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Our MD-300/SP Memory Board Test Sys
tem is a new addition to our well-known MD-300 
family. It dynamically tests memory boards and 
complete memory systems better than any sys
tem on the market. It's also suitable for testing 
complex memory systems and memory boards. 

The MD-300/SP is a complete, stand-alone 
computer-controlled system, using the DEC 
LSl-11 computer. It's especially suited for the 
production test environment, offering a simple 
solution to complex hardware interfaces. Not to 
mention a powerful Interactive Program Gener
ator which cuts applications programming time 
to hours instead of the usual days. 

As if this weren't enough, the MD-300/SP 
can pay for itself. Because your savings from 
testing boards instead of systems are signifi
cantly larger. In fact, we'll give you a free, no
obligation return on investment presentation to 
prove it. You be the judge. And the free demon
stration is yours for a phone call. 

After you see what the return on your in
vestment can be, you'll think $75,000 is one 
sweet steal. 

I!! , .,... • N SelT!iconductor 
Ii a l. Equipment 

Eaton Corporation, Memory Test Systems Division. 21135 E rwin Street, Wood land Hills , CA 91365 , (2 13) 887-5550 
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Using Wavetek 's Model 175 
Arbitrary Waveform Generator is 
like drawing on your oscilloscope. 
You have a 256 x 255 point grid to 
work with. Time is along one axis, 
amplitude is along the other. Simply 
program the waveform, point by 
point, either from the front panel or 
via the GPIB bus. ARB stores the 
shape you 've programmed and will 
duplicate it at any frequency and 
amplitude you select. You can also 
edit point by point if you decide to 
For literature, Circle no. 64 

change the wave shape later on. 
Operational modes include 

continuous, triggered, and even 
triggered burst-which will take 
care of almost any application. 

If you've ever tried to generate 
sin x / x or any other non-standard 
function on ordinary equipment, 

you know what a breakthrough 
ARB represents. Now, instead 
of choosing just sine, square 
or triangle outputs, you 
can be completely arbitrary. 
Provided you've chosen Wavetek's 
Model 175 to be arbitrary with! 
Wavetek San Diego, 
9045 Balboa Ave., P 0. Box 651, 
San Diego, CA 92112 . Tel: (714) 
279-2200; TWX 910-335-2007. 

\A/AVETE~ 
For demonstration, Circle no. 63 
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Pro-Log M980 Programmer: 
Best in the field. 

Built rugged to keep working. 
Weighing less than 22 pounds 

and compact enough to fit under 
an airplane seat, the Pro-Log 
M980 is still the most rugged 
PROM programmer for trouble
shooting in the field . 

Pro-Log programmers have been 
used on the Alaskan pipeline, in 
steel mills and in other hostile 
environments. One even survived 
a tornado that destroyed the 
building around it! 

Look inside the M980 and you'll 
see there's little to go wrong. We 
designed it for reliability with a 
limited number of functional high
density parts and interconnects. A 
recent service study indicated that 
you can expect JO years of failure
free performance from the M980. 

Backed by the industry's 
longest WBIT8Dties. 
Based on the proven quality of 
9,000 Pro-Log programmers and 
20,000 personality modules per
forming reliably worldwide since 
1973, Pro-Log gives you a two-year 
warranty on M980 control units 
anda 
one-year 
warranty 
on all 
personality 
modules. 

CIRCLE NO 2 

Remote control for 
troubleshooting and updating. 

For easy diagnosis and pattern 
updating in the field, connect the 
M980 to a computer, terminal or 
modem via the RS232C or parallel 
interface. 

Find out more. 
For full details, send for our 32-

page M980 brochure. Or better 
yet, ask for a free demonstration. 

Write or call Pro-Log Corporation, 
2411 Garden Road, Monterey, CA 
93940, phone (408) 372-4593. 
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RS232and 
RS 449, bring 
them together 
with our 
subminiature Ds. 
It's easy. 

Save your systems from 
obsolescence. Bring them up to the 
standard with AM PLI MITE subminiature 
Dadapters. 

They interface RS 232 with the new 
RS 449 cable-to-cable or directly to 
your equipment. One way or the other, 
you save the cost of major redesign. 

Our subminiature Ds also give you 
the widest choice. Metal shell and 

all-plastic connectors. Filtered 
assemblies. Mass termination styles. 
Standard, high density and MIL-C-24308 
versions. And the most complete 
selection of accessories made. 

You bring a lot together with our 
AM PU MITE connector system. 



AMP Facts 
Plated-through hole damage is 
avoided with ACTION PIN contacts. 
Gas-tight connection without 
soldering is also assured. 

Two styles of slide latch clips 
simplify plug and receptacle mating. 

Metal-shelled shielded connector 
provides EMI protection. 

Spring latch assembly allows easy 
harness hook-up to RS 449 standards. 

For more information, call the AMPLIMITE Connector Desk at (717) 780-8400. 
AMP Incorporated, Harrisburg, PA 17105. AMP. AMPLIMITE and ACTION PIN are trademarks of AMP Incorporated. 

AIVIP means productivity. 



If there's one thing 
this world doesn't need 
it's another rotten 
RAM. Another rejected 
ROM. One more 
paralyzed EPROM. 

This is your chance 
to do something about it. 

S 
'I'he Intemational

~ta.nd~ of Quality 
Rl-la.nn:ttees tiiese 
elect:I ical AQLs on 
all parameters over 
the operating tem
pera.titre range: 0.1-0 /o 
on MOS RAMs& 
ROMs; 0.2<ro on 
B1po1ar~c 
& Interface; 0.3°/oon 
.Unear, LSI ~c 
~,_ther . e ones. 

WE'RE ALREADY 
DOING OUR PARTS. 

From now on, insist 
that all your MOS mem
ories meet or exceed 
INT·STD·l23, The 

International Standard 
of Quality. We do. 

Fact is, nobody's 
MOS RAMS and ROMS 
come with a guaranteed 
AQL better than 0 .1%. 
Not here. Not in Japan. 



Not anywhere. 
And that's only one 

of the reasons we're 
among the industry's 
largest military and 
commercial memory 
suppliers. Here are a 
few others: 

We put all our mem
ories through the worst 
case test patterns we 
can come up with. We 
give every part MIL· 
STD· 883 for free. And 
we've got the latest test 
equipment, the most 
complete line, the most 

advanced products in 
the business. 

Next time you buy 
MOS memories, don't 
take bad for an answer. 
Insist on INT· STD· 123 
fromAMD. 

Advanced Micro Devices l1 
901 Thompson Place, Sunnyvale, CA 94086 • (408) 732-2400 





We're The Contender- Hybrid Systems. And we're taking on the data conversion "heavyweights" 
with our technical strength and the most advanced, state-of-the-art production techniques 

in D/A and A/D conversion. 
We know the other guys are tough. Butthey're vulnerable, too. 
For example, who else but Hybrid Systems has a leak-proof commercial package 

that is patented? Nobody. 
Our completely sealed package features a unique combination of materials that 

prevent any mismatch in thermal coefficient due to temperature extremes. Surface 
cracks, loose pins, and many other weaknesses typical of ordinary packages are elimi
nated. All components are arranged in an open cavity, away from messy epoxy, thereby 
knocking out mechanical strain, chemical degradation, and moisture problems. 

The result is data conversion products so reliable, they've moved up to a class of 
their own. In this new class, the powerful winning combination of price/performance is 
in the hands of no one else but Hybrid Systems. The Contender. 

We mean it when we say we're the Contender. We know we're going to have to 
work even harder to get you into our corner. But once you see what we can do, you'll make 
going with Hybrid Systems a unanimous decision. 

Call us today at (617) 667-8700, or write Hybrid Systems Corporation, 
22 Linnell Circle, Suburban Industrial Park, Billerica, MA 01821 . 

The Contender Weighs In With Five Knockout Products 

DAC9331-16 
The first D/A converters 

with 16-bit resolution and 
linearity using monolithic 
l/C technology Puts every-

one else with 2"x4" 
modules down and out 

for the count. 

DAC9356 
DAC 80 compatible. 

Lowest cost, complete, 
low-power, 12-bit 

DI A converter available. 
The one to have in 

your corner when building 
systems that employ 

several DACs. 

HS9338 
Complete, microprocessor-

compatible, memory
mapped, 12-bit, double
buffered D/Aconverter. 
An all-around winner. 

DAC9377 
Complete, buffered, voltage 

output D/ A converter 
with 16-bit resolution and 

linearity. Flattens the 
competition's best price. 

HSDAC80 
Low cost general purpose 

12-bit D/A converter 
packaged in a 24-pin DIP. 
This one-two combination 
of price ond performance 
has the "heavyweights" 

on the ropes. 

Hybrid S~!!m~ 
CIRCLE NO 3 



The Associate 
Producer. 

High-quality 6-part 
forms printing 

132-character wide , 
adjustable carriage 

Device forms 
control (optional) 

Terminal status control panel 
indicating column, error codes, 

and configuration parameters 

The OMNI 800* Mode l 820 RO 
Printer has the same designed reliabil
ity as its associate, the 810 RO. With 
more standard features and options 
like expanded and compressed print
ing, the 820 RO offers greater fl exibil
ity for additional applications. And, 
should application needs change, the 
820 RO is easily upgraded to a KSR 
model for a modest cost. The produc
tive 820 RO Printer has all the quality 
and performance you associate with 
the OMNI 800 Family. 

Em2J® IRrQ) 
Receive-Only Printer 

150 cps optimized 
bi-directional printing 9 x 7 dot matrix full 

ASCII printing 

21-character operator
---programmable answerback 

memory 

Operator control keypad 
for user configuration 

1280-character buffer 

llO to 9600 baud 
transmission speeds 

TI is dedicated to producing qual
ity, innovative products like the Model 
820 RO Printer. Tl's hundreds of 
thousands of data te rminals shipped 
worldwide are backed by the technol
ogy and reliability that come from 50 
year s of expe rie nce, and are s up
ported by our worldwide organization 
of factory- trained sales and service 
representatives. 

For more information on the 820 
RO, contact the TI sales office nearest 
yo u, or write Te xas Instrume nts 

Incorporated, P.O. Box 202145, Dallas, 
Texas 75220, or phone (713) 373-1050. 
In Canada, write Texas Instruments 
Incorporate d, 41 Shelley ~ 
Rd. , Richmond Hill, Ontario 7J 
L4C 5G4, or phone (416) 
884-9181. 

We put computing 
within everyone's reach. 

*Trademark of Texas Instruments Copyright © 1981, Texas Instruments Incorporated. 

TEXAS INSTRUMENTS 
I NCORPORATE D 
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Edited by Joan Morrow 

News Breaks 
US SEMICONDUCTOR FIRM RECEIVES DOLBY LABS'S APPROVAL 

Interdesign Inc (Sunnyvale, CA) has won the hotly contested race to be the first US 
semiconductor company to obtain Dolby Laboratories's approval for a single IC that meets the 
specs of the new Dolby C noise-reduction system. The company joins Hitachi as the only two IC 
suppliers currently approved by Dolby Labs. 

The Dolby C noise-reduction system is based on a new dual-level processing scheme with two 
sliding-band processors operating in tandem at different levels to solve the problems of achieving 
20 dB of compression and expansion without introducing side effects. Interdesign will use one of 
its Monochip bipolar linear component arrays to integrate the system. The device will be offered in 
a 24-pin DIP to Dolby licensees only. Full volume production is scheduled for November.-JM 

68000 FAST FLOATING-POINT SOFTWARE AVAILABLE ON 8-IN. DISK 
Offering single-precision (32-bit) software floating-point operations optimized for the MC68000 

µP, the 68343 Fa.st Floating Point program comes on an 8-in. floppy disk in VersaDOS format. 
Simple to use and customize (the source code is included on the disk), it allows subroutine calls. 
While it's not based on IEEE floating-point format, conversion routines are available to output 
that format. Other conversion routines go back and forth from fixed to floating point, ASCII to 
floating point and BCD to floating point. 

In addition to the standard arithmetic operations, the package performs Test, Compare, 
Absolute Value and Negate plus most of the transcendental functions. Execution time for an Add 
or Subtract is 22 µsec; Multiply, 44 µsec; Divide, 76 µsec; and Sinh, 623 µsec. These times are for 
the 8-MHz 68000; using the 10-MHz part drops them by 20%. Order the 86343 as M68KFFP 
from Motorola's Microsystems Group in Phoenix, AZ for less than $1000 with no limitation on 
use or redistribution (no royalties).-WT 

OPERATING SYSTEM SUPPORTS PRINTERS, DISKS, 16 CONSOLES 
The MP /M II operating system from Digital Research (Pacific Grove, CA) operates in systems 

employing an 8080, 8085 or Z80 µP. It requires 48k bytes of RAM, a clock/timer interrupt and 
at lea.st one disk. The multiuser/multitasking software supports as many as 16 user consoles, 
printers and disk drives with storage capacity of 512M bytes each for a total on-line storage 
capacity of 8G bytes. It can also manage 400k bytes of system RAM, with banks being selected 
in blocks of 48k among eight users. Utilities include a relocatable macro assembler and a 
linking loader. MP/M II is compatible with CP/M files and supports the company's CP/Net 
networking operating system. Distributed on 8-in. single-density IBM-format diskettes, it 
costs $450.-CW 

DESKTOP BUSINESS COMPm!ER JUGGLES WOBDS, NUXBERS, GRAPHS 
Running under the CP /M operating system and offering a choice of five business 

application-software packages, the HP 125 single-user desktop computer system combines the 
features of a personal computer, word processor, visual display terminal, financial calculator 
and graphics workstation. From Hewlett Packard (Palo Alto, CA), Models 10 and 20 employ a 
CRT with a separate keyboard; a choioe of a thermal, letter-quality or dot-matrix printers; a 1-
or 8-pen plotter; and either 5 1.4- or 8-in. floppy-disk drives for storing 500k or 2.4M bytes of 
information, respectively. In addition to working as a stand-alone local processor, the HP 125 
can also function as a remote station to an HP 3000-based network or a mainframe via dual 
RS-2320 datacomm ports at speeds to 9600 baud. Prices start at $7460.-GK 
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News Breaks 
INTERFACE PUTS STREAMER ON THE S-100 BUS 

A nonintelligent interface from Scientific Enterprises Inc (Wilsonville, OR) gives your S-IOO 
system tape-cartridge-backup protection. The S-IOO Arch~tape interfaces any S-IOO system to 
Archive Corp's 20M-byte streaming-tape cartridge drive, transferring data at either 2M bytes/ min 
(the A version working with the 30-ips drive) or 6M bytes/ min (the B version working with the 
90-ips drive) . Both versions provide read-while-write data verification and I6-bit CRC generation 
and checking. The A version costs approximately $500; the B version, $600 (less than IOO 
units).-ET 

COLOR-GRAPHICS TERMINAL TO COST LESS THAN $1600 
In the first quarter of next year, look for a color terminal costing approximately $I500. The 

Intelligent Systems Corp (Norcross, GA) terminal will support a 480 x 380 graphics matrix and 
several communication protocols and terminal emulations. The company says the terminal is 
being developed for high-volume OEMs.-CW 

NONVOLATILE-MEMORY LINE EXPANDS UP AND DOWN IN SIZE 
General Instrument Microelectronics (Hicksville, NY) is putting a variety of processes to work 

on various EAROM (EEPROM) products. The ER58I6, a word-alterable, 28I6-compatible, 
n-channel metal-gate MNOS part, has been sampling since March; the ER420I (EDN, January 2I, 
pg 40) is scheduled to start sampling this month. The 420I is also fabricated in metal-gate 
n-channel MNOS, but the I28 x 8-bit unit also provides latches for both address and data and 
features a Reprogram command that combines an erase and write cycle. The word-alterable part 
also provides a Busy signal for µP compatibility; it accesses in 450 nsec. Production is scheduled 
for December, with pricing at $7 (IOOO) . 

The company's latest efforts deal with n-channel Si-gate MNOS. The first product announced 
using that technology is the ER57I6-a I6k alternative to the 27I6 EPROM. The 2k x 8 bulk
erasable part accesses in 300 nsec and serves as a second source to the HN480I6. 

Other things to look for: the AR5304, a 4k shadow RAM similar to parts made by Xicor, which 
will be available in the first quarter of I982; and the ERI450, a 50 x I4-bit EAROM aimed at the 
TV-tuner industry. A spinoff from the ERI400, the new part will cost considerably less.-WT 

SPEAKING OF VOICE I I 0 . . . 
Now you can digitiZe your own vocabulary and make your computer system say what you want 

it to. A voice-development system from Centigram Corp (Sunnyvale, CA) provides this capability in 
a stand-alone unit. Intended for use by nonprogrammers, the real-time system is easy to use: Just 
speak the words into the microphone and the system digitizes them for instant use, storing the 
vocabulary on 500k-byte diskettes. The first version of the $25,000 system will work with 
Multibus systems and run under CP/ M with deliveries beginning in October. The firm will also 
announce versions to provide a similar capability for other computer systems.- ET 

ENHANCEMENTS EXTEND BUBBLE-MEMORY TESTER'S USEFULNESS 
With programmable drivers that feature wider current ranges , Model Q-IOI2 bubble-memory 

test system tests a larger variety of bubble devices than earlier systems. From Megatest Corp 
(Santa Clara, CA), it offers parallel test capability to increase throughput: It can test two Intel 
IM-bit devices or three 1,4M- or IM-bit Motorola devices at one time, using four output sense 
channels. Stimulus signals are applied simultaneously to the devices under test, but output error 
maps and bad-loop masking information are maintained individually.-AS 
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s MENS 

Siemen 
your eli 

••• 

Now, a second source for the most widely used 
16 bit microprocessor. The SAB 8086 family is 
available in quantity with the reliability and 
quality you expect from Siemens. It's available 
now in a 40 pin ceramic package with operating 
frequencies of 4, 5, and 8 MHz and soon with 
10 and 12 MHz versions ... all utilizing Siemens 
new VLSI processing techniques. 

Specify Siemens and be secure. 

e 
The SAB 8086 is the latest addition to the wide 
spectrum of semiconductor products offered by 
Siemens. So, if you have been searching for a 
reliable source for this widely used 16 bit 
microprocessor, count on Siemens for 
performance and price. 

Obtain additional SAB 8086 information simply 
by contacting: Siemens Components Group, 
186 Wood Avenue South, lselin, New Jersey 08830, 
(201) 494-1000, Extension 2222. 

For a free copy of our new, comprehensive 
SAB 8086 data sheet, just fill out and return 
the coupon below. 
CIRCLE NO 5 



TEK 8550 MICROCOMPUTER 
DEVELOPMENT LAB 

16 bits of information 

Copyright© 1980, Tektronix, Inc . All rights reserved . 936 ·2 

1. Self-contained and upward 
compatible. The 8550 Microcomputer 
Development Lab is the single-user 
member of the new 8500 Modular MDL 
Series, which also includes the 8560 
multi-user system and the 8540 Ad
vanced Integration Unit for the host com
puter environment. The 8550 is a com
plete microcomputer design tool , cover
ing both software development and inte
gration into the prototype. The 8550 can 
also be used as a station on Tek's forth
coming 8560 multi-user system. 

2. Real-Time Emulation. Takes the 
concept of emulation to a new perform
ance level. Advanced circuitry eliminates 
the need for wait states during program 
execution and debugging . The emulator 
processor now functions in real-time, 
with its operation totally transparent to 
the user. 

3. Multi-Vendor Chip Support. 
The 8550 MDL supports 26 chips in all . 
The broadest support available any
where, covering a wide range of vendors. 
With microcomputers as well as micro
processors. The ultimate in design 
flexibility 



FLEXIBLE SOLUTIONS 
FORAFUTUREOFCHANGE 

on the new 8550 MDL. 
4. 16-bit Support. You'll be able to 

choose from an entire new generation of 
16-bit processors . Tektronix has the high 
performance tools to make it possible. 
Assembler su pport is available now for 
the 16-bit chips listed below. The TMS 
9900 and SBP 9900 are fully supported 
with emulation today. Real-Time Emula
tion and Pascal support will be available 
in stages for the 68000, Z8000 and 8086 . 

68000 TMS 9900 
Z8000 SBP 9900 
8086 

5. 16-bit Trigger Trace Analysis. 
Gives you highly sophisticated triggering 
ability for selective snapshots of full
speed code execution on the prototype 
bus. Up to four data acquisition triggers 
can be combined in a wide variety of 
ways. Bus cycle resolution to 8 MHz. 

6. 8-bit Support. Besides the most 
up-to-date microprocessor coverage , 
you can also take advantage of extensive 
8-bit microcomputer support. All 8-bit 
chip support includes real -time 
emulation . 

6800 8048 3870 
6802 8039 3872 
6808 8039-6 3874 
Z80A 8035 3876 
8080A 8021 F8 
8085A 8022 1802 
8049 8041A 6500/1 

7. 8-bit Real-Time Analysis. An 
optional Real-Time Prototype Analyzer 
lets you extract both bus and hardware 
logic at full operating speeds. You cap
ture 48-bit words for storage in a 128-word 
memory. Two triggers for precise data 
acquisition. 

8. Split-Bus Architecture. The 
8550 uses one processor and bus for sys
tem operation, and another for real-time 
emulation . This architecture assures that 
the emulator processor is denied access 
to system memory, preventing the possi
bility of a system crash during prototype 
program execution . 

Circle 6 for Literature 

9. Tree-Like File Structure. Com
bines ease of use , rapid access and in
depth organization . Allows files to bear
ranged in a predetermined hierarchy that 
best supports your current si tuation . A 
flexible tool that supports filing situations 
from very simple to extremely complex. 

10. Advanced CRT-Oriented 
Editor. Gives you the quickest path pos
sible to perform many editing operations . 
Lets you use screen-oriented editing as 
well as line-oriented editing. Up and 
down scrolling capabilities give you a 
total window on all of your code. 

11. Macro Assembly. The most 
powerful assembler software available 
today in a development system. Lets you 
employ user-defined constructs and li
brary resources. A conditional assembly 
feature allows sophisticated user manipu
lation of code at assembly time. 

12. Pascal Compiler. Availab le in 
true compiler form , produc ing executa
ble object code. Pascal's structured for
mat al lows a modular approach to pro
gramming . With extensions designed 
speci fically for microcomputer devel
opment, Tektronix Pascal is ideal for 
the "top-down" method of product 
development. 

13. MDUµ, Compiler. Tektronix' ad
vanced form of Basic , with many exten
sions for microcomputer development. 
Often the quickest route from concept to 
fully developed code. 

14. Transportable Emulators and 
Software. If you need to expand to a 
multi-user design environment, your 8550 
can be incorporated as a workstation in 
an 8560 multi-user system. Source code 
and emulator modules can be readily 
transferred to the Tektronix 8560 system. 
If you move to a host environment, your 
8550 emulator modules are totally com
patible with the new Tektronix 8540 Ad
vanced Integration Unit . 

