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AND EASIER, AND CHEAPER, AND . . .

Higher in Performance

NEC’s new CMOS uPD78312 real-time
controller uses an internal 16-bit bus to give you
a fast 32 usec multiply, D/A or A/D conversion in
30 usec, and block transfers more than three
times faster than the competition.

Unique functions like multiple register banks,
context switching, macro service (eliminating in-
terrupt software overhead), and an ANSI-standard
real-time-control instruction set give you amazing
flexibility and power to drive your system to
higher performance.
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More Highly Integrated

A comprehensive selection of dedicated on-
chip peripherals can master tough assignments,
like controlling two independent servos and two
highspeed stepper motors at the same time.

Fully Supported

To get you started, we offer full support for
fast and easy software development with many
options, like: a low-cost design and development
kit (DDK-78310), state-of-the-art standalone ICE,
third-party tools from Orion Instruments, plus relo-
catable assemblers and C-compilers from Lattice®
for MS-DOS™ and other operating systems.

To meet your packaging and production ramp-
up needs, there’s monolithic EPROM, OTP, and
ROMless versions in your choice of PLCC,
gull-wing flat, shrink DIP and QUIP packages.

Highly Available

Call your local NEC sales office to order the
78312 Evaluation Kit, documentation, and
MS-DOS-based software. And, for our Micro-
processor Data Book, call 1-800-632-3531. In
California, call 1-800-632-3532. Or write, NEC
Electronics Inc., 401 Ellis Street, PO. Box 7241,
Mountain View, CA 94039.

MS-DOS is a trademark of Microsoft Corp
®Lattice is a registered trademark of Lattice, Inc

NEC
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Now that Wavetek has huilt a
new home for test instruments,

look who’s dropping in.

Imagine a full-size rack loaded
with the highest performance
instruments available.

Now picture all that performance
in a much smaller space—inside the
chassis of the new Wavetek Model
680, an open-architecture system of
instruments on cards. Select from
instruments made by Wavetek and
other top manufacturers like Racal-
Dana and Datron.

Model 680 is just 7" high, yet
it holds up to eight instruments.
Think how that can save room in
your ATE bay. And think of the
flexibility. Buy the modules you

Circle 25 for literature

need today. Then, as your needs
change, plug in more.

Modules now available include
a 20 MHz Arbitrary Waveform
Generator, 100 MHz Pulse Generator,
6% digit .002 %-accuracy DVM and
a Counter that measures intervals
down to one nanosecond. You can
even design your own modules.

Besides saving space, Model
680 can save money over stand-
alone instruments.

Then there are the performance
benefits. A 32-bit high-speed VME
bus provides timing and synchroni-
zation signals, and an analog
summing bus can be used to create

Circle 64 for demonstration

complex signals. There is also built-
in testing, calibration and reference,
and a powerful processor.

How will the Wavetek Model
680 fit into your present systems?
Quickly and easily, because we
have included interfaces for GPIB
and MATE-CIL.

Best of all, the Model 680 is
available now. For details, call or
write us today. Wavetek San Diego,
Inc., 9045 Balboa Ave., San Diego, CA
92123; Telephone 619/279-2200.

WAVETEK
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THIS PG/XT-GOMPATIBLE INDUSTRIAL GOMPUTER
MAY HAVE ONE FAILING..EVERY 7 YEARS.

That’s the Pro-Log System 2 Mean
Time Between Failures (MTBF) at
55°C. When you need reliability, that’s
it. An industrial computer that works
and keeps on working for the life of
your application. And it’s covered by a
S-year limited warranty.

A HUGE SOFTWARE POOL

System 2 comes with Microsoft’s MS-
DOS 3.2 operating system and runs
Lotus 1-2-3 and Flight Simulator. So
it’s PC/XT-compatible, right down to
the chip level. Which is important for
running industrial software, where real
time response is needed.

Data acquisition, process monitoring
and control, and multitasking software,
plus a wide selection of editors,
debuggers, and high-level languages
are available. Many of them from
Pro-Log.

HARD-WEARING HARDWARE

System 2 is based on the industry-
standard STD BUS. So a wealth of
industrial quality add-on products is
available from over 100 STD BUS
manufacturers.

Circle 28 for literature request only

PLUS ROOM TO EXPAND

You expand System 2 by simply plug-
ging in additional STD BUS cards. Up
to 23 expansion slots are available and
many options, such as 640K bytes of
memory, EGA/Keyboard interface,
and printer interface, can be factory
installed.

Grew up in the school of hard No fan or heat sink needed,
knocks. Secured on 4 sides, could be battery powered.
System 2 withstands 10gs of Consumes as little as 1.25

shock watts

If it fails, down-time is
minimized. All boards can be
replaced in under 5 minutes

Works in places you wouldn't.
0° to 65°C operating
temperature range

Can be isolated from dirt,
moisture, and corrosion. Can
be totally sealed in rack or
NEMA Enclosures

Circle 67 for direct factory contact

A DISK DRIVE FOR
EVERY APPLICATION

System 2 can be configured with IBM-
compatible 3%-inch or 5%-inch floppy
disk drives and a 20M-byte hard disk.*
For minimum power, maximum relia-
bility and temperature range, select
semiconductor (ROM and RAM) disk
drives.

Take care of your next 7 years
TODAY. Call toll-free (800) 538-9570
or write Pro-Log Corporation 2560
Garden Road, Monterey, CA 93940

*Thermal and mechanical specifications are reduced by the
use of mechanical disk drives.

MS-DOS 3.2 and Flight Simulator are registered trademarks
of Microsoft Corp. Lotus 1-2-3 is a registered trademark of
Lotus Development Corp. IBM is a registered trademark of
International Business Machines Corp.

[ |PRO-LOG'

CORPORATION
USA TLX: 171879, Australia (02) 419-2088; Canada (416) 625~
7752; England (0252) 851085; France (1) 3956-8143; Germany
(07131) 50030; Italy (2) 498-8031; Switzerland (01) 624 444
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DESIGN FEATURES

Special Report: PC-based GPIB control 94
and data-acquisition products

With a well-planned combination of hardware and software tools
for your personal computer, you can turn your set of IEEE-488
(GPIB) instruments into a PC-controlled data-acquisition system.
—J D Mosley, Regional Editor

EDN’s DSP Project—Part 1 111

This first in a 4-part series reviews some basics and brings you up to
date on digital-signal-processing products.—Jim Wiegand, Associate Editor

Designer’s Guide to 123
Micropower Circuits—Part 1

Part 1 of this 2-part series focuses on micropower signal condition-

On th : Sophisticated hard : : .
s, m;k;z’;”msgum Zc;;m@uth:mv ing for the various sensors and transducers that have inherently low

distinction, between instrument contyol impedance or output voltage.—Jim Williams, Linear Technology Corp

and data acquisition. See pg 94. (Photo
courtesy Keithley Instruments)

Sequential-test techniques 145
maximize throughput in tests
By performing a sequential test, which evaluates results after each

trial, you can determine whether a system warrants further testing.
—R F Cobb, Harris Corp

Simplify FIR-filter design with a 157
CMOS filter-control chip

You can now use three CMOS chips to construct an FIR filter that
has fully programmable characteristics.—Jeff D Haight, Intersil Inc

Proper design tradeoffs translate 167
to a precise position-control system

Microstepping technology offers a means of improving resolution
in position-control applications. When it comes to a drive/control
scheme, however, you must juggle a number of design tradeoffs if
you hope to achieve an optimum design.—Yoram Hirsch, IXYS Corp

EDN Technical-Article Database Index 177

EDN’s semiannual database index lists articles published from
November 1986 to April 1987 in EDN, Electronic Design, Electronics,
Electronic Products, Computer Design, and Digital Design.

Continued on page 7
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PC-based data acquisition.
Just fill in the blanks.

Tailored especially for Helios-|, Labtech
Notebook software offers a variety of
sophisticated capabilities, including real-
time graphic display of data and sampling
at flexible rates. Integration with Lotus 1-2-3™
helps you present a clear picture of your
test results.

Need more information? Let us fill in the
blanks for you. Call 1-800-426-0361 or
your nearest Fluke sales engineer.

Get your application up and running
fast with Helios-1" and Labtech Note-
book™.

When you're on a tight schedule and
you wanted your data yesterday, talk to us.
We've combined our Helios-™ Computer
Front End and Labtech Notebook™
software to give you everything you need
between your sensors and your PC.

Just set up your application by filling in

data you can depend on. Our 110 ODtIOﬂS
have been proven in industrial settings

the blanks. No software programming is worldwide. Helios-| converts raw datato - ——
necessary—you are prompted through the  engineering units, freeing your PC of this
choices for each configuration. You can burden. Conditioning a wide range of
have your system up and running in a mat-  inputs, Helios-| provides built-in transducer
ter of hours, not weeks. conditioning and linearization, even for FLUKE
®

After set-up, Helios-l collects real world

strain gages.

Helios-| s a trademark of John Fluke Mfg. Co., Inc.
Lotus 1-2-3 is a trademark of Lotus Development Corporation

IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mfg. Co., Inc., P.0. Box C9090, M/S 250C, Everett, WA 98206, Sales 3206) 356-5400. Other: (206) 347-6100.
EUROPEAN HEADQUARTERS Fluke (Holland) B.V., P.0. Box 2269, 5600 CG Eindhoven, The Netherlands, (040) 458045, TLX: 51846.
© Copyright 1986 John Fluke Mfg. Co., Inc. All rights reserved. Ad No. 4604-HELIOS

6 CIRCLE NO 110 EDN August 6, 1987



Continued from page 5

N

August 6, 1987

Scientific calculators are offering a host
of intviguing new functions, features, and
capabilities (g 63).

TECHNOLOGY UPDATE

Advanced engineering calculators
perform sophisticated operations

63

Even though the market for new calculators would seem to be
more than saturated, all the major scientific-calculator makers are
betting that engineers will add another, top-of-the-line calculator to

their flocks.—Charles H Small, Associate Editor

PRODUCT UPDATE

Transputer-based PC add-in board 73
Trio of digitizing oscilloscopes £ird
Data-acquisition chip 82
DESIGN IDEAS

Add balanced signal to a variable voltage 215
Program aids analysis of FFT algorithms 216
Receiver guards against current-loop shorts 218
PLD implements permutation addressing 223
Talking meter gives dc-voltage readings 224

Continued on page 9
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~ Microprocessor
Development Systems &
g In-Circuit Emulators

SA700-68000

Dedicated in-circuit emulator for 68000 Microprocessor.
® Most transparent 68000 emulation.

® Qver 1/2MByte emulation Ram.

® Command files for software/prototype/production test.

PROCESSOR (16bit) PKG SA710M | 32333

: 8086788 DIP40P @)

S Azooo INTEL 80C86/88 DIP40P O

80186/188 LCC/PGA O

~ Complete universal development system and | rec it o1t v o L o

in-circuit emulator for latest micro controllers. J WoToRoCA | MCE8000 DIPGAP PoAGEP )
® Cross assembler, Linker, Editor standard. Pﬂg*gss(?:?zégbz'gm T D|P:’D':’G SAng
® =T ™ i :

Powerful software debugger plus Real-Time ICE. G 280H (780, Z80A. 7805, 7801 DIP40P o
78 (28601/03/11/13-12R) DIP40P o
SUPER-8 (28310-33) DIP40/48P o)
, 80C85, 8085AH-2 DIP40P ®
) A\ INTEL 8048 (8035/39/40/49/50AH) DIP40P O
\ 8051 (8031/51AH, 80C51) DIP40P @)
= MC6801 (6801/03-1) DIP40P (@)
- - MOTOROLA | MC6809 (68A09, 68809) DIP40P (@)
g : MC6809E (68A09E, 68BOIE) DIP40P 0O
| MCGBHCT DIP48P (@)
. HD6301V/6303R, HD63701V DIP40P [@)
o . HD6301X/6303X, HD63701X SDIP64P O
3 = HD6301Y/6303Y, HD63701Y SDIP64P O
s = HTACHI HD6305U/V. HD63705V DIP40P 0
e =~ ol 5 = HD6305X/Y SDIP64P )
£ : 2 HD6305Z, HD63705Z FLAT80P O
s A7‘|°M HDB309E DIP40P ©
HD61810B (HSP) DIP40P O
b #PD7807/08/09 SDIP64P.QUIPG4P O
ls-.b.“ “mversal sysmm analyzar and NEC #PD7810H/11/14/16 SDIP64P,QUIP64P )
in-circuit emulator. #PD78C10/11 SDIPG4PQUIPG4P @)
® Symbolic features include local variables, arrays, structures. M507345P SDIP64P @)
| @ Start/Stop trace without breaking. MISUBISHI mgg;:g gg:ﬁgji 8
- ®Stand-alone or Host operation. ROCKWELL | R6502. 65002 DIP40p o)

“In U.S. SA2000 & SA710M with Zilog chip support can be purchased through Zilog or Sophia sales channel.
*ICE™ is a trademark of Intel Corp.
*No.3 universal MDS manufacturer in the world.

Call toll-free 1-800-824-9294 (outside CA.) so hla—
1-800-824-6706 (in CA) :

U.S. & European Headquarters: Sophia Computer Systems, Inc., 3337 Kifer Road, Santa Clara. CA. Tel.(408)733-1571 Fax.(408)749-8172 95051.
Corporate Headquarters: Japan, Sophia Systems Co., Ltd. NS Bldg. 2-4-1, Nishishinjuku, Shinjuku-ku, Tokyo 163. Tel.(03)348-7000.
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Only Mentor Graphics stands

Now there’s Board

u t() the ressure Station® from Mentor Graphics.
It’s easy to learn, yet also packs

the power you'll need to cope with even the

most complex board designs and technologies.
()n ayou o  Within minutes after you sit down at Board
Station, you'll be performing all its basic

As a PCB designer, you're under constant operations with confidence and ease. A fast,
pressure from all sides. Endless ECOs from graphics-oriented interface moves you
engineering. Impossible schedules from smoothly and comfortably from one design
management. Anxiety from manufacturing. function to the next. All commands are

The only way to survive and thrive is to grouped logically, with pop-up menus and
be fast and accurate. pull-down forms.

So the flashy simplicity of some PCB lay- And when you're ready for more sophis-
out workstations makes them very appealing at ticated operations, Mentor Graphics stays right
first glance. But all too soon, you'll find they've  with you. Board Station’s flexible and versatile
made you neither faster nor more accurate. editor lets you effectively tackle even the most




advanced layout problems, like SMDs and electronic design automation. Let us show you

double-sided placement. And our component ~ where this vision can take you.

placement tool is the best anywhere, with Call us toll free for an overview brochure

software that thinks just like a PCB designer. ~ and the number of your nearest sales office.
Also, you can shift effortlessly from Phone 1-800-547-7390

interactive to automatic pldcement or routing,  (in Oregon call 284-7357).

so your work effort is constantly optimized.

And you have ready access to a large PCB

geometry library, while intelligent loglc al-to- Menbr
physical pin mapping str eamlines your layout G ph

task. Board Station can even be gradually

converted into a highly personalized tool with
high-level macros and custom window layout.

What'’s more, you can share a database
with the engineering department, so essential
mf()l’lll‘ltl()ll is automatically forwarded to you,
like specific component locations, critical nets
and other design constraints.

Board Station. It's all part of a vision
unique to Mentor Graphics, the leader in







PAL devices:
We didn't wait for the future.

There’s no doubt that we're fast. But speed
isnt all that makes us the logical choice in
programmable logic.

AMD PAL* devices give you more
because they have more functions per chip.
With unique features like input/output logic
macrocells, buried registers and variable
product term distribution, you can design
with more efficiency And freedom.

PAL devices you can count on.

Speed and functionality don't mean
much if you can't count on your PAL
devices. We can deliver better than 98%
programming yield. And we added extra
circuitry for functional and AC testing. That
means we can test parts prior to program-
ming. Then after you've programmed all
the parts, you'll be pleasantly surprised to
discover our Post-Programming Functional
Yield is an incredible 99.9%.

Our products range from industry
standard 20- and 24-pin PAL devices to the
innovative 22V10. We've got the kinds of
technologies and features you need in
packages and temperature ranges to fit your
design. We've even got high-complexity
E2CMOS products and ECL on the way.

And it’s easy to use our PAL devices
because we provide a broad selection of
high level software that lets you get from
system requirements to programmed pro-
duct easily Need more information? Just
ask and well send you the AMtI)? P{%gr.am—

mable e
Pt et Uy | [ book.
ngaéfgaayuon Speed Level  Date Now you
2sons  Aspeed Q41981 | don't have to
Bone Byet @l | wait for the
7.5ns E Speed Q4, 1987 fl_lture elther.

*PAL is a registered trademark of, and is used under license from, Monolithic Memories Inc.
Call toll-free (800) 538-8450 ext. 5000; inside California call (408) 749-5000.

Advanced
Micro Devices ¢

901 Thompson Place, P.O. Box 3453
Sunnyvale, CA 94088
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1 Microsystems lets you
powerful tools you need

s your system has off-
you can't solve your
1 off-the-shelf devel-
But if you try to pull
together yourself,
long frustrating hours
p with a develop-
that falls short of

pplied Microsystems
a new method of link-
pment tools that can be
to your specific needs.

Y you a seamless, painless
ce along with the ability

tch your host, language,

ting system and software
irements to your engineering
thods and target design, be it
1, Motorola or Zilog.

o

tools for your integrated
ppment environment.

~ Whether you're working on
an 8-bit, 16-bit or even 32-bit
icroprocessor design, Applied
icrosystems lets you tailor the
emulation and debug tools you
need. Everything from symbolic
and source-level debuggers to
assemblers, cross-compilers and
utilities. The chart shown above

EDN August 6, 1987

development system you need won't exist
~ until we create it for you.

