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Superior performance now runs

in the family.

Introducing the
8842A digital multimeter.
Choices. Choices.
Should you choose the powerful Fluke
8840A? Or the new, advanced 8842A?
Depending on the level of performance you
need, consider this:

Enhanced capabilities for new
applications.

The new 8842A is so technologically
superior, it can outperform DMMs costing
twice as much. Its capabilities include 0.003%
1-year basic accuracy and 100 nV resolution
for dc voltage measurements. And it incorpo-
rates exclusive new thin film resistors* for
a two-year calibration cycle.

The widely-accepted 8840A on the other
hand, offers value unmatched by any other
DMM in its class. Like the 8842A, it's simple
to operate. It gives you long-term reliability.
And it delivers high productivity with a low
overall cost of ownership.

Choose either model for under $1,000.
The 8840A starts at $795, the 8842A at
$995. Both are also available with True RMS
AC and |EEE-488 capabilities. Which one is

ey
b

Call toll-free 1-800-44-FLUKE
(1-800-443-5853) Ask for extension 140,

* Patent pending

right for you? The choice may not be easy. But
at least now, it's a family decision.

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

FLUKE 8840A FLUKE 8842A

0.005% basic dc accuracy (1 Yr) 0.003% basic dc accuracy (1 Yr)
0.16% basic ac accuracy (1 Yr) 0.08% basic ac accuracy (1 Yr)
0.013% basic ohms accuracy (1Yr)  0.008% basic ohms accuracy (1 Yr)
Resolution to 14V dc, 10A dc, Tm2  Resolution to 100nV dc, 144A dc, 10082
One-year specifications and warranty ~ Two-year specifications and warranty
8840A $795 B8B42A $995
8840A-09 with AC True RMS ~ $990  8842A-09 with AC True RMS $1,245
8840A-05K IEEE-488 Field Kit $170 8842A-05K IEEE-488 Field Kit $170

FLUKE

IN THE U.S. AND NON-EUROPEAN COUNTRIES: John Fluke Mig. Co., Inc. PO. Box C9090, M/S 250C, Everett, WA 98206, Sales: (206) 356-5400, Other: (206) 347-6100.
EUROPEAN HEADQUARTERS: Fluke (Holland) BV, PO Box 2269, 5600 CG Eindhoven, The Netherlands, (040) 458045, TLX: 51846.

@© Copyright 1985 John Fluke Mfg. Co., Inc. All rights reserved. Ad No. 2801-8842
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Dale Surface Mounted
Components—for more
choice in less space.

Pick Dale and place your surface mounted
requirements in the hands of an industry leader.
Dale’s experience with surface mount technol-
ogy began in 1970, when we introduced our first
chip resistors. Today, Dale has a wide selection
of basic surface mounted components to choose
from. This choice offers you maximum flexibility
in coordinating packaging and performance
requirements.

You'll find the components at right already
in use by major companies nationwide. These
components are designed for automatic place-
ment...compatible with standard soldering
methods...and will help you shrink cost and
board space.

Dale’s unique blend of experience, selection
and excellent service provides you with what you
need to accelerate your surface mount progress.
The numbers to call are: Thick Film Resistor
Networks, Thermistors: El Paso, TX: 915-
592-3253; Thin Film Networks, Thick and
Thin Film Chips: Norfolk, NE: 402-371-0080;
Wirewound Resistors: Columbus, NE:
402-564-3131; Trimmer Potentiometers,
Oscillators: Tempe, AZ: 602-967-7874,
Inductors, Transformers: Yankton, SD:
605-665-9301.

Dale makes your basics better:
CIRCLE NO 1
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Small outline molded dip package,
ceramic chip carrier styles and flat
pack (MIL-R-83401). All standard

schematics. R/C styles available.

Thin Film Networks
TLCC

*TOMC
S
TOME . |

» DARE
"HHFEER

Chvp carrier styles and small
outline molded dip package. All
standard schematics.

Thick Film Chips
CRCW RCWP RCWPM

o | (.

Commercial and MIL-R-55342 styles.
1%, 2% & 5% tolerance. Standard
sizes available from stock.

Thin Film Chips

TNP ,
& .

*TNPW
Commercial styles. Flow

solderable. Single element
and tapped, wire bondable.

Transformers @

1
Custom designs | ‘ “
available. S

Standard, automatic or reverse
adjustment. 100 ohms to 1 Meg.

Thermistors
W H

NTC style. 5% & 10%, Rgps tolerance.

Chip Inductors
*IMC g

Molded style, 1 uH to 1000 uH.
10% & 20% tolerance.

Oscillators ;|
XOSM

Metal packages in two styles
(XOSM-43, XOSM-51*). Compatible
with most logics. 240 Hz to 60 MHz.

Wirewound Resistors
LVSR

1, 2, 3, 5 watts including low
value current sensing styles.
“S" and Gull Wing leads.

*Available soon.



“We brought 19 products into full compliance.
FCC,DOC, UL and CSA. 50 approvals!
On time and on budget.

» Gavin Steven,
an S British Telecom/
o 00 ) 0 Mitel Datacom

BRITISH TELECOM CHOSE DS&G

“A single compliance problem could have crippled our
introduction and damaged our reputation. We chose the best
R&D facility to help us”

“WE KNEW ENOUGH NOT TO GO IT ALONE”

Until 1984, British Telecom was itself the telecommunications
approval authority in Great Britain. They understand the benefits
of using an independent laboratory solely dedicated to compliance
approvals and totally familiar with the smallest regulatory details.

“WE CHOSE THE BEST US.R&D FACILITY”’

Dash Straus & Goodhue is much more than the East Coast’s largest
R&D facility specializing in compliance. It actively consults with
the U.S. government on compliance matters, runs the industry’s
most extensive seminar and training programs, publishes the
industry’s sourcebook, Compliance Engineering, and handles
world-wide compliance programs.

BEYOND TESTING TO TOTAL SOLUTIONS
DS&G can handle every aspect of your compliance program,
including all paperwork and liason with government agencies.
DS&G offers initial design assistance, full product safety, emissions
and telecom testing, and complete retrofit designs.

LESS WORRY, LESS DELAY, LOWER COST

Estimated completion dates and prices are given up front. Because
DS&G engineers and lawyers are compliance experts, most clients
find costs to be far less, and the company’s compliance position
safer, than with internally run programs.

TO LEARN MORE, CALL OR WRITE: 617-263-2662

Dash Straus & Goodhue, Inc.
593 Massachusetts Avenue, Boxborough, MA 01719
Telex: 317-632 DASH

Jash| Straus Goodhue ¥ \ gl e D AN

Dash| Strau & oodhue m é(@ &®

NVU’[&@ Accredited by the National Bureau of Standards for Emissions and Telecommunications Testing




Ghe world's smatess
urface mount mixer

Tight packing density, lowered assembly costs, and improved
reliability make surface-mount technology (SMT) highly attractive to
systems and product manufacturers. If your design is ready for SMT,
specify Mini Circuits’ new RMS series, the world's smallest (0.25 by
0.30 by 0.2 in.) double-balanced SMT mixers, spanning 0.5 to
1000MHz, from only $6.95 (10-49 qty).

The tiny, non-hermetic package houses RF transformers, a ceramic-
alumina substrate, and a four-diode assembly. A unique edge-plated
design eases the job of making reliable solder connections to a
printed-circuit board. A protective-barrier layer on top of the package’s
conductive layer retards the harmful effect of electromigration which
may occur during soldering. The RMS can be attached to a pc-board
by conventional manual soldering or with automatic equipment;
mixers can be supplied in a tape-and-reel format for automated
pick-and-place machines.

When you think SMT, think small, low-cost. ..
think Mini-Circuits RMS series.

finding new ways. ..

setting higher standards

SPECIFICATIONS

FREQUENCY RANGE, MHz
LO, RF
IF

CONVERSION LOSS, dB, Typ.
Mid-band (10, —f,5)
Total range (fi—1,)

ISOLATION, dB, Typ.
Low-band ( f,— 10f,)
Mid-band  (10f, —f, 5 )
Upper-band (fu/2 =)

PRICE (10-49)

f, = lowest frequency in range

f, = highest frequency in range

[ JMini-Circuits

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

EDN January 7, 1988
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from B

RMS-1
0.5 — 500
DC — 500
5.5

6.2

L-R L
55 50
33 30
27 24
$6.95

RMS-2
5— 1000

DC— 500

6.5

7.0

L-R L

55 50

35 30

25 20

$7.95

F110 REV. ORIG.



Giny SPDT switich

e t0 4.6GHz... $32%

4

Tough enough to pass stringent MIL-STD-202
tests, useable from dc to 6GHz operation, and smaller than
most RF switches, Mini-Circuits’ hermetically-sealed
KSW-2-46 offers a new, unexplored horizon of applications.
Unlike pin diode switches that become ineffective below
1MHz, this GaAs switch can operate down to dc with control
voltage as low as -5V, at a blinding 2ns switching speed.

Despite its extremely tiny size, only 0.185 by 0.185 by 0.06 in.,

the KSW-2-46 provides 50dB isolation (considerably higher

than many larger units) and insertion loss of only 1dB. The
surface-mount unit can be soldered to pc boards using conventional
assembly techniques. The KSW-2-46, priced at only $32.95,
is yet another example of components from Mini-Circuits
with unbeatable price/performance.

Switch fast...to Mini-Circuits’ KSW-2-46

SPECIFICATIONS

FREQ. RANGE dc-46 GHz
INSERT. LOSS (db) typ max
dc-200MHz 0.9 1.1
200-1000MHz 1.0 1.3
1-46GHz 13 %
ISOLATION (dB) typ min
dc-200MHz 60 50
200-1000MHz 45 40
1-4.6GHz 30 23
VSWR (typ) 1.3:1
SW. SPEED (nsec)
rise or fall time 2(typ)
MAX RF INPUT (dBm)
; up to 500MHz +17
finding new ways above 500MHz 27
setting higher standards CONTROL VOLT. -5V on, OV off

OPER/STOR TEMP. -50 to +100°C
[JMini-Circuits

A Division of Scientific Components Corporation

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 C 117 REV.A
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DESIGN FEATURES
Special Report: Real-time operating systems 114
) A real-time operating system can enable
< you to design and write a large real-time soft-
/J K ware system as a collection of simple, poten-
KEEPING AMERICA tially 'rcusablc routines. But using a formal
COMPETITIVE, real-time OS means learning a completely
new programming style.—Charles H Small,
Associate Editor

DC/DC converters adapt to 145
the needs of low-power circuits

High cost, quiescent current, and circuit complexity have often
restricted switching power supplies to high-power applications, for
which the switchers’ high efficiency, wide input range, and reduced

On the cover: Real-time operating size and weight offset their drawbacks. Now, however, you can advan-
systems are introducing ovier into chaos. — tageously employ switchers in low- and medium-power applications.
See py 114. (Photo courtesy Intel Corp) —Len Sherman, Maxim Integrated Products
Proper glitch capture requires 157
knowledge of logic-analyzer limits

Using a logic analyzer to locate the source of intermittent malfunc-
tions in digital systems can prove to be extremely frustrating. If you
understand your analyzer’s capabilities and limitations, though, you
raise the odds of having the instrument furnish the information you
need.—Wolfganyg Schweitzer, Kontron Messtechnik

Integrated PLDs support 165
Multibus II bus arbitration

The incorporation of buried state registers in PLDs makes the
devices suitable for the design of sequential machines. Such devices
thus provide compact packages for containing the bus-arbitration logic
in Multibus II systems.—Aw»thur Khu, Advanced Micro Devices

Micropower op amp offers 181
simplicity and versatility
An op amp whose input range includes both supply rails and whose
output voltage swings within 100 mV of those rails can simplify a cir-
cuit by eliminating certain traditional components.—Zahid Rahim,
Sugnetics Corp
Continued on page 7
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SURPRISE!

e old Imts are off...

Meet Hewlett-Packard’s
Versatile Link HFBR-0501 series of
fiber optic components. Innovative
HP technology now makes the noise
and interference immunity of fiber
optics accessible and easy to use for
short-distance applications. This
opens up significant new voltage iso-
lation and data communication
design possibilities in pc board inter-
communications, instruments,
computers and test equipment.

HP’s Versatile Link is TT1~and
CMOS-compatible. Data rates can go
from DC to 5 megabits/sec. Low pro-

file mounts allow tight board stacking.

Three styles of connectors, including

CG08703

6

fiberoptic.
constraints.

For more information, call the Hewlett-
Packard sales office listed in your
telephone directory white pages and
ask for the Components Department.

latching and duplex, permit almost any
configuration called for by your design.

Plus, it can be auto-inserted and
wave-soldered. And, no optical design
is required...making it remarkably
cost-effective.

Take the limits off yourself?!

A comprehensive Versatile Link
evaluation Kit is available through
your authorized Hewlett-Packard
components distributor for just $24.957
(Order Part No. HFBR-0501.) In
the U.S., contact: Almac Electronics,
Hall-Mark, Hamilton/Avnet, or
Schweber. In Canada: Hamilton/

Avnet or Zentronics Ltd.
*U.S. List price.

(7

HEWLETT
PACKARD

CIRCLE NO 137
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Continued from page 5
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Just-introduced telecomm ICs offer
economical ways to upgrade telephone-
and PABX-system designs (g 55).

EDN magazine
now offers
Express Request,
a convenient way
to retrieve product
information by
phone. See the
Reader Service
Card 1n the front
for details on how
to use this free
service.

Expre55| l |||.
Request

TECHNOLOGY UPDATE

Telecomm ICs offer improved functions 55
for telephone- and PABX-system designs

The latest offerings from telecomm-IC manufacturers not only con-
tinue the general trend toward higher integration by incorporating
more functions than previous telecomm ICs did—they also substantial-
ly improve on those functions.—Dave Pryce, Associate Editor

Analog comparators achieve high speeds, 75
but application challenges remain

High-speed analog comparators have always presented design
challenges, and the state-of-the-art devices discussed in this article are
no exception.—David Sheay, Regional Editor

Raster printers profit from 87
available technologies to suit diverse uses

Almost all computer applications today rely on hard-copy-output
devices, and with the abundance of raster-printing technologies
available, you can now match a raster printer with just about any ap-
plication.—Maury Wright, Regional Editor

PRODUCT UPDATE

500-kHz to 1-GHz hybrid amplifier 103
Frequency- and time-measuring analyzer 104
Scientific calculators 106

DESIGN IDEAS

Baseline restorer is voltage programmable 191
Program designs T flip-flop state machines 192
Circuit vocalizes dialed phone numbers 198
Signal edges set and clear D flip-flop 200
MOSFET switches memory-supply current 202

Continued on page 9
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14450 PROGRAMMABLE REASONS
TO MOVE UP TO THE 29B.

With support for an additional 200
devices, the 29B Universal Program-
ming System continues to program
virtually every device on the market,
including the latest one megabit
EPROMs and PLDs in PLCC pack-
ages. And the 29B continues to sup-
port more devices than any other
programmer, because no one is more
committed to keeping pace with the
semiconductor manufacturers than
Data 1/0®.

THE 29B GIVES YOU A PROGRAM-
MING FUTURE. \While the 29B sup-
ports more than 1600 devices, you
don't have to buy support for every
device all at once. Its modular system
of paks gives you the flexibility to
build a universal programming sys-
tem at your own pace—whether

Data I/0 Corporati
FutureNet 9310 T¢
Data I/0 Canada
Data I/0O Europe
Data 1/0 Japan ¢

©1987 Data |/0 Corporation

8

gradually or all at once. For example,
you can start with gang and set pro-
gramming for EPROMSs and
EEPROMSs. Later, expand your sys-
tem by adding logic or bipolar PROM
programming.

MANUFACTURER-APPROVED
ALGORITHMS FOR RELIABILITY. The
29B provides manufacturer-approved
algorithms for superior programming.
So, whether you operate the system
in the stand-alone mode, from a ter-
minal, or from a personal computer
using PROMIink™ programmer inter-
face software, you're guaranteed reli-
able, trouble-free programming and
maximum yields. It's this dedication
to superior performance and com-
plete device support that's made the
29B the leader, year after year.

6444/ Telex 15-216

Telex 16616 DATIO NL

UPGRADE

For a limit i
) ed time on| {
receive acredit towardg’ayr?gv'\l/

Mmainf, :
GangPak'"r\?Vrf?e' UniPak 28™, or

S en you y :
Your equivalen garade
ment includin t Data I/0O equip-

TRADE IN

in any other program-

any manufacturer), and

Or trade
mer (from
you'll recej

Ve a credj
emory, | Mt towards the

gramming Syst o91¢, or Gang Pro-

Call to fing ouftam‘
exactly h
gzjt;%h your pr_ogramme?/isc\)/\\//\c/) th
> urry! This offer ends i
€cember 37, 1987.
l-800-247-5700
Dept. 45
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INMOS.
IMS T800 TRANSPUTER.
4.6 MEGAWHETSTONES.

INTEL.
386/387 16 MHz
1.8 MEGAWHETSTONES.

MOTOROLA.
68020/68881 20 MHz
1.5 MEGAWHETSTONES.

DEC.
VAX 11/780/FPA
11 MEGAWHETSTONES.

ONE T800 TRANSPUTER GIVES

2.5 DOUBLE PRECISION
MEGAWHETSTONES...

SO WHEN IT COMES TO
PROCESSING POWER SEVEN
INMOS T800 CHIPS COULD

GIVE THE MIGHTY CRAY 1S,
RATED AT 161 MEGAWHETSTONES
AREAL RUN FOR ITS MONEY!




MULTIPROCESSOR

MUSCLE.

MORE RAW
PERFORMANCE.

When you're out in the trenches fighting it out with ordinary
microprocessors, running out of muscle is all too easy. That's why you
should look to the new T800 Transputer from INMOS.

The T800 is the fastest 32-bit, single chip, floating-point
microprocessor available today. Aquick glance atits statistics will show
why nothing else is in its league...

32-bit enhanced RISC processor...64-bit on-chip |EEE floating-
point processor...4K Bytes on-chip 50ns static RAM...Four 20 MBits/sec
interprocessor communication links...Eight independent DMA
engines. All on a single chip capable of sustained 1.5 MFLOPS...and
4.6M Whetstones!

And, if that's not enough raw power, the T800's links allow
multiprocessor systems to be constructed quickly and easily — givin:
you 6 MFLOPS with four T800's...30 MFLOPS with 20..150 MFLOPS with
100...In fact, there's no limit to the number of Transputers you can use!

Programming Transputers couldn’t be easier, with compilers for
C, Fortran and Pascal, and the world's first concurrent programming
language OCCAM.

Want to turbocharge your current system? No problem. Our
exclusive Link Adaptor IC's allow Transputers to be connected to other

microprocessors or peripherals.

Other team members include the pin compatible T414 Transputer,
offering lower cost, 10 MIP performance and 0.75M Whetstones.
Lined-up to provide all the I/O processing you need, the T212 16-bit
Transputer is the ideal high performance controller and the M212 Disk
Processor combines disk controller hardware and a Transputer on a
single chip, supporting both Winchester and floppy disks. And the C004
Link Switch makes the design of software reconfigurable multiprocessor
systems as easy as kicking an extra point.

Whatever field you're in —from real-time distributed systems to
high-performance graphics, from fault-tolerant systems to robotics,
Transputer technology can give you scalable performance at a cost
you can afford.

Transputers are manufactured using an advanced 1.5 micron
CMOS process which keeps the power consumption under one watt.
So your system stays cool while under fire.

Transputers to MIL-STD 883C will be available in the first half
of 1988.

If this all sounds like your kind of game, put the ball in play by
contacting your local INMOS sales office today. And get ready to score.

DESCRIPTION PERFORMANCE AVAILABILITY PACKAGE
Word Clock Integer Floating Point
Part No. Length MHz Drystones Whetstones Commercial Military
IMST800-20 | 32-Bit 20 9500 4.6 Million Now Q288 84 PGA
IMS T414-20 32-Bit 20 9500 0.75 Million Now Q288 84 PGA
IMST212-17 16-Bit 17 8000 - Now Q288 68 PGA
IMST212-20 16-Bit 20 9500 - Now Q288 68 PGA
IMSM212-17 | 16-Bit 7 8000 = Now - 68 PGA
NETWORK SUPPORT PRODUCTS AVAILABILITY PACKAGE
Part No. Description G ication Speed Commercial Military
IMS C004 Software configurable 10 + 20 MBits/sec Now Q288 84 PGA
32 way link switch :
IMS COT Link to system bus 10 + 20 MBits/sec Now - 24 Pin DIP
IMS C012 Link to system bus 10 + 20 MBits/Sec Now Q288 24 Pin DIP
A ~ D
.' ) Ummos®
| 8 )
A1 !
——

INMOS, Colorado Springs, Colorado 80935. Tel. (303) 630-4000.

Orange County~714-957-6018 Denver —303-252-4100 Dallas —214-490-9522 Baltimore —301-995-6952
Santa Clara—408-727-7771 Minneapolis —612-932-7121 Boston —617-366-4020 Atlanta—404-242-7444

r[] Send me information on the Transputer Team. []Send me the Transputer White Pages, a listing i
I of third-party manufacturers’ fransputer-based products and services.
[IPlease have a Field Applications Engineer call. []Please have asalesman call.

Title
Address
Zip Tel

) and IMS are trademarks of the INMOS Group of Companies.
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Wyse takes the high cost
outof high resolution.

gt gl Wy At $999, the WY-700 Graphics Subsystem
R ' is easily affordable. And its 1280 x 800
: resolution makes the best of software
packages like these:
DESKTOP PUBLISHING  COMPUTER-AIDED
Ventura Publisher DESIGN
PageMaker/PC AutoCAD
Frontpage Cadvance
DeskSet In-A-Vision
Pagemaster Generic CADD
Rim System VersaCAD ADVANCED
Compound Document Workview
Processor Procad PC
Display Ad Make-up P-CAD Systems
Pl GRAPHIC SYSTEM TOOLS
MS-Windows
GENERAL PC SOFTWARE  GEM
Lotus 1-2-3 MetaWindows
Symphony HALO
PC-Paintbrush KEE PC
Wyse raises the standards for You can do it all on the 3571 N. First Street, San Jose,
high resolution graphics, while ~ WY-700. A complete system, CA95134. Or call toll-free, today,
lowering the cost. monitor and board, for just $999. for more information.
Now you can have high With a large 15-inch display, Call 1-800-GET-WYSE
resolution and full IBM soft- full tilt and swivel, and a crisp
ware compatibility. 1280 x 800 pixel resolution.
So Desktop publishing The WY-700. It’s your best WYS E
applications can get the screen  solution for high resolution.
treatment they deserve. You Write Wyse Technology, LT A

canrun spreadsheets like Lotus  Attention: Marcom Dept. 700, YOU NEVER REGRET A WYSE DECISION.
1-2-3 with four times
more data displayed on
the screen. Computer-
Aided Design packages
can deliver their full
potential. And Graphics-
based pc environments
finally have the high res-
olution they were made for. [ T

WYSE is a registered trademark of Wyse Technology. WY-700 and the “V” shaped design are trademarks of Wyse Technology. © 1986 Wyse Technology.
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The Hi
and Lows.

Sometimes there’s more to high
technology than just the highs. A
good CPU board delivers hlgh

ualrty hlgh perfonnance,

With two serial ports, 40 pro-
grammable parallel 1/O lines plus

“an IBM or co‘mpatibl'e PC and

M High Quality

M High Performance
M High Speed

B Low Power

H Low Temperature
M Low Cost

100%
CMO0S
VME.

M 1/O oriented CPU module with
two serial ports, 40 programmable
parallel lines, three 16-bit timers and
a real-time clock/calendar.

W 100% CMOS VME board with
low power, low heat dissipation
(CM( S 68000 CPU at 8, 10,
12.5 MHz)

X Programs can be prepared on

Dynatem Inc., 19 Thomas, ltvine, CA 92713 ;
Call toll-free 1-800-543-3830

In California 714-543-3830

TWX 910 595 2603



MACSYMA

automates symbolic mathematics.
And yields enormous improvements in productivity,

accuracy and modeling power.

MACSYMA combines exact solutions, symbolic
approximations, and numerical methods into a
powerful automated approach to scientific and
engineering computing. Major benefits include:

You can solve problems. . .

¢ Improved Productivity: For many types of
computations MACSYMA can increase your
productivity by 10 to 100 times.
It is that revolutionary.

¢ Increased Accuracy: Manual computational
errors are virtually eliminated. Use exact or
approximate symbolic solutions in place of
less accurate numerical ones.

e Enhanced Mathematical Power: You can
dare to perform automated computations
which you would not believe practical using
traditional methods.

Wide Range of Capabilities Symbolically. . .
MACSYMA offers the widest range of capabilities

for combined symbolic and numerical mathematics of
all commercially available software.

(C1) DEPENDS(Y,T)$
(C2) DIFF (Y,T)+Y "2+ (2:T+ 1)*Y+T "2+4T+1;

, 02 9dY  y2, vy T2iT40
* Algebra and Trigonometry dr
¢ Calculus and Differential Equations (C3) SOLN:ODE(D2,Y,T);
* Symbolic Approximation Methods AN
e Numerical Analysis (D3) Y=- w[
e Graphics %C %E" — 1
(€C4) SOLVE(SUBST([Y =1, T=1],D3),%C), NUMER;
Available on Many Computer Systems (D4)  [%C = 0.5518192]
(C5) SPECIFIC_SOLN:SUBST(D4,SOLN);
e Apollo T
e Masscomp (D5)Y = — 0.5518192T%E T -1
* SUN-2 and SUN-3 0.5518192%E" - 1
e Symbolics 3600™ series
® Vax family

For an information kit about all the ways MACSYMA
can work for you, just call

1-800-MACSYMA.

and Numerically.

In Mass.,(617) 621-7770. (C6) FORTRAN(DS)$

s ek : Y =—(0.5518192+T+«EXP(T)-T-1)
omputer-Aided Mathematics Group o e

Dept. M-ED9 1 /(0.5518192+EXP(T) - 1)

Symbolics, Inc.

Eleven Cambridge Center

Cambridge, MA 02142

MACSYMA syrmbolics™

The most comprehensive software for
mathematical computing.

MACSYMA, syrmbolics” Symbolics 3600 are trademarks of Symbolics, Inc. VAX is a trademark of the Digital Equipment Corporation. SUN-2 and SUN-3 are trademarks of SUN Microsystems, Inc
Apollo® is a trademark of Apollo Computer Inc. Masscomp is a trademark of the Massachusetts Computer Corporation © Copyright 1988 Symbolics Inc
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What do you need to build o
on a rough application concept?
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Whether you're building a
visionary home—or a
breakthrough product or
' system—getting from con-
cept to completion demands
more than bricks and
mortar, or metal and silicon.
There are other compo-
| nents that can make a
critical difference in meet-
ing your market window
on time, and on budget.
We call them the
components of success—
ready for immediate
delivery from AT&T.
The component of

commitment: here today,
here tomorrow.

§ AT&T is in the components
business to stay. We have
formed a separate unit,
AT&T Microelectronics,

to bring our more than 100
years of electronic compo-
nents experience to the
marketplace. And, we have
the capital, people, and
technical savvy to meet our
commitment to the future.

The component of
innovation: AT&T Bell Labs.
Count on Bell Laboratories
to help make your ‘blue-sky’
designs a reality. With
everything from DSPs and
optical data links, to custom
designed products such as
ASICs, multilayer boards,
and power supplies. And
throughout planning and
manufacturing, count on
AT&T to keep your product
up to the minute with the
latest Bell Labs advances.

The component of quality.
Through our Integrated
Quality System, Bell Labs
engineers work with our
quality professionals to
meet customer-defined
criteria. At AT&T quality is

onents of success.

our history—and our future.
The component of
management involvement.
AT&T Microelectronics gives
you total support, right

up to its president, Bill
Warwick. If our solutions
aren't on the money,

call him at 1201 771-2900.

The component
of quick response.
With 12 plants and an exten-
sive network of design
centers and sales offices
worldwide, AT&T is ready to
meet your volume demand
for components. Ready with
everything you need to get
ideas off the ground and in
the market—successfully.
To learn why AT&T is
more than ever the right
choice, just give us a call.
DIAL1800372-2447

AT&T Microelectronics
Major Product Lines:

ASICs

Digital Signal Processors

Communication ICs

32-bit Microprocessors
and Peripherals

Solid State Relays

Multilayer Circuit Boards

HICs

Optical Data Links

Fiber Optic Components

Power Products

Transformers and Inductors

Wound Film Capacitors

© 1987 AT&T

i

ATeT

The right choice.
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are designed for any language produc-

ing complete Intel OMF information.
A PC-based, in-circuit source level

bugger and simulator are closely cou-

vy

21909 142|

$L T
e
%\‘ }% y('“ j g 7:“(:: ::i:’:’ lel:j::!:l =0D DO 10 TO SO Z0 A0 PO CO
%4 § { ! HDION0SE PUSH S
— L s, AR,
g with our ES 1800 emulator. You
n [ 2 commands to examine varia-
f [ the fly, check contents of regis-
- S5  determine current position in
- J j d real-time trace is displayed
B | P of 1" : level statements, machine
-A s 4} .4
vt el T -
; zex probe, and provide up to 2
of overlay memory plus full
o . 2 support for the 80286.
} g’ Level Debugging for Motorola
f fﬁ : DPYOCessoYs -
~—4 -- .  The window-oriented VALIDATE/
V 4 XEL package combines our XEI source-
level debugger, a simulator and the
MCC68K compiler with our ES 1800

&tape[ TAPE_SIZE] / 2); /* Start in the middle */

Command 68000 MODULE: TURIN  BREAK #:1 HELP=FS MRI 0B
COMMAND

emulator. The package also includes
~ alogic state analyzer probe and our
 well-known SCSI interface option, that
significantly decreases download time.
~ In addition to up to 2 Megabytes

Invest nowor pay later.

remote control and simulation of
I/O; plus user-definable windows for
viewing registers, stacks and variables

High-speed Symbolic Debugging
for Intel, Motorola and Zilog
Microprocessors

Our VALIDATE/ES DRIVER pack-
age includes easy-to-use (menu-driven
and remote control) software that
smoothly links the host functions to
the ES 1800 emulator. This allows the
upload and download of programs,
symbol tables and command files.

Applied Microsyst Press <F9> for Help
CONFIGURATION SETUP
PROCESSOR TYPE: 68020
coMmL ATIO!
Dev

FILE FORMAT
Object File Format: Extended TERHEX

Also included are alogic state analyzer
probe; the SCSI option for increasing
download speeds by up to 30 times; plus

_up to 2 Megabytes of overlay memory.

To find out more about 8, 16 or

32-bit development solutions that save

- money in the long run, write Applied
Microsystems Corp., P.O. Box 97002,

Redmond, WA 98073-9702. Or call

- 1-800-426-3925 (In Washington, call
206-882-2000). ;

’ In Europe, contact Applied Microsystems Corporation Ltd.,

_ Chiltern Court, High Street, Wendover, Aylesbury, Bucks,
HP22 6EP, United Kingdom. Call 4440)-296-625462.

Corporation

of overlay memory, you get target control

from your source code; powerful “C”
language macros for code patching,
CIRCLE NO 132

19



FLUKE AND PHILIPS - THE GLOBAL ALLIANCE IN TEST & MEASUREMENT

PHILIPS

The smart scope
for people
who hate to wait

The Philips microcomputer-controlled = Auto-Triggering “thinks for you”. This built-
PM 3050 Series. The only 50 MHz in intelligence provides fast, accurate, prop-
scopes in the world smart enough erly-triggered signals up to 100 MHz.

tomaticatty 2y the sigRak=" . |FgE Compaiily, The PM 3050 Seres i
; the only family of 50 MHz scopes with an
SMART PERFORMANCE add-on IEEE-488 interface option for fast

computer hook-up.

= Choice of Models. Single timebase or
delayed sweep versions are available.

SMART SUPPORT

Philips PM 3050 Series also comes with

a 3-year warranty and all the technical and
service assistance you need. From Fluke—
the people who believe that extraordinary
technology deserves extraordinary support.

SMART BUY

For about what you'd pay for the next-best
scope you get innovative engineering that's

20 CIRCLE NO 145

= Autoset finds the signal at the touch of a
button. Philips’ intelligent beamfinder auto-
matically selects amplitude, timebase and
triggering for error-free instant display of
any input signal on any channel.

= 16kV CRT for optimum viewing. When it
comes to brilliance, clarity and spot quality,
nothing in its class shines brighter.

= [ CD Panel for confident, at-a-glance
operation. A valuable information center,
it instantly displays all instrument settings
and parameter values. With no mistakes.

more productive and easier to use. You get
plug-in modularity and IC microelectronics
for reliability you've never seen in this class
before. Plus, for a limited time, you get a
no-risk, no-questions-asked, 30-day money-
back guarantee. So why wait any longer?

