. 256 
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THE NEW MICRO-CAP Ill: 
·so YOU CAN TEST-FLY 
EVEN MORE MODELS. 

It wasn't easy. But we did it. Made the 
long-time best-selling IBM® PC-based 
interactive CAE tool even better. 

Take modeling power. We've significantly 
expanded math expression capabilities to 
permit comprehensive analog behavioral 
modeling. And, beyond Gummel Poon BJT 
and Level 3 MOS, you're now ready for 
nonlinear magnetics modeling. Even 
MESFET modeling. 

Analysis and simulation is faster, too. 
Because the program's now in "C" and 
assembly language. That also means more 
capacity- for simulating even larger 
circuits. 

As always, count on fast circuit crea­
tion, thanks to window-based operation 
and a schematic editor. Rapid, right-from­
schematics analysis -AC, DC, fourier and 
transient-via SPICE-like routines. The 
ability to combine digital/analog circuit 
simulations using integrated switch 

EDN November 7, 1991 

Transient analysis 

Schematic editor 

Monte Carlo analysis 

CIRCLE NO. 214 

models and parameterized macros. And 
stepped component values that stream­
line multiple-plot generation. 

And don't forget MICRO-CAP Ill's 
extended routine list - from impedance, 
Nyquist diagrams and BH plots to Monte 
Carlo for statistical analysis of production 
yield. The algebraic formula parsers for 
plotting virtually any function. The support 
for Hercules, CGA, MCGA, EGA and VGA dis­
plays. Output for plotters and laser printers. 

Cost? Still only $1495. Evaluation ver­
sions still only $150. Brochure and demo 
disk still free for the asking. Call or write 
for yours today. And see how easily you can 
get ideas up and flying. 

-- -- -- - - - -- - --- ---- - - - -- --------- -- - ---- ---- -- - -
1021 S. Wolfe Road 
Sunnyvale, CA 94086 
(408) 738-4387 
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PA o s is a Personal 
Computer based lJBB Printed Circuit 

board design system with 
many advanced features 
capable of outperforming 
most Workstation-based 
CAD systems-at a fraction 
of the cost. 

As the most productive PC 
based board CAD system avail­
able today, PADS-2000 can 
handle even the most complex 
designs including: double sided 
surface mount boards, mixed 
technology boards, high speed 
designs and layouts exceeding 
2000 IC's. 

PADS-2000 design functionality 
includes: 
• Over 11,000 parts/32,000 

connections 
• 1 micron Resolution 
• True T-Routing capability 

• Intelligent Copper Pour 
feature leaving isolated tracks 
and pads 

• 0.1 ° parts/pads rotation 
• Extensive Macro capability 
• Digital, Analog and Critical 

Circuit autorouters 

• On-line and Batch Design 
Rule Checking 

• Instant track/segment length 
measurement 

• Complete Forward/Backward 
ECO capability 

• Uses 32 bit/386 native code 
for increased speed and 
functionality 

• Easy-to-learn and Easy-to­
use 
Visit us at WESCON Booth #1428 

CIRCLE NO. 191 

Call today for a demonstration 
at your local authorized CAD 
Software Dealer. 

Ask about our affordable 
Leasing Plan. 

Call Today 
Inside MA: 

(508) 486-8929 
Outside MA: 

(800) 255-7814 

' Software, Inc. 
119 Russell Street 

Littleton , MA 01460 

EDN November 7, 1991 



NEW PRODUCTS 
CAE & SOFTWARE DEVELOPMENT TOOLS 

Mixed-Signal ASIC Tool 
• User-generated analog perform­

ance parameters 
• Prelayout simulation models for 

analysis 
The AMI Mixed-Signal Design So­
lution (MSDS) tool set lets you build 
mixed-signal designs from your 
desktop. You can define analog 
functions that are transformed into 
prelayout models for simulation and 
test. The system includes an auto­
mated design-analysis tool, the De­
sign Critiquer, to catch early design 
errors. It analyzes circuits based on 
expert analog-IC design techniques 
and knowledge. The company pro­
vides an AID simulator, Saber/ 
Cadat, for mixed-signal circuit 
analysis. The MSDS Analog Model 
Builder verifies the testability of 
circuits for specific testers. Test 
multiplexer circuits are available to 
help make circuit test points visible 
for test. The package includes Men­
tor Graphics' schematic-capture 
software and the AMI 1.5-µm 
CMOS design library and utilities. 
MSDS system, from $75,000. 

Gould AMI, 2300 Buckskin Rd, 
Pocatello, ID 83201. Phone (208) 
233-4690. Circle No. 420 

C Programs For Windows 
• C compiler runs under Windows 
• Combines GUI builder, compiler, 

and Windows tools 
Quickwindows for C combines a 
graphical-user-interface builder (a 
subset of QuickCASE:W) with a 
Windows-hosted C compiler and de­
bugger. You can interactively build 
your application interfaces and then 
link them to QuickC code without 
having to define control constants 
and variables by hand-a common 
source of program errors. Unlike 
most Windows development tools 
that run under DOS, QuickC for 
Windows runs in Windows, allow­
ing you to edit, compile, and debug 

EDN November 7, 1991 

Windows programs in one system. 
The compiler comes with a special 
library, Quickwin, which when com­
piled with a DOS*C program, en­
ables it to run directly under Win­
dows in its own window. Using 
Quickwin, programmers can build 
Windows applications without the 
Windows system development kit; 
all necessary documentation and 
tools come with this package. $199. 

Microsoft Corp, 1 Microsoft 
Way, Redmond, WA 98052. Phone 
(206) 882-8080. FAX (206) 883-8101. 

Circle No. 421 

Simulation Tool For IGBTs 
• Simulates steady-state switching 

characteristics 
• Predicts current, voltage, and 

charge 
This IGBT (insulated-gate-bipolar­
transistor) simulation model com­
bines many of the characteristics of 
CMOS and bipolar power transis­
tors. The model is physics-based for 
accuracy, and you can use it to 
model switching losses and tran­
sient circuit conditions for IGBT 
transistors. Running with the com­
pany's Saber analog simulator, the 
model is supplied at no extra charge 
to Saber users. 

Analogy Inc, 9205 SW Gemini 
Dr, Beaverton, OR 97005. Phone 
(503) 626-9700. Circle No. 422 

GNU C For 56001 And 
96002 DSPs 
• C compiler for DSP chips 
• 20% speed improvement over 

Motorola 56001 C 
The company ports the GNU C 
compiler from the Free Software 
Foundation (Cambridge, MA) to its 
DSP processors, allowing you to 
use the same compiler for DSP ap­
plications and host coding. The de­
velopment tool kit provides an opti­
mizing C compiler, the GNU 

Proven Reliability 
... 100% Burn-In Tested 
• 0.47 Mid. to 10,000 Mid. 
• 6.3WVDC to 450WVDC 
• ± 200/o Standard ± 100/o Opt. 
•LC ::s 0.002 CV or 2µ.A min . 
• - 40°C to + 105°C 
• Solvent Tolerant Seal (::s 250V) 
• Tape & Reel Available 

ic"rECH TIPS 
IC type RMR provides the 
highest capacitance volume 
density available in a quality, 
top performance radial lead 
aluminum electrolytic. Featuring 
a + 105°C electrolyte and high 
gain etched foil, type RMR 
provides the designer with 
excellent specifications that 
offer substantial reserves for 
long life designs. When derated 
below+ 105°C, operating life 
may surpass most components 
in the circuit. Small size, low 
leakage, and high temperature 
stability make RMR the cost 
effective choice for top quality 
designs and replacements. 

The Source for Quality, 

• 
Performance and Delivery. 
® 

j llll!~!s..f.~~l!!~!NC. 
Lincolnwood, Illinois 60645 
(708) 675-1760 
Fax (708)673-2850 

See IC at Wescon '91 Booth 1753 
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Technical 
calculations 
made easy! 

ALL NEW VERSION 3.0! 

Now it's easier than ever 
to perform faster, more 
reliable engineering and 
scientific calculations. 

• Windows graphics features make Mathcad 
3.0 the simple solution to complex 
analytic needs. Dialogs, pull-down menus, 
and mouse point-and-click capabll1t1es make 
1t easy to combine equations. text. and 
graphics right on your screen and print 1t all 
in a presentation quality document 

• New Electronic Handbook Help facility 
serves as an on-line reference library. 
Paste standard formulas. constants. and 
diagrams from searchable, hypertext 
Electronic Handbooks for instant use 1n 
your Mathcad worksheet 

• Symbolic calculations with a simple menu 
pick. Use expressions resulting from sym­
bolic derivations 1n your numeric calcula­
tions or for further symbolic manipulation. 

• Mathcad works on PC DOS, PC Windows, 
Macintosh, or UNIX. More than 120,000 
engineers. sc1ent1sts. and educators 
already use Mathcad for a variety of tech­
nical appl1cat1ons. Appl1cat1ons packs are 
also available to customize Mathcad for 
particular d1sc1plines, including electrical. 
mechanical, and c1v1I engineering and 
advanced math 

Call 800-MATHCAD or use this 
coupon to request a free 3.0 
demo disk! 
In Massachusetts, ca ll 617 -577-101 7. Please 
specify diskette size: 

3 1/2" 5 1/4" 

For a free Mathcad 3.0 Introductory kit, clip this 
coupon and mail it back to us, or fax it to 
617-577-8829. Or circle your reader service card. 
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Yes! Tell me more about Mathcad 3.0! 

Name _________ _ 

Title ______ _ 

Company or Institution _____ _ 

Address ________ _ 

City ______ .State_ Z1p __ 

Phone( __ ) ______ _ 

Math So f t 

EON 11-7-91 

Mail this coupon to 
MathSoft, Inc. 
201 Broadway 
Cambridge. MA 02139 
USA 

TECH 3.0 
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CAE & SOFTWARE 

source-level debugger, and techni­
cal documentation. The tool set also 
offers a host-software floating-point 
emulation feature , enabling you to 
debug the DSP code on the host 
platform before downloading to the 
target. Also available from the Free 
Software Foundation is the GNU 
Emacs editor with a windowed in­
terface to the debugger. The com­
piler is hosted on a 386 PC and com­
patibles and Sun SPARCstations. 
Compiler, $709. Source code is 
available for a nominal duplica­
tion fee. 

Motorola Inc, Microprocessor 
Products Group, 6501 William Can­
non Dr W, Austin, TX 78735. Phone 
(512) 891-2030. Circle No. 423 

Floating-Point DSP 
Datapath Compiler/Library 
• ASIC library compiles math 

processing structures 
• Has DSP,floating point complex 

functwns 
The VDP370 compiler and cell li­
brary generates high-density, high­
performance datapath circuits for 
advanced processing. It supports 
both fixed-point and floating-point 
DSP processing. The compiler also 
generates an optimized layout for 
either gate-array or standard-cell 
implementation. It uses cells from 
the VSP270 1-µ.m portable library. 
A high-level schematic, which 
graphically represents the datapath 
elements and buses, drives the com­
piler. The library's fast arithmetic 
units include adders, multipliers, 
comparators, multiplier/accumula­
tors, and shifters. The compiler 
automatically generates bit-slice 
components to match the schematic 
with balanced clocks. Simulation 
models are generated for debug­
ging, as well as high-coverage test 
vectors. $40,000. 

VLSI Technology Inc, 1109 
McKay Dr, San Jose, CA 95131. 
Phone (408) 434-7956. 

Circle No. 424 

In~egrated schem~tic 
and PCB software 
that was designed · 
that way, not 
kludged that way. 

• Imagine using the same 
drawing tools for both 
schematic drawings and 
PCB artwoi'k. 
• Picture the convenience 
of displaying and editing 
schematic and PCB 
drawings simultaneously • . 
• Visualize being able to · 
create or modify fit:)(ai.y . 
syfnbdls in secondsusing 
the $lime commandS you 
use for other drawit'lgS. 
• Envision a 100% 
completion rip-1.J,P-'attd­
re-route autor6ufer that · 
costs thousands less'·1tlah 
comparable autorouters. 
• SuppGSe you could 
unleash all this _power by 
spending 18$$ tfian eight 
hours with the-tutorial .' 
• Now fancy a toll-free 
number provided. for no­
charge technical support, 
anq a 30-<tay, nC!-hassel, 
money-back guarantee. 

Call today and let 
HiWIRE II turn your 
imagination into reallfy. 

CIRCLE NO. 218 
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Concerned about DFA? 
To assemhl,e flte 1/0 panel 

on the kft 
requires six more parls 

and cost,s about 
five times more 

in time and kibor 
than flte panel 
on the right 

Which one are you going to recommend? 

Connect 'R Ware™ standoffs provide consistent and 
exact spacing for optimal pin contact in panels from 

.037" to .250", and allow significant labor savings. 

For a Connect 'R Ware product bulletin , circle the 
number below or call: 

1-800-237-4736 
or FAX: 215-766-0143 

Clinch it with PEM® 
FASTENERS & PRESSES 7 

Penn Engineering, PO. Box 1000, Danboro, PA 18916 

EDN November 7, 1991 CIRCLE NO. 227 See us at Wescon Booth No's. 836-838 341 



CAE & SOFTWARE DEVELOPMENT TOOLS 

Interactive PC 
Logic Simulator 
• Aids design cycle with fast, flex-

ible interaction 
• AUows yau to pai,ch in Wgic solut:innl; 
The Susie 6. 0 logic simulator pro­
vides interactive design-oriented 
simulation. It runs on a PC, allow­
ing you to model all or part of a 
circuit. It allows you to stop simula­
tion and modify a design by patch­
ing in a logic solution or even chang­
ing logic families to eliminate race 
or timing problems. A set of special 
test vector generators minimizes 
simulation setup. The simulator fea­
tures automatic glitch and timing­
error detection. It simulates stan­
dard logic (TTL, CMOS, ECL, 
GaAs) as well as FPGAs and PLDs. 
It supports VHDL, EDIF, and 
JEDEC representation standards. 
From $1995; option for 10-psec­
resolution timing, $3995. 

Automated Logic Design Co 
Inc, 3525 Old Conejo Rd, #111, 
Newbury Park, CA 91320. Phone 
(805) 499-6867. Circle No. 425 

386/486 Mach Unix 
•Mach OS for PC 
• Color X Windows 
The Mach Unix operating system 
runs on the company's 386 and 486 
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PCs. It also supports SCSI periph­
erals and color VGA, driven by the 
X-Windows graphical user inter­
face. Mach was developed by Car­
negie Mellon University: It com­
bines the "Berkeley Unix" with a 
microkernel approach. The system 
includes the 4.3 Berkeley interface, 
TCP/IP internet networking from 
Berkeley's Tahoe release, NFS file 
system, X-Window version 11.4, 
and GNU utilities from the Free 
Software Foundation. This package 
is a binary version. A source ver­
sion requires compilation on the tar­
get system and an AT&T source li­
cense (Unix System V.3+ ). The 
source version runs on Sun-3, DEC 
VAX, and 80386/486 platforms. Bi­
nary 386/486 version, $1595 ($1395 
prepaid); source version, $4500. 

Mt Xinu, 2560 Ninth St, 
Berkeley, CA 94710. Phone (415) 
644-0146. Circle No. 426 

8051 C Development System 
• Optimizing 8051 compiler and 

source-level debugger 
• Real-time 8051 multitasking OS 
The Franklin C51 Professional De­
velopers Kit includes an updated 
C51 C compiler, as well as a BL51 
"banked linker" option (supports up 
to 1-Mbyte memory banks) and the 

CIRCLE NO. 219 

RTX51 real-time kernel. Also sup­
plied is an enhanced dScope51 
source-level debugger and simula­
tor. The C compiler now supports 
multitasking and memory-bank 
switching. An option enables the C 
compiler to produce assembly-lan­
guage source code for hand optimi­
zation of critical loops. The linker 
analyzes the program and automati­
cally inserts intrabank operations 
for movement between memory 
banks. The debugger has been up­
graded to a mouse-based interface; 
it supports simulation of power­
down and idle power modes. A 
monitor controls the 8051 target for 
host debugging. It takes as much 
as 4 kbytes of PROM and handles 
as many as 10 breakpoints. The 
real-time, multitasking kernel sup­
ports both round-robin and preemp­
tive scheduling. It handles as many 
as 19 open tasks (up to 256 defined) 
with four scheduling priorities. A 
minimal OS version, RTXTINY, 
takes as much as 400 bytes. Basic 
compiler/linker, $1195; Professional 
Developers Kit, $2195 with the 
banked linker; RTXTINY version 
of the RTX-51, $1995. 