HOSTS OPERATING TARGETS LANGUAGES TOOLS
SYSTEMS
VAX VMS 8051, C Assemblers
MicroVAX ULTRIX 8048 family,  pascal Linkers
UNIX® UNIX gggg} ggss, FORTRAN Locaters
workstations XENIX 80186/188 PL/M Compilers
:fs\&oﬂo MS-DOS anl80286  Assembler Symbolic
- IBM AT 68HC11, Jovial debugers
6800/2/8 Source level
MS-DOS 6809/9 ) debuggers
workstations S
e and 68020
- PCAT 780, MK3880/4
+ Compatibles and Z8001/2/3
NSC-800
A stand-alone or host-control system of fully integrated debug tools
built on high performance emulation.

Call toll-free and ask for
the proof.

gives some idea of the power and
convenience we can offer you, but

it can only hint at the benefits you Discover why our integrated -

will enjoy. development systems are the fast-
T - paad est and easiest ways to start and

Vahdatfa links emulation with finish a design project. For techni-

symbohc and source-level cal and application details call

debugging. 1-800-426-3925. In Washington,
When your call (206) 882-2000. Or write

software engi- Applied Microsystems Corporation,

neers only speak P.O. Box 97002,

C and your emu- Redmond, WA 98073-9702.

lator only speaks In Europe, contact Applied Microsystems

Corporation Ltd., Chiltern Court, High Street,
Wendover, Aylesbury, Bucks, HP22 6EP,
United Kingdom. Call 44-(0)-296-625462.

UNIX is a registered trademwark of AT&T.

assembler, your |
development tools are worse than
worthless. If your function is in
assembler and your debugger
speaks only C, you've got the same
problem. The power of the Vali-
date environment is that it works
equally in high level languages
and in assembler. You don't sacri-
fice any power or any comfort.

i

Applied
Microsystems
Corporation
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What has
the gate array density
you’ve heen waiting for-
without the waiting?




Easy answer: the Logic Cell™ Array (LCA).
A new, field-programmable CMOS gate array
that has a flexible, wide-open architecture. Along
with true VLSI-level density.

LCAs are built around logic and I/0 blocks

which you define and interconnect to build larger-

scale, multi-level logic functions. Since you
never alter their structure, you can reprogram
them as often as you like. And avoid any NRE.
With LCAs, you get an honest-to-goodness
1800 usable gates (and as many as 8000 gates
in the near future). So just one part can replace

EDN August 6, 1987

up to 50 SSI/MSI devices. Or up to 10 PLDs.
You also get a choice of surface mount,
pin-grid or DIP packages. In speeds up to 70MHz.

New developments weekly.

With our easy-to-use XACT" software, you
simply draw the design and let your IBM"* PC
XT/AT computer convert it to code. You can use
our library of over a hundred macros or define
your own. Let the software perform the inter-
connections automatically (unless you specify
something unique). And generate documentation
at the touch of a button.

The whole process is so fast, you'll be test-
ing prototypes in a matter of days. And shipping
finished products while your competitors wait
for their prototype chips to come in.

Look who's behind you.

When it comes to field programmable
logic, there’s no substitute for experience.
Which is what
you get plenty of
when you deal
with the company
that invented
the PAL" device
and made it the
industry standard.

Because
we’'ve got a com-
plete staff of systems-experienced FAEs, there’s
no waiting to talk to an expert who knows how
Logic Cell Arrays can work for you. And, you
can get comprehensive assistance at MMI
distributors worldwide.

If you'd like to talk to one of those experts
about your application, or for a free LCA Demo
Disk, call our Applications Hotline at (800)
222-9323.

Or write to Monolithic Memories, 2175
Mission College Blvd., Santa Clara, CA 95054.

Because there’s nothing else like having
the right part from the right company.

MMI’s XACT software allows for
simple LCA design.

Logic Cell and XACT are trademarks of XILINX Inc. IBM is a registered trademark

of International Business Machines Corp. PAL is a registered trademark of Monolithic
Memories, Inc

© 1987, Monolithic Memories, Inc

Monolithic
Memories
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Top Gunin ™%
High-Rel SRA Ms.

‘_.‘,w\
!

Set your sights on our new 256K SRAMs. ~

These High-Rel SRAMs offer you all these benefits: applications because:
@ 100 ns access time at 25°C e |t's latch-up free under transient radiation
e | ow standby current: 1 mA typical e |t's highly tolerant to single-event upset
e Full Mil temperature range caused by radiation (typically 2x10~° errors/
® 32Kx8 organization bit/day)
e 28 Terminal DIL Package ¢ |t has total dose tolerance from 100K RADs
® Screened to Mil-Std-883 Class B.* So they're to“MEGARAD.”

perfect for use in a wide range of military sys- We know, because we invented CMOS/SOS.

tems. And, as you'd expect from the leaders S : S
s . 0 whatever your needs in SRAMSs, aim high, and
in High-Rel CMOS, we have a full line of call the Top Guns today.

SRAMs, including 64K (0I0E) and 16K (ZX0). Foradditional information, call toll-free

Tops in Rad-Hard RAMs, too. 800-443-7364, extension 20. Or contact your
If you need rad-hardness, remember that we offer 1K, local GE/RCA sales office or distributor.
4K and 16K CMOS/SOS RAMs as well. I
Our Rad Hard 16Kx1 CMOS/SOS RAM has anaccess eV C Paragraph1.2.2

time of 125 ns at 25°C and is available forimmediate
delivery to Class S type specifications.
CMOS/SOS is the ideal technology for rad-hard

In Europe, call: Brussels, (2) 246-21-11; Paris, (1) 39-46-57-99; London, 0276-685911; Milano, (2) 82-291; Munich, (89) 63813-0.



Reader
- Vote -

Select your favorite ads in this
issue of EDN!

Enter the EDN Reader Vote Advertising Contest by following
the three steps listed below.

1. Select the 10 ads in the August 6 issue of EDN that you think your fellow
readers will choose as being the most helpful, informative, and attractive.

2. List your selections on the entry card provided.
3. Mail by September 17, 1987

A 5 e -
Compact Disc Players

$25.00 Gift Certificates
from Radio Shack

Contest Rules

—

. List your top selections on the entry card provided. Be sure to 4. Contest void where prohibited or taxed by law. Liability for any
indicate the name of the advertiser (company or organization) taxes on prizes is the sole responsibility of the winners.
and the Information Retrieval Service or Reader Vote number A lared
for each advertisement selected. Do NOT use page number. (Ads 3:TANRIRS 1o Shot Chowty SO s Caml: will e e

placed by Cahners Publishing Company, EDN or other Cahners’ e
publications cannot be considered in this contest.) 6. Entry cards must be p ked before September 17, 1987
2. No more than one entry may be submitted by any one 7. In case of a tie, the earlier postmark will determine the winner.
individual. Entry blank must be filled in completely, or it will Decisions of the contest judges will be final.
mot b oouiseeil. 8. In the event that a prize is not available, publisher may substi-
3. To qualify, you must be engaged in electronic design engineer- tute an alternative prize of equal value without prior notice.
ing, supervising or ging design engineering, or setting

standards for design components and materials.
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3051 vs.6SHC1
Who wins? Microtek

When choosing between the two leading microcontrollers, don't let
emulator support slow you down. NWIS is the exclusive U.S. source of
in-circuit emulators for both. And for all the popular microprocessors
as well, including the 32-bit 68020 and 80386. As well as 68010,
68000, 80286, 80186, 8086, plus many others*

In fact, Microtek emulators have a long track record of being
first to market with quality support for every major microprocessor.
Which gives you shorter time-to-market and an assured expansion
path for product upgrades.

Eve?r Microtek emulator can be used as a stand-alone device, or
as part of an integrated zstem. All use simple command structures
and include a symbolic debugger for rapid insight into your software’s
real-time behavior. And each communicates with the IBM"
PC/XT/AT, VAX MicroVAX;" Apollo and Sun computers.

Microtek emulators are just one part of NWIS’s complete line of
embedded microprocessor so%tware development tools.

Pioneering Microprocessor CASE

ANW/S

NORTHWEST INSTRUMENT SYSTEMS, INC.
: PO. Box 1309 * Beaverton, OR 97075« 1-800-547-4445
- *Processors supported by Microtek: 80386, 80286, 80186, 80188, 8086, 8088, 68020, 68010, 68008, 68000, 6809, 6B09E, 6502, Z80. NSCBO0, 8085, 8032, 8051, 8031, 8344, 8048, 6049, 8050, 28, SUPER8, 68HC11, 6418080515,

Our Software Analysis Workstation (SAW) brings you hardware-based,
real-time software analysis in a source code environment. Including
performance analysis, time-aligned dual processor trace, code cover-
age analysis, and Context Trace,” which lets you trace high-level
events and related assembly-level code at the same time.

And for source code development, our Microtec™ Research prod-
ucts provide you with C and Pascal cross-compilers, cross-assemblers
and debuggers for the same wide range of popular processors.

Best of all, NWIS backs all these products with solid applications
support, both at the local and factory level.
So let us become your single source for
emulators and other microprocessor
Computer-Aided Software Engineering
(CASE) tools.

1-800-547-4445.

IBM is a registered trademark of International Business
Machines. VAX and MICROVAX are registered trademarks of
Digital Equipment Corporation, Microtec is a registered
trademark of Microtec Research. Inc;
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NEWS BREAKS

EDITED BY JOAN MORROW
80386-BASED ADD-IN BOARD TRIPLES SPEED OF MICROVAX

You can triple the processing speed of a MicroVAX system by running the system’s
CPU-bound programs on an 80386-based AP/20 Attached Processor add-in board. The
AP/20, which costs $10,000, is made by Avalon Computer Systems (Glendale, CA, (818)
247-2216). It is compatible with any @ Bus VAX, runs at 3.5 to 4 MIPS, and features a
floating-point multiply time of 437 nsec. It has its own memory and operating kernel;
all user-mode instructions and many of the operating-system functions execute on the
AP/20 with no transfers over the bus to the host VAX. The VAX interface only handles
program loading, I/0, and system call processing.

The board comes with 4M bytes of memory. Options include high-speed floating-
point capability and a choice of C, Fortran, or Pascal compilers.—Margery S Conner

FIVE TRACKBALL MODELS SUIT WORKSTATIONS AND PCs

The Mouse-Trak trackball from Itac Systems Inc (Richardson, TX, (214) 234-5366)
lets you replace your mouse with a plug-in device that requires less desk space and
less effort for cursor movement. For PCs, Models M4 and M5 plug into your RS-232C
port, provide a cursor-speed regulator, and furnish two and three buttons, respectively,
for menu selection or mouse emulation. Models @1, MQ2, and MQ@3 have quadrature in-
terfaces for use with workstations such as the Sun, VAX, and Apollo. The Q1 and MQ2
have two buttons, and the MQ3 has three. The Q1 offers no cursor-speed control. OEM
prices range from $80 (51) for the Q1 to $109 (51) for the M5.—J D Mosley

ENGINE USES THREE UNLIKE PROCESSORS TO SPEED PC-BOARD ROUTING

The combined might of a 68020 P, a bit-slice processor, and a RISC uP in Cadnetix’s
(Boulder, CO, (303) 444-8075) $89,500 Route Engine III provide twice the pc-board
routing performance of the company’s previous offering. The standard version of the
product includes 8M bytes of memory that you can expand to 48M bytes for very large
jobs. Currently, the router employs a gridded, costed-maze routing algorithm, but the
company plans to ship a free software upgrade, including a flexible-field routing
algorithm, late this year. This flexible-field router shifts the routing grid over the span
of the pc board as needed to avoid obstacles such as component pads, thus maximizing
the board’s routability. Owners of the company’s older Route Engine Plus can upgrade
their machines to Route Engine IIIs for $37,500.—Steven H Leibson

RUGGED WINCHESTERS FEATURE 129M- TO 389M-BYTE CAPACITIES

Hewlett-Packard Co (Palo Alto, CA, (800) 367-4772) has increased its offerings in the
OEM hard-disk market by introducing a family of three rugged, hard-disk drives with
unformatted capacities of 129M, 194M, and 389M bytes; 17-msec seek times; and an
MTBF of 40,000 hours. The company offers these drives in both SCSI and ESDI ver-
sions as the HP97530S and HP97530E, respectively. The SCSI version supports the
SCSI common command set, asynchronous transfer rates of 1.5M bytes/sec, and syn-
chronous rates exceeding M bytes/sec. The ESDI version features a 10M-bps burst-
transfer rate. In quantities of more than 1500, the 389M-byte versions of the SCSI and
ESDI drives cost $2050 and $1900, respectively.—Steven H Leibson
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NEWS BREAKS

KEYBOARD LETS YOU CHANGE LAYOUTS AND LEGENDS ON SITE

If you need a keypad that you can alter repeatedly, consider the reconfigurable
keyboard from Preh Electronic Industries (Niles, IL, (312) 647-8338), which lets you
easily change legends. According to the manufacturer, this “coffee and cola proof”
keypad resists spills and moisture, thus making it suitable for factories and point-of-
sale systems. But it’s the polyvalent frame that lets you perform fast layout changes on
site by popping off and repositioning single-, double-, triple-, and quad-size keys. You
can even mix and interchange the various sizes on a single keypad. Changing legends
on the keys is just as simple. OEM pricing for a typical keypad incorporating at least
one multiposition key ranges from $20 to $100.—J D Mosley

SOFTWARE RELEASE QUADRUPLES MAP COMMUNICATIONS THROUGHPUT

Release 2 of the MicroMAP 2.1 software from Motorola Inc (Tempe, AZ, (800)
521-6274), running on the company’s $2660 MVME372 MAP controller board, speeds
task-to-task communications over the MAP network by a factor of four compared with
the company’s previous software. This latest software release increases the effective
data rate between Unix tasks running on different network nodes from 35,000 to
140,000 bytes/sec. The company offers the new product for $600/copy and will sell
source licenses to interested parties.—Steven H Leibson

8-BIT FLASH A/D CONVERTER DIGITIZES DATA AT 125M SAMPLES/SEC

The HADC?7200 flash A/D converter from Honeywell’s Signal Processing
Technologies (Colorado Springs, CO, (303) 577-1000) features a minimum sample rate of
125M samples/sec with a 5-nsec acquisition time. The IC includes an input
preamplifier that minimizes the input noise often associated with flash converters. The
converter, including the preamp, can follow signals with slew rates to 650V/ usec.
Prices for the device are $115 (100) for a +0.75-LSB version of the converter and $150
for a +0.5-LSB version.—Steven H Leibson

IMAGE-PROCESSING ICs OPERATE ON VIDEO IMAGES IN REAL TIME

A family of five devices, which will be available in the 3rd qtr from LSI Logic Corp
(Milpitas, CA, (408) 433-8000), will allow you to build real-time image-processing
systems. Components in the 0-MHz family obtain their speed from highly parallel in-
ternal architectures. The $35 (500) L64210 and $60 (500) 1L.64211 variable-length, video
shift registers act as formatting devices for the other devices in the family by accepting
four 1032-pixel or eight 516-pixel lines of 8-bit/pixel video data, respectively, and out-
putting the data in a parallel, multiline format. The $395 (500) L.64220 rank-value
filter operates on 12-bit data points in 1x64-, 2x32-, 4x16-, or 8 x8-pixel arrays; deter-
mines pixel maxima or minima; finds pixels with a user-specified value; or masks pix-
els for windowing operations.

The $395 (500) 164230 binary filter and template matcher contains 1024 filter taps,
each consisting of a 1-bit multiplier/comparator and associated adder, and will operate
on 1- or 2-dimensional pixel arrays with window sizes to 32 x3R2 pixels. Comprising the
equivalent of 64 8 x8-bit multiplier/accumulators, the $695 (500) 1.64240 multibit
filter operates on 8- or 16-bit data presented in 1- or 2-dimensional arrays. All of the
components are available as building blocks for incorporation into the company’s
ASICs.—Steven H Leibson
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You can have the best of both
worlds from just one source.
Data acquisition and DSP are
just down the hall from each
other at TRW LSI. That’s good,
because these functions must
perform in close harmony in
your system. We can relate. No
one understands your total
system needs better than we do.

And, no one offers a broader
range of cost-effective, high-
performance analog and digital
circuits. Converters up to 200
MHz. DSP building blocks up
to 20 MHz. And that’s just

for openers.

EDN August 6, 1987

Data acquisition and DSP are
on a converging course at TRW
LSI. Not far beyond these doors
lies a whole new world of data
conversion, floating point,
image processing and graphics
DSP chips. If that sounds

like opportunity knocking,
you're right.

Our doors are always open.
Our technical staff is waiting
to help you. Let us help bring
your high-performance data
acquisition and DSP require-
ments together. Contact us at
619.457.1000 and ask for one of
our applications engineers.
We'll help make a world of
difference in your system
performance.