TEST THE DIFFERENCE

So call Fluke today at 800-44-FLUKE
ext. 77. And find out how smart your
next oscilloscope buy can be.

John Fluke Mfg. Co., Inc., P.0. Box C9090, M/S 250C,
Everett, WA. 98206

U.S.: 206-356-5400 CANADA: 416-890-7600

OTHER COUNTRIES 206-356-5500

© Copyright 1987 John Fluke Mfg. Co., Inc.
All rights reserved. Ad No. 1075-P305X

PM 3050/55 « 50 MHz + OSCILLOSCOPES

FLUKE]

®
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NEWS BREAKS

EDITED BY JOANNE CLAY

SMD/SME DISK CONTROLLER FITS SUN WORKSTATIONS

Capable of controlling as many as four SMD/SME disk drives with serial data rates
as high as 24 MHz and burst data rates in excess of 30M bytes/sec, the Rimfire 3220
VME Bus controller from Ciprico (Plymouth, MN, (612) 559-2034) also plugs directly
into your Sun workstation without an intervening adapter card. The 3220 has the
same 367 x400-mm dimensions that Sun’s triple-high, triple-wide plug-in cards have.
This controller has an 80186 uP for cache control, a 512k-byte configurable cache
memory that prereads data across track and cylinder boundaries, and as many as
seven circular command queues that provide a software interface for communication
with Sun’s SunOS or the Unix BSD 4.2 operating system. You can purchase single units
for $3495.—J D Mosley

MORE COMPANIES JUMP ONTO THE RISC BANDWAGON

MIPS Computer Systems (Sunnyvale, CA, (408) 720-1700), creator of the RR000 RISC-
based uP, has licensed Integrated Devices Technology (Santa Clara, CA, (408) 727-6116),
Performance Semiconductor (Sunnyvale, CA, (408) 734-9000), and LSI Logic (Milpitas,
CA, (408) 433-8000) to build the device. Performance Semiconductor and IDT will pro-
duce off-the-shelf products; LSI Logic will make the RR0O0O available as a standard pro-
duct and also include it in its library for custom applications. All three licensees will
be marketing MIPS Computer Systems’ advanced RISC (reduced instruction set com-
puter) software environment along with the chip set. The chip set consists of the CPU
and a floating-point coprocessor. You can expect the devices to be in production by
mid-1988.—David Shear

BYTE-WIDE STATIC RAM SPECS 85-NSEC ACCESS TIME

To cut down on the amount of clocking or timing logic in your next design, consider
using the 256k-bit MCM60256 CMOS static RAM from Motorola (Austin, TX, (512)
928-6705). Organized as 32k 8-bit words, Motorola’s 56k-bit MCM60256 CMOS static
RAM has two separate chip-enable pins to accommodate either active-low or active-
high signals. An optional low-power version of this chip also provides a power-saving
mode. Housed in a 28-pin, 600-mil DIP, this memory device is pin compatible with the
manufacturer’'s 2764 EPROM family. You can order these devices with 85-, 100-, or
120-nsec access times. Prices range from $18.78 (500) for the 120-nsec, standard-power
model to $27.03 (500) for the 85-nsec, low-power version.—dJ D Mosley

HYBRID INCORPORATES PLD TO RESURRECT OBSOLETE IC

When National Semiconductor (Santa Clara, CA, (408) 721-5000) made its DM8512
flip-flop obsolete, the company inadvertently destroyed the original artwork, without
which no more of the devices could be manufactured. Unfortunately, at least one com-
pany needed that IC to maintain existing government systems; a 20-pin PLD would not
fit into the original 16-pin socket. To solve the problem, Cer-Tek (El Paso, TX, (915)
778-15558) incorporated both a 74LS74 and a PAL14H4 die in one package, creating a
hybrid circuit that’s compatible with the original device. National Semiconductor sup-
plies preprogrammed PLD dies to Cer-Tek for the hybrid. L. J Floyd, Cer-Tek’s president,
estimates that his company can create similar replacements for other obsolete parts
for less than $20 (1000).—Steven H Leibson
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NEWS BREAKS

PIN-COMPATIBLE FLOATING-POINT CHIP SET

Integrated Device Technology (Santa Clara, CA, (408) 727-6116) has introduced a
floating-point chip set that’s pin compatible with the Weitek 1264/1265. The
IDT721264/IDT721265 chip set uses a 30-nsec clock to perform 32- and 64-bit ALU
operations at 16.7M flops, 32-bit multiplications at 16.7M flops, and 64-bit multiplica-
tions at 8.3M flops. Besides including the Weitek standard ALU functions, the chip set
has an instruction that supports the Newton-Raphson algorithm. Each device comes
in a 144-lead pin-grid array; the chip set costs $406 (100).—David Shear

PATTERN GENERATOR TEAMS UP WITH YOUR LOGIC ANALYZER

The PI-6500 pattern generator from Pulse Instruments (Torrance, CA, (R13)
515-5330) can provide any logic analyzer with stimulus and response capabilities. The
pattern generator offers a maximum of 48 channels with 4k bits of pattern memory
behind each channel. For applications requiring deeper pattern memory and fewer
channels, you can chain groups of 16 channels together to obtain three channels with
64k bits each of pattern memory. The pattern generator’s clock rates can vary from
760 Hz to 25 MHz, allowing you to generate timing sequences with 40-nsec resolution.
The skew between any two channels is less than 4 nsec. The output levels are TTL com-
patible, and they can be 3-state.

You can define as many as 4k subpatterns from the basic pattern memory and then
use those subpatterns in a pattern-control program. The triggering function can use
the immediate mode or the latched mode; the latched mode waits one to 16 clock
periods before triggering on the data. The trigger reactions require nine clock periods
plus 170 nsec before the output changes state. The occurrence of a trigger event also
produces as many as 256 different flag events that you can use to control your logic
analyzer or other functions external to the pattern generator. The pattern generator
has 256k bytes of nonvolatile RAM to store patterns and programs. An optional
IEEE-488 or RS-232C interface card lets you generate patterns on a computer and send
them to the pattern generator. The PI-6500 starts at $7475.—Doug Conner

ADAPTER CONVERTS 68-PIN PGA TO PLCC

If you’re developing a design that will incorporate a device in a 68-lead plastic leaded
chip carrier (PLCC), but you can only obtain the device in pin-grid arrays (PGAs), the
308-1846-XX Series adapter from Methode Electronics Inc (Chicago, IL, (312) 867-9600)
can solve your problem. The top of the adapter accepts a 68-pin PGA; PLCC leads pro-
trude from the bottom. The adapter is available in 10x10 and 11x11 grid patterns and
costs $265 in production quantities.—Steven H Leibson
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Speed Reading.

A big book, packed full of record breaking, highest performance,
lowest power parts.

Required reading for designers who are building faster systems
that run cooler, and use less power.
Read all about:

CMOS high speed SRAM. From our 7ns 1K to our family
of 25ns 64K SRAMs, with 30 + parts in
between.

CMOS high speed PROM. Reprogram-
mable, if you wish. In a family with
speeds as fast as 25ns and in sizes to 128K.

CMOS high speed PLD. Including the fast-
est, coolest CMOS 22V10 with 25ns quarter
power performance, and optional repro-
grammable versions.

CMOS high speed Logic. Highlighted by our
30ns 16-bit slice, and our 35MHz FIFO family in
cool, cool CMOS.

And read about: Our expanding military product
line. Our QuickPro™ for easy programming and
diagnostics using any PC-compatible. Our newest
products. And our applications notes.

624 pages of parts and ideas you can use to design
faster, cooler systems.

Yours fast, for a toll-free phone call.
- 1-800-952-6300, ask for Dept. C48
1-800-423-4440 (In CA), ask for Dept.C48
(32) 2-672-2220 (In Europe). (416) 475-3922 (In Canada).

p————
—'
—
—— . o o

A
= |

& CYPRESS
—_— > SEMICONDUCTOR

Cypress Semiconductor 3901 North First Street, San Jose, CA 95134. Phone (408) 943-2666. Telex
821032 CYPRESS SNJ UD, TWX 910-997-0753. QuickPro is a trademark of Cypress Semiconductor.
©1987 Cypress Semiconductor.
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NEWS BREAKS: INTERNATIONAL

SUBASSEMBLY EASES SOLID-STATE CAMERA DESIGN

To simplify the design of cameras for surveillance and machine-vision systems,
Philips’ Component Div (Eindhoven, The Netherlands, TLX 51573) has introduced a
camera subassembly that incorporates the company’s monochrome solid-state image
sensor. In addition to the image sensor, the subassembly includes all the drive,
preprocessing, video-processing, and power-supply circuitry necessary to produce a 1V
p-p composite-video output. To produce a complete camera, you need only add a
suitable lens and camera housing. Options for the subassembly include interlaced or
noninterlaced operation, automatic or computer-controlled gain, automatic iris con-
trol, internal or external synchronization, and switchable gamma compensation. Ver-
sions are available for 525- or 625-line TV systems that meet EIA or CCIR standards.
Built on a semirigid pc board, the subassembly folds down to 89x40x45 mm. In OEM
quantities, the subassembly starts at around DM 600.—Peter Harold

GRAPHICS ADAPTER DRIVES VIDEO MONITORS AND LASER PRINTERS

Based on a 20-MHz, 32-bit Inmos T414 or T800 Transputer, the Vincent graphics
adapter from Simulation Technology (Oslo, Norway, FAX (O2) 156051) provides IBM PC/AT
computers with high-resolution graphics and image-processing capabilities. The $6000
board has as much as 1.5M bytes of video RAM and a color look-up table; it allows you
to display 256 gray-scale levels or 256 colors from a palette of 16M colors. Additional on-
board RAM (as much as 4M bytes) provides program and data storage, as well as temp-
orary buffers for image information. The board supports screen resolutions as high as
1600x1280 pixels, and most of the video-output characteristics—including the vertical
and horizontal scan rates, the number of dots per line, and the number of lines per
frame—are software programmable. The board has an AT-bus interface that can operate
at 800k bytes/sec. The board’s plug-in crystal oscillators allow you to operate it at dot
rates as high as 120 MHz. In addition to its RGB video output, the board also has a
Canon/PelBox interface for a laser printer or phototypesetter.—Peter Harold

As it appeared in the December 26, 1987, issue, the following item contained some
inaccuracies, which made it misleading. The corrected version follows.

STEPPER-MOTOR DRIVERS EASE INTERFACE TO MICROCONTROLLERS

The MTCB017 stepper-motor driver from Mietec (Oudenaarde, Belgium, TLX 85739) is
an H-bridge driver that’s suitable for controlling the current in one winding of a
bipolar stepper motor. Although it’s similar to the industry-standard 3717-type driver,
the MTC6017 has control codes for its two current-control inputs that maintain a direct
(but nonlinear) relationship with the winding current, thereby simplifying control
firmware. The driver also includes an on-chip 5V reference for the current-sense com-
parators. Another device, the MTC6018, targets microstepping applications; it provides
a 6-bit on-chip D/A converter for winding-current control. The MTC6017 and MTC6018
will cost around $R2.20 and $2.50, respectively. They’re slated for introduction during
the first and the second quarter of 1988, respectively.—Peter Harold
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In our VMEbus & MULTIBUS |l controllers,
- {ake all three “wares” for granted

With Ciprico hardware, software, and humanware,
you can make a more comfortable decision

We start by taking your time frame
for designing a high performance
microcomputer or supermicro as
seriously as you. You'll receive an
intelligent disk or tape controller
board for evaluation as your sched-
ule dictates.

That's humanware.

So is the experienced team we
assign to help you get your board
up and running. And our pledge to
get back to you within four working
hours any time you contact us
during evaluation.

Software you can take for
granted is a driver written by our
engineering staff to take full advan-
tage of your system’s performance.

MULTIBUS is a registered trademark of Intel Corp.

EDN January 7, 1988

We can provide it with your board.

Visit our plant and you'll see
how we develop new boards
timely and reliably — with
advanced design tools and a
large library of proven firmware
modules written in “C”. Also,
we have a comprehensive
industry-leading ESD
program, burn-in, 100%
in-circuit testing, and
functional stress testing.

In other words, you'll
see you can take it for
granted that every board

CIPRICO'

2955 Xenium Lane
Plymouth, MN 55441

CIPRICO LISTENS. AND RESPONDS.

CIRCLE NO 131

will arrive on time and ready to work.
(In rare cases, if repair is ever
needed, take it for granted that we'll
provide 48-hour turn-around.)
You'll even find us easy to
work with.

Another thing to take for
granted is our R&D commit-
ment to develop the highest
performance controllers. One
good example is our new
Rimfire 3400. This intelligent
VMEbus ESDI disk controller

£ features a unique 512 Kbyte

£ intelligent caching architecture

f* and a command queuing soft-
ware interface. For more
information on all Ciprico con-
trollers, for VMEbus and
MULTIBUS | & II, contact us now.

For more information call from your modem 1-800-332-0012
(300-1200 baud, 8 bit, no parity 1 stop bit) and enter the access code
CIPBUS]1 0Owhen prompted. (In VA call 703-476-5255)




rugged plug-in

amplifiers

0.5 to 1000MHzZ /o $13%2....

Tough enough to meet full MIL-specs, capable of operating over a wide -55° to +100°C
temperature range, in a rugged package...that's Mini-Circuits’ new MAN-amplifier series.
The MAN-amplifier’s tiny package (only 0.4 by 0.8 by 0.25 in.) requires about the same

pc board area as a TO-8 and can take tougher punishment with leads that won'’t break
off. Models are unconditionally stable and available covering frequency ranges 0.5 to
500MHz and 0.5 to 1000MHz, and NF as low as 2.8dB.

Prices start at only $13.95, including screening, thermal shock -55°C to +100°C,
fine and gross leak, and burn-in for 96 hours at 100°C under normal operating
voltage and current.

Internally the MAN amplifiers consist of two stages, including coupling capacitors.
A designer’s delight, with all components self-contained. Just connect to a dc
supply voltage and get up to 28dB gain with +9dBm output.

The new MAN-amplifier series...
another Mini-Circuits’ price/performance

breakthrough.
FREQ.
RANGE GAIN MAX. NF DC PWR PRICE
(MHz) dB OUT/PWRt dB 12V, $ ea
MODEL f tofy, min flatnesstt dBm (typ) mA (5-24)
MAN-1 0.5-500 28 1.0 8 45 60 1395
MAN-2 0.5-1000 19 1.5 7 6.0 85 15.95
MAN-1LN 0.5-500 28 1.0 8 28 60 15.95
OMAN-1HLN 10-500 10 08 15 3.7 70 15.95
t1tMidband 10f to f‘,,? + 0.5dB 11dB Gain Compression OCase Height 0.3 In

Max input power (no damage) +15dBm; VSWR in/out 1.8:1 max

finding new ways ...
setting higher standards

[JMini-Circuits

A Division of Scientific Components Corporation

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

dc to 3GHz

« less than 1dB insertion loss over entire passband
« greater than 40dB stopband rejection Tadng e wagsi. .
« 5 section, 30dB per octave roll-off kAt

« VSWR less than 1.7 (typ) | m MInI-CIrCUItS

« over 100 models, immediate delivery B0 BoX 350186, Brodklyn, Ny e o b comnts Corpanien
. meets MIL_STD_202 Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156

« rugged hermetically sealed package (0.4x0.8x0.4in.)
« BNC, Type N, SMA available

LOWPASS  Model  skLP-|10.7|21.4| 30 | 50 | 70 | 100 | 150 | 200 | 300 | 450 | 550 | 600 | 750 | 850 | 1000

Min. Pass Band (MHz) DC to 107 [ 122 | 32 | 48 } 60 ’ 98 ‘ 140 ‘ 190 ‘ 270 ‘ 400 ‘ 520 ’ 580 ‘ 700‘ eo‘ 900
Max, 20dB Stop Frequency (MHz) 19 | 32 | 47 170 | 90 | 147 | 210 | 290 | 410 | 580 | 750 | 840 | 1000 | 1100 | 1340

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 | 250| 300| 400| 500| 600| 700| 800| 9001000

Pass Band (MH start,max. | 41| 90 | 133 | 185 225 | 290 | 395 | 500 ( 600 ( 700 | 780 | 910 | 1000
iiriz) end, min. [ 200 | 400 | 600 | 800 | 1200 | 1200 | 1600 | 1600 | 1600 | 1800 | 2000 | 2100 | 2200
Min. 20dB Stop Frequency (MHz) 261 =55 95 | 116 150 1 190 | 2901 365! 4601 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 142 €105 REV.D



You wouldn't do this with your Analog VLSI devices.

You'’ll have to if you go to most ATE companies for
a solution to today’s sophisticated “system silicon”
testing problems. Because all you'll get is a make-
shift tester. And that means resigning yourself to
man-months of custom hardware work integrating
analog and digital instrumentation. And putting up
with the long hours of low-level software develop-
ment that go with custom solutions. Worse, you can
expect these delays to cut your chances of getting
your product to market on time.

Teradyne now has a simple answer to this com-
plex testing problem. The A500 Analog VLSI Test
System. It’s the first of a new generation of systems
specifically for AVLSI “‘system silicon” devices.

A test system that can help you cut critical product
development time by months or even years.

One Test System, Once and for All
With AVLSI devices you won't get fast design feed-
back, unless you test individual components—the

28

“building blocks” of system silicon. And you won’t
comply with customer and industry requirements if
you don’t do complete “system’ functional testing.
With conventional test systems it means two of every-
thing. Two testers, two test programs, two insertions,
two data bases. And more than twice the time to

get to market.

The A500 allows you to do it all with one system.
So there’s only one system to program. One insertion
to make for both component and functional testing.
And only one data base to work with. Which means
significantly less time to market.

Vector Bus II": the Great Integrator

The heart of the A500 is Teradyne’s unique Vector
Bus II architecture. It integrates analog and digital
VLSI test capability at the system level. Which
means you won't have to build special applications
hardware for every new device you design. Vector
Bus II eliminates that costly custom-work bottleneck

EDN January 7, 1988




Why accept it inan Analog VLSI Test System?

with such features as TimeMaster™ Synchronization,
Mixed-Signal Event Control, and MultiSource Data
Mixing.
A Picture’s Worth a Thousand Keystrokes
The A500 also revolutionizes program development.
Our IMAGE™ (Interactive Menu-Assisted Graphics
Environment) software gives you graphics program-
ming as powerful as device designers’ CAD/CAE
tools. Using a mouse to control multiple windows,
pop-up menus and software “power tools,” you
move ideas rapidly from mind to screen. And much
faster to market.

Teradyne’s new A500 is the only test system
with the features you need to win the race

for Analog VLSI market opportunities. To find out = ) TR
more, call Beth Sulak at (617) 482-2700, ext. 2746. ALYN
Or call your nearest Teradyne sales office or write: ;

Teradyne, Inc., 321 Harrison Avenue, .
Boston, MA 02118. We measure quality.

EDN January 7, 1988 CIRCLE NO 130




VME/PLUS gives
view of your

old on to your seat. The result is system through- | With no wasted overhead. And
You're about to discover | put that's way ahead of o no stalls.
an entirely new level of VME anything else in the g, But that’s only the
performance. And life in the fast | VME world. B beginning. Take a look
lane will never be the same. Think about the e at the newest
Meet VME/PLUS. Our new possibilities - member of the
family of VMEbus products with | for real-time VME/PLUS
a host of sophisticated applications. family, CPU 29.
features For the first o il It comes with a
time, you can T g  powerful new real-

squeeze every ounce of per-
formance from every processor.

¥ time, multitasking
monitor called VMEPROM™

B T —

vmE/P
7 th will give your

project the kind of performance
you've only dreamed about.
VME/PLUS starts with a
68020 running at 25MHz without
wait states. Complemented by
IMB of local memory. There’s
also a new VSB interface on P2.
Which lets you add lots of
local memory and I/O without
increasing bus overhead.
You also get two serial ports
and up to 4MB
of EPROM.
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ou a different

comp

Oll.

It’s resident in EPROM, so
there’s no license required. And

no extra charge.
CPU-29 also
incorporates a remarkable
new gate array that packs

the functionality
of many complex
ICs into a single,
135-pin device.
What this new
technology
means for you is
unprecedented

CPU-29 CHARACTERISTICS

compatible.

PROCESSOR

CO-PROCESSOR

ZERO-WAIT-STATE
AM

VMEPROM™
EPROM
SERIAL I/0

SECONDARY BUS
SUPPORT

68020/12.5 TO 25 MHz
68882/12.5 TO 25 MHz

And guaranteed
to cut the wait
states out of your
design cycle.

So if you're
looking for the best
way to stay ahead

1MB

REAL-TIME,
MULTITASKING MONITOR
UPTO 4MB

@1 WAIT STATE

2 RS-232 CHANNELS

VSB

levels of speed and system
throughput, exceptional reli-
ability and — here’s the best

part — lower total system cost.

And if that’s not enough,
we also offer a full set of off-
the-shelf peripheral boards

and software. All VMEbus

of your competition and your
deadline, take a close look at
VME/PLUS. You'll get the best
performance for simulation
systems, real-time graphics,
factory automation and many
other tough applications.

Give us a call today for our
new 500-page, 1988 s
data book. You'll @
get such a great
view of VME
performance,

you'll never
look back.
1(800)BEST VME.

[E

COMPUTERS

\

FORCE COMPUTERS, INC.

Telephone (408) 370-6300
Telex 172465 Telefax (408) 374-1146

FORCE COMPUTERS, GmbH
Daimlerstrasse 9 D-8012 Ottobrunn
Telefon (089) 60091-0 Telex 524190 forc-d
Telefax (089) 6 097793

3165 Winchester Blvd., Campbell, CA 95008

EDN January 7, 1988
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VME/PLUS and VMEPROM are trademarks of Force Computers Inc.
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CADDOCK’s Precision and Ultra-Precision Resistor Networks
provide a designer’s choice of performance that will
optimize solutions in precision analog circuit designs.

Precision and Ultra-Precision Resistor Precision Decade Resistor Voltage Dividers

‘Pairs’ and ‘Quads’ deliver a selection and Current Shunt Resistor Networks deliver

of Ratio Tolerance to as tight as +0.01% and many optimum combinations of precision

Ratio Temperature Coefficient to 2 PPM/°C and temperature coefficient performance

combined with exceptional long-term stability. | for high accuracy range-switching circuitry.

Standard Type T912 and T914 Precision and Standard Type 1776 Precision Decade ne3|stor
Ultra-Precision Resistor Networks. Voltage Divider Networks.

Standard models of the Type T912/T914 Precision
and Ultra-Precision Resistor Networks combine all
of these performance characteristics:

* Absolute Tolerance: 0.1% for all resistors.

* Ratio Tolerances: 0.1%, 0.05%, 0.02%
and 0.01%

* Ratio Temperature Coefficients: from
10 PPM/°C to 2 PPM/°C.

e Absolute Temperature Coefficient: 25 PPM/°C
from 0°C to +70°C.

¢ Ratio Stability of Resistance at Full Load
for 2000 Hours: within 0.01%.

e Shelf Life Stability of Ratio for Six Months:
within 0.005%.

The standard part number below provides a
selection of over 500 in-production models of Type
T912/T914 precision and ultra-precision ‘pairs’ and
‘quads’:

The Type 1776 Precision Decade Resistor
Voltage Dividers provide a family of networks
that includes 3, 4 and 5-decade voltage divid-
ers with ratios from 10:1 to 10,000:1. Standard
performance includes a wide range of specifi-
cations in particular combinations that meet
the most often requested requirements.

* Absolute Tolerances: from 0.25% to 0.1%.
* Ratio Tolerances: 0.25%, 0.1% or 0.05%.

® Absolute TC: from 50 PPM/°C to
25 PPM/°C.

* Ratio TC: from 50 PPM/°C to 5 PPM/°C.
® Voltage Coefficient: As low as
0.02 PPM/Volt.

With 36 standard models to choose from, each circuit designer can
specify the exact levels of performance required by each application.

* For Type 1776 data, circle Number 202.

Standard Type 1787 Precision Current Shunt
Resistor Networks.

The Type 1787 Current Shunt Resistor Networks
achieve the combination of performance require-
ments necessary to meet the demands of precision
current measurement circuits, including labora-
tory and bench-type instrumentation:

* Resistance Values: 1 ohm,
10 ohms, 100 ohms and

1000 ohms.
* Absolute Tolerances: 0.25%,
g 0.1% or 0.05%.
Custom Type T912 and T914 Precision and DRy 3
s % . e TCs: 100 PPM/°C,
Ultra-Precision Resistor Networks. 80 PPM/°C or 50 PPM/° G

There are now 12 standard
models of the Type 1787 Current
Shunt Resistor Networks available Standard models with
for 3 and 4-decade applications, Kelvin terminations
and prototype quantities of many areavailable.
models are normally available from
factory stock.

Custom models of these precision ‘pairs’ and ‘quads’
can include these special performance features:

* Resistance Values: from 1K to 2 Megohms with
maximum ratios of 250-to-1.

* Absolute TC: as low as 15 PPM/°C.

* Ratio TC: as low as 2 PPM/°C.

* For Type T912/T914 data, circle Number 201. * For Type 1787 data, circle Number 203.

Caddock’s new 28-page General Catalog describes over 200 models of both standard and custom
precision and ultra-precision resistors and resistor networks. For your personal copy, call or write our main offices at -

Caddock Electronics, Inc., 1717 Chicago Avenue, Riverside, California 92507 ® Phone (714) 788-1700 ¢ TWX: 910-332-6108

HIGH PERFORMANCE FILM RESISTORS
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SIGNALS & NOISE

Analog simulation tools

Several of our prospective custom-
ers asked that a circuit shown in
EDN’s May 14, 1987, Special Re-
port (pg 138) on analog CAE be
benchmarked as proof of the capa-
bility of Daisy’s analog tools. Ac-
cording to David Shear, the article’s
author, all analog simulation tools
would provide misleading results.

The circuit (pg 148) is a simple
comparator, which, when bread-
boarded, exhibits instability in the
form of oscillations around its
switching threshold. The author
correctly claims that most analog
CAE systems would predict stable
operation. However, the author’s
claim that the instability is due to
the comparator’s high source imped-
ance and the lack of hysteresis is not
strictly true.

In reality, all input signals and
voltage rails are subject to noise.
It’s the noise that causes the device
to oscillate when the input voltage
reaches the required switching
threshold, subject to the device’s
high input impedance, high open-
loop gain, and consequent lack of
hysteresis.

By introducing a noise source into
the input waveform, you can repro-
duce the comparator’s unstable op-
eration. The accompanying Fig 1
depicts the schematic representa-
tion of the comparator circuit.

In Fig 2, the comparator output
switches between positive and nega-
tive saturation when subjected to a
noisy sawtooth input waveform; in
other words, it’'s a “zero-crossing”

detector. On closer examination of
the output, you see that the simula-
tion successfully shows the many
transitions expected around the
threshold voltage.

This benchmark shows that an
analog designer equipped with Dai-
sy’s analog CAE tools can success-
fully simulate a circuit to produce
results comparable to those of a
breadboard. It should be noted,
however, that although analog CAE
tools help the designer produce
higher-quality designs, they don’t
replace engineering expertise. An
inexperienced designer could pro-
duce misleading results with his
simulation, but these tools will com-
plement the skills and knowledge of
an experienced designer.

Dave Richards

Analog Applications Specialist
Daisy Systems UK Ltd
Basingstoke, UK

David Shear replies:

I don’t believe that selectively plac-
ing moise into a circuit so that the
results look like real-world results
s the proper solution to the prob-
lem.

I would suggest that the addition
of real-world parasitic capacitance
that feeds the output back to the
mput would more closely match re-
ality. Comparators have finite gain
and wide bandwidth. When trying
to resolve slow-moving inputs, they
will, for a short time, be in a linear
region. While they’re in this linear
region, if any of the output feeds
back to the input (via the parasitic

Your Gustom Precision and
Ultra-Precision Resistor
Networks from Caddock:

* Can be delivered in
only 6 weeks ARO

 With total NRE charges
typically under $950°°

* Includes 10 prototype
networks :

for your
in-circuit 1IN
evaluation. ™o

* Thin-Profile, Single-In-Line
package design.

Type T1794 Custom Low TC Precision
and Ultra-Precision = -
SIP Resistor Networks.

Caddock’s Tetrinox® resistance
films provide a wide choice of
Absolute TCs, Ratio TCs and
precision tolerance specifications. Select the perfor-
mance of your custom network from the following:

LI T 1
Gain Setting
Networks

* Resistance Values: from 500 ohms to 50 Megs.

* Absolute Tolerances: 1.0%, 0.50%, 0.25%, 0.20%,
0.10%, 0.05% and 0.025%.

¢ Ratio Tolerances: 1.0%, 0.50%, 0.25%, 0.20%,
0.10%, 0.05% and 0.025%.

* Absolute Temperature Coefficients: 50 PPM/°C,
25 PPM/°C and 15 PPM/°C from 0°C to +70°C.

e Ratio Temperature Coefficients: 50 PPM/°C,
25 PPM/°C, 10 PPM/°C and 5 PPM/°C from
0°C to +70°C.

* For Type T1794 information, circle Number 204.

Type 1789 Custom Low Resistance Value
Precision SIP
. Resistor Networks.
Using Caddock’s Micronox®
resistance films, your low

resistance custom networks
can now include:

Current-Sensing
Networks

* Resistance Values: from 0.5 ohms to 10,000 ohms.

e Absolute Tolerances: 1.0%, 0.50%, 0.25%, 0.20%,
0.10% and 0.05%.

* Ratio Tolerances: 1.0%, 0.50%, 0.25%, 0.20%,
0.10% and 0.05%.

* Absolute Temperature Coefficients: 100 PPM/°C,
80 PPM/°C and 50 PPM/°C from 0°C to +70°C.

* Ratio Temperature Coefficients: 80 PPM/°C,
50 PPM/°C, 25 PPM/°C and 15 PPM/°C from
0°C to +70°C.

* For Type 1789 information, circle Number 205.

Fig 1
Vee
2
35k
IN1 <
1k
INPUT
GND
*k Sk v
GND
IN2 Vo

Fig 2

INPUT
OUTPUT

A e

TR

VOLTAGE

O SRR R RERR R AR RRRRERRRE)

6 8

4
TIME

EDN January 7, 1988

Caddock’s high thru-put manufacturing capabil-
ities provide cost-effective, on-time delivery of your
custom resistor network requirements. Custom net-
work designs are now in-production in quantities
from 500 networks per year to as high as 500,000
networks per year.

For fast solutions to your
custom resistor network needs,
call our Applications Engineers at
Telephone No. (714) 788-1700.

CADDOCK

HIGH PERFORMANCE FILM RESISTORS
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WE'RE TAKING
A POUNDING IN
THE KEYBOARD
BUSINESS.

We planned it that way. In fact, we invested
millions of dollars to make it happen.

Millions of dollars to let us pound,
push, tap, shove and otherwise automati-
cally test our keyboards before we let
them out the door.

Every key. Ever:

And all this after we've already built
them to the industry’s toughest standards
on one of the industry’s largest, fully

itch. Every time.

automated keyboard manufac Imm}, lines.

So whether the box you receive from
compatible IBM PC/XT key-
rele keyboard, switchable PC/
\T AT board, our new IBM RT 101 keyboard,
or one we've customized especially for
\()ll there’s one thing you can depend on.
The l\mhmud in the box will work

the first time you take it out of the box.
And continue working as smoothly as the
day it was new, through over 50 million
operations.
And we back that promise with a full
l-year w dl‘ldllt\'
Ifyoud like
boards really
for a compl
representatives.
nents of America, I

reliable our key-
408) 727-1700
1hutm sand

33> )S(ott Boule-

vard, Santa Clara, California 95054-3197.
Hit us with everything you've got.
You'll find us hard to beat.

FUJITSU

FUJITSU

BN COMPONENT OF AMERICA INC
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SIGNALS & NOISE

capacitance), oscillations will usu-
ally occur. Lowering the source re-
sistance or using hysteresis often
solves the problem.

However, the reason the compara-
tor oscillated is not the issue. The
point I was making is that the
model did not predict the circuit’s
true operation. After building the
prototype, we found a discrepancy.
The model was in error. Now we are
arguing about how to fix the model.
Who s right? Again that is not the
point.

Article neglected

the IBM RT PC

I found the Special Report on work-
stations in the October 29, 1987,
issue of EDN (pg 168) to be quite
readable and generally accurate.
However, I feel there is a serious
omission in the list of systems
shown in Table 1 (pg 172).