15. Worldwide Service. For service 
support , 36 centers around the globe. 
You get fast on-site service no matter 
where you are - without waiting weeks 
for parts or repairs. 

16. Full Tektronix Support. Train
ing, documentation , applications en
gineering. Nobody does it like Tektronix. 
An entire series of c lasses on microcom
puter design, from high-level language to 
hardware/software integration . Applica
tions engineers are available worldwide 
to assist you . 

For a bit more information, contact your 
local Tektroni x Sales Office 

U.S.A., Asia, Australia, Central & 
South America, Japan 
TeKtronix , Inc 
PO. Box 4828 
Portland . OR 97208 
Phone : 800/547-67 11 
Oregon only 800/452-6 773 
Telex : 910-467-8708 
Cable: TEKTRONIX 

Europe, Africa, 
Middle East 
Tektronix International , Inc . 
European Marketing Centre 
Postbox 827 
1180 AV Amstelveen 
The Netherlands 
Te lex: 18312 

Canada 
Tektronix Canada Inc . 
PO. Box 6500 
Barrie , Ontario L4M 4V3 
Phone: 705/737-2700 

Circle 7 for Sales Contact 
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Does engineering benefit 
from competition? 
Dear Editor: 
EDN's June 24 editorial has 
three disagreements with Mr 
Feer st 's objections to the public
ly funded advertising of the 
University of Massachusetts. 
Th ey don't sur vive scrut iny. 

One, t he "low unemployment 
rate" argument, merely reflects 
an artificially depressed and 
unrewarding salary structure 
for engineering compared with 
other less contributory (and less 
expensive to enter) professions. 
Attempts to dilute t he profes
sion with promises of cheap 
engineering by "starving gradu
at e student s" both depress 
salaries fur ther and increase the 
cost of entry into the profession. 
It 's difficult to find an advantage 
to the nation m such an 
approach. More encouragement 
is needed; not "starvation." 

Yo ur second disagree ment 
might be only slightly less 
unsupportable . Interplay be
tween academia and industry is 
certainly desirable, but not the 
undercutting kind that is the 
obvious aim of U Mass. 

To use the limited resources of 
our poorly eq uipped g r ad 
schools as a "cure" for the 
"outrageously wasteful" prac
tice of industrial training and 
learning is really farcical. Virtu
ally every other segment of t he 
industr ial world uses training in 
the work area, where problems 
can be recognized and resolved 
with far better focus and speed 
than in the classroom or isolated 
laboratory. The experience of 
US industries today shows that 
more training is needed in the 
work area, not less. 

Your third objection seems 
irrelevant. Mr Feerst 's com
ments relate to engineering 
work normally performed by 

SIEMENS 

Specify Siemens 
at these distributors. 
ALABAMA: Hall-Mark, Huntsville (205) 837-8700 
ARIZONA: Klerulff, Phoenix (602) 243-4101: G.S. Mar· 
shall, Tempe (602) 968-6181 
CALIFORNIA: Arrow, San Diego (714) 565-4800: Sun
nyvale (408) 745-6600: Bell, Sunnyvale (408) 734-8570: 
Capacitor Sales, Sunnyvale (408) 734-3020: Jaco, 
Chatsworth (213) 998-2200: San Jose (408) 263-1100: 
Klerulff, Los Angeles (213) 725-0325: Palo Atto (415) 
968·6292 : San Diego (714) 278-2112 : Tus tin (714) 
731-5711 : G.S. Marshall, Canoga Park (213) 999-5001 : El 
Monte (213) 686-0141 : Irvine (714) 556-6400: San Diego 
(71 4) 278-6350: Sunnyvale (408) 732 -1100: Shelly, 
Chatsworth (213) 998-3333: Shelly-Neuman, San Diego 
(714)453-7133: Zeus, Anaheim (714) 632·6880. Santa 
Clara (408) 727-0714 
COLORADO: Arrow, Denver (303) 758-2100: Klerulff, 
Denver (303) 371 -6500: G.S. Marshall , Arvada (303) 
423-9670 
CONNECTICUT: Arrow, Wallingford (203) 265-7741 ; 
G.S. Marshall, Wallingford (203) 265· 7738 
FLORIDA: Arrow, Ft. Lauderdale (305) 776-7790; Palm 
Bay (305) 725-1480: Hall-Mark, Ft. Lauderdale (305) 
971-9280: Orlando (305) 855-4020: Hammond, Orlando 
(305) 849-6060: Klerulff, St. Petersburg (813) 576-1966: 
G.S. Marshall, Orlando (305) 859-1 620 
GEORGIA: Arrow, Norcross (404) 449-8252 
ILLINOIS: Advent, Rosemont (312) 298-4210: Arrow, 
Schaumberg (312) 893-9420: Hall-Mark, Bensenville 
(312) 860-3800: Kierulff, Elk Grove Village (312) 640· 
0200: G.S. Marshall, Bensenville (312) 595-6622 
INDIANA: Advent, Indianapolis (317) 297-4910 
IOWA: Advent, Cedar Rapids (319) 363-0221 
KANSAS: Hall-Mark, Shawnee Mission (913) 888-4747 
MARYLAND: Arrow, Baltimore (301) 247-5200: Hall
Mark, Baltimore (301) 796-93 00 : G.S. Marshall , 
Gaithersburg (301) 840-9450 
MASSACHUSETTS: Arrow, Woburn (617) 933-8130: 
Klerulfl, Billerica (617) 667 -8331 : G.S. Marshall, Newton 
(617) 965-5115: Zeus, Burlington (617) 273-0750 
MICHIGAN: Arrow, Ann Arbor (313) 971 -8220: Advent, 
Farmington Hills (313) 477-1650 
MINNESOTA: Arrow, Edina (612) 830-1800: Hall-Mark, 
Bloomington (612) 854-3187: G.S. Marshall, Plymouth 
(612) 559-2211 
MISSOURI: Arrow, St. Louis (314) 567-6888: Hall-Mark, 
Earth City (314) 291 -5350: G.S. Marshall, Gladstone 
(913) 648-6414 
NEW HAMPSHIRE: Arrow, Manchester (603) 668-6968 
NEW JERSEY : Arrow, Moorestown (609) 235-1900: 
Saddle Brook (201) 797-5800: Hall-Mark, Cherry Hill 
(609) 424-0880: Klerulff, Fairfield (201) 575-6750 
NEW MEXICO: Arrow, Albuquerque (505) 243-4566 
NEW YORK: Arrow, Farmingdale (516) 694-6800: (516) 
293-6363; Hauppauge (516) 231-1000: Liverpool (315) 
652·1000: Rochester (716) 275-0300: Ronkonkoma (516) 
694-6800; ACI, Plainview (516) 293-6630: G.S. Marshell, 
Farmingdale (516) 293-4141 : Zeus , Elmsford (914) 
592·4120: Melville (516) 752-9551 
NORTH CAROLINA: Arrow, Winston Salem (919) 
725·8711 : Hell-Mark, Raleigh (919) 832·4465 ; Ham
mond, Greensboro (919) 275-6391 
OHIO: Arrow, Centerville (513) 435-5563: Colon (216) 
248-3990: Reading (513) 761 -5432: Hell-Mark, Highland 
Heights (216) 473-2907: Worthington (61 4) 846-1882: 
G.S. Marshall , Dayton (513) 236-8088: Micro-Mil , 
Dayton (513) 434-8231 
OKLAHOMA: Hall-Mark, Tulsa (918) 835-8458 
OREGON: Kierulff, Portland (503) 641 -9150 
PENNSYLVANIA: Advacom, Duquesne (412) 469-2601 : 
McKean (814) 476-777 4; Arrow, Pittsburgh (412) 
856-7000: G.S. Marshall, King of Prussia (215) 337-3330 
SOUTH CAROLINA : Hammond, Greenville (803) 
233-4121 
TEXAS: Arrow, Dallas (214) 386-7500: Stafford (713) 
491 -4100: G.S. Marshall, ball as (21 4) 233-5200: Houston 
(713) 777-0358: Hall-Merk, Austin (512) 258-8848: Dallas 
(21 4) 343-5000: (214) 234-6111 : Houston (713) 781-6100: 
Zeus, Dallas (214) 783-7010 
UTAH : Kierulff, Salt Lake City (801) 973-6913 
WASHINGTON: Arrow, Tukwila (206) 643-4800: Klerulff, 
Tukwila (206) 575-4420: G.S. Marshall, Tukwila (206) 
575-3120 
WISCONSIN: Arrow, Oak Creek (414) 764-6600: Hell
Mark, Oak Creek (414) 761 -3000: Klerulff, Waukesha 
(414) 784-8160 



SIEMENS 

Siemens Zener Di 
World's Finest Quality. Made in Ariz 
For over a decade, Siemens has been noted for the 
most reliable zener diodes on the market-offering 
Hi-Rel and MIL-Spec components designed to 
support your equipment under the most difficult 
conditions. Siemens reputation for highest-quality 
zeners has been built through state-of-the-art 
semiconductor technology in manufacturing, 
testing and documentation procedures. 

Each and every Siemens device is 100% tested for 
zener voltage, impedance, knee impedance, 

reverse leakage, and forward voltage. Internal 
microscopic inspection, high temperature st.oragt, 
temperature cycling, acceleration are just a feW Of 
the extensive preconditioning and test methodS 
applied to assure quality far superior to Industry 
standards. 

It all helps explain why Siemens zener diodes were 
selected for so many space and military programs. 
Among them: Voyager, Pioneer /Venus, Comsat, 
Trident, Poseidon, AWACS., Polaris, and Telsat. 

And Siemens' broad commercial line offers one 
source for virtually all zener diode needs .... from 
250 mW devices up through 50 W devices. Specific 
family types within these lines range from 1.8V 
through 200\1. All designed, manufactured, and 
100% tested to provide highest-quality support to 
your end product. 

For fur.ther information, return the coupon to 
Siemens Corporation, Components Group, lselin, NJ. 

Specify Siemens and be secure. 
CIRCLE NO 9 



We made it bigger inside 
without making it bigger outside. 

The Carefree® CF6V5.5 delivers 22.2% more 
ampere hours than a 6V4.5 . . . in 0% more space. 
Think about that the next time you specify batteries for 
a new system. More capacity, but not"more space. 

Through Expanded Grid technology, the CF6V5.5 has 
more plate-surface area reacting with more electrolyte. 
Without using more space. And, the Expanded Grid 
plates last longer because they're non-porous and less 
prone to corrosion than cast plates. 

In addition, the CF6V5.5 (also available in 12V5.5) 
is just one of over 40 Carefree® batteries. They're the 
maintenance-free rechargeables that fit more space 
and power requirements than any other batteries in the 
world .. . from the 6VV2AH to the 6V50AH. 

Nominal Capacity @ 68°F: 
20 Hour Rate ( .28 ampere to 5.25 volts) 5.5 ampere hours 
1 O Hour Rate ( .53 ampere to 5.1 O volts) 5.3 ampere hours 
5 Hour Rate ( .96 ampere to 4.95 volts) 4.8 ampere hours 
1 V2 Hour Rate (2.80 ampere to 5.25 volts) 4.2 ampere hours 
1 Hour Rate (3.5'.0 ampere to 4.50 volts) 3.5 ampere hours 

Physical Size (± .05 inches): 
Length ..................... . ........ . . . .... 6.00 inches 
Width .... . ..... . .... . ... . . . ... . .. .. .. . .... . 1.34 inches 
Height . .... ... .... .. . .. . .. .. ..... . .. .. . . .. . 3.70 inches 
Height (including terminals) .. .. .... .. .... .. . . . 3.90 inches 
Volume (excluding terminals) .... .. ... . . .. 29.7 cubic inches 
Weight . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.7 pounds 

Carefree® II CIRCLE NO 10 

Eagle-Picher Industries, Inc. Commercial Products Department P.O. Box 130, Seneca, MO 64865 (417) 776-2256 TWX 91().774-4533 
© 1981 Eagle-Picher Industries, Inc. Carefree" is the registered trademark of Eagle-Picher Industries, Inc. 
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industrial staffs (who recom
mend and authorize the pur
chase of products advertised by 
your publication) and consul
tants (some of whom are from 
academia}-the very work solic
ited by the U Mass brochure. 
That is not the kind of research, 
contributed by Bardeen, Shock
ley and others, that affects the 
eventual mainstream of the 
industrial world. Those and 
many other contributions also 
deserve great reward. Their 
sources should not have to rely 
on "starving graduate students" 
as a resource. 

On this matter, I think Mr 
Feerst is right. The public 
trough is a poor place from 
which to launch a competitive 
drive. Congratulations on your 
otherwise fine publication. 
Loren L Krueger, PE 
Minnetonka, MN 

Amend those bus specs 
EDN's recent Designer's Guide 
to µC buses (May 24, June 10 
and June 24) mistakenly listed 
the Multibus (P796) as a 
32-bit-wide bus. The Multibus 
can accommodate 32-bit-wide 
transfers via multiplexing, how
ever, and incorporates refine
ments that make it an obvious 
step toward more powerful and 
wider word µPs. 

Further, buses such as Fast
bus and P896 represent a new 
category of bus design. Both are 
designed for maximum imple
mentation ease and thus don't 
restrict designers by imposing 
stringent specifications that 
must be followed in all cases. 

Note that some of the 
specifications for these two 
buses presented in the Design
er's Guide were also in error 
(table). To clarify the table 
entries, note that the P896 bus 
only specifies an interconnection 

EDN SEPTEMBER 16, 1981 
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If you have to choose, 
don't. 

Specify Mostek 
64K ROMs instead. 

In today's business environment, 
what makes a 64K ROM competi
tive? It's not just specs. Or quali
ty. Or delivery. Or price. Or any 
other single factor. It's all of 
them, together. 

So why settle for less by having 
to choose? Especially when you 
can specify ROMs that will meet 
all your requirements. Mostek 
64K ROMs will. Here's why. 

Experience: We've been mak
ing 64K ROMs longer (in excess 
of three years) and have tooled 
more 64K codes (nearly 1000) than 
anyone else. 

CIRCLE NO 11 

Delivery: Standard prototypes 
in 4 weeks; production quantities 
in 10 weeks and getting better. 

Quality: Outgoing AOL for the 
MK36000 and MK37000 is .25%. 

Reliability: Mean-time-between
failure is 1100 years at 55°C. 

Performance: High speed and 
low power characterize both Mostek 
64K ROMs: 200ns, 250ns, or 300ns 
access; 220mW active and 45mW 
standby (max.). 

Selection: Our 24-pin MK36000 
is the accepted standard. And our 
28-pin MK37000 is part of the 
JEDEC-approved Mostek family of 
compatible x 8 BYTEWYDE * 
memories. 

l!tUNITED 
TECHNOLOGIES 
MOSTEK 

Packaging: Our 64K ROMs are 
available in plastic, cerdip, ceramic 
and leadless chip carrier (LCC) 
packages; in commercial and mili
tary grades (883-B). 

Price: As competitive as you can 
get. Check for yourself. 

If all of this still hasn't con
vinced you to consider our 64K 
ROMs, make it a point to call your 
Mostek sales office listed on the 
next page. Or write Mostek, 1215 
West Crosby Road, Carrollton, Texas 
75006. Attn: John Landau, M.S. 
714. (214) 323-6222. In Europe, 
contact Mostek International at 
(32)2.762.18.80. In the Far East, 
Mostek Japan KK (03)-404-7261. 

• BYTEWYDE is a trademark of Mostek Corporation 0 1981 Mostek Corporation 



Mostek 
Regional 

Sales 
Offices 

Eastern Area: 
Greenwich, CT 203-622-0955 
Woburn, MS 617-935-0635 
Marlton, NJ 609-596-9200 
Tampa, FL 813-962-8338 
Liverpool, NY 315-457-2160 
Atlanta, GA 404-458-7922 

Central Area: 
Rolling Meadows, IL 312-577-9870 
Bloomington, MN 612-831 -2322 
Kettering, OH 513-299-3405 
Novi, MI 313-348-8360 
Dallas, TX 214-386-9141 
Austin, TX 512-458-5226 

Western Area: 
San Jose, CA 408-287-5081 
Irvine, CA 714-549-0397 
Phoenix, AZ 602-954-6260 
Seattle, WA 206-632-0245 
Denver, CO 303-321-6545 

0 1981 Mostek Corporation 
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BUS FEATURES FASTBUS P896 
NUMBER OF LINES SPECIFIED/AVAI LABLE 130i5a(D 64/64 @ 
DATA-FIELD WIDTH 32 M 32 
TRANSMISSION MECHANISM ( PM = PARTIALLY MULTIPLEXED, FP = FULLY PARALLEL) PM 
SYSTEM GEOMETRY (PC= ONE PCB, OC = ONE CRATE, SC= SEVERAL CRATES) SC 

FP 
oc 
y UNIFIED ACCESS TO MEMORY AND 1/0? 

MULTIPROCESSOR CAPABILITY? 
REDUNDANT TRANSMISSION PATHS SPECIF IED? 
ADDRESS LINES WIDTH (M =MULTIPLEXED) 
DATA LINES WIDTH (M =MULTIPLEXED) 
CONTROL LINES 

TIMING LINES 
LINES OTHERWISE SPECIFIED 
RESERVED LINES 
FREE-US E LINES 
POWER LINES (M = MULTIPLE) 

DATA-LINE USE (U =UNIDIRECTIONAL, B =BIDIRECTIONAL) 
ADDRESS EXPANSION POSSIBLE? 
MAXIMUM EXPA NDED ADDRESS FIELD 
MAXIMUM NUMBER OF DEVICES BY ELECTRICAL DRIVE CAPABILITY 
MAXIMUM NUMBER OF DEVICES BY DEVICE ADDRESSING CAPABILITY 

BUS-ACCESS MANAGEMENT-CENTRALIZED? 
-DAISY CHAIN ? 
-PARALLEL POLLING ? 
-SERIAL POLLING ? 
-DIRECT LINES? 
-OTHER? 

PROGRAM-INTERRUPT MANAGEMENT-CENTRALIZED? 
-DAISY CHAIN ? 
-PARALLEL POLLING? 
- SERIAL POLLING? 
-DIRECT LINES? 
- OTHER METHODS? 

MAXIMUM TIMES FOR SINGLE REQUEST- BUS-ACCESS DETECTION (AS= ASYNC) 
- PROGRAM INTERRUPT DETECTION 
- PROGRAM INTERRUPT LATENCY 
- PROGRAM INTERRUPT PROCESSING 

DATA-TRAN SFER TYPE-SYNCHRONOUS (FI XED TIMING)? 
- ASYNCHRONOUS? 
- SYNCHRONOUS (HANDSHAKE)? 

SINGLE OPERATI ONS ONLY? 
MULTIPLE UNINTERRUPTIBLE OPERATIONS?@ 
MULTIPLE INTERRUPTIBLE OPERATIONS? 
MULTIPLE-SOURCE READ? 
MULTIPLE-DESTINATION WRITE? 
DISTINCTION BETWEEN BYTE/WORD TRANSFER? 

SPECIAL LINES-HOLD? 
-WAIT? 
- INITIALIZE-RESET? 
-POWER FAIL/WARNING? 
- INTERRUPT REQUEST? 
-INTERRUPT ACKNOWL EDGE? 
- OTHERS? 

LINES FOR HANDLING ERRORS-TRANSMI SSION ERRORS? 
- OPERATIONAL (USER ERRORS)? 

NOTES: 

y 

y y 

y Y© 
32, M 32, M 

M 32, M 
4 

6 

a® 
19 N 
0 N 
M 4+5 

B B 
y N 

32 
,;32 32 
2"® 232 

N 
N 
y 
N 
N 

N 
N 
y 
y 

N 
N 

AS 
VAR 
VAR 
VAR 

y N 
y y 
y 

N N 
y y 
y y 
y N 
N y 
N y 

y N 
y N 
y N 
y N 
y N 
y N 

N 

y 

§HAS 130 LIN ES ON BAC KPLANE AND 58 ON CA BLE BUS. 
,;32 DEVICES PER SEGMENT. 
HAS TWO LEVE LS. LEVEL-1 LINES (CURRENTLY BEING DEVELOPED) ARE 64 SPECIFIED/64 AVAILABLE 
AND LEVEL·2 LINES (STILL NEEDING REFINEMENT) ARE 96 SPECIFI ED/96 AVAILABLE . 

@ NO PROVISION EXISTS WI TH THE 64-PIN ARRANGEMENT FOR REDUNDANT PATCHS WITHOUT AN 
EXTRA CONNECTOR. THIS IMPLEMENTATION PROBLEM IS LEFT TO DESIGNERS. 

@BUS ARBITRATION . 
@INDI VISIBLE - CURRENT BUS OPERATION WILL RUN TO COMPLETION. 

part of the interrupt structure. medium and protocol with 
minimal emphasis on implemen
tation. Most of the attributes 
listed in the table are left up to 
the system designer's choice. 
I terns such as timing requests 
are implementation dependent, 
and special line functions are 

Additionally, the Fast bus 
high-speed data bus (less than 
100-nsec word transfer on a 
short segment), suits multi
crate, multiprocessor applica
tions that require a system-wide 
(over several crates) addressing 
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WITH OUR CATALOG 
YOU MAY NOT NEED 

A CUSTOM 

AND THE 
CATALOG 

IS YOURS 
FOR THE 
ASKING 

Picture a complete 
concise composite catalog of over 
800 off-the-shelf capacitors , over 
1200variations including some weird 
and unusual units. If what you need 
isn 't there , then drop us a line, or 
give us a call , we ' ll custom design 
a capacitor for your circuit , and in 
most cases there is no charge for 
customizing . But check the catalog 
first , what you need may be there and 
ready for immediate shipment. 

TO GET YOUR CATALOG, 

JUSTDR~ l 
Box997B'~~~ 

Phone (904) 796-3562 Cable Add'°ss CONDENSER 

Doing ousrness through ou t the world 
smce 1934 

CIRCLE NO 13 

NOW AVAILABLE TO 
COMPLY WITH NEW 

FCC PART 61 

Low Prollle 
PC 

Construction 

DESIGNED FOR 
VOICE/DATA 

TELECOMMUNICATIONS 

Request Engineering Bulletin F232 and 
Complete Catalog on your Letterhead 

Complete line of • . - • _ 
AUDIO· POWER • ." 

COMMERCIAL· MIL 
Transformers . ..... . ...... ~ 

IMMEDIATE DELIVERY - - ;. -B-. 

FROM DISTRIBUTORS ---- - --

CIRCLE NO 14 
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capability. Consequently, the STAND-ALONE ICE 
bus definitions don't lend them-
selves to comparison with less 
capable buses (hence the lack of 
specs in the table for bus-access 
management and detection and 
program-interrupt manage
ment). You can obtain additional 
information on the Fastbus from 
R S Larsen, chairman, Fast 
System Design Group, Stanford 
Linear Accelerator Center, Box 
4349, Stanford, CA 94305. 