Franklin Software Inc, 888 
Saratoga Ave #2, San Jose, CA 
95129. Phone (408) 296-8051. FAX 
(408) 296-8061. Circle No. 427 
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Cl 1991 3M. 

To control vibration, get 
your hands on this brochure. 

Improve product perfo . 
Scatchdamf brand v;= :rol 8-ms 

Discover why more engineers are 
designing ScotchdampN brand Vibration 
Control Materials into electronic equip­
ment. From disk drives and circuit boards, 
to video cameras, sensitive measuring 
devices and even jet engines, thin, light-

weight 3M damping materials efficiently 
dissipate vibrational energy. Mechanical 
fatigue, performance loss and unwanted 
noise are virtually eliminated. 

For a free brochure loaded with appli­
cation and technical information, circle 

the number below, call 612-733-4076 
or write: 3M Industrial Specialties Divi­
sion, Scotchdamp Vibration Control 
Systems, 3M Center Bldg. 220-7E-01, 
St. Paul, MN 55144-1000. Our FAX 
number is 612-733-1771. 

Innovation working for youN 
Circle No. 265 For Sales Assistance Circle No. 266 For Information 3IVI 



·NO OTHER 
LI IUM BATTERY 
MANUFi TURER 

POWERS AS MAN~-
/J; ..... 

DIFFERENT PRODUCTS 
AS EAGLE-PICHER. 

Get The Fax! 

I Name Job Title I 
I Company Phone I 
I I 
I Address I 
I D Have A Rep Call D Send Me Information D Commercial D Military D Both I 

L----- -------------------------~ 

Electronics Division (Lithium Batteries) 
Military: P.O. Box 47 •Joplin , MO 64802 • (417) 623-8000 •Commercial: P.O. Box 130 •Seneca, MO 64865 • (417) 776-2256 
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Small and powerful. These three little words are giving Omron a big 

name among relay users. That's because Omron's advanced family of high-tech low-signal 

and RF relays have been designed for higher board densities and lower power consumption 

without sacrificing high performance specifications. Omron's G6N, for example, meets the 

new telecom industry surge withstand requirement of 2.5 kV (nearly double the previous stan­

dard) in a package almost half the size. And the new surface-mountable G6H provides supe­

rior performance in a low profile design to eliminate I.R. shadowing. These and other Omron 

low signal relays provide cost­

PC board applications. When 

take a bite out of the big jobs, 

more information about our 
EDN November 7, 1991 

WE HAVE THE FITURE IN CONTROL. 
CIRCLE NO. 223 

effective solutions for advanced 

you need a small relay that can 

call us at 1-800-62-0MRON for 

full line of control components. 
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ONLY 
RALTRON 
HASIT 
ALL. 

THE CRYSTAL UNITS 
Microprocessor crystal units 

PRODUCTS Microprocessor crystal units 
HC-49 short (AT strip) 

Microprocessor crystal units 
RALTRON manufactures surface mount -

one of the industrys most "TI-SMD" family 

complete product lines lllJACE MOINT CRYSTAL 
AT strip crystal units -

cylindrical package 
of high quality crystal INITI HC-4511 IMI, Tuning fork quartz crystal units 
units, oscillators, filters TT IMI, HC-481 IMI 32.768 KHz 

and ceramic resonators. • Frequency Range: 
High accuracy crystal units 

3.5 MHz-360 MHz 

OSCILLATORS THE • Mode of Oscillation: 
Fundamental to 9th O.T 

• Frequency Tolerance: @ 25"C: Clock oscillators 

PRICES ±2.5 ppm to ± 100 ppm TIL compatible 
• Frequency Stability: Clock oscillators 

± 3 ppm ( -10"C to + 60"C) to HCMOS compatible 

Because our product 
± 100 ppm ( -10"C to + 70"C) Clock oscillators 

surface mount 
line is so complete, our Clock oscillators 
inventory so large, and enable/ disable 

our nationwide distribu- Clock oscillators 

tion system so stream-
dual output 

Clock oscillators 
lined, RALTRON can ECL compatible 

offer pricing that is Temperature compensated 

always competitive, crystal oscillators - TCXO 

W81Ll'l IMALLm Oven controlled crystal 
and often far lower than oscillators - OCXO 
the competition. ICXI, llXI 211A \kJltage controlled crystal 

•Frequency Range: oscillators - VCXO 

THE 
1.0MHzto20.0MHz 

• Temperature Stability: FILTERS ±2x10- 7 (-20"Cto +65°C) 

PEOPLE 
• Long Term Stability: Monolithic crystal filters 

±2x10- 7 per year 
•Phase Noise: CERAMIC 

We've got some of the 
-145dbc(10 KHz offset) 

• Power consumption RESONATORS best people in the busi- (stabilized): 2.0W 

ness- from technical •Size: Ceramic resonators -

support and sales to 
35.3x27x25.4mm 200 to 800 KHz 
(1.40"x 106"x 1.0'1 Ceramic resonators -

customer service and 2.000 to 6.000 MHz 
shipping. You can count 
on RALTRON people to llAIJRON come through for you on 
time, every time. RECTRONICS 
Call us today with your CORP. 
requirements or for SMALLEST VCXI WITH 2315 NW 107th Avenue 
our 28 page product HIGH SENSITIVITY Miami, Florida 33172 
catalogue. VC-71125 FAX(305)594-3973 

TELEX 441588 RALSENUI 
• Frequency Range: (305) 593-6033 2MHzto35MHz 
• Frequency Stability: Only RAURON has it all. 

± 25 ppm (Oto 70"C) 
• Deviation Sensitivity: 

± 50 ppm/V typ. 
(up to ± 70 ppm/V) 

•Size: 
14 pin DIP package 
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Looking into 
amult1chio 
moduler 

Read between 
the lines and 
you'll get it 

Small wonder! 
Multichip modules 

deliver faster, 
denser, more reliable 

performance. 

Faster process-
ing lowers cost 
by 5 to 10 times 
over polymer 
multichip modules. 

Vias are 
laser-drilled 

to control 
size reduction, 

Pacific Hybrid 
is ready now 

to put multichip 
modules to work 

for you fast. 
Just call ! 

Smaller vias, 
.005 dia., with 
.003 trace and 
space widths 

and buried 
resistors add 

up to increased 
densities. 

Each tape layer 
saves processing 
steps and cuts 
leadtimes. 

assures 
coverage 

control, 
improves 

trace resistan~e 
and reduces 

crosstalk. 

Improved physical 
and electrical prop­
erties provide a 
dielectric constant 
approaching 
a K of 4. 

10575 SW Cascade Blvd. Portland, OR 97223 
(503) 684-5657 FAX (503) 620-8051 

1-800-622-557 4 
~PACIFIC HYBRID 
\BW MI CROELECT RON ICS 

We do sinall miracles.™ 
Copyright © 199 1 Pacific Hybrid Microelec1ronics 

CIRCLE NO. 210 
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PROGRAMMERS 

Our Programming line includes: 

• CP-11 28 Combination 
EPROM/PROM/PLD 
Programmer: Supports 
devices up to 28-pins $1295 

• PLD-11 28 Logic Program­
mer: Supports PLDs up to 28-
pins $995 

• PLD-1100 Logic Program­
mer: Supports PLDs up to 24-
pins $798 

• EP-1140 E/EPROM 
Programmer: Supports 
E/EPROMs up to 40-pins and 
Intel Microcontrollers $895 

• EP-1132 E/EPROM 
Programmer: Supports 
E/EPROMs up to 32-pins 
$695 

• EP- 1 EPROM Programmer: 
Supports E/EPROMs up to 
28-pins $349 

All of our programmers 
include: software, editor, 
interface cable, user's 
manual, one-year warranty 
(parts and labor) unlimited 
toll-free technical support, un­
conditonal thirty-day money­
back guarantee, and lifetime 
free software updates. 

BP~ 
Call today 

1-800-225-2102 
713/ 461-9430 

FAX 713/461-7413 

CIRCLE NO. 225 
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GREATER 
WORLD CLASS 
POWER FROM 
OUR NEW 
GLOBAL 
CONNECTIONS 

348 

The recent alliance of 
Elco and AVX with Kyocera 
forms a solid business 
relationship that gives us 
even stronger connections 
to today's exciting world of 
technology. 

These connections 
strengthen our own high 
quality standards and link 
us to new sources of 
innovation throughout 
the world . 

Together we combine our 
talents, energies, and 
experience to provide you 
with an ever-expanding line 
of advanced connector 
products of unsurpassed 
value. These new 
connections also contribute 
to a fresh spirit of efficient 
service and delivery and 
assure you of timely 
response to your ever­
evolving needs. 

CIRCLE NO. 226 

From a new source of 
energy emerges a powerful 
new Elco. 

~Elco 
: Corporation 

A Kyocera Group Company 

World Class Connections 
U.S.A. 814 643-0700 (FAX 814 643-0426) 
Germany 49-2741-2990 (FAX 49-2741-299299) 
U.K. 44-638-664514 (FAX 44-638-661233) 
Japan 81-45-543-7185 (FAX 81-45-545-1499) 
Korea 82-2-868-0147 (FAX 82-2-868-6600) 
Singapore 65-353-8312 (FAX 65-353-8315) 

Copyright 1990, Elco Corporation. 
All rights reserved. 

EDN November 7, 1991 



Publication Describes 
High-Speed Linear Products 
The brochure, High-Speed Linear 
Products, presents more than 30 
high-resolution, high-speed ADCs 
and DACs, S/H circuits, op amps, 
and analog multipliers used in in­
strumentation, imaging, video, 

LITERATURE 

spectrum analysis, and direct digi­
tal-synthesis applications. The 8-pg 
publication provides key specifica­
tion charts and application ideas. A 
listing of high-speed demonstration 
boards provides quick evaluation of 
many products. 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Circle No. 404 

Power Transformers And 
Telecomm Magnetics 
This 24-pg catalog features domes­
tic and international printed-circuit 
power transformers, telecomm 
magnetics, CRT products, and in­
ductors for switched-mode power­
supply applications. It reports that 
the vendor's power-transformer 
line carries both UL and CSA list­
ings, and the international series 
has approvals such as UL, IEC, 
VDE, CSE, and GOST. The book-

We'Ve taken SMDs 
to a higher power ... 
central's SOT-89 & SOT·22J high-power SMD packages. 

And we do it from start to finish .. . with complete inventory ... short lead times . . . 
and competitive pricing. Plus improved power dissipation, up to 2 Watts . .. total tra­
ceability back to wafer level , thanks to part number marking and date codes ... excellent 
PPMs ... a complete line of standard devices . .. an expanding list of unique devices. 
And Central backs it all up with superior service ... a full commitment to SOT-89 and 
SOT-223 . .. and a willingness to build what your design calls for. 

Available Types: 
SOT-89 
CBCX68 
CBCX69 
CXT2222A 
CXT2907A 
CXT3019 
CXT3904 
CXT3906 

CXT4033 
CXT5401 
CXT5551 
CXTA14 
CXTA42 
CXTA64 
CXTA92 

SOT-223 
CBCP68 
CBCP69 
CZT2222A 
CZT2907A 
CZT3019 
CZT3904 
CZT3906 

CZT4033 
CZT5401 
CZT5551 
CZTA14 
CZTA42 
CZTA64 
CZTA92 

Take your SMD applications to the highest power in SMD 
manufacturing ... Central. For more information, write or call. 

central™ +"' r•~ f 
semiconductor corp. 
Central: We make the difference. 
145 Adams Avenue, Hauppauge, NY 11788 
Tel : (516) 435-1110 •Fax: (516) 435-1824 
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let's telecomm magnetics line in­
cludes coupling and hybrid trans­
formers for voice and data applica­
tions. The publication shows units 
with features such as low profiles, 
small-board-area usage, "wet" or 
"dry" capabilities, and high­
crosstalk attenuation. 

Prem Magnetics Inc, 3521 N 
Chapel Hill Rd, McHenry, IL 
60050. Circle No. 405 

Catalog-On-Disk For 
Crystal Clock Oscillators 
This disk contains a "complete" 
catalog, according to the vendor. It 
provides diagrams and waveforms 
for all of MF's clock oscillators, in­
cluding TTL, HCMOS, ECL, 
VCXO, and PLLs. You can access 
an unknown model number by en­
tering the attributes, such as logic 
family, frequency, stability, and 3-
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• New Series AV-
56 Standard Models 

• 100 VDC to 1000 VDC 
Output 

• Ultra-miniature Size 
Weight: 4 Grams 
0.1 Cubic Inch Volume 

• Standard Input Voltages 
5, 12, 24 and 28 Volts DC 

•Operating Temperature 
Standard: - 25°C to + 70C 
Optional: - 55°C to + 85°C 

• MIL·STD-883 
Screening Available 

• Isolated: Input to Output 
up to 1500 VDC 

PICO also manufactures over 800 
regulated and isolated DC-DC 
Converters and AC-DC Power 
Supplies and over 2500 standard 
ultra- miniature Transformers and 
Inductors. 

Delivery­
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 
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state or multiple outputs. The next 
display then briefly shows suitable 
oscillators including through hole 
and surface mount. You can select 
specifications for any model along 
with the outline, waveforms, and 
test fixtures. The disk runs on any 
PC with MS-DOS. 

MF Electronics Corp, 10 Com­
merce Dr, New Rochelle, NY 
10801. Circle No. 406 

Guide To Bipolar 
Power Transistors 
The revised Bipolar Power Transis­
tor Selector Guide and Cross Refer­
ence (SG48/D) encompasses applica­
tion categories that include applica­
tion-specific devices, such as the 
audio and CRT deflection families. 
Product highlights include plastic, 
metal, and surface-mount packages, 
as well as information on a line of 
general-purpose Switchmode and 
Darlington transistors. 

Motorola Inc, Literature Distri­
bution Center, Box 20924, Phoenix, 
AZ 85063. Circle No. 407 

Data-Acquisition And 
Signal-Processing Products 
This 6-pg brochure highlights data­
acquisition hardware and software 
products. It features plug-in boards 
for IBM PCs, PS/2, EISA, and Ap­
ple Macintosh computers. The pub­
lication explains how these boards 
perform various combinations of 
analog, digital, and timing I/O func­
tions. It also includes driver and ap­
plication-software options for pro­
gramming data-acquisition hard-

~LL\"' L\ "=< 
503-690-1100 

CIRCLE NO. 270 

ware. Also mentioned are the 
Labwindows 2.0, Labview 2, and 
Measure application-software pack­
ages that integrate instrument­
control, data-acquisition, analysis, 
and display capabilities for acceler­
ating system development. 

Na ti on al Instruments Corp, 
6504 Bridge Point Pkwy, Austin, 
TX 78730. Circle No. 408 

Brochure Deals With 
Industrial STD-32 Bus 
This brochure presents an overview 
of this 8-, 16-, or 32-bit industrial­
computer standard that's compat­
ible with the 8-bit STD Bus. It in­
cludes excerpts from the STD-32 
Bus specification, diagrams of the 
STD-32 connector and card edges, 
and answers to questions about the 
specification. The brochure also in­
corporates technical data sheets of 
STD-32 products. 

Ziatech Corp, 3433 Roberto Ct, 
San Luis Obispo, CA 93401. 

Circle No. 409 
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SOPHISTICATED ONE-STOP CUSTOM SERVICES 

LCD DISPLAYS AND CUSTOM MODULES 
TOTAL TURNKEY ASSEMBLY PROJECTS 
TOUCH SENSITIVE COMPUTER HANDHELD TERMINALS 

BB.B 
+BB 

VARITRONIX LTD. 
4/ F., LIVEN HOUSE, 
61-63 KING YIP STREET, 
KWUN TONG, KOWLOON, 
HONG KONG. 

VL ELECTRONICS, INC. 
3250 WILSHIRE BLVD .• SUITE 1301, 
LOS ANGELES, 

VARITRONIX (UK) LTD. 
PO. BOX 200, 
MAIDSTONE, 

VARITRONIX (FRANCE) S.A.R.L. 
74 AVENUE CHARLES DE GAULLE, 
91420 MORANGIS, 

TEL: 18521 389-4317 
FAX: 18521 343-9555 

CA 90010, 
U.SA. 
TEL: 11112131 738-8700 
FAX: 11112131 738-5340 

KENT ME15 OSH 
UNITED KINGODM. 
TEL: 0627 -2759 
FAX: 0627-2317 

FRANCE. 