Noticeable by its absence is the
IBM RT PC. The RT PC’s price is in
the range shown, the processor is a
RISC (reduced-instruction-set com-
puter) chip developed by IBM, and
the feature list certainly places the
RT PC in the race.

Most impressively, however, we
have found in our benchmarking
that the current version of the RT
PC has performance superior to
most of the systems in the chart.
The RT PC has performance that is
generally superior to the fastest of
the  Motorola-based  systems
(25-MHz 68020 machines). The cur-
rent RT PC really is a superior
system that has received less notice
than it deserves.

David Wilson
Workstation Laboratories
Humboldt, AZ

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.

EDN January 7, 1988

SWITGH MODE POWER
FIT FOR YOUR NEEDS

Case 21

750 Watts
5"x6.5"x10

Single Outputs
Up to 5V 150A

15A Auxiliary Mag
Amp Outputs

The power and flexibility you'd
expect from 5X8X11 “slot” switch-
ing power supplies is now
available with room to spare with

the Qualdyne Case 21. Delivering THE SWITCHER FIT FOR YOUR NEEDS

750 Watts from 1to 7 fully regu-

. [ |
lated outputs. A unique package
design that makes system connec-
tions a snap. A full assortment of \
T L T T S TR

standard features and options

plus safety approvals and com- Qualidyne Systems, Inc.

pliance with worldwide standards. 3055 Del Sol Boulevard, San Diego, CA 92154

Cut your power supply down to (619) 575-1100 Telex: 709 029 FAX: 619 429 1011

size with the Qualidyne Case 21. (800) 445-0425 In Calit. (800) 237-6885
CIRCLE NO 2

We eat conventional
transformers for breakfast

With our advanced toroidal
transformers, we offer a veritable
menu of benefits for your state-
of-the-art electrical designs and
applications.

Our TOREMA toroids are
lighter, quieter and smaller than
traditional laminated transform-
ers AND other toroids, too...
food for thought when you're
looking for exceptional technical
and design advantages as well T
as significant savings in your
finished product.

Contact us for more informa- Torema U.S.A,, Inc.
tion on TOREMA toroidal trans- 6699 Portwest Dr. / 130
formers-we'll feed it to youina  Houston TX 77024
hurry. (713) 861-6643

TRANSFORMERS
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TEK UNIX-BASED WOR

THE ONLY LINE OF
GRAPHICS WORKSTATIONS
DESIGNED AS IF THERE
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Finally there are graphics

workstations as committed
to incorporating industry
standards and to ensuring
upgradability, as to breaking
today’s graphics throughput
barriers. You know that barriers
are made to be broken. But that
your investment in hardware
and software, in systems and
training, is made to last.

That's why Tek's new
4300 Series Workstations are
designed with parallel graphics
and compute processors. This
architecture gives you the
choice of putting Tek graphics

to work in a workstation or termi-

nal configuration. And because
you can later upgrade that
terminal to a fully integrated
workstation, you know your
investment in Tektronix

engineering has lasting value.

Just as forward-looking is
the fact that the 4300 Series in-
cludes the industry’s most
established standards: UNIX,
68020 processors, Ethernet,
TCP/IP, X Windows, and Tek
PLOT 10® software, enhanced to
complement the high through-
put of these new systems.

With 14 different configura-
tions, a common user interface,
Tek's de facto graphics stan-
dard, and unsurpassed quality,
the 4300 Series allows not just
leading performance until the
next breakthrough comes along
— but growth for tomorrow.

For more information on the
4300 Series, contact your local
Tek representative today.

Or call 1-800-225-5434.
In Oregon, 1-235-7202.

CIRCLE NO 38
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How to improve
your memory.

Get 1 Mbit of RAM in a credit-card size cassette.
The DuPont Memory Cassette System is the first
system of its size to deliver up to 1 Mbit of memory.
[t gives you everything you can ask for—size, speed,
and security.

While other types of data storage media may
have slightly more memory, you can fit multiple
DuPont Memory Cassettes in the space of conven-
tional drive systems. These cas-
settes can provide greater memory
and direct access to your data. And
they're faster too—about 107 times
faster, in fact.

Unlike floppy disks, the cas-
sette protects closed architectures
and virtually eliminates copying.
With a long-life replaceable lithium battery, to avoid
erasure during power failures. And the cassette
is designed to offer protection from electromagnetic
interference and electrostatic discharge.

We've put all those features in a really tough
package—the connector is rated for 10,000 mating
cycles minimum; tested up to 50,000 cycles—to
create a truly unforgettable system. Perfect for your
every application, RAM or ROM. The Memory Cas-
sette System will allow you to save on components,
save on space, and still design a more versatile product.

We'll be glad to tell you more. Just call 1-800-
527-2601, for our free brochure. But call now,
while it’s fresh in your memory.

DuPont Electronics

Share the power of our resources.

REG US PaT &
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The SPACE SAVER.

The Model 615 Trackball

No room for a trackball in your new console design? Then our Model
615 will convince you there’s plenty of room for improvement.

Only 1.5 inches in diameter in a 2.75 x 2:75 inch case, the Model 615
needs only 1 inch of back panel
space. Even so, it provides the
high quality and good feel you'd
expect only from a much larger
trackball.

And we've left plenty of room
for options. You can get the
Model 615 with a quadrature
square wave or TTL level pulse
output. Coded digital outputs
are also available in a slightly
larger case.

Call or write us for more infor-

mation. And we’ll prove all this
room is no rumor.

(. e

£,

Measurement Systems, Inc.
121 Water Street, Norwalk, CT 06854, U.S.A. (203) 838-5561

NEW!

ThermaPro-V
Technology
for the

Major DC and
Patriot DC fans.

Introducing Major DC and Patriot DC with optional ThermaPro-V Technology.
High pressure capabilities for computer and telecommunications applications, com-
bined with ThermaPro-V, make Major DC and Patriot DC a design engineer’s answer
to complex cooling problems.

Comair Rotron’s Major DC and Patriot DC with patented feathered edge blades offer
wide voltage input and extended performance ranges. Simplified circuits, increased
options, quiet ball bearing operation and an all metal venturi are now available in a
single fan for multiple use.

ThermaPro-V Technology, Voltage Regulated, Programmable, and Thermally
Speed Controlled.

Comair Rotron. The First Name in Forced Convection Cooling Technology.

TS

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

FORCED CONVECTION
COOLING TECHNOLOGY

COMAIR=-ROTRON

a KL|I company
12 North Street Sawyer Industrial Park, Saugerties, N.Y. 12477-1096
Telephone: (814) 246-3615 TWX 910-333-7572 Telex: 551486

CIRCLE NO 5
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CALENDAR

Third Annual Technical Symposi-
um on Optoelectronics and Laser
Applications in Science and Engi-
neering, Los Angeles, CA. SPIE,
Box 10, Bellingham, WA 98227.
(206) 676-3290. January 10.

ATE and Instrumentation Confer-
ence West, Anaheim, CA. MG Ex-
positions Group, 1050 Common-
wealth Ave, Boston, MA 02215.
(800) 223-7126. January 12 to 14.

Third Annual Battery Conference
on Applications and Advances,
Long Beach, CA. Cecile Duong, De-
partment of Electrical Engineering,
California State University at Long
Beach, 1250 Bellflower Blvd, Long
Beach, CA 90840. (213) 498-4605.
January 12 to 14.

Designing Real-Time Hardware
for Digital Signal Processing
(short course), Los Angeles, CA.
Integrated Computer Systems, Box
3614, Culver City, CA 90231. (800)
421-8166; in CA, (213) 417-8888. Jan-
uary 12 to 15.

Real-Time Operating Systems
(short course), San Diego, CA. Inte-
grated Computer Systems, Box
3614, Culver City, CA 90231. (800)
421-8166; in CA, (213) 417-8888. Jan-
uary 12 to 15.

Annual IEEE Design Automation
Workshop, Apache Junction, AZ.
Walling Cyre, Control Data, HQM
173, Box 1249, Minneapolis, MN
55440. (612) 853-2692. January 13
to 15.

Conference on Optical Fiber Com-
munication (OFC ’88), New Or-
leans, LA. Optical Society of Ameri-
ca, 1816 Jefferson Pl NW,
Washington, DC 20036. (202) 223-
0926. January 25 to 27.

Neural Networks for Artificial In-
telligence, Los Angeles, CA. Tech-
nology Transfer Institute, 741 10th
St, Santa Monica, CA 90402. (213)
394-8305. January 25 to 27.

EDN January 7, 1988



MICRO-C

AP Il

he CAE tool with fully interactive
analog simulation for your PC.

Spectrum Software’s MICRO-CAP 1I® is

fast, powerful, and feature rich. This fully

interactive, advanced electronic circuit
analysis program helps engineers speed
through analog problems right at their
own PCs.

MICRO-CAP 11, which is based on our origi-
nal MICRO-CAP software, is a field-proven,
second-generation program. But it’s dra-
matically improved.

RICRO-OAP 11 SCHNATIC EDITOR

Schematic Editor

MICRO-CAP II has faster analysis routines.
Better resolution and color. Larger librar-
ies. All add up to a powerful, cost-effective
CAE tool for your PC.

The program has a sophisticated inte-
grated schematic editor with a pan capa-
bility. Just sketch and analyze. You can step
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Transient Analysis

component values, and run worst-case
scenarios—all interactively. And a 500-type*
library of standard parts is at your finger-
tips for added flexiblity.

MICRO-CAP 1 is available for IBM® PCs
and Macintosh.™ The IBM version is CGA,
EGA, and Hercules® compatible and costs
only $895 complete. An evaluation version
is available for $100. Call or write today for
our free brochure and demo disk. We'd like
to tell you more about analog solutions in
the fast lane.

M Integrated schematic editor
M Fast analysis routines
B High-resolution graphic output
B Standard parts library of 500 types
*IBM versions only.
CIRCLE NO 36

M Transient, AC, DC, and FFT routines
W Op-amp and switch models

B Spec-sheet-to model converter®

W Printer and plotter* hard copy

1021 S. Wolfe Road, Dept. E
Sunnyvale, CA 94087
(408) 738-4387

MICRO-CAP 11 is a registered trademark

of Spectrum Software.

Macintosh is a trademark of McIntosh Laboratory, Inc
and is being used with express permission of its owner.
Hercules is a registered trademark

of Hercules Computer Technology

IBM is a registered trademark
of International Business Machines, Inc
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Cut Costs

0%

on Electronic
Chassis and
Enclosures

Use Steel Wire
construction . ..

one source does it all
IR&D

1 prototyping

1 in-house tooling

0 short runs

1 low- or high-vol. production
1 in-house finishing

1 defect-free performance

1 just-in-time delivery

TITCHENER E.H. Titchener & Co.
R 28 Titchener Place

Y P.O. Box 1706
L o Binghamton, NY 13902
® Phone 607-772-1161
FAX 607-771-0264

CIRCLE NO 6

Send for FREE Design Guide

CALENDAR

Who are you buying from
...a company that fills
orders? Or one that literally
puts their entire facility at
your disposal?

Telegenix wants to be
your resource for DC plasma
displays. But we intend to
earn and keep your business
by taking the time to know
your exact needs, and using
our extensive engineering and
manufacturing capabilities
to produce the displays you

require. If our off-the-shelf
line doesn’t provide pin-to-pin
compatibility, rest assured,
we will custom engineer our
products to meet any specifi-
cations and back them with
a two year warranty. All of
this, we might add, at very
competitive pricing.

If this isnt what you're
hearing from your present
source, perhaps you need the
resource in plasma displays. . .
Telegenix!

ELEGENI

AN INDUCTOTHERM COMPANY
26 Olney Avenue, P.0. Box 5550, Cherry Hill, NJ 08034  (800) 424-5220 (EXT. 132)
in NJ call (609) 424-5220 (EXT. 132)
CIRCLE NO 7
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Annual Reliability and Maintaina-
bility Symposium, Los Angeles,
CA. V R Monshaw, RCA, Astro
Electronics, Box 800, MS 55,
Princeton, NJ 08540. (609) 426-
2182. January 26 to 28.

Designing Real-Time Hardware
for Digital Signal Processing
(short course), Montreal, Canada.
Integrated Computer Systems, Box
3614, Culver City, CA 90231. (800)
421-8166; in CA, (213) 417-8888. Jan-
uary 26 to 29.

High-Performance Computer Ar-
chitectures (short course), Wash-
ington, DC. Integrated Computer
Systems, Box 3614, Culver City, CA
90231. (800) 421-8166; in CA, (213)
417-8888. January 26 to 29.

APEC ’88, New Orleans, LA. IEEE
Power Electronics Council, 655 15th
St, NW, Suite 300, Washington, DC
20005. (202) 639-4990. February 1
to 5.

Microwave Circuit Design I (short
course), El Segundo, CA. UCLA
Extension, 10995 Le Conte Ave,
Los Angeles, CA 90024. (213) 825-
3344. February 1 to 5.

High-Performance Computer Ar-
chitectures (short course), Los An-
geles, CA. Integrated Computer
Systems, Box 3614, Culver City, CA
90231. (800) 421-8166; in CA, (213)
417-8888. February 2 to 5.

Microwave Circuit Design II (short
course), Los Angeles, CA. UCLA
Extension, 10995 Le Conte Ave,
Los Angeles, CA 90024. (213) 825-
3344. February 8 to 12.

Unix Technical Conference, Dal-
las, TX. Usenix Conference Office,
Box 385, Sunset Beach, CA 90742.
(213) 592-1381. February 9 to 12.
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ENGINEERING
THERMOPLASTIC

LOMOD®

ENGINEERING

ENGINEERING
THERMOPLASTIC

VALOX® j
ENGINEERING 8 "

GE Plastics

Product Genetics.

Progressive generations of superior
materials: copolymers, alloys, composites.
Selectively bred to perform.

The GE family tree. Breadth and depth

of product technology, creating opportunities
for ultimate design and performance.
The basic building blocks of innovation: materials
excellence enhanced by a unique matrix of program
development resources—only from GE.

For a performance profile of the
leading family in engineering
plastics, request our free Product
Genetics Brochure today:

(800) 845-0600.

CIRCLE NO 35
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The one interconnect system

Thermoset rectangular
connectors with 104 and 152

contact positions.

HYFEN™ rectangulars
in 9 size (9-75
positions).

Reliable, low cost
Thermoplastic QIKMATE™
plugs and receptacles in 10
sizes (2-36 contact postions).

: JAM™ MIL-style at -
! commercial prices
\ with fixed
= thermoset
inserts (4-48
positions).




Single contact system
satisfies over 100,000
interconnect variations.

Designed for maximum flexibility, proven
in millions of applications —Burndy’s
TRIM-TRIO contact/connector family
lets you meet all your application needs—
no matter how often they change —
without changing your contact system!
Your tooling! Or your installation
procedures!

You simply select the contact/housing
combination that best satisfies your
current needs. Then, as needs change,
you just change the combinations.
Nothing else! Not your tooling! Not your
operations. Nothing! And no matter what
combination you choose —or how many—
you still enjoy all the advantages of
standardization. Which means faster,
more economical assembly and greater
quality control—all along the line.

So make it easy on yourself. Standardize
on the proven reliability of the Burndy
TRIM-TRIO interconnect system. The
one system that offers you thousands of

Versatile, quick disconnect
cable splice.

s

e T
T

=/
]

Ry

variations. The one system you’ll never
outgrow. And to make things easier, all

| variations of the TRIM-TRIO family are

available — off the shelf —at your local

{ Burndy Distributor. For details, write:

Burndy Corporation, TRIM-TRIO
Product Manager, Norwalk, CT 06856.
Or call: 203-852-8711.

THE TRIM-TRIO CONTACTS SYSTEM:
Closed barrel Machined Contacts

for both crimp and wire-wrap power
applications up to 13 amps. Open barrel
Precision Formed contacts for power and
signal applications. Sub-miniature Coax
(one-piece or 2-piece) for coaxial cable,
shielded conductors and twisted pairs.
These three basic types (with variations for
different conductors, contact platings and
termination options) make up the
TRIM-TRIO contact system. All can be
intermixed in any of scores of Burndy
connector housings designed around this
contact system.

SBURNDY

Offices in principal cities throughout the United States.

METALOK™ THERMOPLASTIC
CIRCULAR SERIES: with
rugged metal bayonnet
coupling. 9 sizes (4
thru 48 positons).

BANTAMATE II™ low cost
circulars —deliver up to 500
mating cycles. Positive
polarization. Quick
disconnect. 4 sizes (4 thru
30 positions).
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People have been talking
about optical drives for years.

But have you ever actually seen
one work?

Well, now you can.

Because while others were
talking about optical drives and

solutions, Maxtor was devel-
oping them. And now we're
shipping our 800MB 5¥4-inch
optical WORM drive in volume.
It’s the first in our family of

optical drives. And it’s perfect
for high-volume back-up,
image or archival storage.

. It's offered with a full com-

plement of integration software
and hardware, including media,
cable and host adapter. Or it’s
available as a fully-configured
plug-and-play mass storage
subsystem.
Either way; it’s fully compatible
with most popular computers.
So don't wait to make optical
drives a reality for your system.
Contact the Maxtor distributor
or sales office listed below for
complete technical
and ordering infor-
mation.
Because
secingis \ggh

believing. ‘

Sales offices: Atlanta (404) 455-4226, Austin (512) 345-2742, Boston (617) 872-8556, New Jersey (201) 747-7337,
Orange County (714) 472-2344, San Jose (408) 435-7884, Woking, England (44)/4862-29814, Tokyo, Japan 81-3-431-8940.
Distributed by Anthem Electronics, (714) 768-4444, (408) 295-4200, (617)657-5170, Future Electronics, (514) 694-7710, Pioneer Standard Electronics, Inc., (216) 587-3600,

(301) 921-0660, Quality Components, Inc., (214) 733-4300, Storex Corporation, (617) 769-3400, Storage Dimensions, Inc., (408) 395-2688.
© 1987 Maxtor Corporation
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EDITORIAL

Standards aren’t always standard

I'm glad my local hardware store stocks standard hardware. If manufactur-
ers developed their own fittings, nuts, and bolts, mechanical repairs and
projects would be impossible. The same is true in electronics. Standard
component values and packages make designing circuits easier. However,
as electronic systems become more complex, standards become less stan-
dard, which leads to trouble.

In the early days of microcomputers, the S-100 Bus became a de facto
standard. However, that standard meant different things to different
suppliers. Undefined bus signals and timing relationships often led to chaos
as suppliers defined signals to meet their own needs. Users could spend
days debugging a system after simply exchanging one CPU board for
another. The IEEE finally standardized the S-100 Bus specification—just
when the bus’s popularity plummeted.

Even the availability of an industry-wide standard doesn’t guarantee
compatibility. Anyone who has connected RS-232C-based devices can attest
to the standard’s transformation into an ever-present nightmare. Almost
everyone has his own interpretation of what RS-232C signals do.

More-complex standards lead to more-complex problems. For example,
even on the fairly simple STD Bus, you can’t always exchange one CPU card
for another. Cards compatible with a 68000-based CPU board may not work
with a Z80-based CPU card. Even the well-thought-out VME Bus has its
problems. Why else would there be interest in setting up laboratories to
test VME Bus products?

Software has its own set of problems. Although the Basic and C
languages are fairly standard, there are enhancements and extensions
galore. Such additions may make it difficult for users to make their
individual versions compatible with future language standards. Even
among so-called “MS-DOS-compatible” PCs, software-compatibility prob-
lems persist. Programs that run on one computer may not run on another.

The problem of standardization hasn’t spared the automotive sector,
either. Although General Motors established the Manufacturing Automa-
tion Protocol (MAP) standard, it has already made major revisions. MAP
users may be comforted to know that the MAP Group Steering Committee
says that there will be no major change in the standard for six years.
However, the committee envisions “minor” changes, so although you won’t
see version 4 soon, you may find version 3.1 or 3.2 around the corner.

In sum, although standards are useful and good for the electronics
industry, it’s wise to use caution when adopting them and remember that

they’re only a starting point. /)
4 L

Jon Titus
Editor
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in the blink of an eye.

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

We've expanded our line to include more CMOS flash
ADC'’s, a charge balancing ADC, an SPIADC and a DAC. All
featuring single 5V supply operation.

We also offer a new high-speed op amp especially well-
suited to driving ADC’s or video cables.

4, 6 and 8-bit CMOS flash ADC'’s.

Choose from 4, 6 and 8-bit ADC’s. All operate at video
speeds, with clocking speed and input bandwidth specified at
5V. What makes these flash ADC’s special is silicon-on-
sapphire construction, resulting in low cost, high speed, very
low input capacitance, low power consumption and inherent
latch-up resistance.

10-bit CMOS charge balancing ADC.

This 10-bit successive approximation ADC captures fast
moving signals, providing excellent resolution.

It features a built-in fast track and hold, with conversion
rates of 150 KHz and an input bandwidth of 1.5 MHz. Even at
the maximum rate, power consumption is less than 20 mW.

10-bit CMOS serial ADC.

The CDP68HC68A2 is selectable for either 8- or 10-bit
resolution and has an 8-channel multiplexer allowing up to

8 channels of inputs. The device can be used directly with our

CDP68HC05C4, C8 or D2 microprocessors or other similar
SPI (Serial Peripheral Interface) buses.
8-bit CMOS R-2R video-speed DAC's.

These CMOS/SOS digital-to-analog converters operate

from a single 5V supply at video speeds and can produce “rail-
to-rail” output swings. Typical update rate is 50 MHz. Settling is
fast (20 ns typical) to 12 LSB. “Glitch” energy is minimized by
segmenting and bar graph decoding of upper 3 bits.

High-speed op amp.

Specially designed for use with data converters, the
CA3450 op amp has excellent speed and transmission line
driving capabilities.

For 10-bit accuracy, it settles to within 172 LSB in 40 ns with
a 2Vinput signal. And it can drive up to four 50 ohm
transmission lines.

ADC'’s Res. Bits Conv.Rate Hz Power Diss. (MW) Pkg. Leads 1K Price

CAB304E 4 20M 30 16 ! '

mzswﬁ 4 25M 35 16

CAB306CE 6 10M 65 18

CA3306E/3306AE 6 15M 70 18

CA3318E/3318CE 8 15M 150 24

C 10 150K 15 24

CDPB8HC6BA2E 10 10K 15 16

DAC’s

CAo8E/s3s8AE| 8 | som | 100 [ _ 6.00/8.4

OP AMP UGBW Hz Slew Rate (X10) lour MA Pkg Leads 1K Price

CA3450E [ 200 [ zoovusec | +75 [« | a&
Data in a flash.

For data sheets of these new products, call toll-free
800-443-7364, extension 19. Or contact your local GE Solid
State 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.

GE/RCA/Intersil Semiconductors

These three leading brands are now one leading-edge company.
Together, we have the resources—and the commitment —

to help you conquer new worlds.
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The all new
SMS™ (surface
mount sensor) series
thermistors offer fast
response, high inter-
changeability and
long term stability,
making them ideal for
both temperature
sensing and compen-
sation. Hermetic
design makes the
SMS™ series more
durable and resistant
to cleaning materials.
The availability of a
wide range of
resistance values and
slopes allows more
flexibility in designing
with surface
mount appli-
cations. 4

Shown
actual
size

Phone or
write for your !
free design data.

WIIOWEST
[JOMPONENTS
Jnc.

P.O. Box 787

1981 Port City Boulevard
Muskegon, Ml 49443
(616) 777-2602

TWX: 510-394-4130
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EDN
INFO CARDS

The Fastest, Most Cost-Effective
Way to Generate Sales Leads!

IWANTTO §
THE Fi =
Siee NOLOGY.
RUSH ME YOUR FuL
6 PAGE BROCHURE — _-OF
Name
Title
Company
Address
Citv Shata

Today's hest sourcebook on
optoelectronic components is yours...

o

E!

s Military devices 1o st

Send me the new Then'nauoy

EAT SINK CATALOG

sal&d*s"“"
systems s Afs have
SolDISK - EPROM S

With EDN Info Cards, you can turn a small investment into high-quality
sales leads.

Issued six times per year in loose-deck packs, EDN Info Cards are delivered
to EDN magazine’s U.S. circulation of 121,500 specifiers and buyers. Which
means they deliver results! In fact, the average card in a deck pulls literally
hundreds of prospects.

You'll enjoy this steady, dependable source of qualified leads for less than
1%2¢ per name. And because all inquiries come directly back to you, the
faster you respond, the faster you get results.

Used as an adjunct to an advertising/promotion campaign or all by them-
selves, EDN Info Cards will generate the qualified leads you need to sell
your products.

For further information, contact Lauren Fox, EDN Info Cards Manager,

at (203) 328-2580.

*Numbers represent actual responses.
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SOFTWARE

If you were [TT and had to automate
power monitoring and control systems
for telephone power plants, who would
you turn to? And what if you were Bell
(Canada and your purpose was to auto-
mate the company’s trouble reporting,
analysis, and control procedures? Or
suppose you were the Allright Parking
Company and had to automate the data
acquisition and distributed control of

a large number of parking facilities?

If you knew what those companies
know, you would do what they did. You
would turn to FORTH, Inc. because you'd
know that they have the real-time soft-
ware capabilities that such automation
programs require—as well as Custom
Applications, Software/Hardware Inte-

THE

PROBLEM
SOLVERS

gration, Installation and Training, Ongo-
ing Maintenance, and Hot Line Support.
And if yours is not a custom appli-
cation, FORTH, Inc. also offers its power-
ful family of polyFORTH software and

related hardware products. These inter-
active development tools are compatible
with the most popular computers from
microprocessors to super-minis.

So, for applications-oriented
products or expert help with your auto-
mation project, do what the major corpo-
rations are doing. Turn to FORTH, Inc.,
the “software problem solvers” who
understand such real-time applications
as process control, robotics, digital signal
processing, machine vision, data acquisi-
tion and analysis, and networking.

FORTH, Inc. gives you the option—
product or custom services. FORTH will
do it all for you, or provide you with a
product to solve your problem. You make
the decision.

CIRCLE NO 32
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the polyFORTH family of products and
your custom services.

O 1 have an application in mind, which

[ Please send me your brochure that describes

Name/Title

Company/Division

Address

z City

State

Zip

[ Have a salesman call me. FORTH Inc Phone
. .

FORTH, Inc, 111 N. Sepulveda Blvd., Manhattan Beach, CA 90266.
Phone: 800-55-FORTH. Inside California: (213) 372-8493.

EDNO010788



Sprague is the only company that makes a// of the electronics for brushless dc

motors. Sprague makes a wide range of brushless motor drivers: unipolar, half-bridge,

£ full-bridge, dual full-bridge, 3-phase: some with commutation logic. Sprague
also makes Hall Effect IC sensors for use as brushless dc motor commutators.

. _ e 7~ i These solid state devices not only have

i : ' 5 ! : { : long life but operate accurately over

‘ ‘ A JA J J AN\ extended temperature ranges and

ive in punishing environments. You can count on Sprague to give you the right match of power ICs and Hall Effect
sensors for sensible driving of brushless dc motors. May we tell you more? Sprague Electric Co., Semiconductor
Worcestor, MA. For applications assistance, call 800/247-2077 (in Mass., 800/247-2076). For Motor
Driver Brochure WR-202, Hall Effect Application Guide CN-207, and Data Sheet 29318.20 write to
Technical Literature Service, Sprague Electric Company, P.O. Box 9102, Mansfield, MA 02048-9102.
CIRCLE NO 31




TECHNOLOGY UPDATE

Telecomm ICs offer improved functions
for telephone- and PABX-system designs

Dave Pryce, Associate Editor

The latest offerings from telecomm-
IC manufacturers not only continue
the general trend toward higher in-
tegration by incorporating more
functions than previous telecomm
ICs did—they also substantially im-
prove on those functions. Many of
these just-introduced telecomm ICs
offer economical ways to upgrade
your telephone and PABX designs.

In the last few years, ICs have
taken over many telephone and
PABX functions that were previous-
ly performed by electromechanical
circuitry. In telephone handsets, for
example, the bulky electromagnetic
bell has gone the way of the dino-
saur, relegated to extinction by
monolithic tone ringers that drive a
small permanent-magnet speaker or
a piezoelectric transducer. Speech
amplification, in conjunction with
other functions on the same IC, has
allowed designers to replace the car-
bon-granule microphone with a
more reliable dynamic type. Mono-
lithic pulse- and tone-dialer ICs now
replace the archaic rotary dialing
mechanism, and speakerphone ICs
now let designers create compact
systems that permit hands-free con-
versations.

For PABX applications, monolith-
ic SLICs (subscriber-line interface
circuits) provide a number of func-
tions, including the replacement of
the hybrid transformer that’s nor-
mally required for the 2- to 4-wire
conversion. For trunk-line and cen-
tral-office applications, which have
tougher specifications for longitudi-
nal balance, you can find monolithic
ICs that employ magnetic compen-
sation to reduce the size and cost of
the transformer. And at least two
very recent ICs let you eliminate the

EDN January 7, 1988

Forming the basis for a complete telephone, this module from Rohm includes a DTMF
dialer, a speech network, and a tone ringer.

transformer in even the toughest
applications.

Of the early tone ringers that
replaced the electromagnetic bell in
telephones, the most successful was
probably the ML-8204 from Mitel,
which was later offered by a number
of alternate-source suppliers. Liter-
ally millions of these ICs were used
in inexpensive telephones during
the phone glut between 1983 and
1985. This chip had shortcomings,
however. It couldn’t easily drive a
piezoelectric transducer, and it re-
quired an external bridge rectifier

and zener diode to interface with
the phone line.

The ZN488E from Ferranti solves
both of these problems, as well as
providing other features. The ZN4-
88E (Fig 1) includes an on-chip
bridge rectifier for direct-line oper-
ation, and you can use this IC with
either piezoelectric or magnetic
transducers. A standard 560-kHz
ceramic resonator controls the
clock-oscillator frequency, and in-
ternal frequency dividers provide
selectable output frequencies of ei-
ther 1000 and 1250 Hz or 1167 and
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THE ONLY WELL-MARKED
SERIALE" MI

Only Xicor lets you migrate
from 2K to 16K—with no
hardware development
detours.

Sooner or later, your E2PROM-based
designs are going to be headed for
an upgrade. And when they are,
you'll be glad you designed in Xicor
serial 1/0 parts. Because they're the
direct route from low- to high-density
applications. The only direct route.
Xicor’s family of 2K, 4K and 16K
serial E2PROMs offer pin-for-pin
compatibility, up and down the line.
They're ideal for data storage in
single-chip microcontroller designs,
when field reprogrammability is

essential. In these applications—
where data lines are limited—
interface requirements can be
reduced to a simple, two-wire bus
structure. So you save both on board
space and on component costs.

No matter what serial E2PROM
path you take, Xicor stays with you
all the way. At the low end, we
offer a 256-bit NOVRAM, X2444,
that's actually two memories in
one: a 256-bit SRAM, overlaid with
a nonvolatile 256-bit E2PROM. And
at the high end, our CMOS parts
feature low-power operation—well
suited for portable designs.

Throughout the line, Xicor serial
E2PROMs deliver reliable perform-
ance in applications that require
extended endurance, with data
retention greater than 100 years.
They're available in commercial,
industrial and military temperature
ranges. And backed by Xicor’s on-
site technical design support.
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Increasing Capability —
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g

Density —>
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X2402

Il

So if your designs need eco-
nomical storage options today plus
easy growth potential tomorrow,
check with Xicor. We're the only
supplier who can get you on the
right track now. And keep you on
it—farther down the road. Call
(408) 432-8888 today, or write:
Xicor, Inc., 851 Buckeye Court,
Milpitas, CA 95035.

MAKES IT MEMORABLE
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TECHNOLOGY UPDATE

1333 Hz. The IC switches between
the selected frequencies at a 10-Hz
rate to generate a warbling ringing
tone. A key feature of the ZN488E
is its excellent dial-pulse rejection,
which is accomplished by means of
internal digital filtering. Housed in
an 8-pin plastic DIP, the device
costs $1.35 (1000).

Although it’s not a tone ringer
per se, the TCM1520A from Texas
Instruments detects the ringing sig-
nal from the telephone line and con-
verts it to an output suitable for
driving an optocoupler or TTL,
NMOS-logic, or CMOS-logic device.
The TCM1520A will work with ei-
ther isolated or nonisolated sup-
plies. It’s used principally in feature
phones and autoanswer modems to
activate other equipment after a
specified number of rings. In a typi-
cal application, the device is acti-
vated by the telephone line ringing
voltage of 40 to 150V at 16 to 68 Hz.
The IC provides an inverting output
for driving external logic. Packaged
in an 8-pin DIP, the TCM1520A
costs $1.01 (100).