LSI Products Division
P.O. Box 2472, La Jolla, CA 92038
619.457.1000 :

In Europe, call or write:

TRW LSI Products
Konrad-Celtis-Strasse 81

8000 Muenchen 70, W. Germany
089.7103.115

In the Orient, phone:

Hong Kong, 3.856199;

Tokyo, 03.461.5121; Taipei, 751.2062;
Seoul 2.553.0901

©TRW Inc. 1987 — 712A01087

7 FrXwy

LS| Products Division




NEWS BREAKS: INTERNATIONAL

OPTICAL TIME-lsOMAIN REFLECTOMETER SIMPLIFIES FIBER TESTING

Simple menu-selected test setups allow unskilled personnel to use the 7720 Series
optical time-domain reflectometer (OTDR) to make bandwidth or fiber and splice at-
tenuation measurements on optical fiber links. More experienced personnel can obtain
additional measurement data and zoom in on areas of special interest. From Solartron
Instruments (Farnborough, UK, TLX 858245, or Elmsford, NY, (914) 592-9168), the
instrument has a CRT display that is fully annotated with the fiber’s losses, and it has
a built-in printer and cassette tape drive that provide hard copy and storage/recall of
link characteristics. Models are available for 0.85- and 1.3-um multimode fibers and
for 1.30-um single-mode fibers. A special optocoupling device for the 0.85-um fiber
accepts all cable sizes and reduces the fiber’s dead zone to zero. The OTDRs range in
price from £12,000 to £16,500.—Peter Harold

RESISTIVE COATING ELIMINATES ESD IN ATE FIXTURES

Diss-Stat vacuum test fixtures from Factron Schlumberger (Ferndown, UK, TLX
41436) eliminate electrostatic-discharge problems in board-test ATE, which can cause
premature failure of sensitive semiconductor devices on the pc boards under test—for
example, submicron VLSI chips. All relevant parts of the test fixture, including any in-
ternal and external surfaces that may accumulate an airflow-induced electrostatic
charge, are coated with a resistive coating. This coating provides a discharge path for
the electrostatic charge of between 10° and 10 Q/square.—Peter Harold

MITI GIVES APPROVAL TO US LAB FOR INSPECTION OF EXPORTS TO JAPAN

The Japanese Ministry of International Trade and Industry (MITI) has designated
the United States Testing Co Inc (Hoboken NdJ) as a Specific Foreign Inspection
Organization in the “JIS” Mark program. This authorization by the MITI allows US
Testing to perform inspection for export to Japan on a wide variety of industrial and
consumer goods, including electronic equipment and electrical machinery. For more
information, you can call the company at (201) 792-2400.—Joan Morrow

US CONCEPT, JAPANESE ENGINEERING LEAD TO NEW OFFICE PRODUCT

From a concept by Jef Raskin, originator of the Macintosh computer, Canon Inc
(Tokyo) and Canon USA (Lake Success, NY, (516) 488-6700) have engineered and pro-
duced the Canon Cat, a ‘“work processor’” that includes a keyboard, 9-in. black-and-
white display, software with spelling checker, a 3%-in. floppy-disk drive, a modem,
and serial and parallel interfaces. An improvement in cursor control, called Leap keys,
allows you to quickly locate and edit, move, or restyle information in 180k bytes of
stored text in just a few keystrokes. The systems sells for $1495.—Joan Morrow

24 EDN August 6, 1987



High resolution 12-bit
digitizers vs. “typical”
8-bit digitizers.

Do you want to see

the details in your signal
or not?

800/356-3090

or 608/273-5008

Nicolet Test Instruments Division
PO. Box 4288

5225-2 Verona Road
Madison, W1 53711-0288

EDN August 6, 1987

Nicolet Digital Oscilloscopes

Bring the true power of digital oscilloscopes to bear on your problem. High
accuracy, high resolution 12-bit digitizers let you zoom in on the small variations
in your waveform. Variations you've been trying to find, but can’t. That’s why Nicolet
digital scopes offer waveform expansion on the time and voltage axes up to X256.
That’s why Nicolet scopes have precise cursor readout of each measured data value.
Make sure your digital storage oscilloscope is part of the answer, not part of
the problem.

=z Nicolet

“Instruments of Discovery”
CIRCLE NO 113
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dc to 3GHz

« less than 1dB insertion loss over entire passband
« greater than 40dB stopband rejection

« 5 section, 30dB per octave roll-off _ ancats 3
« VSWR less than 1.7 (typ) m MII‘II-CIrCUItS

» over 100 models, immediate delivery B0 B ASLHG, Brtokiyn (oo S Roamete G e

° meets M“__STD_202 Domestic and International Telexes: 6852844
« rugged hermetically sealed package (0.4x0.8x0.41in.)
« BNC, Type N, SMA available

LOWPASS  Model *LP-[10.7| 30 | 50 | 70 | 100 | 150 | 200 | 300 | 450 | 550 | 600 | 750 | 850

s Corporation

or 620156

(1000

Min. Pass Band (MHz) DC to ‘107 32 | 48 | 60 | 98 [ 140 | 190 ' 270 | 400 | 520 | 580 | 700 | 780
Max. 20dBStopFrequency (MHz) 47 1 70 | 90 | 147 | 210 | 290 | 410 | 580 | 750 | 840 | 1000 | 1100

Prices (ea.): P $9.95 (6-49), B $24.95 (1-49), N $27.95 (1-49), S $26.95 (1-49)

HIGHPASS  Model :kHP-| 50| 100 | 150 | 200 | 300| 400| 500 | sooj 700| 800/| 9001000

start,max.| 41| 90 | 133 | 185 | 290| 395| 500 | 600| 700| 780 | 9101000
o e end, min. 200‘ 4001600 Foo 1200 | 1600 | 1600 | 1600 | 1800 | 2000 | 2100 | 2200
Min. 20dB Stop Frequency (MHz) | 26| 55 | 95 | 116 | 190 | 290 | 365 | 460! 5201 570 | 660 | 720

Prices (ea.): P $12.95 (6-49), B $27.95 (1-49), N $30.95 (1-49), S $29.95 (1-49)
*prefix P for pins, B for BNC, N for Type N, S for SMA  example: PLP-10.7
CIRCLE NO 114
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sformers

@y

3 KHz-800 MHz
over 50 off-the-shelf models

from $295

Choose impedance ratios from 1:1 up to 36:1,
connector or pin versions (plastic or metal case built
to meet MIL-T-21038 and MIL-T-55631 requirements*).
Fast risetime and low droop for pulse applications;

up to 1000 M ohms (insulation resistance) and up to 1000V
(dielectric withstanding voltage). Available for

immediate delivery with one-year guarantee.

Call or write for 64-page catalog or see our catalog in
EBG, EEM, Gold Book or Microwaves Directory.

“units are not QPL listed

finding new

setting

l::IMini-é&ircuits

A Division of Scientific Components Corporation

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

C71 Rev. A
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Not just another
system
you don’t need

28

THE FOCUS

CPU

SYSTEM
MEMORY

DISKI/O

SERIALI/O

ADD.1/O
CHANNELS

DISK
DRIVES

UNIX:
FOCUS 32 UNIX System 25

CPU-25

68020 (16.7/20 MHz)
Paged MMU

Floating Point Coprocessor

SRAM-22

1 Mbyte SRAM

DRAM-E4M4

4 Mbyte of highspeed VMEbus DRAM

ISCSI-1
68010 (10 MHz) 128 Kbyte SRAM
dual ported, zero wait state access

REALTIME:

| FOCUS 32PDOS System 21
CPU-21

SCSlinterface, SA460 floppy interface

ISIO-1

| 68010 (10MHz) 128 Kbyte SRAM

dual ported, zero wait state access
8serial [/O channels (RS232)

| ascu-2
| System controller, IEEE 488 interface,

Centronics parallel printer port

170 Mbyte winchester, 1 Mbyte floppy
120 Mbyte streamer tape

68020 (20/25MHz)
Zero wait state operation
Floating Point Coprocessor

SRAM-22
1 Mbyte of SRAM, zero wait state access

ISCSI-1

68010 (10 MHz) 128 Kbyte SRAM
dual ported, zero wait state access
SCSlinterface, SA460 floppy interface

ISIO-1

68010 (10 MHz) 128 Kbyte SRAM
dual ported, zero wait state access
8serial [/O channels (RS232)

ASCU-2
System controller, IEEE 488 interface,
Centronics parallel printer port

170 Mbyte winchester, 1 Mbyte floppy
120 Mbyte streamer tape (optional)




For the last five years our sole business has been to provide customers with high
performance VMEbus solutions. The FOCUS 32 series is an extension of our
ongoing commitment to the VMEbus product spectrum, software and support.
FOCUS 32 reflects inputs from many customers to take full advantage of the open
VMEbus architecture in the smallest possible space (6.7 x 21.3 x 23.7 inches)
without sacrificing reliability, ruggedness, expansion capabilities and user friend-
liness.

The powerful FOCUS 32 supports both UNIX* System V and real time PDOS*
including a wide range of compilers.

Intelligent serial and SCSI controllers reduce bus traffic and CPU overhead to
maximize system throughput.

You also have a choice to upgrade the FOCUS 32 development/target system by
adding any of our more than 50 boards.

We don’t want you in the dark with just another black box. That’s why we provide
you with an open system architecture right down to the component level of our
VMEbus boards.

Free! Call 1-800-Best VME
(or 1-800-237-8862 in California) for our
380 page VME data book and for rapid
applications support.

*UNIX is a registered trademark of AT&T Bell Laboratories.
PDOS is a registered trademark of Eyring Research Institute.
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Processor Boards

Controller Boards

.

~ Memory Boards

RXCE

FORCE COMPUTERS, INC, Los Gatos, CA 95030, Phone (408) 354-3410
Midwest: Ann Arbor, MI 48108, Phone (313) 769-0840
Southeast: Roswell, GA 30076, Phone (404) 642-9647

FORCE COMPUTERS GMBH, 8012 Ottobrunn, Phone (089) 600910
FORCE COMPUTERS FRANCE, 92100 Boulogne, Phone (1) 46203737
FORCE COMPUTERS (UK) LTD, Wendover, Phone (0296) 625456



You do.

We do.

On one hand, there’s your
drive to find new applications
and new markets. On the other,
there’s our drive to meet your
needs.

And as partners, we both end
up in the lead.

You give us the impetus to
stay a generation or more ahead
of the competition. And we give
you the products to do the same.

Like our high-performance,
high-capacity Winchester drive
families, from 85MB to 760MB.
And our first high-capacity opti-
cal product, a 5%-inch, 800MB
WORM drive.

So keep pushing us.

Because the further you drive
Maxtor, the further we'll drive
you.

Maxtor Corporation, 211
River Oaks Parkway, San Jose,
CA 95134, (408) 4321700,
TELEX 171074.

Sales offices: Austin (512)
345-2742, Boston (617) 872-8556,
Orange County (714) 472-2344,
New Jersey (201) 747-7337,

San Jose (408)435-7884, Woking,
England (44)/4862-29814.

Mag;gor

Distributed by: Anthem Electronics, Inc., Lionex Corporation, Pioneer-Standard Electronics, Inc., Quality Components, Inc., Storex Corporation

© 1987, Maxtor Corporation.
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SIGNALS & NOISE

A clarification of
telephone-noise specs

The excellent article by Brady
Barnes in EDN’s May 14 issue
(“Check advanced features and
noise specs when selecting codecs,”
pg 227) was interesting and inform-
ative in most respects, but Mr
Barnes’s attempts to clarify noise
specifications (on pgs 229 to 234 of
the article) may have added to any
existing confusion about them. As
an engineer with over 20 years’ ex-
perience in testing international tel-
ephone circuits, perhaps I can offer
some clarification.

Telephone-circuit weighing filters
are based on the performance of
telephone handsets, not on that of
the human ear. While the Bell Tele-
phone system held a monopoly posi-
tion in the US, weighing filters were
based on the telephone set current-
ly in use. Bell system engineers
thought that noise should be mea-
sured as a positive quantity; they
introduced the concept of “reference
noise.” When the Western Electric
Co (WECO) Model 144 handset was
in use, the noise-measuring term
was “dBRN” (144 line). The WECO
Model F1A handset resulted in F1A
weighing. C-Message-weighing fil-
ters are based on the WECO Model
500 handset, and the current US
telephone noise-measuring term is
dBrnC; —90 dBm is the current
reference-noise level.

The CCITT, as an international
standards group, produced a weigh-
ing filter based on the characteris-
tics of most of the world’s telephone
handsets, and called it a
“psophometric” filter after the
Greek word “psophos,” which
means “noise.” The CCITT’s term
for telephone-noise measurement is
dBmp.

The CCITT did not adopt the Bell
system’s concept of reference noise,
and no CCITT noise measurement
implies reference noise. Unweighed
noise is measured in dBm. Conver-
sion to dBrn is simply a matter of
adding 90. For example, a CCITT
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“..ATALL GUY WITH GLASSES AND A
MEDIUM HEIGHT FELLOW WEARING A
SMOCK—THEY WORK HERE.. WERE
DEVELOPING A HUMAN-LIKE ROBOT.”

measurement of —70 dBm is equal
to 20 dBrn (that is, —70 dBm is 20
dB greater than the —90-dBm refer-
ence level). Similarly, you can easily
convert 30 dBrn to a CCITT level of
—60 dBm by subtracting 90. This
conversion is exact for an unweighed
measurement such as 3-kHz flat.

The psophometric and C-message
filters are so nearly equivalent in
terms of noise-power measurements
that, even though the C-message
filter is based on a reference tone of
1000 Hz and the psophometric filter
is based on an 800-Hz tone, in a
practical sense they are used inter-
changeably. In a telephone channel
that has only white noise, both fil-
ters improve the noise reading by
approximately 2 dB as compared
with a 3-kHz flat measurement.

Consequently, you can convert
dBmp to dBrnC simply by adding
90, and you can convert dBrnC to
dBmp by subtracting 90. In other
words, —65 dBmp is equal to 25
dBrnC. The conversion is accurate
to within 0.5 dB, which is better
than the accuracy of most noise me-
ters.

The term “dBp” means “dB re-
ferred to 1 pW,” just as “dBm”
means “dB referred to 1 mW.” Since
the Bell system has established 1
pW (=90 dBm) as reference noise,

the terms dBrn and dBp are equiva-
Text continued on pg 34

WHERE TO FIND
A LEADER.

For more information on high-
capacity Maxtor disk drives, contact
our distributor in your area.

CALIFORNIA
Anthem Electronics, Inc.
(714) 768-4444
(408) 295-4200
FLORIDA

Pioneer Standard Electronics, Inc.
(305) 934-9090

GEORGIA
Pioneer Standard Electronics, Inc.
(404) 448-1711
Quality Components
(404) 449-9508
ILLINOIS
Pioneer Standard Electronics, Inc.
(312) 437-9680
KANSAS
Pioneer Standard Electronics, Inc.
(913) 492-0500
MARYLAND

Pioneer Standard Electronics, Inc.
(301) 921-0660
MASSACHUSETTS
Pioneer Standard Electronics, Inc.
(617) 861-9200

Lionex Corporation
(617) 657-5170

MINNESOTA
Pioneer Standard Electronics, Inc.
(612) 935-5444

NEW YORK
Pioneer Standard Electronics, Inc.
(516) 921-8700

OHIO
Pioneer Standard Electronics, Inc.
(216) 587-3600
(513) 236-9900
PENNSYLVANIA

Lionex Corporation
(215) 443-5150
TEXAS
Quality Components, Inc.
(214) 733-4300
Pioneer Standard Electronics, Inc.
(214) 386-7300

CANADA
Future Electronics
(514) 694-7710

Mg;gor
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"*Nothlng else in their pnce
- range delivers so much
and makes it all so easy
to use. Consider:
Powerful state,
~ 1 timing and dis-
assembly analysis.
The 1220 and 1225
provide 32 or 48 data
channels, respectively, in
groups of 16-channels,
with channel groups
clocked independently
or linked together —
SO you can
sample

data from as many as three
circuit sections at once.

Tek currently provides
support for the most popular
microprocessors, with
additional 8- and 16-bit
personality modules to be

*U.S. domestic price only. Copyright ©1987, Tektronix, Inc. All rights reserved

introduced continually. Clock/calendar plus
A total of four 2K storage for up to eight test set-
nonvolatile memories  Ups are also in battery-backed
support each channel. memory. Date and time of

Acquire data in one memory ~ storage are included with each
and compare ittodatainany  datamemory, soits easy to
of the three other memories. fmd and Interpret resuits

g _
Tektronix




st

:  information or for
- the name of your nearest
- Tek sales engineer. Leamn
why these are the first low-
cost logic analyzers that
don't act like it.

m m i
COMMITTED TO EXCELLENCE

Circle 115 for literature
Circle 154 for sales contact




SIGNALS & NOISE

lent, and no weighing is implied.

Thus, —65 dBmOp (the level that
CCITT recommends idle-channel
noise not exceed) is equal to 25
dBrnC0 (—65+90) for telephone
weighing. The equivalent 3-kHz flat
values are —63 dBm0 and 27 dBrn0
(you add 2 to remove the weighing
effect).

Most telecommunications hand-
books have these conversion factors
in chart form for easy use. One such
handbook is Roger L Freeman’s Tel-
ecommumnication  Transmission
Handbook, 2nd ed, which is pub-
lished by John Wiley & Sons.

G W Foreman

Contel Federal Systems
Applied Systems Div
Fairfax, VA

Transistor should be
diode-connected

In my article “JFET-input amps are
unrivaled for speed and accuracy”

(EDN, May 14, pg 161), Fig 4 (on pg
165) contains an error. The temper-
ature-sensing transistor, Q., should
be diode-connected; that is, its base
and collector should be shorted to-
gether. Without this short, the cir-
cuit will have extreme difficulty
working. I hope the error did not
cause too many difficulties for those
building the circuit.

Peter S Henry

Precision Monolithics Inc

Santa Clara, CA

What'’s in a name

“The promise of surface-mount tech-
nology,” part 1 of EDN’s Hands-On
SMT Project (EDN, May 28, pg
164), used the word “onserter” in
the photo caption on pg 172 as a
generic name for automatic-inser-
tion equipment for surface-mount
devices (SMDs). Instead, we should
have used the term ‘“onsertion
equipment,” as we did elsewhere in

the article. “Onserter” is a trade-
mark of Universal Instruments
Corp (Binghamton, NY) for its pick-
and-place machine for SMDs. We
apologize for inadvertently taking
the name in vain.

Sorry, wrong number

The manufacturers’ box accompany-
ing EDN’s pC Support-Chip Direc-
tory (EDN, June 11, pg 131) con-
tained an incorrect phone number
for AT&T Technologies Inc. The
correct number is (800) 372-2447.