Benchmark update 
updated 
Dear Editor: 
In the box in EDN's Bench
mark Update (see pg 169 in this 
issue), the execution times 
shown for the MC68000Ll2 are 
correct for a clock frequency of 
12.0 MHz. However, the specif
ied minimum clock-cycle period 
for the MC68000Ll2 is 80 nsec, 
which yields a maximum clock 
frequency of 12.5 MHz. 

This clock frequency pro
duces an approximately 4.0% 
execution-time reduction on the 
benchmarks as shown below: 
Benchmark 

A 
B 
E 
F 
H 
I 
K 

Execution time 
(µsec) 
25.6 

257.3 
180 
55.7 
96.8 

13,878 
293 

Motorola's branding proce
dures do not allow fractions ( Y2 
would be too small to be read) or 
decimal points (also too small) 
in the branded part number. 
Sincerely, 
James J Farrell III 
Manager, Technical 

Communications 
Motorola MOS Integrated 

Circuits Group 
Austin, TX 

Stand-alone ICE 1s a new class of 1nstru 
ment. created by Millennium. for use in 
development labs to debug µP based 
systems. Trad1t1onally. microprocessor 
development systems were used for all 
development functions: code entry and edit. 
assembly. compilation. linkage of relocat 
able modules. and debuq. And. the same 
system was used to debug '1ardwarE. 

By distributinq both the hardwart> and 
software debug functions into a separate 
instrument. development becomes 
"unbundled" The software development 
system can perform its classic functions 
(code entry. edit. assemble/ coMp1lc). and 
the separate stand alone ICE station debuqs 
hardware or software simultdneously. Tre 
result is two users employ1nq ore \inqle 
user" development system for two 5f pa 
rate tasks at the same t1mt> 

This approach of unoundling debuq and 
software development stations provides 
modules that may be configured to support 
the development task at hand. The ratio of 
software development stations to soft 
ware/hardware debuq station" may be 
varied to properly support the number ot 
engineers and progr dmmers or J project. 

Development Id.JS whic~ us( mm1com 
puters for software devclC'prnent can also 
benefit from the unbundled approac'l 
Stand ·alone ICE debug stations can work 
with minicomputers as readily as with 
microprocessor developmert systems. 
Software can be generated using editors 
and cross assemblers on the minicomputer. 
and downloaded to thE ICE stat on via an 
RS232 port. The ICE station car be used as 
either a code execution vehicle or ao, d 

hardware/software debuq c.tat1on The 
m1n1computer thus become'> f'"'ult usE: r 
development system. 

EDN SEPTEMBER 16, 1981 



In-circuit emulation 
just came unbundled. 
Do-it-yourself ICE:" Start small. time. Then. display in disassembled 
Think big. With the Millennium 9508 THE 9500 form for quick debugging. The 9508 
MicroSystem Emulator and a CRT. you FAMILY* lets you qualify the entered events ten 
can add a total hardware/software different ways dramatically improving 
development and integration station the "Trace Debug Window" into your 

95BO SOFTWARE to your mini or dedicated development DEVELOPMENT SYSTEM target system. 
system. Using a single RS-232 port. WITH HARD DISK Choose your mode. External or inter-
Or. double your equipment's productiv- nal emulation. Real time emulation 
ity by using the 9508 stand-alone as a step-by-step. Hardware development. 
debug instrument. software development or hardware/ 
Real time emulation. With speeds up software integration. The 9508 was 
to 11 MHz. So. choose your µP or µC. 9520 designed to help you analyze and cor-
The 9508 provides full speed emula- rect system problems. Efficiently. 
tion for the Z80A. 8085A. 6801. Easy to work with . Start with a 
6803. 6809. 8048. 8049. 8041. 8021 straightforward command set. Just 25 
and 8035. With more on the way. But commands. all of which are function-
you don't have to buy them all. You '-------------------~ ally relevant. With the command set. 
simply buy the emulator boards you need. As you need them. you can examine or change any memory location or processor 
Complete cross-software. If we emulate it. we support it with register. Other special commands can help you fi ll or relocate 
complete cross macroassemblers. Simple as that. Emulation and large portions of memory. And four avai lable hardware and soft-
cross-software from a single source. Debugged by Millennium. ware breakpoints speed your system design. 
Mappable memory. The 9508 has up to 16K of high speed Systems your way. The 9508 stand-alone emulator is just the 
memory. mappable on 1 K boundaries. Program changes can be first step on the road to a multi-user. multi-tasking microprocessor 
made with a line by line assembler. Thus. full memory. register and development system (see diagram above). With a price/perform-
1/0 can be examined and modified. quickly. And. emulation mem- ance ratio that is melting the competition·s ICE. But what else 
ory can be mapped anywhere in the target µP's address space. would you expect from the people who invented unbundled in-
So. you can develop a system without a complete hardware proto- circuit emulation. 
type. In fact. software debug can begin without hardware. More information? Call us. Write us. Or. circle one of the Reader 
Real time trace. Capture 128 events in the trace buffer. In real Service Numbers below. We'll come running. 

•products shaded in black are immediately available. 

ICE is a trademark of Intel Corporation. 

MILLENNIUM 
Call for information or demonstration 

(800) 538-9320 Toll Free 

(800) 662-9231 in California 

Millennium Systems Inc.. 19050 Pruneridge Ave .. Cupertino. CA 95014 
Millennium Systems is a subsidiary of American Microsyst ems. Inc. 

For information circle reader service no. 15 
For demonstration circle reader service no. 16 



How an innovative 
electronics company 
earned a reputation 

as ''Old Reliable!' 
RCA has more than its share of innovations. 
But we've always put product reliability first. 



As you can see, we've been inno
vators for years. 

But ask people what they think of 
when they think of RCA, and they'll 
probably start talking about a com
pany that's been around a long time 
(we started in 1919). They'll talk about 
a big, stable company that's been in 
the electronics industry from the very 
beginning. And they'll talk about the 
quality and reliability that they've 
come to expect from "Old Reliable." 

What "Old Reliable" means. 
To our customers, "Old Reliable" 

means quality and reliability in the 
products they buy from RCA 

Our goal is to produce compo
nents that perform to specification 
in your products. And continue to 
perform, day after day, month after 
month, year after year. 

To make sure that happens, we 
spend countless hours on reliability 
research and testing. In fact, we've 

written more papers on product relia
bility than any other electronics 
company in the United States. We 
design quality and reliability into 
every product we make. 

Leaders in CMOS. 
We invented CMOS. We delivered 

the world 's first CMOS logic parts as 
early as 1966. And today we offer you 
a full line of CMOS devices. 

Last year, for example, we shipped 
more than one million CMOS micro
processors. Nobody else even came 
close. In addition, we shipped more 
than 175 million CMOS logic ICs. 

In addition to commercial devices, 
we also supply a full line of High
Reliability parts. (In April 1981 , RCA 
became the only supplier to qualify for 
Class S, Part 1 certification for CMOS 
radiation-hardened devices.) 

Pioneers in BiMOS. 
In 1976, we introduced BiMOS 

technology. Since then its parametric 

and performance advantages have 
set new standards in op amp tech
nology. 

Preparing for the future. 
To make sure that we maintain the 

highest standards of quality and 
reliability, RCA Solid State is stepping 
up its investments in new equipment 
and personnel. Further, the RCA 
Princeton Laboratories plus our Solid 
State Technology Center provide 
some of the most advanced R&D 
capabilities in the industry. 

"Old Reliable" is determined to 
continue providing the components 
you need, for a long time to come. 

And of course, we'll keep those 
innovations coming, too. What else 
would you expect from the people 
who brought you CMOS, Bi MOS and 
television? 

RCll 
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Computer room. 
High performance architecture 
in a single-chip micro. 

Powerful, high performance 
architecture. That's the Synertek Z8~ 
the most powerful 8-bit single-chip 
microcomputer available today. 

The Z8 gives you fast execution. 
Advanced architecture. Efficient 
use of memory. Sophisticated interrupt. 
Serial and parallel 1/0. Program
mable timer/counters. Plus easy system 
expansion. And you can tailor it 
the way you want it. 

Under program control, configure 
it as a stand-alone microcomputer 
with 2K bytes of internal ROM. Or as 
a traditional microprocessor that 
manages up to 124K of external mem
ory. Or as a parallel processing 
element in a system linked to other 
processors and peripheral con
trollers. In any configuration, you get 
a large number of pins available 
tor 1/0 - up to 32. That's room to grow. 

Fast instruction execution, 
interrupt response. and context switch
ing means the Z8 is a perfect fit 
foneal-time applications. And with six 

vectored interrupts that are maska
ble and prioritized, the Z8 offers greater 
interrupt capabilities than compar
able single-chip microcomputers such 
as the 8051 and 6801. 

It's all available now. The MDT 
2000 floppy-based development 
system with in-circuit emulator simpli
fies software/hardware development. 
And the 40-pin Z8-03 features a 
piggyback EPROM socket to allow 
prototyping or small volume produc
tion before committing to the Z8-01 
masked ROM. 

For samples and our complete 
Z8 information packet, contact 
Microprocessor Product Marketing 
direct at ( 408) 988-5614. 

Synertek is a major supplier of 
high volume parts with advanced MOS 
technologies and techniques behind 
everything we make. Single-chip 
Microcomputers. Microprocessors and 
Peripherals. ROMs. Static RAMs. 
Custom circuits. 
'ZB ls a trademark of Zilog, Inc. 

Z8 FEATURES 

• 2 K Bytes On-Chip ROM • 6 Vectored, Prioritized 
• 124 Bytes On-Chip RAM Interrupts (1/0, Timers, 
• 32 1/0 Lines UART) 
• Full Duplex UART • High Speed Instruction 
•Expandable to 124 K Execution - 8MHz Clock 

External Program Memory •On-Chip Clock Oscillator 
and Data Memory •TTL Compatible 

•Two 8-Bit Timers with •Single +5V Supply 
6-Bit Prescalers 

§ SYNERTE.K 
3001 Stender Way, P.O. Box 552 
Santa Clara, California 95052 
( 408) 988-5600 
TWX:910-338-0135 



Editorial 

Is there no limit 
to IEEE's arrogance? 
Because of IEEE's apparent unwillingness over the years to represent the 
best interests of the bulk of its membership-working engineers-many of 
its members have dropped their affiliation. Additionally, many other engi
neers have refused to join at all. However, "unwillingness" (translate to 
"unresponsiveness") might be too kind in describing the Board of Directors's 
latest move. "Arrogant" is closer to the mark. 

Once again, without consulting IEEE's membership, the Board has taken 
an action that appears to be self serving and ill advised. In the name of 
IEEE, it has filed a brief with the US Supreme Court supporting the 
contention of ASME (the American Society of Mechanical Engineers) that 
engineering societies should be exempt from the Sherman Anti-Trust Act. 

ASME's appeal to the Supreme Court stems from a lower court's ruling 
that ASME members conspired with a manufacturer of boiler safety equip
ment when they met with that manufacturer and then issued a statement on 

ASME letterhead implying that another manufacturer's safety device did not meet ASME's boiler-code regulations. 
In reality, the device did meet the regulations. The second company claimed that this letter affected sales, forcing it to 
go out of business. The court agreed and awarded the firm $9.9 million in the resulting suit against ASME. 

The basis for ASME's appeal and IEEE's brief is that the society's committees consist of volunteers who should not 
be held accountable for their actions in the name of ASME. IEEE contends, "Indeed, a rule of strict liability may 
herald the curtailment of beneficial professional society programs in any case where organizational procedures 
theoretically may be abused by volunteer members for individual commercial advantage. In a large society such as 
IEEE , a significant number of such programs may be jeopardized, in spite of the existence of reasonable, workable 
procedural controls, because of the impossibility of policing all society members' conduct." 

EDN believes that this position is a foul-smelling smokescreen. The fact that committee members are volunteers 
should have no bearing on their accountability. They can do the same amount of harm (or good) whether they're paid 
or not. And if a society accepts the responsibility of setting industry standards and/or regulations , it must be willing 
to be held accountable for its actions and the actions of the members it appoints to key committees. 

IEEE's Board consists of company executives and academics. It has rarely been accused of taking stands that 
benefit the membership when such stands conflict with its members' interests. The Board's actions have remained 
true to form in this case. 

EDN urges IEEE to withdraw its brief. The engineering profession will never attain the respect and stature it 
strives for if it refuses to be held responsible and accountable for its actions. 

An Award*-Wlnnlng Magazine 
1978 Staff-Written Series
System Design Project 
1978 Contributed Series
Designer's Guide to Fiber Optics 
1977 Contributed Series
Software Design Course 
1976 Special Issue-
Microprocessor Reference Issue 
1975 Staff-Written Series
Microprocessor Design Series 
•Jesse H Neal Editorial Achievement 
Awards are the business·press PuNtzer 
Prize equivalent. 
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) lik 3 te brind I org. OE licdan, ME bremk: a tunnkling of the eye. 
l ) a real trouper who's everywhere at once. 2) mercurially expeditious courier. 
3) very busy person who rents general purpose electronic test equipment 
from Leasametric. Motto: All is flux, nothi,ng stays still. 

Electronic test 
equipment for rent, 

cheap! 
Just by calling Leasametric you can save money and get the exact general 
purpose electronic test equipment you need. And- guess what -you'll get 
it within 24 hours. Lickety Brindle will see to that. We also have a complete 
inventory of the finest test equipment on the market, including everything 
from accelerometers, amplifiers, analyzers, calibrators, meters, oscillo
scopes, and development systems to recorders, signal sources, temperature 
chambers, voltmeters, waveguides and complete accessories. Check this 
list of monthly specials, then call Leasametric tickety brindle! 

ITEM DESCRIPTION 
Data 1/ 0 900-1903 System 19 

HP 1611A Microprocessor Logic 
Slate Analyzer 

HP 8413A Phase Gain Indicator 
HP 84458 Tracking Preselector 

Invertron 800T-40/ 5k-1 Power Supply Plug-in 
HP t615A Logic Analyzer 
HP 182T Oscilloscope Mainframe, 

Non-Storage 
TEK 8002A Microprocessor Development 

System 
HP 3964A Instrumentation Tape 

Recorder 
Dranetz 616A DC/ AC Voltage Disturbance 

Analyzer 
TEK 922 Laboratory Non-Storage 

Oscilloscope 15 MHz 
HP 62698 DC Laboratory Power Supply 

TEK 7A18 Amplifier for 7000 Series 
Mainframe 

13-4615-00 DC Amplifier 
8555A RF Section 
7885 Time Base for 7000 Series 

Mainframe 

In Illinois call 800-~22 -4400. In Canada call 1-800-268-'92~. 
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... are you stil 
designing with 

needle-type 
panel meters? 

Why short change yourself 
on product appearance? Or panel
meter reliability? Bowmar Solid-State 
Analog Panel Meters are light-years 
ahead of needle-type meters. Trim , 
compact, up-to-the-minute in styling, 
Bowmar meters with bright LED bar
graph and setpoint displays provide 
accurate information at a glance. 
2.5 millisecond response time, one 
percent accuracy. They're immune 
to vibration and impact shock. 
They never stick, never over-travel. 
Mil Standard model available. 

Send for information. You'll 
agree - with Bowmar panel meters. 

One look says it all! 

Boulnnar 
Bowmor/ ALI , Inc . 
531 Main Street. Acton. MA 01720 
617/ 263-8365 / TWX: (710) 347-1441 
800-343-5202 
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I Technology Update 
Frequency counters offer wide selection 
in form, function and price 
Andy Santoni, Western Editor 

Instrument vendors now supply a 
wide variety of frequency counters 
to meet virtually any frequency
meas uremen t need . Monolithic 
counters range from low-cost in
struments-some with IEEE-488 
interfaces-to microwave units that 
reach 110 GHz. Plug-in counters 
provide flexibility , either as counter 
mainframes with plug-ins for differ
ent functions or frequencies or as 
general-purpose instrument main
frames that accept a variety of 
counter modules. And you'll also 
find counters in multifunction instru
ments or logic analyzer/counters. 

When shopping for any of these 
instrument types, you'll encounter a 
multitude of suppliers offering 
many counter variations, notes 
Michael Nelson, marketing product 
analyst at instrument renter Leasa
metric Inc. There's probably one to 
meet virtually any need. And a 
handful of general-purpose models 
would probably cover almost every 
requirement. For instance, three 
counters-a 1-GHz battery-operat
ed portable, a 1-GHz universal 
counter/timer and a microwave 
counter-could probably satisfy 
95% of all user needs. 

When renting a unit for a few 
days, you can afford to pay for such 
extra capability. But when buying 
in OEM quantities, the price 
differential between a general
purpose instrument and one more 
closely matching your requirements 
becomes significant. Then, you'll do 
best by reviewing the wide variety 
of models available and selecting the 
one best matched to your needs. 

Counters cover more 
Today you can select one versatile 

unit that handles a wide range of 
applications. Hewlett-Packard's 

EDN SEPTEMBER 16, 1981 

Counters and universal counter/timers offer a wide range of performance and features. At 
the high end, Hewlett-Packard's $5200 Model 5345A covers de to 500 MHz; plug-ins widen its 
coverage to 40 GHz. Single-shot time-interval measurements to 2 nsec and an optional 
IEEE-488 interface are also available. 

Model 5335A ($2950), for example, 
covers de to 200 MHz and with the 
optional C channel ($450) reaches 
1.3 GHz. Yet its standard features, 
such as a GPIB interface, make it 
cost competitive with the older HP 
Model 5328A ($1450), notes Susan 
Davis, purchasing manager at 
United States Instrument Rentals. 
Thus, to provide performance 
roughly equivalent to that of the 

1.3-GHz 5335A, the plug-in Model 
5328A needs a bus-interface module 
($350), 1.3-GHz C channel ($650) 
and programmable input-control 
module ($950)-and the 5335A still 
provides better single-shot time
interval averaging performance (2 
vs 10 nsec) as well as built-in math 
and statistics capabilities. 

With its improved performance, 
Model 5335A illustrates the evolu-

33 



Technology Update 
tionary refinement of today's fre
quency-counter designs, says 
Leasametric's Nelson, as opposed to 
quantum leaps in performance. 
Suppliers have been "chipping away 
at problems," agrees Richard 
Watts, . product marketing manager 
at Hewlett-Packard's Santa Clara, 
CA Instrument Div. Math func
tions, for instance, make it easier 
for users to get the data they want, 
not just a raw readout of frequency 
or time interval. 

The latest counters also imple
ment the devices and features 
becoming standard in all types of 
instruments-usually an IEEE-488 
interface and µP control. · 

Bus control at any price 
The IEEE-488 bus is not restrict

ed to the more expensive models, 
either. It's also available in low-cost 
counters. For instance, HP's Model 
5316A ($1500) furnishes bus-pro
grammable measurement functions, 

Modular frequency counters in Tektronix's TM 500 Series can plug into a mainframe. Units 
range from the 5-digit, 80-MHz DC 504 ($525) to the 9-digit, 1-GHz DC 508 ($1250). All are 
compatible with the firm 's TM 5000 programmable instrument system. 

de trigger level and slope. And like 
the manually controlled Model 
5315B ($1050) and the portable 
Model 5315A ($875), it measures 
frequency to 100 MHz. It also 
provides an optional C channel 
($250) that increases capability to 
1.0 GHz for both continuous-wave 
and pulsed RF signals as narrow as 
60 msec. 

All these units measure time 
intervals from 100 nsec to 100,000 
sec. Additionally, their time-inter
v al-averaging function provides 
greater resolution for repetitive 
events, and the time-interval-delay 
feature avoids spurious-signal 
measurements by holding off the 
counter's trigger point for a precise, 
selectable time. 

You'll also find IEEE-488 inter
faces at the high end of the 
frequency spectrum. EIP Micro
wave's Model 575 ($7600) covers 10 
Hz to 18 GHz, and Model 578 
($8800), extends this range to 26.5 
GHz; optional accessories for 110-

Ainong the various programmable plug-in instruments in Tektronix's TM 5000 Series, you'll GHz capability add another $7000 
find two counters: Models DC 5009 (135 MHz, $2200) and DC 5010 (350 MHz, $3600). (see pg 215 in this issue). 
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smart po~er for your A TE 
the KEPCO 

series I ATE j'" 
analog programmable 
at high speed for waveform simu
lation and feedback-based control 
applications. 

programmable d-c power supplies 50W to 
1000W. 0 to 6V up to Oto 150V in 4 sizes 

digitally programmable 
with either I EEE-488 data format or 
from parallel data buses using the 
Kepco series SN interfaces. 

... 
~ 

· - 0 

~o 

250W 
500W 

1000W 

RACK ADAPTER AVAi LABLE 
To mount % rack , •;, rack and 
the 3/, rack sized models. 

Series ATE power supplies features two built-in uncommitted op-amps for signal 
scaling , inverting, summing and control. Full automatic crossover voltage and 
current stabilization with complete operational control over the voltage function 
and the current function. Built-in (programmable) over-voltage protector and flags 
to read back status. The ATE from Kepco are perfectly suited to interface with 
your automatic equipment. They'll provide you with a forcing function that can 
smartly respond to your controller 's most subtle command. 

KEFJCD @ For com plete specifications, write Dept. DEF-12 

KEPCO, INC. • 131-38 SANFORD AVENUE • FLUSHING, NY 11352 U.S.A. • (212) 461-7000 • TWX # 710-582-2631 • Cable: KEPCOPOWER NEWYORK 
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I Technology Update_. 
----------------- ----------- J 

Both instruments offer source 
locking, which affords broadband 
control of swept sources to provide 
synthesizer stability at relatively 
low cost. This feature also allows 
you to control a swept source via the 
IEEE-488 bus even if the source 
lacks a bus interface; you program 
the counters over the bus to set the 
source at any desired frequency. 

µPs enhance features 
EIP's instruments exemplify how 

µPs have found their way into 
frequency counters, as they have 
into almost every other instrument. 

In early applications, they con
trolled interfaces to the keyboard , 
front-panel readouts and rear-panel 
programming inputs and outputs. 
Later, they added features such as 
arithmetic processing. More recent 
designs, though, use the processor 
in the measurement process itself, 
yielding a wider frequency range, 
shor ter measurement time and 
simpler operation along with lower 
complexity and cost. Such products 
are t herefore µP based, not merely 
µP controlled. 

Improvements in frequency
counter designs, however, go be
yond those implemented in other 
instrument types, notes Norbert 
Laengrich, international marketing 
manager at Racal-Dana Instru
ments. These developments have 
changed the nature of both frequen
cy counters and the more capable 
universal counter/timers. 