Listen to the tones

The replacement of the rotary di-
aling mechanism with pushbuttons
has brought with it a number of
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Fig 2—For DTMF transceiver applications, the SSI-20C89 from Silicon Systems generates
and detects all 16 standard DTMF signals. The circuit provides a microprocessor interface for

tone-signal generation.

monolithic ICs that replicate the
dial pulses or generate DTMF (dual-
tone multiple-frequency) signals (as
in AT&T’s Touch Tone phones). Al-

RINGING
GENERATOR
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I |

.

SUBSTRATE _ _
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560-kHz
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(OSCILLATOR
2
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STAGE >
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DIVIDERS AND LOGIC

Fig 1—Able to drive either piezoelectric or magnetic transducers, the ZN/88E tone ringer

from Ferranti includes an on-chip bridge rectifier for direct-line operation.
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though pulse-dialing applications
are rapidly fading as the telephone
networks switch over to DTMF, a
number of manufacturers such as
Gould/AMI, Mostek, Plessey, and
SGS still supply ICs for pulse dial-
ing. The 2560-type device, for exam-
ple, is still popular and is available
from several suppliers. For DTMF
applications, manufacturers of tele-
phone ICs offer a variety of prod-
ucts, such as the PCD3310 from
Philips and Signetics, which pro-
vides both pulse- and DTMF-dialing
functions.

Silicon Systems offers a complete
circuit for DTMF applications. Its
SSI-20C89 chip is actually a trans-
ceiver that not only generates and
detects all 16 standard DTMF codes
but also provides a microprocessor
interface. The DTMF receiver sec-
tion of the SSI-20C89 (Fig 2) de-
tects the presence of a valid tone
pair on the telephone line, indicat-
ing a single dialed digit. Pin 8 ac-
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cepts the analog input signal which
then goes through eight bandpass
filters that detect the individual
tones. The digital postprocessor
times the tone durations and pro-
vides the correctly coded digital
outputs. The chip’s 3-state outputs
facilitate bus-oriented architectures
and drive standard CMOS circuitry.
A low-cost, 3.579545-MHz color-
burst crystal provides the time base
for the digital functions and the
switched-capacitor filters.

The transmitter (DTMF genera-
tor) section of the 20C89 provides
performance similar to that of the
Mostek MK5380, but has a tighter
specification for output amplitude
range and includes the addition of
independent latch and reset con-
trols. The DTMF generator on the
20C89 responds to a hexadecimal
code input. Pins D, through D; are
the data inputs for the generator. A
high-to-low transition at the
LATCH input results in the internal
latching of the hexadecimal code and
the generation of the appropriate
DTMF tone pair. A high on the
RESET pin disables the DTMF out-
put, which will not be enabled again
until the circuit latches in new data.
The SSI-20C89 costs $8.48 (1000).

ICs such as the SSI-20C89 are
useful in consumer products such as
telephone-answering machines. The
DTMF receiver section, for exam-
ple, allows the consumer to ring the
answering machine from any DTMF
telephone and activate a playback of
the messages by simply pushing one
of the telephone’s dial buttons.

One-chip telephones

Exemplifying the trend toward
incorporating multiple functions on
a single chip, the PBL-3780 from
Rifa (Fig 3) is essentially a 1-chip
telephone. This multipurpose IC
contains the DTMF generator for
tone dialing, the speech network for
2- to 4-wire conversion and amplifi-
cation of the signal from the micro-
phone (and from the line to the
receiver), and a simplified tone ring-
er. The tone-ringer section requires
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Fig 3—Essentially a 1-chip telephone, the PBL-3780 from Rifa includes a DTMF generator
Jfor tone dialing, a speech network for 2- to 4-wire conversion and signal amplification, and a

simplified tone ringer.

the addition of several transistors
and a few passive components.

A key feature of the PBL-3780 is
its ability to work at low current and
low voltage—which is important in
equipment intended for use in resi-
dences, where several phones are
sometimes connected in parallel.
The PBL-3780 is well suited for use
in telephone handsets. The bench-
mark for telephone handsets is the
traditional, passive, type 2500 tele-
phone set, which uses a transform-
er. Such telephones don’t rely on
electronics for speech transmission,
and they’re capable of functioning at
currents of a few milliamps. The
PBL-3780 functions at currents as
low as 2.5 mA and at voltages under
1.5V.

Adding to the versatility of the
PBL-3780 is the option it allows you
of configuring the DTMF input pins
(normally connected to the keypad)
to a 4-bit latched data port. You can
use this port to control the DTMF
generator, thereby facilitating the
use of a repertory dialer such as the
Rifa PBM-3915 or a single-chip mi-
croprocessor to perform advanced
dialing functions. The PBL-3780
sells for $2.48 and the PBM-3915 for
$2.25 (10,000).

Rohm Corp touts its BP3003 as a
1-chip telephone, but it’s not really a
1-chip circuit at all. The BP3003 is
actually a small (1.5X%2.25-in.) print-
ed-circuit module that includes
three separate monolithic ICs, a ce-

ramic oscillator, and an assortment
of transistors, diodes, and passive
components. The monolithic ICs
provide the basic functions of a
DTMF dialer, a speech network,
and a tone ringer. Because of its
small size and low profile, this
ready-to-use functional module fits
easily into compact telephones. The
BP3003 contains all of the electron-
ics required for a complete tele-
phone. The only components you
need to add are the handset, a piezo-
electric speaker, and the keypad.
Evaluation samples cost $25.

Speakerphone chips

Among this year’s crop of new
telecomm ICs are improved speak-
erphone chips. These devices are a
welcome development, because
many earlier attempts at designing
speakerphone chips were less than
fully successful.

The basic difference between a
speakerphone and a telephone hand-
set lies in their operation. The hand-
set is a full-duplex device that allows
simultaneous conversations in both
directions. In the handset, the mi-
crophone is physically separated
from the receiver and little, if any,
acoustic feedback can occur to cause
oscillations. Of necessity, speak-
erphones use half-duplex operation,
allowing conversation to take place
in only one direction at a time to
prevent the proximity of the micro-
phone to the speaker from causing

EDN January 7, 1988



There Will Still Be a Few Uses
for Conventional ECL. ASICs.

Cold facts: now the highest-density ECL logic array runs at a
cool 1/10 the gate power of competing devices.

Raytheon’s ASIC design expertise
and proprietary technology make
conventional ECL arrays too hot to
handle. The superior performance of
the new CGA70E18 and CGA40E12:
the ECL logic array family with the
highest density and the lowest power
requirement now available.

[J Superior performance: 300 pS

delay and 300 u W (typical gate) power

dissipation deliver the industry’s low-
est speed-power product: <0.1 pJ.
Toggle frequency 1.2 GHz (typical).

EDN January 7, 1988

[J Highest density:
CGAT70EI8 12540 equivalent gates
CGA40EI2 — 8001 equivalent gates

[J Lowest power: Industry’s smallest
bipolar transistors result in power dis-
sipation that is a fraction of conven-
tional ECL at comparable propagation
delays. Typical chip power dissipation
of 3W to 5W.
[0 Et cetera: Interface TTL, ECL
(10K, 10KH, 100K), ETL. Customer
access to proven, fully integrated
CAD system. Commercial and mili-
tary operating ranges.

CIRCLE NO 29

Call Raytheon for access to the right
ECL technology. We’re not blowing
any smoke, and neither should your
system’s performance.

Raytheon Company
Semiconductor Division

350 Ellis Street

Mountain View, CA 94039-7016
(415) 966-7716

Access to the right technology

Raytheon
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any “howling,” or self-oscillation.

Although you may still have diffi-
culties with the physical placement
of the microphone and the speaker
in your speakerphone design, the
newer speakerphone ICs can ease
your task, because manufacturers
now have a better understanding of
the overall requirements of speak-
erphones and the functions the ICs
must have to overcome the inherent
problems in speakerphone design.

A second-generation speak-
erphone chip from Motorola, for ex-
ample, offers a number of improve-
ments over its predecessor. You can
use the chip to design a high-perfor-
mance speakerphone system. The
MC34118 (Fig 4) is a voice-switched
circuit that features background
noise monitors for both the transmit
and the receive paths, 4-point signal
sensing for improved sensitivity, an
improved attenuator-gain range of
52 dB between transmission and re-
ception, and the ability to operate at
low voltage (3 to 6.5V) for line-
powered applications.

The MC34118 includes an on-chip
microphone amplifier with an ad-
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Fig 4—This second-generation speakerphone circuit—the MC3,118 from Motorola—is a
voice-switched circuit that includes background-noise monitors for both the transmit and the
receive paths, 4-point signal sensing, and the ability to operate at low voltage.

Jjustable gain and mute control, and
a dial-tone detector to prevent the
attenuation of the dial tone by the
receiver’s background-noise moni-
tor circuit. The chip also includes
two line-driver amplifiers that you
can use to form a hybrid network in
conjunction with an external coup-
ling transformer. The chip requires
you to add an external power ampli-
fier to drive the speaker, as you
often had to do with earlier Motoro-
la speakerphone ICs. The MC34118

costs $4.00 in a 28-pin DIP and $4.24
(100) in a 28-pin SOIC package.
Rifa offers a selection of three
speakerphone ICs, including two
unconventional CMOS types that
are essentially advanced building
blocks for high-quality speak-
erphones. The CMOS types use re-
sistor ladders and digitally con-
trolled analog switches to perform
the variable gain/attenuation func-
tions. The PBL-3786 bipolar type is
a more conventional analog circuit

For more information . . .

For more information on the telephone ICs discussed in this article, circle the appropriate numbers on the
Information Retrieval Service card or contact the following manufacturers directly.

Ferranti Electric Inc National Semiconductor Corp Rifa Signetics Corp
87 Modular Ave 2900 Semiconductor Dr 3255-4D Scott Blvd 811 E Arques Ave
Commack, NY 11725 Santa Clara, CA 95051 Santa Clara, CA 95054 Sunnyvale, CA 94088
(516) 543-0200 (408) 721-5000 (408) 988-3603 (408) 991-4571
Circle No 685 Circle No 689 Circle No 693 Circle No 697
Gould Semiconductor Div Philips Elcoma Div Rifa AB Silicon Systems Inc
3800 Homestead Rd Box 523, S-163 81 14351 Myford Rd
Santa Clara, CA 95051 5600 AM Eindhoven Stockholm, Sweden Tustin, CA 92680
(408) 246-0330 The Netherlands 08-757 50 00 (714) 731-7110
Circle No 686 (040) 757-005 TLX 8125008 Circle No 698
TLX 51573 Circle No 694
Mitel Semiconductor Circle No 690 Texas Instruments Inc
360 Leggett Dr Rohm Corp Semiconductor Group (SC-766)
Kanata, Ontario Plessey Semiconductors 8 Whatney Box 809066
K2K 1X5 Canada 9 Parker Rd Irvine, CA 92718 Dallas, TX 75380
(613) 592-5630 Irvine, CA 92718 (714) 855-1669 (800) 232-3200 ext 700
Circle No 687 (714) 472-0303 Circle No 695 Circle No 699
Circle No 691
Motorola Inc SGS Semiconductor Corp Thomson Components-Mostek Corp
Semiconductor Products Plessey Seniconductors Ltd 1000 East Bell Rd 1310 Electronics
Box 20912 Cheney Manor Phoenix, AZ 85022 Carrollton, TX 75006
Phoenix, AZ 85036 Swindon, Wiltshire (602) 867-6100 (214) 466-7220
(800) 521-6274 SN2 2QW, UK Circle No 696 Circle No 700
Circle No 688 0793-36251
TLX 449637
Circle No 692
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ROCKWELL 2400 bps
MODEM TECHNOLOGY
HAS CHAMPIONED
AMILLION SUCCESSES

Rockwell International’s
commitment to quality and
service helps our customers
get to market faster with
reliable, cost-effective 2400
bps OEM modem products.

With over a million
Rockwell-based V.22bis
modems in use worldwide,
our R2424 full-duplex 2400
bps modem has set the
de facto standard for V.22bis
dial-up performance and
reliability.

The R2424’s versatile de-

: sign allows easy integration

' into a variety of products,
and includes a standard
microprocessor bus interface
for terminals and box-modem
applications, integral modems
and PC cards. Like all of our
standard OEM modems, the
R2424 is backed by a 5-year
warranty.

To learn how our solutions
can help put you in the lead,
talk to the leader in proven
modem technology.

Semiconductor Products Division
Rockwell International, PO. Box C,

M.S. 501-300, Newport Beach, CA 92658-8902
(800) 854-8099. In California, (800) 422-4230.
Or contact the Rockwell office nearest you:
Santa Clara, CA, USA (408) 980-1900
Marlton, NJ, USA (609) 596-0090
Tokyo, Japan 81-3-265-8808
Hounslow, England 44-1-577-2800
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that is optimized for line-powered
circuits.

The PBL-3786 can operate at a
supply voltage as low as 2.6V, which
allows it to work on a wide range of
telephone lines. The chip includes
internal voltage regulation for its
biasing and overvoltage protection,
continuous speech-attenuation char-
acteristics for soft-switching be-
tween transmit and receive modes,
and a speaker amplifier with auto-
matic volume attenuation. An un-
usual feature of the chip is its inclu-
sion of a tone ringer, which most
speakerphone chips don’t include.
The PBL-3786’s tone ringer takes
advantage of the built-in speaker
amplifier. The chip sells for $3.75
(10,000).

Subscribing to the line

The basic functions of a subscrib-
er-line card at the telephone ex-
change are described by the
BORS(C)HT standard. BORS(C)HT
is not beet soup, but an acronym
that stands for Battery, Overvolt-
age, Ringing, Supervision, (Codec),
Hybrid, and Test. The most difficult
of these functionsto perform with a
monolithic IC is the hybrid function,
which traditionally uses a trans-
former for the required 2- to 4-wire
conversion. This conversion includes
changing from balanced transmis-
sion on the 2-wire side to a single-
ended transmission on the 4-wire

side. The FCC requires the part
that performs the hybrid function to
exhibit longitudinal balance in order
to reduce crosstalk on the lines, so
the bulky transformer has been dif-
ficult to replace with an IC.

Typical SLIC de-feed circuits sup-
ply 20 to 100 mA of current, depend-
ing on the length of the loop. To
handle these large currents without
saturating, the transformer em-
ploys magnetic laminates. The
transformer must also have a large
inductance value to satisfy return-
loss and frequency-response specifi-
cations. To satisy both these re-
quirements, the transformer must
be rather large.

One way to reduce the size of the
transformer yet still meet the FCC
specs for longitudinal balance is to
use a technique called magnetic
compensation. National Semicon-
ductor (TP3200) and Texas Instru-
ments (TCM4207A) offer monolithic
ICs that are specifically designed to
provide magnetic compensation.
(For a complete description of the
National Semiconductor device, see
“Magnetic compensation gives new
life to transformer-based SLICs,”
EDN, April 30, 1987, pg 149.)

The TP3200 and the TCM4207A
ICs use the current in a tertiary
winding on the transformer to can-
cel the dc flux (caused by loop cur-
rent) in the main windings. This
action prevents the transformer

from saturating and allows you to
use a small ferrite core. Special cir-
cuits in the ICs measure the loop
current by sensing the voltage
across a matched set of battery-feed
resistors and, with proper adjust-
ment, exactly cancel the de flux in
the other windings. By using mag-
netic-compensation ICs, you can
achieve a longitudinal-balance spec
of greater than —60 dB.

Although they’re not identical in
construction and features, both the
TP3200 and the TCM4207A provide
not only magnetic compensation,
but also all of the other functions
normally required in a SLIC. Pack-
aged in a 22-pin DIP, the TP3200
costs $3.75 (1000). In a 24-pin ce-
ramic DIP, the TCM4207A costs
$7.38 (1000).

Eliminating the transformer

Even though the technology of
the transformer-based SLIC is a
well-proven one, many designers
would like to replace it with a mono-
lithic IC. Unfortunately, until re-
cently, no widely available mono-
lithic IC could provide the required
performance—particularly with re-
gard to the specifications for longi-
tudinal balance. Now, however, Mo-
torola and Rifa offer devices that
appear to be capable of doing just
that.

The Motorola MC34120 (Fig 5)
and the Rifa PBL-3762 achieve the
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Fig 5—Because it provides all the basic functions for a subscriber-line interface, the MC3,120, along with a codec, can replace the
transformer in PABX systems and other applications.
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Discover the Power of Integrated CAE
Design Capture and Verification.

IN ASERIES

Tektronix

B  Engineering

Finding the most powerful electronic
design solutions is now easier than ever,
thanks to the Designer’s WorkSystem”

Developed by Tektronix as part
of Tektronix Aided Engineering, the
Designer's WorkSystem combines design
capture and verification tools into one
powerful solution.

Designer's Database Schematic
Capture (DDSC™) provides you with
a fast, user-customizable, menu-driven
system for design capture of IC and
PCB schematics.

From that same DDSC user interface,
you can create graphic and textual
descriptions of your circuit stimulus and
run one of our powerful design verifi-
cation tools, HILO"™3 Logic Simulation
System or SPICE™2G.6 analog simulator.
Graphical simulation results are easy
to view using our interactive graphi-
cal circuit probe capability.

Once you're ready to document
your project, our TekWriter™

Documentation

PRODUCT

CONCEPT DeSian

CAPTURE

Design

ELECTRONIC

Engineering Design Documentation
System (based on Interleaf™) lets

you merge DDSC design schematics
and simulation data with professional
text formats and other graphics for fast,
camera-ready documentation.

Its all part of Tektronix Aided Engineer-
ing. A family of integrated WorkSystems
addressing each area of your electronic
design cycle. From design capture,
verification and documentation to IC
and PCB layout. All running on industry-
standard platforms from
Apollo”
and DEC™

DESIGN
VERIFICATION .

Best of all, it's from Tektronix. The
name you've always trusted to get the
engineering job done. So you're assured
of worldwide service, support and
training.

To discover the power of Tektronix
Aided Engineering, contact your local
Tektronix, CAE Systems Division, sales
office. Or call 800/547-1512. Tektronix,
CAE Systems Division, P.O. box 4600,
Beaverton, OR 97076.
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SINGLE-SLOT /AT SOLUTIONS
AVAILABLE NOW!

CAT902

10 MHz, 1 wait: Up to 1
meg RAM. 128K PROM:
Dual floppy controller:
SCSI hard disk interface: 1
parallel and 2 serial ports:
EGA and 80287 optional:
Keyboard port, speaker,
reset / key lock / turbo ports

CATI910

CAT900 Features plus:
EGA extended resolution
(1280 x 800): CGA and
monochrome modes:
1280 x 800, 640 x

480, 640 x 350, and 640
x 200 resolutions

CAT 901 Features plus:
EGA extended resolution
(1280 x 800): CGA

and monochrome modes:
1280 x 800, 640 x 480,
640 x 350, 640 x 200
resolutions

QUANTITY CUSTOM DERIVATIVES AVAILABLE

CAT901
12 MHz, 0 Wait: Dynamic
clock speed change: Up

to 4 meg RAM, 64K PROM:

PROM set-up routines:
Dual floppy controller:
ST506 hard disk inter-
face: 1 parallel and

2 serial ports: EGA
and 80287 optional:
Keyboard port, speaker,
reset / keylock /

turbo ports

CAT900

12 MHz, 0 wait: Up to 8
meg RAM. 64K PROM: 1
parallel and 2 serial ports:
EGA and 80287 optional:

Keyboard port, speaker,
reset, keylock, turbo port

CAT902 features plus:
EGA extended resolution
(1280 x 800): CGA and
monochrome modes: 1280
x 800, 640 x 480, 640 x
350, and 640 x 200
resolutions

PACKAGING SUPPORT

¢ Backplanes ¢ Card Cages * Fans * Plug-In Power Supplies ® Low Profile Enclosure
* Small Footprint Enclosure ¢ Industrial Chassis ® Rack Mount Chassis Design

El Diversified CALL 1-800-443-2667

IN MS 601-856-4121
TEChHOlogy P.0. BOX 748 « Ridgeland, MS 39158
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hybrid function by using a separate
codec/filter circuit, and both devices
carry impressive specifications for
longitudinal balance. The specs are
difficult to compare, however, be-
cause they’re stated somewhat dif-
ferently.

The MC34120’s data sheet shows
a 2-wire spec of —58 dB at 300 Hz
and 1 kHz, and —53 dB at 3 kHz.
The PBL-3762’s 2-wire specs are
—60 dB between 200 Hz and 1 kHz,
—50 dB between 1 and 4 kHz, and
—63 dB between 300 Hz and 3.4
kHz. Of the two devices, the Rifa
device appears to have somewhat
better specs in the 300-Hz to 3-kHz
range, but it’s not certain, because
Motorola and Rifa obtained their
results under different conditions.
Rifa, however, claims that the PBL-
3762 will meet or exceed all FCC
specifications for longitudinal bal-
ance.

The first samples of the MC34120
are planned for March or April 1988;
the company expects to offer them
for $6.80 (100) in either 20-pin DIPs
or 20-pin SOIC packages. The PBL-
3762 (in a 22-pin DIP) is in produc-
tion; it costs $8.95 (10,000).

The parts discussed here are rep-
resentative of the wide variety of
telecomm ICs on the market: You
can choose from literally hundreds
of different types. From simple tone
ringers to complex speakerphone
chips to high-performance SLICs,
ICs are available to satisfy almost
any telecomm function in telephone-
handset and PABX systems. EDMN

Article Interest Quotient
(Circle One)
High 515 Medium 516 Low 517
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Who Makes Power
And Tough Enough For

COMPUTER INTERFACE LOAD

HRRAAN
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SGS-THOMSON Microelec-
tronics, of course.

In fact, engineers now have
a full range of self protecting
power devices capable of
intelligently interfacing with
computers.

No other industrial load driv-
ing solutions are simpler or
more cost-effective. SGS-
THOMSON integrates protec-
tion, diagnostic feedback and

control functions on a single IC.

Short circuits, overloads,
ground and load disconnection
are no problem.

Meeting your demanding
specs is no problem, either.
SGS-THOMSON offers a full
range of current ratings and
configurations. Plus, you can
choose from power packaging,
mini-dip or surface mount ICs.

POWER AMPLIFICATION §

* From CPU small signals to
power currents into the load
* Any input level accepted:
TTL, CMOS, etc.

* Wide supply voltage range

LOAD CONTROL

* Load condition monitoring
* Resistive and highly
inductive loads

* Dynamic stability with all
loads

* Output ON or OFF

* Alarm output ‘

* Load conditions (open/
short)

SAFETY FUNCTIONS

* No indeterminate states
upon power on

* Current limitation

« Link disconnect

* Reset functions

* High noise immunity

* Thermal protection

SGS-THOMSON Microelectronics
1000 E. Bell Road, Phoenix, Arizona 85022

©1987 All rights reserved.
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VCC max.| | max.

DEVICE . 1" (ial} | ks
TDE1607 36 0.5
TDE1647 50 1.0
TDE1737 50 1.0
TDE1747 50 1.0
TDE1767 50 1.2
TDE1767A 60 1.2
TDE1787 50 1.2
TDE1787A 60 1.2
TDE1798 50 0.5
TDE3207 36 0.3
TDE3237 36 0.3
TDF1778 35 2.0
TDF1779A 35 2.0

UAF1780 35 2x2.5
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d ing in reliability with SGS-THOMSON
Send for free comprehensive lit-
e full range of one-chip intelligent
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BUSCON:

Putting Together the Best
in the Industry

Solving the puzzle of board-level applications, and the
jigsaw of appropriate bus architectures, takes an in-
creasing amount of concentration. With focused tech-
nical sessions, seminars, and exhibits, BUSCON/88-
West puts the pieces together all in one place, at one
time. If you're involved in the design, application and/
or specifying of single-board microcomputers and ex-
pansion boards, BUSCON/88-West is for you.

SEMINARS:

A Technical Look at Bus Structures ® VMEbus
Overview * VSB: A VME Subsystem Bus ® NuBus
Designing with Message Passing Coprocessor
Futurebus ¢ IBM's Microchannel Architecture

SESSIONS:

Backplane Systems ¢ Real-Time Operating Systems
Interfaces * High-Speed Processing ® High
Performance SCSI ® Tools, Tips and Techniques
Analog 1/O Applications e Real-Time Kernels
System Architecture ® Communications I/O
Applications Linking UNIX to a Real-Time
Environment ¢ Multiprocessing

EXHIBITS FEATURING:
Connectors ® Software ® Systems Integrators
Board/Systems Manufacturing and Marketing
Surface Mount Devices ® PC Bus ® Multibus I
Multibus II » Q-bus ® Futurebus ¢ STD Bus * VME Bus
NuBus ® S-100 Bus ® STE Bus ® G-64 Bus ®« CAMACbus
Cimbus  Bibus ® SMP Bus ¢ Exorbus
BITbus e Fastbus e Versabus ® SCSI

FOR COMPLETE INFORMATION: Write or telephone
Anne Weber, Project Manager
CMC e 222 Fashion Lane, #201 ® Tustin, CA 92680
Telephone (714) 669-1201 ¢ FAX: 714 669-9105

BUSCON 88-West
The Bus/Board Users Show & Conference
February 22-25, 1988
Disneyland Hotel
Anaheim, California

BUSCON will run concurrent with the Power
Electronics Conference and NEPCON/West

Powe
Electronic
Conferenc
Teat

WORK!

Pulling Togethe
the Best in Designers & User:

The Power Electronic
Conference/88-West

For Users/Integrators & Designers of
Power Sources and Related Component

Bl Date/Location: February 22-25, 1988
Disneyland Hotel « Anaheim, California

B Characteristics:
A focused technical conference that concentrates on
application needs of both power electronics designers and
users/integrators. It provides opportunities to learn new de:
techniques, the latest power topologies, and to exchange
applications ideas with fellow engineers. Technical exhibits
the "hardware dimension" to the "intellectual software" of tl
sessions and seminars.

M Technical Sessions:
Quality and Reliability « Battery Applications  Military Powe
Supplies * Systems Design * The Specifying Art e Circuit
Design-Basic  Circuit Design-Advanced  Magnetics Desigr
High Frequency Designs * Thermal Management

M Tutorial Seminars:
Power Supply Basics ¢ Thermal Design  Enhanced
Measurements e Circuit Analysis * Regulatory Agencies
Multi-output Power Supplies * Power Devices  Introductior
Control Loops * EMC Basics  Japanese Marketing
Techniques

B User/Designer Symposia:
Systems Integrator Symposium ¢ The Components Clinic

B Relevant Exhibits:
~135—displaying power supplies, sources, magnetic
materials, test equipment, semiconductors, and related
components, in an unhurried atmosphere.

M Target Audience:

Real-time applications knowledge for senior engineering
personnel, such as: Electrical Engineer, Sr./Design Engineer, Project Enc
Sr. Development Engineer, Chief Engineer, Sr. Engineering Specialist, Developn
Engineer, Associate Engineer, CONS Engineer, Applications Engineer, R&D
Magr./Coordinator, Engineering Manager, Key Account Engineer, R&D Engineer
Consulting Engineer/Mgr., Sr. Test Engineer, Laser Engineer, Design PC Engin¢
Components Engineer, Hardware Development Engineer, Transformer Enginee
Semiconductor Manager, Microcomputer Engineer, OEM Vendor Engineer,
Technician, Radar Production Engineer, AMTS

W Sponsors:
Power Sources Manufacturers Association
Power Conversion Products Council International

Bl Advance/Discount Registration Informatic
Write, telephone or FAX: Edward E. Grazda, Director of
Education, PEC, 222 Fashion Lane, #201, Tustin, CA 926t
(714) 669-1201, FAX (714) 669-9105
PEC WILL RUN CONCURRENT WITH

BUSCON AND NEPCON/WEST.
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Hewlett-Packard’s
new logic analyzer family

offers you something not found
in other logic analyzers...




HP'’s new logic analyzer
family gives you more of
what you want in logic
analyzers. For less.

So now measurements
are easier to make. And
high-quality HP logic
analyzers are easier to buy!

You get the performance
that best suits you: from 32 to 400
channels of 100 MHz transitional
timing/25 MHz state, and up to 80
channels of 1 GHz timing analysis.

Our new family also offers
you easy operation, powerful trigger-
ing, a CAE link, an oscilloscope,
pattern generation, portability,
built-in mass storage, simple prob-
ing, optional 3-year protection, and
much more.

The small secret
behind the big value.

To give you more for your
money, HP developed a Logic-
Analyzer-on-a-Chip containing a
complete state analyzer, timing
analyzer, and acquisition memory.
This proprietary HP IC makes
exceptional value possible...80
channels of 100 MHz transitional
timing for only $7,800*.

You can assign state or tim-
ing in 16-channel increments. Get
fully independent state, timing,
state/timing, or state/state setups.
Even time-correlate measurements
on complex multiprocessor systems.

Operational simplicity
runs in the family.

We've made our controls
even easier than before, without
sacrificing performance.

You can make timing or
state measurements using just three
menus, So you never get lost.
Triggering setups, from the simple
to the complex, are a snap. And
autoscale gives you one-button
setup for timing analysis.

You even get a color touch-
screen and knob, or optional mouse
with the new HP 16500A. Color
lets you quickly distinguish be-

tween menu choices, measurements,

and results...and find glitches
more easily.

Probing made easy.

HP'’s new passive probes are
lightweight and flexible...specially
designed to grip easily and securely
to your device under test. Plus, our
preprocessors give you quick setups
with most popular 8, 16, and 32-bit
wPs, including the Motorola 68020
and Intel 80386. And if you've al-
ready invested in HP preprocessors,
we offer you an easy upgrade path.

HP 1651A: full-featured
logic analyzer for
only $3,900*

With 32 channels of 100 MHz
transitional timing for just $3,900*
the HP 1651A gives the hardware
engineer a highly economical, yet
powerful debugging tool.

It’s a full-featured logic
analyzer with no compromises in
state and timing capabilities (25
MHz state/100 MHz transitional
timing on all channels), memory
depth, triggering, or I/O features.
It supports most popular 8-bit uPs
with full inverse assembly. Plus it's

compact, weighs just
22 1bs., and has an optional
carrying case for easy transport.

HP 1650A: the new
standard in general-
purpose logic analysis
for just $7,800*

The HP 1650A features time-
correlated state/state or timing/state
operation on 80 channels. Plus
eight sequence levels to meet your
toughest triggering tasks. Yet it's
priced below $8,000!

You get 25 MHz state/100 MHz
transitional timing on all 80 chan-
nels, and preprocessor support for
8, 16, and 32-bit uPs. And, the




More value.

HP 1650A is portable,
lightweight, and small
enough to fit comfortably
on a crowded workbench.
It's also programmable,
has a built-in disc drive
for storing measurements,
and provides hardcopy
documentation.

HP 16500A: modular
system solution, priced
your way.

The HP 16500A is modular,
with the flexibility to meet your
debug, characterization, or pass/
fail test application needs today
and tomorrow. You get a combina-
tion of state, timing, oscilloscope,
and stimulus-response capabilities

through your choice of performance
modules. You can have up to 400
channels of 25 MHz state/100
MHz transitional timing. 8 chan-
nels of full-featured, simultaneous
scope analysis. 80 channels of
1 GHz timing. Or 204 channels of
50 Mbit/sec stimulus.

Just $12,400* buys you a

basic configuration with 80
channels of 25 MHz state/100 MHz
transitional timing.

You can trigger one module
with another. Time-correlate mea-
surements between modules...400
Ms/sec scope and 1 GHz timing,
for example. Even view state, timing,
and analog on the same screen!
Fully programmable, the HP 16500A
eliminates the need for separate
data storage and printer control.
HP-IB and RS-232 are standard.

Now, bring real-world
measurements into the
CAE environment.

The HP 16500A is part of HP
DesignCenter...a product develop-
ment environment that unites
engineers from IC design/verification
to PCB design and test. By linking
the HP 16500A with HP CAE, you
can compare measurement results
and simulated data on your work-
station, and use measurement

results as your simulator patterns.

Mail the card today!
For more information, fill out and
mail the postage-paid reply card
today. Call us at 1-800-367-4772,
Ext. 232W. Or contact your local
HP sales office listed in the telephone
directory white pages. Ask for the
electronicinstruments department.

U

HEWLETT
PACKARD



Excellent reliability, service, and support.
When you purchase a logic analyzer from HP, you get high reliability. The

support you need to be productive with your instrument quickly. And a worldwide

sales and service network to ensure your continuing satisfaction for years to come.

HP 1651A $3,900 *

The HP 1651A is a general-
purpose, low-cost 32 channel logic
analyzer with many features normally
found on more expensive analyzers.

* 100 MHz transitional timing on all
32 channels.

e 25 MHz state on all channels.

e Support for most popular 8-bit uPs.

e Fully programmable, with built-in
disc drive and hardcopy output.

® Portable and compact — weighs
just 22 lbs.