WRITE IN

Send your letters to the Signals and
Noise Editor, 275 Washington St,
Newton MA 02158. We welcome all
comments, pro or con. All letters must
be signed, but we will withhold your
name upon request. We reserve the
right to edit letters for space and
clarity.

How to clear up the uncertainty in
your test measurements.

The Fluke 25, 27 and 37 DMMs.
When you need performance that leaves no room for doubt,
focus on the Fluke 25, 27 and 37 Analog/Digital Multimeters.

With their patented A/D converters, they deliver DC volts accu-
racy within 1%. An easy-to-view display also provides a full
4 digits of resolution for readings up to 3200 counts.

Fully sealed, drop proof cases protect the handheld
Fluke 25 and 27 from abuse on the job site. The unique design
of the Fluke 37 is well suited for benchtop and portable use,
and includes a convenient storage compartment for test leads
and small accessories.

The circuitry in each model is shielded to eliminate
interference — even near motors, radar, and other transmitters.

And thirty-six components are dedicated to high-energy
overload protection, for you and the meter.

Call 1-800-227-3800, Ext. 229 today and ask about the
Fluke 25, 27 and 37 meters. You'll get the picture.

Fluke 25, 27, & 37

0.1% basic dc accuracy

Analog/Digital Display
Volts, ohms, amps, diode test

Touch Hold™ function

Relative (difference) mode and MIN/MAX
recording mode (27 & 37)

01 pAto 10A, all fused Integral handle, storage compartment (37)
30 kHz ac bandwidth Two-year warranty

100 wV to 1000V ac and dc

FLUKE

®
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You told us what
you wanted in
digitizing oscilloscopes,

took your advice...



WAGAIN.

Introducing HP’s new high-perfo

You told us what would best
meet your measurement needs.

So in '84 and '85 we
brought you digitizing oscillo-
scopes with pioneering features
like full programmability, 1 GHz
repetitive bandwidth, color
displays, automatic answers,
single-shot pulse reconstruc-
tion, infinite persistence, and
instant hardcopy output.

And now, we bring you
the new HP 54111D/54112D/
54120T series.

These high-performance
digitizing oscilloscopes let you
measure what you've never
measured before, with superb
accuracy and ease of use.

You'll find innovations

HP54111D

such as'20 GHz bandwidth,
4-channel simultaneous 400
MSal/sec with 64k memory per
channel, time domain reflec-
tometry (TDR) with normali-
zation, 10 psec time interval
accuracy, and more.

HP54111D:
the hot single shot.
The HP 54111D offers
two simultaneous channels
operating at up to 1 Giga-
sample per second...allowing
you to capture high-speed
single-shot phenomena such
as high-speed pulses, plasma
discharge, high voltage arcing,
high frequency bursts, laser

pulses and high energy events.

1 Gigasample/sec digitizing rate
(] 500 MHz repetitive bandwidth
[J 250 MHz single-shot bandwidth
[ 8k memory per channel

] 1 mv/div sensitivity

You get the single-shot
performance of analog storage
oscilloscopes with all of the
performance advantages of
digitizing oscilloscopes.

The HP 54111D also offers
a 500 MHz bandwidth, so it will
perform admirably in a wide
variety of repetitive as well as
non-repetitive applications.

HP54112D:
64,000 bytes times 4.
The HP 54112D offers you
simultaneous 4-channel capture
at 400 Megasamples per second
with 64k of memory per chan-
nel. Just right for the long data
streams found in serial data
communication applications.

HP54112D

[ 400 Megasamples/sec digitizing rate
(J 100 MHz repetitive or single-shot

[] 4 simultaneous channels

0] 64k memory per channel




rmance digitizing oscilloscopes.

Four simultaneous chan-
nels enhance critical timing
measurements on multiple test
points...single-shot. And the
HP 54112D's four channels are
always real-time correlated for
every trigger occurrence.

In automated test, four
channels with 64k memory per
channel boost your throughput
by capturing 256k of data
simultaneously.

HP54120T': excels in
high-speed applications.
With its 20 GHz band-
width and 10 psec accuracy, the

HP 54120T lets you measure
propagation delays of ICs or
switching times of high-speed

diodes. Characterize microwave
switches. Verify signal path
impedances in computer back-
planes and test fixtures. And
more.

You get high sensitivity,
resolution, and accuracy for
repeatable time-interval and
voltage measurements, with
stability and ease-of-use com-
parable to lower-performance
oscilloscopes.

The HP 54120T offers four
channels for logic gate charac-
terization. Time and voltage
histograms to help you quantify
noise and jitter. Normalization
to correct for imperfect connec-
tors in reflection (TDR) and
transmission measurements.

HP54120T
[J dc-20 GHz bandwidth with averaging
[J 10 psec time interval accuracy

[J 0.25 psec time interval resolution

[J Time and voltage histograms

] Stable TDR with normalization
[J 0.4% voltage accuracy k'
[J 4 channels

Probing to 6 GHz. And the list
goes on.

Contact HP today!

For more information on
our new high-performance
digitizing oscilloscopes, fill out
and mail the postage-paid reply
card today. Call us direct at
1-800-752-0900. Or contact
your local HP sales office listed
in the telephone directory white
pages. Ask for the electronic
instruments department.

HEWLETT
PACKARD

K




The specs you need, and the features you want.

In addition to their outstanding individual contributions, the new HP
54111D/54112D/54120T digitizing scopes offer you full programmability,
automatic measurements, instant hardcopy output to printers and plotters,
waveform storage, and multiple-color displays.

You also have HP's excellent reliability, documentation, and support
to make you productive with your HP instrument quickly and ensure your
satisfaction for years to come.

i e
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HP54111D

VERTICAL
Rep. bandwidth
S.S. bandwidth
Inputs
Resolution

Sensitivity
Coupling

HORIZONTAL:
Digitizing rate (max)
Resolution
Pre-trigger viewing
MEMORY:
Acquisition/chan
Waveform storage

Nonvolatile
instrument setups

HP54112D

VERTICAL:
Rep. bandwidth
S.S. bandwidth
Inputs
Resolution
Sensitivity

Coupling

HORIZONTAL:
Digitizing rate (max)
Resolution
Pre-trigger viewing
MEMORY:
Acquisition/chan
Waveform storage

Nonvolatile
instrument setups:

$23,900.00*

500 MHz

250 MHz

2 chan & 2 trig

8 bit to 25 MHz,
7 bit to 100 MHz,
6 bit to 250 MHz
1 mV/div

to 5 V/div

ac, dc; 50 Ohm &
1 MOhm

1 GSalsec
10 psec
YES
8k
2 pixel,
4 rep wfm, 4 ss wfm
10
S[=T==t=oT=
QECOE IV
Gl Y
SSEE (
S C
TTTLYTY
- Sy o
$22,900.00
100 MHz
100 MHz

4 chan & 1 trig

6 bit to 100 MHz
5 mV/div

to 5 V/div

ac, dc; 50 Ohm &
1 MOhm

400 MSa/sec
40 psec
YES

64k
2 pixel,
4 rep wfm, 4 ss wfm

10

HP54120T

VERTICAL:
Rep. bandwidth
S.S. bandwidth
Risetime
Accuracy
Inputs
Resolution
Sensitivity
Coupling

HORIZONTAL:
Accuracy
Resolution
Pre-trigger viewing
Range

MEMORY:
Acquisition/chan
Waveform storage

Nonvolatile

instrument setups:

TDR

Pulse source
Amplitude
Risetime
Flatness

Normalization

$27850.00**

20 GHz

NO

17.5 psec

0.4%

4 chan & 1 trig

12 bits

1 mV/div to 80 mV/div
50 Ohm

10 psec

0.25 psec

NO

10 psec/div-1 s/div

0.5k
2 pixel (volatile),
4 rep wim (nonvolatile)

10

0-200 mV
35 psec
1%

YES

Waveform histograms YES

*U.S. list price only.

Varies according to options selected.

**U.S. list price only.

Includes both the HP 54120A and HP 54121A.
Specifications subject to change without notice.

DESIGNED FOR

HP-1B: Not just IEEE-488, but the

hardware, documentation and
support that delivers the shortest

SYSTEMS

(/3

path to a measurement system

HEWLETT
PACKARD

EI15701
5964-2661



If you do business in the complex
world of electronics manufacturing,
NEPCON means business for you!




ONE PROTOTYPE

Deglqmng VLSI circuit boards that work the first

feedback on design and test quality.

turing test.
Start with a firm design foundation.

multiple-window interface.
You move from schematic capture to simulation

40

time isn't child’s play. You can’t do it without fast, accurate

Now count on Teradyne to help. With our new family
of CAE products, you'll uncover flaws before they're cast
in hardware. So you'll be able to jump from initial design
directly to final prototype. And from design to manufac-

The process starts with DATAView our new design
entry system. Running it on a standard AT-class PC, you
can control the whole design process right at your desk.
From schematic entry and waveform analysis on the PC
to simulation and fault simulation on more powerful net-
worked computers. All with the same mouse-and-menus,

effortlessly. DATAView's links with our LASAR Version
6 simulation system save hours of model compilation time.

"Teradyne’s new CAE tools help you get to market faster by

Incremental compiling lets you revise a design and resimu-
late in minutes.
Make your design work together before
it comes together.

LASAR Version 6 is the only sure way to avoid multi-
ple trips to artwork as well as costly rework steps in manu-
facturing. Because its simulation accuracy is unmatched

ETHERNET
LASAR
DAAView LAS4/?6 6
Version ona
PCAT ona lAX DATAServer
DATASource

sl Shared LS/

Modeling Daiabases Moaeling

Teradyne networks advanced CAE tools for convenience and performance.

EDN August 6, 1987



IWO PROTOIYPE,
JIYPE FOUR,

e p—

giving you a worklng prototype the ﬁrst time.
for analyzing PC board designs prior to prototyping. For simulations up to 25 times faster, you can use our new
instance, LASAR takes full device timing specifications parallel/multiprocessing host, DATAServer. It will give
into account for true worst-case timing analysis. And it you quick results, with full LASAR precision.
eliminates shared timing ambiguity in reconverging sig- Teradyne makes it easy.
nals. Both of which mean LASAR finds real design errors [f you want to avoid multiple prototypes and get
reliably. to market faster with better products, Teradyne’s new
Finally, you can use LASAR fault simulation. It will CAE system is the way. Why not call Daryl Layzer at
uncover testability problems and untested circuit functions (617)482-2700, ext. 2808 for more information. Or write
before it’s too late. Teradyne, 321 Harrison Avenue, Boston, MA 02118.
Simulation without trial and tribulation. VAX is a trademark of Digital Equipment Corp.
LASAR also takes care of the board mode lillg pri ob- AT is a trademark of International Business Machines Corp.

lem. It includes models of over 4000 devices. And the most
popular gate array libraries.
For new VLSI parts, our DATASource hardware
modeling system uses actual devices instead of software
models. A single system supports multiple users and - d 7\ . \ \
concurrent fault simulation. With extraordinarily fast ,‘
response. -
LASAR and DATASource work with any VAX. For We measure quality.

EDN August 6, 1987 CIRCLE NO 66 41



Hitachi’s Wide Selection of CMOS Microprocessors
Gives You Freedom of Choice

Visit the grasslands of Africa, and you'll be
amazed by the sheer variety of life. Each animal
has evolved with specific traits, especially suited to
its needs. .. its environment.

Take a look at the CMOS Microprocessors and
Microcontrollers from Hitachi. Here’s an incredible
variety of devices, each created to meet your specific
design needs.

Hitachi makes more devices in CMOS than
anybody else. Our product lines include CMOS
microprocessors and microcontrollers, as well as
peripherals, gate arrays, and a broad range of
memories. They’re available in various industry-

standard architectures, in a choice of speeds,
temperature ranges, and packaging variations.

Now you can get CMOS benefits in many of
your old favorites. Plus, we’ve come up with some
new devices destined to become your new favorites.

Hitachi has the CMOS solution for all your
designs. Our high-speed CMOS devices are perfect
for portable instrumentation, telecommunications,
high-reliability industrial control, automotive appli-
cations, and systems used in harsh environments.

These devices are available in production
quantities today. Many are second-sourced. Now
you can build high-performance systems that are
more reliable, smaller, and less expensive.

Abundant Variety

e




Our CMOS products include:
® HMCS400 Series 4-Bit Microcontrollers
® HD6301/6305 8-Bit Microcontrollers
® HD6303/6309 and HD64180 8-Bit
Microprocessors
® HD68HCO00 16-Bit Microprocessors
® 8/16-Bit Microprocessor Peripherals

Fantastic devices are only part of Hitachi’s
total CMOS solution. Hitachi’s CMOS products
also deliver unsurpassed quality and reliability.
We have comprehensive hardware and software
development support running on popular systems
such as IBM-PC. * The conclusion: You have a
complete solution with Hitachi.

Fast Action: To obtain product literature
immediately, CALL TOLL FREE, 1-800-842-9000,
Ext. 6809. Ask for literature number R16.

*IBM-PC is a registered trademark of International Business Machines Corporation.

Hitachi America, Ltd.

Semiconductor and IC Division

2210 O'Toole Avenue, San Jose, CA 95131
Telephone 1-408/435-8300

@ HITACHI

We make things possible




LOW PROFILE/HIGH DENSITY
SWITCHING POWER

Case 23

Up to 600 Watts
3"x5"x14.25"
Main Channel
Up to 80A
Auxiliary Mag
Amp Outputs

400 to 600 Watts from up to 7 fully
regulated outputs in a package
that’s sized to fit your OEM
requirements. With the standard
features and options you are look-
ing for: N+1 redundancy; EMI
filtering to FCC 20780 Class A;
Main channel pre-load; A ball
bearing, brushless DC fan; DC
input models. International safety
approvals and field strappable ac
input voltage to fit anywhere in the
world. The Case 23 from
Qualidyne—try it on for size.

THE SWITCHER FIT FOR YOUR NEEDS

Rualidyne

QUALIDYNE SYSTEMS, INC.
3055 Del Sol Boulevard, San Diego, CA 92154
(619) 575-1100 Telex: 709 029 FAX: 619 429-1011
(800) 445-0425 In Calif. (800) 237-6885

CIRCLE NO 31

8M BYTE MEMORY MODULE

VM ES2210

The TVME-220 is a 8Mbyte memory board.

Since the 32bit address of VME bus is assigned to B pin lines and
VSB (VME Subsystem Bus) is assigned to A, C pin lines, the board
can be used for both VME and VSB System Buses.

MAIN FEATURES X

* TC511000P-12 is used for the memory.

* Cas-Refor-Ras-Refresh method is employed as
refresh.

Parity Checking

* The base address of VME bus can be set by 1
Mbyte unit.

The base address of VSB can be set by 1 Mbyte
unit.

Inhibit function of VSB.

Memory inhibit (by 2 Mbyte) at accessing of VME
bus.

Hi Speed Accessing Mode of VME bus.

Byte, Word and Long word Accessing.

It can be used in 4G memory area.

It can be used either in expanded address or
standard address.

*

»

*

*

* % * *

EPOTEK

CORPORATION
2151 0'Toole Ave., Suite L

O'Toole Business Center
San Jose, CA 95131

OUR COMPANY IS SEEKING A SALES REPRESENTATIVE

TEL (408) 922-0133
FAX (408) 922-0137
TLX 902405802

CIRCLE NO 27

Phone toll free for
information & orders.
1-800-237-4590

44

CALENDAR

International Computers in Engi-
neering Conference and Exhibi-
tion, New York, NY. American So-
ciety of Mechanical Engineers, 345
E 47th St, New York, NY 10017.
(212) 705-7795. August 9 to 13.

Modern Techniques in Digital Sig-
nal Processing and Analysis (short
course), Santa Cruz, CA. University
of California Extension, Santa
Cruz, CA 95064. (408) 429-4535. Au-
gust 10 to 12.

Intensive C Language Program-
ming (short course), Santa Cruz,
CA. University of California Exten-
sion, Santa Cruz, CA 95064. (408)
429-4535. August 10 to 13.

Advanced SMT Design Techniques
(short course), San Jose, CA. Sur-
face Mount Technology Plus, 2216
Lundy Ave, San Jose, CA 95134.
(408) 943-0196. August 17 to 18.

Engineering and Manufacturing
’87, Boston, MA. National Comput-
er Graphics Association, 2722
Merrilee Dr, Suite 200, Fairfax, VA
22031. (703) 698-9600. August 17
to 20.

Designing Signal Processors with
DSP and Bit-Slice Chips (short
course), San Diego, CA. Integrated
Computer Systems, Box 3614, Cul-
ver City, CA 90231. (800) 421-8166;
in CA, (213) 417-8888. September 1
to 4.

Effective Skills for Technical
Managers (short course), Washing-
ton, DC. Integrated Computer Sys-
tems, Box 3614, Culver City, CA
90231. (800) 421-8166; in CA, (213)
417-8888. September 1 to 4.

Modern Electronic Packaging, Se-
attle, WA. Technology Seminars,
Box 487, Lutherville, MD 21093.
(301) 269-4102. September 9 to 11.

Invitational Computer Conference
Computer Graphics Series, Fort
Lauderdale, FL. BJ Johnson & As-

EDN August 6, 1987
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We're Taking OnThe Champ!

So far, we've met every challenger, head on
..and nobody’s gone the distance. So now
we're taking on the undisputed D.C. Power
Supply champ—POWER-ONE!

Sure...it would be easier to sit back and
rest on our laurels, but that's not POWER-ONE's
style. And never will be. For three straight years
you've voted us Buyers Top Choice in OEM Power
Supplies* and we intend to make it four. That
means continued unbeatable POWER-ONE
quality, prices, service, and delivery. Most
important, it means raising our already high
standards to a whole new plateau in CUSTOMER
SATISFACTION.