In frequency counters, the most 
obvious trend is to higher frequen
cies. Along with the record-holding 
110-GHz models from EIP Micro
wave, units such as HP's 5345A and 
Systron-Donner's 6000 Series reach 
far into the microwave region. 

EIP's instruments also typify the 
trend away from plug-in units to 
monolithic instruments. Such in
struments, with internal modular 
designs, offer more value than 
mainframe/plug-in unit s because 
they are less expensive to build, 
explains Howard Lurie , marketing 
VP at EIP. 
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A low-cost counter fea turing IEEE-488-bus 
compatibility , Hewlett-Packard 's Model 
5316A (bottom) costs $1500. The $1050 
nonprogrammable Model 53158 (center) 
and the $875 portable Model 5315A also 
provide 488 compatibility. 

To widen frequency range, 
Lurie's firm's instruments incorpo
rate a second internal down 
converter, which is mechanically 
simpler than using front-panel 
plug-ins. Thus, you don't have to 
pay for an expensive mainframe 
more powerful than you require. 

Another trend that has surfaced 
in the last few years is direct 
counting at higher frequencies, 
points out Racal-Dana's Laengrich. 
Compared to prescaler designs, 
direct-count instruments provide 
lower conversion times. For exam
ple, they can cut conversion times 
from 10 to 1 sec compared to a 
divide-by-10 prescaler. 

A counter is more than a chip 
Laengrich also notes that special

purpose LSI chips for frequency 
counting have become more widely 
used. These counter-on-a-chip de
signs, available from most major 
instrument vendors, reduce system 
chip count to achieve lower cost and 
better reliability. 

LSI counter chips also facilitate 
the design of basic frequency 

counters, and this fact has led to 
many vendors offering this type of 
instrument. A question arises, 
however, about the staying power 
of some of these firms because their 
low-cost products are difficult to 
distribute and support. 

The companies best able to design 
and market low-cost counters are 
those with in-house counter-IC 
capabilities, believes Gail Dishong, 
product director for frequency and 
communication products at Systron
Donner. His firm does not claim 
such in-house capabilities; instead, 
for continued success it relies on its 

The highest frequency you can measure 
today with a frequency counter is 110 GHz, 
and you can measure it with EIP Microwave's 
Model 578. Models 575 and 578 feature 
source Jocking; they can control a swept 
source to achieve synthesizer-like perform
ance at low cost. 

software and microwave expertise 
-including its thin-film hybrid 
technology-to design complex 
front-end circuits such as those for 
microwave measurements. Dishong 
expects Systron-Donner to continue 
leaving the low end to other 
suppliers and aim at the midrange 
to high-performance markets. 

One instrument vendor with chip 
capacity is Hewlett-Packard, a firm 
that also develops custom circuits. 
Its multiple-register counter IC 
handles all counter functions and is 
in Models 5315A/B and 5316A. 

Standard frequency-counter chips 
have also made it easier for 
designers to incorporate such func
tions into other instruments. Thus, 
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NEW FOTOFORM® ± .0001 in. PRECISION! 
Plus 1 µ" smoothness, • porosity, 750°C resistance, 488 Knoop hardness, 4400 v/mll dielectric strength. 

Now. you can specify extraordinary precision. plus plays. wire guides for dot matrix impact printers. and 
the exceptiona l properties you need. in Corning fl uidic devices. 
FOTOFORM glass and FOTOCERAM® glass ceramic BUG US. 
products. We'll custom design holes, slots, and other For specifics on our new precision, physical proper-
shape geometries for consistent cost-efficient small ties. prototype development. and production capabili-
or large volumes. Even 50,000 holes per sq. in. can be ties ca ll (607) 974-7595. or write: Corning Glass Works, 
held with in ± .0001 in. tolerances with our advanced Electronic Materia ls Dept. MS-5124, Corning, New 
photosensitive glass technology and new facilities. York 14831. FOTOFORMandFOTOCERAMare1eg'5teledtradema1k1ofCom1ngGla1>1M:>1k1 

Ideal for substrates. sliders for disc memories, nozzles QQRN I NG 
for inkjet printers, ce ll sheets in gas discharge dis-

MACROPHOTO of .492 in.-wide chrp wrth holes from .020 in. to .001 in. . slots OIO . . 005 . . DOI in. Bug: F. 
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[!echnology Update 

Wide-range frequency counters from Systron-Oonner include Models 6241A (100 MHz, 
$800) through 6244A (4 .5 GHz, $3300), shown at left; thin-line , rack-mounting Models 6041A 
(100 MHz, $1400) through 6043A (1.25 GHz, $1900) , in the center; and Models 6245 (18 GHz, 
$4700) and 6446A (26 GHz, $5200) , on the right. 

Universal counter/timers and basic frequency counters in Fluke's line include Models 
7250A ($675), 7260A ($850) and 7261A ($995) universal counte1 ftimers and Model 7220A 
counter ($1050) . 
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For more information ... 
For more information on the frequency-counter products and services 
described in this article, circle the appropriate numbers on the Information 
Retrieval Service card or contact the following manufacturers directly. 

EIP Microwave Inc 
2731 N First St 
San Jose. CA 95134 
(408) 946-5700 
Circle No 636 

John Fluke Mfg Co Inc 
Box C9090 
Everett, WA 98206 
(206) 342-6300 
Circle No 637 

Hewlett-Packard Co 
1507 Page Mill Rd 
Palo Alto , CA 94304 
Phone local ottice 
Circle No 638 

Leasametric Inc 
1164 Triton Dr 
Foster City , CA 94404 
(415) 574-4441 
Circle No 639 

Nicolet Paratronlcs Inc 
2140 Bering Dr 
San Jose. CA 95131 
(408) 263-2252 
Circle No 640 

Racal-Dana Instruments Inc 
18912 Von Karman Ave 
Irvine, CA 92713 
(714) 833-1234 
Circle No 641 

Systron-Donner Instrument Div 
2727 Systron Dr 
Concord , CA 94518 
(415) 676-5000 
Circle No 642 

Tektronix Inc 
Box 1700 
Beaverton, OR 97077 
(800) 547-6711 ; in OR , 
(800) 452-6773 
Circle No 643 

US Instrument Rentals Inc 
2988 Campus Dr 
San Mateo, CA 94403 
(415) 572-6600 
Circle No 644 

Vu-Data Corp 
7 1 70 Convoy Ct 
San Diego. CA 92111 
(71 4) 279-6572 
Circle No 645 

you'll find counter capability in logic 
analyzers such as Paratronics's 
Model NPC-764 or System 5000. 
HP's Model 1611A and Model 64000 
development system also provide 
counter-like capabilities such as 
time-interval measurements. 

Frequency counters are also 
available as options in oscilloscopes; 
Tektronix's Model 465B has a 
frequency counter/DMM option 
costing $445, and Vu-Data's PS900 
Series scopes offer the same 
capability for approximately $400. 

Universal counter/timers have 
added new features, too. For 
example, these instruments can 
now usually make high-level meas
urements for rise time, fall time and 
slew rate. They also feature more 
selective measuring characteristics, 
with sophisticated arming and 
triggering functions. These capabil
ities allow you to trigger exactly 
where you want to, not just on 
voltage crossings, and synchronize 
the counter to any desired pulse, not 
just the first or largest in 
amplitude. And they simplify meas
urements, especially in applications 
such as radar burst measurements. 

CRTs could aid counter usage 
Simplifying measurements will be 

one goal of future counter designs. 
A simple CRT screen built into a 
counter, for instance, could help 
users to visualize trigger levels and 
frequencies and provide greater 
confidence in measurements. 

In this regard, HP's Watts feels 
that too many engineers, lacking 
this visual aid, turn to oscilloscopes 
for such measurements. Scopes, 
however, permit relatively accurate 
frequency measurements at best. 
Watts thus foresees a monolithic 
counter with a CRT tailored to 
frequency-counter needs as a more 
inexpensive alternative to a modu
lar CRT/instriiment design with 
frequency-counter functions. 

This speculation shows how 
valuable a counter with a built-in 
CRT would be in bench applications. 
In system applications, designers 
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Remember when DEC controller manufacturers 
discouraged plant tours? 

Every business starts with a big 
idea and a small shop Emulex 
was no different. The simple rea
son we outpaced the industry was 
our dedication to fundamentals . 

Like design . Even in the begin
ning Emulex customers didn't 
havetotoleratecompromises Then , 
as now, Emulex designed con
trollers that actually out-performed 
their counterparts. 

We also concentrated on prod
uct quality. Conventional re liability 
standards weren't good enough for 
Emulex (they still aren't). We use only 
pre-tested/ aged parts (MIL STD 
8838) ; dynamic 96-hour environ-

EDN SEPTEMBER 16, 1981 

mental temperature cycles ; and four 
complete and distinct levels of test
ing and quality control certification . 

Emulex didn't skimp on sup
port. Application experts help before 
the sale, technical support and cus 
tomer service after the sale . Nation 
wide maintenance is available 
through Control Data and General 
Electric . 

Concentrating on fundamentals 
paid off . Today 
Emulex has 
the indus
try 's best and 
broadest line 
of disk, tape 
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and communications controllers 
for DEC PDP -11 , LSl -11 , PDP-11/70, 
and VAX-11 CPUs. 

We admit that being big is no 
reason to work with Emulex. But 
the fundamental reasons why we're 
the biggest certainly are . 

There is a real difference 
between an imitation DEC control
ler and a genuine Emu lex. Come 
see for yourself . 

Emulex. T he genuine alternative. 
Emu lex Corporation 
2001 East Deere Avenue 
Santa Ana. CA 92705 
(714) 557-7580 

EMULEX TWX: 510-595-2521 
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Flat Woven Cable 
Anyway You Want It! 

Terminated. Unterminated. 
With breakouts. Without breakouts. 

Twisted pair constructions. Single component constructions. 
It 's inexpensive. Simple to produce. Easy to install. 10 to 40 AWG. 

Any insulation type - even PVC, Teflon®, Tefzel®, and Kapton . Widths up to 
8". Mix conductor size, insulation, twisted pairs , triads, coaxes , shielded 
and jacketed constructions within one cable. 
You can get flat woven cable from Electroweave .... anyway you want it. 

nm um 

-----~--:;_

~ Electroweave, Inc. 
11 38 Harlow Street, Worcester, MA 01605 

~Tel. (617) 752-8932, 757-3872 

Technology 

Measuring frequencies from 30 MHz to 3 
GHz, frequency counters and universal 
counter/timers in the 99Hundred Series from 
Racal-Dana ($625 to $2195) cover HF, VHF, 
UHF and microwave ranges and feature 
timebase, battery-pack and IEEE-488 op
tions. A bipolar collector-diffusion-isolation 
LSI chip operating at frequencies greater 
than 60 MHz handles most counter functions. 

CIRCLE NO 24 
----~ would perhaps use a counter and 

~---------------------·-~ oscilloscope to set up the system, 

YOU LIKE TO WRITE, 
RIGHT? 

Then EON wants you, providing you also 
have an EE degree and at least two years' 
circuit-design experience. We seek indi
viduals who want to be Boston-based tech
nical editors for this top electronics publi
cation. 

To qualified individuals, EON offers an 
attractive salary, industry-wide recognition, 
high job satisfaction, and the ability to keep 
abreast of ... 

• Advanced Technology 
• Exciting New Products 
• State-of-the-art circuit and system-design 

techniques. 

If you thrive on meeting challenges 
head-on ... 

If you are an effective, technical communi
cator ... then send your resume and salary 
requirements in strict confidence to: Roy 
Forsberg, Editorial Director, EON, 221 
Columbus Avenue, Boston, MA 02116. 

An Equal Opportunity Employer 

then use a counter tailored to the 
application- perhaps without panel 
controls-in the operating system. 

A CRT, however, would probably 
not prove too useful in microwave 
applications, says EIP Microwave's 
Lurie: At these frequencies, the 
user generally deals with a well
defined signal confined to a narrow 
frequency range. 

CRTs could also help overcome 
another counter problem: control 
complexity. To provide access to all 
functions, front panels have become 
large, complex and even intimidat
ing to many users. A solution might 
be to take a lesson from logic 
analyzers and employ CRTs and 
pushbuttons to facilitate function 
selection via menus. 

HP's Watts points out one final 
area of counter design that will 
improve-input characteristics. To
day's counters have dynamic ranges 
too narrow to handle applications 
such as measuring the rise time of a 
TTL pulse. Tomorrow's counters, 
however , should overcome this 
limitation. EDN 
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"Our instruments must be more 
reliable than anything they test. 

It starts with additive boards:' 

J. W. Jaroszewski, Plant Manager, Dynascan Corporation 

"Our goal in manufacturing B&K-Precision test 
equipment is to make them all an order of mag
nitude more reliable than anything they test. 
Several years ago we traced a number of poten
tial rel iability problems back to the soldering 
line where we had up to twenty different boards 
running at the same time. Photocircuits additive 
helped solve the problems. 
"As additive came in, touchup went down. 

"Because we had heard that additive boards 
enhanced solderability, we turned to Photoci r
cuits Riverhead. We worked many Photocircu its 
additive boards into our product line. As they 
came in , touchup went down and reliability up. 

"Today, no matter how we optimize our flow 
solder process, we know that the additive boards 
will properly solder with a high degree of toler
ance to any process changes. 
"Additive means economical reliability. 

"Through use of microprocessors and large 

[photocircliifs 

scale integration we are constantly packing more 
features into smaller, more portable units. The 
Photocircuits two-sided additive boards provide 
a highly reliable way to meet our design goals. 
They give the production economies and relia
bility we need in this highly competitive market. 

"Photocircuits plays a continuing part .. . 
"There 's a fringe benefit in working with Photo

circuits Riverhead. There's always an inter
change with engineering before solidifying a 
new design. Our prototypes come in as fast as 
with a prototype house. And even though their 
plant is a thousand miles away, we 've had trouble
shooting help there within a day." 

Whether you make test equipment-or are 
among the tested-the ease of soldering , relia
bility and service that come with our additive 
boards can help. Write or call Photocircuits 
Riverhead , Riverhead , N.Y.11931 . Or call (516) 
722-4107 . A Division of Kollmorgen Corporation . 

EDN SEPTEMBER 16, 1981 
Industry's largest additive capability 
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THE CELCO MACHINE 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I ,., 

" -' 1•1 I I 1•1 I I 1•1 I I l•I I I l•I I I l•I I I l•I I I l•I I I l•I I I l•I 
LANDSAT DATA XEROX DATA MAGI DATA N.Y. INST. OF TECH. DATA DARKROOM DATA 

records your data at the 
world's highest resolution and 
fastest speed on color film. 

Today the world Is looking to 
CELCO for answers to the problems 
arising in the exciting field of color 
graphic arts. And now you can create 
your own color slides on THE CELCO 
MACHINE. CELCO's High-Speed, 
High-Resolution Color Film Recorder. 

The CELCO MACHINE provides 
rapid production of high resolution 
color film from 16mm to 105mm. 4 x 5 
and 8 x 10 inch color Polaroid is also 
available for instant monitoring. 

CELCO MACHINES In the field 
are now producing over 180 (35mm) 
color slides per hour, 24 hours per 
day. dav after day, month after month, 

year after year. At 4600 line resolution 
and in less than 20 seconds per slide. 
For black and white requirements, 
THE CELCO MACHINE provides even 
faster speeds and higher resolution. 

Unequalled performance. In an 
independent survey for the U.S. 
government, THE CELCO MACHINE 
was shown to provide the highest 
resolution and speed of all the laser 
and CRT film recording systems 
available in the world. Think what this 
can mean in savings alone to your 
organization. Instant data manage
ment from your own computer· 
generated image data. 
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Picture your imaging require· 
ments on THE CELCO MACHINE. 
Whatever the demands of your unique 
software for business slide genera· 
tion, CAD/CAM applications, Landsat, 
animation, microfiche and micro· 
publishing. Or for other applications 
... from architecture and design to 
city planning. You can record it on 
color film on THE CELCO MACHINE. 

Send for our colorful and de· 
tailed data brochure. Or call Paul 
Constantine, Vice-President , at 
201 -327-1123 in Mahwah, NJ for im· 
mediate information on THE CELCO 
MACHINE for YOU. (CELCO Pacific 
Division: 714-985-9868) 

EON 9116 



I Technology Update 

Intelligent-terminal hardware, software 
evolves to meet dual designer needs 
Patrick Kenealy and David H 
Freedman, GML Corp 

With some intelligent terminals 
virtually indistinguishable from 
stand-alone systems, manufacturers 
are still looking for that novel 
combination of mass storage, µ P 
and communications capability that 
will give them a niche in an 
as-yet-undefined market. But now 
two areas of competition-both with 
implications for OEM designers
are emerging for first-generation 
intelligent-terminal manufacturers 
who seek a market edge: 

• Development of the hardware 
and software features to sup
port special functions 

• Improvement of the price/ 
performance characteristics of 
nonspecialized, µC-like intelli
gent terminals. 

Defining a typical terminal 
The intelligent-terminal market 

spans distributed-processing, office
automation, word - processing, 
graphics and stand-alone applica
tions. Although this diversity of 
functions denies manufacturers a 
coherent market against which to 
define product features and prices, 
companies have nevertheless char
acterized first -generation intelli
gent terminals themselves. 

Such a full-function unit typically 
incorporates 64k bytes of RAM, an 
8-bit µ P and one or more floppy
disk drives. It supports at least one 
programming language and offers a 
standard or optional serial printer. 

Patrick Kenealy and David H 
Freedman are editors of Termi
nals Review and The Display 
Pricing Strategy Service, pub
lished by GML Corp, Lexington, 
MA. 
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'An RS-232C-interfaced ASCII terminal, the CTM-300 from Matrox Electronic Systems also 
features an 8-color CRT display. You can customize its functions from the host computer via a 
downloaded program. 

Many intelligent unit s display 
sophisticated graphics, and more 
t han a dozen current models feature 
multicolored displays. The user
programmable CTM-300 from Ma
t rox Electronic Systems, for exam
ple, incorporates an 8-color CRT 
display and sells for less than $3000. 

Average intelligent-terminal pric
es (figure) now range from $4000 to 
$8000 for basic units and from $6000 
to $10,000 for units with bundled 
software and printers ; prices , 
however, continue to drop. The 
wide price distribution results from 
the diversity of terminal applica
tions; similar hardware configura
tions can command different prices 
depending on customers' applica
tions and price tolerances. 

You can program virtually all 
intelligent terminals in assembly 
language, and more than half 
support BASIC. COBOL, FOR-

TRAN and PASCAL are also widely 
supported, and many intelligent 
terminals feature CP/M or similar 
operating systems with extensive 
multilanguage capability. 

Move to specialization 
As distributed processing, office 

automation, word processing and 
other intelligent-terminal applica
tions become more standardized, 
intelligent-terminal manufacturers 
will be forced to dedicate their 
machines to fewer and fewer 
applications. Datapoint Corp and 
Texas Instruments , both specializ
ing in distributed data processing, 
exemplify this trend. Wang Labora
tories has notably stressed office 
automation, and still other manufac
turers , such as Chromatics, have 
branched into the business color
graphics market. 

Intelligent Systems, Televideo 
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Technology Update 

and Zentec, on the other hand, 
continue to offer general-purpose 
intelligent terminals that provide 
users with the equivalent of a 
stand-alone µ C. For example , 
Zentec's latest offering m this 
product area, its ZMS-35, employs a 
8085 µP and sells for $1350. 

cannot support extensive word
processing or shared-database capa
bilities, they allow users to develop 
and run programs off line, reducing 
demands on their hosts. 

What's to come 
The intelligent-terminal product 

area continues to develop. First-Although such terminals usually 
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Plotting terminal prices against available units shows that intelligent-terminal 
capabilities are not as well defined as those of editing terminals (which feature line 
and character insert and delete capabilities) and nonintelligent terminals (which 
aren 't programmable and don 't have editing functions). Editing-terminal prices are 
clustered less tightly than those of nonintelligent terminals because editing-terminal 
manufacturers can add features to make higher priced units competitive . The more 
expensive units are often ruggedized devices or cluster configurations. 

Based on an 8085 µP, Zentec 's ZMS-35 
provides 16k bytes of user RAM, a fully 
configurable keyboard and a 12-in. nonglare 
CRT with a 128-character set. 

generation intelligent terminals, 
whether spec ialized or general 
purpose, are now being joined by 
second-generation hardware-128k
byte, 16-bit systems based on 
Winchester disk drives and backed 
by streaming cartridge-tape drives. 

This second-generation hardware 
suits users designing systems for 
distributed- processing I office- auto
mation applications. Additionally, 
prices for 8-bit µPs and memory 
continue to fall for firms offering 
basic stand-alone units. Thus, such 
a system should eventually sell for 
less than $3000, including a low-cost 
matrix printer . Distributed-proc'
essing units , on the other hand, 
should sell for $5000 to $10,000. 

Memory- , µP- and diskette
system prices are stabilizing just as 
display-tube, keyboard and power
supply costs have, and prices for 
basic intelligent units should be
come more defined and competitive 
in the next 8 months. 

Developments further in the 
future promise to be just as 
interesting. The intelligent-termi
nal industry combines high profits 
and high risk. Prices and profit 
margin both remain high and 
flexible, along with off-line-storage, 
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p Mail us this ad--- --
: and we'll help you discover simple, 
: effective solutions to difficult 

-
• troubleshooting 
: problems. 
I 

• I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

HP's IC Troubleshoo ters make 
troubleshooting digital circuits fast 
and less frustrating. Take a look at 
the chart and see why more than 
50,000 people use these simple , 
rugged , low-cost Hewlett-Packard 
instruments. 

I LOG IC PULSER stimulates IC's in-
circuit for testing. Automatically 
drives the circuit to its opposite state. 
No unso ldering components or trace 
cutting. Si40-S195* 

LOGIC PROBE shows pulse activity: 
high , low or bad level , single pulse or 
pulse trains. High input impeda nce. 
Overload protected. Automatic. More 
convenient than a scope . S90-S220* 

CURRENT TRACER inductively 
senses and displays logic current 
pulses. Finds shorts and stuck nodes 
with no unsoldering or trace c utting. 
Uses in-circuit current or pulses from 
Logic Pulser. $400* 
*Do mes1ic US prices o nl y. 

Order now, or call y our nearby HP 
sales office for complete information, 
or write Hew/ell Packard. 1820 
Embarcadero Road. Palo Alto, 
Ca!tfo rnia 94303. 