TEL: 1331 1 69 09 70 70 
FAX: 1331 1 69 09 05 35 

*NOW AVAILABLE FROM VARITRONIX, EXTENDED TEMPERATURE STN DISPLAYS AND MODULES* 

Please see our exhibit at COMPONIC 91 , Paris, Hall 6, Allee X, Stand 30 

CIRCLE NO. 267 351 



352 

The Power in Telecommunications 

How component power is contributing 
to the future of telecom networks 

Of all the developments in the 1990's, advances in telecom technology may 
well have the most profound impact on our daily lives. 

The integration of speech/data and video technology, computers and 
communications systems will bring businesses and individuals closer together. 

But as the power of communications increases, so must its reliability. And 
nowhere is that more important than in the power supplies which power the 
systems. 

Here, Ericsson has been at the forefront of technology for decades, and is 
ready to provide many more innovative, highly reliable solutions in the 
years to come. 

When the PKA DC/ DC converter was launched in 1983 it represented 
the first real power supply 'component', starting a trend towards distributed 
power architectures which has gained global acceptance. 

Please send m e your 
latest information 

In 1988 these 25 - 40 Watt units were complemented by 15 -18 Watt 
DC/ DC converters in the PKC series. Power components the size of a credit 
card. 

Both series boast a remarkable MTBF of over 200 years. 
Ericsson continues to lead the way in smaller, more reliable power 

supplies for advanced power architectures. They are vital components -
enabling technologies which shape the telecom networks of the future. 

A complete technical information pack is just a 'phone call away. 

Alternatively, just fax us the coupon. 

Name 

Company 

j ob Tide 

Addrt!SS 

Telephone 

Fax 

Sweden 

France 
Germany 
Great Britain 
Hong Kong 
Italy 

Ericsson Components AB, Stockholm Te1'(08) 721 6247 Fa"(08) 721 70 01 

Ericsson Components Europe, Guyancourt Tel :(O l) 30 64 85 00 Fax:(O I) 30 64 11 46 
Ericsson Components Europe GbmH, Neu-lsenburg, Tel:(06 102) 200 50 Fax:(06 102) 20 05 33 
Ericsson Components Europe, Covent ry Tel:(0203) 553 647 Fax:(0203) 225 830 

Norway 
United States 

Ericsson Components AB East Asia, Wanchai Tel:575 6640 Fax:834 5369 
Ericsson Components Europe, Milano Tel:(02) 3320 0635 Fax:(02) 3320 064 1 
Ericsson Components A/S, Oslo Tel:(02) 650 190 Fax:(02) 644 138 
Ericsson Components Inc, Richardson, TX Tel:(21 4) 997 656 1 Fax:(2 14) 680 1059 

ERICSSON 
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Enforcement of IEC 555-2 regu­
lations regarding new power re­
quirements is scheduled to take 
effect in Europe beginning this 
coming year. This means design 
engineers must add power factor 
correction to their power supplies 
if they expect their products to be 
sold or distributed into the Euro­
pean marketplace. 
To help you in this process 
Sorensen, a world leader in the 
design and manufacture of high 
quality power supplies, is currently 
offering three models that have 
applications in computer, com­
puter periherals, telecommunications, 
ATE and other industrial areas. 

DCS Series 
The DSC 3Kw series power supply 
features 5 models - 8, 12, 40, 60 and 
80 volts with additional models 
scheduled for availability in 1992. 

EDN November 7, 1991 

The current power supplies are 
zero up and have two basic 
operating modes, constant voltage 
and constant current. 

• 3% digit volt and ammeter. 
• Optional power factor correction. 
• Optional IEEE 488 plug-in pro­

gramming card. 

2Kw "S" Series 
Sorensen's 2Kw single output 
power supply meets all approvals, 
- UL 1950, EN60950, CSA 022.2 
No. 234-M90. 
• Power factor correction, per IEC 

555-2. (Available 1st Qtr. 1992) 

• FCC Part 15, Class B. 

• Seven different output voltages 
available. 

CIRCLE NO. 271 

KSA400 PFC Series 
The new KSA400 PFC, has power 
factor correction, per IEC 555-2. 
Four outputs as standard; 
• V1 = 5vdc @ 40 amps. 

V2 = 5vdc - 15vdc@ 0-6 amps. 
V3 = 5vdc - 15vdc@ 0-6 amps. 
V4 = 12-24vdc @ 0-6 amps. 

• Size: 2.5 in. x 5.0 in. x 14.0 in. 
• Universal Input 
• UL 1950, EN60950, CSA C22.2 

No. 234-M90 
For more information and complete 
specifications call us TOLL FREE: 
1-800-525-2024 or Fax us at (312) 775-7 432. 

Sorensen 
A Raylhean Company 

5555 N. Elston Ave. 
Chicago, IL 60630 
(312) 775-0843 FAX: (312) 775-7432 
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The Right 
Could Save You $25,000. 
HTBasic from TransEra will turn your PC into a scientific 
workstation at a fraction of the cost. A real alterna-
tive to a high-priced dedicated workstation, a PC 
with HTBasic gives you the capabilities you 
need for complex scientific/engineering 
applications, while retaining compat-
ibility to run and share data with 
standard PC software. 

The savings don't end with the 
workstation itself. With an HTBasic 
system, you can use industry-standard 
printers, graphic output devices, and networking 
systems. You get the flexibility you need to lay out 
the system you want without being tied to limited 
offerings from one supplier. 

HTBasic is a state-of-the-art language which gives you 
a number of advanced scientific/engineering features 
not found in other BASIC packages. 

354 

Features such as data acquisition and IEEE- 488/RS-232 
instrument control syntax, COMPLEX arithmetic, 

matrix mathematics, complete HP-style graphics, 
a comprehensive on-line help facility, and many 

CIRCLE NO. 269 

more, add up to increased productivity for all 
levels of users . 

The right choice for your next 
engineering workstation is a PC 

with HTBasic. Call or write us 
today for more information. 

TransEra 
Engineering Excellence for 15 Years rn 

3707N. Canyon Road Provo, UT84604 
(801) 224-6550 Fax (801) 224-0355 

EDN November 7, 1991 
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The economic challenge 
of a united Europe 

You've probably heard the 
rumors by now: When 
Europe is economically uni­

fied in 1992 it will become an im­
pregnable fortress. The Europeans 
will erect trade barriers to keep 
American and Japanese goods out. 
European companies will grow 
powerful by supplying their own 
tightly guarded market and will 
compete with foreign firms in every 
product area. European economic 
unification will be a serious blow to 
American industries and result in 
more unemployment here. US com­
panies didn't realize the full im­
plications of 1992 soon enough, and 
now it's too late. 

All these statements ·are dis­
tortions, exaggerations, or out­
right myths. A close look at what's 
really happening in Europe reveals 
that the coming economic unifi­
cation will present some dan­
gers but many opportunities 
for American companies. 

Jay Fraser, Associate Ediim 

In 1992, the European 
Economic Community 

will be the largest 
market in the industrial 
world. Will it be a threat 
or an opportunity for 
American companies? 

The European Economic Commu­
nity (EEC) will officially come into 
being on December 31, 1992. On 
that date all tariffs, customs regula­
tions, and other trade barriers will 
be removed among 12 countries (see 
map). Miles of costly red tape will 
disappear, and state-protected mo­
nopolies will be wiped away. Prod­
ucts, services, finances, and work­
ers will be able to move freely 
across the borders of all member 
nations. 

The EEC will be a single market 
of more than 320 million people, by 
far the largest in the industrialized 
world. It will also be one of the rich­
est. US sales to Europe last year 
were in excess of $600 billion, more 
than double the amount of sales to 
Japan. 

In addition, the EEC headquar- 1l 
ters in Brussels is developing a .set 2 

of uniform product standards and ~ 
testing and certification pro- ~ 

cedures for all member na- ~ 
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tions. When these standards are fi­
nally in place, they will be a boon 
for many industries, especially 
telecommunications and consumer 
electronics. After 1992, you'll able 
to buy a CD player in any one of 
the 12 EEC countries and plug it 
into a wall socket without an adap­
ter in any other member country. 

The EEC certainly looks good on 
paper, but some observers say it 
won't fulfill all its lofty promises. 
Joel Kotkin is an American business 
analyst who has written three 
books on international trade and 
economics and has recently visited 
Europe. He says, "I credit the 
Europeans for having created a 
brilliant PR campaign. Nineteen 
ninety-two is the best PR drive 
since 'Terminator 2.' But the fact 
of the matter is it may have about 
as much reality as 'Terminator 2,' 
and it probably won't be as profitable. 

"The EEC is going to be some­
where between a moderate success 
and a moderate failure," says 
Kotkin. "It will maybe add 10% to 
what the Europeans could have 
done without it, or it could actually 
screw things up because it will cre­
ate a lot of artificial distortions. I 
don't think it's going to be the mil­
lennium that a lot of the Euro­
hustlers are trying to sell." 

A more competitive marketplace 
Obviously, the creation of the 

EEC will make it easier for Europe­
ans to do business with each other, 
but it will also make it easier for 
Americans and Japanese to do busi­
ness in Europe. In the past, some 
large companies that are geared for 
high volume and long manufactur­
ing runs weren't interested in modi­
fying their products and shortening 
their runs to suit the fragmented 
markets of Europe. After 1992, the 
huge, unified market and its simpli­
fied distribution procedures will in­
duce these firms to jump in. The 
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EEC is going to open Europe to 
increased competition. 

Norman Weizer, senior consult­
ant at Arthur D Little Inc (Cam­
bridge, MA), believes the greatest 
economic danger for American engi­
neers actually comes from their own 
companies. "[Engineers] have 
something to fear if the company 
they work for isn't treating the 
EEC seriously and making an at­
tempt to really get in there and be­
come part of that scene,'' he says. 
"They could see a market that their 
company currently has slowly dis­
appearing to the people who are 
paying attention, are forming rela­
tionships, are getting into the 
dance." 

Some Americans fear that the 
EEC will erect trade barriers to 
protect its industries. After all, 
Jacques Delors, president of the 

European Commission, has said, 
"We are not building a single mar­
ket in order to turn it over to hun­
gry foreigners." 

Strong protectionist sentiment 
exists in some European nations, 
but there is very little in others. 
The EEC comprises 12 different 
countries with 10 different lan­
guages, 12 different monetary sys­
tems, and 12 different sets of na­
tional priorities. 

"It's very difficult to speak of 
'Europeans,' "says Kotkin, "be­
cause you have on one hand the 
French who are reactive protection­
ists and the Italians who are protec­
tionists except against themselves. 
On the other hand, you have coun­
tries like The Netherlands and to 
a lesser extent Germany and Great 
Britain, which have a strong free­
trade orientation. So it's hard to 

TIIE 12 COUNTRIES OF 11IE EEC 

1.IRELAND 
2.UNITED KINGDOM 
3.DENMARK 
4.GERMANY 

5.TIIE NETIIERLANDS 
6.BELGIUM 
7.LUXEMBOURG 
8.FRANCE 

9.POR11JGAL 
10.SPAIN 
11.ITALY 
12.GREECE 
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talk about there being a single 
European point of view on an issue 
like protectionism." 

The protectionists might some­
day control the EEC and try to lock 
foreign competitors out, but no signif­
icant trade barriers have gone up yet. 

The Japanese threat 
Many analysts point out that the 

Europeans are far more worried 
about the Japanese invading the 
EEC than the Americans. Edith 
Cresson, the new prime minister of 
France and a strong protectionist, 
has been quoted as saying, "The 
Japanese have a strategy of world 
conquest. They have finished their 
job in the US. Now they're about 
to devour Europe." 

"The Japanese are just a total 
threat to them," says Weizer. "The 
Europeans are much more comfort­
able dealing with us than with the 
Japanese. They know us and we've 
helped them and they've gotten 
comfortable dealing with the noisy 
Americans. I see it more as the 
Europeans and the Americans lining 
up together against the Japanese." 

Another factor works against the 
imposition of trade barriers: 
Europe has to export goods in order 
to grow. The average growth rate 
of the economies of the EEC coun­
tries is about 3%, well below that 
of the US and Japan. If the EEC 
imposed stiff tariffs on imported 
goods, the US and Japan would re­
taliate. In a large-scale trade war, 
Europe would suffer most. 

Also, the EEC can't afford to cut 
itself off from the rest of the world 
because it needs foreign invest­
ment. The reunification of Germany 
has turned out to be much more ex­
pensive than anyone anticipated. In 
1991 the German government will 
pump the equivalent of $86 billion 
into what used to be East Germany 
to revive its economy. Spain, Portu­
gal, Greece, and Italy were all hop-
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ing for an influx of German capital. 
That capital won't be coming soon, 
and it may never come. Those coun­
tries will have to look overseas for 
investors. 

Adding to Europe's woes is the 
current recession. Unemployment 
in France is now above 10%. In The 
Nether lands unemployment has 
topped 14%. Philips (Eindhoven, 
The Netherlands), the largest and 
at one time most stable electronics 
firm in Europe, is wobbling badly. 
It plans to lay off 55,000 people out 
of a work force of 285,000 by the 
end of this year. Although some 
European politicians make speeches 

"Nineteen ninety-two is 
the best PR drive since 
'Terminator 2.' But it 

may have about as much 
reality as 'Terminator 2' 
and it probably won't be 

as profitable." 

about the evils of foreign companies 
invading the EEC, behind the 
scenes they often court foreign com­
panies for the jobs they provide. 

When examining the EEC 
closely, it doesn't look much like a 
fortress. A united Europe hunkered 
down behind a thick wall of trade 
barriers hasn't materialized yet and 
probably never will. As Business 
Week commented in a recent issue, 
"Europe's fearsome fortress is be­
ginning to look like Swiss cheese." 

The EEC in global competition 
Another worry some American 

and Japanese manufacturers have 
is that when Brussels formally an­
nounces its new set of product stan­
dards next year, they will be pur­
posely very different from all for­
eign standards. Manufacturers fear 

I s s u E s 

that the EEC's standards will 
amount to a backhanded method of 
keeping American and Japanese 
goods out of the European market. 
This fear is based on a misunder­
standing of the EEC's purpose. 

The EEC wasn't formed just to 
make it easier for the member na­
tions to do business with each 
other. It was also designed to turn 
Europe into a powerful competitor 
in world markets. If the EEC comes 
out with a set of standards that dif­
fers greatly from the standards 
other countries use, it will only be 
isolating itself. 

As for the idea that Europeans 
are going to become competitors in 
all product areas, that's simply un­
realistic. In some high-tech fields, 
such as telecommunications and ci­
vilian aerospace, European compa­
nies have scored some successes, 
but on the whole they lag behind 
American and Japanese firms. 

"High tech is an area where 
Europe is quite weak, and that 
means there's an opportunity for 
us," says Kotkin. "Europe is very 
short of engineers. Countries like 
Italy produce about half as many 
engineers a year as they need, and 
they're not really encouraging im­
migration. The US with its immi­
gration and its large technical work 
force is much better positioned to 
meet the challenge." 

A persistent problem for EEC 
high-tech companies is a shortage 
of funds for research and develop­
ment. Developing a new mainframe 
computer can cost as much as $1 
billion, and most European firms 
can't afford such expenditures. To 
keep up with American and J apa­
nese companies, EEC firms have to 
depend on government subsidies or 
form joint ventures to pool their re­
sources. But joint ventures don't al­
ways work. 

A few years ago a 4-nation con­
sortium of Nixdorf (Germany), Oliv-
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PICO 
Electronics, Inc. 

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

Call Toll Free 800·431 ·1064 
IN NEW YORK CALL 914•699•5514 

Send for PICO's new catalog featuring 
Uttra Miniature Transformers /Inductors / 

DC-DC Converters 
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etti (Italy), Groupe Bull (France), 
and International Computers (Brit­
ain) was formed to manufacture mi­
crochips. It quickly fell apart, how­
ever, because the companies fought 
constantly about who was going to 
be in control. 

Opportunities for US firms 
It's not too late for American 

companies to take advantage of the 
opportunities the EEC will offer, 
but they had better move fast. Do­
ing business with the EEC will re­
quire some careful planning and de­
cisive action. 

First, US firms have to stop 
thinking of December 31, 1992 as 
the day when the gate slams shut 
forever. Some aspects of European 
unification have already been final­
ized, but much of the process will 
continue after 1992. That date is 
partly symbolic. It is not the final 
cut off. 