® Optional 3-year protection.

HP 1650A $7800*

The HP 1650A is a general-
purpose logic analyzer with a range
of features to satisfy many requirements
in design and test.

® 100 MHz transitional timing/25 MHz
state on all 80 channels.

® Support for most popular 8, 16, and
32-bit uPs.

® Configurable as 2 totally indepen-
dent analyzers.

® Fully programmable, with built-in
disc drive and hardcopy output.

® Eight sequence levels with storage
qualification, pattern and range
recognizers.

® (Glitch capture on all channels.
® Optional 3-year protection.

HP 16500A

The HP 16500A is a modular,
configurable system solution that can
meet a wide variety of logic analysis,
oscilloscope, and stimulus-response
measurement requirements.

® Configurable through your choice
of performance modules:

— 25 MHz state/100 MHz transi-
tional timing (80 channels per
module) $5,200 *

— 400 Ms/sec 100 MHz band-
width digitizing oscilloscope
(2 channels per module) $5,500 *

— 1 GHz timing (16 channel
master) $7,800 *

— 50 Mbits/sec pattern generation
(12/48 channels per module)
$3,700/$4,000 *

— Mainframe $7,200 *

® Color touchscreen and knob, with
optional mouse.

® Intermodule triggering.

® Two built-in disc drives.

® Fully programmable, with RS-232
and HP-IB interfaces.

® Optional 3-year protection.

*U.S. list price.

Motorola 68020 is a trademark of the Motorola Corporation.
Intel 80386 is a trademark of the Intel Corporation.

HEWLETT
PACKARD
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TECHNOLOGY UPDATE

Analog comparators achieve high speeds,
but application challenges remain

David Shear, Regional Editor

High-speed analog comparators
have always presented design chal-
lenges, and the state-of-the-art de-
vices listed in Table 1 (pg 76) are
no exception. When applying them,
you’ll have to overcome such device
limitations as inherent instability,
varying propagation delays, low
gain, high input bias current, nar-
row input-voltage ranges,
input slew-rate limits,
strange supply-voltage re-
quirements, and high cost.
It’s not that manufactur-
ers haven’t attacked these
problems—it’s simply that
victory in one area gener-
ally involves a retreat in
others. The biggest strug-
gle involves combining in
one device two conflicting
parameters:
® High gain, to allow
the comparator to re-
solve small differ-
ences at its input,

and
® Wide bandwidth (or
short propagation

delay), to allow the
comparator to oper-
ate at high speeds.
Two TTL-compatible de-
vices illustrate the type of
tradeoff that manufactur-
ers of high-speed monolith-
ic comparators are forced
to make between gain and
speed: The Signetics/Phil-
ips NE5105A has a gain of
18,000, but a propagation
delay of 50 nsec; in con-
trast, VTC Inc’s VC7696
has a propagation delay of
10 nsec but a gain of only
400.

Despite the sacrifices in gain or
bandwidth that manufacturers
make, the devices nevertheless ex-
hibit a tendency toward instability.
To minimize this tendency, you
should, when laying out a compara-
tor circuit, place a ground plane
under the comparator and any asso-
ciated parts. In addition, place pow-
er-supply bypass capacitors close to
the device.

center of this die photo of Elantec's EL2018, are replaced by a
second latch in the otherwise-identical EL2019. The second latch
implements the EL2019’s flip-flop.

These precautions reduce the pri-
mary cause of oscillations: parasitic
capacitance. As the output changes
state, current flows to the input
through this capacitance. The cur-
rent in turn can alter the level at the
input and cause the output to
change state once again. That sec-
ond, and inappropriate, change can
again affect the input, with the re-
sult that the output bursts into os-
cillation.

In addition to employing
layout techniques that
minimize parasitic capaci-
tance, you can take other
approaches to eliminating
oscillation. One is to make
sure that the input signal
is fast enough to drive the
device through its linear
region before oscillation
can begin. This approach is
fine if you have control of
the incoming signal, but
usually you don’t.

As another approach,
you can provide feedback
from the comparator’s out-
put to its noninverting
input to establish hystere-
sis. According to this ap-
proach, when the output
changes state, the feed-
back signal forces the non-
inverting input through
the active region to keep
the output from oscillat-
ing.

Vendors, too, take steps
to minimize the risk of os-
cillation. Most high-speed
comparators, for instance,
have a latch on their out-
put. Although one function
of such a latch is to support
synchronous acquisition, it

EDN January 7, 1988
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cillations. The latch gives you con-
trol over the output, which can
change only when you allow a
change. The latch effectively discon-
nects the input from the output,
thus breaking the feedback path.

Latched comparators have two
modes of operation, transparent and
latched, which you control via a
latch-enable input. To control the
latch, the latch-enable pulse must
be long enough to allow the latch to
operate, but short enough so as not
to re-establish input-to-output feed-
back and allow oscillation.

A latch gives you control

The EL2019 from Elantec simpli-
fies control of the latch by using a
master/slave flip-flop. The device is
similar to the EL2018, which has a
simple latched output rather than
the flip-flop. From a manufacturing

standpoint, the only difference be-
tween the devices lies in the final
stages of metallization (Fig 1).

The rising edge of the clock input
controls the EL2019’s flip-flop.
Thus, you needn’t worry about
pulse width, as you would with the
simple latch. With the EL2019, the
pulse can be as long as you desire.

The EL2019’s approach proves
beneficial because it’s usually much
easier to find a clock edge in a
circuit than it is to find a pulse with
just the right timing. In a succes-
sive-approximation analog/digital
converter, for instance, you can use
the clock that controls the convert-
er’s successive-approximation regis-
ter to latch an EL2019.

Achieve nearly infinite gain

The use of a latch creates a nearly
ideal comparator—one whose gain

approaches infinity. Fig 2 shows the
transfer function of a typical compa-
rator using a latch and one not using
a latch. The resolution of the latched
comparator is limited by its own
noise.

All comparators have a specified
propagation delay: the time it takes
a signal to get from the input to the
output. You'll notice in Table 1 that
propagation delays are often speci-
fied with an associated overdrive
voltage: the input differential volt-
age in excess of the value required
to cause an output transition.

For some comparators, a larger
overdrive reduces the propagation
delay, and manufacturers’ specs can
make it difficult to judge the de-
vices’ relative performance. In
Table 1, each propagation-delay
spec was measured using a 100-mV
input signal, but with overdrive lev-

TABLE 1—REPRESENTATIVE HIGH-SPEED ANALOG COMPARATORS
INPUT BIAS | INPUT OFFSET

MANUFACTURER COMPARATORS/ | PROPAGATION DELAY/OVERDRIVE | VOLTAGE GAIN CURRENT VOLTAGE
AND DEVICE PACKAGE (nSEC MAX/mV) (VIV MIN) (rA MAX) (mV MAX)
ANADIGICS

ACP10010 1 1.0/20 100 0.10 30
ANALOG DEVICES

AD96685 1 35/10 — 10 2

AD96687 2 35/10 — 10 2
ELANTEC

EL2018 1 30/5 15,000 0.30 3

EL2019 1 - — 0.30 5
HARRIS

HMD-11685-2 1 05/— (TYP) 10@100 MHz 0.10 —

15@2 GHz

HONEYWELL

HCMP96850 1 3110 4000 (TYP) 20 3

HCMP96870A 2 2310 4000 (TYP) 20 3

HCMP96900 2 4.2/50 (TYP) 1000 (TYP) 20 3
PLESSEY

SP93802 2 <110 (TYP) 20 9 35

SP93804 4 <110 (TYP) 20 9 35

SP93808 <110 (TYP) 20 9 a5
PRECISION MONOLITHICS

CMP-08 1 95/5 800 13 25
SIGNETICS/PHILIPS

SE/NE5105A 1 50/5 18,000 1.2 0.25
VvTC

VC7690 J 1.8M10 400 20 5

VC7695 1 1.8/10 400 20 5

VC7696 1 10110 400 10 3

VC7697 2 1.910 400 20 5

VC7698 2 10110 400 10 2
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els ranging from 5 mV or less to as
much as 50 mV.

When the propagation delay is
optimized, the gain usually suffers.
Therefore, you might have to sacri-
fice speed in gain-critical applica-
tions such as A/D conversion, for
which the gain must be high enough
to resolve the least significant bit.
For an ADC that has a 10V input
range using logic that requires 2V
signals, the minimum gain is 410 for
10-bit resolution, 1639 for 12-bit res-
olution, and 26,212 for 16-bit resolu-
tion.

On the other hand, other applica-
tions might be more sensitive to
speed than to gain. In automatic-
test-equipment, line-receiver, and
instrumentation applications, the
input is often a relatively large sig-
nal, and a gain as low as 100 might
be adequate. Although such applica-

tions might not demand high gain,
they might well require fast compa-
rators with small variations in prop-
agation delay.

Such devices include those in the
SP9380X family from Plessey. They
have a gain of only 20, but a propa-
gation delay of less than 1 nsec. The

analog front end (Fig 3) is a gain
block that amplifies the signal to a
level sufficient to allow the latch to
determine the appropriate output.
The latch circuitry is regenerative,
so once the output latches, the gain
of the device goes from 20 to nearly
infinity. This approach allows the

Fig 2—The transfer function of Elantec’s EL2018 (a), operating in a transparent mode,
shows the limitation of its gain as the input moves through the active region. In the latched
mode, the EL2019 (b) has a gain limited only by the noise of the input. For both photos, the
vertical scale is 1V/div, and the horizontal scale is 100 wWV/div.

COMMON-
MODE-VOLTAGE | SUPPLY POWER

RANGE VOLTAGE | OUTPUT OUTPUT DISSIPATION
(V MAX) () COMPATIBLE TYPE (MW MAX) PRICE COMMENTS

$1/22 +5/-5 ECL DIRECT 200 $19.50 (1000)

(SINGLE
ENDED)

+5/-25 +5/-5.2 ECL LATCHED 140 $4.60 (100)

+5/-25 +5/-52 ECL LATCHED 280 $6.40 (100)

+12/-12 +15/-15 | TTL/ICMOS LATCHED 400 $4.50 (100) | 3-STATE OUTPUT, POWER-DOWN MODE
+12/-12 +15/-15 | TTL/CMOS | M/S FLIP-FLOP 420 $4.50 (100) | 3-STATE OUTPUT, POWER-DOWN MODE

+1.25/-225 | +45/-35 ECL LATCHED 1250 $155 (100)

+25/-25 +5/-52 ECL LATCHED 125 $6.19 (100)
+25/-25 +5/-52 ECL LATCHED 250 $838 (100)

+10/-3 o7 ECL LATCHED 720 (TYP) | $15.31 (100)
+26/-2.1 +5/-5.2 ECL LATCHED 360 $26556 (1000) | GLITCH CAPTURE, ADJUSTABLE HYSTERESIS
+26/-2.1 +5/-5.2 ECL LATCHED 360 $46.04 (1000) | ONBOARD BANDGAP REFERENCE
+26/-2.1 +5/-5.2 ECL LATCHED 640 $69.05 (1000)
+2.7/-30 +5/-5.2 ECL DIRECT 210 $3.35 (100) | 8-PIN DIP WITH ECL OUTPUT

+3/-3 +5/-5 TTL LATCHED 130 $4.75 (100)
+25/-25 +5/-52 ECL DIRECT 300 $7.21 (100) | 8-PIN DIP WITH ECL OUTPUT
+25/-25 +5/-5.2 ECL LATCHED 300 $10.21 (100)
+35/-35 +5/-5 TTL LATCHED 300 $7.21 (100)
+25/-25 +5/-5.2 ECL LATCHED 600 $15.29 (100)
+35/-35 +5/-5 L LATCHED 300 $10.71 (100)

EDN January 7, 1988
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comparator to achieve subnano-
second propagation delays with the
low-gain front end and still be able
to resolve low-level input signals.

Each comparator in the SP9380X
family also has a glitch-capture cir-
cuit, which detects whether the out-
put exceeds 20 mV (or the input
exceeds 1 mV) for more than 900
psec. If it does, the glitch-capture
latch sets and remains set until the
device receives a reset pulse. You
can easily look for glitches in a time
window by controlling the latch
reset.

Variations can be important

In some applications, changes in
propagation delay can be as impor-
tant as the delay spec itself. A com-
parator’s propagation delay can
vary with temperature, with input
voltage, and between devices.

Analog Devices’ AD96685/7 single
and dual ECL-compatible compara-
tors have a dispersion (the change in
propagation delay throughout a
range of input-overdrive levels) of 50
psec from 100 mV to 1V, and the
propagation delay of Honeywell’s
HCMP96900 varies less than 100
psec (typ) despite changes in input
voltage, input direction, and input
overdrive.

Although Anadigics doesn’t ex-
plicitly list a dispersion spec for its
ACP10010 GaAs comparator, the
data sheet does note that the propa-
gation delay is 1.0 nsec with a
20-mV overdrive and 0.5 nsec with a
100-mV overdrive, implying a dis-
persion of 50% within the 20- to
100-mV overdrive range.

Even with constant overdrive lev-
els, propagation delays vary from
device to device—by an amount
that’s not always specified. One
manufacturer that does provide this
spec is Plessey. For its SP9380X
family, the company specifies chan-
nel-propagation-delay matching of
better than 100 psec for devices in
the same package.

There’s one more source of diffi-
culty in interpreting propagation-
delay variations, and it involves the
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Fig 3—Each channel in the Plessey SP9380X dual, quad, and octal comparators includes a
comparator, an output latch, and glitch-capture circuitry.

definition of the point at which you
consider a transition to have oc-
curred. For comparators with true/
complement ECL outputs, you can
determine the exact time of switch-
ing by using a test circuit that de-
tects when the outputs cross. How-
ever, when only a single ECL
output is available, as with the Ana-
digics ACP10010, it’s more difficult
to define the point at which the
output transition occurs. You could
define the exact time as the point at
which the output voltage crosses the
midpoint between the high and low
output logic level; however, that
50% point depends on rise/fall times
and might also depend on the load
and other factors.

A comparator must track

Propagation delay and dispersion
aren’t the only factors you have to
consider when evaluating whether a
comparator is fast enough for your

application. Another important,
though rarely specified, parameter
is the input slew rate. If the compa-
rator’s front end can’t keep up with
the slew rate of the incoming signal,
then errors will result. Honeywell’s
ECL-compatible HCMP96900 can
handle inputs with slew rates to
1500V/psec, and Elantec’s EL2018/
19 can track a 300V/usec slew rate.

Input bias currents are high

Another challenge to your design
is the input bias current. To meet
this challenge, you might employ
one of the few high-speed compara-
tors that exhibit low bias currents.
For example, the EL2018/19’s input
bias current is 0.30 pA max, 0.10
pA typ, and the GaAs comparators
from Harris and Anadigics spec
input bias currents of 0.10 pA max.

Most high-speed comparators,
however, have high input bias cur-
rents—in the range of tens of micro-
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Time for some straight talk.

At I'TT Cannon, we
didn’t survive in the intercon-
nect business for 70 years
without continually changing
to meet the needs of the
marketplace.

So when you asked for
faster, more efficient servic-
ing, we changed. We stream-

ur newest lined. We created a straight
line access between customer
and manufacturer.

Sales angle Now it’s easier than ever

to do business with Cannon.

L ] L] L ]

ls a Sualght llne. We made specialists out
of our sales force so they can
answer your product needs
immediately. Or put you in
touch with someone who can.
The object is to give you a
straight access to the person
who can get the job done.

We added more manufac-
turer representative organiza-
tions and distributors across
the country. Now there are
hundreds of people in more
cities to service you directly.

We're constantly
updating our extensive sales
network on the newest prod-
uct information. So, when
you deal with a Cannon
salesperson, you not only get
straight line delivery, but also
straight line answers about
any of our products.

No doubt about it. You
xpect us to keep up with
your needs. We demand it.

Sales responsiveness. Part
of the new story at Cannon.

Talk to us.

Worldwide Headquanrters
10550 Talbert Ave.
Fountain Valley, CA 92708
Or call (714) 964-7400

ITT cannon

We're making progress.

Not excuses.
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amperes. Such high input bias cur-
rents usually require that you
include a FET buffer on the input.

Not only do you often need a
buffer, but you might also need a
voltage divider on the input. A scan
of Table 1 shows that most high-
speed comparators have a rather
narrow common-mode-voltage
range, in the neighborhood of +3V.
The GaAs comparators have a com-
mon-mode-voltage range that’s even
narrower. The Harris HMD-11685-2
can only accept signals from +1.25
to —2.25V. Unfortunately, your in-
puts are likely to be *=12V max
analog signals (from analog circuits
powered by =15V supplies) or —2 to
+8V digital signals (from circuits
made of CMOS-logic, ECL, or TTL
devices).

Wide input voltage range

To directly meet the needs of ana-
log signals, the Elantec EL2018/19
devices can accept *12V signals
when powered from =15V supplies,
although their propagation delay is
a relatively long 30 nsec. Honey-
well’'s HCMP96900 is faster—4.2
nsec—but it nevertheless can accept
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4 5 A comparator’s prop-
agation delay isn’t
constant. For exam-
ple, Precision Mono-
lithics’ CMPOS8 exhib-
2 0 7 its a wvariation in
+2.5m +25m +250m +2.5 propagation delay
INPUT VOLTAGE (VOLTS) with a varying input
signal level.

input voltages of —8 to +13V, de-
pending on the supply voltage. With
a +12V and —7V supply (test condi-
tions), the HCMP96900’s common-
mode voltage range is —3 to +10V.
This range satisfies most ATE appli-
cations, but the device’s 20-pA
input bias current might still re-
quire that you use a buffer.

The HCMP96900 offers yet anoth-

For more information . . .

For more information on the comparators described in this article, contact
the following manufacturers directly or circle the appropriate numbers on
the Information Retrieval Service card.

Harris Microwave
Semiconductor
1630 McCarthy Blvd
Milpitas, CA 95035
(408) 433-222

Circle No 704

Anadigics Inc Honeywell Inc Precision Monolithics Inc
35 Technology Dr Signal Processing Technologies 1500 Space Park Dr
Warren, NJ 07060 1150 E Cheyenne Mountain Blvd Santa Clara, CA 95054
(201) 668-5000 Colorado Springs, CO 80906 (408) 727-9222
TWX 510-600-5741 (303) 577-1000 Circle No 708
Circle No 701 TLX 452433
Circle No 705 Signetics Corp
Analog Devices 811 E Arques Ave
70 Shawmut Rd Philips Elcoma Div Sunnyvale, CA 94088
Canton, MA 02021 Box 523, 5600 AM (408) 991-4545
(617) 461-3821 Eindhoven, The Netherlands Circle No 709
TLX 174059 (040) 757005
Circle No 702 TLX 51573 VTC Inc
Circle No 706 2401 E 86th St
Elantec Inc Bloomington, MN 55420
1996 Tarob Ct Plessey Semiconductors (612) 851-5000
Milpitas, CA 95035 9 Parker TLX 857113
(408) 945-1323 Irvine, CA 92718 Circle No 710
Circle No 703 (714) 472-0303

Circle No 707
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er advantage: It can withstand an
input voltage that’s 1V higher than
its supply voltage. Thus, you can
power the comparator and external
circuitry from one supply and use a
simple diode clamp to protect the
comparator’s input. For such a
clamp to effectively protect a com-
parator whose input can’t withstand
voltages in excess of the supply volt-
age, the external supply voltage has
to be at least one diode drop less
than the comparator’s supply
voltage.

Some unusual requirements

Powering a high-speed compara-
tor can entail difficulties beyond
those of meeting the requirements
of an input-protection scheme. For
example, the Harris HMD-11685-2
requires the nonstandard voltages
of +4.5V and —3.5V, and the Hon-
eywell HCMP96900 presents com-
plex power-supply-voltage options.
In contrast, Elantec’s EL2018/19 is
quite easy to power. It can accept
any level from *=5 to =15V, and its
output remains TTL compatible
throughout that range.

The foregoing discussion illus-
trates the tradeoffs you face when
designing with high-speed compara-
tors. You might choose one model
because its specs suggest more-
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WHO YA GONNA CALL TO ICE
68020 BUGS? ATRON BUGBUSTERS!

We recently received a competitive
analysis written by a billion-dollar

tedious mental translations and displays what the
processor really did. The technology, called pipeline

competitor of ours. In it, they rank in-
circuit emulation companies in order

of importance. We were

SO WHO’S ATRON?

Today, Atron is the
number-one supplier of
hardware-assisted soft-
ware debuggers for
8088/80286/80386-
based PCs. Nine of the
top ten software pack-
ages were written by
Atron customers. Every-
body from AST to
Borland to Oracle to
Zenith. Now, we can
make the same claim in
the 68020 marketplace.

Everybody from
Apple (MAC IIs) to
Wellfleet (datacom) will
attest to the superiority
of Atron’s 68020 debug-
ging technology. One
Atron customer even
said, ‘““We sent our non-
Atron ICE unit out sev-
eral months ago for
repairs; nobody around
here seems to know or
care if it’s back yet. The
Atron unit is the tool of
choice’’

25-MHZ, REAL-TIME, EMULATION:

number one.

| Clock speed
= E 1

68020 PROBE
SPECIFICATIONS

dequeueing, is only available from
Atron. Because the Atron bugbusters
are the only ones anywhere who’ve
figured out how to do it. And it took us
100,000 lines of code. Consider it our
contribution to your sanity. (It was a
dirty job, but somebody had to do it.)

i

LET THE SOURCE
BE WITH YOU.
Why spend all day

25 mhz
Ti

7| Trace

; Breakpoints

Mapped RAM
Source debug
Symbolic debug

i | Symbol table
| User interface
Macros
Download
Coprocessor

I

SOONER OR LATER, YOU KNOW YOU'LL NEED IT.

Why invest in a slower emulator (especially one that
costs more)? Some bugs only occur in real time, and you

P
2048 cycles by 96 bits
Qualified trace region
Dequeued trace data

Pre and center triggered
Includes symbols and source
Dynamic cache control

8 hardware on execute

Read, write, fetch, logic
Single or range addresses

16 software breakpoints
Sequential triggers - 4 terms
Real-time pass counter
Guarded access on memory
Output lines for cross trigger
Input lines for external logic
512K

Yes for C, Pascal, Assembler
S, Tek, Coff, 4.2 BSD, SUN and
IEEE formats

Limited only by AT disk size
Multiple windows and menus
Yes, and conditional execution
To target system at 375k baud
68881,68851

doing mental transla-
tions between your C
source code and the
machine code in your tar-
get? These tedious oper-
ations are eliminated
with Atron’s source-level
debugging capabilities.

Since PROBE uses a
PC AT as its instrumen-
tation chassis, you can
get compiled code to its
target via Ethernet,
VAXNet, SUNNet,
SCSI or RS-232. And
whether you are compil-
ing on a PC, a worksta-
tion or a VAX, Atron
supports more object-
module formats than
anybody else (see speci-
fication box).

YOU'LL BE A BELIEVER
AFTER A SHORT DEMONSTRATION.

So who ya gonna call? Bugbusters! Today. At
408/741-5900. Or send in the attached coupon.

know your next design will be 25 mhz. Before Atron’s EF=—=——————ec e ———— =
state-of-the-art design, there was no such thing as a 25- : My business card or company letterhead is attached: I
mhz emulator. There still isn’t another one anywhere near | :
our price | [J  I've got to see this for myself. Please have a represen-
i | tative call me to schedule a demonstration. :
B LT i PIPELNE, T e e e
SO YOU WON’T LOSE YOUR MIND. ] | i 4 P EDNmm;‘ l
The 68020 has an on-board pre-fetch pipeline. Without : m I
Atron’s 68020 PROBE, your best software engineer will :
spend a lot of time figuring out which instructions actu- | ~ BUGBUSTERS I
ally execute, and then, which bus cycles go with those | A division of Northwest Instrument Systems, Inc. |
instructions. The 68020 PROBE eliminates all these : 20665 Fourth Street ® Saratoga, CA 95070 ® 408/741-5900 :
Copyright © 1987 by Atron. 68020 PROBE is a trademark of Atron. The other d own g rks. ICE is a k of Intel. Adv. by TRBA
EDN January 7, 1988 CIRCLE NO 87 81
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than-adequate gain or speed mar-
gins for your application. But, that
device might have high bias cur-
rents and a narrow input range,

A 100-mV overdrive
enables the ACP10010
from Anadigics to
achieve a propagation
delay of 500 psec. This
GaAs comparator can
maintain a gain of 100.

I\

Transparent. Portable. The
natural evolution of TCP/IP
for UNIX™ Such a natural, in
fact, WINS/Streams is the
UNIX V.3 communications

requiring input buffers and voltage
dividers, and in turn possibly reduc-
ing your circuit’s speed to unaccep-
table levels. Moreover, special pow-

standard. Truly life-sustain-
ing. For more information,
call 800-872-8649 (in
California 800-962-8649)
or send us this ad with

© 1987 The Wollongong Group, Inc. WINS/Streams is a trademark of The Wollongong Group, Inc
All other product names are registered trademarks of their respective manufacturers

CIRCLE NO 11

er-supply requirements might
drastically increase the complexity
of the external circuitry.

Don’t forget that you have to con-
sider cost, too: High speed and high
cost usually go hand in hand, but not
always. For example, Precision
Monolithics” CMPOS8 is a 9.5-nsec,
ECL-compatible comparator that
costs $3.35 (100), and the AD96685
from Analog Devices is a 3.5-nsec
device costing $4.60 (100). EDN

Reference

1. Fleming, Tarlton, “Design chal-
lenges attend application of monolithic
voltage-comparator ICs,” EDN, Febru-
ary 6, 1986, pg 45.

Article Interest Quotient
(Circle One)
High 518 Medium 519 Low 520

your business card. The
Wollongong Group, Inc.,
1129 San Antonio Road,
Palo Alto, Ca. 94303.

WOLLONGONG
We are the standard.
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AUTOCAD® RELEASE 9.

ITS ENHANCEMENTS ARE

EVIDENT.

AutoCAD’s new release
builds on the strengths of
its eight predecessors.
Here’s how:

PULL-DOWN MENUS.

Release 9’s pull-down
menus let you choose all of
AutoCAD’s fundamental
commands with a click of
your mouse or digitizer. You
can also customize menus
to provide your own fre-
quently used commands.
Pull-down menus are com-
patible with AutoCAD’s
proven system of screen and
tablet menus.

IcoN MENUS.

When you wish to select
3-D objects, text fonts, or
hatch patterns, for example,
you can pick them from an
icon menu that appears on
the screen. You can do the
same thing with objects you
create on your own. Icon
menus make it easier and
faster to choose the option
you want.

DIALOGUE BOXES.

These let you converse with
AutoCAD; give it instruc-
tions by “filling in the
blanks.” They can simplify
many of your tasks—enter-
ing layer information, for
example.

FILE PORTABILITY.

With Release 9, drawing
files are directly compatible
without any conversion
steps across four different
operating systems on four
different machine architec-
tures: PC-DOS/MS-DOS,
Apollo AEGIS, DEC VMS,
Sun UNIX*

On a network with different
types of computers you can
access a single copy of a
drawing from any machine.

MORE NEW FEATURES.

Release 9 also offers you
twenty additional text fonts
from the industry standard
Hershey library, B-spline
curve generation, and a

direct link to the newly
released AutoShade"™

RELEASE 9 = MORE
POwWER + EASIER ACCESS.

If you think CAD would
boost your productivity, but
you worry that a serious pro-
fessional CAD package will

take forever to learn, Auto-
CAD Release 9 is for you.

You'll be able to put its
extraordinary capabilities
to work faster than you ever
thought possible.

AutoCAD is registered in the U.S. Patent
and Trademark Office by Autodesk, Inc.
AutoShade is a trademark of Autodesk, Inc.
2320 Marinship Way, Sausalito, CA 94965
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AutoCAD
THE STANDARD.

CAD is an essential produc-
tivity tool today, as essential
as drafting boards and
T-squares were yesterday.

With over 100,000 packages
sold in seven languages
around the world, Auto-
CAD is the CAD software
of choice among architects,
engineers and designers.

CALL 800/445-5415 FOR
DETAILS.

We'll put you in touch with
an authorized dealer who
will show you the unprece-
dented power and ease of

use of AutoCAD Release 9.

Your dealer will also show
you which graphics systems
can support our new display
capabilities.

*PC-DOS is a registered trademark of Interna-
tional Business Machines Corporation. MS-DOS
is a registered trademark of Microsoft Corpora-
tion. Apollo AEGIS is a trademark of Apollo
Computer, Incorporated. DEC and VMS are
trademarks of Digital Equipment Corporation.
Sun is a trademark of Sun Microsystems Incorpo-
rated. UNIX is a trademark of AT&T Bell
Laboratories.

®
AUTODESK, INC.

Tools for the golden age
of engineering.



MAKE THE RIGHT CONNECTIONS.

If you're already using the industry’s highest throughput linear tester, the
LTX Hi.T, or the most advanced digital tester, the LTX Trillium, or the industry-
standard mixed-signal tester, the LTX Ninety (or all three for that matter),
there’s only one thing left to do: Successfully connect test floor engineering and
manufacturing information to company decision makers. Build a better

network, and the industry will beat a path to your door.
For the test floor interconnection of LTX equipment as well
as other hardware to the entire factory, the answer is EZ-NET": a

EDN January 7, 1988
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single source solution to a multi-source problem. EZ-NET is a compatible group
of networking information products, designed to create an information and
control solution custom-made for you. So the right people have the right infor-
mation at their fingertips, to help turn raw data into money-making decisions.
If you'd like to develop an integrated tester environment that truly maxi-
mizes the strengths of your people and equipment, LTX can put
it all together. We can also put together the mousetrap brain I E B(
tester above. Just call your nearest LTX sales office.

TEST YOUR LIMITS

EDN January 7, 1988 CIRCLE NO 85 85



Make the connection with Emerald.

Touch Terminal, CGA Monitor, RS232 Terminal and 26" Plasma Monitor (rear)

EMERALD saves you time and money
with complete systems, interfaces and
controllers that let you connect your
system to a flat panel display without
altering or customizing existing circuits.

As great as flat panel displays are, they
have one major drawback. Th%y don’t
easily connect to any existing CRT-based
system. Until now you've had only two
options: spend a lot of time and money
engineering a product yourself, or buy a
potentially overpriced or inadequate
product.

Emerald offers a better solution. You can
purchase a high-performance unit from us,
ready to connect. Emerald manufactures
an array of products: terminals and
monitors (some with touch input), sub-
assemblies, and board level interfaces and
controllers. Emerald supports all technolo-
gies: EL, Plasma, VF and LCD. For spe-
cialized, high-volume applications, we
custom design anything from board level
products to complete systems.

86

S0, to make your connection easily and
economically, talk to Emerald. We are the
most experienced and diversified flat panel
display people in the industry.

Here’s a sample of what you can get,
at prices you can afford*

e Terminals $1,595
¢ Touch Terminals 1,995
* Monitors 1,550
¢ | CD VT100 Terminals 1,095
* Subsystems 1,295

e Text and Graphics RS232 220
* RGB-EGA to 640x400 180
* RGB-CGA to 640x200 110

*Based on the purchase of 1,000 units.

L EMERALD

7324 S.W. Durham Rd.
Portland, OR 97224
(503) 620-6094

FAX (503) 639-7932

CIRCLE NO 84

LCD, Plasma, EL Touch and EL Modules

Interface and Controller Boards
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Raster printers profit from
available technologies to suit diverse uses

Maury Wright, Regional Editor

Almost all computer applications
today rely on hard-copy-output de-
vices, and with the abundance of
raster-printing technologies avail-
able, you can now match a raster
printer with just about any applica-
tion. Not only do you have a choice
of monochrome- and color-graphics
capabilities, you can spend as little
as a few hundred dollars to as much
as several thousand. Still and all, for
the time being, printer-control lan-
guages and application software
may ultimately dictate your choice.

Whether you're choosing a raster
printer for yourself or whether you
want to integrate one in a particular
system, you have the same choice of
technologies: dot matrix, laser,
LED, LCS (liquid crystal shutter),
ink jet, thermal transfer, and elec-
trostatic—not to mention other,
lesser-known types. When it comes
time to decide on a technology, such
factors as output quality, printing
speed, and cost as well as software
are important.

In terms of units sold, dot-matrix-
impact types dominate the market.
These printers offer such features
as 300-cps print speeds, letter-quali-
ty-print emulation, graphics, plot-
ter emulation—and even color print-
ing—for less than $1000. Some
dot-matrix printers even sell for less
than $200. Dot-matrix units will
continue to retain their popularity
in many applications strictly be-
cause of their low cost.