Yes! I want to discover easy solutions 
to difficult troubleshooting problems. 
Please rush me a free copy o f HP's 20-
page Troubleshooting Catalog and a 
copy of HP's new 38-page ··New Tech
niques of Digital Troubleshooting:' 

NAME~---------~ 
COMPANY ___ _ _ ___ _ 

STATE _ _ ___ ZIP ___ _ 

HEWLETT 
PACKARD 

.. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 
I 
I 
I 
I 
I 
I 

LOG IC CLIP with 16 LED's display 
state o f up to 16 IC pins a t o nce. High 
input impedance. Overload pro
tected . Automatic . SJ45-S200* 
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In short , we make and sell more 
terminal blocks - and more kinds 
of terminal blocks - than anybody 
else . .. BUCHANAN® terminal blocks 
... available everywhere. 

This information-packed, profusely 
i llustrated catalog (including full· 
scale dimension drawings for easy 
reference) gives complete details on 
all of the standard BUCHANAN line . 
Use the reader service card for your 
copy or phone/write: 
Amerace Corporation , 
Control Products Division , 
2330 Vauxhall Road , Union , 
New Jersey 07083; 
phone (201) 964·4400. 

CONTROL PRODUCTS 
DIVISION 

Getting it Together and Keeping it There 
CIRCLE NO 29 

[ Technology [ 

printer and software-development 
costs. Thus, manufacturers of 
stand-alone, general-purpose intelli
gent terminals will compete with 
one another as well as with µC 
vendors. (Commercial µC systems, 
however, usually communicate with 
larger computer systems and sell 
for less than intelligent terminals 
with similar software, memory and 
off-line storage.) 

Manufacturers of intelligent ter
minals for distributed-processing 
applications will find themselves 
competing as system vendors rather 
than terminal vendors. Datapoint, 
Four-Phase, Northern Telecom and 
others will face minicomputer 
manufacturers such as DEC , 
Honeywell and Hewlett-Packard 
rather than mainstream terminal 
firms. And as 16-bit µC s are used 
more frequently in intelligent termi
nals, those terminals will become 
even less distinguishable from minis 
and small business systems. 

Proprietary operating systems, 
communication interfaces and other 
software will keep prices for such 
intelligent terminals high, and their 
manufacturers will have to offer -
field service, extensive peripheral
software support and flexible leas
ing arrangements to remain com
petitive with minicomputer firms. A 
solid intelligent-terminal-firm com
mitment to distributed processing 
will thus amount to that firm's 
leaving the terminal industry and 
entering the minicomputer 
industry. EDN 

Need 
to Know? 

EDN 's advertisers stand ready to 
provide you with helpful desig n in
formation and other data on their 
products . Just circle the appropri
ate numbers on the Information 
Retrieval Service card. If your need 
is urgent , contact advertisers 
directl y, and mention EON. 

EON: Everything Designers Need 
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A full range of high resolution 
color monitors with 

OFF-THE-SHELF AVAILABILITY 
Priced as low as $1175 

Aydin Controls has a complete family of RGB 
raster scan color video monitors available from 
inventory. These high performance color 
monitors are specifically designed for the 
display of computer generated text, graphics 
and image data. All Aydin displays come with a 
one year warranty and feature: high and ultra
high resolution CRT's, high video bandwidth, 
long term convergence stability, modular con
struction, rack mountability, convenient control 
accessibility and simplified maintenance. A 
comprehensive list of options to meet any re
quirement is available. 

AYDINm coNTROLS 



Leadtime Index ACTIVE coMPoNENTs 

DISCRETE SEMICONDUCTORS MEMORY CIRCUITS .--- ,...--- .---
Diode, switching 2 4 = 
Diode, zener 1 5 = 
Rectifier, low-power 1 5 = 
Rectifier, power 1 4 = 
Thyristor, low-power 1 4 = 
Thyristor, power 2 7 = 
Transistor, bipolar power 6 13 = 
Transistor, bipolar signal 6 20 = 
FET, power 5 12 = 
FET, signal 4 10 = 
Transistor, RF power 5 12 = 

DISPLAYS 
Fluorescent 2 12 = 
Gas-discharge 1 12 = 
Incandescent 4 8 = 
LED 2 8 = 
Liquid crystal 2 10 <> 
Plasma panel 5 12 = 

ELECTRON TUBES 
CRT, black and white TV 6 14 <> 
CRT, color TV 8 12 = 
CRT, industrial 8 16 <> 
Industrial power 4 10 = 
Light and image sensing 4 10 = 
Microwave power 9 13 = 

INTEGRATED CIRCUITS, DIGITAL 
CMOS 4 10 = 
Diode transistor logic (DTL) 6 12 ... 
Emitter-coupled logic (ECL) 4 16 <> 
Low power Schottky TTL 5 17 = 
Standard Schottky TTL 6 18 = 
Standard TTL 6 18 = 

INTEGRATED CIRCUITS, LINEAR 
Communications circuit 6 14 = 
Data converter 8 12 <> 
Interface circuit 6 15 = 
Operational amplifier 1 3 = 
Voltage regulator 1 4 = 

EPROM 
PROM, bipolar 
RAM, bipolar 
RAM, CMOS 
RAM, 4k MOS dynamic 
RAM, 16k MOS dynamic 
RAM, 1 k MOS static 
RAM, 4k MOS static 
ROM, masked MOS 

-------

·r-
3 
3 
3 
2 
4 
4 
4 
4 
5 

,... 5 .~ = 
4 ... 

14 ... 
10 = 
16 = 
16 = 
16 = 
14 = 
15 ... 

MICROCOMPUTER/MEMORY SYSTEMS 
Core memory board 5 9 = 
IC memory board 5 9 = 
Interface board 4 8 <> 
Microcomputer board 3 9 = 

MICROPROCESSOR IC'S 
CPU, bipolar bit slice 3 14 <> 
CPU, 4-bit MOS 4 12 <> 
CPU, 8-bit MOS 3 12 = 
CPU, 16-bit MOS 4 14 = 
Peripheral chip 5 14 = 

~----''-----.&......_~---~~ 

OPTOELECTRONIC DEVICES 
Coupler and isolator 7 14 ... 
Discrete light-emitting diode 9 19 = 

PACKAGED FUNCTIONS 
Amplifier, instrumentation 3 11 ... 
Amplifier, operational 2 9 ... 
Amplifier, sample/hold 5 12 = 
Converter, analog/digital 5 9 <> 
Converter, digital/analog 5 9 <> 

PANEL METERS 
Analog 10 18 <> 
Digital 5 15 = 

POWER SUPPLIES 
Custom 15 18 = 
Enclosed modular 7 16 = 
Open-frame module 11 18 <> 
Printed circuit 10 16 = 

- ---- -
Leadtimes are based on recent figures supplied to Electronic Business magazine by a composite group of major manufacturers and 
OEMs. They represent the typical times necessary to allocate manufacturing capacity to build and sh ip a medium-sized order for a 
moderately popular item. Trends represent changes expected for next month. 
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Will the FCC put you in· a tJ--;:;
cost--delivery crunch October 1? ~ ~t;J) 

Not with Sierracin '---~ ~~-~\, 
power systems. 

*For details , ask for our free Question & 
Answer booklet . "The FCC and You ." 

800-423-5569 
In California. call collect (213) 998-6811 . 
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Unless computer and 
peripheral OEMs like yourse lf can 
meet acceptable input line con
ducted noise levels by October 1, 
the FCC won't let your equipment 

d * get out the oor. 
That's where Sierracin power 

systems can help. 
Our complete line of switch

ing power supplies already com
plies with the new FCC rule. Fact 
is, we put a noise filter in so you 

CIRCLE NO 31 

don't have to redesign around our 
switchers. Or add to your compo
nent count. Or costs. And we did 
it without increasing our prices. (At 
$45, we sti ll offer you the lowest 
priced switching power supply in 
the industry.) 

But anyone can play the num
bers game with prices. What really 
counts is product performance 
and reliability. And our cost-effec
tive switchers and linears give you 
both-the results of high quality 
control standards-from incoming 
parts inspection and testing to final 
power supply bum-in and on-the
shelf stocking for fast delivery. 

That's what you can expect 
from Sierracin /Power Systems. A 
young, dynamic 6-year-old com
pany that already leads the indus
try with the widest line of 40 to 
500 watt open frame DC switching 
power supplies . 

. See for yourself. Write for our 
new 1981 Power Supply Catalog. 
Or dial our toll free number. 
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FOR A CLEANER 
BRIGHTER PICTURE, TRY A 

TUBE OF MITSUBISHI. 

Mitsubishi cathode ray tubes will do 
wonders for your image. 

Because each of our high-resolution 
color CRTs actually discriminates among 64 
distinct colors. 

Our radar CRTs give your data systems 
the kind of pin point clarity that assures pin 
point accuracy. 

And our black and white CRTs differen
tiate between shades of grey. 

We begin with our own phosphors, 
specially developed for their brightness.They 
give our screens their notably short, or long 
flicker-free persistence. 

Our precision electron gun system 
insures that each beam is perfectly aligned 
with the shadow mask. 

And, combined with our ultra
fine pitched shadow mask, the 
gun system produces a picture so 
sharp, it actually encourages 

reading fine print. 
Another Mitsubishi inno

vation is our internal magnetic 
shield. It not only more 
efficiently eliminates exterior 
magnetic forces, but makes 
the unit much easier to 
service. Not to mention what 
the magnetic shield does for 
a purer image, in both mono
chrome and color. 

Mitsubishis complete 
CRT line includes high-resolution 

flying spot scanner CRTs. Fiber optic 
recording CRTs. High-precision display, radar 
and beam penetration CRTs. 

For more information on a display that's 
worthy of your data system, call our Display 
Products Group at ( 213) 979-6055 (or in 
New Jersey, call (201) 753-1600) or write 
Mitsubishi Electronics of America, Inc. , 2200 
W Artesia Blvd., <=ompton, CA 90220. 

We11 gladly show you a CRT for sore eyes. 

1'Ml1SUBISHI ELECTRIC COLOR CATHODE RAYTUBES 
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Editor's Choice: New Products 

Speech module generates 120 words 
Model M410 Speech Generator 
board uses a single-chip voice 
synthesizer to provide low-cost 
voice output for virtually any 
computer system. Measuring 
3.75x4x0.5 in., it includes the 
linear-predictive-coding (LPC) 
speech chip, a µP, .a clock, 
control logic and memory. 

You add the board to your 
system via a 20-pin flat-cable 
connector. Designing a parallel 
interface for it is easy: It looks 
like an 8212 parallel latch and 
buffer to the µC and runs on a 
5V power supply (225 mA typ). 

For S-100-bus systems, you 
can even choose a larger version 
(Model VR/SlOO) that plugs 
directly into any bus slot. 

The word's the thing 
In four 32k EPROMs, the 

speech generator stores approx
imately 120 words and phrases. 
(Typical word packing puts 12 to 
20 words in a 16k memory or 25 
to 40 words in a 32k unit.) 

The manufacturer supplies a 
basic vocabulary in one 32k 
EPROM and includes the digits 
one through nine and the words 
plus, minus, times, point, is, 
enter, repeat, error, what?, .oh, 
thank you and goodbye. You also 
get pauses of 50, 100, 200 and 
400 msec, which allow you to 
pace the speech output and 
make it more intelligible. 

If none of these words suits 
your needs, you can choose (for 
an extra charge) from the 
manufacturer's rapidly growing 
library of pre-encoded utteranc
es. And if the library doesn't fill 
your needs, the firm will create 
the exact custom vocabulary 
you require for $200 per second 
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Speaking for nearly any µC system, the M410 speech generator provides all the 
flexibility you need in a voice-response peripheral. 

of speech ($1000 minimum). 
If you choose to develop such 

a custom vocabulary, you can 
select among data rates ranging 
from 1200 to 1600 bps for 
low-quality speech and from 
2000 to 2200 bps for high-quality 
output. (The lowest data rates 
provide the largest vocabulary.) 

Getting the words out 
You connect the M410's audio 

output directly to an 80 
speaker. The board outputs 
0.2W and requires no additional 
circuitry for speech generation. 
You can even make the system 
speak on the telephone by 
connecting it directly over an 
acoustic coupler. 

You address vocabulary words 

with an 8-bit parallel code. The 
on-board µP accepts 54 bytes of 
selector codes, storing them in 
its internal RAM and thus 
acting as a FIFO buffer. 

If the buffer gets full, the 
board's Ready line goes LOW, 
inhibiting the selection of new 
words until the buffer has room 
for them. Further, if you choose 
an invalid selector code, the µP 
ignores it and looks for the next. 

$95 (OEM qty); $185 (1-19) 
with basic vocabulary. S-100 
VR/SlOOA version, $190 (OEM 
qty) with no vocabulary; $325 
(1-19) with the basic vocabulary. 

Speech Technology Corp, 
631 Wilshire Blvd,. Santa Moni
ca, CA 90401. Phone (213) 
393-0101. Circle No 456 
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A LITTLE BASIC TRAINING 
FOR SMART MILITARY DESIGNERS. 

The demands of military and avionics speci
fications put a lot of pressure on a designer. High 
quality, high reliability and high performance are 
a must, which is why you should know about 
Teradyne. . 

Teradyne has become the leading supplier of 
tuning fork and blade backplane interconnection 
systems by continuously 
meeting the toughest per
formance standards. 

As a company, we are 
committed to solving the 
special challenges posed by 
· reliability, high per

$1)ecifications. 

milled aluminum panels or thick copper multi
layer PC panels, Teradyne can deliver. 

Our SlOOO Series of aluminum backplanes are 
routinely produced with up to 20,000 contacts 
and more. They are ideal for applications requir
ing structural rigidity, high power dissipation, 
and high interconnect density and flexibility. 

Custom demands for unique contact patterns, 
complex milling and integrated voltage distribu
tion are the challenges our reputation was built on. 

Teradyne two-sided and multi-layer PC panel 
systems are designed for high speed and tight 



impedance control. Good news if you're dealing 
with advanced IC logic families. The KS1025 
Series features Dynamic Retention*press-fit 
compliant contacts for unsurpassed reliability 
and performance. *Pat. No . RE29513 

Both the SlOOO and KS1025 Series can save 
you money, too. Thanks to the high performance 
and low cost achieved with Teradyne's MISER 
LPG™ selective gold plating technology. 

VERSACON™ Headers. 
The other side (blade half) of the connection is 

handled by Teradyne's VERSACON headers. 
Fabricated of rugged, lightweight aluminum, 

VERSACON completely outperforms molded 
headers. 

Teradyne pioneered the technology which 
permits us to manufacture VERSA CON headers 
as long as 20 inches to the tightest tolerances. 

Other features you should know about are the 
special contact arrangements which require up to 
30% less insertion force and VERSACON's 
shielding against electromagnetic interference. 

Going from design concept to • 
~ little as six weeks · 

your system budget. 
The list of those who 

have already chosen 
Teradyne fork and blade 
backplane systems is a 
distinguished one. F-15, 
F-16, F-18, Tornado, 
AWACS, TRI-TAC, 
Wavell, Trident, Aegis 
and Patriot are popu
lated with Teradyne 
connection systems. 

Three row VERSACON You'll also find 
header. Avai lable in 2-,3-,and 
4-row 0.100", 0.125", and Teradyne on the new 
0.150" grid configurations. 757 and 767 jet liners. 

So if you're working with MIL-C-28859, 
MIL-C-28754 or WS6157, or if you simply want 
the highest quality backplane systems in the 
world, contact Teradyne. 

All the facts and a complete Teradyne system 
design kit are yours for the asking. Write 
Teradyne Connection Systems, Inc., 44Si 
St., Nashua, N.H. 03060. Or~~ 
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Dual-redundant microcomputer system 
delivers fail-safe bumpless transfers 
A fail-safe processor for real
time process-control applica
tions, Model DRS2102 dual
redundant µC system executes 
a bumpless transfer between its 
primary and secondary comput
er boards in the event of a 
primary-unit fault. The dual 
redundancy improves computer 
availability (eg, percentage of 
total time a system is up and 
operating properly) in applica
tions where loss of the computer 
can lead to costly or dangerous 
operating conditions. 

Cutover from a primary to a 
secondary control unit usually 
results in a temporary loss of 
control, shutdown or manual 
operation until secondary-unit 
initialization and on-line place
ment. But the DRS2102's hard
ware/software design eliminates 
these problems by effecting a 
cutover in 5 to 10 µsec-fast 
enough to keep up with high
speed processes. 

Dual boards do the job 
The DRS2102 comprises two 

identical µC boards linked by 
buffers that don't corrupt the 
receiving µP should either one 
fail. The linkage allows each µC 
board (A and B) to communicate 
continuously; thus, each board is 
always in the same state. 

Each board contains an 8085 
µP and 8k bytes of memory, 
consisting of static RAM for a 
real-time database and PROM or 
EEPROM for control firmware. 
Upon power shutdown, variable 
data goes to EEPROM or a 
separate 4k-byte core module. 

Also on each board are six 
addressable bidirectional I/O 
ports, three programmable tim-

Two 8085-based µC boards combine to produce a dual-redundant controller that 
ensures proper operation of real-time process-control systems. When a fault occurs in 
one board, the Redundancy Manager operating system pulls it off line and switches in 
the second board, performing a fail-safe bumpless transfer. 

ers , interrupt inputs and an 
RS-232C port. An expansion 
bus allows use of a 16k-byte 
static-RAM board and a 4k-byte 
core board . 

An external interface and 
display module contains status 
lights, numerical readouts and a 
hexadecimal keypad for manual 
access to the µC system. It 
operates via a control port on 
the µC system. 

Both µC boards function 
under control of the Redundan
cy Manager operating system. 
This OS checks critical variables 
in the application-program flow 
for proper response and validi
ty. If it detects a fault, it can 
retry on a nonfatal fault or 
activate the output selector to 
push the primary µC (board A) 
off line and switch the backup 
µC (board B) on line. 

Because of the communication 
requirements between the A 
and B boards, the µC system 
does not employ an industry
standard bus (eg, STD, S-100 or 
Multibus). Instead, the manu
facturer has opted for a no-bus 
or direct handshaking version, 
simplifying system expansion 
and circuit operation. 

Packaged on two stackable 
6x 8-in. pc boards, the µC 
system utilizes flat cal;>le for 
interconnections. Accepting raw 
+8 and ±16V de power, each 
board contains regulators for 
reduced common-mode noise. 

Operating over 0 to 70°C, the 
system costs $3250 (OEM qty) 
wi.thout software. 

Del Rey Systems Inc, 8929 
Sepulveda Blvd, Los Angeles, 
CA 90045. Phone (213) 641-
4955. Circle No 457 
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TMSlOOO products give your products 
microcomputer perfortnance. 

At the lowest possible cost. 
Tl's TMSlOOO Family can give your 
products the benefits of microcom
puter intelligence at a very low cost. 

More than 60 million TMSlOOO 
4-bit microcomputers are at work in 
many diverse applications - radios, 
home appliances, air conditioners, 
toys, clocks, microwave ovens, 
scales, POS terminals, smart ther
mometers and metering functions. 

Enhance your product 
With microcomputer intelligence, 
your product can respond .or take 
action from a sensor or user input. 
A telephone that dials a preset num
ber on command. A scale that 
weighs, then calculates the price. 
TMSlOOO-enhanced products are 
faster. More efficient. More accu
rate. More reliable. And more cost
effective. 

Like your product, most TMSlOOO 
applications must be highly reliable. 
TMSlOOO has an attained failure rate 
of 0.048%/1000 hours, based on 5 
years and millions of device-hours 

of operation. Also, using TMSlOOO 
instead of standard logic greatly re
duces system connections. a major 
source of malfunctions. 

Two new TMSlOOO Products. 
For timing. For sensor input. 

The TMS1121 Universal Timer/ 
Controller can control up to 4 in
dependent functions with a total 
of 18 time settings. 

The TMS2100 Microcomputer 
offers an 8-bit AID converter plus 
timed programmable interrupts, 
ideal for many industrial and ap
pliance applications. 

Design Flexibility 
The TMSlOOO Family provides tech
nology and output options to closely 
match your application. Choose 
CMOS for very low power applica
tions, or PMOS. On-chip memory 
from lK to 4K bytes of ROM, 128 to 
512 bits of RAM. Standard or low 
(9V) voltage can be specified. 

Development Support 
Let TI develop and test software for 
your application, or develop your 
own using TI development boards, 
systems and software. Our Regional 
Technology Centers provide courses 
in software and hardware design as 
well as design support. 

For more information on 
TMSlOOO Family microcomputer so
lutions, send in the coupon ~ 
or call your nearest TI 
sales office or authorized 
distributor. 

MY APPLICATION IS 

NAME TITLE 

COMPANY 

ADDRESS 

CITY STATE ZIP 

L PHPNE N3_J 
----------------

Texas Instrumenf,s invented the integrai,ed circuit, mU:roprocessor and microcomputer. Being first is our tradit'ion. 

TEXAS INSTRUMENTS 
© 1981 Texas Instruments Incorporated INCORPORATED 853238 
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General-purpose computer 
joins three processors in small package 
Combining three coprocessors
a 16-bit 68000 CPU, a second 
68000 for virtual-memory man
agement and a 6809 110 proces
sor-the 68K Miniframe gener
al-purpose computer runs the 
Bell Labs UNIX operating 
system and operates at 12 MHz 
with no Wait states. 

The 6809 interfaces to all I/O 
devices on an interrupt-driven 
basis and interacts with the 
CPU through a sophisticated 
high-speed DMA channel using 
cycle stealing. The 68000's DMA 
is daisy chained, with the 6809 
having the highest priority. 

The memory processor ad
dresses as much as 4G bytes of 
RAM through a virtual-memory 
management unit (VMMU) . 
This processor, which connects 
the CPU's address bus to a 
dynamic-RAM-array address 
bus, receives its control signals 
from the data bus. A modified 
least-recently-used page-re
placement algorithm provides 
demand-paged virtual memory 
in 16M-byte increments. 

Memory comes on dynamic
RAM boards that work with or 
without the VMMU. The boards 
connect to the CPU via a flat 
ribbon cable that terminates in 
dual-row 50-pin insulation-dis
placement connectors. You can 
configure the boards for as little 
as 128k bytes of RAM (using 
16k x 1 RAMs) or as much as 2M 
bytes (using 64k x 1 RAMs). 

Each byte of RAM has an 
associated parity bit that you 
can disable at the board level. 
An intelligent statistical-refresh 
method ensures refresh with 
maximum transparency. 

A 4k x 16 high-speed associa-
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A powerful 16-bit general-purpose computer in a small package, the 6BK Miniframe 
supports multiple users with the Bell Labs UNIX operating system. 

tive memory furnishes the page 
map, and it is accessible within 
the last lM bytes of supervisor 
data-address space. 

Many things to many users 
In multiuser and multitasking 

applications, the system main
tains both relocation and limit 
registers for each user. Each 
version of the system works 
with either floppy or hard disks 
and provides six RS-232 ports 
(through six ACIAs) capable· of 
500k-baud transmission, plus 
four parallel ports (PIAs) con
sisting of eight bidirectional 
lines and two handshaking lines. 