"The 90s will be a period of ad­
justment all over Europe," says 
Kotkin. "There are going to be a 
lot of bumps in the road, and there 
are going to be little spurts of eco­
nomic activity such as you saw in 
the late 80s. We're not going to go 
into 1992 and come out in a different 
world." 

Second, American companies 
must keep a close watch on product 
standards and other regulations as 
the EEC develops them. If they 
haven't already, US trade and busi­
ness associations should place per­
manent representatives in Brussels 
to monitor proposed rules while 
they are being debated and to lobby 
for changes beneficial to American 
industries. Japanese firms cur­
rently keep more than 220 repre­
sentatives and lobbyists in Brus­
sels. These people send a continu­
ous stream of reports back to Japan. 

In addition, American companies 
should be flexible. Markets for dif­
ferent products within the EEC will 
require different approaches. Some 

markets will be relatively open. 
American companies will be able to 
enter them directly or set up Euro­
pean subsidiaries. In more competi­
tive markets, US firms might have 
to form partnerships or acquire ex­
isting companies to gain a foothold. 

American companies that want to 
become involved in the EEC will 
also have to adjust their thinking. 
US firms have been rightly criti­
cized for going after quick profits 
and paying too much attention to 
quarterly reports. The economy of 
the EEC will grow much more 
slowly than the US economy, espe­
cially at first. American companies 
doing business within the EEC 
shouldn't expect instant gratification. 

However, American companies 
will have some advantages when it 
comes to dealing with the EEC. US 
firms are familiar with methods of 
large-scale, continent-wide distribu­
tion. Most European firms aren't. 
And, American companies have 
seen certain industries, such as air­
lines, deregulated. They have a 
good idea of what might happen in 
Europe and know which mistakes 
to avoid. 

The methods American compa­
nies use to establish themselves in 
the EEC are not as important as 
the fact that they do establish them­
selves. "I believe that US compa­
nies are going to have to become 
insiders to take the maximum ad­
vantage of the opportunity," says 
Weizer. "Just sitting on the outside 
and taking pot shots, just throwing 
something over the wall and hoping 
they'll buy it, not getting in there 
and forming relationships and tak­
ing the market seriously is the 
worst thing Americans can do." 
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CUSTOM SCULPTURED 
JUMPERS OFFER YOU MORE 
VERSATILITY • RELIABILITY • ECONOMY 

Front 
view 

Side 
view 

Sculptured Fingers Offer You: 

• Reliability 

• Custom pitch centers 

• Any plating finish 

Fingers are built-in 
.. . not added on 

• Any finger width sized 
to your power requirements 

Visit us at WESCON Booth #2030 

For additional 
information, 
call or write: 

A[l\ Advanced Circuit 
, , Technology 
118 Northeastern Blvd. Nashua, NH 03061 
Tel: 603/880-6000 Fax: 603/880-1785 

CIRCLE NO. 230 

FREE 
ON· 
OFF 

SWITCH! 
When you specify good looking, versatile MP Series 22 
& 24 Circuit Breakers you automatically get On/Off 
switching and even an indicator light in a single, snap­
in package. Cost and quality control are improved, and 
everybody comes out looking good. Contact us for a 
FREE full-line catalog covering these and other fine 

A TOP·FORTY 
SUPPLIER TO THE 
SPACE SHUTILE 

PROGRAM 
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MP Products. 

Mechanical Products, Inc. • •••• 
1824 River Street 

P.O.Box729 MP 
Jackson, Ml 49204-0729 

TEL(517)782-0391 •••••• 
FAX (517) 782-2810 

CIRCLE NO. 232 

CONNECTOR CORPORATION 
6025 N. Keystone Ave. •Chicago, IL 60646-5290 

Phone: 312/539-3108 •TWX 910-221-6059 •FAX: 312/539-3825 

CIRCLE NO. 231 

5EALEVEL 
COMMUNICATIONS & 1/0 

SEALEVEL SYSTEMS INC. 
PO BOX 830 
LIBERTY, SC 29657 
(803) 843-4343 

CIRCLE NO. 233 359 



FUTABA 
Sets the Standards in Custom Vacuum Fluorescent Displays and Vacuum Fluorescent Modules 

CUSTOM DESIGN 

Futaba is the leading global supplier of vacuum fluorescent displays and modules. 
We have the capability, technology, and market knowledge to provide you with 
the most cost effective display system tailored to your specific application. 

Futaba's high brightness fluorescent display products range 
from simple numeric and dot matrix displays to large multi-color 
graphic panels . 

TECHNICAL SUPPORT 

Futaba engineers have a broad range of application experience including 
automotive, point of sale, appliance, medical , and instrumentation products. 
They are ready to assist you in optimizing your display system design. 

U.S. MANUFACTURING 

Futaba's state-of-the-art SMD manufacturing facility in Schaumburg, Illinois 
provides local service, JIT delivery, and reinforces its commitment to supply the 
North American market. 

QUALITY 

Futaba's number one commitment is supplying products having the highest level 
of quality. Quality begins with the initial design and is controlled throughout the 
manufacturing process by using SPC and having well trained and motivated 
employees. 

Futaba is dedicated to the principal of continuous improvement and always strives 
to provide the highest level of customer satisfaction. 

Pick up the phone - take advantage of our superior technical 
background and design expertise. Call or write for more information 
on Futaba custom vacuum fluorescent display modules. 

Electronic Instrument Panel to J. I. CASE Tractors. 

-
+ ;:-1_ THE H - ~ - • - . . 

..-. - • :, L ._t_ 

NCR "S 1 " Supplier. 

Appliance Control Display. 

r' FUT4B4 ,7 
360 See us at Wescon Booth No's. 617"619 CIRCLE NO. 187 

711 E. State Parkway 
Schaumburg, IL 60173 

708-884-1444 
FAX 708-884-1635 
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PCB MANUFACTURING 
DESIGN AND ARTWORK ! 

ALL YOUR CIRCUIT BOARD NEEDS UNDER ONE ROOF 

PCB DESIGN 
• Backplanes 
• Impedance control 
• Analog and ECL 
• Surface mount 

PCB MANUFACTURING 
• 2 Day turn on multi-layers 
• Prototype and production 
• One tooling charge for both 
• Turn-key assembled boards 

TECHNICAL ASSISTANCE 
• PCB design tips 
• Mfg cost cutt ing tips 
• Testing guidelines 
• We accept gerber data via 

modem (714) 970-5015 

CALL FOR A QUOTE ! 
A MANUFACTURING, PCB DESIGN AND SUPPORT CENTER 

A\£1~ MURRIETTA 
CIRCUITS 

4761 E. HUNTER AVE. ANAHEIM, CA. 92807 

TEL: (714) 970-2430 FAX: (714) 970-2406 

CIRCLE NO. 236 
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CIRCLE NO. 237 

For more information, or to place an 
order, call: 1-800·553· 1177 

liai~--
TE AM 
VISIONICS 

2953 Bunker Hill Lane, Suite 201 , Santa Clara, CA 95054, Fax: (408) 492-1380 
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Find DSP bugs faster and easier with a Deemax emulator. 
If it's your job to debug Tl's 
1MS320C2x* Digital Signal Proces­
sors, here is a way to make it easier, 
faster, and more affordable: get 
yourself the compact, stand-alone 
Deemax P-ICE DSP320C25 in-circuit 
emulator. 

High speed, 
high productivity. 
You'll get up to 50 MHz real time 
emulation with zero wait state -
speed others can't match - and 
productivity features that make 
Deemax your best value in in-circuit 
emulators. 

There are three possible user 
interfaces- a Basic-like command 
line structure, pull-down menus or 
mouse. From the command line, 
emulation control, file management 
and windows commands are all 

possible; loop and conditional con­
trol, expressions, line edit, etc. are all 
supported. The occasional user will 
appreciate the on-screen HELP and 
clear pull-down menus. 

And everyone will approve of auto­
matic command line input prompts 
which highlight the next required 
input - with real time syntax verifi­
cation - as you type. 

We do windows. And More. 
The DSP320C25 lets you open as 
many as eight scrollable windows at 
a time, overlap them, size them and 
put them where you want them. And 
to make it easy to manipulate all 
those windows, to pull menus, and 
for quick setting of breakpoints - we 
support both Microsoft and Mouse 
System mouse modes. 

Among other standard features 

you wouldn't expect on such an 
affordable emulator: 128K word 
emulation memo:ry, a 4K real time 
trace buffer, five hardware break­
points, eight hardware levels for a 
sequence bigger, a Deemax cross 
assembler and an exceptional 
software interface. 

Free demo disk. 
To get the full sto:ry on the 
DSP320C25 as well as our in-circuit 
emulator for the 8051 family -
plus a free demo 
disk - call, write, 
fax or circle the 
reader service 
number. 

If it's your job 
to find hard-to­
find bugs, find 
Deem ax. 

DSP bugs can't hide from Deemax. 

'Emulates 32020, 320C25. 320C25-33, 3 

A high-level language debugger for C will be available dwing the first quarter of 1992. 

362 CIRCLE NO. 181 

Deemax Technology, Inc. 
12611 Hiddencreek Way, Suite G 

Cerritos, CA 90701 U.S.A. 
(213) 921-8224 FAX (213) 921-9315 
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This advertising is for new and current products. 

Please circle Reader Service number 
for additional information from manufacturers. 

Abbott balls are precision-ground to virtually elimin­
ate elliptical. out-of-round and dimpled shapes. Use 
them in , electrical contacts, relays or reed switches. 

• Easily adaptable to automated assembly 
and feed mechanisms 

• No orientation of parts required 
• Uniformity reduces line shut-downs 

Let our engineers work with your samples or require­
ments to develop the right balls for your contacts. 

ABB9 TTBALL 
Railroad Place, P.O. Box 330100. West Hartford , CT 
06133-0 l 00 U .SA Phone: 203/ 236-590 1 

CIRCLE NO. 325 

FREE 26 Page CATALOG with all 
styles and designs of matching 

Instrument knobs Illustrated. 
Fax us your specs- we w/11 

(. _ .. J,Au/J/ 555 Marlon Road aFax you a quote ... lmmedlatelyl 

~ Columbus. OH 43207 
Fax: 614/445-8224 Phone: 614/445-8433 

**** " The Best 8051 Emulator" 

5 ft . cable 

8051 
SEE EEM 91192 

Pages D 1300-1303 

PC based emulators for the 8051 family 
8031, 8032, 8051 , 8052, 80C15211541321/4511452/51FA/51GBl515/517/5351537/ 
552158218521851, 80532, 83C451/S52/$52/751n521851, 8344, 87C451155217511 
752, 8751, 8752, DS5000 + CMOS . 

• PC plug-in boards or RS-232 box . 
• Up to 33 MHz real-time emulation. 
• Full Source-level Debugger wlcomplete C.variabte support. 
• 64 bit wide, 256k deep trace, with time stamp. 
• Bond.out/hooks pods for 8051, 83C552, 83C451 , 83C652, 

83C751, 80C515/80C517, 83C752, 80X51FNFB/FC, and more. 

Prices: 32K Emulator 8031 $1790; 4K Trace $1495• (·us only) 

CALL OR WRITE FOR FREE DEMO DISK! 
Ask about our demo VIDEO 

no Hau 51 E. Campbell Avenue Call 408-378-291 2 
Campbell, CA 95008 Nol\au's 24-hour 
FAX (408) 378-7869 information center to 

CORPORATION (408) 866-1820 recelwiolo<ia,.,rFAX 
Please see us at Wescon Booth #460 

See our ad on pg. 297 

CIRCLE NO. 326 

UNIVERSAL PROGRAMMER, EMULATOR&. TESTER 

TUP-300 

$ 695.00 
I P1ogramsv1rtuallyanydev1cein 

the market today . 
Programs PLO !PAL, GAL, FPL, 
EPLD, PEEL, MAX, MACH ... ), 
E (E)PROM (up to 16 ~). Fkuh EPROM, 

Specia! Pf10M, MPU l87XX, 68XX, ZS, 
PSD301 ... ). 

I Covers DIP, PlCC, QFP and PGA with 8 to 84 
p1ns . Gangprog1ammingadaptersava1lablea~"· 

I EPROM EMULATION capability . 

I Tests d191tal ICs and DRAMs ISIMM/SIP 
adapter available). 

I Freesoftwareupdatesandnewdevices 
addeduponrequestl! 

POWER SUPPLY PROGRAMMERS 

• 19 Models to choose from 
• IEEE-488 Interface 
• 1, 2 or 3 analog outputs 
• Any combination of 8, 12, or 16 bit 

resolutions 
• 0 to 5, 0 to 10, - 5 to 5, -10 to 10 Volt 

ranges 
• 3 Digital outputs (latched or pulsed) 
• 3 Form C relays (latched or pulsed) 
• 3 Digital inputs 
• Service Request, Serial Poll, Remote/Local 
• Rack mountable PA in. high x 8% in. wide 

Prices: $465 to $ 725 

ENDAR SYSTEMS 
22533 S. Vermont Ave. #45; Torrance CA 90502 

(310) 533-8786 
CIRCLE NO. 327 

Little Giant™ 
NeWi Tiny Giant™ 

C Programmable Controllers 
Develop your 
products fast! Use 
our miniature con­
trollers with paral­
lel 1/0, solenoid 
drivers, Nb and 
D/A converters, 
real time clock, (Tiny Giant 
watchdog, LCD Digital, qty. 1) 

interface, RS232/485 serial ports, built-in power 
supply and much more! Applications range from 
industrial control lo data acquisition. Our $195 
interactive Dynamic C™ development syslem 
makes programming easy. We also have design­
your-own-board core modules as low as $59 in 
quantity. 

Z-World Engineering 
1724 Picasso Ave., Davis, CA 95616 USA 

Tel: (916) 753-3722 
Regular Fax: (916) 753-5141 

Automatic Fax : (916) 753-0618 
(Call from your fax, request data sheet #18.) 

CIRCLE NO. 328 CIRCLE NO. 329 CIRCLE NO. 330 

To advertise in Product Mart, call Joanne Dorian , 212/463-6415 
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Finally, an EL with Longer Life 
and Higher Brightness 

Thanks to our new proprietary Aurora 
phosphor, our EL (electroluminscent) 
lamps outperform every other EL in the in­
dustry. And, are even further enhanced with 
our new series of performance matched 
DC-AC inverters. Solid-state, low current 
and sized to your specs. Customized to your 
life/brightness requirements. 

Loctite Luminescent Systems, Inc. 
Etna Rd., Lebanon, NH 03766 603/448-3444 

" -z 
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• Schematic Entry • SPICE Simulation 
•Model Libraries •Waveform Graphics 
lntusoft has it all at an Affordable Price! 
INTEGRATED, EASY TO USE $1MULATION ENVIRONMENT, FEATURING: 

A powerful SPICE (lsSPKOE) simulator performing AC, DC, 
Transient, Noise, Fourier, Distortion, Sensitivity, Monte Carlo, 
and Temperature analyses, Extensive model libraries, 
Schematic entry, and Waveform processing. Starting at $95 
for lsSP1cE, complete systems are available for $890. 

Call Or Write For J/FE'" p .0. Box 71 o San Pedro 
vo1i;:i:;::.,r::;;~1~nd infuSOlf CA 90733-0710 , 

Tel. 213-833-0710 Fax 213-833-9658 

CIRCLE NO. 334 

FOR THE PC $139.95 

•2716to4Meg V ~ 
• Programs 2764A In 1 o seconds WWi' 

16/32 bit split programming ~ 

364 

• Menu driven software -
• No personality modules required 
•Adapter for 8748, 49, 51, 52, 55, TMS 7742, 27210, 

57C1024, and memory cards 
• 1 year warranty • 10 day money back guarantee 
• Made in the U.S.A. 

For more information, call (916) 924-8037 
EMPDEMO.EXE available BBS (916) 972-8042 

NEEDHAM'S ELECTRONICS 
4539 Orange Grove Ave. • Sacramento, CA 95841 

(Monday- Friday 8:00 a.m. - 5:00 p.m. PST) 

CIRCLE NO. 337 

To advertise in 

ADVANCED TRACKER 
TECHNOLOGY FOR NDI 

BUDGETS 

The SRT-5000 video tracking system is a non­
developmental item (NDI) , designed to provide 
high performance automatic tracking for many 
different scenarios. The modular VMEbus 
design features centroid, correlation and coast 
modes for dual-mode/dual-gate tracking. The 
open architecture allows for many other options. 
Commercial, ruggedized and military configura-
tions are available. P.O. Box 12m 

Birmingham, Al = -....:: = = = 35202·2727 

a ... ~ = ii fiiiifi ~!i', ~~~:~~~:~~~~ 
SOUTHERN RESEARCH TECHNOLOGIES, INC. 