So while we welcome hard-hitting competition,
we're not about to grow complacent waiting for
it to come along. We're setting new goals for
ourselves, developing new products, pushing our
RED efforts to the limit—all designed to save our
customers money, time and worry.

In a word, we're getting tougher!
And this isn't just a
training session or

a few rounds of shadow boxing. This is an all-
out battle between the reigning champ of
today, POWER-ONE, and the new champ of
tomorrow, POWER-ONE.
We guarantee the outcome will be a crowd
pleaser. INTERNATONAY ool
For the Champ's new 1987 -*
Catalog and capabilities brochure,
CALL OUR TOLL-FREE
LITERATURE HOT-LINE:
(800) 235-5943, Ext. 113.
From California: (800) 421-3439,
Ext. 113.

* Electronic Buyers' News, Annual Top 100
Component Suppliers Survey 1984, 1985, 1986. §

“Innovators in Power Supply Technology”

Srower-one

0.C. POWEr surpLIES

POWER-ONE DC. POWER SUPPLIES

740 Calle Plano * Camarillo, CA 93010-8583
Phone: (805) 987-8741 « (805) 987-3891
TWX: 910-336-1297 « FAX: (805) 388-0476
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We never thought of With an innovative approach
ourselves as music makers. to assembling the chips,
But we are now. Because we ‘ l I e boards and subsystems
built the 286 CPU board and you need for your specific

other components that allow application. Without chewing
Personics’ amazing CD ROM jukebox up the calendar and your R&D budget
to duplicate recordings for retail in the process.
customers. And soon we'll be playing In short, we're easy to work with.
near you. * From design to production to delivery.
In fact, NCR’s OEM PC-based Because we have the engineering know-
technology is finding its way into a lot I I l e how and the manufacturing can-do to
of places you might not think. Like deliver the goods. Without hitches, with-

medical imaging and out surprises, without fail.
diagnostic equipment. So if you're looking
Environmental control raIn-a- am—a into developing new
systems. Robotics and products, or finding ways
manufacturing control ® to improve your current
systems of every descrip- ones, look into NCR. For more
tion. And everywhere we I I l S OI l details about how NCR PC
go, NCR PC technology is ® technology can fit into your

proving itself an attractive plans, call us at (513) 445-0670.

alternative to other architectures. And who knows, we could end up making
That's because our PC technology is so versatile. beautiful music together.
CIRCLE NO 12
A SMART FOUNDATION

NCIR

NCR Corporation

Personal Computer Division
OEM/Technology Sales
N Dayton, Ohio
45479

T0 BUILD ON.




CALENDAR

sociates, 3151 Airway Ave, #C-2,
Costa Mesa, CA 92626. (714) 957-
0171. September 10.

Integrated Manufacturing Solu-
tions (IMS ’87), Long Beach, CA.
Intertec Communications, 2472
Eastman Ave, Bldg 33-34, Ventura,
CA 93003. (805) 658-0933. Septem-
ber 14 to 18.

Hands-On Microprocessor Soft-
ware, Hardware, and Interfacing
(short course), Washington, DC. In-
tegrated Computer Systems, Box
3614, Culver City, CA 90231. (800)
421-8166; in CA, (213) 417-8888.
September 15 to 17.

PCB Expo, Minneapolis, MN. PMS
Industries, 1790 Hembree Rd,
Alpharetta, GA 30201. (404) 475-
1818. September 15 to 17.

Effective Skills for Technical
Managers (short course), Los An-
geles, CA. Integrated Computer
Systems, Box 3614, Culver City, CA
90231. (800) 421-8166; in CA, (213)
417-8888. September 15 to 18.

Designing Signal Processors with
DSP and Bit-Slice Chips (short
course), Boston, MA. Integrated
Computer Systems, Box 3614, Cul-
ver City, CA 90231. (800) 421-8166;
in CA, (213) 417-8888. September 22
to 25.

Hands-On Microprocessor Soft-
ware, Hardware, and Interfacing
(short course), San Diego, CA. Inte-
grated Computer Systems, Box
3614, Culver City, CA 90231. (800)
421-8166; in CA, (213) 417-8888.
September 22 to 25.
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® Discriminates Against Programmed
Pulse-Widths

e Digitally Programmable

® 3-BIT Address

® TTL Input & Output

e 24 Pin-DIP

¢ 1-NS to 50 NS Increment Steps

® Low Profile

e Stable & Precise

® Glitch & Noise Suppressor

data \@ZY®
delay
devicesYin.

385 Lakeview Avenue @ Clifton, New Jersey 07011 @ (201) 772-1106
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THERMAL SPEED CONTROL
Thermally Automatic

Comair Rotron’s new ThermaPro-V tech-
nology controls internal temperature varia-
tion automatically. Motor Speed is ad-
justed by a temperature sensitive resistor
allowing for continuous moni-
b toring. With fan speed based
upon temperature, motor can
be downsized; passive heat
dissipating units reduced and
airflow programmed for extreme
environments.

Available in Muffin DC
and Sprint DC
Patent Pending

‘I‘ erma

FORCED CONVECTION
OOLING TECHNOLOGY

Comair Rotron. The automatic
choice in brushless DC fans.

For literature only call (800) 367-2662.
In NYS and for product or technical
assistance, call our Application Engi
neering Dept. at (914) 246-3615.

COMAIREZROTRON

a KLI company
Sawyer Industrial Park, Saugerties, NY 12477
Telephone: (814) 246-3615 TWX: 910-333-7572 Telex: 551496
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For workstations that
thrive in a multivendor

HP’s powerful family of technical workstations fits
right in with your present computing resources, as well
as those added in the future. With industry standard net-
working, operating systems, and languages. Plus hundreds
of advanced application packages, and performance extras
to give you the competitive edge in all of your engineering
and technical activities.

Our solutions are implemented on one of the indus-
try’s largest technical computer and workstation families.
It consists of the HP Technical Vectra PC, the HP 9000
series 200/300/500, and the new model 840 Precision
Architecture Computer.

Full UNIX System V compatibility.

HP’s technical workstations use AT&T’s System V
UNIX operating system with Berkeley 4.2 enhancements
and HP improvements. The result is a standard tuned to
the workstation environment with windowing, real-time
I/0O extensions, graphics, six languages and other extras.

The networking you need.

HP offers the networking to unify design, test, manu-
facturing, and technical office automation in your company.
You’ll have ARPA and Berkeley services and TCP/IP on
Ethernet** and IEEE 802.3 to provide connectivity with
IBM, DEC, and other vendors’ products.

Al power without special AI machines.

You get everything you expect in a multipurpose
workstation, plus the ability to run Artificial Intelligence on
the same machine. Based on Common Lisp, it lets you
harness Al power for accelerated software development.
You can also get premier expert system tools from com-
panies such as Intellicorp and Teknowledge.

Wide range of graphics solutions.
The choice is yours...from low-cost monochrome to
high-resolution color monitors...from simple report




run UNIX systems and
environment, talk to HP.

graphics to 3D solids modeling. There are industry stan-
dards like GKS and ANSI Computer Graphics Virtual
Device Interface (CG-VDI), to protect your investment
by making your existing software portable. HP’s acceler-
ated graphics solutions are highly modular, so you can
upgrade whenever you choose.

Hundreds of application packages.

Specialized technical applications? No problem. HP’s
application packages include logic and analog CAE, PCB
CAD, microprocessor software development, 2D design
and drafting, 3D solids modeling and finite element anal-
ysis, documentation and report generation, and database
management. New software packages are constantly being
added for an even larger selection.

HP—protecting your investment.

Buying HP’s solutions is not only a smart decision
initially, but it provides the added benefit of lower cost
of ownership that reflects our commitment to quality and
service. For more information, call your local HP sales
office listed in the telephone directory white pages.

Tap HP’s DATA-LINE

for complete facts...instantly!

For on-line information 24 hours a day, use your com-
puter, modem, and HP’s DATA-LINE. Dial 1-800-367-7646
(300 or 1200 baud, 7 bits even parity, 1 stop bit).

In Colorado call 1-800-523-1724.

*UNIX is a trademark of AT&T. **Ethernet is a trademark of Xerox Corporation.

[/"0 HEWLETT
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TOUGH ACT TO FOLLOW.

A 60-foot rope is
suspended between
two poles, one 40 fet}f :
high, the other 30

feet high. An acrobat
hangs from the rope.
If the hanging point is
5 feet from the ground,
how far apart are the
poles? Note: picture

is intentionally not

to scale.

If you follow the test equipment business, you know the
master at solving tricky problems is LTX. Our LTX77 has
been the industry standard for some time. The Ninety is an
even faster, more compact version of this versatile mixed-
signal and consumer device tester. We recently introduced
the highest throughput machine in linear testing: Hi.T.
And, of course, there’s Trillium. F_
If quick digital shipment and turn around schedules £ 8
have you on the ropes, Trillium is the solution. In addition = THE LTX Crlllum
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ver Magazin:

to high throughput,Trillium’s test-head design allows the fastest set up and
change-over time in the industry. Trillium’s powerful program generation and
debug software (coupled with resource-per-pin architecture) is compatible
with customer CAD test patterns and programs. It also facilitates fast, accurate
and interactive device debug and verification.

If you want to get new CMOS and ECL products out the door
faster than ever, Trillium is the answer. Call your nearest LTX B
sales office for more information and, if need be, for the
answer to the brain tester above. TEST YOUR LIMITS.
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We know you face stiff competition
with your next generation of proaucts.
We're actively working to help you stay
in front.

Starting with substantial invest-
ments in research and development
and in product, process and mechani-
zation engineering, we have committed
all of our resources to a single goal: to
be the leading source for the advanced,
reliable passive components you'll
need in the months and years ahead.

Broadest line of passive
components in the U.S.

Since we've combined the resources _~ -
of Mepco,/Electra and Centralab, we P

can meet your needs better than ever.
We offer the broadest line of passives

52

E’LL BE AROUND FOR
AND THE NEXT.

in the industry. Both leaded and surface
mount. And were adding new com-
ponents, new configurations and new
packaging alternatives all the time.

For example, we challenge you to
find a supplier that can match Mepco/
Centralab’s wide selection of capacitors.
Ceramic Capacitors. Film Capacitors.
Aluminum Electrolytic Capacitors.
And Tantalum Capacitors.

/

We also have a broad selection
of resistors, including Thick Film Chip
Resistors. Metal Film Resistors. Preci-
sion MELF Resistors. Nonlinear Resis-
tors. And Trimming Potentiometers.

Our electromechanical line includes
Rotary and Pushbutton Switches. Key-
switches. Membrane Switches made
to your precise specifications. And
custom or standard Potentiometers.

Leading in SMDs ©: selection,
performance and reliability.

We can meet your growing needs
for superior component performance
in small sizes. We offer the largest
selection of passive Surface Mount
Devices (SMDs) in the industry, many
with unique performance advantages.
For example, our BLUE CHIP® Tantalum
Capacitor has achieved worldwide
recognition for reliability in many
applications that demand outstanding
electrical characteristics in a
very small size.

Our SMD Ceramic Chip
Capacitors are another example of how
Mepco,/Centralab can help you greatly
enhance circuit board density with
superior SMD components. They offer
state-of-the-art volumetric efficiency
in a capacitance aevice. And they re
available in a wide selection of capaci-
tance values, dielectric materials and
voltage ratings.

" SMD is a service mark and BLUE CHIP
is a registered trademark of North American Philips Corporation.
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THE NEXT GENERATION.

AND THE NEXT...

$20 million in passives

your competition.

‘ =
)
@

-
-

We’re backed by Philips—
a worldwide technology leader.

We're a North American Philips
company. As such, we share the
resources and know-how of Philips—
an established leader in surface mount
technology and electronics research
and development. We have the com-
mitment, the financial strength and
the stability to stay the active leader
in passive components well into
the future.

At Mepco/Centralab, quality
is everyone’s responsibility.
Statistical Process Control is at
work in all Mepco/Centralab manu-
facturing plants. Our online operators

EDN August 6, 1987

are responsible for testing Make us a part of your
proauct quality at frequent inter- next generation.
vals—at each critical step of We want to be your partner in
every manufacturing operation. passives. We're prepared to meet your
Through the personal com- toughest performance or selection cri-

mitment to quality control thatis teria in order to prove our capabilities.
shared by each of our employees, — We'll meet your volume requirements as
our most demanding customers well as your precise scheduling needs—
can rely on Mepco/Centralab.Time — jncluding “Just in Time" delivery.
after time. We're dedicated to manu- With Mepco/Centralab, you'll find
facturing passives that meet your the selection, reliability, availability and
requirements, and we have imple- technical support you need. All from
mented quality programs such as one dependable source. So beat the
“Ship to Stock.” competition with your next generation
of proaucts. Tearn up with the active
leader in passive components. We'll
be around.
\x For more complete information on
= our product line, please send in the
coupon. Or call us at (305) 881-3257

Mepco/Centralab, Inc. EDN 080687 |
2001 W. Blue Heron Bivd.
Riviera Beach, FL 33404
Att: Corp. Advertising
Yes, | want to stay ahead of my competition.

Please send me the following catalog(s):

O Surface Mount Device Catalog O Electromechanical Product Catalog

U Leaded Resistor/Capacitor Data Book [ Please have a representative call.

Name Title

Company Dept.

Address City

State Zip Phone () |

MEPCO/CENTRALAB

A NORTH AMERICAN PHILIPS COMPANY

THE ACTIVE LEADER IN PASSIVE COMPONENTS
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Faster!

CMOS at speed.

A few more fast, fast
reasons to call for our
new databook:

1. New 64K SRAM. 25ns. Seven configura-
tions—including bit-wide, nibble-wide, byte-
wide, separate I/0O, and all with low, low, power.
As low as 50 mA active at 45ns.
2. New 128K Reprogrammable PROM. 45 ns.
100 mA active, 30 mA standby.
3. New 64 x 9 and 64 x 8 FIFOs. 35 MHz.
Virtually no bubble through. Cascadeable.
4. Fastest 22V10 Reprogrammable PLD. 25ns.
55 mA. And we have the board to turn your PC
into a PLD/PROM programmer, too!
5. High speed CMOS SRAM.
6. High speed CMOS PROM.
7. High speed CMOS PLD.
$8. High speed CMOS LOGIC.
9. Fabricated and assembled in our

ATABOOK HOTLINE:
i1-800-952-6300, Ask for Dept. (D2
1-800-423-4440 (In CA), Ask for Dept. CD2
(§32) 2-672-2220 (In Evrope)

{(416) 475-3922 (In Canada)

We illustrate the Lockheed SR-71 Reconnaissance aircraft, holder of the worlds air Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134.
speed record: 2,193 miles per hour. We're fond of speed records. Over 30 of our parts Phone (408) 943-2666 Telex 821032 CYPRESS SNJ UD, TWX 910-997-0753
have broken or still hold speed records for integrated circuils. PAL is a registered trademark of Monolithic Memories, Inc.

©1987 Cypress Semiconductor
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Expect the unexpected

Some time ago I noticed a slogan that someone had carefully painted
on the sidewalk: “Expect a miracle.” Well, it seems that miracles are
few and far between. Although I hoped for one, no amount of
expectation reduced my load of day-to-day work, nor did it lead to
any great inspirations. The slogan reminds me of a cartoon I saw

d some time ago. Two researchers are looking at complex equations

on a blackboard. Right in the middle there’s the legend “ . . . and
then a miracle occurs.”

Perhaps the phrases should have been “Expect the unexpected,”
and “. .. and then the unexpected occurs.” For example, during
the spring, my son’s class was scheduled to take a field trip to one of
Boston Harbor’s many islands. Because other kids in his class were
grumbling about the trip, he knew ahead of time that he’d hate the
experience. So, at many dinners prior to the trip, we heard about
how it was going to be “stupid” and “dumb.” It turns out that he
thoroughly enjoyed the visit and wants the whole family to go back
with him during the summer.

I've wasted a lot of my own time worrying about how boring and
“stupid” a meeting or trip was going to be only to find that, for the
most part, it was interesting and informative. Even if the event
turned out to be less useful than I had hoped, I usually found
something positive that I hadn’t expected. I tend to be a pessimist
at heart, but I'm trying to change my attitude. My recent experi-
ences confirm that optimists have more fun.

I'm not a complete optimist yet, because the unexpected has its
negative side, too. For example, in early June, a bolt of lightning
accidentally set off three rockets at NASA’s Wallops Island, VA,
facility. The rockets had their igniters in place and were awaiting
launch. By a twist of fate, one of the rockets had been intended to
help scientists study the effects of lightning on the ionosphere.
Unfortunately, that rocket was set at a low angle, and it blasted into
a body of water several hundred feet away. The other two rockets
flew perfectly, but no one was set up to track them.

Jon Titus
Editor

EDN August 6, 1987
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VLSI Part No.
VT7C122

Organization

256 x4

Functions Access Times

Separate /O

VT20CI8
VT20C19
VT20C50
VT20C68
VT20C69
VT20C71
VT20C72
VT20C78
VT20C79
VT20C98*
VT20C99*

VT62KS4*
VT63KS4*
VT64KS4*
VT65KS4*

2Kx8
2Kx8
1K x 4
4K x 4
4K x 4
4K x 4
4K x 4
4K x 4
4K x 4

8K x8
8K x8

16K x 4
16K x 4
16K x 4
16K x 4

APD; 10 ns OE
12 ns CE; 10 ns OE

Separate I/O; FC

APD

12 ns CS

Separate I/0O; OT
Separate /O; HZ
APD; 10 ns OE

12 ns CS; 10 ns OE

APD

Fast CE

15 ns CS

15 ns CS; OE

15 ns

20 ns
20 ns

15 ns

20 ns
20 ns
20 ns
20 ns
20 ns
20 ns

25 ns
25ns

25 ns
25 ns
25ns
25 ns

So long, Cypress. Sayonara,
Toshiba. That goes for you, too, IDT.
And Motorola. And all you other
CMOS SRAM makers.