A single-user UNIX-based 
Miniframe starts at less than 

$12,000 and comes with 256k of 
RAM, 2M bytes of 8-in. floppy
disk storage and the complete 
UNIX v. 7 package including 
FORTRAN-77, the C language, 
BASIC, and text-processor and 
file-processing utilities. 

For multiuser systems, a 
typical configuration accommo
dates six or more users and 
comes with 512k bytes of RAM 
in a 16M-byte virtual space, 40M 
bytes of Winchester-disk stor
age and the UNIX package; it 
sells for less than $20,000. 

MicroDaSys Inc, 2811 Wil
shire Blvd, Santa Monica, CA 
90403. Phone (213) 829-6781. 

Circle No 458 
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Cermet and molded carbon panel 
pots can have a ve r y noisy way of 
attracting attention. So Bourns devel
oped a quie t , smooth , durable alte rna
tive : Our Bourns® 91/92 family of%" 
modular conductive plastic pane l 
control s. 

See for yourself by comparing the 
difference in CRY and rotational life. 

MATERIAL CRV (Noise) ROTATIONAL LIFE 
• Conductive 1% max. 2'!1- max . CRV aft er lOOK 

Plastic cycles. Usefu l life may go 
to 500K. 

· Ce rmet 2% or 1i'pica lly less than lOOK 
higher cydes. 

· Molded 1\/2% Not guara nteed after 
Carbon lOOK cycles. 

In addition, the price is competi
tive with the low cos t of molded 

60 

carbon for industrial applications. And 
much lowe r than cermet. 

Terminals are in-line PC style on 
.100 inch centers. You can position 
them forward, back or down for verti
cal or horizontal board mounting. 
Choose from two bushing s izes, six 
tapers and three standard shaft 
lengths to 7,ls ' '. Res istance values from 
250 ohms to 5 megohms. 

It's a cost/performance combina
tion worth 
making lots 
of noise about. 
So let your 
fu lly stocked 
local di s tribu
tor hear from you. 

CIRCLE NO 36 

Or call us for more information. 
PRECISIONS/CONTROLS DIVISION, 
BOURNS, INC. , 1200 Columbia Avenue, 
Riverside , CA 92507. 
Phone: (714) 781-5747. 
TWX: 910-332-1252. 

In Europe: Bourns AG, Zugerstrasse 74, 
6340 Baar, Switzer land . Phone: (042) 33-33-33. 
Te lex: 845-868722. 

In Japan: Nippon- PM! Corporation, 
Harate tsu Buildi ng , 4-11-11 Kudan Kita, 
Chi yodaku, Tokyo 102, Japan. Phone: 234-1411. 
Te lex: 781-27632. 

~G>U~NS 
THERE IS NO EQUIVAUNT. 
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Mini-floppy-disk formatter/controller family 
offers full features at lower cost 

"" . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . 
••• • t 

I l , l T 
o •, £ r 

Exhibiting all the features of 
their more expensive 179X 
relatives, 176X-family disk con
trollers are designed exclusively 
for mini-floppy use. All run at 1 
MHz and are compatible with 
the 179X units, which handle 
51/4- and 8-in. floppy drives. 

, • • • • • • • • • • ~0 Sf T Hf •;t 
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FALL EDGE 
NO RESET 

o NO SET 
NO SET RESET 

D FLIP-FLOP -5 
RISE EOGE 
FALL EOGE 
NO RESET 
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The line consists of four parts: 
the 1761, -63, -65 and -67. They 
cover all combinations of single
and double-density, true- or 
inverted-data-bus and single- or 
double-sided drives. Single-den
sity format is compatible with 
IBM's 3740; double density, 
with IBM's System/34. The 
parts can also use a non-IBM 
format for increased density. 

Operating at 1 MHz, 176X-family 5V4·in.-mini-floppy controller chips are compatible 
with 179X-family controllers for 5V4- and 8-in. drives. But they cost less-$25.30 (100) 
in plastic. 

Designed for soft-sectored 
systems, the devices feature 
automatic track seek with 
verification, DMA or pro
grammed data transfers from a 
double-buffered 8-bit bidirec
tional data bus and eight control 

lines for µP compatibility. 
Additionally , all inputs and 
outputs are TTL compatible, 
and as in the 179X family, two 
VFO signals are available. 

The devices output write
precompensation signals, allow 

NEXT TIME 
EDN's September 30 issue will feature a 
Special Report on gate-array ICs, plus articles 
on a variety of additional topics: 

• Optimizing flash AID-converter operation 
through the use of track/hold amplifiers 

• The theory and application of tone
decoder ICs 

• The use of memory segmentation in 
Intel's iAPX 432 32-bit µP 

. . . and much more. Also look for Technology 
Update pieces on solid-state relays and 
voltage regulators, plus our regular Design 
Ideas and A Question of Law departments. 
You can't afford to miss this issue! 

EON: Everything Designers Need 
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window extension and incorpo
rate encoding, decoding and 
address-mark circuitry. In Read 
mode, they can either perform 
single- or multiple-sector read 
with automatic search or read 
the entire track. Likewise, they 
support single- or multiple
sector write with automatic 
sector search or can write the 
entire track for diskette format
ting. They accept 11 commands 
and feature on-chip track and 
sector registers plus compre
hensive status information. 

The devices are available in 
40-pin ceramic or plastic packag
es. Operating temperature 
spans 0 to 70°C, and power 
dissipation equals 600 mW max . 
Power-supply requirements 
stand at 5 and 12V. $25.30 in 
plastic, $36 (100) in ceramic. 

Western Digital Corp, Box 
2180, Newport Beach, CA 
92663. Phone (714) 557-3550. 

Circle No 459 
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' NOBODY CAN REDUCE YOUR COMPONEN1 
At GenRad, we have the most complete 

line of reasonably priced high performance ' 
products for component testing anywhere. 
And when you combine that fact with our 
experienced field service staff and expert 
applications engineers, it just stands to rea
son: nobody can reduce your component 
testing costs better than GenRad. 

Testing passive components: 
we automated RLC testing 
with the Digibridge® tester. 

What do you need in an RLC tester at any 
level of testing? Accurate performance, 
right? What you don't need is an inflated 
price. 

That 's why we give you four different 
Digibridge testers with four different perfor
mance levels in four different price ranges, 
beginning with our lowest priced 1657 Digi-

• bridge tester. The 
1657 is the most ac
curate instrument 
you can buy for 
the money-with 
features even more 
expensive instru
ments don't have. 
Like 5-digit LED 

Surprising flexibility in the 1657 resolution. And 
a microprocessor for automatic rang
ing and self-calibration. 

Now you know why nobody 
else comes close in numbers of 
RLC testers installed. 

Testing RLC networks and 
small PC boards: our 2230 will 
get you on-line weeks sooner. 

If you want to test packaged RLC net
works, sequenced parts on reels, or even 
components on small PC boards, you have 
two choices : You can either do it with our 
2230, or you can do it with a rack-and-stack 
system costing 
twice as much 
and lacking the 
necessary soft
ware. Of course, 
our 2230 will get 
YOU Up and test- Plain-language keyboard speeds 
ing weeks sooner up programming 

than a setup of unmatched units. And our 
2230 is a complete system. Which means it 
needs service from only one source. (And 

that source is the most thorough 
in the business: GenRad). 

We also take care of operatrn 
training and on-site 

installation. 



' TESTING COSTS BETTER THAN GENRAD 
Testing I Cs: our basic promise, 

immediate productivity, of course. 
We pioneered automatic benchtop testing 

Jver a decade ago. And today more people 
Jwn GenRad benchtop testers than any 
Jther brand. 

The reason? Just look at our linear and 
digital IC systems. They're both built with 
the kind of architecture found only in much 
larger test systems. And our compact sys
tems cost up to 75% less than the biggies. 

Our productive 1731 linear IC tester. 
[t offers something nobody else can: imme
::iiate productivity. Thanks to a large and 
proven program library, covering over 1,000 
different devices. The 1731 also has a built-in 
CRT and convenient and quick plug-in fam

ily boards for data 
convertors, voltage 
regulators and 
comparators, plus 
interfaces for all 
major handlers. 
Now you can under
stand why more 

Displays pass/fail or complete 
parametric results people own a 1731 

than any other low cost linear IC tester. 
Our versatile 1732 digital test system. 

Not surprisingly, last year more engineers 
bought our 1732 than any other micropro
cessor-based digital IC tester. One good 
reason? Because the 1732 can test SSI, MSI 
and LSI devices, up to 48 pins. A lot of engi
neers figure that's an insurance policy for 
the future. And they're right. In addition no 
other system is quite so easy to program or 
to use as the 1732, which lowers your operat
ing costs. But then nobody understands test 
system software as well as we do. 

Now, the ultimate test. 
We're convinced we can reduce your 

component test costs better than anyone 
else today. And when it comes to·products 

for the future, nobody is more 
committed to meeting your 
needs than we are. In fact, 
we're continually working 
on new, state-of-the-art 
systems to reduce your 
testing costs. After all, 
that's how we got to be 
the "Best in Test." 

Now if you'll tell us 
more about your prod
ucts and 

I 

your component 'testing needs, we'll show 
you how you can reduce your cost to test. 

Call or write Frank Kelliher, GenRad, Inc. 
Component Test Division, 37 Great Road, 
Bolton, MA 01740. (617) 779-2811 Ext. 303. ------------------, 
isend to: GenRad Inc., 37 Great Road , Bolton, MA 01740 I 
I I want to know more about reducing my component I 
I testing costs. .· I 
I Send details on: __ Digibridge' Testers __ 1731 I 
I Linear IC Test System __ 1732 Digital IC Test System I 
I __ 2230 Passive Network Test System I 
I Name Title I 
I Company I 
I Address Tel. I 
I City State Zip I 
L _ - - - - - - - - - - - - - - - ~N2!_6_j 

Gen Rad 
1HE BEST IN TEST. 

Visit us at NepCon Central, Booth 232, September 22·24 CIRCLE NO 37 



System-tailored VFC's 
... tolOM.HZ 

These VFC's meet the tougher A family of 10, 5, and 2 MHz 
requirements of newer instru- models is offered, with guaran-
mentation systems ... providing teed non-linearities as low as 
true price/performance break- + 0.02% and gain temperature 
throughs ... through innovative drifts as low as + 15 PPM/°C. 
circuitry. These designs are available 

For instance, 1 MHz systems in both industrial and full 
can be upgraded with mini- military versions. 
mal redesign to operate at The DMC ... the 
2 MHz ... for two- ...,_VfOml&Dce acknowledged 
fold improvement r~ leader in voltage-
in resolution/ hvbrids to-frequency conver-
sample performance... 'J · sion ... invites you to 
at considerable cost saving. send for complete design data. 

Dyna.nic: Meaaure.nen•a Corp. 
6 Lowell Ave., Winchester, MA 01890. (617) 729-7870. TWX (710) 348-6596 

Call our toll free number 800-225-1151. 
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Editor's Choice: New Products 

Low-cost development system 
operates over STD bus 
Providing a Z80 or 8085 CPU 
card that plugs into an STD Bus 
mainframe to simplify switching 
between devices, the Basis/80 
development system costs less 
than $10,000. Yet it includes the 
memory, control and in-circuit
em ula tion features of more 
expensive systems. 

Using the CP/M (Version 2.2) 
operating system from Digital 
Research Corp for disk-file 
management, the development 
system allows you to program in 
FORTRAN, BASIC, PASCAL 
or FORTH as well as assembly 
language. Development soft
ware includes a screen-oriented 
editor with menu-select options; 
the editor lets you examine 24 
lines of code and make changes 
or additions by positioning the 
CRT's cursor and entering data. 

The system handles devices 
other than Z80 and 8085 types 
by means of cross assemblers, 
which feature full macro capabil
ity, cross-reference map, alge
braic-expression processor and 
link-file structures. 

In-circuit emulation 
Basis/80 includes in-bus

emulation capability for devel
opment of products designed 
around the STD Bus. An 
emulation card plugs into the 
target system in place of the 
system's CPU card, giving 
system control to the Basis/80. 

Emulation allows you to 
debug hardware and software 
on the target system, which can 
address as many as 254 input 
and 254 output ports and 58k 
bytes of PROM or RAM without 
conflict with the emulator's 
workspace. Emulation features 
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An STD Bus mainframe packs the hardware you need to develop software on the 
Basis /BO for ZBO and 8085 µPs. Cross software handles 8080, 6502 and 680X 
devices. 

include real-time execution of 
program code with breakpoints 
set for the occurrence of either a 
particular input/output instruc
tion or a memory reference to a 
single location within the target 
system. Additionally, program 
trace permits single-instruction 
execution and dumping of regis
ter contents to the CRT. 

Symbolic debugging 
You can also perform symbolic 

debugging of Z80 and 8085 
programs. You download exe
cutable object files for the other 
supported microprocessors 
through an RS-232C port to 
either a PROM programmer or a 
target system for debugging. 

The debugger allows you to 
set unlimited breakpoints and as 
many as eight passpoints, pro
viding a means of monitoring 
program flow through code 
sections and examining register 
contents. Other single-key com
mands in the debugger provide 
for altering memory, examining 

registers, displaying memory 
contents, moving blocks of code 
and executing code. 

Basis/80 hardware includes a 
Z80 or 8085 CPU, PROM 
bootstrap, 32k to 58k bytes of 
RAM and 499k bytes of disk 
storage on dual 8-in. drives. You 
also get a 15k-baud memory
mapped CRT controller provid
ing a 25-line x 80-character 
.scrolling display, alphanumeric 
keyboard with cursor-control 
and numeric keypad and front
panel controls to re set or 
interrupt program execution 
and (via keylock) apply power to 
the mainframe. 

$6110 to $8405; a typical 
system, consisting of main
frame, disk drives, terminal, 
48k bytes of RAM and 132-
column impact printer, costs 
$7495. 

Antona Corp, 13600 Ventura 
Blvd, Sherman Oaks, CA 
91423. Phone (213) 986-6651. 
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DILIG 
TAPE COUPLERS 
nR STREllllG 

II FIRIATTED DRIVES 
The DILOG DQ130 and 

DU130 are µP based intelligent 
V2" Tape Couplers for your 
LSl-11 , 11/2, 11/23 or PDP-11 

nRDECll* The Couplers emulate the 
DEC TM-11/TS-03 and you'll get 
full software compatibility with 
RT-11, RSX-11 , RSTS, IAS and 
MUMPS. computers respectively. They ' re the only Couplers • 

for standard start-stop or streaming mode operation 
•capable of handling 8 drives• proven reliability and 
performance with an installed base in excess of 
1,000 units• all on a single quad board that plugs 
into your CPU . 

If you intend using your streaming tape drive in 
a standard start-stop mode and later wish to employ 
streaming mode for Wincheste r back-up, DI LOG 
Couplers will handle both. You don 't need to change a 
thing . The Dilog 'Backup/Restore ' stand-alone driver 
software w ill implement and support streaming 
operation. 

The '130' Series can also accommodate two 
standard V2" formatted tape drives with three slaves 
each, or two stand-alone formatters that handle four 
drives each ... 9-track 800 bpi N RZI , 9-track 1600 bpi 
PE, or 800-1600 bpi dual density ... with?", 8% " or 
10 V2" reels and read/write speeds from 12.5 to 
125 ips and data transfer rates to 200,000 bytes per 
second. 

As for tape drive compatibility, both the DQ130 
and DU130 interface drives from the following 
manufacturers: 
AMPEX PERTEC 
CIPHER TANDBERG DATA (IDT) 
CONTROL DATA WANGCO (PERKIN ELMER) 
DIG I-DATA TDX 
KENNEDY EMI (SE LABS) 

To insure ease of maintainability & data integrity 
the Couplers incorporate an automatic self-test 
feature, with card-edge LED status indicator, and 
data protect feature. 

Write or call for complete details on the Coupler 
that lets you mix or match up to eight V2 " tape drives 
for standard or " streaming " operation. 

Distributed Logic Corp., 12800 Garden Grove Blvd., 
Garden Grove, California 92643 Phone: (714) 534-8950 
Telex: 681 399 DILOG GGVE •EASTERN REGIONAL 
SALES OFFICE, 64-A White Street, Red Bank, New 
Jersey 07701 , Phone: (201) 530-0044. 
*Trademark Digi tal Equipment Corp. 

VISIT DILOG 
AT SYSTEMS '81' 
BOOTH57 
HALL2 
U.S. SECTOR 

lllll 
DISTRIBUTED 

mRnmm1111111iii1;1~ 
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Editor's Choice: New Products 

Development system for Z80, 3870 
operates from time-shared host 
For use with a host computer 
(including time-shared units), 
the Radiµs development system 
provides software-development 
capability via that host plus 
hardware development and 
hardware/software integration 
via in-circuit-emulation mod
ules. It supports Z80s and 3870s. 

You install the $2995 Radiµs 
(Remote Access Development 
and Integration Microcomputer 
System) between a CRT termi
nal and the host via RS-232 
serial interfaces. While soft
ware development is performed 
on the host as usual, you can 
download programs to Radiµs 
for hardware debugging and 
software integration, using op
tional E Series AIM in-circuit
emulation modules. 

In Transparent mode, the 
CRT has its usual access to the 
host. In Local mode, Radiµs can 
perform self diagnostics and be 
set for any of 11 baud rates from 
50 to 9600. You can also set 
control characters in this mode. 

In Utility mode, Radiµs can 
run utility programs for such 
tasks as in-circuit emulation, 
printer handling and PROM 
programming. Debugging and 
integration routines are also 
available in this mode. 

Once AIM and user programs 
are downloaded to Radiµs, you 
can disconnect the host, saving 
time-sharing costs. However, 
the host's file-management utili
ties are then not available. 

You can configure Radiµs for 
single or multiple-user environ
ments and connect several AIM 
units to one host for simultane
ous operation. This mode also 
allows you to perform separate 
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Tied to your time-sharing or other host computer, the RadiµS development system , 
aids in the design of ZBO- or 3870-based hardware and its integration with software. ' 

or multiprocessor tasks. 
Radiµs comes with a host 

communications-software pack
age for DEC PDP-11 computers 
working under the RSX-llM 
operating system (Version 2.3 or 
later) or on DEC VAX-11 
systems working under VMS 
(Version 2.3 or later). 

Hardware includes a structur
al-foam cabinet, CPU/memory 
board and power supply. AIM-

• Z80BE, AIM-7XE or future 
AIM modules, local PROM 
programming and local printing 
are optional. The cabinet's 
processing compartment houses 
as many as five boards: the 

CPU/memory board, two AIM
module boards and two expan
sion slots. 

The CPU /memory board in
cludes a Z80 CPU, 64k bytes of 
RAM and four serial I/O ports: 
one dedicated to the user 
terminal, one to the host 
and two for the optional 
printer and PROM programmer. 

A translator is available to 
convert Tektronix 3870 and 
Intel hexadecimal object for
mats to absolute-binary form. 

Mostek Corp, Sox 169, 
Carrollton, TX 75006. Phone 
(214) 323-6000. Circle N~ 461 
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How to break the 8· 
without 

It's not as hard as you think. 
Forget complex designs. And 
two-year waits. 

All you do is get your hands 
on the Intel 8088 . 

And then leave the other 8 -bit 
systems standing in your tracks. 
Without breaking the bank. 

Because the 8088 gives you 
two to five times the perform
ance of other 8 -bit processors. 
For a whole lot less. 

In tact, at $14.10 tor100 pieces, 
75% less than last year. (Because 
high volume shipments are 
already pushing the 8088 down 
a super fast price curve.) 

And about 20% less than you'd 
pay tor a Z80 or MC6809 system. 

For some simple reasons. 
The 8088 runs at full speed 

with slower speed memories 

than you need tor other 8-bit 
microprocessors. 

And about 1 /3 less memory at 
that. Thanks to its powerful instruc
tion set that helps you reduce 
the size of assembly language 
programs. 

Which together with the 8088's 
library of high level software 
(Pascal , CP/M, Basic and Fortran) 
should help you cut the other part 
of system costs. The part that's 
larger than hardware. 

But even though you 're paying 
less, you 'll be getting more. 

Like 1-megabyte addressing . 
Extra power tor 16-bit number 

crunching . 
And taster string processing . 
Fact is, our recent benchmarks 

show the 8088 runs circles 
around a Z80A, Z80B or MC6809 

when it comes to terminal and 
small business applications. 

But don't think you have to stop 
there. With any of our iAPX 88 
multiprocessor configurations, you 
can give performance an added 
boost - and still keep the cost 
and simplicity of an 8-bit system. 

For 100 times the through
put on number crunching , just 
choose the iAPX 88/20 system. 

Relative Performance 
Intel Zilog Motorola 

8088 Z80B MC6809 
(5 MHz) (6 MHz) {2MHz) 

Computer 
Graphics 1.0 0. 1 0.05 
16-bit 
Multiply 1.0 0. 17 0.5 
Block 
Move 1.0 0.75 0.49 
Full details of these benchmarks available 
in the iAPX 88 Book. 
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bit performance barrier 
going broke. 

It combines the power of the 
8088 with our 8087 numeric 
coprocessor. 

Or if you 're worried about 
getting bound up in 1/0. Don't. 
Select our iAPX 88/11 system 
that speeds 1/0 processing three 
~fivetimesbypuWngan8088 

Just clip this coupon and send 
it with $5 to Intel Corporation, 
Literature Department, 3065 
Bowers Avenue, Santa Clara, CA 
95051 . (Or call 408-987-8080.) 

We'll send you the book on 

how to design iAPX 88 systems 
and a coupon good for one 
free 8088 . 

Everything you need to start 
breaking through barriers
without going broke. 

CIRCLE NO 40 
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SPECIAL REPORT 

Alphanumeric displays and keyboards and high-level-language 
programming combine in the newest hand-held machines. 

Jim McDermott, Special Features Editor 

Highlighting personal programmable scientific calcula
tors this year is the emergence of a new generation of 
hand-held machines featuring extended horizontal al
phanumeric displays and full-alphanumeric keyboards. 
Additionally, these calculators (some call them comput
ers) are programmed not in the efficient machine 
language associated with standard scientific calcula
tors, but in high-level BASIC. 

Offered by Radio Shack, Sharp, Casio, Panasonic and 
Quasar, the horizontally stretched machines feature 

Alphanumeric capabilities and BASIC programming characterize 
programmable pocket computers. (Photo courtesy Radio Shack) 
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dot-matrix LCD screens that display 20 to 24 charac
ters. Furthermore, such alphanumeric displays are also 
appearing in new lower priced scientific programma
bles with 11- or 13-character readouts. 