CIRCLE NO. 332 

ROM·IT 
EPROM EMULATION SYSTEM 

• Emulates up to 8 
4-Megabtt EPROMS wtth 
one control card. 

• Downloads 2-Megabtt 
programs in less than 
23 seconds. 

• Allows you to examine 
and modify individual 
bytes or blocks. 

NEW 
4-MEGABIT 
VERSION 

•Accepts Intel Hex, 
Motorola S-Record 
and Binary files. 

• Software available 
for IBM PC and 
compatibles and 
Macintosh systems. 

• Base 27256 EPROM 
System $395.00 Other 
configurations available. 

ORDER TODAY-IT'S EASY 
CALL OR FAX FOR MORE INFORMATION 

~ 
Incredible Technologies, Inc. 
(708) 437-2433 
(708) 437-2473 Fax 

VISA now accepted. 

CIRCLE NO. 335 

EP-1140 E/EPROM 
PROGRAMMER 

SEE US AT 
WESCON: 
BOOTH 
1532 

$895.00 
V Programs NEC's 
27C8001 , 8-Mbit EPROM 
and all 1, 2 , & 4-Mbit, 16 bit 
EPROMs 
V Supporls all 87C51 deriva· 
tive Microcontrollers, includ­
ing Intel's 87C51 GB 
V Qualified and recom· 
mended by inlei, Nalional 
Semi and Signetics. 

t/ Supports encryption 
array programming for 
microcontrollers 
,; Coll for o DEMO disk 
and literature packet 
V Risk-free 30~day 
money-back guarantee 
V lifelime FREE soft· 
ware updates via BBS and 
US Mail 

BP~ 
1068 l Haddin9ton • Houston, TX 77043-3239 

800/225-2102 • FAX713/ 46J.7413 

Facts about 

625,000 
ICs and Semiconductors 

at Your Fingertips 
Cahners CAPS is the newest component 
search and selection tool for electronic 
design engineers: 
• PC-driven, CD-ROM-based 
• Includes unabridged 

manufacturers' datasheets 
• Represents more than 520 

manufacturers worldwide 
See us at Wescon '91, Booth #1759 

Call toll-free: 1-800-245-6696 
CA HNER S 

~PSW 
Computer Aided 
Produce Seleccion 

275 Washington Street 
Newton, MA 02158-1630 
Telephone: 617-558-4960 
Facsimile: 617-630-2168 
Telex: 940573 

CIRCLE NO. 333 

NolseKen 
Noise simulators 
help find perils in 

power-line defects 
IMPULSE NOISE SIMULATOR 

~-~----· 

MODEL INS-410 
U.S.A WATAHAN NOHARA INTERNATIONAL. INC. 

TEL (800)366-3515 

CIRCLE NO. 336 

THE LOGIC ANALYZER 
MODEL 3625 32CH. I OOMHZ 
MODEL 3620 24CH. IOOMHZ 

Runs on PC; Drives HGA, CGA, EGA, VGA, and MCGA. 
Up to 32 timing/state data channels, 2045 bits/channel. 
Sample rate up to 100 MHz asynchronous, 25 MHz sync. 
Sample data by riS1ng , falhng, both edge of two EXT ciod<s AND/OR loglC 
combinu.IJOfls 

Over 4000 multilevel combinational trigger conditions. 
Level/Edge trigger capability 

Data quaJilication with B channels qualifier. 
Easy·to-use menu-driven system software. 
FORMAT, TIMING, UST, and DOS display Mode. 
Full color display enhances user interface. 
User-definable color set. 
B acquisition templates provide rapid setup and operation . 
4 user-definable groups those can be displayed in separate BIN, OCT, HEX, 
ASCII, and DEC radices. 
Save/load ao;iuisition data !Ue and edit testing comment in DOS Mode. 
Hardcopy at any moment. and dump the data of interest in timing diagram or 
state table . m ARGOSY TECHNOLOGY CO .. LTD. 

BF, NO. 196, SEC. 2, KEELUNG AD., TAIPEI , TAIWAN, A.0.C. 

TEL: 886-2-7371325 FAX: 88&-2-7371342 

CIRCLE NO. 338 CIRCLE NO. 339 

Product Mart, call Joanne Dorian, 212/463-6415 
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EDAK cases offer the ruggedized solu­
tions you require. In transit or in opera lion, 
EDAK cases provide ultimate protection /or transportable 
electronics. Ask about EDAK's new HARD lvlOlNT case. -
~ ,~I-" Fax (407) 242-3430 
~ ~1111"' 1-800·462·8478 
285 North Dr , Ste. H, Melbourne, FL 32934 (407) 242-2953 

CIRCLE NO. 340 

LOW COST 
Data Acquisition 

Cards for 
PC/XT/AT 

I Fast 12 Bit A/D/A [PCL718] $785" I 
• AID converter: 16 single ended or 8 differential channels: 12 bits resolution; 

~of;:~::~~~~~~ ~!~;~~~"c':t~~S~rd)? I~~~ ~~'~f~~~(~~'i:~nal). 
: ~{Au~~!~~c:~B~~~=~cis~°i'~~l~~0~:2ii~it~;1;:'uii~::~~~:11ts~:l~S5J' 1 V 
• Digital IJ0:161n/Out(TJ1...comifatiblc:); P~rammable Counlerffimtr (8254). 
• ~=:~~~sf.tz:·M~H.~I~1~~kBASIC included. Supported by 

• ~~:~~r:n.':a~~ ~!~1fu~ ~~~~:;af~u:a~~f~rc c~~~r~~~:~'.'cs~) 
MC/ VISA / AMEX • LJ.S.lis1pn'cconly. 

CIRCLE NO. 343 

SAVE SPACE WITH 
MINI/BUS® BARS 

PROM DISK EMULATOR 

• t MB EPROM or SRAM or combination of both 
•On-board embedded uP protects EPROM against 
software piracy 

•on-board Watch-Dog timer permits safeguard 
against unexpected program stoppages caused by 
"bugs" 

•Emulate single disk or dual disk. Switch selectable 
driver unit (A, B, C, D) 

•Plug-in PGM module for direct on-board programming 
•Auto-boot as driver A or come up as driver D 
•$249/ 0k. Distributors / OEM welcome 

INLOG Microsystems 
13353 Alondre Blvd. Sulte 106 
Senta Fe Sprlng1, CA 90670 

TEL: (213) 802-9787 FAX: (213) 802-2048 

CIRCLE NO. 341 

I Translator/Genera tor BOTH on ONE board 
I Tune updates even if input becomes lost noisy or distorted 
I Supports IRIG-A, IRIG-B, XR3, NASA36 codes 
I Propagation delay correction for i.re:ond accuracy 
I Modulated time code output 

Odetics 
Precision Time Division 
1515 S. Manchester Ave., Anaheim, CA 92802-2907 

Phone (714) 758-0400 Fax (714) 758-TIME 

Odetics also supports SID, Unibus (Vax'), Multibus, Q-Bus (MVAXll/lll) 
VMEbus, Vax-Bl, S.Bus and IEEE488 
'VAX, MVXll are trademarks of Digital Equip. Corp., PC/XT /AT are 
trademarkes of IBM Corp. 

CIRCLE NO. 344 

SCHEMA III 3.3 
Schematic Capture 

COMPLETE 
DESIGNS ON 
YOUR PC OR 

UPLOAD 
TO YOUR 

WORKSTATION 

Improve power distribution FREE DEMO DISK 
Reduce required board layers 

DEVICE INTERCONNECT 

SOLUTIONS 
IRONWOOD Electronics offers a comprehensive line of 
devices for your interconnect needs. We have hundreds 
of prototyping adaptors and sockets for PGA, QFP, PLCC, 
LCC, PGA, ZIP, and many more packages. Our line of 
clips for probing all different sizes of the different pack­
ages also number in the hundreds. We also do custom 
designs quickly and inexpensively including SMT compo­
nents and tight spacing and supply the highest qualtty 
solutions. Call us for your Interconnect needs. 

IRONWOOD ELECTRONICS 
P.O. BOX 21151, ST. PAUL, MN 55121 
(612) 431-7025; FAX (612) 432-8616 

CIRCLE NO. 342 

REMOVE 
HARDWARE LOCKS 

PROTECT YOUR INVESTMENT! 
MAINTAIN PRODUCTIVITYI 
Software utility that allows for 

the removal of hardware locks. 

Available for most major 
CAD/CAM and PCB 

software programs 

Easy - Simple - Guaranteed 

Programs start at $99.00 U.S. 
Visa and Mastercard Welcome 

Call or Fax for more lnfonnatlon 

SateSon Sy.terns Inc. 
202-1100 Concordia An. 
Winn1pe1, Mb. RlK 488 
Canada 

Phont (204) 6'9-4'39 
FAX (204) 668-3566 

CIRCLE NO. 345 

.AVAL 
An Established Foothold In 

The Device Programming Arena 

Eliminate up to half the decoupling One schematic capture program The Traditional 
capacitors stands alone in features, speed, Market Leader In Japan 
Fit between of beneath IC's user friendliness & performance -
Also available in surface mount SCHEMA The new SCHEMA 
Send for Rogers Mini/Bus® Bars ~JliAI,..II 3.3 is still only $ 495. 

Application Bulletin. 
Rogers Corp., 2400 S. Roosevelt St. 800-553-9119 
Tempe, AZ. 85282 602/967-0624 
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OPERATOR INTERFACE $199.00 
INDUSTRY PROVEN RELIABILTY 

• 30 or 45 key Tactile Keypad 
• 80 Character ( 4 Line X 20 Character) 
' 300 lo 9600 BAUD 
• 15 Programmable Function Keys 
• RS-232 or RS-422 Interface 
•Simple Menu Set-up 
• Standard or Custom Keypad G raphics 
' 5 VDC or Exte nded 8-24 VDC 
• Less than 8 O unces 
• Full Two Year Warranty 

Two T echnologies, Inc. 
419 Sargon Way 
Horsham, PA 19044 
PH ONE (215) 441-5305 
FAX (215) 441-0423 • s 

® 

CIRCLE NO. 349 

Relex products are noted for 
their ou tstanding quality, 

ease-of-use, flexibility, and 
comprehensive array of 

features. A wide range of 
packages are ava ilable to 

meet your price and 
product requirements. 

And all producls are 
ful ly guaranteed ! 

Ca ll today for 

Innovative Software Des igns, Inc. 
One Kimba l l Ridge Court • Ba ltimore, MD 21228 

(301) 747-8543 • Fax (301) 747-8599 

CIRCLE NO. 752 

ARE YOUR PRODUCTS RELIABLE? 
The RelCalc 2 Software Package predicts the reliability of your 
system usi ng the part stress procedure of MIL-HDBK-217E, 
and runs on the IBM PC and ful l compatibles. Say goodbye 
to tedious, time consuming, and error prone manual 
methods! RelCalc 2 is very easy to use. and features menu 
wi ndows, library functions, global editing for what-if? trials, 
and clear report formats. Try our Demo Package for $25. 

T-CUBED SYSTEMS, 31220 La Baya Drive #110, Westlake 
Village, CA 91362. (818) 991-0057 •FAX: (818) 991-1281 

CIRCLE NO. 755 

Supported Devices: DIP and PLCC Mlcrocontrollers 
(8751 H/ BH , 87C51 / 2 , 87C51 FA/ FB / FC /GB , 
87C751 /2, 87C652/4, 87C528, 87C550 , 87C552, 
87C562, 87C451, 87C592 and more), EPROMs 
(2716 to 2751 2 NMOS and CMOS) and EPLDs 
(Slgnetlcs/Atmel 22V10, ATV750, ATV2500 and 
ATV5000) . 
Serially Ilnked to a PC. Lock Bits, Encryption 
Tables and Security bits are supported. 

CE I BO i-~t:u-:r1~a~~~9R9~~E L~~1~~~~~-~t3~~~~~ 
GERMANY 
ITALY 
SWEDEN 
TAIWAN 

TEL: 89-612 7087 
TEL : 5 1·7 :27 25 2 
TE L : 58· 919250 
TEL : 2 • 9 171 873 

FA X: 89 -6 1 28 101 
FAX : 51-7275 15 
FAX : 5 8 -9 16153 
FA X: 2 • 91266 4 1 

CIRCLE NO. 350 

QLLC X.25 
ADCCP SDLC 
TCP/IP HDLC 

3270 BSC PAD 

• C source code 
•ROM-able 

Full porting provided 
• No OS required 

GCOM, Inc. 
1776 E. Washington 
Urbana, IL 61801 
(217) 337-4471 

Special ists in Computer Communications 
FAX 217-337-4470 

CIRCLE NO. 753 

GO FAST'" 
I.ightning-F ast Accelerators 

Fast floating point, reentrant, and ROMable. Link and 
go wiih c: Microsoft®, Borland®, Intel®, Meta Ware®, and 
WATCOM'". Dynamically replaces 80x87 coprocessors. 

GOFAST rEEE acceleralors are opiimized for 805 I, 
8096, 80386, i960, 6801 , 6301, 6809, 68HCI I, 68xxx, 8085, 
Z80, R3000 and more. 

Call for your free GOFAST infonnation di skette: 
503-64 1-8446; FAX 503-644-241 3; 800-356-7097. 

" 14215 NW Science Park Drive 
Portland, DR 97229 

U S SCPTWARE@ 
-.:> 1991 US software Qirporat.ion. GOFAST is a trademark of US Software 
Corporation . All other trademarks belong to their respective owners 

CC-1 Capacitor Kit contains 365 pieces, 5 ea. of every 
10% value from l pf to .33µf . CR-1 Resistor Kit contains 
1540 pieces; 10 ea. of every 5%value from 10!Jto 10meg0 . 
Sizes are 0805 and 1206. Each kit is ONLY $49.95 and 
available for Immediate One Day Del ivery! 

Order by to ll-free phone, FAX, or mai l. We accept 
V ISA, MC, COD, or Pre-paid orders. Company P.O.'s 
accepted with approved cred it. Call for free detailed 
b rochu re. 

. . ~COMMUNICATIOOS SPECIALISTS, /NC. 
---.~ 426 West Taft Ave. • Orange, CA 92665-4296 

- Local (714) 998-3021 ·FAX (714) 974-3420 

Entire USA 1-800-854-054 7 
CIRCLE NO. 751 

Baby Bullet-286Ar" 

• Single Board Computer 
• AT Compatible • SCSI Interface 
• On Board Serial (2), & Parallel (1) Ports 
• On Board Mult iple Disk Interface 
• Solid State Disk • Low Power - Only SV 
• Small Size - s.2s· Disk Form Factor 
• Watch Dog Timer • Keyboard Interface 
' Up to 4MB DRAM • AMPRO Compat ible 
• 386SX Also Available 

Dyna Five Corporat io n 
173 Freedom Avenue • Anaheim, CA 92801 
(714) 525-8795 • FAX (7 14) 525-9310 

CIRCLE NO. 754 

CMOS 186 
Single Board Computer 

Runs C or QuickBASIC" Programs 
Powerful 16-bit computer directly executes 
EPROM's containing any C or BASIC .EXE file 
NO LOCATORS' Software includes multi-tasking. 
multi-drop comm. PIO control. OPTOMUX.'" 

• 10. 12. 16MHz80Cl86 
• CMOS design 
.Sl2KRAM 
• 384KEPROM 
• STD BUS Expansion 
• COM/ RS232/485 
• COM2. LPTI 
• RTC Avail 
• 80C187 Avoi/ 
• OEM discounts 

MICRO/SYS 

1011 Grand Centra l Ave., Gle ndale , C A 9 120 1 
(818) 244-4600 FAX (81 8) 244-4246 

CIRCLE NO. 756 CIRCLE NO. 757 
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more Information 

(212) 463-6415 

CIRCLE NO. 758 

CP-1128 COMBINATION 
PROGRAMMER 

SEE US AT 
WESCON: 
BOOTH 
1532 

0 Introducing programming 
support for AMD'scomplete 
MACH family of devices. 
The CP· 1128 provices pro­
gramming support for the 
MACH 110/2 10/ 120/ 
130/230. 
@ Qualified and recom· 
mended by AMD, lattice, 
Notional Semiconductor 
and Signetics. 