Now VLSI has some of the fastest
CMOS SRAMs around.

Were not talking about just one
part here. And one part there.

But a whole family of SRAMs
that blow the doors off anything
from the competition.

Our SRAMSs make it easy to
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MSDOTOT

boost performance in your existing
designs because each and every one
is pin-compatible with industry-
standard chips.

And we're developing tools to

make them available for ASIC designs.
So phone VLSI Technology at

HE COMPETITION.

For a free poster of this ad call 800-8-SAMPLE.

800-8-SAMPLE for more informa-
tion and samples. Or write to us at

1109 McKay Dr., San Jose, CA 95131.
And see how you can blow the ® VLSI TECHNOLOGY, INC.

doors off your competition.
EDN August 6, 1987 CIRCLE NO 62 57




High-resolution conversion




in the blink of an eye.

Get video speed, low power consumption,
high resolution and superior price/performance
with our new CMOS data converters.

4-bit 8-bit

We've expanded our line to include more CMOS flash from a single 5V supply at video speeds and can produce
ADC's, a charge balancing ADC,an SPIADC and a DAC.All  ‘“rail-to-rail” output swings.
featuring single 5V supply operation. Typical update rate is 50 MHz. Settling is fast (20 ns typical)

We also offer a new high-speed op amp especially well- to 1/2 LSB. “Glitch” energy is minimized by segmenting and
suited to driving ADC's or video cables. bar graph decoding of upper 3 bits.

4, 6 and 8-bit CMOS flash ADC'’s. High-speed op amp.

Choose from 4,6 and 8-bit ADC's. All operate at video Specially designed for use with data converters, the
speeds, with clocking speed and input bandwidth specified CA3450 op amp has excellent speed and transmission line
at 5V. What makes these flash ADC's special is silicon-on- driving capabilities.
sapphire construction, resulting in low cost, high speed, very For 10-bit accuracy, it settles to within 1/2 LSBin 40 ns
low input capacitance, low power consumption and inherent  with a 2V input signal. And it can drive up to four 50 ohm
latch-up resistance. transmission lines.

10-bit CMOS charge balancing ADC. e i R e T

This 10-bit successive approximation ADC captures fast CAGS04E 4 20M 30 1 25
moving signals, providing excellent resolution. CAIIMAE 4 25M 3 6 [ TRASEE

It features a built-in fast track and hold, with conversion e - = =
rates of 150 KHz and an input bandwidth of 1.5 MHz. Even at CASHBE/SBCE 2 prp 150 2 ‘a5 b2 00
the maximum rate, power consumption is less than 20 mW. CASII0E/3310AE 10 150K 15 24 600800

10-bit CMOS serial ADC. copomomonse [ . ool

The CDPHCG68A2 is selectable for either 8- or 10-bitreso- CASSME/BIBAE] 8 |  soM | 100 [ % | eowsao
lution and has an 8-channel multiplexer allowing up to OP AMP UGBW Hz _Slew Rate (X10) __ lor MA Pkg Leads _ 1K Price
8 channels of inputs. The device can be used directly with RN [T sowuses | -5 | e S
our CDP68HC05C4, C8 or D2 microprocessors or other sim- Datain aflash.

llar SP1 (Serial Peripheral Interface) buses. For data sheets of these new products, call toll-free
8-bit CMOS R-2R video-speed DAC'’s. 800-443-7364, extension 19. Or contact your local GE/RCA
These CMOS/SOS digital-to-analog converters operate  sales office or distributor.

In Europe, call: Brussels, (2) 246-21-11; Paris, (1) 39-46-57-99; London, 0276-685911; Milano, (2) 82-291; Munich, (89) 63813-0.

D
GE/RCA/INTERSIL Semiconductors \J ),
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In gate arrays, standard cells
or Compiled Cell Custom, you'll
always score with S-MOS.

and our engineering support will keep
you ahead of the competition.

Complete design tools.

S-MOS SYSTEMS supports a large
and growing number of workstations,
including Daisy, Mentor, Calma and PC-
based systems using FutureNet, Orcad
and Viewlogic. Our proprietary LADS
simulator is one of the fastest in the world,

Advanced manufacturing.

Our manufacturing affiliate, Seiko
Epson, is one of the world’s most advanced
CMOS IC manufacturers, with 18 years
of CMOS experience.

At our highly automated Class 10
facility in Japan, Seiko Epson can produce
40,000 4" wafers, 20,000 5" wafers and
20,000 6" wafers. Each month.

That'’s a total equivalent of about 23
million units a month.

High quality and total reliability.

With a product reject rate of less than
.0001%, S-MOS and Seiko Epson deliver
the ASICs you can depend on.

For a fully integrated ASIC program,
call us. (408) 922-0200.

S-MOS SYSTEMS
2460 North First Street
San Jose, CA 95131-1002
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viled Cell Custom

xities to 16K gates | Complexities to 16K gates | The Alternative to Full Custom
+ SLASO00 (500ps)* + SSC1000 (720ps)* * 1.5p CMOS Process

1.2p drawn, 0.95u Leff 1.8u drawn, 1.5u Leff el dissiailareell

+ SLA7000 (640ps)” + Fully migratable from geometries
1.5u drawn, 1.2 Left S-MOS gate arrays + 3-button approach to custom

+ SLA6000 (1.3ns)" + RAM and ROM blocks design

2.0p drawn, 1.7 Leff available » Currentlvover300:Rally

+ SLA5000 (2.2ns)" characterized cells

3.0pdrawn, 2.3 Left + Fast 14-week implementation

[} ] \ e J
B 4 B A
B a1 Ea. 4
time
* Timing-driven TANCELL" SYS | E M S

ce-and-Route Software

“Typical propagation dela 2 2 but NAND gate driving 1 mrh‘m.nl ]olul inc |u:hm: 1004 interconnect 0 : A Selk() bpS()’l \/(/)’lture
*TANCELL is a registered trademark of Tangent Systems
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FULL HOUSE.

4SS-6118R3

Sprague is your source for discrete semiconductors: For bipolar or junction
field-effect transistors. for Darlingtons, diodes, Zeners, MOS capacitors, transistor
) and diode arrays. In TO-92, SOT 23, 14- and
16-pin DIPs, metal cans, and as chips and wafers.
¢ - ‘ : Fully tested to meet your specs. Packaged to meet
‘S-ia.‘;‘ i ‘ - 2 your needs, including standard tape and reel formats. For the best in service,
WIVIRA S & come to us. Sprague Electric Company, Lexington, MA. For our Catalogs
CN-164 and CN-185, write to Technical Literature Service, Sprague Electric Company, P.O. Box 9102, Mansfield, MA
02048-9102. For applications assistance, contact our Customer Service Center in Concord, NH at 603/224-1961.
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TECHNOLOGY UPDATE

Advanced engineering calculators
perform sophisticated operations

Charles H Small,
Associate Editor

A recent survey by a calculator
manufacturer revealed that design
engineers have, on the average, five
scientific calculators apiece. Even
though the market for new calcula-
tors would seem to be more than
saturated, all the major scientific-
calculator makers are betting that
engineers will add a sixth, top-of-
the-line calculator to their flocks.

Casio, Hewlett-Packard, Sharp,
and Texas Instruments have all re-
cently introduced powerful scientific
calculators with a host of intriguing
new functions, features, and capa-
bilities.

You can take for granted that
these advanced, programmable cal-
culators come with a full comple-
ment of scientific and engineering
functions, including hyperbolic func-
tions; single- and dual-variable sta-
tistical analysis; Boolean operations
in binary, octal, and hexadecimal
number bases; and conversion func-
tions for both complex numbers and
common English and metric units.
These calculators have also bene-
fited from general advancements in
electronics—they now sport inform-
ative, eye-pleasing LCDs and low-
power, CMOS circuitry.

You might well wonder, however,
why you’d want to purchase one of
these advanced models when you
can get a perfectly serviceable,
basic scientific calculator for less
than $30, and when virtually every
engineer has access to a personal or
mainframe computer.

The answer is threefold. First,
and quite simply, even though we
are well into the computer age, the
handheld calculator is still the engi-
neer’s primary, interactive, prob-
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The $109.95 fx-8000G from Casio has the
largest LCD of any scientific calculator. The
LCD can show long, complex command
strings as well as graphs of functions.

lem-solving tool. Second, the new
advanced calculators provide impor-
tant functions that basic calculators
do not. Third, advanced calculators
are becoming more and more com-
puterlike in the way they operate
and hence are not likely to be made
obsolete by computers.

Computerlike calculators

The new, advanced calculators
can perform sophisticated opera-
tions such as random-number gener-
ation, complex arithmetic, matrix
mathematics, integration, and dif-
ferentiation. The Hewlett-Packard
HP-28C ($235) can even do symbolic
math; it can rearrange, simplify,
and solve equations for any variable
and even do calculus.

Depending on the model, some

advanced scientific calculators have
the following computerlike features:
high-level-language programmabil-
ity, multiline displays, menus, type-
writer-style (qwerty) keyboards,
built-in subroutine libraries, graph-
ics capability, off-line storage of pro-
grams, and printer and plotter
interfaces.

One thing these calculators don’t
have that their less-complicated
brethren do is shirt-pocket portabil-
ity. With the exception of the 5%e-
in.-tall Sharp Model EL-5200
($109.95), none of the advanced sci-
entific calculators in this article will
fit into a typical shirt pocket with-
out peeking over the top. Some,
such as the Hewlett-Packard and
Texas Instruments calculators, will
not fit into a shirt pocket at all;
perhaps they’re best termed “suit-
pocket portable.”

Neither are these calculators in
the same class as so-called handheld
computers. Not long after the intro-
duction of the scientific calculator,
calculator makers also introduced
calculator-size, handheld comput-
ers. These small computers differed
from calculators in two ways: They
lacked the calculators’ built-in scien-
tific functions, and you programmed
them in an interpreted language
such as Forth or Basic.

At first, the handheld computers
were just a curiosity for the comput-
er hobbyist and were not capable of
much useful computing work. But
one handheld, the Panasonic HHC,
came with a Forth cross-develop-
ment system. Armed with this sys-
tem, OEM users wrote custom pro-
grams and hammered out a niche
market for handheld computers as
point-of-sale aids. For example, in-
surance and real-estate salesmen
could use a handheld computer run-
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Introducing touch-sensitive computer powé“

=

for the price sensitive.

The Casio PB-1000 hand-held
computer. Don't let its size fool
you. When it comes to power, the
PB-1000 is a real handful—with
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printer port. All this has made the
PB-1000 the computer of choice
for many different professionals.
Business and salespeople,
bankers, insurance and real
estate brokers, construction engi-
neers, auto dealerships and other
small, inventory intensive busi-
nesses—they’'ve all found the PB-

1000 to be useful for expanding
productivity both in the office and
in the field. And new applications
are being discovered dalily.

Let Casio or our VAR network
show you how it can be custom-
structured with the appropriate
hardware and software to suit
your requirements exactly. The
PB-1000 starts at less than $200.
So you can make the most of its
handful of power, without having
to reach deep into your pockets.

CASIO

Where miracles never cease

N.J. 07006 (201)882-1493, Los Angeles (213) 803-3411




TECHNOLOGY UPDATE

ning a custom program to figure
rates and payments.

Handheld computers have
evolved in parallel with scientific
calculators. For example, Pana-
sonic’s latest model, the FH-2000,
approaches the capabilities of a lap-
top computer and has a CMOS 8088
pP, 128k bytes of RAM and 512k
bytes of ROM, and an 8-line x80-
character LCD. With some changes
to the source code, the unit can run
programs written for the IBM PC.
Despite their advancements, hand-
held computers remain devices that
an engineer would design in rather
than design with.

Basic-language programming

But advanced scientific calcula-
tors are incorporating one key fea-
ture of the handheld computers:
Some now employ Basic-language
programming rather than keystroke
programming. The first program-
mable scientific calculators were
keystroke programmable; that is,
they had a memory that you could
load with exactly the same series of
keystrokes you'd use to evaluate a
mathematical formula manually.

For a function that requires only
one pass through the program—or
series of keystrokes—keystroke
programming is very straightfor-
ward because of its one-to-one cor-
respondence with manual execution.
But when a program requires deci-
sion-making branches and repeating
loops, keystroke programming be-
comes less user friendly because of
the quirky, arcane nature of the
decision-making and looping con-
structs of the keystroke-program-
mable calculators.

Further, verifying a program
after you had entered it into the
older calculators was a tiresome,
error-prone task because the ma-
chines’ 7-segment numeric LED dis-
plays could not spell out the keys’
mnemonics. Instead of mnemonics,
the calculators would regurgitate
encoded check digits.

Now, one trend in advanced sci-
entific calculators is to meld stand-
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A powerful Zoom key for manipulating graphs is one feature of the $109.95 Sharp EL-5200.
Other graphical calculators require you to call up and alter the Range menu for scale

changes.

ard Basic programming constructs
with the keystroke scientific func-
tions. With these hybrid calculators,
you can evaluate mathematical func-
tions manually in the normal calcu-
lator fashion. Programming the cal-
culators, however, doesn’t mean
you'll have to learn a new style of
programming; you'll be able to use
the Basic-programming skills you
already have. As a plus, the flow of
your programs will be somewhat
easier for others to follow (and, for
that matter, easier for you to follow
when you try to regain understand-
ing of a program you wrote in the
past). Keystroke programming is
hanging on in the US but has fallen
into disfavor elsewhere in the world.

Whether they are keystroke or
Basic programmable, virtually all
new, advanced scientific calculators
sport some form of alphabetic-char-
acter entry for naming programs
and variables. Some have the alpha-
betic characters laid out in the
standard qwerty format. Others
have them in a less handy but more
compact rectangular array in alpha-
betical order. Still others allow you
to enter alphabetic characters as
shifted, or second, functions. This
last scheme results in the most com-

pact keyboards but proves the least
handy to use.

However, the issue of handiness is
somewhat moot for punching text
strings into a calculator. Although
one model, the Casio fx-8000G
($109.95), can store text files, no one
will ever be foolish enough to use a
calculator for word processing. And,
following a trend started by the
Sinelair personal computer (which
had a miserable, hard-to-use mem-
brane keyboard), all programmable
calculators provide one-stroke keys
for common programming con-
structs and scientific-function calls.
Therefore, you don’t have to do as
much typing to enter a program into
a calculator as you would if you were
entering your program into a file for
compilation or interpretation on a
computer.

The longest string of alphabetic
characters you would typically enter
would be a program’s title. The next
longest strings would be variable
names. In either case, the ease of
use of the various keyboards would
probably not have a significant ef-
fect on the total time you would
spend writing, entering, and debug-
ging a program.

In addition to having alphabetic
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To help you access its more than 250 built-in functions, the $235 Hewlett-Packard HP-28C

provides an extensive series of menus.

keys, advanced scientific calculators
are becoming more computerlike in
other ways. Take, for example, the
Casio Model fx-850P ($149.95). This
calculator is laid out in a horizontal
format with a numeric keypad and
scientific keys occupying the right-
most third of the calculator. On the
left is a miniature qwerty keyboard,
the shifted functions of the qwerty
keyboard include common Basic
keywords. Thus, the fx-850P is in-
deed a hybrid of the scientific calcu-
lator and the handheld Basic com-
puter.

Calculator has 1M-byte ROM
Basic programming isn’t this cal-
culator’s only computerlike feature.
Remarkably, the fx-850P comes
with a huge (1M-byte) internal ROM
that stores 116 scientific programs.
You can use these programs just as
you’d use the scientific-subroutine
libraries of mainframe computers.
Similarly, the Texas Instruments
Model TI-74 Basicale ($135) has a
qwerty keyboard and shifted funec-
tions for Basic keywords and scien-
tific functions. However, when you
press the Mode key, the alphabeti-
cal keys become scientific-calculator

66

keys. Thus you have your choice, in
one unit, of a handheld Basic com-
puter with scientific functions or a
conventional scientific calculator.

In addition to picking up the key-
boards and programming languages
of computers, calculators are also
getting more computerlike displays.
The Sharp Model EL-5150 ($79.95)
is a new, low-cost entrant in the
firm’s line of programmable calcula-
tors. It sacrifices the qwerty layout
and Basic keywords for a larger dis-
play than that of its cousins, Models
EL-5500111 and EL-5520. Just like a
computer’s graphics terminal, the
calculator displays equations in al-
gebraic form with true superscripts
for powers and standard mathemati-
cal symbols (HP and TI calculators
still use Fortran-like conventions for
mathematical symbols). The Casio
fx-8000G prints the characters A
through F in one typeface when you
use them in names and another
typeface when they signify hex
numbers.

Advancements in calculator dis-
plays don’t stop with mere mathe-
matical symbols and Greek letters.
Three new calculators, the Casio
Model fx-8000G ($109.95), the

Hewlett-Packard HP-28C ($235),
and the Sharp Model EL-5200
($109.95) feature large, multiline
LCDs having graphics capabilities.
The fx-8000G (like the company’s
earlier $79.95 fx-7000G) offers 16
charactersx8 lines or 96x64 pixels.
The HP-28C has 23 characters x4
lines or 137X 32 pixels. The EL-5200
shows 16 digits x4 lines or 96 x32
pixels.