Laser prices are coming down

In the majority of applications,
however, laser printers offer in-
creased functions, and prices for en-
try-level versions have dropped to
less than $2000. Office Automation
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Ink-jet technology and 240-dot/in. resolution allow the Howtek Pixelmaster to print images
on plain paper.

Systems Inc (Oasys), for example,
offers its 8-page/minute Laserpro
Express for $1895, and the 6-page/
minute Laserline 6 from Okidata
sells for $1995. (Incidentally, the
combined availability of near-letter-
quality dot-matrix printers and low-
cost laser printers has virtually
eliminated the daisy-wheel printer
market.)

Laser printers’ advantages re-
volve primarily around their print-
ing speed, output quality, and
graphics capabilities. Models are
available with 300x300-dot/in. reso-
lution, and you can expect to see
400- and 600-dot/in. units within the
next year. The quality of text possi-
ble with recently introduced laser
printers far exceeds that of dot-
matrix offerings.

The slowest laser printers print at
speeds equal to the fastest dot-ma-
trix units—and orders of magnitude
faster than daisy-wheel printers.
Nevertheless, you should beware

when considering laser printers’
speed specs. Most manufacturers
specify the theoretical maximum
speed of a printer’s engine. You may
find that, in real life, your laser
printer operates slower even on sim-
ple text-printing tasks. Printing
complex graphics jobs can take sev-
eral minutes per page.

Actually, choosing a laser printer
for word-processing applications is a
rather simple procedure. Most laser
printers emulate popular dot-ma-
trix and daisy-wheel printers and
therefore you can drive them with
virtually any text-oriented software
package. Consequently, you should
choose a printer for such text appli-
cations based on electromechanical
design, ease of use, cost, and the
output quality that your application
demands.

The electromechanical, or engine,
design is the factor most responsible
for a printer’s ease of use, speed,
and printing quality, and it also
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Easier Testing, By Comparison.

Scopemate 2." With Your Scope Or Ours,
Still The Best Price Solution
For Good/Bad IC and Component 1esting.

Now you can economically test all
types of analog, digital and hybrid
components—including resistors, capaci-
tors, diodes and ICs with up to 40 pins—
using a simple X-Y oscilloscope. In the
field or on the bench, in-circuit or
out-of-circuit. Without tedious pin-by-pin
or contact-by-contact testing,

It's made possible by Scopemate 2™
from Beckman Industrial. All it does is
plot voltage vs. current. Just a lot easier. A
lot faster.

Scopemate 2 compares components
known to be good with those to be tested,
giving you a very accurate and fast way to
identify bad devices. The voltage vs.
current plot from a known good device is
compared to the device under test. In fact,
since there’s no complex numerical test
data to interpret, Scopemate 2 is ideal for
less experienced personnel.

And, at $395 it doesn't take too long
to figure that Scopemate 2 may pay for
itself in saved testing time. Real soon.
Scopemate 2 comes with a simple yet
comprehensive operator’s manual, a
complete set of leads, interconnect cables
and plug-in transformer.

Although Scopemate 2 will work
with just about any X-Y oscilloscope,

Beckman Industrial Circuitmate™ Model
9020 offers capabilities seldom found on
other scopes costing less than $500.

Proven capabilities such as delayed
sweep for easy bandwidth analysis, zoom-
in for short-duration events, a variable
holdoff function for a stable display of non-
periodic signals—even beam finding to

Scopemate 2™ IC/Component Tester
$395.00

Test Method: Direct Visual Comparison (known good
vs. device under test)

Test Sockets/Interface: 20 and 40-pin ZIF IC sockets;
banana jacks

Power: 120 or 220VAC, 50/60Hz, 5VA max. (specify)

Circuit Test Voltage/Current: 14VAC RMS (voltage,
approx.); 300xA AC RMS (current, approx.)

Pin Test selection: Push-button switch per pin.

oL

9020 20MHz Delayed
Sweep Oscilloscope
$499.00

Vertical Accuracy: +3%
Time-based accuracy: +3%

Input Impedance: 1M ohm
35pF (2%)

Input Max. Voltage: 400V
(DC+ pos. peak AC)

Sweep Delay Ranges:
10,1,0.1ms; 10,1,0.1us

Mode: Normal, search, delay

locate and return trace to view regardless
of control settings. And switchable X1/X10
probes give you more sensitivity for low
frequency measurements, less circuit
loading for high frequency measurements.

For real value, combine the 9020 and
Scopemate 2 for performance and flexi-
bility unmatched by systems costing
$1,500 or more. For less than $900.

Both Scopemate 2 and our Circuit-
mate Model 9020 illustrate a simple com-
mitment by Beckman Industrial—to
provide service test instruments that meet
your needs. Whether through advanced
technology or value-oriented applications
of proven technology, Beckman Industrial
gives you the right features at the right
price, with service test instruments built
to rigorous standards of quality and
reliability.

Visit your Beckman Industrial
distributor today and find out how the
ruggedly reliable Scopemate 2 and the
9020 Oscilloscope can meet your
needs. And why they offer the best
value around. By comparison.

n Industrizl”

A A L A VR L L

Beckman Industrial Corporation, Instrumentation Products Division
A Subsidiary of Emerson Electric Company

3883 Ruffin Road, San Diego, CA 92123-1898

(619) 495-3200 ® FAX: (619) 268-0172 ® TLX: 249031

© 1987 Beckman Industrial Corporation
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influences cost. The majority (75%
or maybe more) of the laser printers
available use either a Ricoh or
Canon engine. When evaluating a
laser printer’s engine, you have to
evaluate characteristics such as its
duty cycle, paper path, paper-out-
put options, paper-feed options, and
maintainability.

First, keeping your application
foremost in mind, ascertain that the
engine is rated to print the number
of pages you require per month—
not to mention its lifetime printing
spec. Also, the straighter and sim-
pler a printer’s paper path, the less
likely you’ll be stuck with paper
jams or wrinkled paper. Make sure
the engine offers a face-down (col-
lated) paper-output capability.
Printers that handle envelopes
without wrinkling them typically
use a straight-through paper path
for such hand-fed items.

Laser printers require different
maintenance than traditional types
of printers. For instance, you have
to replace toner cartridges and
drum units on a regular basis. Make
sure that the installation of these
consumables is straightforward.
Some printer manufacturers pro-
mote the inexpensiveness of their
consumables as a feature. Although
toner and drum units do affect the
cost of using a printer, these costs
are negligible for most applications.

LEDs and LCSs charge drum

Printers that use engines based
on LED or LCS technology compete
directly with laser printers for ap-
plications such as word processing
and graphics, and in fact, some man-
ufacturers call LED or LCS print-
ers laser printers to avoid confu-
sion. All three types use a similar
printing technology. A light source
alters the charge of a photosensitive
drum. The drum attracts toner par-
ticles with an opposite charge. The
drum then transfers the toner to the
paper, and the printer fuses the
toner and paper with heat.

Laser printers employ a laser
source and a rotating mirror to
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Both electrostatic and thermal-transfer printers from Versatec target the CAE/CAD market

for plotters.

strobe the lines of an image onto the
drum surface. LCS printers use a
single light source and a linear
array of LCS elements to transfer
each line of an image to the drum.
LED engines include an array of
LED elements that alters the
drum’s charge.

A number of new LED and LCS
printers are available that suit
word-processing and monochrome-
graphics applications. For instance,
Data Technology offers the $1995
6-page/minute Crystalprint Series
II and the $2495 8-page/minute
Crystalprint VIII. Both employ
LCS technology. Fujitsu recently
introduced the RX7100 LED print-
er, which prints 5 pages/minute and
sells for $1160 (100).

Advocates of LED and LCS tech-
nology claim that engines for such
printers cost less than laser en-
gines. Laser-printer manufacturers
argue that, today, the cost differ-
ence is less than $50. The LED and
LCS units do lend themselves to
simpler engine repairs, however.

Printer language guides choice
Printer technology notwithstand-

ing, when choosing a printer for

graphics applications such as desk-

top publishing, you have to consider
the issue of software. Publishers of
complex graphics packages can’t
support all the different printers
available the way publishers of
word-processing packages can.
You’ll be well-advised to choose a
printer that emulates a de facto
graphics printing standard.

More page-graphics application
software supports the Hewlett-
Packard Printer Control Language
(PCL) than any other printer lan-
guage, and HP holds a dominant
share of the laser-printer market
with its Laserjet family of printers.
Moreover, the company developed
PCL in levels, or layers, so that it
could use the language in all its
printer products. Simple dot-matrix
printers only use the low levels of
PCL; laser printers use the highest
levels.

The 8-page/minute $2595 Laser-
jet Series II printer is currently the
mainstay of the Laserjet family.
The standard model includes only
512k bytes of memory, but you can
ask for an additional 1M-byte
($495), 2M-byte ($995), or 4M-byte
($1995) board. The standard config-
uration isn’t capable of full-page
graphics output: You must add
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memory to improve its graphics ca-
pabilities and to allow the machine
to hold multiple fonts in memory.

Numerous manufacturers offer
raster printers compatible with
Laserjet Series II PCL (typically
called Laserjet+ compatibility), but
some are more compatible than oth-
ers. In certain cases, you can simply
test a particular printer’s compati-
bility with the software package
you wish to use, but such simple
tests don’t prove complete PCL
compatibility. Ref 1 contains some
sample programs that are effective
for testing compatibility. A printer
that passes such tests will be more
likely to work with any software
package that supports the Laserjet
Series II and its downloadable
fonts.

As is true of the Laserjet units,
PCL-compatible printers from
other manufacturers also require
extra memory to handle download-
able fonts and graphics. The Oasys
Laserpro Express offers PCL com-
patibility, but not a downloadable-
font feature. The company’s $2295
Laserpro Express Series II accepts
downloadable fonts; you must pur-
chase the $2795 Laserpro Silver Ex-
press or the $3695 Laserpro Gold
Express to add full-page graphics
capabilities.

Okidata’s Laserline 6 comes with
just 272k bytes of memory, and you
can only expand it to 676k bytes. So,
even though the Laserline 6 accepts
downloadable fonts, it can’t print a
full page of graphics. Data Technol-
ogy’s Crystalprint VII includes
1.5M bytes of memory, but the
Crystalprint Series II only includes
512k bytes (albeit expandable to
1.5M bytes). The Fujitsu RX7100
contains 640k bytes of memory, and
the company plans to offer expan-
sions for a total of 3M bytes.

Postscript adds versatility

For some graphics applications,
you may want to consider a printer
with a higher-performance control
language—the Postscript page-de-
scription language from Adobe Sys-
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An extended version of the manufacturer’s PCL (printer control language) includes color

commands to control the Paintjet printer from Hewlett-Packard.

tems (Mountain View, CA), for ex-
ample. Adobe developed the
language and licenses it to printer
manufacturers. Postseript provides
software developers with a tool for
creating, modifying, and printing
graphical images. It also has a set of
proprietary fonts and can scale
those fonts to any size.

Typically the Postscript interpreter
resides in the printer and offloads
much of the graphics processing
from the host. The cost of adding
Postscript to a printer is approxi-
mately $2000; it is the combination
of royalties paid to Adobe and the
added computing power required to
run the language that results in the
price premium.

Many graphics packages that take
advantage of Postscript are emerg-
ing, and several printer manufactur-
ers now offer Postscript-compatible
printers. QMS and its subsidiary,
The Laser Connection, both have
Postscript-compatible  printers
available. The QMS-PS 810 has 2M
bytes of memory and is compatible
with both Postscript and PCL. In-
deed, this $5495 8-page/minute
printer includes an Appletalk inter-

face in addition to the standard
printer interfaces.

The Laser Connection sells the
$4995 PS Jet and the $5495 PS Jet
Plus, which include 1.5M and 2M
bytes of memory, respectively.
These printers offer essentially the
same features as the QMS product.
The Laser Connection also offers an
add-on product that converts the
Hewlett-Packard Laserjet Series 11
printer to a Postseript printer. The
$2495 kit includes a board that re-
sides in a personal computer and a
board that is installed in the print-
er. The company offers similar capa-
bilities for other printers with
Canon engines.

Several other printer companies
have licensed Postscript for use in
laser printers, including AST Re-
search, NEC Information Systems,
and Texas Instruments. Other com-
panies will choose to acquire Post-
seript compatibility elsewhere.

Phoenix Technologies Ltd (Nor-
wood, MA), for example, has an-
nounced its Page Printer Control
System (PPCS), and Canon intends
to use PPCS in a printer due out
around midyear. Phoenix Techno-
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TECHNOLOGY UPDATE

logies cloned Postscript but of
course had to use its own fonts and
algorithms. Personal Computer
Products Inc (San Diego, CA) has
also introduced its Imagescript lan-
guage, which emulates Postscript.
Oasys has announced plans to offer a
Postscript clone, developed in-
house, as an option on its Express
printers.

As you can surmise, the market
for monochrome desktop graphics is
booming, thanks to the combination
of available graphics software, rea-
sonably priced printer hardware,
and standard printer-control lan-
guages. This is not yet the case for
the color-graphics market, although
color printers are emerging that
will eventually bring color graphics
to the desktop. Soon companies will
even offer color laser printers. Still,
no standards yet exist for color
desktop graphics. Adobe plans on
adding color to Postscript, but prod-
ucts may be a year away. In addi-
tion, manipulating color images re-
quires more computing power and
better software than do mono-
chrome applications.

Hewlett-Packard currently offers

The 3M-byte memory capacity of the Oasys Laserpro Gold Express provides room for
downloadable fonts and full-page bit-image graphics.

its Paintjet printer for $1395. The
printer employs ink-jet technology,
produces 180x180-dot/in. resolu-
tion, and can also output near-let-

ter-quality text at 167 cps. Hewlett-
Packard added extensions to PCL to
control the Paintjet, and the printer
primarily targets applications such

For more information . . .

For more information on the raster printers discussed in this article, contact the following manufacturers directly or

circle the appropriate numbers on the Information Retrieval Service card.

AST Research Inc
2121 Alton Ave
Irvine, CA 92714

Hewlett-Packard Co
1820 Embarcadero Rd
Palo Alto, CA 94303

(714) 863-1333 Phone local office
TLX 753699 Circle No 674
Circle No 670

Howtek Inc
Canon USA Inc 21 Park Ave
1 Canon Plaza Hudson, NH 03051
Lake Success, NY 11042 (603) 882-5200
(516) 488-6700 Circle No 675

Circle No 671

Data Technology Corp

The Laser Connection
7852 Schillinger Park W

2551 Walsh Ave Mobile, AL 36608
Santa Clara, CA 95051 (205) 633-7223
(408) 727-8899 Circle No 676

Circle No 672

Fujitsu America Inc
3055 Orchard Dr
San Jose, CA 95134
(408) 432-1300

TLX 176207

Circle No 673

NEC Information Systems Inc
1414 Massachusetts Ave
Boxborough, MA 01719

(617) 264-8000

Circle No 677

Office Automation Systems Inc (Oasys)

8352 Clairemont Mesa Blvd
San Diego, CA 92111

(619) 576-9500

Circle No 678

Okidata Corp

532 Fellowship Rd
Mount Laurel, NJ 08054
(800) 654-3282

Circle No 679

Ricoh Corp

155 Passaic Ave
Fairfield, NJ 07006
(201) 882-2000
TLX 752930
Circle No 680

QMS Inc

1 Magnum Pass
Mobile, AL 36618
(205) 633-4300
TLX 266013
Circle No 681

Tektronix Inc

Box 1000, MS 63-447
Wilsonville, OR 97070
(503) 235-7202

Circle No 682

Texas Instruments
Box 2

Dallas, TX 75380
(800) 527-3500
Circle No 683

Versatec

2710 Walsh Ave

Santa Clara, CA 95051
(408) 988-2800

TWX 910-338-0243
Circle No 684
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NEW FROM BURR-BROWN

FIRST QUALITY
SEGCOND-SOURGE

-

0+ LOW COST REPLACEMENTS FOR 7541, 7545, AND 8012 D/A CONVERTER

Max Max Gain 100s
Relative Error (LSB) Temperature Price*

Model Description/Features Accuracy (LSB) Voo = +5V Range (°C) Package Type ($)
DAC7541AJP 4-quadrant multiplying +1 +6 0/+70 Plastic DIP 7.15
AKP ® [ atch-up resistant +1/2 +1 0/+70 Plastic DIP 7.95
AJU ® Low cost +1 +6 0/+70 Plastic SOIC 8.55
AKU ® Replace 7521, 7541, 7541A +1/2 +1 0/+70 Plastic SOIC 9.55
AAH DACs +1 +6 —25/1+85 Ceramic DIP 7.95
ABH +1/2 +1 —25/+85 Ceramic DIP 8.75
ASH =1 +6 ~65/+125 Ceramic DIP 23.25
ATH +1/2 +1 —55/+125 Ceramic DIP 27.10
DAC7545JP 4-quadrant multiplying +2 +20 0/+470 Plastic DIP 8.00
KP e Buffered inputs +1 +10 0/470 Plastic DIP 10.45
LP ® Low cost +1/2 *5 0/+70 Plastic DIP 11.45
GLP ® Replace 7545 DACs +1/2 +1 0/+70 Plastic DIP 16.75
Ju +2 +20 0/+70 Plastic SOIC 9.20
KU #1 +10 0/+70 Plastic SOIC 12.00
LU +1/2 +5 0/+70 Plastic SOIC 12.15
GLU +1/2 +1 0/+70 Plastic SOIC 19.25
AH ) +20 —25/+85 Ceramic DIP 9.50
BH +1 +10 —25/+85 Ceramic DIP 11.95
CH +1/2 +5 —25/+85 Ceramic DIP 12.95
GCH +1/2 +1 —25/185 Ceramic DIP 15.85
SH £2 +20 —55/+125 Ceramic DIP 22.20
TH =1 +10 —55/+125 Ceramic DIP 35.85
UH +1/2 +5 —55/+125 Ceramic DIP 38.85
GUH +1/2 +1 —55/1+125 Ceramic DIP 57.60
DACB8012JP 4-quadrant multiplying i | +3 0/+70 Plastic DIP 8.28
KP ® Data readback +1/2 +1 0/+70 Plastic DIP 17.33
JU ® No protection Schottky o +3 0/+70 Plastic SOIC 9.52
KU needed +1/2 %1 0/+70 Plastic SOIC 19.93
AH ® Low cost o o) | +3 —25/+85 Ceramic DIP 9.83
BH ® Replace 8012 DACs +1/2 o 2 —25/+85 Ceramic DIP 19.87
SH *1 3 —55/+125 Ceramic DIP 27.94
TH +1/2 o o —55/+125 Ceramic DIP 59.62

* U.S. unit prices only.

Now you can get your CMOS MDAC ® choice of ceramic, plastic, and SOIC We've got all the low power, low cost

solutions from one source—Burr-Brown. packages; 12-bit CMOS MDACSs you need. If we

And they're backed by 30+ years of ® guaranteed 12-bit monotonicity over don’t make them first, we make them

quality linear design and manufacturing temp range; better. Call your sales rep or

experience, more than any other supplier. @ single +5V to +15V supply, 30mW max;  Applications Engineering, 602/746-1111,
® only second-source for latched “8012” for complete information and samples.

Consider these features: devices, with data read-back feature; Burr-Brown Corp., PO Box 11400,

® CMOS processing yields high ® superior design gives you extra Tucson, AZ 85734.

performance at low power; protection against input “latch-up”
e pin-for-pin replacements for industry problems; BURR-BROWN?®

standard parts; ® 10%-20% lower prices.
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as spreadsheet-program-generated
charts. Although you can use plain
paper with the Paintjet, the compa-
ny recommends special paper or
transparency media for best results.

Howtek is another vendor with a
color printer for sale that uses ink-
jet technology. The Pixelmaster is
capable of generating color-page
graphics comparable to those of
monochrome laser printers. It
mixes text and color graphics on a
page at a resolution of 240 dots/in.

Furthermore, this printer prints
on plain paper. The unit includes
compatibility with PCL and exten-
sions for color output. Although its
resolution and print quality are suf-
ficient for color desktop publishing,
you may have a hard time finding a
software package to drive it. An
IBM PC/AT-class host would be
very slow in generating a color-
graphics image without help from
dedicated hardware. The printer
costs $4500 with 512k bytes of mem-
ory; a 2.5M-byte version sells for
$5700.
~ Tektronix offers a thermal-trans-
fer color-graphics printer that
prints 300 dots/in. The 4693D can
produce high-quality pages of
graphices, but requires the use of
coated paper. Tektronix presently
offers the product with a card that
interfaces to the Apple Macintosh 11
Nubus; the Macintosh II version
with 4M bytes of RAM costs $7995.
The Tektronix printer suffers from
the same lack of software and dedi-
cated hardware as the Howtek
product.

The Colorgrafix 100 printer from
QMS is probably the closest to pro-
viding the computer power neces-
sary for processing color images.
QMS sells the $16,995 printer with a
2-board dedicated controller. The
boards fit in an IBM PC/AT or com-
patible and include a TI TMS 34010
graphics processor. The thermal-
transfer printer’s resolution is
300x300 dots/in. The controller’s
native language is an extension of
the Direct Graphics Interface Speci-
fication (DGIS).

94

The LED engine that Fujitsu uses in its 5-page/minute RX7100 proves to be a low-cost

alternative to a laser-based engine.

QMS has also signed the first li-
censing agreement for a color ver-
sion of Adobe’s Postseript language.
QMS will introduce a color Post-
script-based printer early this year
and plans to ship it in the second
half.

Besides word-processing and
desktop publishing, you can also
make use of some of these mono-
chrome and color raster printers in
CAE/CAD applications. For exam-
ple, the monochrome page printers
from both Oasys and QMS, as well
as Howtek’s color Pixelmaster, in-
clude support for Hewlett-Packard’s
plotter control language, HP-GL.

Oasys has recently introduced the
22-page/minute Laserpro 2200,
which prints on 11X17-in. paper,
for $16,500. Don’t expect laser tech-
nology to allow printing on paper
much wider than 11 inches. The
laser beam becomes distorted when
aimed at the edges of the printer
drum. LED or LCS printers, how-
ever, may continue to expand in
terms of paper-width-printing capa-
bilities.

Electrostatic plotter for CAD

Electrostatic plotters are also
useful in CAE/CAD applications.
Electrostatic devices essentially em-

ploy a raster-printing technology,
but most people think of them pri-
marily as plotters. Such plotters are
popular because they print many
orders of magnitude faster than pen
plotters. In an electrostatic device,
coated paper passes under an elec-
trostatic head. The electrostatic
head consist of a linear array of wire
nibs.

The wire nibs in the electrostatic
head place a charge on the coated
paper. The paper passes through a
toner bath and then a fusing pro-
cess. The wire nibs in the electro-
static head determine the resolu-
tion.  Typically, electrostatic
plotters are capable of 400-dot/in.
resolution.

Versatec’s electrostatic plotters
cover a broad range. The V-80 fami-
ly plots on 11-in.-wide paper, and
Series 7000 plotters plot on 22- or
44-in.-wide paper. Moreover, the
company also offers electrostatic de-
vices with color capability. These
plotters use a single electrostatic
head and four toner stations to pro-
duce color with four passes made on
each plot. The 2500 Series produces
color on 11-in. paper, and the 3000
Series is compatible with 22- and
44-in. paper.

Because electrostatic plotters

EDN January 7, 1988



When old ideas

need new solutions

Omron responds.

mron’s innovative design capabilities, coupled

with their wide variety of relays, switches and
photomicrosensors, give you the ability to improve
upon your present product designs and make
tomorrow’s technologies more productive.

From the automotive industry to office automa-
tion, Omron’s broad product line capabilities are
bringing innovative products to life. Industrial
robotics, bank teller machines, vendmg
machines, security systems,
automotive safety devices and
computer systems are just a few of
the thousands of products in which

OMmRON.

Responsive Innovation

Omron components are employed.

Backing up Omron’s full-line of components is the
secu rity you'll feel in knowing that behind each product
is our “zero defects” quality. Quality built on years of
expenence and a desire to respond to customer

design needs for product innovation.
Let one of our nationwide network of
distributors accommodate your relay, switch
or photomicrosensor needs quickly and
reliably.

Call Omron toll free.

1-800-62-OMRON

OMRON ELECTRONICS, INC.
Consumer and Commercial Division
One East Commerce Drive
Schaumburg, lllinois 60173
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UPDATE

Liquid-Crystal-Shutter (LCS) technology
charges the photosensitive drum in Data
Technology’s Crystalprint VIII page printer.

print raster data but often function
in a vector world, Versatec offers a
number of printer-control options.
The company sells stand-alone
rasterizing controllers, controllers
that fit into a host such as a VAX or
an IBM PC/AT, and controllers em-
bedded in certain plotter models.
Prices range from $8000 for an
11-in. monochrome unit to $52,000
for an E-size color unit that includes
a rasterizing controller.

Rounding out its raster-printer
offerings, Versatec has thermal-
transfer color plotters for sale. The
2700 Series handles 11-in. paper.
Typical configurations cost under
$9000. Although Versatec targets
the 2700 Series for plotter applica-
tions, you can conceivably use these
printers in other graphics applica-
tions. EDN

Reference

1. McCown, R, and H Clark, “Laser
Metrics,” PC Tech Journal, September
1987, pg 74.
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Simplifying High Density Placement
TDK Surface Mount Devices

Ferrite

External Electrode Internal Electrode
(Conductor)

TDK Multilayer and Integration Technology
Stands at the Leading Edge
with TDK Multilayer Chip Inductors.

For the first time ever, inductors can be made without actual winding. Consider TDK Multilayer
Chip Inductors. Thanks to TDK, they eliminate the problems of high density circuit boards.

Multilayer surface mount devices from TDK include ceramic chip capacitor networks, chip
band pass filters and chip LC traps that require both designs and manufacturing technology
of a sophisticated nature. Furthermore, TDK is making significant progress toward “super
multilayer” and high circuits integration.

TDK technology ranges from raw materials to finished multilayer chip components to
automatic mounting equipment, namely, our Avimount series. We strive to meet the require-
ments of the industry for high quality, high performance chip components. And we're striving
to achieve total surface mount technology from start to finish.

When it comes to SMT, come to TDK.

TDK Surface Mount Technology — At Your Service.

STDK,

TDK CORPORATION OF AMERICA HEAD OFFICE 4711 West Golf Road, Skokie, IL 60076, U.S.A. Phone: (312) 679-8200 CHICAGO REGIONAL OFFICE
Phone: (312) 679-8200 INDIANAPOLIS REGIONAL OFFICE Phone: (317) 872-0370 NEW YORK REGIONAL OFFICE Phone: (516) 625-0100 LOS ANGELES
REGIONAL OFFICE Phone: (213) 539-6631 DETROIT DISTRICT OFFICE Phone: (313) 353-9393 NEW JERSEY DISTRICT OFFICE Phone: (201) 736-0023
HUNTSVILLE DISTRICT OFFICE Phone: (205) 539-4551 GREENSBORO DISTRICT OFFICE Phone: (919) 292-0012 DALLAS DISTRICT OFFICE Phone
(214) 506-9800 SAN FRANCISCO DISTRICT OFFICE Phone: (408) 437-9585 TDK CORPORATION. TOKYO, JAPAN
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MILITARY
16-BIT A/D’s
FIRST IN
THEIR CLASS

MIL-STD-1772 CERTIFIED
MN52395/MNS5290 & MN6230

High Speed:
MNS5295: 17usec Max. Conversion Time
MN5290: 40psec Max. Conversion Time
MN6290: 20kHz Min. Sampling Rate
Small 32-Pin Double-Wide DIP
14-Bit “No Missing Codes”
—55°C to + 125°C Operation
MIL-STD-883 Screening

In the two speed classes of 16-bit A/D’s that In the general-purpose (40-50wsec) class,
have emerged, only one supplier designs its our MN5290/91 offer these same advantages;
devices to meet all of your military and aero- while our MN6290/91 add an internal T/H, plus
space requirements: Micro Networks. FFT testing for improved performance, ease

of specification, and significant space savings.
In the high-speed (15-20psec) class, our

MNS5295/96 are the fastest (17wsec), smallest And most critical to your designs, these are
(by 31%), and only devices to offer — 55°C to the only devices that operate over the

+ 125°C operation and MIL-STD-883 extended military temperature range with
screening. full military screening.

98 EDN January 7, 1988



MNS5295/MN52396

The newest in our expanding line of high-
performance, military, 16-bit A/D’s are at the
top of their class.

Fastest Conversion Time:
17usec Max. (16 Bits)
Smallest Package by 31%:
Double vs. Triple DIP
Widest Temperature Range:
- 55°C to +125°C
Only Devices Available with 883 Screening

In the top speed class, our MN5295/96 excel,
providing outstanding 16-bit performance in
a DIP package that is fully 31% smaller than
any competitor’s. No other supplier can meet
your requirements for high-speed, high-
resolution, military A/D's. When your design
demands the best, demand Micro Networks
MNb5295/96.

MN5230/MNS5291

They're the best in their speed class of
workhorse 16-bit A/D’s. Specity them for all
your applications that don't require the
added performance of our MN5295/96.

Fastest Conversion Time in Their Class:
40p.sec Max.

Smallest Package by 31%:
Double vs. Triple DIP

Widest Temperature Range:
—55°C to +125°C

Only Devices Available with 883 Screening

Like our MN5295/96, our MN5290/91 A/D's are
ideal for any design where you need true 14
or 13-bit performance over an extended tem-
perature range. These devices were the first
16-bit military A/D's. Since their introduction,
their broad acceptance and proven perfor-
mance have made them industry standards.

MN6290/MN6291

In a class by themselves, these FFT-tested
sampling A/D's are ideal for traditional
data acquisition and DSP applications.

Single Package Sampling A/D
High Resolution/Sampling Rate:

16 Bits @ 20kHz
Signal-to-Noise Ratio: 84dB
Harmonics: —88dB
Temperature Range: —55°C to +125°C
Available with MIL-STD-883 Screening

0dB T '
{ Input Frequency: 10kHz

1 e Sampling Rate: 20.5kHz
RMS Signal: ~ 0.28dB
RMS Noise: ~ 85.71dB
ZTIG) S — S/N: 85.43dB
2nd Harmonic: - 93.68dB

Signal 3rd Harmonic: - 94.89dB
Amplitude 60dB 4~
Relative to
Full Scale

BOAB s wsivssiss

100dB 4.4

120dB

140dB

0Hz 10.25kHz
Input Frequency

These devices eliminate the hassle of evalu-
ating T/H specs that are difficult to under-
stand and often don't relate.

For more detailed information, send for our
comprehensive data sheets. For rapid
response, call Russ Mullet at Ext. 208.

Micro Networks

324 Clark Street

Worcester, Massachusetts 01606
(617) 852-5400

Micro Networks
Advancing Data Conversion
Technology

Z[’u\/ Micro Networks

A DIVISION OF UNITRODE CORPORATION

Regional Sales Offices: Worcester, MA (617) 852-5400; Dallas, TX (214) 991-8566; Santa Ana, CA (714) 261-5044.
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Hitachi MOS Memory Leadership Has Been Earned

The stag faces constant challenges from
aspiring leaders of his herd. He maintains his
leadership only by winning those battles—over
and over again. Similarly, in the highly competitive
MOS memory market, leadership must be earned
... not just claimed.

Hitachi’s MOS memory leadership is well
documented. For example:

1983 Hitachi is ranked the number one CMOS
RAM manufacturer by engineers in Electronic
Design’s Audit of Brand Recognition.

1984 Hitachi again is rated the leading CMOS

RAM manufacturer in Electronic Design’s study.

1985 Hitachi again is rated number one in CMOS
RAMs, in ED’s Brand Recognition Study.

1986 Hitachi is the first manufacturer that
purchasing agents consider when buying CMOS
RAMs, as reported by Electronic Buyers’

News, Buyers’ Preference Study.

1986 Hitachi rated the most preferred CMOS
RAM vendor in EBN’s Japanese Semiconductor
Manufacturers’ Benchmark Study. First in quality,
customer service, technical assistance, trust, ease
of doing business. . . and first in eight additional
categories.

Marketplace recognition has been building
over the years. This is due, in part, to our uncom-
promising QA programs, which have given our
memory products a legendary reputation for quality
and reliability. Our long-range investment in
production technology is also important to our
customers. [t means that our products are in
constant, dependable supply.

Supremacy Achieved




Hitachi’s technology pushes MOS memory Fast Action: To obtain product literature

to new levels of performance. The new HM62256 immediately, CALL TOLL FREE,

is the latest achievement. At 85ns, it’s the fastest 1-800-842-9000, Ext. 6809. Ask for literature
32Kx8 SRAM you can buy, yet it draws only number R16.