$1295.00 
fD Immediate programming 
sup port for Cypress 1 

CY7C361, Lattice's 
ispLSI 1032 and pLSI 1032, 
os well as National AIM 
devices. 
o Call 1-800-225-2102 
for a literature pock and a 
demo disk. 
0 Lifetime FREE software 
updates available via BBS 24· 
hours a day or via US Moil. 

BP~ 
10681 Haddington • Hou$lon, TX 77043-3239 • FAX 713/ 461 -7413 

C 1991 SP M1crosys1ems, Inc 

• Multi- Layers 
PCB 

• Carbon 
Silver 
Print mg 
PfHGoJd 
Plating 
Peelable 
Protective 
fllm 

CIRCLE NO. 761 

A Quail comes 
from Asia .... . 

Besides better quality and lower price. there ts no ditterent 
buying PCBs lrom us in Taiwan than a supplier at another 
Slate tnAmertco 
Welcome Prototype samples and Low quantity orders 

USA OMNI STARS INC. 
1303 Columbia Drive 1201, Richardson, TX75081 

Tel (214)669-9661 Fax (214)669-9919 

CIRCLE NO. 764 

16MHzCPU 
DRAM to 512K 

20MHzDSP 
SRAM to96K 

DAPL"'Operating System 
100+ standard commands 
Custom commands in C 

The 
Intelligent 
Solution 
For 

ANALOG UO 
DIGITAL UO 

Data 
Acquisition 

Input.a to 235K samples per second 
Output.a to 250K aamples per eecond 

~!l°A1t!1t~J 
Or call for 
FREE demo diskette. 

2266 !16th Aven1.1e NE 
Bellevue, WA 98004 
FAX(206)453-3199 

CIRCLE NO. 759 

803X/5X Development System 
Best Price/Performance 

IN CIRCUIT EMULATOR S495 

8K·64K Emulator Memory • Single Step 
64,000 Break Points • 12MHz Interna l & External C lock 
l.5K Trace Buffer • One POD Supports 8031.32.5 1.52 

ASSEMBLER S100 

Full Arithmetic & Logical O~rntion Support Unlimi ted Lcveb 
of Macros , Includes files and condi1 ional assembly. Inte l. 
Molorola compali ble ou1put files. 

SIMULATOR S100 

User defined 40 windows monilor all the opcrnlions pcrfom1cd 
by microprocessor. Trace fi les builds up his1ory. 

EPROM 8751 52 programmer S250 

Programs 24,28,32 Pin EPROMS and 40 Pin 875 1. 87C5 I. 
8752. 

COMPLETE SYSTEM S795 

1-800-972-3733 
Advanced Microcomputer Systems, Inc. 

D21 N.W 65th Place. Fon Lauderdale. FL 33309 
PHONE: 305-975-9515 • FAX: 305-975-9698 

CIRCLE NO. 762 

DC/DC CONVERTER 
CMKA05-3-0515D-3 
TA-55'C to +85'C 
~ ,CLOfTH ELEURon:c 
MADE IN GERMANY 

DIP 24 package-3W-Noise less 10mV 
industrial CSK/CMK - 25 to 71 °C 
automotive CMKA - 55 to 85°C 
ambient temp. NO DERATING 

50.8 x 50.8 x 10.8 mm packing 
DIW2-5 wide input range 
e.g. 8-40V # 16-80V 6W/10W 
enable/disable Pin possible 
Output Adjust Pin on request 
any V0 can be provided 
ambient -25 to 71°C NO DERATING 

P.O. Box 1248 
W-8910 Landsberg 

.. FLOETH 
;; ELECTROr::c 

Germany 
Tel . 8191·2056 
Fax. 8191-2029 
Telex 527 149 fell d 

CIRCLE NO. 765 

-- -- - -- --· ~.,., 
~ . ~· 

" ,. 

c; ---

300 MHz Programmable 
Pulse Generator from Lecroy 

3 Good Reasons to buy )'Uur next pulse generator from 
Lecroy: 1. PERFORMANCE (300 MHz, 300 psec) 
2. PRICE (around $8,000) 3. RELIABILITY (backed 
by a 5 year warranty) . The LeCroy 9210 Programmable 
Pulse Generator Mainframe ($5,900) accepts up to two 
plug-in modules that feature combinations of repeti­
tion rates (to 300 MHz) edge transition times (to 300 
psec) and output swings (to 16 Volts P-P into 50) . 
Modules are priced from $1 ,000 to $2,200. Contact 
Art Pini at Lecroy Corporation: (914) 578-6020. 

CIRCLE NO. 760 

INTERNATIONAL MODEM 
TELEPHONE INT FACE 

fntE 

CH1834 - International 
Data Access Arrangement 

• 4000 Volt Isolation 
• Small Size (1.5 " x 1.0"J 
• Low Profile (0.3 " J 
•Pin compatible with USA/CAN 

versions of CH1817 and CH1840 
• Voice/Fax/Modem (including V.32J 
Your Source for Modem Components 

~ ~ Tel 408-752·5000 ll ~ Fax 408 752·5004 

Cermetek Microelectronics, Inc. 
1308 Borregas Ave. • Sunnyvale, CA 94089 

CIRCLE NO. 763 

• 
lmlll Pl'I spots problem signals and 

helps find solutions before you bu ild boards. 
LilllSil Pl'8 features: 

· simulation of 1 OO's of · device·model /lbrary 
transmission fine segments - circuit-board-impedance 
per electrical net calculators 

· push·button schematic · extended·memory support 
. oscilloscope display ·uses 3861486 protected mode 

Or choose lilllll9,. a simplified version (2 lines). 

...... ..., $995 (U.S.) l.lllal! $495 (U.S.) 
Require-. J86/-t86 PC Require~ IBM PC w/EGA: 
w/EGA/VGA: min . 2 Mb min. 6-lOk memory. 
extended memory: mou.,c. 

JO-day money-bad guarantee. w/$25 re-.tock fee. 

· Anention: Sale1 Depl. 
P.O Bod578 

Redmond, WA 9807J.3578 

i . 

Tel. (206)869-2320 
Fax (206 )88 1-1008 

CIRCLE NO. 766 
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IND-286 SBC 

Complete 16MHz 80C286 Single Board 
Computer for embedded PC appli­
cations features a 4M-byte PROMDlSK 
disk emulator with battery back-up and 
an MS-[X)S 3.3 compatible disk oper­
ating system in ROM. 

Features Include: 
0 4M-byte DRAM 0 XT Size Board 
0 Keyboard Port 0 80287 Socket 
0 2 COM, 1 LPT 0 WatchDog 
0 IDE Disk Port Timer 
0 4M PROMDISK 0 Floppy Port 
0 100% PC/ AT o Optional \'ldeo 

Compatible Daughter Bd. 

~~~= micro 
s~s::'. - = compufer . ====== -=-= spec1al1sts. inc. 

2598-g fortune way vista. ca 92083 
phone: 619/598-2177 fax: 619/598-2450 

CIRCLE NO. 767 

Plug and Play! 
PC HOST 

OR 
TERMINAL 

SCANTEAM~ 2380 

KEYBOARD 

l::l::l:: l::l::l::l:: [: 
LLL LLLL L 
LLL LLLL L 

Welch Allyn 's SCANTEAM family of Instant 
Interface products plugs your business 
directly into bar coding. 

• For laptops, PCs or terminals 
• Bar code scanning and decoding in a 

compact wand scanner 
• No footprint ; single cable connection 

SCANTEAM 2380 keyboard wedge . 
SCANTEAM 6180 for RS-232 compatible 

output. Welch Allvn \\l~ 
4619 Jordan Roa-cf. P-.0. Box 187 

Skaneateles Falls , NY 13153-0187 
Telephone: 315-685-8945 

CIRCLE NO. no 

8 CHAN 12-BIT A/D CARD 
FOR IBM PCs - $395 

Advanced features for accurate sampling : 
• Auto channel sequencing • OMA interface 
Also features - 1024 to 31250 samples/sec, 
± 5 volt inputs, expandable MUX, sync 1/0, 
power outputs. Software included . 
Educational S/W - FFTLAB. Create & analyze 
signals. Save, load & print. $14.95 
Other products - Instrument amplifiers and 
stand-alone DAG interfaces. 

BAKER EE-CS 
Ste. 102, Clairemont Sq., San Diego, CA 92117 

(619) 273-2117 (Voice/FAX) 

4MEG VIDEO Model 10 
Flexible Image Processor and 

Application Accelerator For The PC/AT 
• 8 to 8000 Pixels per Line 
• 2 to 19 MHz sampling/display rate 
• 10 MIPs Programmable Accelerator 
• 4 Megabytes of Reconfigurable Image Memory 
• RS-170, RS-330, and CCIR input/output 
• Variable timing for nonstandard formats 
• Genlock to external timing sources 
• Analog or digital inputs 
• Software programmable timing/resolution 

©:>EPIX& 
3005 MacArthur Blvd .. Northbrook IL 60062 
708-498-4002 FAX: 708-498-4321 

CIRCLE NO. 768 

48 Channel 50MHz Logic Analyzer 

Complete System $1895.00 
New Windows 3.0 Compatible Software 

• 48 Chnnls @50 MHz x 4K words deep 
• 16 Trigger Words/16Level Trigger Sequence 
• Storage and recall of traces/setups to disk 
• Disassemblers available for: 681XXl, 8088, 8086, 

6801 , 6811 , ZBO, 8085, 6502, 6009, 6303, 0031 

NCI a 6438 uN1vERs1rv oR1vE. 
HUNTSVILLE. AL 35806 
(205) 837-6667 FAX (205) 837-5221 

CIRCLE NO. n 1 
ZL30B 

THE NEXT GENERATION 
IN PLO PROGRAMMERS 

STAGs ZL30B continues 
the ZL30 and ZL30A line of 
logic programmers that 
have become an industry 
standard in both engineer· 
ing and production en ­
vironments. 

Among the ZL30Bs many features are: 
• Powerful easy-to use • Compatible with LOG/iC, 

editing capability CUPL and other standard 
• Super fast programming compilers 
• Stand alone or Remote • RS232C, IEEE-488 and a 

operation dedicated handler port 
• Comprehensive device • Expansion capability via 

library add on modules 
• Handler interface capa· • Complete in-program 

bility to support DIP or checks for continuity, con· 
PLCC devices nection and verification 

• 1/0 formats include JEDEC, • Worldwide sales and l 
Signetics and X-Plot support 8tCIQ 

Stag Microsystems Inc. ~., .. _ 
1600 Wyatt Drive, Santa Clara, CA 95054 

TEL: (4081 988-1118 FAX: (4081 988-1232 

HIGH PERFORMANCE 
SUBMINIATURE COAX 

CABLE ASSEMBLIES 

• Impedance controlled to the PC Board 
• EMl/RFI Shielded 

Meritec's economical Shielded Perfor­
mance Interconnects (SP!™) are ideal for 
fast logic, dense package applications 
which require low noise crosstalk and high 
impedance control. 

For more information, 
call Meritec a t (216) 354-3148. 

Where quo/tty assures perlormonce 

CIRCLE NO. n 2 

Interactive I Real-Time 

Analog Circuit Simulation 
•AC, OC . Transient . Fourier , Temperature. MontcCarlo 
and / or Worst-Case Analysis • Interacti ve or batch modes 
• Full nonlinear simulat ion • On-line real ti me graphics 
• Multiple plots • 2 to SO times faster than SPICE 
• Component optimiz.a1ion sweeping • New 424 pg. manual 

All the Features, Twice the Speed 
at Half the Cost 

Call for FREE DEMO! 

yg 
Tatum Labs, Inc. 

3917 Rt1111Ch P1rll Dr. 8·1 , Ann Arbor, Ml 41108 
313-663-1810 
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BLIND MATABLE POWER 
SUPPLY CONNECTOR 

L Series rack & panel connectors provide optional 8. 
15, 25, 50 and 200 amp contacts in a rugged float 
mountable assembly. L Series connectors use the 
Hypertac® hyperboloid , low force contact which of­
fers high cycle life, immunity to shock and vibration, 
and contact resistance in the .4 to 2.5 milliohm range. 

FOR ADDITIONAL INFORMATION, CONTACT: 
HYPERTRONICS CORPORATION 

16 Brent Drive, Hudson, Massachusetts 01749 
(800) 225-9228 (In MA & Canada (508) 568-0451) 

FAX: (508) 568-0680 

CIRCLE NO. 776 

ICCON™ 

BOARD LEVEL, HIGH· 
CURRENT CONNECTORS 

• High current, low 
voltage drop 

• Power distribution 
applications 

• Board-to-board 
configurations 

•Blind mate 
capability 

• Standard DIP 
footprint 

• Parallel or perpen­
dicular modules 

E ELCON PO. Box 1885. Fremont, CA 94538 
~rs 1ttll...WIONAl CO-ANY PH . (510) 490-4200 • FAX {510) 490-3740 

CIRCLE NO. 779 

ABEL-PLD: 
Logic design for less. 

• 150 P LD 
architectures 
supported (more 
than 4000 devices) 
• Uses ABELT" 
H ardware 
Description 
Language 
(ABEL-I !DU") 
• Intelligent 
synthesis and 
optimization 
• Upgradable lo 
full-featured ABEL 
Design Software 

Call for your FREE 
ABEL-PLDT" 
Design Software 
start-up kit! 

1-800-3-DataJO 
(1-800-332-8246) 

•us. list price only. 

DATAI/O 
Co<poratx>n 

20 MHz 286 CPU CARD - $595 
• 2 Serial/1 Parallel Ports 
• Up to 4 Meg DRAM: 0/1 WS 
• Low Power 6-layer PCB 
• Awa rd BIOS - Norton SI 21.1 
• Optional 287 Co-Processor 
• Small Size (X T-Form Factor) 
• User Replaceable Battery 
• Made in USA 
• $595 qty 10 w/OK 

295 Airport Road 
Naples, FL 33942 

TEMPUSTECH, INC. 
1-800-634-0 701 

CIRCLE NO. 777 

IF YOU DO 
TIMING DIAGRAMS 

You NEED TIMINGDESIGNER" 
Ii TimingDesigner is the fast, 
accurate way to draw and 
analyze timing diagrams. 
Ii Calculates timing margins 
and instantly highlights timing 
violations. 
Ii Automatically generates 
complete, clear, standardized 
timing documentation. 

Save $1000 

Ii Runs under Windows ™3.0, 
which means it supports 
hundreds of printers, plotters, 
and graphics cards. 

Call 1-800-800-6494 to 
get a free demonstration. 

Chronology Corporation 
2721152nd Ave. NE 
Redmond, WA 98052 

(206) 869-4227 Fax: (206) 869-4229 

on our entry-level 
logic system. 
• Includes the 212 
Multi Programmer 
with logic module, 
ABEL-PLDrn and 
PROMJinkT.ll Ltd. 
PC Interface 
Software 
• Supports 20-
and 24-pin CMOS 
logic devices 
• Full-hex keypad 
for e.xlensive editing 
• Compatible wiU1 
JED EC standard 
programming files 

• Optional EPROM 
and microcontroller 
modules 
Call today lo order! 
No-risk, money­
back guarantee! 

1-800-3-DataJO 
( 1-800-332-8246) 

•us list price only. 

DATAl/O 

LEMO'S NEW CIRCULAR 
CONNECTOR CATALOG 

LEMO's new cir­
cular connector 
catalog high­
lights expanded 
shell and insert 
designs. Insert 
conf igurations 
are available in 
single , multi or 
mixed designs 
including signal, coaxial , triaxial, high volt­
age, fiber optic and fluidic/pneumatic. 
Shell styles are available in standard 
chrome plated brass, anodized aluminum 
or stainless steel. 

~ LElllDM-7Xl lli!E 
P.O. Box 11488, Santa Rosa, CA 95406 
Phone (800) 444-LEMO, Fax 707/578-0869 

CIRCLE NO. 778 

VXlbus 
Mupac Offers More 
• System Enclosures 
• Backplanes/Subracks 
• Wire Wrap Boards 

Mupac Corporation 

10 Mupac Drive, Brockton, MA 02401 
TEL: (5081 588-6110 800-92 MUPAC FAX: 15081 588-0498 .., 

mUF'RC 

T 

MU PAC 

HPIC is a specia list ma nufacture r of aluminum 
products since 1972. Our experie nce and integrated 
production including extrusion, cutting, punc hing, 
drilling, lathing, CNC m illing a nd anodizing etc. 
g uarantee you lhe best price, quality p roducts a nd 
pro m pt de livery. Many famous makers of ho useh old 
e lectronic/ e lectric appliances, computers etc. 
purc hase their heat sinks, front panels and metal 
parts from HPIC. Your inquiry are most welcome. 

HWANG PUN IND. CO., LTD. 
N0.154, CHUNG CHENG RD., LOU· IOU HSIANG TAIPEI HSIEN TAIWAN, 1..0.C. 
TEL: (02)11 1~8 Tdex: l348S HPIC h X: (02)2828180 

~~~~€HPIC~®;;;;;; 
CIRCLE NO. 782 CIRCLE NO. 783 CIRCLE NO. 784 
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Schematic 
Capture 
for the 

Macintosh 
DESIGNWORKS 

Schematic features Menu-driven, mouse-controlled opera­
tions • cuVcopy/paste between circuits • right-angle rubber­
banding. Digital simulation 13-state, event-driven simulation 
• logic analyzer-style timing window • PLD support. Libraries 
Fully-simulated 7400, 4000, 10K series, PLDs, PRDMs and 
RAMs, non-simulated analog and discrete components 
• User-definable, simulated custom symbols. Interfaces 
Formats for Douglas CAD/CAM , Cadnetix , Calay, Dread , 
Tango, Racal Redac, Spice. • user-definable printers. dot­
matrix printers, HP, Houston, Roland pen plotters. 