Most familiar of the BASIC machines is the Radio 
Shack $230 TRS-80 Pocket Computer, which has been 
available for some time. Sharp, which manufactures the 
machine for Radio Shack, introduced it recently under 
its own label as the PC-1211 Pocket Computer. The 
dot-matrix display on both of these devices is remark
ably like that of Sharp's EL-5100 (introduced in 
mid-1979), the first scientific programmable calculator 
into which a user could write alphanumeric formulas 
without first translating them into machine language 
(EDN, June 20, 1979, pg 97). The -5100's display also 
prompts the user during program runs. (Actually, the 
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Keyboard configurations vary; 
units aim at typewriter ease 

small segmented LCD characters at the top of the main 
matrix display. 

-5100 is only pseudoprogrammable: It can't handle 
independent subroutines or loops.) 

Other new hand-held computers have similar display 
characteristics. Casio's FX-702P Programmable Calcu
lator displays as many as 20 alphanumeric characters, 
while the HHC (Hand Held Computer) from both 
Panasonic and Quasar shows a maximum of 26. (The 
HHC is marketed by both companies under their own 
brand names. ) 

Although the EL-5100 and Pocket Computer displays 
can present 24 characters at a time, their display 
register holds up to 80. As you enter more than 24 
characters, the display scrolls off screen to the left to 
provide space for the new input. You can recall all 
characters, however, whenever needed. And when 
you're using angle and operational modes (Deg, Rad, 
Grad, Run, Pro, Reserve and Def), they are flagged by 

Keyboard configurations in the new machines show 
more variety than the displays. The alphanumeric 
keyboards of the Radio Shack/Quasar units are laid out 
in typewriter-keyboard format, for example. No doubt 
the original idea was to pattern these keyboards after 
those of desktop computers, but the space allocated is 

Calculators handicap horse races performances (number of races, 
wins, places, shows and earn
ings), data on performance in the 
last three races and the two best 
speed ratings. Once you enter all 
this information, you press NEXT 
and repeat the process until 
you 've completed it for all horses 
in a race. Then you press ANA
LYZE, and the display shows five 
numbers : the first two are post 
positions; the last three, rating 
numbers for the top horse, You 
record these numbers and repeat 
the procedure three more times 
until you 've collected the five num
bers for the second- , third- and 
fourth-rated horses, 

Statistical analysis is traditionally 
boring, even if you 're using a 
powerful statistical machine such 
as the Casio FX-702P. But four 
other statistical programmable 
calculators on the market guaran
tee to keep you wide awake-
they' re all programmed to handi
cap thoroughbred horseracing. 
The four are Mattel 's $125 Horse 
Race Analyzer , AP F's $100 
Kel-Co Horse Racing Computer 
and Leisure Time Development's 
$50 Starshine Race Track Com
puters II and Ill (the latter for 
international handicapping). 

If you 're a programmable-calcu
lator buff, you 'll be very enthusias
tic about Mattel's sophisticated 
machine. It's the Hewlett-Packard 
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HP-41-equivalent in its class, pro
viding 20 data-input keys and 
requiring 31 entries for each horse 
in a race, As you input each factor, 
the calculator's elaborate LCD 
prompts you to enter the next one 
in sequence. To obtain a sufficient 
statistical base, Mattel advises 
using it only for races in which at 
least 60% of the 3-yr-old (or older) 
horses have at least five races in 
their past performances listed in 
the handicapper's equivalent of 
EON, the Daily Racing Form. 

Statistics called for on the 
Mattel Analyzer for each horse 
include purse, race, distance, post 
position, days since last race, 
races run since a 30-day (or more) 
rest, current and previous years' 

At this point you're on your own , 
If the computer ratings for the top 
four horses are widely separated, 

A sophisticated programmable machine requiring 31 inputs for each horse in a race, 
the Mattel Horse Race Analyzer includes an elaborate LCD that prompts the 
handicapper with the name of his next required entry 

The simplest handicapping computer, from Leisure Time Development, requires 
only four entries to provide a rating, 
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so compressed that you can't use them with both hands 
like a desk machine. It's also confusing to pick out an 
alphabetic sequence in a word when you "hunt and 
peck." And unfortunately, BASIC requires consider
able amounts of word entry. Casio, on the other hand, 
lays its keyboard out in a 5-row A-to-Z sequence, 
making it easier to pick out individual letters. 

recorder for data storage and retrieval. 
The printer produces as many as 16 columns per line 

on small standard paper rolls. The special set of adapter 
cables supplied with the interface connects it to the 
recorder. Radio Shack recommends its CTR-80A 
recorder for automatic program control and transfer of 
information because other units might not interface 
properly with the cables. 

Peripherals add capability 

All of the newer machines provide optional peripher
als. The Radio Shack and Sharp Pocket Computers, for 
example, furnish a $150 11 x3.5-in. printer/cassette 
interface in which the calculators mount. The interface 
serves two functions: to provide an on-board printer 
and to allow the machine to interface with a cassette 

Casio's $200 FX-702P also allows you to store and 
retrieve programs on tape and provide printer output. 
For those functions, you need the optional $50 FA-2 
adapter and the $90 FP-10 miniprinter (available next 
month). The FA-2 is not compatible with the firm's FA-1 
adapter, which is used interchangeably with the older 
-502P and the new lower cost -602P. 

the selection seems obvious, but 
when they're close together, you 
must input other factors (dis
cussed in Mattel 's instruction 
book) in the Daily Racing Form. 

Mattel claims that in a sample of 
500 races, the computer's top
rated horse finished first, second 
or third some 57% of the time. 
However, a limitation of the prod
uct is the time required to make all 
entries: For a 10-horse race, you 
must enter 310 inputs. 

To speed up selection, try a 
calculator such as APF's Horse 
Racing Computer. The program
ming in this machine is adopted 
from a slide rule (the Kel-Co Class 
Calculator) first marketed in 1969. 
Running on a custom version of a 
Texas Instruments TMS 1100 µP, 
the APF machine's program is 
based on the "principle of estab
lished class ratings" for thorough
bred racehorses. It assumes that 
a thoroughbred class is best mea
sured by the size of the purses for 
which a horse has successfully 
competed in the recent past. The 
calculator determines a horse's 
class rating as a function of the 
track on which the horse is run
ning and its finish positions and 
earnings (taken from past-perfor
mancecharts in the Racing Form). 

The unit has four track keys 
(Tc1 -Tc4) and four finish-position 
keys (1st, 2nd, 3rd, 4th) . Only 12 
or 13 entries are required for each 
horse to obtain an E/R (earnings 
rating) . Specifically, a horse en-
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Requiring six data inputs for each horse 
in a race, this APF Electronics machine 
computes established class ratings-a 
statistically proven handicapping method. 

tered in a race with a lower purse 
value than called for by its estab
lished class rating is a strong 
potential bet. On the other hand, a 
horse with a lower class rating 
than the purse size would indicate 
it is seldom a serious contender. 

The simplest handicapping cal
culator, the Race Track II , picks 
winners by calculating a horse's 
median average. Specifically, it 
requires that you input (from the 
Daily Racing Form) two median 

ratings from the results of the 
horse's last three races: the speed 
rating and the horse's position at 
the finish. Then you need only two 
more inputs: the jockey's weight 
and the specific speed rating of 
the horse's last race. Only four 
data-entry keys are required: 
MSR (median speed rating), RC 
(race weight carried in today's 
race); LSR (speed rating for the 
last race run) and PAF (median 
position at finish). Pressing an 
RSMR key then gives the horse's 
rating, which you can compare 
with those of others in the race. 

This 5-step procedure is fast 
and simple, and according to a 
testing-laboratory report, one of 
the three highest rated horses (in 
a 100-race sample) finished first 
55% of the time, or first, second or 
third 95% of the time. The highest 
rated horse finished first only 20% 
of the time. 

How do the pros view these 
computers? Says Tom Flanagan, 
author of Beat the Races (Arco 
Publishing): "Studying the [Daily 
Racing Form] ... gives ' the op
portunity to apply [your] mind to 
something really worthwhile, be
cause predicting the winner of a 
horse race is an intellectual in
quiry of amazing depth and diffi
culty. Nowadays the PhDs and 
the mathematicians, armed with 
computers , are studying the rac
ing game, but they'll find out that it 
isn't as easy as making an atom 
bomb." 



Some units furnish extensive 
peripheral support 

plug-in software modules. These 24-pin ICs plug into 
the HlOOO main unit (it holds three) and add such 
specialized features as BASIC and/or scientific/engi
neering number crunching. Panasonic plans to offer 
approximately 12 of these specialized-application cap
sules within several months. When it comes to peripherals, though, Panasonic's 

RL-HlOOO HHC represents the most ambitious system
development program. Originally announced more than 
a year ago, it is now scheduled for delivery near the end 
of this year. 

Panasonic has embarked on an extensive program of 
providing support peripherals, the basic philosophy 
behind the RL-HlOOO being to provide a portable 
business computer with the power of a desktop system. 
And although packaged in an attache case, the 
RL-HlOOO is not intended to be a low-cost system: The 
HHC machine itself costs about $600, but when it's 
configured with a full set of peripherals its price jumps 
to about $2500. 

As you might have guessed, the HlOOO's generic 
operating system is not written in BASIC. Rather, it 
uses a language named SNAP, a derivative of FORTH. 
(A detailed description of the language and machine 
architecture appears in Byte magazine, January 1981). 
The firm chose SNAP because the language achieves a 
2: 1 data-compression advantage over assembly lan
guage; thus, it's fast running. Another factor in the 
language's favor: It permits the machine to mate easily 
with a wide variety of peripherals. Panasonic proposes 
to offer 

Even though the HlOOO's architecture is oriented 
primarily toward business users, the machine can be 
adapted for scientific or engineering applications with 

• An acoustic telephone modem for full- or half
duplex communication via public telephone lines, . 
spec'd at 110 or 300 bps and using asynchronous 
bit streams. Data is five to eight bits wide 
(selectable) and available with or without a parity 

A software club for pocket computers 
Publications of independent cal
culator-software clubs such as the 
PPC Club in Santa Ana, CA (for 
years publisher of a monthly PPG 
Calculator Journal devoted to 
Hewlett-Packard machines) and 
the Tl Programmable Calculator 
Club (regular producer of Tl PPG 
Notes), are now joined by the 
Pocket Computer Newsletter 
(Seymour, CT). Appearing 10 
times a year, this newsletter 
chronicles developments and pro
vides program listings and com
mentary from subscribers. Al
though previous issues have 
given extensive coverage to the 
Radio Shack/Sharp Pocket Com
puters, the publication will also be 
passing on tips on the Panasonic/ 
Quasar H HCs and Casio FX-702P. 

All the publications contain a 
prodigious amount of valuable 
information. Members of the PPC 
Club and the Tl Programmable 
Calculator Club, for example, 
have produced and exchanged 
valuable software not available 
from the calculator manufacturers. 

Richard Nelson, founder of the 
PPC Club, reports that synthetic
programming efforts by members 
with HP-41 C/CVs continues to 
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expand machine capabilities. With 
synthetic programming you dis
cover surprising new features that 
the designers of the original ma
chine never dreamed of. 

For example, one HP-club 
member has discovered that he 
can produce 83 display characters 
rather than the 59 alphanumeric 
characters and symbols described 
in the owner's manual. And anoth
er member, astrophysicist William 
C Wickes, has produced a superb 
example of synthetic program
ming. When the -41 C is digesting 
a problem, it lets its user know it's 
alive by propelling a cartoon 
"goose" from left to right across 
its display. Wickes has not only 
gotten a goose to face back
wards, but also fly backwards, 
shed droppings, flap its wings, 
stream by in flocks of as many as 
nine and even collide head on with 
its factory-hatched predecessor. 
(Wickes is now an HP employee.) 

Other pending software-club 
developments include 4k and Bk 
EPROMs that will complement the 
HP-41 C/CV's 64k-ROM address
ing capability. And another proj
ect, initiated in August 1979 and 
now about to reach fruition , is the 

development of a programmer's 
ROM that contains 153 short, 
efficient routines that you can call 
up in writing programs. Some 
5000 of these ROMs, produced in 
collaboration with HP, have just 
become available to the mem
bers. The user's manual docu
menting the routines is 500 pgs 
long. For more information, con
tact Nelson. 

Maurice Swinnen, who runs the 
Tl Programmable Calculator Club, 
reports that members have dis
covered a Fast mode for the Tl 59. 
In this mode, program execution 
occurs without calling the program 
into the display register. Bypass
ing this C register increases 
speed by a factor of two. Howev
er, the price you pay is that 
everything must be directly ad
dressed; you can't use labels. 

Another new discovery submit
ted to the Tl club from an over
seas member is an expanded 
Graphics mode that allows you to 
address all of the individual dots of 

· the thermal-printer dot matrices. 
Use of this graphic programming 
provides control of some 300 
character and symbol ·variations. 
For information, contact Swinnen. 
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check. The 5V power required comes- from the 
HHC mainframe. 

• A programmable CMOS memory protected by an 
internal battery backup. It has a standard 
capacity of 4k bytes and is expandable to 8k. 

• A capsule-extender interface that allows you to 
connect four ROM capsules in addition to those 
already in the HHC. Each capsule can provide as 
many as 128k bits. 

• A 5x8 dot-matrix thermal microprinter with a 
16-character column width. 

• An RS-232C serial interface using 5- to 8-bit 
asynchronous data and ASCII. Data-transfer 
rates are standard, ranging from 110 to 9600 bps. 

• An VO-driver unit that allows you to connect as 
many as six peripheral units through a 44-pin 
edge connector in the HHC main unit. (You can 
connect only one without the I/O adapter.) 

• A cassette adapter that allows you to attach two 
recorders spec'ing transfer rates of 1200 bps. 

• A TV adapter, termed a video RAM, that 
interfaces with a color TV-either indirectly 
through an RF terminal or directly to the video 
signal. With it you can display 16 lines of 32 
alphanumeric characters using a 5 x 7-dot matrix. 
Other graphic display modes are also available. 

Despite the HHC's extensive capabilities, though, its 
intrinsic calculating capability comes from a simple 
4-function calculator with only percent and memory 
features. But for mathematical applications, an 8k 
capsule that converts the machine to Microsoft-BASIC 
operation will be available. It will provide all the 
trigonometric and scientific functions that BASIC 
offers. (The Microsoft BASIC in the HHC is a full 
BASIC language equal in power to that of the Apple II, 
Panasonic says.) 

Back to BASICS 
Simpler in scope than that of the Panasonic machine, 

the Radio Shack and Sharp Pocket Computers' BASIC 
capitalizes on the machines' use of an on-board 
calculator chip as well as a processing chip. With these 
chips, the machines can provide trigonometric func
tions and their inverses; natural and common logs; 
natural antilogs; square roots; decimal-to-degree/ 
minute/second conversion (and its inverse); and inte
ger, signum and absolute-value functions-all keyboard 
accessible in BASIC. 

Interestingly, the Integer function in these machines 
converts a displayed positive nonintegral value to the 
next lowest integer, which is what you'd expect. 
However, for negative numbers you'll be surprised to 
find that unlike the case with most other standard 
personal scientific calculators, taking the integer func
tion of -2.45 produces -3 rather than -2. In the same 
vein, you can raise a number to a power with simple 
BASIC commands, but you can't take the yth root of x 
without using a special subroutine. Close examination 
shows that Radio Shack and Sharp have sacrificed 
several other functions included on most powerful 
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A full-alphanumeric dot-matrix display capability is designed into 
the Casio FX-602P (a). Both upper- and lower-case characters are 
available in its set of 86 keyboard-accessible letters, numbers and 
symbols (b), which get displayed 11 characters at a time. 

An ambitious effort to produce an extensive system of peripherals 
and a capable hand-held computer, Panasonic 's RL-H1000 is aimed 
at business use. 
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Is BASIC best for extensive 
calculations? 

scientific machines in favor of the convenience of 
BASIC (see box, 'Who needs BASIC?'). 

Swap program steps for data storage 
An interesting feature of the Radio Shack/Sharp 

Pocket Computers is a variable program memory of 
1424 steps max and a fixed data memory of 26 registers 
(A to Z). A 16-stage function stack and an 8-stage data 
stack, both transparent to the user, temporarily store 
instructions and data for processing. However, you can 
call upon unused program memory to store data; hence, 
the memory is designated "flexible." 

These machines also provide a very useful feature in 
their ability ·to teli, at any time and in any operating 
mode, exactly how many program steps and registers 
are available for data storage. When you key in a MEM 
command and then press the Enter key, XXXX STEPS 
YYY MEMORIES appears in the display. (However, 
the readout does not include the 26 data registers 
(seven characters per register) that store sequences of 
characters, including letters, blanks, numbers and 
special symbols. This MEM ENTER command works 
in all four of the machines' operational modes: Pro 
(program), Run, Def (definable) and Reserve. 

Pro and Run are typical operational modes used for 
writing and running programs. Def and Reserve, on 
the other hand, exhibit powerful new features. One is 
the ability to assign just one key for a function or for an 
entire program that you use frequently. 

Eighteen keys (A, S, D, F, G, H, J , K, L, =, Z, X, C, 
V, B, N, M, SPC) can be reserved for a particular 
function (or program), and once reserved, they are 
available for both manual calculations and programs. 
Forty-eight program steps are allocated for the reserv
able keys, and if the contents of the key allocations 
exceed 49 steps, the machine signals an error. You can 
readily check the assigned keys by reviewing them in 
Reserve mode. You can also assign programs to any of 
the 18 keys in Pro mode and execute them in Def mode. 

The Panasonic/Quasar machines' programmable-key 
capability is less extensive than that of the Radio 
Shack/Sharp calculators. The HHC machines are limit
ed to three special assignment keys (fl, f2 and £3) that 
you can allocate to any sequence of keystrokes, 
including most function keys. Pressing one of these 
keys produces the sequence of operations assigned to 
it. The keys find use in SNAP and BASIC programs. 

Debugging made easy 
The Radio Shack/Sharp machines use a DEBUG 

command in Run mode and a LIST command in Pro 
mode, along with the Step Forward ( T ) and Step 
Backward ( J_ ) keys, for program debugging and 

COMPARISON OF BASIC-LANGUAGE FEATURES 
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FEATURES 

COMMANDS/STATEMENTS 

CASSETTE CONTROL 

OPERATIONS 

FUNCTIONS 

VARIABLES 

OTHER 

NOTE: 

RADIO SHACK/SHARP 
POCKET COMPUTERS 

RUN, NEW, MEM, LIST, CONT, CLEAR, 
INPUT, PRINT, PAUSE, USING, LET, 
STOP, REM , BEEP, FOR, TO, STEP, 
NEXT, GOTO, GOSUB, RETURN, IF, 
THEN , AHEAD 

CSAVE, CLOAD, CLOAD?, PRINT#, 
INPUT#, CHAIN 

+, -, *,/,( ), >,<,> = , 
<> =. = 

SIN , COS, TAN , ASN , ACS, ATN , 
EXP, LN , LOG, INT, ABS, v. 
DEG, OMS, SGN , DEGREE, RADIAN, 
GRAD, rr, I\% 

A"-'Z, A ( ), A$"-'Z$, A$ ( ) 

? # ! 

CASIO FX-702P 

RUN, VAC, LIST, DEFM, INP, PAT, 
WAIT, FOR, TO, STEP, NEXT, IF, THEN , 
GOTO, GSB, RET, SET, STOP, END, 
PASS, LIST V, LIST ALL, CLR, 
CLR ALL, DEL, LEN , MID 

SAVE, SAVE ALL, LOAD, LOAD ALL, 
PUT, GET, VER 

+ , - , *, /, ( ),<,>,~,~, 

*· = 
SIN , COS, TAN , ASN , ACS, ATN, HSN, 
HCS, HTN, AHS, AHC, AHT, EXP, LN, LOG 
INT, FRAC, ABS, SQR, AND(, DEG(, OMS, SGN, 
RPG, PRC, RAN# [DEGREE, RADIAN, GRAD]*, 
11, ( x)!, t (STATISTICS): MX, MY, 
SOX, SOY, SDXN , SDYN , LAA, LAB, COR, 
EOX, EOY, CNT, SX, SY, sx2, SY2, SYX. 

A"-'Z, A ( ), A$"-'Z$, A$ ( ) 

' ; : " ? # ! 

*DEGREE, RADIAN AND GRAD ARE NOT WRITTEN IN AS WITH RADIO SHACK/SHARP 
MACHINES BUT ARE SELECTED USING A MODE KEY. 
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The printer cradle foi the TRS-80 Pocket Computer also serves as 
an interface to a cassette recorder that preserves programs on tape 
or loads them into the machine. 

Full keyboard labeling of BASIC statements and math functions 
along with single-key entry of both make this Casio FX-702P 
programmable calculator easy to use. 

editing. The DEBUG function executes a program one 
line at a time, verifying not only the calculation, but 
also the instructions for it. LIST calls up the program, 
beginning with the first step, and you then step 
through it using the Step Forward key. Alternatively, 
you can call out a particular line number and go 

Who needs BASIC? 
Like the controversy that raged a few years ago 
debating the merits of reverse Polish notation vs 
algebraic notation, a new one questions whether 
BASIC is an effective language for scientifical and 
mathematical programming. The results of the 
debate aren't yet in. 

BASIC is oriented toward data and information 
processing, and it uses a conversational language 
for its inputs. On the other hand, the calculator user 
who is programming extended numerical computa
tions wants to concentrate on the intricacies of the 
solution; that is, he wants action, not words. 
Additionally, BASIC reduces the amount of memory 
space available for data storage and manipulation 
because a large amount of the machine memory 
gets used up in handling the language-compiler 
chores. For example, one designer tried a filter 
program on his Radio Shack TRS-80. He found that 
there was insufficient memory for that program in 
the TRS-80, but he was able to fit it into a Tl 59 in 
about half that machine's memory space. 

BASIC is, nevertheless, an easy-to-use language 
and has some advantages. And in minimizing the 
workload of inputting BASIC, Casio's FX-702P is 
superior to the other BASIC machines because 
Casio designers have merged the codes not only for 
the scientific and math functions, but also for BASIC 
statements. Thus, one key entry gives you both the 
math function and the BASIC statement. In fact, the 
resulting operation is very close to that of a standard 
scientific programmable calculator. 
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backward or forward from there. By the same token, 
you can readily list programs via the printer. 

To edit and merge programs stored on magnetic 
tape, you merely transfer them into the Pocket 
Computer, perform the necessary operations and then 
transfer them back onto the tape. Radio Shack plans to 
expand its current software library of tape-cassette 
programs over the next few months. 