These dot-addressable LCDs
offer two capabilities that you for-
merly could get only from a comput-
er. First, they let you draw a graph
of any function you can key in. The
calculators have functions for plot-
ting points, for drawing straight
lines, and for graphing several funec-
tions and determining their inter-
sections. Further, the Sharp EL-
5200 has dedicated keys for scrolling
and zooming the display. You can
invoke these keys manually or in a
program. (To change the scale of
Casio’s and HP’s displays, other
than by a fixed multiplier or factors
of two, you must call up and alter
the Range menu and then rerun the
graphing routine.)

Only time will tell whether or not
the ability to quickly view a graph of
a function is really a valuable tool
for engineers or is just a gimmick.
With the notable exception of soft-
ware engineers, most engineers em-
ploy a wide variety of visual design
aids such as pole-zero plots and
Smith charts. These aids allow an
engineer to go back and forth be-
tween the analytical realm and the
real world. Perhaps engineers find
such tools useful because, as brain
research indicates, the creative half
of the brain thinks in visual terms
while the analytical half works syn-
tactically.

Thus, perhaps the ability to jump
from the inherently syntactical, an-
alytical world of the calculator, with
its precisely ordered strings of com-
mands, into the visual domain of
graphed functions will prove to be a
surprisingly powerful aid to an engi-
neer’s creativity.

The other benefit conferred by
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Basic spoken here.

The T1-74 BASICALC:'

e advanced scientific
calculator you can
program in BASIC.

Every engineer should check it out.
Because when you talk programs,
you probably speak BASIC. And
this powerful TI programmable
understands your language.

The TI-74 BASICALC from
Texas Instruments knows 113 BASIC
keywords: From ABS to VERIFY.

You'll enjoy fast, straightforward

™Trademark of Texas Instruments Incorporated
1987 Tl

entry of the programs you use
constantly on your job. And
BASICALC keeps them always
handy in its Constant Memory™
8K internal RAM or optional 8K
plug-in cartridges.

You'll zip through everyday
calculations using BASICALC’s
70 built-in scientific, engineering,
and statistical functions—and its
ten user-definable keys. And you'll
see each operation on the large,
easy-to-read LCD display.

If all that’s not enough, you

CIRCLE NO 16

can add software cartridges—like
Pascal, statistics, mathematics. . .
A portable printer. And a cassette
interface for saving data in big
batches.

Think what you could
accomplish with a programmable
that speaks your language. Ask
to see it where you buy your
professional tools. Try the TI-74
BASICALC now.

TEXAS {'}
INSTRUMENTS
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large LCDs provides some help for
the fumble-fingered who have trou-
ble hitting calculator keys accurate-
ly and for the fumble-brained who
can’t get formulas or programs
right on the first pass. Whereas
most calculators display only the
present results of the operation last
invoked, the fx-8000G, HP-28C, and
EL-5200 can retain and display an
entire string of commands on their
large, multiline displays. The calcu-
lators have editing keys for moving
the cursor around in the command
line, and they have inserting and
deleting functions. Thus, you can go
back and alter the string before you
execute it. And, if you don’t like the
result of the calculation, you can
recover the command string and
data, alter them further, and rerun
them. (The HP-28C can also operate
in the immediate mode, as a conven-
tional calculator does.)

This command-string mode of op-
eration and these editing capabili-
ties make entering complex funec-
tions and programs in this calculator
much easier than it was in earlier
calculators that did not capture your
command line or support simple ed-
iting functions. The HP-28C has one
further computerlike trait: a single-
stepping command in its program-
control menu for troubleshooting
programs.

Menus and softkeys

An additional way in which scien-
tific calculators are becoming more
like computers is that many of them
are now menu controlled, and many
also provide some softkeys instead
of having a dedicated key for each
function. Very early in their devel-
opment, scientific calculators ac-
quired more functions than could
possibly be handled by the maxi-
mum number of dedicated keys that
could fit on a control panel of reason-
able size. Soon each key had to do
double duty—it had a primary func-
tion that you got with a single key-
stroke and a “shifted” function that
you got by preceding the keystroke
with the press of a shift or a second
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The $200 TI-95 from Texas Instruments requires only a simple connecting cable to drive its
companion printer ($115). The calculator also accepts preprogrammed ROM cartridges
containing applications programs or constant-memory cartridges for storing user programs

and data.

function key.

The Casio fx-8000G provides an
extreme example of this form of
control. Some of its keys have five
funetions. Which function you get
depends on the mode you are in and
whether you precede a keystroke
with a shift-key or alpha-key key-
stroke.

HP and TI have chosen to make
their newest control interfaces more
like menu-driven computer pro-
grams. The HP-28C’s keypad
doesn’t have many of the math keys
you’d expect to find on a scientific
calculator. It has only eight math
keys—four basic mathematical oper-
ations and four simple, shifted math
functions. The keyboard has no keys
for common scientific functions such
as trigonometric or logarithmic op-
erations. It does, however, have an
equals sign (earlier scientific calcu-
lators from HP did not). The
HP-28C gives you the option of en-
tering functions algebraically as
well as in the company’s classical
reverse Polish notation.

Before you can use most of the
mathematical, graphical, or editing
functions of the calculator, you must
first summon the appropriate menu.
For example, before taking the sine
of an angle, you must first press the

Trig button. After you've pressed
the Trig key, a series of five choices
appears across the bottom of the
display. You invoke the function you
want (in this case, sine) by pressing
a softkey immediately below the dis-
play. The TI-95 ($200) employs a
somewhat similar, but more limited,
scheme; it has more dedicated func-
tion keys than the HP-28C does.

The HP-28C’s designers had no
choice but to employ this menu
scheme. For its size, the HP-28C is
probably the most complex object
ever made by man. The calculator
has far more functions than any
other calculator—too many func-
tions to employ dedicated keys for
each one. Mechanically, the process
of selecting a menu with one key
and then using a softkey to get the
function you want from the menu is
identical—at least in the number of
keystrokes—to pressing a shift key
and a function key. Conceptually,
though, the two schemes are signifi-
cantly different.

To use the shifted-function ap-
roach, you need only learn your way
around your calculator’s keyboard.
To use the HP-28C’s menu ap-
proach, you must learn the hierar-
chy that the calculator’s designers
imposed on its collection of funec-
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Get more out

of your workstation.

Give your workstation the
powerful output it deserves. \Versatec
electrostatic and thermal plotters
deliver your drawings, maps, and
charts faster, more reliably than any
pen plotter.

Draw big, beautiful plots with
high speed monochrome or color
plotters in plot widths from 11to 44
inches. Print as you plot using hard-
ware character generators. Present
your work on high quality paper and
film media.

The right connection. Link
your Sun, Apollo, MicrovAX or IBM
PC/ATworkstation directly with any
Versatec plotter via fast parallel inter-

faces and optimized plotting software,

or simultaneously receive plots from
sixnodes on your Ethernet® TCP/IP
network with aVersatec Plot Server.

Versatec delivers more
support. More interfaces. More
standalone and embedded rasterizers.
More experienced electrostatic and
thermal plotter service. And more
spares at more locations.

Circle our readers’ service num-
ber or call toll-free 800/538-6477*
for your copy of "How to get more
out of your workstation.”

Move up to
Versatec.

*In California, call
toll-free 800/341-6060

Sun is a trademark of Sun Micro
systems. Apollo is a trademark of
Apollo Computer. MicrovVAX

1s a trademark of Digital Equipment
Corporation. IBM PC/AT is a trade
mark of International Business
Machines Corporation

Versatec and Versatec Plot Server
are tradernarks of Versatec, Inc
Xerox is a trademark of Xerox
Corporation

Plot data courtesy of Xerox, IMI and

Zeh Graphic Systems
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The press of a button switches the Texas Instruments $135 TI-7} from a handheld Basic
computer with scientific functions to a scientific calculator.

tions. Like many complex applica-
tions programs, the HP-28C has a
Help menu with an entry for each of
its functions and commands.

Optional printers

Just like real computers, most sci-
entific calculators can give you a
printout. But their optional printers
have two drawbacks. First, they are
generally noisy, slow, and some-
what troublesome to program. Sec-
ond, some require extra interface
boxes. The HP-28C has the simplest
link to its printer. It uses an infra-
red LED to send a print file to its
Model HP-82240A printer ($135)
and requires no connecting cable.

The Sharp EL-5200 and the Texas
Instruments TI-74 and TI-95 need
only a single cable to link the calcu-

lator and printer. The Sharp Model
CE-50P printer costs $124, and the
TI Model PC 324 printer costs $115.
The Casio calculators require an in-
terface unit between calculator and
printer. For example, the fx-8000G
requires the $69.95 Model FA80 in-
terface. The Casio Model FP40
printer costs $139.95. Casio’s
graphies calculators can also drive
the $399.95 Model FP-100 plotter.
The latest scientific calculators
offer nothing really new in the way
of storage of programs and data.
The cleanest solutions for storing
user programs and data are the con-
stant-memory cartridges that some
Texas Instruments and Sharp calcu-
lators employ. (The TI cartridges
cost $50; Sharp’s are $45 to $125.)
These calculators have a rudimenta-

the following manufacturers directly.

Casio Inc

Box 1386

Fairfield, NJ 07007
(201) 575-7400
Circle No 697

(201) 348-7000
Circle No 699

Hewlett-Packard Co
Inquiries Manager
1000 NE Circle Blvd
Corvallis, OR 97330
Phone loeal office
Circle No 698

Sharp Plaza

(201) 529-9526
Circle No 700

For more information . . .

For more information on the calculators described in this article, circle the
appropriate numbers on the Information Retrieval Service card or contact

Panasonic Industrial Co
One Panasonic Way
Secaucus, NJ 07094

Sharp Electronics Corp

Mahwah, NJ 07430

Texas Instruments Inc
Box 79408

Lubbock, TX 79408
(806) 741-2000

Circle No 701
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ry file-management system that al-
lows you to store and retrieve your
programs from the cartridges. Con-
tinuing the long-standing tradition
of ROM packs, the TI calculators
also accept preprogrammed, $45
ROM cartridges that contain rou-
tines for various specific applica-
tions such as mathematics and
chemical engineering.

With the aid of the appropriate
interface units, you can also store
programs for Casio, TI, and Sharp
calculators on common cassette re-
corders. The Model FA80 cassette/
printer interface for the Casio fx-
8000G costs $69.95. The TI cassette
interface costs $35. The Sharp
CE-50P printer ($124) also incorpo-
rates a cassette interface. The
Hewlett-Packard HP-28C has no
provision for external storage.

These calculators vary widely in
the amount of internal storage they
offer. The Casio fx-8000G can store
10 programs (having a total of 1446
steps) internally. The Hewlett-
Packard HP-28C has 1650 bytes of
user memory and is not intended to
replace the company’s HP-41, which
does offer off-line storage of large
program libraries and data files.

The Sharp EL-5200 can store 99
formulas having a total of 5120
steps; the Model EL-5150 stores 99
formulas having 1454 total steps.
Finally, the Texas Instruments
Models TI 95 and T1 74 each have an
8k-byte memory that you can parti-
tion at will among file space, pro-
gram steps, and data registers. You
can expand the memory with an
8k-byte constant-memory car-
tridge. EDN

Article Interest Quotient
(Circle One)
High 518 Medium 519 Low 520
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HARD-TO-FIND SIGNALS
A SOURCE OF DELAY?

Look at the Tek 2465A with a 17-bit
Word Recognizer. It's an easy, eco-
nomical scope option that makes
the critical difference when you need
to trigger on data to monitor digital
system performance. Parallel bus
information triggers your display,
SO you can view up to four chan-
nels of real-time information. Add
standard features such as 350
MHz bandwidth, on-screen
cursors, 500 ps/div time
base and trigger level
readout, and you have

a scope made for
solving tough
problems in
digital design!

CUT
IT OUT!

[] Please send me your free Yes! | want a closer look at the Tek 2445A/2465A Family.

videotape introduction, “The
2445A/2465A Family: From

Performance to Productivity.” Name
[ ] Please send me your free 22-page
brochure. Title
[]Please have a Tek representative
get in touch with me as soon as Company
possible to arrange a
demonstration. Address
City State Zip

( )
Phone Ext

D888-6-38AX EDN

Tektronix

COMMITTED TO EXCELLENCE

Copyright ©1987, Tektronix, Inc. All rights reserved. PMA 8168



SGOPES CGUT OUT FOR
YOUR KIND OF WORK.

You can tailor the 2465A for spe-
cial needs. Or choose one of three
multiple-option packages, the 2465A
Special Editions. They are config-
ured for specific application areas at
a significant savings over the sepa-
rately ordered options.

The 2465A CT with Counter/
Timer/Trigger offers crystal-
controlled timing accuracy plus the
extra triggering power you need for
digital systems.

Frequency and period can be
measured with counter accuracy
from any vertical channel directly. Or
set up the scope to measure time
intervals such as pulse width, rise
time and propagation delay. Then
store instrument setups in nonvolatile
memory—for easy access and auto-
matic execution.

Check Tek software develop-
ment packages. They make it easy
to generate automated and semi-
automated test procedures, even
without prior GPIB-programming
experience. Use the simple, multi-

*with Counter/Timer/Trigger

level menus to develop sophisticated

test programs.

Software is available to operate
with the Tektronix 4041 controller,
IBM PC, XT™ AT® and compatibles.

|
Key Features 2465A DV | 2465A DM | 2465A CT | 2465A 2445A
Probe Tip 350 MHz | 350 MHz | 350 MHz 350 MHz 150 MHz
Bandwidth
No. of Channels 4 4 | 4 4 4
Horizontal 2% 2% 2% 2% 2%
Accuracy (.001%") (.001%") (.001%") (.001%") (.001%*)
Max. Sweep 500 psec 500 psec 500 psec 500 psec 1 nsec
Speed
Vertical Sensitivity | 2 mV/div 2 mV/div 2 mV/div 2 mV/div 2 mV/div
Trigger Frequency | 500 MHz 500 MHz 500 MHz 500 MHz 250 MHz
GPIB Standard Standard Standard Optional Optional
Counter/Timer/ Standard Standard Standard Optional Optional
Trigger/Word
Recognizer
Digital Multimeter | Standard Standard Not Optional Optional
Available
Video Trigger Standard Not Not Optional Optional
Available Available s
Probes 4 4 4 a 2 | B
Warranty 3 years on parts and labor, including CRT

Get the full story! Return the

FIRST CLASS

PERMIT NO. 1

BUSINESS REPLY MAIL

BEAVERTON, OR

POSTAGE WILL BE PAID BY ADDRESSEE

Tektronix, Inc.
PO.Box 1700
Beaverton, OR 97077

reply card to Tek today. For a hands-
on demonstration, call your Tek Sales
Engineer.

NO POSTAGE
NECESSARY
IF MAILED
IN THE
UNITED STATES
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Transputer-based PC add-in board
supports programming in C

With the T4 add-in board, you can
develop parallel-processing applica-
tions on an IBM PC or compatible
computer. The board comprises four
processor sections, each containing
an Inmos Transputer and 1M, 2M,
or 4M bytes of dedicated dynamic
RAM.

A program running on a parallel
system typically comprises several
processes, each operating on a sepa-
rate processor, and is capable of

interprocess communications. The
Transputer performs these inter-
process communications through
four on-chip hardware links. The
links perform high-speed (10M or
20M bps) serial data transfers be-
tween Transputers when necessary.
The software can direct any process
to send data to or receive it from any
other process. Each Transputer has
four links that connect to externally
accessible pinouts, so you can con-

nect the Transputers in a variety of
parallel architectures, such as ring
or hypercube configurations. In a
system with multiple T4 boards,
you can link Transputers between
boards.

The initial version of the board
uses a T414 Transputer that oper-
ates at 15 or 20 MHz and that’s
capable of an instruction through-
put of 10 MIPS. The chip has a
linear address space of 4G bytes, of

FROM

PREVIOUS

STAGE
INTERFAGE

INTERFACE TO HOST PC

|

PG BUS I
I

I

(1 PER T4 SYSTEM) I
I

=1 RESET
| anaLyze TO OTHER o
By B e STAGES LINK BUFFERS
ERROR L -
‘ LINK
BUFFER

LINKS TO OTHER
PROCESSORS
OR HOST

mmmm‘
CQNTHOLLER,

|
I
|
I
|
I
|
I
|
|
I
I
I
L

RESET Y Y  RESET
ANALYZE | PROCESSOR | ANALYZE
—»] CONTROL |——>»
ERROR | AND SIGNALING | ERROR

TRANSPUTER SECTION
(1, 2, OR 4 PER T4 SYSTEM)

TO NEXT STAGE OR
SUBSYSTEM CONTROL
AND SIGNALING

The host-interface section of the Transputer-based T4 PC add-in board receives data from the PC bus and passes it to the board’s four
Transputer sections over high-speed serial links. You can connect the links among the Transputers either on the same board or on multiple T

boards, so you can configure parallel architectures, such as ring or hypercube configurations.
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Emission Control
With Emcor EMI/RFI enclosures
Available for FCC and military shielding requirements

Emcor offers two levels of standard catalog EMI/RFI
shielded enclosures: one to meet FCC requirements and
another to meet levels of attenuation required by the
military. Both product lines have been tested to MIL STD
285. Emcor also has the capability to provide custom
requirements not covered by standard catalog items.

Find out more about Emcor’s emission control
enclosures. Write or call today for our new EMI/RFI catalog.

EMCOR

1600 Fourth Avenue N.W., Rochester, Minnesota 55901 (507) 289-3371
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DID YOU KNOW?

EDN is distributed
at every major
electronics/computer show in the
U.S., France, and Germany.

EDN

which 2k bytes is 20-nsec internal
memory. It’s this fast workspace
memory that lets the Transputer
perform rapid context switching.
Instead of having to store all of its
register states when it switches
tasks, the Transputer merely
changes a pointer in the workspace;
the pointer tracks the section of
memory that holds a particular set
of registers.