CALL (800) 444-9064 TODAY FOR YOUR 
FREE DEMONSTRATION KIT! 

CAPILANO COMPUTING 
(604) 522-6200 Fax (604) 522-3972 

CIRCLE NO. 785 

You don't 
need 

a lot of 
pull 

to get 
our free 
catalog. 

There's excitement brewing 
in the power supply indus­
try! Get all the details in 
your very own free, 32-
page, full -color TODD 
catalog. You 'll find specs, 
performance, mechanical, 
pinout, mounting and ap­
plications information for 
over 100 outstanding DEM 
switching power supplies, 
including TDDD's revolu­
tionary SUPERMAX 1000, 
the ultra-compact 1000-
watt "shoe box" switcher 
with built-in Power Factor 

-~-=------- Correction. To /Jave tile 
TODD catalog on its 
way to you today, call 
Ille TODD Power­
P/Jone: BOO 223-
TOOO, The 911 of 
power supplies. In 
NY 516 231 -3366. 

TODD 

Attn: HP Logic Analyzer Users 
• PQFP, PLCC, PGA, and DIP pre-processor interfaces for 
1650 and 16500 Series HP logic analyzers. 
• Available for Intel , Motorola, Mips, Zilog, National 
Semiconductor, AMO, and IDT Microprocessors 
• Plugs between the analyzer and the target CPU socket 
or surface mount pads. 
• Inverse assembler and configuration fi les included. Call 
for a free catalog. H 
Emulation Technology, Inc. ~ 
2344 Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 

CIRCLE NO. 791 

DC-DC 
CONVERTER 

* 5W-60W, SINGLE, DUAL 
TRIPLE OUTPUT 

* Input Range: 9 to 18 V, 18 to 
36V, 36 to 72V 

* Output Range: ±SV, ± 12V, 
± 15V, ±24V 

* Input Pi Filter, EMl/RFI 
Shielding 

* Special and Custom Design 
GALAXY MICROCRAFT SYSTEMS 
CO, LTD. 
?FL., NO. 25, LANE 23, RUl-AN ST., 
TAIPEI, TAIWAN, R.O.C. 
P 0 BOX 24-543, TAIPEI 
TEL: 886-2-705 1622 
FAX: 886-2-701 6600 

CIRCLE NO. 786 

TOTAL RECALL 
Fairchild's new MIL-STD-1553 Data 
Logger/Processor (DUP) with our 
DBMC captures and processes unlim­
ited quantities of 1553 bus traffic with 
fu ll error and timing 
information in an IBM 
PC/AT compatible 
environment. 

FAIRCHILD 
0 E F E N S E 

Marl<eting: (301) 428-6629 • Telefax: (301) 428-6885 
20301 Century Boulevard· Germantown, MD 20874-1182 

CIRCLE NO. 789 

DR·11W USERS: 

Our new Fiber Optic Link removes 
the DR-1 lW's 50 foot cable limit. We use 
advanced fiber optic technology so you 
can separate DR11 -W compatible devices 
up to 2 kilometers-with no loss in system 
throughput. Our Links connect to your 
existing DR11-W interfaces with standard 

40-conductor flat cables. Join the 
two Link modules with duplex fiber 
optic cable , and your system is 
ready w1thoul software changes. 

m mactoliinHs::®nne .. 
1500 North Kellogg Drive • Anaheim, California 92807 

Phone (714) 777-8800 • FAX (714) 777-8807 

hnagine if 
YOUR 
product 
could 
talk! 

• Converts plain ASCII text 
into high quality speech 

• Requires only a single 5V 
supply and speaker 

• Use in computers, voice­
mail, warning systems, etc. 

To find out how easy 
i is to add speech output 

to yo,. own products, call for 
your free V8600 data book today! 

• Built in µ.P, serial and 
printer interfaces 

• Less than $100 in OEM 
quantities 

• Customization services 
available 

iiC SYST~r .. 1S usA1canada-Ptiooe1Fait1206lm-69Q9 
121 WW-pRd · S.hd, WA .. >I2 Europe-081539 0285 Fait 0815588110 

CIRCLE NO. 787 

l
] LOW COST I 
INTERFACE I 
CARDS FOR 

PC/XT/AT 

IRS-485/422 Card [PC485A] $95"/125 1 
• Serial A.sync. Communication up 10 4,000f1; 2 or 4 wires; NSI6450 UART 
• COM 1-4; Ma:o:. B:iud Rate 56KB; lligh speed vt'Uion (256KBJ • $165 
• Dual drhl'r5/ruehers;ll andll'S 64 dc,·ict"s; Compatib le wu h most comm S/W 
• DB9 or phoncpck: Sample programs includl'd; Optional ~urcccodc. $150 

IDiJ31-Port RS-485/422[PC485B] $175 "1 
• Two independent channcls/UARl s: 2 or 4 wire: operation Mll. Baud 56KD 
• D1pswuch co~figurablc as COMl -4 ( IR92-7); On board 1c rminator rcsisior 
• Optional vcnmn protected w11hTRA~SZOKBs(trans1ent vol tage suprcssors) 

and Poly Swuches (auto re~t clcc1romc fuses) 

[Digital 1/0 & Counter(PCL720] $175 "/ 
• 32 D1g11al Input & O u1put channels; O u6 ut: si nk 24mNsourcc 15mA 

• IOO~l~~250~f ,~f~~:~~'b!ia~l~~~~blc lock Sources (2M 11z. 1 MHz. 

[IEEE-488 Card [PC488A/C] $145 °/295 ·1 
: ~~~i~~~!~?~TI~l~'~cr~g~~;1~;~~~~ :;~;f;f ro:s:~b~: t1?n l~3gram in UASI C 

: ~ge~~~::!~~a~1d't~~~~tr~;~~~1~s1 :C,~;~ti~fc ~it~0~ ·~r.~~~g~Ampu ter 
• PC488C card \Crston with Bu1ll -In Bus Analyzer hardware and software 

[Stepper MOtOr Card [PCL838] $395. 
• Capable of 1ndepc:ndcnt and s1mullancous control of up 10 3 steppu mrnors 
• Progra mm able spttd from I to 10.000 pps; Step~ pc:1 command I to 65535 
• 0 11' switch n ltc1able IJO port base address and wait state; 24 bu rn UO port 
• Crystal baiic<l hmrng; All control sign3IS oplo-isolattd , 

MC/ VISA / Ai\IEX • U.S fotprict'only. 

CIRCLE NO. 790 

REUABIUTY -
AND MAINTAINABILITY 

PREDICTION AND FMECA 
ANALYSIS SOFTWARE 

Hundreds have used this leading 
computer-aided engineering software 

since 1982. 
Powertronic. Sys.terns offers software to predict Reiiability 
and Maintainab1l1ty and for Failure Modes Effects and 
Criticality Analysis . Hundreds of users have selected from 
PSl's large, versatile and integrated software family for 
m1 l1tary and industri al equ ipment and for both electrical 
and mechanical systems And , data inputs to these pro­
grams may be interactive or batch mode from other CAE 
or database programs. 
Programs implement MIL-ST0-1629 ; MIL-HDBK-217 
including E Notice 1; and MIL-HDBK-472. 

Powertronic Systems, Inc. 
P.D. Box 29109 New Orleans 70189 
1504) 254-Q383 FAX (504) 254 -0393 

CIRCLE NO. 792 CIRCLE NO. 793 
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200 MHz Logic Analyzer 

• 
• 24 Channels (up to 50 MHz). Timing and State 
• 200/100 MHz Max Sampling Rate (6 channel) 
• Timing and State Simultanious on Same Probe 
• 16K Samples/Channel (6 channel mode) 
• 16 Levels of Sequential Triggering 
• Optional Expansion to 72 Channels 
•Variable, TIL, or ECL Logic Threshold Levels 
• 3 External Clocks and 11 Qualify Lines 
• FREE Software Updates on 24 Hour BBS 
$799 • LA 12100 (1 oo MHz) 
$1299 • LA27100 (100 MHz) Price includes Card, 

Pods, and Software 
$1899 • LA27200 (200 MHz) 

UNIVERSAL PROGRAMMER 
PAL 
GAL 
EPROM 
EE PROM 
PROM 
87xxx ... 
22V10 

- =·- -~ J • , , ~la . ,. ... _, 1 
c · •. ~ ' !~ : r l 1 I I ) 
c · . -- .. ~.J 

~. 

$475 

16Bit EPROMs FLASH EPROMs 
Sns PALs 4 Meg EPROMs 
FREE software updates on BBS 

GANG PROGRAMMER 
• 4 32pin Sockets (8 Socket option) $215 
• 2716-27010 EPROMs 

Call--(201) 808-8990 
Link Computer Graphics, Inc. 
369 Passaic Ave, Suite 100 
Fairfield, NJ 07004 FAX:808-8786 

CIRCLE NO. 797 

Section. 

To advertise in 
EDN November 7, 1991 

~----, YOUR WINDOW 
TO EMULATION 
PRODUCTIVITY 
• Easy ta lea11 & ase 
• Wi1dowed ioterface •• 

!!!!!!!!! usercaafigurable • FAST! Dawnlaad •• 
<3 sec. typ.at 1 lSKB 

• Saurce Level debug 
• A 4K frame trace buffer withodvonced seorchilg rnpo~ttties . 
• Hyperlinked On-lioe help ~~es yoo throogh the ernJ~tioo process. 
• iceMASTER cooneds eosi~ to your PC, r..,iires no d~ossemb~. or expansion 

s~t. Works oo ony PC !DOS or 05/ 1), MkmChonnel or EISA. Even loptops I 
• iceMASTERisversatile:KeMAS1IR-8051,KeMASTER-68HC11 ond 

keMASIER{OP8 support mostfomi~ derivatives. 
• Try iceMASTER risk lree! SotisfoclionGuomnteedorrerumforofullrefund!* 
• RENTALS AVAILABLE! ldeolforcoosultant ond reseorche~! 
• Call taday far free dema disk and ask abaut a free 

8051MaaaAssembler!(800)638·2-423 

~ ~ L"1
0
'?.fglink · .. . 

.wrt ~PG 8oJ 1329 Oadl!, Al 85244·1 329 • 
l'h:nl: 16021916-0191 FAA. (602l 916-11'8 TREl49911150MTU« 
'W-i1\i>1bt'kialJ111iod 

CIRCLE NO. 795 

8051 80(196 80(186 
68HC11 64180 

Orion's 8620 Analyzer-Emulator Supports 
These Processors & Over 180 More! 

• Cost-effective, PC-based emulation for over 180 8- and 
16-bit CPUs • Source level and symboLic debug support 
• Interactive triggering • Program Performance 
Analyzer • Tremendous macro capabilities • Built-in 
EPROM programmer • Two-week evaluation program 
• Backed by over 11 years of emulation experience! 
Call or fax today for more info and a FREE DEMO DISK. 
Limited offer - 1 month free 
with 3 month rental! 
1-800-729-7700 
Fax 415-327-9881 INSTRUMENTS 

180 Independence Dr .. Menlo Park, CA 94025 
CIRCLE NO. 798 

• Extends VGA 
mon i tor , Key ­

board , and PS/2 
mouse to 500 feet • 

Compatible with all PC/ 
XT/AT and PS/2 type com­

puters • Power supplies and 
PS/2 input cables included • 230V 

and extended distance versions 
available • Only $795-1 year warranty 

@] Communications 
M[k}SQeciolties, Inc. 
TEL: 516-273-0404 FAX : 516-273-1638 

MICROPN<.'M 
SMAll ELECTRONIC INSTRUMENT ENCLOSURES 

"If I didn't 
have a product 

to put in it, 
I'd design one." 

• Reasonably priced 
• Wide range of stock sizes 
• Readily customized by you or us 
• Shortens time for prototyping and production 
• For literature. pricing, and No-Risk Offer, call : 

800-847-3535 
Anywhere In the US or Canada 

---LANSING 1-----
Copyfight C 1991, Lansing Instrument C0tp , P 0 Boll 730. Ithaca. NY 14851-0730 

CIRCLE NO. 796 

'1ango gives us more than 
just great CAE/CAD tools." 

"We love using every one of 
ihe programs in ihe Tango 
d~ign suite. But owning 
Tango tools means more 
than gelling high perfor­
mance and quality output at 
an a/fordable price. II also 

means getting that 
extra measure of 
value with ACCEL's 
excellent service and 

With each Tango design 
tool for schematic entry 
and PCB and PLO design, 
you'll get: thorough 
documentation; friendly 
customer service; 
affordable updates; 
reLiable technical support; 
BBS; user newsletter; 

support" ... /ml""" and a 30-day 
hon1Mtr1. o.u -••/•"'~ guarantee. 

~orJ® 
See for yourself. Call today for infonnalion 
or a free evaluation package. 

800 488-0680 
619 554- 1000 • FAX: 619 554- 1019 

ACCEL Technologies, Inc. 
6825 Flanders Drive • San Diego, CA • 92121 • USA 
Contact us fo r the representath·e ne2rest you. 

CIRCLE NO. 799 

BACKUP ALL OF YOUR PCs WITH 
ONE PORTABLE TAPE SYSTEM 

NO MORE LOST DATA OR 
FLOPPY DISKS TO MANAGE 

• No Add-In Cards 
• Backup at 61/2 Megabytes per Minute 
• "Plug and Go" over Printer Port 
• 160 Megabytes of Storage Per Data Cassette 
• Easy "W indows Like" Menu-Driven Interface 
• Portable, Small, and Lightweight 
• Reliable TEAC Drive 

ANALOG & DIGITAL PERIPHERALS, INC. 

Il Il 
P.O. BOX 499 

/,\ lj\1-Y\ TROY, OHIO 45373 
~l.:Jtr'\J PHONE 5131339-2241 

<'.; ) FAX 513/339-0070 

CIRCLE NO. 50 CIRCLE NO. 126 
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M MICROELECTRONICS IN ARIZONA 
Arizona's blue skies and clean air, painted sunsets, and vast 
range of recreational opportunities make this a great state 
to live in. And the opportunities at Micro-Rel make our com­
pany an exceptional place to build a career. Innovation, dedi­
cation, reliability-they 're all vital parts of our success in the 
microelectronics industry. We've aggressively met the 
challenges of the industry for more than 17 years, and we're 
positioned to accomplish even more in the coming decades. 
We're currently seeking: 

I 
c 

STAFF IC DESIGN ENGINEERS 

R 
0 

You will be responsible for designing IC's simulation and 
breadboard verification . You must have a BSEE degree plus 
5 years experience in designing complex digital/analog IC's. 

SR. SOFTWARE ENGINEERS 
You will assist with the SYSTEM administration and support 
users with CADENCE AND HSPICE. A BSCS degree and 
3 years experience in software development with UNIX® 
operating system required . - SR. TEST ENGINEERS 

R 
We currently have opportunities in our IC test sustaining and 
development areas. A BSEE or BSEET degree with 3 years 
experience in mixed signal IC testing required . 

E 
L 

SR. PRODUCT ENGINEERS 
You will be responsible for product development (custom 
IC's), yield enhancement and sustaining production support. 
A BSEE degree plus 3 years experience in a similar capac­
ity required . 
Discover the best in lifestyle and career opportunities. Please 
forward your resume in confidence to: Micro-Rel, Dept. 
EDN110791 , 2343 W. 10th Place, Tempe, AZ 85281 . 