40mW power. And, you can choose either a Bl i Tk

standard 28-pin DIP, or Hitachi’s new surface Sl 10 D
SOP (Small Outline Package). This s Loty e
owhs = ; _ & 2210 O'Toole Avenue, San Jose, CA 95131
packaging innovation permits double-sided surface Telephone 1-408/435-8300
mounting for board densities five times greater than

standard DIPs. . . another Hitachi plus.
@ HITACHI

So, the next time someone claims they’re

“ " ) S . . .
number one” in MOS memories, consider the We make things possible -

facts. If you're like the survey participants men- )4
tioned above, you'll call Hitachi first. :
Contact us through your local
Hitachi Sales Representative
or Distributor Sales

Office today.
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- Portable Problem Solver

Ultra-compact Digital
Storage Oscilloscope-
Multimeter.

Easily carried in a tool kit or attache
case—powered by batteries or supplied
ac adaptor—this 2-in-1 lightweight is
always ready for hand-held action.

Multi-function,
200-kHz DSO.

Just flip the switch from DMM to
SCOPE and the performance of a pro-
fessional Digital Storage Oscilloscope is
at your fingertips. Lets you capture and
analyze single-shot and very slow phe-
nomena. Stores up to three waveforms,
and has such top-of-the-line features as
auto-ranging time base setting, pre-trig-
ger, rollmode, and on-screen readout of
setting conditions. Low-power indicator

Circle 114 for Product Information

alerts you when batteries need recharg-
ing, while a separate back-up system
protects memory.

Full-function
3Y2-digit DMM.

Precise measurement of ac/dc volt-
age, current and resistance is easy to
seeonthe large, high-contrast, display.
Automatically selects range which pro-
vides greatest accuracy and resolution.

Perfect for many
applications.

LCD-100is a unique combinationin-
strument that can confirm that its DMM
is measuring a desired signal. Better by
farthan a DMM alone. .. more useful in
the field than any benchtop DSO in this
bandwidth, LCD-100is ideal for servic-

ing a broad range of electromechanical,
electrical and electronic systems.

Call toll-free

1-800-645-5104
In NY State
(516) 231-6900
Ask for an evaluation unit, our latest

Catalog, more information, or the name
of your “Select” Leader Distributor.

For professionals

wno
vt LEADER
the Instruments Corporation

difference.

380 Oser Avenue, Hauppauge, New York 11788
Regional Offices:

Chicago, Dallas, Los Angeles, Boston, Atlanta

In Canada call Omnitronix Ltd. (416) 828-6221

Circle 153 for Product Demonstration



PRODUCT UPDATE

Wideband 500-kHz to 1-GHz hybrid amplifier
includes internal decoupling capacitors

The LH4200 is a general-purpose
500-kHz to 1-GHz amplifier that in-
cludes internal decoupling capaci-
tors to simplify its use. This device
has been demonstrated to work even
with extremely long power-supply
leads. The only extra decoupling it
requires is an electrolytic capacitor
to guard against low-frequency os-
cillations.

The amplifier’s input stage is a
dual-gate GaAs FET, which pro-
vides low input capacitance and high
transconductance. The dual-gate
structure accepts the signal on
input 1. Input 2 controls the gain of
the amplifier. The amplifier has

maximum gain when input 2 is 1.5V.
When input 2 is —2V, the gain is
reduced by 60 dB. Thus, at 100
MHz, a full 60 dB of automatic-gain-
control range is available.

The amplifier has a third input for
use in series feedback. The output
feeds back to pin 3 via a single
resistor, which controls the overall
power gain of the amplifier. The
second and third stage of the ampli-
fier are bipolar, providing high
power output. At 10 MHz, the out-
put is capable of delivering 12 dBm
into 50 with 1 dB of signal com-
pression.

The ac-coupled amplifier has a

gain of 37 dB at 100 MHz and 3 dB at
1 GHz. You can cascade two amplifi-
ers to get more than 60 dB of gain at
100 MHz.

The LLH4200 has a noise figure of
3 dB at 500 and is powered from a
single 10V supply; it requires 70 mA
max of current. The amplifier comes
in a 24-pin ceramic package. The
commercial part (LH4200CD) costs
$54; the military version (LH4200C)
costs $66 (100).—David Shear

National Semiconductor Corp,
2900 Semiconductor Dr, Santa
Clara, CA 95052. Phone (408) 721-
5856.

Circle No 733
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When you use the LH4200 as a feedback amplifier, you can control its gain with a single resistor in a series-feedback configuration.
The accompanying table shows various gain/bandwidth options for the part. The only external decoupling required for this amplifier is

the 47-wF electrolytic capacitor.
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PRODUCT UPDATE

Analyzer constantly monitors and displays
500-MHz frequency and interval variations

The 5371A is an unusual frequency
and time-measuring instrument be-
cause it makes continuous measure-
ments with no dead time between
samples, even when the sampling
interval is only 10 nsec (10M sam-
ples/sec). In addition, without ex-
ternal equipment, it can give you a
picture of the way time-related
quantities (frequency, for example)
vary as a function of time.

Although many counters let you
connect an external recorder to ob-
tain plots of the trend of a measured
quantity, only the 5371A offers con-
tinuous-measurement capability
and an integral graphics display, the
vendor claims. The 5371A can meas-
ure frequencies from 0.125 Hz to
500 MHz, pulse widths as short as 1
nsec and phase delays with 0.1°
precision. The instrument’s capabil-
ities don’t stop there, however. Built
into its firmware are routines
which, among other things, com-
pute and display histograms of
measurements and calculate statis-
tical measures, such as standard de-
viation and variance.

Besides having a set of keys adjacent to
firmware-generated legends on the screen,
the 5371A’s front panel also provides cursor
arrows and both keypad and rotary controls
for data entry.

104

MODULATION
DO

(DYNAMIC FREQUENCY
AND TIME-INTERVAL
ANALYSIS)

Fig 1—The “modulation domain” is the term Hewlett-Packard coined to describe the
measurement area where its 5371A excels, and to contrast the types of measurements it makes
to those made by scopes and spectrum analyzers.

The instrument’s ability to take
near-instantaneous measurements,
to perform them without interrup-
tion, and to reduce them to a readily
understandable form should greatly
simplify work on equipment such as
frequency-agile and digital commu-
nication systems, radar and elec-
tronic-warfare systems, and electro-
mechanical storage peripherals.

If you're trying to learn the full
range of values assumed by a rapid-
ly changing measured quantity, you
can find it frustrating, and possibly
downright misleading, to use an in-
strument (such as a counter) that

may miss significant data because it
spends only a small fraction of the
time actually taking measurements.
In such applications, the 5371A,
with its continuous-measurement
capability, should prove particularly
valuable. In addition, the 5371A can
present the data in a form you can
readily assimilate. For example, it
can display a plot of frequency or
time interval vs time, or a probabili-
ty-density curve of the percentages
of a sequence of measurements that
fall into several user-defined value
ranges.

You can understand the 5371A’s
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significance by comparing it with
oscilloscopes and spectrum analyz-
ers. Think of three orthogonal axes
representing voltage, frequency,
and time (F'ig 1). The scope displays
voltage vs time (the time domain);
the spectrum analyzer displays volt-
age vs frequency (the frequency do-
main); and the 5371A displays fre-
quency vs time. The vendor calls
this third measurement mode the
“modulation domain.” With tongue
only slightly in cheek, the compa-
ny’s representatives suggest that
“it’s about time” you were able to
make measurements in the modula-
tion domain.

Because the 5371A’’s forte is meas-
uring variations in time-related
quantities, you have to be able to
predict how much variability the
instrument itself introduces into its
measurements. With a 100-nsec
measurement time (only 10X the
period of the measured signal),
curves on the data sheet show an
uncertainty of ~100 kHz when you
measure a 100-MHz input; when you
increase the measurement time to 1
sec, the uncertainty drops to ~1073
Hz—10 parts per trillion of the
measured quantity.

In the preceding examples, the
frequency display changes in
20-kHz increments at the 10-nsec
sample time and in 2x1072-Hz incre-
ments when the sample time is 1
sec. One year after calibration, crys-
tal aging adds another 20 Hz of
uncertainty to a 100-MHz measure-
ment. The HP 5371A costs $21,500.

—Dan Strassberg

Hewlett-Packard Co, 1820 Em-
barcadero Rd, Palo Alto, CA 94303.
Phome local sales office.

Circle No 732
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Programmable
Anti-Alias Filters for
Critical A/D Prefiltering

848P8E Series
are Elliptic
lowpass filters
providing
extremely sharp
roll-off for

A/D prefiltering.

A/D Converter

D’E‘(%@“’
848PBE80 2
Anti— Alias \Fmer

Features:

* 8 pole, 6 zero elliptic
lowpass filters

 Digitally
programmable
corner frequency

¢ Shape factor of 1.77 at 80db

e 8 bit (256:1) tuning ratio

* Internally latched control
lines to store frequency
selection data

* |deal for single or
multi-channel applications

¢ Plug in, ready to use,
fully finished filter modules

¢ Five frequency ranges to 51.2kHz

r-

Trcns ucer

Other Filter Products Available:

* Linear phase * Programmable
* Fixed frequency e Instrumentation
» Custom designs

For more information about
how Frequency Devices can
meet your most critical
filtering requirements, call
our applications engineers at
(617) 374-0761.

FREQUENCY
DEVICES™

=

25 Locust Street
Haverhill, MA 01830
(617) 374-0761

CIRCLE NO 22

| DID YOU KNOW?
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Half of all EDN’s
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PRODUCT UPDATE

Two calculators suit
manager and engineer

For the first time, the engineering
manager can have a scientific calcu-
lator that also provides the financial
functions usually found only on busi-
ness calceulators. The HP-27S ($110)
can perform “time value of money”
operations (such as amortization)
and forecasting operations, as well
as the usual, basic scientific fune-
tions.

Meanwhile, the vendor has also
upgraded the performance and user
interface of its revolutionary
HP-28C scientific calculator. The
upgrade, designated HP-28S ($235),
has 32k bytes of user RAM (its
predecessor had less than 2k bytes).
Further, the HP-28S augments the
HP-28C’s unusual soft-key, menu-
driven interface by allowing you to
set up menus for your own funec-
tions.

Externally, the HP-28S differs
only in graphics details from the
HP-28C. Internally, the HP-28S has
just two custom chips; the HP-28C
had five.

Offering both scientific and financial func-
tions, the HP-27S calculator aids the engi-

neering manager who must do engineering

design as well as figure out budgets.

With increased memory and an aug-
mented user interface, the HP-28S scientific
calculator supercedes the HP-28C.

Both the HP-27S and the HP-28S
have an infrared light-beam printer
interface for the HP 82240A printer
($135). Interestingly, for the pur-
pose of reducing costs, the vendor
did not make the printer interfaces
bidirectional. The calculators de-
pend on careful timing, rather than
a Busy signal from the printer, to
avoid overrunning the printer’s buf-
fer. Thus, neither calculator has any
facility for external storage or re-
trieval of programs or data; you
must key in every program step or
datum manually.—Charles H Small

Hewlett-Packard Co, Inquiries
Manager, 1000 NE Circle Blvd,
Corvallis, OR 97330. Phone (800)
752-0900 for nearest dealer.

Circle No 731
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IS SCOPE SETUP
A SOURCE OF DELAY?

The Tek 2465A with AUTO SETUP
is the time-saving solution. See up
to four waveforms on-screen at the
touch of a button. Your display is
triggered and scaled automati-
cally, without having to adjust a
single knob. Add other standard
features such as 350 MHz
probe-tip bandwidth, 2 mV/div
sensitivity and auto trigger
level—all in a scope made
for solving tough prob-
lems in analog design.
[t makes trou-
bleshooting trou-
ble-free!

GUT
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
[1Please have a Tek representative
get in touch with me as soon as Company
possible to arrange a
demonstration. Addess
In a hurry? Call Tek direct
1-800-426-2200 Ciy State Zip
D887-6-38AX EDN }(Dhone ) Ext

Tektronix

COMMITTED TO EXCELLENCE

Copyright ©1987, Tektronix, Inc. All rights reserved. PMA 816A-1



SGOPES GUT OUT FOR
YOUR KIND OF WORK.

Accurate measurements, accu-
rately interpreted. The 350 MHz
2465A builds on proven, industry-
standard high performance. You can
easily measure pulse parameters
and frequency with on-screen cur-
sors. Full bandwidth is maintained at
2 mV/div sensitivity to monitor low-
amplitude signals such as noise and
ripple with full fidelity.

You can make timing measure-
ments with 20-ps resolution at sweep
speeds to 500 ps/div. And trigger on
500 MHz signals from any one of four
channels or on four asynchronous
channels. Dual, delaying time bases
mean precise measurements on
complex waveform details.

Measurement options, extended
capabilities. For specialized per-
formance requirements, five com-
binable enhancements are available
—a GPIB interface, digital multi-
meter, counter/timer functions with
enhanced triggering, 17-bit word
recognition and video measurement
capabilities.

Three multiple-option packages,
the 2465A Special Editions, are con-

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

Probes 4 4 4 2 2

Warranty 3 years on parts and labor, including CRT

*with Counter/Timer/Trigger

figured for specific application areas
at a significant savings over the sep-
arately ordered options.

All models come with Tek's com-
prehensive three-year warranty on
labor and parts, including the CRT.

Get the full story! Return the
reply card, or call your Tek Sales
Engineer for a hands-on demonstra-
tion. To place an order or request
product literature, call Tek direct:

1-800-426-2200.

NO POSTAGE
NECESSARY
IF MAILED

FIRST CLASS

BUSINESS REPLY MAIL

BEAVERTON, OR

PERMIT NO. 1

IN THE
UNITED STATES

POSTAGE WILL BE PAID BY ADDRESSEE

Tektronix, Inc.

Del. Station 02-050
PO. Box 500
Beaverton, OR 97077



READERS’ CHOICE

Of all the new products covered in EDN’s October 15, 1987, issue, the ones reprinted here generated the most
reader requests for additional information. If you missed them the first time, find out what makes them special:
Just circle the appropriate numbers on the Information Retrieval Service card, or refer to the indicated pages in

our October 15, 1987, issue.

CHIP SET
The 5-member FE3500 chip set
provides the core logic and the

memory and I/O control necessary
to implement a 16-bit, 80286-based,
IBM PC/AT-type personal comput-

er (pg 233).
Faraday Electronics Inc.
Circle No 604

A PEN-GRIP DMM

The DM71 handheld, pen-type digital multimeter
(DMM) features a 3%-digit LCD. The autoranging
meter has 0.7% accuracy max and possesses a data-
hold function (pg 254).

Beckman Industrial Corp.

Circle No 605

CPU BOARDS

The 68020-based CPU-22/23 board
facilitates message passing on the
VME Bus and provides either 256k
bytes or 1M byte of dual-port
RAM (pg 83).

Force Computers Inc.

Circle No 601

Force Computers GmbH

Circle No 602

PASCAL DEBUGGER

A PIEZOELECTRIC FAN

The LP24HT, a dc-operated miniature piezoelectric

fan, produces a planar air stream that emanates from

the front tips of its resonating blades (pg 216).
Piezo Electric Products Inc.
Circle No 603

T-Debugplus version 2.0 is a symbolic run-time de-
bugger for Turbo Pascal. It debugs programs that
use CGA, EGA, or Hercules graphics modes (pg 245).

TurboPower Software.
Circle No 606
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READERS’ CHOICE

Of all the new products covered in EDN’s October 29, 1987, issue, the ones reprinted here generated the most
reader requests for additional information. If you missed them the first time, find out what makes them special:
Just circle the appropriate numbers on the Information Retrieval Service card, or refer to the indicated pages in

our October 29, 1987, issue.

<4 DISK DRIVES

The half-height 1600 family and
the full-height 1500 family of 5%-
in. Winchester disk drives offer
storage capacities of 180M and
7656M bytes, respectively (pg 138).
Micropolis Corp.

Circle No 607

VIDEO GENERATOR

The Montest-AD8 video generator
uses an 8-MHz dot clock to gener-
ate four test patterns—full raster,
color bars, crosshatch, and win-
dows—at any of eight user-selecta-
ble scan frequencies from 15.75 to
31.5 kHz (pg 302).

Network Technologies Inc.

Circle No 611

PLL SYNTHESIZER

The TBB200 CMOS PLL frequency
synthesizer operates in single- or
dual-modulus modes and is in-
tended for use in radio communica-
tions equipment (pg 274).

Siemens Components Inc.

Circle No 608

Siemens AG

Circle No 609
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FORMAT CONVERTER

The Interchange package transforms data from the
5%- to the 3%-in. disk format and lets you transfer
data from IBM PCs to PS/2 machines (pg 318).
SMT Inc.

Circle No 612
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A AMPLIFIERS

These general-purpose monolithic microwave IC am-
plifiers are cascadable 50€) gain blocks that can oper-
ate with power-supply voltages as low as 5V (pg 284).
Avantek Inc.

Circle No 610
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NOW YOU CAN DRIVE
OUR SUBCOMPACT.

Seagate’s family of 32" hard disc drives.

Seagate’s 34"
drives are not only fast
—they’re power savers,
using as little as 8 watts.
And for added data integrity,
the drives feature autopark with
a balanced positioner.
All of Seagate’s 34" drives are
built with the precision and quality that
¥ have made us the world’s leading inde-
/, )f pendent manufacturer of 54" full-height
and half-height hard disc drives.
Only Seagate has the world-
wide, high-volume manufacturing
efficiency to meet the

As computers
grow smaller,
the demand for high- quahty
drives grows larger. But if you're
looking for 34" drives for your
small computer systems, you
don’t have a lot to choose from.

Except at Seagate.

We offer six 34" drives with 21,
32 and 48 MB formatted capacities.
You also have a choice of interfaces:

SCSI or ST412 with RLL or MFM encoding.

All with 28 msec access time. %‘f}T(’}f i jor
Our 3'%" drives use Seagate’s field-proven, N One i1 & 15\:3 fer TRES
proprietary stepper motors to achieve fast access \ n(;(fl {;)eure; q u(:tego ?gdtehstsu é(,(.)mpacts,
L ; . : w Yyou eady to go for a little drive.
times normally found only with more expensive Call us today. 800-468-DISC.

voice coil actuators.

&P Seagate

The first name in disc drives.
EDN January 7, 1988 CIRCLE NO 110
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LEADTIME INDEX

Percentage of respondents

2 %'a
° °
% A Y % % A - % %,
YA ) B ™ Z b % B 2 3 %
% % % % % %5 %% Y % % % & 2Ea%
B 9 S %o W ° % %% %o
ITEM 2 % % % % % e We ITEM %> % % % % % @ O
TRANSFORMERS RELAYS
Toroidal 0 16 63 16 ] 0 "893 87 Dry reed 0 36 & 37 0 0 BEB 70
Pot-Core 3 7 BE6N 14 7 0 94 100 Mercury 0 30 40 30 0 0O 88 88
Laminate (power) 0 35 138 23 4 0 "8y 77 Solid state 6 35 3 24 0 0 WEs | 90
CONNECTORS DISCRETE SEMICONDUCTORS
Military panel 0 15 B88 | 39 8 0 IS 1.2 Diode 17 31 s 22 5 0 B¥8 5.1
Flat/Cable 12 42 B89N 13 4 0O FEBBE 54 Zener 12 29 B g 6 0 88 55
Multi-pin circular 0 14 50 36 0 0 100 82 Thyristor 10 16 32 42 0 0 95 79
PC (2-piece) 8 21 e 1 g8 0 F#l 58 Small signal transistor 4 38 {88 2 8 o0 8B 57
RF/Coaxial 18 29 136 18 0 0 §68 5.1 MOSFET 0 50 |88 23 4 0 80 90
Socket N 41 Ba8S 7 SO8 0 B8 36 Power, bipolar 8 40 FM0 20 WO- O ¢S 80
Ej:;”:;rzbd‘s T 1 —=>—"  INTEGRATED CIRCUITS, DIGITAL
- - Advanced CMOS 5 24 B83% 38 |0 0 88 73
D-Subminiature 13 29 50 8 0 0 {88 45 CMOS 2 28 3 a2 0 0 87 65
Rack & panel 6 41 F 968 18 0 0 68 74 L P 39 27 15 0 0 57 59
Power 6 4 F28° 24 0 0 B 74 ) 8 39 25 18 0 0 159 52
PANTED GG o INTEGRATED CIRCUITS, LINEAR
ingle-sided 8 57 B8 5 0 0 Bal 59 i T
Doublo-skiad 0 31 | 57 9 0 o D&8l 6o Commun}cat:on/Clrcunt 0 38 B 37 0 0 89 85
- OP amplifier il 26 B9 26 0 0 Bras 71
B (et = S 5 2 0 S 77 \oltage regulator 7 45 B&f @ 21 0 68 58
Prototype r R 0 0 0 F a8 4.2
RESISTORS AAAEMM12kRY SRS 19 33 14 34 0 0 e 41
Carbon film 40 30 B 3 0 0 | 86 33 .
Carbon composition 38 3128 3 0 o0& 50 [RS8 ook B 0 SR 51 S 0 e 65
Metal fim 28 w8 3 0N o AW a4 Sap B GO B 0 B 67
Metal oxide T 24 0ol 6 0 0 48 49 RAM 1M-bit 8 17 (88 42 8 0 BEE 118
Wirewound § 26185 13 L0 0|72 58 i Loy st B 7 SEE 40 BN 0 B 77
Potentiometers 6 4 F e 12 0 0 SgeR 50 EFFOM 64k 8 33 B 38 2 O BN 65
Networks 14 45 4 0 0 0 8% 57 ERROM 250k b 32 g & 3 0 B 75
EPROM 1M-bit 0 14 22 50 14 0 135 105
FUSES EEPROM 16k O 3 B4l 43 WG o B4 ss
BEE 42 SO S BNNE O NN 38 EEPROM 64k @ 27 190 4 '@ o (88 s5
SWITCHES
Pushbutton 1 4 30 15 0 0 60 48 DISPLAYS
o U e 3 o Ll 55 Panel meters 8 38 81 23 0 0 B8N 64
Rocker 2 2 B 2 0 0 57 52 Fluorescent 0 10 880 50 i 0 180 94
Incandescent 12 38 0 50 0 0 F88s 69
Thumbwheel 9 29 33 24 5 0 84 62
" LED 8 46 23 23 0 0 068 54
Snap action 14 36 43 T 0 0 (S8 50 Liquid chystal 0 30 35 29 5 o Lon a5
Momentary 4 55 P 9 0 0 858 63
Dual in-ine D 43508 7 BOUR o BEE 62 MICROPROCESSOR ICs
WIRE AND CABLE ‘et B A n B
Coaxial S8 36 28 0 08 0 S 37 - - .
Flat ribbon SN s 0 o AN o W 37 320t i S5 BN 4 S 0 BN 98
Multiconductor 21 32 B85 S5 BN 0 B 45 FUNCTION PACKAGES
Hookup 35 42 28 0 0 0! BIE 35 Amplifier 0 22 888 45 0 0 102 80
Wire wrap 28 18 54 0 0 0 4B 44 Converter, analog to digital v 13 40 40 0 0|88 79
Power cords S 44 BEEE 1 0 0 45 49 Converter, digital to analog 0 8 550 42 0 0 107 80
POWER SUPPLIES LINE FILTERS
Switcher B 15 580" 20 S8 0 {1048 83 7 26 (WP 20 f9B O0 TS 73
Linear 6 19 & 25 6 0 B85 78 CAPACITORS
CIRCUIT BREAKERS Ceramic monolithic 10 38 Bai 14 BN 0 WB8S 57
OF 24 P BN 19 08 0 "8& 71 Ceramic disc 13 33 g 17 00 0 865 57
8 35 E8E 0 B0W o BB so Aluminum electrolytic 12 34 B8 24 B 0 e 71
RELAYS Tantalum 8 32 4 19 0 0 R 69
General purpose & 3B s 17 D" 0 "BBR 56 INDUCTORS
PC board 0 338 20 [0 o HY 69 g0 2r 050" 8 @0 0 §We) 63
Source: Electronics Purchasing magazine's survey of buyers
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When you're designing ICs,

The Last Thing You
Need is Silicon.

Before you commit your IC
design to silicon, you can design your
circuit, simulate it, test it, analyze 2 Vool Rit Sants Carle Amelygsis

2

it, and even estimate manufacturing
yields with the IC Design Tool Kit
- from Analog Design Tools.
Offered as an addi-
tion to the popular
Analog Work-
bench™and PC
Workbench™soft- | N ittt St o i ek o o Attt
ware, you can use
thekitwithyour | e et thiiiiuinisiinieiieiebet S il oot it s s Attty
own models and
simulators, remote [N - D B e L e
computers, and a vari-
ety of popular CAE/CAD [ e e e
software and workstations. And the
model library, tailored specifically for
IC design, includes active and passive
components that contain modifiable
process-related parameters that are
tracked through all of the compo-
nents on the chip.

If you design ICs, the first thing
you need is an advanced CAE tool.
See the best in action: call 1-800-
ANALOG-4 and ask for a FREE Demo
Disk or Video.

i g

ANALOG
DESIGN
TOOLS

1080 East Arques Avenue
Sunnyvale, CA 94086
408-737-7300 or 1-800-ANALOG-4

4.5 4.8 5.0 5.2 5.4 v
| _____| m st 4.58 N2 at 5.57 Delta W = 983 =a

IC_Tool _Kit Instru Parametric Plotter

nm

© 1987 Analog Design Tools, Inc 28 38 40 50 60

Analog Workbench and PC Workbench are X axis 1s “tep" Sasshatol 1u P akidtines”
trademarks of Analog Design Tools.
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Special Report

Real-time operating systems help speed software development by linking computer resources to your code modules. (Photo courtesy Ready
Systems)
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Real-time

operating

systems

A real-time opevating system can enable
you to design and write a large real-time
software system as a collection of simple,
potentially veusable routines. It can also
help you avoid some difficult bugs common
to real-time programming. But using a
Sformal veal-time OS system means learn-
ing a completely new programming style.

Charles H Small, Associate Editor

Two groups of software engineers face the need to
adopt real-time operating systems: embedded-system,
assembly-language programmers who are now con-
fronting applications so large and complex that the
projects demand formal programming methods (Ref 1),
and high-level-language programmers who must use
Ada. Although high-level-language programmers are
comfortable with the complex tools, elaborate operat-
ing systems, and formal design methodologies needed
for developing robust, maintainable software systems,
and high-level-language and assembly-language pro-
grammers are familiar with the intricacies of real-time
processing, both groups are entering unfamiliar terri-
tory when they begin to use real-time operating sys-
tems.

Using a real-time operating system to encase your
application is like wearing armor into battle. The ar-

EDN January 7, 1988

mored knight was better protected than an unarmored
warrior. But the extra weight he was carrying also
made him slower and less agile. A real-time operating
system, especially when coupled with other, formal
software-engineering methods, provides protection
against the kinds of software disasters and blunders
that unstructured development sometimes produces.
Unfortunately, writing an ad hoc real-time system also
extends the opportunity to write impenetrable “spa-
ghetti” code (unstructured code) into another dimen-
sion—that of time.

But a real-time operating system’s protection comes
at a price—extra CPU overhead. Also, submitting to
the discipline of formal software-design methods means
you will have to restrict the scope of your ingenuity and
creativity to within the confines of the tool set the
real-time operating system provides.

Real-time OS isn’t just a check-off item

Many software engineers decide to write their own
real-time executives. Who can blame them? A real-time
executive is one of the most exciting projects a software
engineer can undertake. And not every application
needs a real-time operating system. Just because your
application performs I/O operations does not mean you
need an operating system. Further, if the state dia-
gram for your application looks like a string of pearls,
your application is batch oriented and will not benefit
from concurrent processing. Further, some applica-
tions require such high throughput that they can’t
tolerate the overhead of any operating system, whether
it’s a real-time one or not.

Despite the attraction of writing your own real-time
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After dividing your application into tasks,
you’ll need to set up intertask communica-
tion channels and protection mechanisms.

This display of a task map, data-flow diagram, and control map
from Ready Systems’ Cardtools CASE package documents a real-
time software system.

operating system, you should consider adopting an
available real-time operating system (Ref 2). A pre-
written real-time operating system from an outside
supplier does cost your company a license fee, but for
the fee you get a reusable, and presumably debugged,
system that you don’t have to write. Thus, you can save
some development time and debugging headaches. For
example, even a small, embedded system doing a simple
job may have to interface with a local-area network.
Many real-time operating systems come with utilities
and handlers for common local-area networks already
written.

Industry observers report a disturbing trend among
prospective first-time users of real-time operating sys-
tems to treat the real-time operating system as a
check-off item (see box, “Considerations in operat-
ing-system selection”). No two available real-time oper-
ating systems are equivalent. Choosing an operating
system demands close and careful examination.

Although all real-time operating systems are multi-
tasking, not all multitasking operating systems are
real-time systems. Unix, for example, takes far too long
to answer interrupts and make a context switch to suit
real-time applications. Its file structures suit program
development but not on-line record keeping. Unix does
not use re-entrant code; if 16 users invoke an editor, for
example, Unix loads 16 copies of the editor. Hence,
Unix consumes large amounts of memory. Further, it
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has only rudimentary facilities for intertask communi-
cation and synchronization.

Two classes of real-time software exist: full operating
systems (which include kernels) and stripped-down
kernels themselves. Full operating systems are gener-
ally disk-based and are loaded into the host from disk
every time you start up the host. Onboard ROMs, on
the other hand, usually store kernels. The kernels are
generally small in size, ranging from 2k bytes to as
much as 100k bytes. For example, US Software’s USX
occupies fewer than 3k bytes.

Full operating systems have, in addition to their
kernels, utilities such as file managers, debuggers,
compilers, and editors, plus the myriad run-time utili-
ties that high-level programmers need. Many of the
full-blown operating systems, such as Technical Sys-
tems Consultants’ UniFlex and Industrial Program-
ming’s MTOS-UX, mimic Unix but have different inter-
nal workings that suit real-time systems. Diab Systems’
D-Nix is Unix compatible but can handle multiple pPs
in real time. Integrated Solutions’ UniWorks overlays
Unix-compatible programs on Ready Systems’ VRTX.

These distinctions are not clear-cut, however. Many
full-blown operating systems such as Aleyon’s Regulus,
Microware’s 0S/9, and Intel’s iRMX offer a subset of
the operating system as ROMable kernels. And kernel
makers such as Ready Systems and Software Compo-
nents Group have file and debugger options that you
can add to their basic kernels. Most do what JMI
Software Consultants Inc has done for its C Executive
—they offer run-time libraries you can use to call the
real-time operating kernel’s primitives from your high-
level programs. Further, JMI has rewritten 300 com-
mon Unix run-time libraries so that they are re-entrant
and ROMable and so they can be used in a real-time
system. In other words, the kernel manufacturers are
moving toward full-blown operating systems while the
operating system makers are moving toward kernels.

Some real-time operating systems are targeted for
specific wPs; others are available for a range of common
wPs. Intel’'s iRMX works only with Intel uPs. Micro-
ware’s 0S-9 is written in assembly language for 68000-
family wPs. JMI Sofware Consultants’s C Executive is
written in C, and the firm can adapt it for any wP that
has a C compiler.

Generic operating systems are, by definition, more
portable than specially targeted systems. Assembly-
language operating systems, on the other hand, can be
faster and more compact than ones written in high-level
languages. And an operating system targeted for a
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Considerations in OS selection

You’ll probably already have selected a wP and
system bus for your real-time system before you
begin to look for a real-time operating system or
kernel. When choosing a system, consider—at
minimum—the following characteristics:

® Response time (interrupt latency)
Kernel or full operating system
Coprocessor support
Multiprocessor support
Other hardware support—clocks, timers, in-
terface chips, buses
Other wPs supported
Software drivers—terminal, I/0 boards,
disk, tape, networks, graphics
Host development aids
Target-system, ROM-resident monitor
Debugger
Performance analyzer (program profiler)
License fees.

specific pP can more easily take advantage of a given
wP’s special features.

Some of the memory-protection hardware of ad-
vanced wPs suits multitasking systems. This hardware
can keep one task from corrupting the program or data
of another task. Some advanced pwPs have special in-
structions for task switching, semaphore signaling, and
debugging. But some features of advanced wPs impede
real-time processing.

For example, a numeric coprocessor can increase the
number of registers and the amount of data that a
real-time operating system must save and restore when
doing a context switch. And context switching, like
subroutine jumping, destroys the effectiveness of in-
struction-prefetch queues and cache memories. Fur-
ther, no advanced pPs come with features that handle
common real-time operating-system overhead such as
prioritized-list management.