The vendor will offer to retrofit
the T4 with the more powerful T800
version of the Transputer as soon as
Inmos begins shipping it in produc-
tion quantities. The T800 incorpo-
rates a floating-point unit and has
4k bytes of on-chip, 20-nsec dynamic
RAM.

You have an alternative to pro-
gramming the T4 in Occam (Inmos’s
programming language for the
Transputer). With the T4, the ven-
dor offers a C compiler that con-
forms to the emerging ANSI C stan-
dard. The C compiler supports
special constructs, which are syn-
tactically similar to the standard C
constructs and which support the
parallel architecture of the T4 sys-
tem. For example, the “Alt” con-
struct, which is needed for passing
messages between processes, de-
cides which link is serviced first.
The construct provides a priority
queue that has a time-out feature,
which prevents a single process
from hogging a Transputer.

The 15-MHz version of the sys-
tem, with one Transputer, costs
$1190. With two Transputers, it’s
$2190, and with four Transputers, it
sells for $4090. The 20-MHz versions
cost $1290, $2390, and $4490, re-
spectively. (These prices include 1M
bytes of dynamic RAM per
Transputer.) The system comes
with an assembler; the Parallel C
Compiler costs $495.

—Margery S Conner

Micropar Inc, 1100 Business Cen-
ter Circle, Newbury Park, CA
91320. Phone (805) 499-0652. TLX
272849.

Circle No 648
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Z I 7 0 G

The highest performance and

ighest integration, ever.
Together on a single 16-bit chi

The Z280™ gives you a more powerful CPU and higher
performance peripherals than you've ever seen on a 10-bit

chip. Think of it as a
complete microsystem
on a chip.

Unmatched
performance...

Start with the most
powerful 16-bit engine
available, add on-board Cache,
MMU and Burst Mode
memory support — and you'll
begin to understand the
7280's power and potential.

...powerful on-board
peripherals...

Imagine the savings in
cost and board size when
you have peripherals like 4 DMA
channels that 1l give you
transfers at 6.6 Mbytes/sec, and
a full-duplex UART.

The choiceis clear.

Right product. Right price. Right away.

ZILOG SALES OFFICES: CA (408) 370-8120, (714) 432-9971, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533.
GA (404) 923-8500, IL (312) 885-8080, MA (617) 273-4222, MN (612) 831-7611, NJ (201) 288-3737, (609) 778-8070,
OH (216) 447-1480, TX (214) 231-9090, CANADA Toronto (416) 673-0634, ENGLAND Maidenhead (44) (628) 781227,

W. GERMANY Munich (49) (89) 612-6046, JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979.
R.0.C.: Taiwan (886) (2) 731-2420, U.S. AND CANADA DISTRIBUTORS: Anthem E

JAN Devices Inc., Lionex Corp., Schweber Elec., Western Microtech., CANADA Future Elec., SEMAD.
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ctric, Bell Indus., Graham Elec., Hall-Mark Elec.,

...and the glue to tie it all together.
With a DRAM Controller to support up to 1 MBit DRAMs and
Programmable Wait State Logic —

on board — you're really look-
ing at significant glue reduction.

7280): Truly a microsystem.

The Z280 gives you a lot
more performance. In a lot less
board space. All off the shelf
and backed by Zilog's proven
quality and reliability. Plus, it's
binary code-compatible with
the 7807 and priced to rival 8-bit
chips. And all the development
support tools you need are
available from industry leaders.
Contact your local Zilog sales
oftice or your authorized dis-
tributor today. Seeing is
believing. Zilog, Inc., 210
Hacienda Ave., Campbell, CA
95008 (408) 370-8000.

Zilo

an affiliate of
EXXoN Corporation
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Take Image Processing
and Data Acquisition
to MACH speed on the
IBM PC with our new
ArrayProcessor.

Fasten your seat belts! Our IBM PC array process-
ing board and software fly! And they're completely
backwards compatible with our Image Processing
(frame grabber) and Data Acquisition (A/D, D/A)
boards and software.

Our MACH Series DT7010 Floating-Point Array
Processor is general-purpose, and performs [IEEE
32-bit floating-point arithmetic at 6.5 Mflops. The
DT7010is particularly good at crunching data
acquired by a Data Translation frame grabber or A/D
board.

And with our MACH Series software, youdon't
have to program the board. The MACH Vector Sub-
routine Library contains 118 general-purpose subrou-
tines for digital image processing/signal processing,
and vector/matrix operations. Our MACH Assembler
and MACH Simulator ease writing custom
algorithms.

Sohold on to your hat, and call us, at (617) 481-3700.
The age of supersonic, desktop Image Processing
and Data Acquisi-
tionis flying.

To learn more, see us in Gold
Book 1987, or call to receive
our first-ever 1987 3-Book Set,
including 1987 Catalog, Prod-
uct Summary Price
List,and
Applications

Handbook.
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MACH SERIES SUMMARY Software
Array FET* FFT* FFT* ina | g
Processing 1024 Point 1024 Point 256 x 256 Price MACH Vector Subroutine Library ...................... for end-users ($1495)
Board Real Complex Image
DT7010 MACH Microcode Assembler And Simulator . . . .. for algorithm developers ($1495)
Floating-Point 23ms 41 ; 4
i : i s i MACH Library, Assembler And Simulator ... ....................... (§2495)

*All execution speeds are real-world, not theoretical, and include overhead times.

DATA TRANSLATION

World Headquarters: Data Translation, Inc., 100 Locke Dr., Marlboro, MA 01752 (617)481-3700 Tlx 951 646

European Headquarters: Data Translation Ltd., 13 The Business Centre, Molly Millars Lane, Wokingham, Berks, RG11 2QZ, England Tix 849862 (#D)

International Sales Office: Australia (61) 2-662-4295; Belgium (32) 2-7352135; Canada (416) 625-1907; Chile (2) 2-253689; China (408) 727-8222, (86) 8-721-4017; Denmark (45) (02)
187188; England (44) 734-79383; Finland (358)-90-372144; France (33) (1) 69-28-01-73; Greece (30) (3) 152-7039, (30) (1) 361-4300; Hong Kong (852) 3-318585; India (91) 2-231040; Israel
(972) 3-324298; Italy (39) 2-81821; Japan (81) (3) 502-5550, (81) (3) 375-1551, (81) (3) 355-1111; Korea (82) 778-0721; Malaysia (60) 3-36299; Morocco (21) 9-30-6949; Netherlands (31)
70996360; New Zealand (61) 2-662-4295; Norway (47) (02) 559050; Peru (51) (14) 31-8060; Phillipines (63) 818-0103; Portugal (351) 1545313; Singapore (65) 271-3163; South Africa (27)
12469221; Spain (34) 14558112; Sweden (46) 8-7617820; Switzerland (41) 17231410, (41) 22360830; Taiwan (86) 2-709-1394; West Germany (49) 89809020.

Data Translation is a registered trademark of Data Translation, Inc. IBM PC is a registered trademark of International Business Machines Corp.
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Trio of digitizing oscilloscopes
features high bandwidth, deep memory

Three digitizing oscilloscopes—the
HP5185T, HP54112D, and HP-
54120T—can cater to almost all your
high-bandwidth and deep-capture
measurement needs. Each of the
three instruments focuses on differ-
ent measurement requirements (see
Table 1). The HP5185T precision
digitizing oscilloscope/waveform re-
corder provides the high resolution
and variable digitizing rate you ex-
pect from a waveform recorder and
also performs frequency-domain
signal analysis. Although it has
nearly the same input bandwidth,
the HP54112D offers twice as many
channels as the HP5185T does, but
at a little more than half the price.
For extremely high-frequency (to 20
GHz), repetitive measurements, the
HP54120T offers high-resolution
signal digitizing on four input chan-
nels.

With its high-resolution A/D con-
verter, deep memory, and complex
triggering capability, the HP5185T
precision digitizing oscilloscope cap-
tures extensive information about a
signal. The deep memory improves
the instrument’s ability to perform
an FFT on the sampled waveform.
In addition, the digital scope can
compute and display a signal’s
power and phase spectra. Each
input channel has two adjustable
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One member of a family of three digitizing oscilloscopes, the HP5185T features high-

resolution digitizing on two input channels at rates to 250M samples/sec, and it captures 64k

samples/channel.

trigger levels for internal trigger-
ing.

You can use these two levels to
create a hysteresis window that pre-
vents noise from accidentally trig-
gering data capture, to create a
“bi-trigger” window that triggers
data capture when a signal deviates
either above or below a set voltage,

to create “posneg” trigger levels
that start data capture only when a
signal has crossed both trigger lev-
els (regardless of the order of the
crossings), or to create a dropout
trigger that starts data capture
when a signal is either above or
below the trigger level for a speci-
fied length of time. A program-

TABLE 1—KEY SPECS FOR THREE DIGITIZING SCOPES

*SEE TEXT

NOTE: N/A=NOT APPLICABLE

REPETITIVE | SINGLE-SHOT | SAMPLE

BANDWIDTH | BANDWIDTH RATE RESOLUTION SAMPLES/
MODEL (MHz) (MHz) (MHz) (BITS) CHANNELS | CHANNEL | PRICE
HP5185T 110 110 250 8 2 64k $40,000
HP54112D 100 100 400 6 4 64k $22,900
HP54120T 2000 N/A N 12 4 1k TO 10k | $27,850
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NEW
2400 BPS
CCITT V.22 BIS
SINGLE-CHIP MODEM

FEATURES:

* One-chip muiti-mode modem IC for
V.22 bis/V.22/V.21 and Bell 212A/
103 applications

* FSK (300 BPS), DPSK (600, 1200
BPS), or QAM (2400 BPS) encoding

» All modem functions included in a
single chip

« Integrated DSP for high performance
adaptive equalization receive
capability

* Fully compatible with SSI K212,
K221, and K222 1-chip modems

« Interfaces directly with standard
microprocessors (8048, 80C51
typical)

* Single +12V or + 5V supply

* CMOS technology for low power
consumption (120mW @ 5V)

Silicon Systems now offers the
industry’'s most highly integrated
modem IC—the SSI K224. It is a
single-chip modem IC that provides
all the functions needed to construct a
V.22 bis compatible modem, capable
of 2400 BPS full-duplex operation over
dial-up lines. The SSI K224 offers
excellent performance and a high level
of functional integration in a single 28
pin DIP. This device meets world-wide
standards and supports all modes of
operation, allowing both synchronous
and asynchronous communication.

The SSI K224 is ideal for use in
either free-standing or integral system
modem products such as lap-tops,
PC:s and portable terminals, or
wherever full-duplex 2400 BPS data
communications over the 2-wire
switched telephone nefwork is desired.

The SSI K224 is pin and software
compatible with the SSI K212, K221,
and SSI K222 single-chip modem IC’s,
allowing system upgrades with a single
component change.

For more information on the SSI K224
and the complete SSI K-Series modem
IC family, contact: Silicon Systems,
14351 Myford Road, Tustin, CA 92680.
Phone: (714) 731-7110, Ext. 575.

ilicon Systems

INNOVATORS INJINTEGRATION
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mable delay allows you to postpone
the start of data capture by as many
as 1M samples. The scope also has
an external-trigger input.

Each channel of the HP5185T
provides nine full-scale input ranges
from +50 mV to =20V, and you can
define as many as three custom
range settings for frequently taken
measurements. A gated timebase
allows an external signal to start
and stop the waveform digitizing
after the trigger. In addition, al-
though the instrument has a linear
sampling timebase that ranges from
8 nsec to more than 490 psec (250
MHz to 2 kHz) in 8-nsec steps, its
external timebase input allows you
to use nonlinear or precision fre-
quencies ranging from de to 250
MHz as a sample clock. The compa-
ny also offers this instrument as the
$28,200 HP5185A waveform digitiz-
er: It has the same specifications as
the HP5185T’s, but doesn’t have a
display. Each of the two versions of
the instrument includes an IEEE-
488 interface that allows a host com-
puter to program the instrument
and to read the samples after the
signals have been captured.

Although some of its specifica-
tions resemble those of the
HP5185T, the HP54112D digitizing
oscilloscope is quite a different in-
strument. It has two bits less verti-
cal resolution, twice as many chan-
nels, and costs a little more than half
the price. The HP54112D does not
have the HP5185T’s frequency-do-
main-calculation capability or its
dual internal triggers for each chan-
nel, but it does share the HP5185T’s
ability to compute and display other
signal attributes, including frequen-
¢y, period, pulse duration, rise and
fall times, and signal rms voltages.

The HP54112D digitizes signals
at rates from a blazing 400 MHz to a
snail-like 50 sec/sample. Its input-
channel ranges span =5 mV/div to
+5V/div. Each input has one trig-
ger level, and the instrument ac-
cepts an external trigger applied to
a rear-panel input connector. In ad-
dition, it has a pattern trigger that

allows you to use the four analog
input channels plus the external
trigger input as a 5-bit logic trigger.
A trigger delay allows you to hold
off the start of data capture by as
many as 16M trigger events. The
scope’s color display makes the mul-
tiple signal traces easy to identify:
The scope ties numeric information
on the display to the associated
trace by displaying the numbers in a
matching color.

For very-high-frequency analysis,
the HP54120T digitizing oscillo-
scope features a 20-GHz repetitive-
signal bandwidth on its four input
channels. The company rates the
scope’s timebase as having 0.25-psec
resolution and 10-psec accuracy. Be-
cause the instrument uses a sequen-
tial sampling technique that ac-
quires only one sample per trigger,
it does not perform single-shot
measurements. In fact, the scope
digitizes at a typical sample rate of
4500 Hz and has a maximum sample
rate of 10 kHz. Its input channels
have no trigger levels; you must use
the instrument’s 500-MHz external
trigger input.

In addition, the 50() input chan-
nels have no input attenuators. The
full-scale input range for all chan-
nels is =320 mV. To reduce larger
signals, you use fixed, external at-
tenuators that you screw onto the
channel’s 3.5-mm input connectors.
The company offers HP33340C Se-
ries fixed attenuators for $248 each;
they offer attenuation of 0 to 40 dB.
An external enclosure houses the
input channels and trigger input,
allowing you to place the input con-
nectors close to the circuit you're
testing so you can minimize the
lengths of the test cables. At the
very high frequencies the HP-
54120T can capture, you need the
shortest possible cable runs. The
input head contains fast S/H circuits
with filtering, so only low-
frequency analog signals pass back
to the instrument’s mainframe,
where the digitizing is performed.

Above 1 GHz, you’d normally pipe
signals around a system by using
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““THEY SAID NO ONE
COULD PUT IT ALLON ONE CHIR”

Introducing the SSI K224 With Everything
You Want in a 2400 BPS Modem— With
DSP on Chip.

“When we set out to design the universal
modem IC that would meet 300 to 2400 BPS
worldwide standards, even some of our best

FgATu'Qés

—

. 2 SINGLE-CHIP MODEM] L wWIPE.__ &
customers were skeptical. We knew existing Tronle” cop B IO
INTE@RATED DSP FUNCIIONGT (TH] K

solutions took a handful of IC’'s and separate
DSP’s for V.22 bis operation, requiring a lot of
space and power. Our customers said they
needed a single IC that would do it all, so it
was only natural that we would come up with
a chip that would meet their needs.

“Here’s what they asked for, and here’s
what the K224 gives them: V.22 bis, V.22,
V.21, Bell 212A and 103 modes of operation
for both synchronous and asynchronous
communication; complete tone generation
for DTMF, answer and guard tones; call pro-
gress tone and handshake pattern detectors;
and all the other functions needed to support
intelligent modem designs. We integrated all
these functions plus the DSP on a single
chip—something no one else had attempted.

" S0 our skeptics were almost right when
they said no one could put it all on one chip—
because so far no one else has. Maybe some SRS
day someone else will. Meanwhile, give us Rz
a call and take advantage of the jump we've
got on our competition by getting the jump
on yours.”

V.22 bis 24¢0 B Ps.
15V Low PowicR ,

SMAL PRckpRING
”'L‘EK!SLEA,MTERP POR’HS!ESL

Call Now!
(714) 731-7110, Ext. 575

For more information on the SSI K224, or
the complete K-Series family of compatible
modem IC’s, contact: Silicon Systems, 14351
Myford Road, Tustin, California 92680.

Jzﬁwnﬂ&{am

Steve Levy/ Peicheng Ju
Design Engineers

INNOVATORS IN JINTEGRATION

“Where we design to your applications.”
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LMI makes
RF1/EMI filter
selection easy.

* Lectroline® power line filters meet
MIL-F-15733 and interface with all UL and
NEC approved equipment. UL-1283 approval
pending.

* Wall- and Floor-mounted Lectroline
power line filter panels.

* Filters and power factor coils available

for standard 60 Hz and 400 Hz power systems.

* Communication and control line
filters.

® Lectroline signal line filter panels.

 Custom filters to your specs to comply
with MIL-STD-461/2/3, FCC, VDE and other
regs.

* Common mode filters.

Reliability — an LMI advantage.

All Lectroline power line filters are supplied
with internal bleeder discharge resistors per
UL 478-1967 and NEC 460-4.

Oil leakage is virtually eliminated by hermetically
sealing both the oilimpregnated capacitors and
the external case.

Other LMI advantages include ventilation
screens in high-current Lectroline filters (to
UL-1283), use of wiring wells to isolate input
and output wiring, and internal filter wiring at
1000 circular mils per ampere, minimum.
Assembly of all electrical wiring, terminal strips
and cabling is performed with UL-approved
devices.

For most RFI/EMI suppression
applications.

LMI filters and filter panels are now widely used
in shielded rooms and cabinets, ground support
equipment, computer rooms, hospital
diagnostic facilities, electrical and electronic
equipment, and communication centers. Write
or call the LMI Application Engineering
Department for additional information.

Nationwide Representatives

@D LectroMagnetics, Inc.
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