Medtronic ~Mtero-Rel 
An Equal Opportunity Employer 

Electrical 
Engineer 
Brookhaven National Laboratory· s Relatlvtstlc Heavy 
Ion Collider (RHIC) Project has a challenglng oppor­
tunity for an Electrical Engineer. RHIC will be a world­
class particle accelerator where researchers will 
study fundamental properties of matter under con­
ditions that have not yet existed since the beginning 
of the universe. 

Requirements Include a BS/MSEE and a minimum of 
l O years' experience In the design of computer­
based acquisition and control systems. Proficiency 
In both hardware and software aspects of these 
systems required . Background In IEEE-488 based In­
strumentation and experience with high current 
precision power supplies are required; knowledge of 
CAD and circuit analysis programs Is a plus. 

Brookhaven offers a superior working environment 
and excellent benefits. Please send your resume, 
referring to position #NS0945E, to Nancy L. Sobrlto, 
Brookhaven National Laboratory, Associated Uni­
versities, lnc.,fersonnel Division- Bldg. 185, Upton, NY 
11973. Equar opportunity employer M/F/HN. 

IJ 111 :~~~TORY 
(Ill I ASSOCJA'IID lNVERSnIBS. INC. 
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CAREER OPPORTUNITIES 

1991 Recruitment Editorial Calendar 

Issue Ad 
Issue Date Deadline Editorial Emphasis 

News Nov. 28 Nov. 8 PC Cards, Board Level••, 
Edition Regional Profile: Wisconsin , Illinois, 

Michigan••, EDN's Innovator/ 
Innovation Awards Coverage • 

Magazine Dec. 5 Nov. 14 Product Showcase-Volume I • 
Edition !Cs & Semiconductors , Micro-

processors, Power Sources , Hard-
ware & Interconnect , Software 

News Dec. 12 Nov. 20 DSP* •, Regional profile: DC, 
Edition Maryland , Virginia*• 

Magazine Dec. 19 Nov. 26 Product Showcase-Volume II • 
Edition Test & Measurement, Components, 

Components & Peripherals, 
CAE/ASICs 

Call today for information on 
Recruitment Advertising: 

East Coast: Janet 0. Penn (201) 228-8610 
West Coast: Nancy Olbers (603) 436-7565 
National: Roberta Renard (201) 228-8602 

II 
INGENUITY POWERS 

THIS HOUSE. 
As a leader in CMOS, Samsung Semiconductor has a proven record of 
transforming the spirit of innovation into new levels of achieve 
ment. The next step in our ambitious plans for the nineties is the 
creation a state-of-the-art design center in Princeton. If you 're an 
individual whose ingenuity can power a whole new level of 
success, we'd like you to contact us about the following role. 

Director, Princeton Design Center 
In this brand new facility, you'll be responsible for tt'e development of 
audio/video prodl..ds. This will involve tt'e design of analog circuits and 
analog/digital mixed ICs using Bipolar/BiCMOS process technology. 
You'll also oversee system definition and implementation using IC 
technology. To qualify, '}Ul'll need at least 5 years' experience 
designing consumer ICs for video or audio applications. We also 
require 5+ years' management experience and vvorl<ing knowledge of 
Surv'Mentor CAD systems. Positicn requires some travel to Korea. 

Bring '}Ulr new ideas to Samsung Semiconductor and in return we'll 
provide excellent salaries and benefits which include 401 Ck) and a 
bonus program. Local interviews may be arranged. For immediate 
consideration, please send your resume to: Samsung Semiconduc­
tor, Human Resources, 3725 N. First St., San Jose, CA 95134-1798. 
You may also FAX your resume to ( 408) 954-7875. We are proud 
to be an equal opportunity employer m/f/h/v . 

•• QC SAMSUNG 
•• Semiconductor 

EDN November 7, 1991 



ESL, Inc. 

A Subsidiary of TRW 

Do something different for a change. 

Hardware Assistant Program Manager 

For a career to be exciting, you need some diversity in the 
assignments you tackle. And fresh challenges to generate 
new insights. That's what you'll find at ESL. 

A subsidiary of TRW, ESL offers the chance to experi­
ence a variety of projects in a flexible, informal environ­
ment. If you'd like to join our efforts in advanced 
technologies like reconnaissance, intelligence, digital 
systems, and signal processing, contact us about the fol­
lowing: 

Manage a team in the development of signal processing and communications hardware including technical , cost and schedule objectives. In 
doing so, you'll plan, organize and monitor all hardware development tasks. A BS/MSEE plus a minimum of 5 years' experience in 
hardware design, including CMOS, TTL and ECL logic at rates up to 25 MHz as well as 2+ years' as a lead engineer is required. Prior 
management experience and strong interpersonal skills are essential. 

Senior Strategic Signal Processing Engineer 
You' ll develop state-of-the-art, strategic signal processing systems and provide technical leadership for other design engineers. A BS/MSEE 
and 5-10 years' experience in hardware and software design is required. Three plus years ' working with signal processing systems 
including z transforms, transmultiplexers and sampling theory along with communications systems and prior supervisory experience is 
also required. 

Senior Hardware Design Engineers 
Provide technical leadership and take responsibility for the development of signal processing and communications hardware and firmware 
including proposals, requirements definition/allocation, design, test and integration. We require a BS/MSEE and 5-10 years' experience in 
hardware design and programmable logic design. A minimum of 3-5 years' experience in firmware design using C, TMS320, i860 or 
DSPl6/32 assembly language, as well as previous technical leadership experience is also required. Prior experience with Mentor CAE 
simulation and familiarity with digital signal processing is essential. 

Software Engineers 
You'll address a wide range of applications including direction finding, mission planning, resource and data management, and signal processing. 
We require a BS/MS in CS, EE, Physics, Applied Math, or the equivalent and experience in a UNIX * system environment working in Ada, 
C, Assembler, or FORTRAN. Knowledge of MM!, X-Windows, networks, and distributed computing systems along with DoD standards is 
also required. 

Senior RAM Engineer 
Provide reliability/availability/maintainability (RAM) support proposals, programs and studies. Ability to perform RAM modeling and 
testing; allocations and predictions; FMEA; and circuit, thermal and failure analysis is essential. Experience in system safety, human factors 
and component engineering is a plus. 

Systems Engineers 
You'll need prior experience in the development of airborne and/or ground based reconnaissance systems operating in the HF, VHF/UHF, 
and P-band frequency ranges. Ability to perform system analysis activities including system sensitivity, dynamic range and antenna perfor­
mance is a must. A digital signal processing background is preferred. 

Logistic Engineer 
You'll provide logistic support for various programs. Ability to perform maintenance analysis; prepare technical manuals, training materials 
and documentation; and deliver classroom training is a must. 

U.S. Citizenship is required forthese positions; EB! is preferred. Please mail your resume, indicating 
your area of interest and expertise, to Patricia Ashmore, Professional Employment Dept. EDN-2028, ~ • - • 
ESL, 1345CrossmanAve., P.O.Box3510,Sunnyvale,CA94088-3510.Anequalopportunity 11 -­
employer. llr llr 
*UNIX is a trademark of UNIX Systems Labs Inc. 

EDN November 7, 1991 373 



374 

They're calling it an alliance of world class design and 
manufacturing talents. A combination of technology 
strengths unrivaled in industry today. 

We call it teamwork in the truest sense. And the world 
is watching as Motorola, IBM and Apple come together 
to propel desktop computing into a new era. 

If you have the expertise required to create the next 
generation of microprocessors, your talents are needed 
for this innovative team effort. In addition to exciting , 
ground-floor career opportunities, we offer the attractive 
location and lifestyle of Austin, Texas . 

Openings now exist for individuals with expertise in 
the following areas. Positions require a BSEE/CS or 
advanced degree with emphasis on computer 
engineering. Experience in RISC architecture, 
microprocessor, and CMOS VLSI design is essential , 
as well as strong circuit and logic design skills. Profi­
ciency in C and UNIX would be a plus. 

LOGIC DESIGNERS Responsible for definition , 
logic design and verification of high performance RISC 
microprocessor. Expertise in specifying, modeling and 
design is essential. 

SYSTEM VERIFICATION ENGINEERS 
Develop verification programs/behaviorals to verify 
RISC microprocessor functions and perform failure 
analysis at system and chip levels. Proficiency in Card 
UNIX is required. 

CIRCUIT DESIGNERS Design CMOS circuitry 
for RISC based microprocessor functions. Must be able 
to design complex CMOS circuits and perform circuit 
analysis , verification and design for test. 

CAE DESIGNERS Develop an integrated VLSI 
CAD platform based on vendor tools and design/code. 
Includes evaluation , design methodology and tool 
support. Requires experience in workstation tool 
development and software integration. Knowledge of 
relational database and graphical user interfaces (X , 
motif) would be a plus. 

PRODUCT ENGINEERS From wafer probe and 
assembly through final test, will ensure effective product 
yield/cost management. Involves customer interface and 
characterization of products to support design, manufac­
turing and quality improvements for RISC 
microprocessors . 

SYSTEM ADMINISTRATORS Administrate a 
distributed UNIX workstation environment of multivendor 
platforms. Will also provide network management and 
system software support to engineering programming 
departments. Familiarity with installation/maintenance 
of VLSI CAD tool software preferred. 

There 's no company-or opportunity-in the world like 
this one. Be a part of it. For consideration , send your 
resume to: Motorola Recruitment, Dept. A TX-9118, 
505 Barton Springs Rd. , One Texas Center, Suite 400, 
Austin, TX 78704. (800) 531-5183; (512) 322-8811 
FAX. Equal Opportunity/Affirmative Action Employer. 

MOTOROLA 

Microprocessor and Memory Technologies Group 

EDN November 7, 1991 



Your 
Future 
starts 
Here 

IEDINIMagazine 
Ed rt ion =n 
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ENGINEERS 

llEW GUTS. 
llEW GLORY. 

Redefining the future of home entertainment is a 
monumental challenge. It takes vision. Knowledge. 
And the guts to believe in your ideas to see them 
through from start to finish. 

These qualities typify the Research & Develop­
ment Engineers at Thomson Consumer Electronics, 
designer and manufacturer of quality RCA and GE 
brand consumer electronics products. 

Research & Development Engineers at our 
Indianapolis advanced development facility, part of 
an international network of R&D centers. are hard at 
work developing exciting new television technologies 
including High Definition Television. 

If you're an R&D Engineer with a gutsy approach 
to Video Signal Processing (Digital or Analog), 
Microcomputer Development or Audio Design 
expertise, you may have what it takes to share in the 
glory of bringing exciting new products from concept 
to reality at Thomson Consumer Electronics. 

To explore these opportunities, please send 
your resume and recent salary history, in confidence, 
to: Professional Relations, M.S. 27-134-GN, 
Thomson Consumer Electronics, P.O. Box 1976, 
Indianapolis, IN 46206- I 976, or FAX to 
(3 I 7) 231-4052. An Equal Opportunity Employer. 

~.' lHOMSON 
375 



-

376 

join The Company 
That Accelerates 
The Industry 
When you join Allen-Bradley, you join a world leader in industrial 
automation controls and factory information systems. We're develop­

ing tomorrow's technology today that 
keeps our customers in the forefront of 

their industries. 

At Allen-Bradley, you'll have the oppor­
tunity to apply your skills to challenges 
as varied as our global customers. From 
the automotive and packaged goods to 
manufacturing and steel industries, we 

have the variety and technology you 

need to be challenged both personally and 
professionally. 

If you're an experienced engineer with the desire to be in the forefront 
of technology, join us in one of the following areas: 

• Software Engineering 
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• Firmware Design Engineering 

• Hardware Engineering 

• Systems Engineering 

In return for your contributions, we'll provide you with a competitive 

salary; comprehensive benefits; generous relocation assistance; and 
the opportunity to appreciate not only where you work, but where 
your work is put into use. For additional information or for immedi­
ate consideration, please forward your resume in confidence to : 

Human Resources; Dept. EDN1107; Allen-Bradley; 747 Alpha 
Drive; Highland Heights, Ohio 4414 3. An Equal Opportunity Em­

ployer, M/F/HN. 

~ ALLEN-BRADLEY 
'11111!9' A ROCKWELL INTERNATIONAL COMPANY 

Ifs not only where you work, 
but where your work is. 

Get 
a 

Job! 
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Are you depending on a plastic latch to maintain 
your data 110 connection integrity? 

Better think twice. 
Twice, because only the Molex SEMMCON 
1/0 interconnect system features two points 
of contact, rather than just one. 

This two point contact system helps "lock" 
the connection, and maintain it through 
vibration as well as other demanding 
applications. 

Take a look at the SEMMCON system and 
you'll see that its positive locking plugs 
are constructed of a rugged, clear 94 V-0 
polycarbonate that allows for easy verifica­
tion of wire color code before termination. 

The result is one extremely durable and 
reliable connection you can depend on. 

If you've been relying on a plastic latch to 
secure your data 1/0 connection, make it 
a point to contact Molex today for more 
information on the advanced SEMMCON. 

~ molex® 
"--/ 

Bringing People & Technology Together, Worldwide"' 

Corporate Headquarters: 2222 Wellington Ct. , Lisle, IL 60532 U.S.A.. Tel: (708) 969-4550 •European Headquarters: Munich, Germany, Tel : 49-89 - 413092 -0 
Far East North Headquarters: Tokyo, Japan, Tel: 81-427-21-5539 • Far East South Headquarters: Jurong Town, Singapore, Tel: 65 - 660-8555 
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All OEM modems 
start out even 

CIRCLE NO. 245 

A limited amount of board space 
and a fixed agenda of performance 
parameters - these are the design 
starting points for every add-in 
modem. Since they all start out 
even, how do smart OEM cus­
tomers gain an advantage? 

They buy experience. UDS 
has more than 4,000 successful 
custom modem designs already in 
the field. 

They buy engineering exper­
tise. More than 200 UDS engi­
neers keep our OEM customers at 
the forefront of new modem de­
velopments and design refinements. 

They buy manufacturing 
skill. UDS has more than 300,000 
square feet of factory space, a 
full complement of automated 
manufacturing tools, and a dedi-

cated workforce that uses these 
resources for the OEM 

customers' advantage. 
They buy a fanatical con­

cern for quality. UDS uses 
every quality assurance technique 

from incoming component qualifi­
cation to an exhaustive suite of 
pre-shipment tests. The result: 
consistent modem quality 
and reliability. 

The modems you add in can give 
your product a distinct advantage. 
Let a UDS sales representative 
show you how. Contact UDS, at 
800/ 451-2369 (in Alabama, 
205 / 430-8000); 
FAX 205 / 430 -8926. 



BELDEN 
brings out the custom 

• 1n our cus omers. 
Belden is known worldwide as a leading 
supplier of wire and cable products 
including fiber optic cables, multi­
conductor/multi-paired cables, flat cable 
and connectors, coaxial cables, lead 
wire, plenum cables, power supply 
cords, and molded cable assemblies. 
What is not so well-known is the fact that 
~"standard" wire and cable in our 
Master Catalog started out as a custom 
design for a specific application. 

World's largest wire and cable 
engineering facility. 

In May, 1990, Belden dedicated the most 
progressive and innovative cable develop­
ment facility in the world today: the Belden 
Engineering Center (BEC). Housing over 
100 engineers and technicians, this 
70,000 square foot facility is committed 

to keeping our OEM customers on the 
leading edge of technology with product 
development samples, process capabil­
ities equipment, compound materials 
analysis, and testing and evaluation labs. 

The BEC is where Belden brings out the 
custom in our customers with custom 
design or co-development of new prod­
ucts, custom modification of standard 
products, and all the technical assist­
ance you need to keep you ahead of 
your competition. 

Quality you can stake your 
reputation on. 
As a leading edge manufacturer, Selden's 
mission is continuous improvement 
toward a goal of 6-Sigma quality. Total 
Quality Control is the central theme in 
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all of our processes, from vendor quality 
assurance through customer service. 
That's why original equipment manufac­
turers (OEMs) like IBM, Black & Decker, 
Motorola, DEC, Skil, Makita, and 
Milwaukee Electric Tool rely on Belden 
for wire, cable, cords, and assemblies 
they can count on for flawless perform­
ance and exceptional reliability. 

For more lnfonnatlon about how 
Belden can tum your dreams Into 
reality, call: 

1-800-BELDEN-4 

~ BELDEN 
COOPER 
INDUITR .. I 

Copyright C> 1990 Cooper Industrias, Inc. 