Computer boards come with real-time OSs

As evidence of electronics engineers’ growing inter-
est in real-time operating systems, computer-board
manufacturers are begininning to offer specially tar-
geted real-time-operating-system ROMs along with
their CPU boards. Along with its 68020-based VME
boards, for example, Force Computers now offers a
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customized, ROM-resident version of Eyring Research
Institute’s PDOS operating system at no extra charge.
The 16-bit wP versions will appear later. Force’s subset
of PDOS functions, dubbed the VMEPROM, includes a
file manager and basic I/0 modules, as well as RAM-
disk support, a screen editor, disk utilities, and a
debugger.

Dyad Technology Corp has a board with a version of
Ready System’s VRTX that’s specially designed for the
IBM PC. You can even get real-time operating systems
for the smallest of computing engines: single-chip pPs.
Avocet Systems Ine, Intelligent Machinery Co, and
Micro Computer Control have high-level language com-
pilers and real-time operating-system kernels for uPs
such as the 8051 family. In particular, the Intelligent
Machinery Co’s imx/51 manual comes with numerous
functional, clearly written examples that serve as a
tutorial on real-time programming for the 8051 family.

Introduction to new tools and design methods

But simply deciding to adopt an operating system is
only the beginning of the transformation you must
undergo when switching from writing ad hoc, sequen-
tial code and operating systems to more formal, real-
time coding. Real-time operating systems are but one
weapon in a software engineer’s panoply. The real-time
operating system is an armature upon which you hang
your application. No matter how robust the operating
system’s mechanisms may be, they can’t make up for a
poor design. Long before you actually begin to write
routines that invoke the operating system’s resources,
you should perform a thoroughly documented, top-
down design.

For example, to make effective use of an operating
system’s intertask-communication mechanisms, you
should have a clearly thought-out data-handling proto-
col along with a complete data-flow diagram.

Real-time operating systems generally do not do
much error checking and exception handling. There-
fore, you must set up and enforce rules to ensure that
your tasks pass properly formatted messages and pa-
rameters that are within specified ranges. You must
also set up your own error-checking and error-recovery
routines.

According to US Software, you should carefully chart
all intertask communication before writing your pro-
grams. Such a chart will greatly reduce debugging and
“thrash” time you might otherwise spend when check-
ing out your system. The firm does not suggest that the
communication chart can take the place of other design
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Any real-time, multitasking OS that per-
forms pre-emptive scheduling must occa-
sionally turn off either its scheduler or the
WwP’s external interrupts.

With the aid of this plug-in, real-time operating-system board from
Dyad Technology, you can get real-time performance from your
IBM PC.

documentation, but rather that it’s an adjunct to that
documentation.

The firm recommends that the communication chart
should include (as source and destination points) tasks,
common-code routines, and user-interrupt routines.
You should annotate the arrows between these points to
indicate the direction of data flow as well as the type of
communication (event parameters, accept or release,
clear or set, mailbox, message type, wake-up call, etc)
and any other useful information.

At present, only Ready Systems can supply comput-
er-aided tools for formal design methods that apply
specifically to real-time systems. Without Ready Sys-
tems’s Cardtools, you will have to do your formal,
top-down design, and documentation manually. Card-
tools can produce software documentation in the style
of DoD-STD-2167 (which is required in Defense work).

Cardtools is an elaborate suite of programs whose
functions span three phases of a formal software-
engineering project: software-requirements specifica-
tion, high-level design, and detailed design. After these
three phases, you are still left with coding and testing,
integration and debugging, installation and operation,
and maintenance.

Cardtools begins with a graphics-oriented diagram
and text editor with which you can decompose function-
al and data specifications to any number of levels. Like
all the programs in the Cardtools package, the specifi-
cation tool saves all the data you enter in a common
Cardtools database. And, because it is more than a
passive graphics editor, it does completeness and con-
sistency checks as well.

Next, the package’s rapid-prototyping facility lets
you set up user screens. It automatically generates
source code for the displays. (In computer-aided soft-
ware-engineering (CASE) circles, rapid prototyping
generally means dummying up the user interface. The
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resulting dummy prototype often passes for a demon-
stration program.)

Another tool then prompts you for complete specifi-
cations for logical and numeric data definitions. Hope-
fully, by declaring I/0 parameters early in the design
cycle, you will be able to catch such errors as misrepre-
sentation of data, out-of-range excursions, and design
overkill.

An Ada-related tool allows you to build libraries of
related functions into Ada “packages.” This tool helps
you follow the Ada programming style and additionally
gets you thinking early on about reusable routines.

By this point in the sequence of applying the tools,
the Cardtools database has acquired much information
about your design. It can now automatically produce a
data-flow diagram (but you can draw your own, if you
wish). Nearly all software-engineering gurus recom-
mend a comprehensive data-flow diagram as an aid to
rational, reliable use of an operating system’s communi-
cations and task-synchronization primitives.

Cardtools even has a program that will help relieve
the principal source of anxiety for real-time software
engineers—especially those unaccustomed to real-time
systems; it provides an early estimate of the most
important spec for a real-time system—its speed. The
package’s real-time performance-verification tool per-
forms critical-path analysis on your design’s multi-
tasking architecture. The tool uses the specifications
you entered in the Cardtools database to evaluate your
system’s timing response.

Last, a program-design-language (PDL) editor and
analyzer accepts and checks structured-English
(psuedolanguage) versions of your program’s routines.
Ready Systems claims that using a PDL editor before
beginning to code in your real high-level language
increases work at the design stage by 5% but trims 15%
off the overall design effort.

Software engineers who must work with Ada should
remember that Ada is not just a compiler. The Ada
specification covers all phases of a project from
specification to debugging. At present, Ada users have
enough to worry about just to find an efficient compiler.
But eventually, Ada tools will have to expand their
coverage to meet all DoD specs.

Guidelines for task splitting

However you design your real-time system, manually
or with CASE tools, the most important phase of the
design is dividing the application into tasks. While no
hard-and-fast rules apply to partitioning an application
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into tasks, some general guidelines apply. First, you
should split the processing load into small tasks, each
task having generally only one function. A task, there-
fore, is the smallest unit of execution that can compete
on its own for system resources. A task inhabits a
virtual, insulated environment that the real-time oper-
ating system provides. In this environment, the task
can use—or, if necessary, can wait until it can use—any
of the real-time operating system’s resources without
explicit concern for any other tasks in the system.

You should divide your tasks so as to minimize
intertask communication. Too much intertask commu-
nication exacts a penalty in the form of too much
operating-system overhead. Because intertask commu-
nication increases dependencies among tasks, intertask
communication is at odds with the goal of partitioning
software into autonomous tasks. If you find your appli-
cation doing too much intertask communication, you
may have partitioned your tasks poorly, or you may be
trying to use a real-time operating system in an applica-
tion it’s not suited for.

Naturally, you must devote considerable thought to
assigning priorities to tasks. Do not confuse priority
with the amount of CPU time a task will consume. You
could very well have a very-high-priority task that runs
infrequently, and that, when it does run, runs for a
short time before going back to sleep. Conversely, you
could have a low-priority task that consumes the bulk of
the CPU time but can tolerate interruptions at any
time.

Similarly, don’t confuse hardware-interrupt priority
with software-task priority. You could have an input or
output port with a high hardware priority—a high-
speed data link, for example. But a simple hardware-
interrupt handler could respond to the high-priority
hardware interrupts and do no more than put the
characters from the high-speed link into a buffer for
later processing by a low-priority task. This situation is
not uncommon because many I/0 channels are “bursty”
in nature; that is, they have short, intense bursts of
communication interspersed with long periods of inac-
tivity.

Generally, the system-clock interrupt has the highest
priority for real-time operating systems that do time
slicing. You may have to assign some other hardware
interrupt a higher priority, but in so doing, you may
disrupt your system’s timing. Because the priority of
tasks influences the performance of the overall system,
be prepared to do some experimentation until you
fine-tune your system’s performance sufficiently.
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In this data-flow diagram of a real-time system, squares are
external devices, I-beams are communications interfaces, and circles
are tasks. The diagram was produced with a graphics editor, from
Andyne Computing, that allows you to document the structure of a
real-time system.

In all cases, you must partition processing not only
among tasks, but also between interrupt handlers and
their respective tasks. The general rule is to make
interrupt handlers as short as possible and to do as
little processing as possible in the handler.

Dangerous calls for interrupt handlers

Even though your interrupt handlers must be as
short and fast as possible so as to minimize the time the
P turns off interrupts during an interrupt service,
interrupt handlers still interact frequently with the
operating system and your higher-level tasks in the
system. For example, the interrupt handler might have
to acquire a memory buffer from a memory pool. Not all
of a kernel’s function calls are safe for an interrupt
handler to make.

Generally, an interrupt handler can make with impu-
nity any call that creates a structure. Interrupt han-
dlers can write and read data as safely as any other
software entity can, providing they obey the protocols
you've set up for your system.

Any kernel function call that sends the operating
system a signal that could change the state of a task can
be dangerous if the handler does not first lock the
system scheduler. You should use caution when employ-
ing such calls in an interrupt-service routine simply
because interrupt-service routines occur asynchronous-
ly by nature, and they could cause unexpected behavior
in the tasks they affect.

Even more dangerous for interrupt handlers to call
are blocking commands that lock out high-level tasks
from a memory area or a system resource. Further, you
should not allow interrupt handlers to perform system
calls that create or delete tasks.

After you’ve designed your real-time system, you
will have to begin coding the individual modules and
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Critical vegions in the operating system
and in your task’s code both affect the most
important specification for veal-time sys-
tems: interrupt latency.

Because of demands by engineers, board-level-computer makers
such as Force Computers are supplying ROM-resident real-time
operating systems for their computer boards.

tasks. Encoding a real-time software design is challeng-
ing. For example, you must often write re-entrant code.
Re-entrant code proves useful in real-time systems for
two reasons: First, it saves space, because many tasks
can use the same re-entrant code simultaneously. The
fastest real-time systems keep all code in memory; a
practice that puts a premium on a compact coding style.
Second, re-entrant code exactly suits multitasking be-
cause, by definition, you can interrupt a process using
re-entrant code at any point in the code segment, and
later restart the process with no adverse effects.
Some languages, such as Forth, produce inherently
re-entrant code. Other languages require discipline on
the part of the programmer and a special compiler that
produces ROMable code. Making a routine re-entrant
simply means that the code can’t modify itself; for
example, all variables must reside in an area private to
the task using the code, not in the code itself. The
penalty for using re-entrant code can be increased
overhead and more CPU cycles, because read and write
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operations are indirect rather than immediate.

In addition, for re-entrant coding, you may wish to
adopt object-oriented programming (Ref 3). Propo-
nents of object-oriented programming claim that unless
you use object-oriented programming, your real-time
system will become unmanageable and incomprehensi-
ble if you have more than seven to 10 tasks.

Of the languages commonly used by EDN readers,
only Forth offers straightforward programming facili-
ties for building classes of objects. If you choose to
adopt the object-oriented programming style and use
other languages, you'll need to exhibit some program-
ming discipline (Ref 4).

In addition to its real-time kernel, Intel’s iRMX
offers an elaborate set of function calls for manipulating
objects. Thus, if you have the discipline to write object-
oriented programs, you can put your objects under the
control and protection of iRMX.

Using operating-system primitives

The biggest difference between sequential program-
ming and writing programs that will run under a
real-time operating system is, of course, actually using
the real-time operating system’s primitives. Each real-
time operating system is a universe unto itself. No two
operating systems mean quite the same thing when
they call their primitives “semaphores” or “mailboxes,”
for instance. Each real-time operating system provides
a suite of primitives having subtly, but significantly,
different properties.

Although it’s not difficult to find superficial descrip-
tions of real-time-operating-system primitives, expla-
nations of how they actually work are rare. It’s worth-
while considering the subject in depth, however. If you
understand how real-time-operating-system function
calls work and how to use them, you’ll find that they’re
trickier than they seem at first blush. Understanding
how they work will also help you decide, first, whether
you want a real-time operating system at all, and then,
whether you'll write your own or buy a ready-made
one. The following discussion will attempt to give you
some idea of how real-time operating system function
calls work and how to use them.

After splitting your application into tasks, you'll need
to set up intertask communication channels, ensure
that the tasks are properly synchronized, and use
protection mechanisms so that they don’t interfere with
each other.

Any real-time, multitasking operating system that
performs prioritized, pre-emptive scheduling must oc-
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casionally turn off either its scheduler or the processor’s
external interrupts—or both—to allow a task to exe-
cute what are termed “critical” code regions.

A critical region is any program sequence, in one of
the system’s tasks or within the operating system
itself, which cannot tolerate being interrupted. Take,
for example, the prioritized lists that operating sys-
tems must constantly update. If the operating system is
in the process of ordering a list of prioritized tasks, it
must not be interrupted by a task that wants to change
its priority or by a task that wants to join the queue
until it’s finished ordering the tasks at hand.

Similarly, a task could be updating or accessing a
shared area of memory. The task must be able to work
with the shared memory without the risk that some
other, higher-priority, task will interrupt and change
the common memory before the lower-priority task is
finished. Protecting these critical code regions obvious-
ly affects the system’s ability to process interrupts in a
timely fashion, because lower-priority tasks can lock
out higher-priority ones.

Lengthening interrupt latency

Critical regions in the operating system and in your
task’s code both affect the most important specification
for real-time systems: interrupt latency. If the operat-
ing system, or your tasks, have turned off interrupts or
disabled task scheduling, a delay will occur before an
interrupt is serviced or processing begins. Obviously, a
maker of real-time operating systems can’t supply a
spec for how your critical regions will affect interrupt
latency.

But the complexities of the inner workings of real-
time operating systems make giving clear-cut, useful
specs for interrupt latency difficult for makers of real-
time operating systems to supply as well. Even if one
particular maker can supply a useful spec for its
system, the specs depend heavily on the hardware used
(the nP, memory, memory manager, coprocessor, etc)
and the software test setup (the number of tasks in the
test system and the synchronizing scheme selected, for
example). This lack of uniformity of test conditions
makes comparing latency specs for competing real-time
operating systems next to impossible.

The performance of some real-time operating sys-
tems depends on how many tasks the operating systems
are handling and what state the tasks are in. Pre-
emptive, prioritized real-time operating systems must
manage many lists and queues. These operating sys-
tems must constantly update their lists and queues in
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response to external interrupts and operating-system
calls from tasks. Depending on just how a real-time
operating-system designer writes his code, the real-
time operating system’s overhead can increase as the
number of tasks increases simply because the real-time
operating system has more items to keep track of.

Other task-dependent effects on an operating sys-
tem’s interrupt latency can arise from the management
of queues attached to common data structures and
intertask-communications mechanisms. As the number
of tasks waiting grows, the operating system’s over-
head for managing these resources can grow. These and
other sources of variable interrupt latency can bedevil a
user of real-time operating systems because most real-
time systems must meet a minimum interrupt-response
specification.

One real-time operating system sidesteps many of
these problems by simply having no scheduler and little
need for critical-code lockouts. The operating system,
Forth Inc’s PolyForth, has an extremely simple mecha-
nism for task switching that entails minimal overhead.
Further, it relies on self-scheduling tasks rather than a
pre-emptive scheduler to initiate task switching and
thus avoids scheduler overhead simply by having no
scheduler. PolyForth’s schema is easy to understand
and you could easily copy it if you wished to concoct
your own real-time operating system.

PolyForth’s task switching starts from a simple idle
loop. Each task in the system has a Long Branch—or
Long Jump—instruction at the head of its task area.
The argument of the Long Branch instruction is the
address of the head of the next task in the idle loop.
When all the tasks are quiescent, and the idle loop is
running, the system’s wP simply jumps from task to
task endlessly in round-robin fashion.

When the nP receives an external interrupt, it vec-
tors to an interrupt handler. Unlike more complex
systems that interpose the operating system between
an interrupt handler and its associated task, each
PolyForth handler knows which task it must work with.
The handler performs any time-critical processing
needed by the external interrupt and, just before
executing a Return instruction, changes the argument
of its associated task’s Long-Branch instruction from
the next tasks’s address to the entry point of a routine
that wakes tasks up.

Whenever the idle loop finally jumps to a task that an
interrupt handler (or, perhaps another task) has
marked for awakening, the idle loop detours to the
wake-up routine. The wake-up routine knows which
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The complexities of real-time operating sys-
tems make it difficult for the OS vendors
to give clear-cut, useful specs for interrupt
latency.

Because robotic vision systems must respond to sensory inputs as
they perform their tasks, they require real-time operating systems.
(Photo courtesy Software Components Group)

task needs to be awakened because the task’s address is
on the wP’s return stack. The wake-up routine restores
the task’s registers and transfers control to the task’s
program so that the task can pick up where it left off in
its program.

The task now has control of the wP, and only external
interrupts can temporarily take control away from it;
no other task can pre-empt the controlling task. No
other high-level task can get control of the wP and begin
running unless the currently running task voluntarily
relinquishes control. In other words, PolyForth needs
no scheduler because it is self-scheduling.

The Forth programmer has two ways of putting a
task to sleep: The programmer can insert a Pause or a
Wait command in the program’s flow. If a task pauses,
it puts itself to sleep and jumps to the next task in the
idle loop. But it leaves its Long Branch instruction in
the head of its task area, pointing to the wake-up
routine. Thus, the next time the idle loop reaches the
task, it will wake up. Alternatively, if the task executes
a Wait, it puts itself to sleep and changes the argument
of its Long-Branch instruction to the address of the
next task in the idle loop. In this case, the idle loop will
not activate the task; it will remain asleep until some
external agent—an interrupt handler or another task—
marks it for awakening.

Several characteristics of Forth facilitate this simple
scheme; not all high-level languages could use this
scheme as easily. Saving or restoring a Forth task—a
context switch—takes little time because Forth uses
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only three pP registers. A Forth task initiates a context
switch by executing a Forth word. (Executing a Forth
word is equivalent to calling a subroutine in other
languages; in fact, executing subroutines is the funda-
mental, native way in which Forth programs execute.)
By initiating task switches with Forth words, rather
than at the arbitrary behest of an operating system, a
Forth task naturally breaks its execution after comple-
tion of a routine rather than being interrupted in the
middle of doing something. Breaking at the end of a
function decreases the amount of data that the context-
changing routine must save, because well-written
Forth words generally tidy up system resources before
exiting.

And because no task can pre-emptively interrupt
another task, the programmer need only worry about
interrupt handlers corrupting resources (a data struc-
ture, common memory area, or intertask communica-
tion or synchronization mechanism) while the task is
working with them. Thus, PolyForth does not need
many of the complex critical-code-lockout and protec-
tion schemes of pre-emptive operating systems.

The success of PolyForth’s schema rests on your
ability to fine-tune your overall system by peppering
each task with judiciously placed Pauses and Waits so
that no one task can hog the system. As it does in many
other areas, Forth leaves it to you to custom-make
constructs and functions that other operating systems
and languages come with. For example, you'll have to
write your own arrays, semaphores, mailboxes, and
servers.

On the other hand, some unique hardware is avail-
able for Forth. Most languages are customized for
certain hardware. Like Lisp, however, Forth has hard-
ware customized for the language. You can get a Forth
pP from Novix Ine (Cupertino, CA); an enhanced
version of the Novix wP is also available as a standard
cell from Harris Semiconductor (Melbourne, FL). This
nP executes common Forth words in a single cycle.
Further, it has no instruction queue, and it can also
jump to an interrupt routine in a single processor cycle.
The chip’s architecture thus makes context switches
and interrupt handling very fast.

At the heart, a kernel

At the heart of every real-time operating system
except PolyForth is a real-time kernel. The kernel is a
small set of programs that schedule tasks, manage
resources, and provide mechanisms for intertask com-
munication and synchronization (the Forth kernel exe-
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cutes Forth). The kernel provides the mechanisms that
you use to set up your system. It provides the means;
you set the policy. For example, if the kernel has a
prioritized scheduling mechanism, you set policy by
assigning priorities to your individual tasks.

Protection or lack thereof

If a real-time operating system’s kernel is to have
high performance, then it must assume that the tasks
you have written are correct. Otherwise, if your tasks
can’t be trusted to confine their reads and writes to
authorized areas of memory and to pass properly de-
fined parameters, the real-time operating system’s ker-
nel will have to spend extra time doing error checking
and parameter validation.

Real-time operating systems’ kernels also do not do
exception or error handling. If one of your tasks re-
quests a service call that the real-time operating sys-
tem’s kernel can’t execute, the kernel will simply return
an error code. Your tasks must be prepared to decipher
these error codes and take appropriate action.

Semaphores

Real-time operating systems do provide a host of
special function calls. The simplest, in theory at least, is
the semaphore. A semaphore is a simple software
mechanism for granting control of a shared resource to
one task at a time. Conceptually, the classical sema-
phore is a counter with a queue attached. Tasks can
perform only two operations—Signal and Wait—on a
canonical semaphore. A Signal increments the counter
and a Wait decrements it. If the counter’s value is zero,
any and all tasks performing a Wait join the queue and
actually begin waiting until enough Signal operations
occur to flush the waiting tasks from the semaphore’s
queue. Semaphore operations are good examples of
critical regions. Some real-time systems use the classi-
cal semaphore; others have embellished it considerably.

Sometimes, a semaphore is implemented as a memo-
ry location or variable that contains a “token” only
when the resource is available. The token functions as
the key to a hotel room does. A task wanting to use the
resource first must check the semaphore (or signal it,
depending on which real-time operating system you
use) either by reading the variable or by doing a system
call to see if the token is available. (In the case of an
operating-system call, the operating system functions
as a hotel desk clerk, handing out keys and checking
tasks in and out.)

If the task gets the token, it can use the resource. If
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no token is available, the task can wait or do other
processing until it gets the token. Simple systems
require the blocked task to wake up repeatedly and poll
the semaphore. More-sophisticated systems allow a
task to put itself to sleep pending a wake-up call from
the operating system. When finished with the shared
resource, the task must return the token to the variable
or to the operating system, as appropriate.

Microware Systems Corp’s OS-9 has an extension to
the classical semaphore that the firm calls an Event.
The Event accepts the basic Signal and Wait commands
of the classical semaphore; tasks can queue up in FIFO
buffers while awaiting a blocked semaphore. Further,
the Event has a counter just like a semaphore’s. A
successful signal-function call will cause the counter to
count up by a fixed increment (you specify the incre-
ment when you set up the event). A successful Wait
function call will reduce the counter’s count by the
specified increment.

The purpose of the counter becomes clear when you
learn that the Wait function call requires an argument
specifying a range for this event counter over which the
Wait call will activate a given sleeping task. That is,
after a successful signal call, the operating system will
search the Wait queue and activate all waiting tasks
whose prespecified range encompasses the new value
for the event count. Thus, the Event resource can
launch multiple tasks with one Signal.

Variations of the basic Signal call can jam a value into
the event counter, increment it by a value other than
the value fixed when the event was set up, or change
the event counter’s value temporarily (for one function-
call cycle). This powerful, extended semaphore endows
0S-9 with subtle intertask synchronization properties
that experienced users can exploit creatively.

The exact nature of the token is not relevant to
understanding the mutual-exclusion mechanisms. Oper-
ating-system designers have made use of the token
differently. For example, Forth programmers use a
zero as a token; if a task finds nothing in the mutual-
exclusion location, then it writes its task-identification
number into the location to take possession of the
shared resource. If another task polls the location while
the first task is in control of the shared resource, the
polling task will not only know that the shared resource
is busy, but will know which task is using it.

Digital Resources’s FlexOS has an unusual, complex,
and powerful meaning attached to the value of a token.
When a task executes any FlexOS system call that could

be followed by a Wait operation, the OS returns a 32-bit
Text continued on pg 126
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Glossary of real-time-software terms

Programmers sometimes use old
words in different ways, coin
words, or—confusingly enough—
use several different words to
describe what’s more or less the
same thing. For example, “ex-
change,” “port,” “channel,”
“socket,” and “message” are all
synonyms for “mailbox.” The fol-
lowing glossary explains some
commonly used real-time-soft-
ware terms.

Activity—Synonym for task.
CASE—Computer-aided soft-
ware engineering.

Context switch—A context
switch occurs when, in a fashion
similar to a subroutine call and
return, one program is frozen
and everything important to that
program is stored in main or off-
line memory: usually pP regis-
ters and pointers to private data
structures (and coprocessor reg-
isters). Next, another program’s
registers and pointers are loaded
into the pP. In some multi-
tasking systems, an entire pro-
gram and its attendant data
structures are overlaid in core
memory from off-line memory
(real-time programs can’t gener-
ally tolerate such overhead; con-
sequently, for real-time systems,
all tasks, running or suspended,
usually reside in RAM). And fi-
nally, execution of the second
program begins, starting at the
location pointed to by the re-
stored program counter.

Critical region—Any sequential
segment of a program’s code
that can’t tolerate interruption.
Generally, a task must bracket
the critical region with a pair of
system calls to first lock out,
and when finished, enable, oper-
ating-system interrupts. If you
want your system to continue to
answer external interrupts while
a task is in a critical region,
make sure that your interrupt-

service routine is not able to cor-
rupt any processing that any
task may have undertaken while
in any critical region.
Deadlock—A condition in which
each of two tasks waits for the
other indefinitely. Deadlock re-
sults when two tasks attempt to
control the same two resources
at once. Each task can be in pos-
session of one resource while
waiting for the other task to re-
lease the other resource; thus,
the tasks will wait forever.
De-reference—Etymologically
unsound (compare to “delouse,”
for example) but useful neolo-
gism current among C program-
mers; it signifies retrieving an
object pointed to by a pointer as
opposed to directly referencing
the pointer itself.

Event—Term used by Micro-
ware’s 0S-9 for a semaphore
having some special extensions
to the canonical semaphore.
More generally, an event is any-
thing that stimulates a program
and eventually results in a con-
text switch.

FIFO—First in, first out. Taken
in strict order of arrival.
Hook—The means whereby you
can add your own code to an
operating system. A simple form
of hook is a Jump from the oper-
ating system’s ROM to a RAM
location. If you don’t use the
hook, you must initialize the
RAM location with a Jump right
back into the next location after
the hook in the operating sys-
tem’s ROM. If you use the hook,
you simply start your code at
the destination of the hook’s
Jump command and eventually
Return to the operating system’s
ROM upon completion of your
addition.

Kernel—A kernel can be loosely
defined as the bare-minimum
skeleton of an operating system

that can sustain real-time multi-
tasking. A kernel usually in-
cludes simple I/0 calls, a context
switcher, a system-timer task,
and mutual-exclusion mecha-
nisms. It doesn’t usually include
file I/0, a debugger, complex 1/0
such as local-area networks, or
any program-development aids.
Library/libraries—An ambigu-
ous term that can refer, in ei-
ther singular or plural form, to
either an entire library of pro-
grams or a program from a li-
brary. Presumably, “library pro-
gram” was shortened to
“library” just as “peripheral de-
vice” was shortened to “periph-
eral.” The terms lead to such
confusing utterances as: “You
take the libraries from the ap-
propriate library and include
them as needed.”

Logical—As used by program-
mers, the term is a synonym of
“virtual”; it refers to the oppo-
site of “physical” or “real,” not
the opposite of “illogical.” It de-
notes the way a program inter-
prets something as opposed to
the thing’s physical reality in the
system’s hardware. For example,
a program running in a memory-
management system may think
it begins execution at address
zero when, actually, it doesn’t:
The memory-management hard-
ware adds an offset to the logical
address to produce the real, or
physical address in memory. The
0S-9 manual provides an exam-
ple of the way programmers use
the term: “Because all OS-9 files
have the same physical organiza-
tion, file-manipulation utilities
can generally be used on any file
regardless of its logical usage

. . . text file, executable pro-
gram-module file, data file, [or]
directory.”

Mailbox—A secure mechanism,
or object, for communication be-
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tween asynchronous tasks. More
than just a simple shared memo-
ry area, a mailbox has a mutual-
exclusion protocol which keeps
more than one task from ac-
cessing the mailbox at one time.
Many mailboxes have message-
deposit and message-wait
queues attached to their mutual-
exclusion protocols that allow
multiple readers and writers to
queue up and wait at a mailbox.
Some even accept a stack of
messages.

Maintenance—That portion of
the software design and debug-
ging process that continues after
the program gets shipped to a
paying customer (as opposed to
a beta-site customer).

Mutual exclusion—Allowing
only one task to have access to a
shared resource—either a physi-
cal device or a data structure—
at any given time. Mutual-exclu-
sion mechanisms can also protect
non-reentrant code and make it
a serially reusable resource.
Object—An abstract software-
engineering concept. An object
is the combination of a data
structure and the program
needed to manipulate the data
structure, considered as a unit.
An array created by the DIM
command is an example of an ob-
ject. External routines have no
control over the object’s code,
and they can’t manipulate its
data structures directly. Mail-
boxes, semaphores, arrays, vari-
ables, and even tasks are all ob-
jects.

Object-oriented programming
—A programming style said to
make large complex programs
manageable. Each data struc-
ture, along with its associated
code, gets partitioned off from
the rest of your program and be-
comes an object. You attempt to
hide as much as possible of the

internal working of each of these
objects from the rest of the pro-
gram. Also, you should strive to
make the interface for all your
objects as uniform and simple as
possible.

Pipe—Unix name for a large
FIFO buffer masquerading as a
pair of files. Asynchronous tasks
can communicate large amounts
of data through a pipe. The task
writing to the tail of the FIFO
buffer thinks it’s writing into a
file; similarly, the task reading
from the head of the FIFO buf-
fer thinks it’s reading from a
file. Actually, the pipe is usually
a memory buffer. So that pro-
grammers need only master one
set of I/0 commands, elaborate
operating systems such as Unix
disguise this form, and all other
forms of I/0, as read and write
operations to files.
Pre-emptive—A pre-emptive re-
source services requesters in
order of their priority, not their
arrival.

Primitive—Synonym for service
call or function call to the real-
time operating system kernel.
Process—Synonym for task.
Re-entrant code—A program
segment that does not modify it-
self locally. Because any number
of asynchronous tasks can use
this segment without interfering
with each other, re-entrant cod-
ing helps make a real-time sys-
tem compact.
Resource—Defined loosely, a re-
source can be any physical de-
vice, data structure, or mecha-
nism for intertask
communication or synchroniza-
tion that the operating system
manages (and perhaps guards
from blundering or malicious
programs).

Semaphore—A simple software
mechanism for granting control
of a shared resource to one task

at a time.

Supervisor—An ambiguous
term. Some operating systems
distinguish between the kernel
and the supervisor (which some-
times includes the kernel). The
kernel handles task scheduling
while the supervisor handles

I/0. Others use the term “super-
visor” to refer to the portion of
the kernel that schedules tasks.
Task—An abstract software-en-
gineering concept. A task is an
autonomous, asnychronous pro-
gram that thinks it’s running all
by itself. How you divide a given
software system into tasks is
purely arbitrary.

Time slicing—The supervisor in
a real-time operating system
kernel, in response to a system-
clock interrupt, deals out a de-
fined segment of CPU time to a
series of tasks in round-robin
fashion. Pre-emptive schedulers
generally do round-robin time
slicing when a system has sever-
al ready-to-run tasks all at the
same priority level.

- Unit—An Intel iRMX term for

the token that a semaphore re-
turns to a calling task to indicate
that the task has possession of
the semaphore. Intel reserves
the term “token” for the pointer
that a calling task gets from the
operating system after success-
fully acquiring an iRMX object.
The distinetion is that the unit’s
content has a meaning only for
the operating system and not for
the calling task; the task merely
keeps the unit temporarily and
returns it to the operating sys-
tem when it’s finished with the
semaphore. On the other hand,
the calling task uses the iRMX
token to both take control of,
and find, the iRMX object.
Virtual—Synonym of logical.
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At the heart of every real-time operating
system is a real-time kernel.

token to the calling task. The token has only one of the
32 bits set—in other words, it’s a 1-bit bit mask.

The task does not know or care just which bit, of the
32 available, the operating system has set for that
particular call. However, the operating system does
keep track of which bit is set in each token possessed by
each task. A given task can make as many as 31
requests, logically OR all of the tokens together, and
pass the resulting bit mask to an operating-system Wait
call. Note that the task does not simply take the token
and begin using the resource. It must make an explicit
Wait call. If the resource is available, the operating
system will wake up the task immediately after the
task makes its Wait call.

The power of this mechanism is the flexibility it gives
you to suspend a task. Most real-time operating sys-
tems allow a task to wait for only two things at once: an
event or a timeout (the event can be an unblocked
resource, a message arrival, or an interrupt). A FlexOS
task can wait for the first of 31 events to occur. The
operating system also provides a software-interrupt
mechanism for the cases in which the bit-map token
approach proves cumbersome and time consuming.

Semaphores have three kinds of queues

Intel’s iRMX semaphores can have more than one
token available if the shared resource has more than
one unit available. You could use such multiple-token
sempahores to regulate a producer-consumer re-
lationship of, for ex