Casio packs the most math power 
The most powerful math capability of the currently 

available horizontally stretched hand computing ma
chines resides in Casio's FX-702P. Although pro
grammed in BASIC, this machine offers several 
functions not usually found in that language. Indeed, it 
has all of the functions of the Radio Shack/Sharp Pocket 
Computers and several others besides (table). For 
example, you get hyperbolic and inverse hyperbolic 
functions, fractionalization (FRAC-removal of the 
integer part of a number), coordinate conversions from 
rectangular to polar and vice versa, a round-off feature 
(ROUND), a random-number generator (RAN#) and X 
factorial (X!). In addition, the -702P has 17 prepro
grammed functions for statistical analysis, nine of 
which are single-key accessible, with the other eight 
requiring 2- or 3-letter inputs. 

The -702P also features an excellent man-machine 
interface. For example, the surface of its keyboard's 
alpha section is loaded with information that guides you 
when you enter either math functions or BASIC
command statements. 

This information appears in the form of three types of 
key inscriptions associated with 28 of the 35 alpha
section keys. The first is the letter, punctuation mark 
or BASIC symbol that's on the face of the key itself. 
The second is the BASIC mnemonic for the math 
functions, printed in red just above the keys. The third 
is a BASIC command printed in blue, just below the 
keys. You gain access to the red functions (SIN, COS, 
TAN, etc) by first pressing a red Fl shift key, and you 
call up the blue statements (FOR, TO, STEP, GOTO, 
etc) via a blue F2 shift key. 
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Swap space between program and 
data storage as needed 

and 26 A to Z data registers. However, in a manner 
similar to that used in the Radio Shack/Sharp machines, 
you can convert program steps to data registers in 
groups of 10 registers, with each register taking eight 
program steps. Therefore , if the number of data 
registers is increaseed to a maximum of 226, the 
program steps decrease to a minimum of 80. 

You can enter BASIC functions and statements either 
the hard way-by spelling them out on the keyboard
or the easy way-by using the red or blue shift keys 
and then pressing the key at which the red or blue 
function or statement is located. The latter approach is 
not only easier, but with all of the BASIC information 
spelled out in front of you, it helps shorten the learning 
period each time you press a key and reinforces the 
lesson each time you use the machine. You learn fast! 

A DEFM (blue) command expands the data-memory 
bank, but should an insufficient number of program 
steps be available for the call , an error message appears 
to protect programs already written. Backup power for 
all registers and program memories prevents loss of 
data and program information. 
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The FX-702P sports a program capacity of 1680 steps 
Casio has carried over the efficient program-control 

architecture of the older FX-502P (EDN, June 20, 

Battery life up, battery life down 
In the days of LED-display calcu
lators, an annoying problem was 
the constant care required by 
rechargeable NiCd batteries. 
Then along came CMOS and 
LCDs, and battery drain dived to 
permit an unheard-of but very 
welcome 1000 hrs or more of 
continuous use with silver-oxide 
button cells. As a result, you could 
forget the battery for a year. 

But the battery tide is shifting 
again: Battery life has decreased 
in the new hand-held computing 
machines. The Radio Shack/ 
Sharp Pocket Computers, for ex
ample, use a 5.4V source of four 
Type 674 mercury cells and 
achieve an estimated operating 
life of 300 hrs. Casio's FX-702P 

employs two CR2302 3V lithium 
cells, providing an expected life of 
200 hrs. And Casio's FX-602P, 
successor to the 1000-hr FX-
502P, uses the same two CR2302 
cells but achieves an expected life 
of 500 hrs with the FA-1 adapter. 

The Panasonic and Quasar 
HHC main units, meanwhile, sup
ply power to most of their periph
erals and as a result require five 
NiCd rechargeable cells. Addition
ally, the thermal printers for the 
calculators discussed in this arti
cle also use rechargeable NiCd 
batteries because of their relative
ly high drain. 

The silver-oxide cells ' high cost 
has created an expanding interest 
in designing new calculators and 

The rising cost of silver is pressuring calculator designers to substitute mercury, 
manganese-dioxide or lithium cells for a wide variety of these silver cells from Union 
Carbide Corp. 

other electronic devices around 
manganese-dioxide cells, accord
ing to Gilbert Merritt Jr, manager 
of battery engineering at Union 
Carbide. Alternatively, some cal
culator manufacturers approve 
the substitution of these alkaline 
manganese cells for the silver
oxide units in their machines. For 
example, Sharp calls for either 
three LR44 manganese-dioxide 
cells or three G 13 silver-oxide 
cells in the EL-5103. (However, 
note that the LR44s provide only 
about 450 working hours, com
pared with 1400 for the G13 cells.) 

Considering the high price of 
silver-cell. replacement (on the 
order of $3.25 to $3.50) , owners of 
other calculators might also be 
tempted to replace them with the 
manganese cells instead. But 
Merritt warns of possible prob
lems if your calculator also has a 
clock circuit. Specifically, although 
most calculator circuits operate 
down to 1 V or less, such clock 
circuits have a higher cutoff volt
age. Additionally, although silver 
cells maintain a relatively constant 
voltage throughout their life, the 
voltage across manganese cells 
drops off gradually. Thus, with a 
manganese cell, the clock circuits 
stop working before the calculator 
quits. As a result, Merritt suggests 
staying with the silver cells if you 
own a clock/calculator ; they're 
more cost effective anyway. 
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1979, pg 97) into the -702P. For instance, you can assign 
10 program keys (PO to P9) as labels for as many as 10 
programs or subroutines. Additionally, you get trans
parent stacks for 10 levels of subroutines, eight levels 
of FOR-NEXT loops, 10 levels of temporary storage for 
numerical values and 20 for calculation elements. 

Program checking and editing occur through LIST 
and TRACE commands, as well as with a special 
DEBUG command that specifies the type of error in a 
specific line of the program. To check and edit 
programs in Run mode, a LIST command automatically 
steps through the program, dwelling about 2 sec on 
each line in sequence. In Wrt mode , a LIST command 
allows you to step through the program one line at a 
time using the Exe key. 

Unfortunately, the machine has no Backstep key. To 
accomplish this function , you must clear the line from 
the display and reinsert a LIST command with the 
desired line number. 

The -702P also provides a useful feature that shows 
you which of the 10 program areas contains information 
and which are available for programs. For example, 
assuming that Pl, P3 and P7 store programs but the 
remaining areas are free, if you initiate the Wrt mode, 
the readout displays READY PO: 0_2_456_89. Addition
ally, the number of program steps available appears in 
a small 4-digit display at the far right of the screen. As 
programming proceeds, the number displayed decreas
es with each step used, thus providing a constant check 
on space available for program or data allocation. 

As an added feature, the -702P accepts prepro
grammed ROM cartridges to extend its programming 
capabilities. The firm expects to offer 10 such cartridg
es by the first of next year. 

The FX-702P lets you protect your programs by 
providing the ability to assign passwords or code names 
to them. When you don't want others to know a 
program's contents, or if you don't want anyone else to 
change a program, you assign to it a scrambled code 
word of as many as eight letters, numbers or symbols. 
These passwords are effective for each program and are 
attached only to PO-P9 programs. 

You would use the following format to attach a 
password, enclosing the password in quotes: 

PASS "#$" EXE 
PASS "GLUBZ" EXE 
PASS "AZ-1" EXE 

You can clear the password by clearing the entire 
program or by reinputting it. When checking a 
program, if you input a password following LIST, it is 
temporarily canceled for that LIST command. 

Older calculators are improved 
Overshadowed by the interest in the new BASIC 

hand-held machines are two other new scientific 
alphanumeric programmables that use machine lan
guage: Casio's FX-602P and Sharp's EL-5103, both 
updated versions of earlier machines. 

The -602P includes upper- and lower-case letters in 
its 86-character/symbol dot-matrix display repertoire. 
But because it's packaged in a more conventional 
vertkal design, it can display only 11 characters at a 
time. However, all input commands are written on the 
display, simplifying program checking, correction, 
addition or deletion. The -602P, an improved version of 
the well-known -502P, plugs into the same FA-1 
cassette adapter; thus, you can load -502P programs 
into the -602P from cassette tape. Although the 

Calculator manufacturers and additional 
sources of programmable-machine information 
For more information on personal scientific calculators and related products and activities, contact the following 
manufacturers or software clubs directly or circle ths appropriate numbers on the Information Retrieval Service card. 

APF Electronics Inc 
1501 Broadway 
New York, NY 10036 
(212) 869-1960 
Circle No 655 

Canon Inc 
10 Nevada Dr 
Lake Success, NY 11040 
(516) 488-6700 
Circle No 656 

Casio Inc 
15 Gardner Rd 
Fairfield , NJ 07006 
(201) 575-7400 
Circle No 657 

Hewlett-Packard Co 
1000 NE Circle Blvd 
Corvallis, OR 93770 
(503) 757-2000 
Circle No 658 
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Leisure Time Development Corp 
1931 Mott Ave 
Far Rockaway, NY 11691 
(212) 327-1119 
Circle No 659 

Mattel Electronics 
5150 Rosecrans Ave 
Hawthorne, CA 90250 
Circle No 660 

Panasonic Co 
1 Panasonic Way 
Secaucus, NJ 07094 
(201) 348-7000 
Circle No 661 

Quasar Electronics 
9401 W Grand Ave 
Franklin Park, IL 60131 
(312) 451-1200 
Circle No 662 

Radio Shack 
(All L Halley) 
1300 One Tandy Center 
Ft Worth, TX 76102 
Phone local store 
Circle No 663 

Sharp Electronics Corp 
1 O Keystone Pl 
Paramus, NJ 07652 
(BOO) 447-4700 
Circle No 664 

Texas Instruments Inc 
Box 53, M/S 5842 
Lubbock, TX 79408 
(806) 747-3737 
Circle No 665 

Toshiba America 
82 Totowa Road 
Wayne, NJ 07470 
(201) 628-8000 
Circle No 666 

Union Carbide Corp 
Battery Products Div 
270 Park Ave 
New York, NY 10017 
(212) 551-4276 
~ircle No 667 

Software Clubs 

Pocket Computer Newsletter 
Box 232 
Seymour, CT 06483 
(203) 888-1946 
Circle No 668 

PPC Club 
2545 W Camden Pl 
Santa Ana, CA 92704 
(714) 754-6226 
Circle No 669 

Tl Programmable 
Calculator Club 
Box 710 
Lanham, MD 20706 
(301) 459-5458 
Circle No 670 

79 



Get
11
a $20 rebate 

ont e 
Tl-59 Programmable. 

Even without the $20 
rebate, the TI-59 is special 
-it's our most powerful 
programmable, and we've 
never offered it at a lower 
pnce. 

State Software TM modules 
and successfully attack 
complex engineering, 
business, statistical and 
scientific problems. And by 
adding the optional PC-IOOC 
printer, you can record your 
calculations. But if that's not 
enough, any TI-59 owner can 

join our Professional Program 
Exchange for access to over 
2500 additional programs. 

So if you like the idea of 
having real programmable 
power, take us up on the rebate 
offer. Buy a TI-59 now, and fill 
out the coupon below. The off er 
ends December 31, 1981. 

The TI-59 gives you up to 
960 program steps, or up to 100 
memories, plus magnetic card 
read/write capability. You can 
also slip in one of Tl's Solid TEXAS INSTRUMENTS 

I I bought my Tl-59 Progra: abl::t 
I (store name): _____ _ 
I and have attached the dated sales 

I 
receipt and completed customer infor
mation card (packed in box). My Tl-59 

I Serial No. is (from 

I 
back of calculator). Please send my $20 
rebate check to: 

I I NAME-----------

' ADDRESS-----------

' I CITY STATE __ ZIP __ _ 

I Send to: Texas Instruments Tl-59 Rebate Offer, 
I P. 0. Box 725 Dept. 59, Lubbock, Texas 79491. ~ 

NOTE: Proof of purchase must be dated between August 1, 'n I 1981 and December 31, 1981. Offer void where prohibited. U/ 

I 
Offer good only in U.S.A. Rebate applies to purchases of 
Tl-59 Programmable only. Items must be postmarked by 

~==~~ Allo~d~sfu~livecyL::::w_:oo~~-

INCORPORATED 



Protect pr~grams with 
special passwords 

converse isn't true, the lack isn't very important. 
The FX-502P's keyboard is relatively unchanged in 

the -602P, except that Casio has added to the 
keyboard-face markings new letters and symbols that 
you can call into the display via the keys. You gain 
access to these new characters by putting the machine 
in Alpha mode, one of three new ones. (A second new 
mode partitions the data registers, and the third 
verifies partitioning upon demand.) 

You can transfer programs and data from the 
calculator through the FA-1 adapter and reload them 
using microcassette, standard cassette and open-reel 
recorders. And for the -502P music-lover owner who 
programs tunes on tape, the -602P extends the 
repertoire from 20 to 80 notes over three octaves. 

The FX-602P doubles the size of the -502P's program 
memory to 512 steps. All of these steps can divide into 
10 programs or subroutines by means of the PO to pg 
keys. Because of its highly merged codes, the -602P 
minimizes effective step numbers; thus, one step 
generally corresponds to one function. As a result, you 
can easily manage 3-dimensional equations, parentheti
cally nested numbers and other complex formulas. 

As in the -702P, the -602P's 22 data registers can be 
increased to a maximum of 88 by transferring unused 
program steps to them. And with an algebraic hierar
chy similar to that of Tl's Algebraic Operation System, 
you can nest 33 levels of parentheses in the -602P. 

The FX-602P also provides the capability of designat
ing special-function keys. You can assign the PO to pg 
keys as labels for 10 programs and digits 0 to g as labels 
for unconditional jump (GOTO) destinations. As many 
as nine subroutines can be called in a main program 
using the GSB key followed by a Pl to pg key. 

Conditional jumps for X=O and X2=0 judge the 
display-register contents; X=F and X2= F compare the 
contents of the X and MF registers. Two other 
conditional jumps (IDZ and DSZ) control repeated 
operations running in a loop. Indirect addressing 
designates a jump designation. 

The -602P has the same password feature as the 
-702P. And its calculating speed is higher than the 
-502P's. For example, decomposing the prime number 
37g721 into other primes requires 37 sec, compared 
with 1 min, 15 sec on the -502P. 

The other new machine-language-programmable cal
culator, Sharp's EL-5103, furnishes a 13-character 
scrolling alphanumeric display. It's a lower priced 
repackaged version of the EL-5100, which, as noted, 
set the format for today's generation of pocket 
computers. The number of steps storable in the display 
register equals 80 for both machines, but data memo
ries are reduced from 10 in the -5100 to six in the -5103. 
You can input expressions with as many as 15 levels of 
parentheses and eight levels of pending operations in 
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A vertically styled wallet-type version of its manufacturer's 
EL-5100, Sharp's EL-5103 has a scrolling display of 13 characters. 
The display buffer can hold 80 characters, however. 

the -5103. 
Sharp has managed to package all 61 of the -5100's 

scientific and math functions into the -5103's more 
conventional vertically oriented 2. 75 x 5-in. form factor. 
Power drain is reduced: You get an estimated 1400 hrs 
of continuous use from three silver cells, compared with 
1000 hrs on the older machine. EDN 

Article Interest Quotient (Circle One) 
High 479 Medium 480 Low 481 

NEXT TIME 
EDN 's September 30 issue will feature a 
Special Report on gate-array ICs, plus articles 
on a variety of additional topics : 

• Optimizing flash AID-converter operation 
through the use of track/hold amplifiers 

• The theory and application of tone
decoder ICs 

• The use of memory segmentation in 
Intel's iAPX 432 32-bit µP 

... and much more. Also look for Technology 
Update pieces on solid-state relays and 
voltage regulators, plus our regular Design 
Ideas and A Question of Law departments. 
You can't afford to miss this issue! 

EON: Everything Designers Need 
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16-bit multi-tas ing operating sys
tem for most M68000 and Z8000 
based systems. 

Hemenway's MSP real-time 
system is an efficient and com
prehensive operating system 
for industrial or business use. 

MSP Systems Software 
is easily adaptable to any 
hardware configura
tion . And because it's 
designed to be exten
sible, you can mold 
your operating sys
tem to your needs 
by adding new fea
tures or modifying 
existing ones. 
Quickly and easily. 

t.askS and communicate Witti e 
other through submit functions 
(pipes) and mail-boxes (tubes). 

You can also have macro assem
blers, text editors, floating point pack
ages. monitors, scientific packages, 
linking loaders, single-user operating 
systems and high-level languages. 
Off-the-shelf. 

For the hard facts on Hemenway 
software, write or call: 

Hemenway Corporation, 
I 01 Tremont St. , Boston. 

MA02108. Phone: 
617-426-)931 . 

L-L'J,'- TWX 710321 1203 . 
TELEX 

921 735 . 



EDN µC Design Series 

Add the FFT 
to your box of design tools 

Implementing the fast Fourier transform and its inverse 
on your personal µC can increase your productivity. 

Robert H Cushman, Special J=eatures Editor 

The three previous articles ii1 this series have focused 
on how LSI and VLSI devices are allowing-even 
forcing-OEM design engineers to make greater use of 
number-crunching techniques. We've pointed out that 
number-crunching functions such as simulation, signal 
processing and numerical analysis will become com
monplace in all aspects of designers' professional iives: 
They will be part of design analysis and laboratory 
testing and will be embodied in all sorts of products, 
from space-ship guidance corriputers to children's 
talking toys. Here, we wind up dur miniseries on digital 
processing by expanding on the subject of the last 
article (Ref 1): the fast Fourier transform (FFT) and its 
inverse (IFT). 

These tools, implemented as algorithms on your 
personal computer, allow you 'to switch between the 
time and frequency domains with minimal effort. They 
are particularly suited to personal-computer use be
cause, unlike the concepts in other areas of digital 
processing, they apply primarily to one design task. 
Once you have this task computerized as part of your 
disk- or cassette-based library of design-aid programs 
(Fig 1), you'll be able to use it throughout your OEM 
design work. 

Two FFT listings start you off 
The program listings for FFTs and IFTs shown in 

Figs 2 and 4 are only two of the many available. We 
have been running them for familiarization and thus 
know that they work. Note that each uses different 
symbols; we have retained the authors' ndtation 
because we didn't want to risk introducing errors. 

These programs, which come from Refs 2 and 3, 
consist of FFT and IFT subroutines callable from a 
main program. In Fig 2, the subroutine runs from line 
500 to 1060; in Fig 4, from line 3000 to 3228. The 
remainder of each program consists ·of short main 
programs that prepare for the use of the subroutines. 
They take care of such tasks as dimensioning the arrays 
to hold the data and defining the main parameters. We 
have written these main programs so they interactively 
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Fig 1-Personal µCs tBr an engineer's use in design analysis 
need not be expensive. The author's system costs approximately 
$ 1000. It consists of a Rockwell Aim-65 µ.C with 4k RAM ($600) , an 
Epson MX-80 printer ($400) and an audio cassette recorder ($50). It 
can run the FFT/IFT programs shown in Figs 2 and 4 with as many as 
128 points in about 50 sec. 

ask you for the necessary parameters and give you a 
painless way of learning about FFTs and IFTs. 

Note that in each case the same subroutine si!fVes for 
both the FFT (time domain to frequency domain) and 
the IFT (frequency domain to time domain). The only 
difference is a sign bit , which you set up by your choice 
of FFT or IFT at lines 11 , 12 and 13 in Fig 2 or lines 
102, 103, 104 and 105 in Fig 4. 

Both of the programs are written in Microsoft 
BASIC (to run on our Aim-65 µC) . If your µC uses a 
BASIC other than the Microsoft version , you might 
have to make minor modifications in notation, but they 
shouldn't prove difficult. Some of the textbooks on 
BASIC for µPs provide guidelines for such conversions. 
For background on the programs themselves, see Refs 
2 and 3; Ref 3, especially, gives a detailed explanation 
of F FT mechanics. 

The programs occupy approximately 1700 bytes of 
RAM; each array element requires an additional five 
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Two BASIC-programmed FFT/IFT 
algorithms provide experience 

bytes. These requirements limit us to 128-point trans
forms in our Aim-65 , which has just 4k of RAM. It 
takes us approximately 50 sec to execute a 128-point 
FFT or IFT-far faster than the 1 hr a 128-point 
transform would take with the discrete-Fourier-trans
form (DFT) algorithm. 

Today's typical personal µC has 8k or 16k of RAM 
and therefore should be able to execute FFTs and IFTs 
as large as most engineers would want-to 512 or 1024 
points. These larger transforms should take approxi
mately 5 or 10 min, respectively. (Actually, even for 
our shorter FFTs and IFTs, we have found that the 
chore of entering the input data and the long wait for 
results printout become annoying when we attempt 
transforms with more than 32 points. For larger 
transforms, we assume that most engineers would want 
to incorporate automatic data acquisition and display 
the results graphically on a CRT. However, the 
programs as presented are adequate for their primary 
purpose-providing a vehicle for your initial self
education in FFTs and IFTs.) 

4 PRINT" (( 7 161X )) " 
5 PRINT " ****************** " 
6 F'R INT" FFT /!FT" 
7 PRINT " AFTER WAGGENE R" 
8 PRINT"****************** " 
9 INPUT "DATE" ;DA$ 
10 INPUT"HR";HR$ 
11 INPUT"FWD - DR -INV" ; AN$ 
12 IF AN$="F" THEN D=O 
13 IF AN$="!" THEN D= I 
20 INF'UT"M=" ;M 
30 N= 2 ''·M 
3 1 PRINT"N=" ;N 
3 2 DIM X( N, 2l 
35 IF D=O THEN PRINT"INPUT TIME DOMAIN DATA" 
36 IF D=I THEN PRINT"INPUT FREQ DOMAIN DATA" 
40 FOR I=l TO N 
41 PRINT"----------- ---- --- " 
44 PR I NT" INPUT X ("I ; ", 0 l X ( " I; ", 1 l " 
45 INPUT X (I, Ol, X (J, ll 
50 NE XT I 
51 PRINT" ==================" 

• 

55 IF D=O THEN PRINT"TIME DOMAIN INPUT DATA ARRAY JS:" 
56 IF O= l THEN PRINT"FREQ DOMAIN INPUT DATA ARRAY JS:" 
57 PRINT"POINT REAL !MAG" 
60 FOR 1=1 TO N 
70 PRINT I;" ,; ; X ( I, 01 ;" "; X (I , I l 
80 NEXT I 
11 0 GOSUB 500 
111 PRINT" //////////////////" 
112 IFD=O THEN PRINT"NOW JN FREQ DOMAIN'" 
113 IF D=I THEN PRINT"NOW JN TIME DOMAIN!" 
114 PRINT"XFRMD DATA IS : " 
115 PRINT"POINT REAL !MAG" 
120 FOR I=l TO N 
130 PR I NT I; " "; x (I~ 0) ; II " ; x ( I ' 1) 
140 NEXT I 
142 PRINT"==================" 
145 PRINT" - DONE-" 
150 END 

500 REM******************** 
501 REM FFT / IFT SUBROUTINE 
502 REM******************** 
550 N= 2 ''M 
560 REM***DO BIT SHUFFLE*** 
570 N2=N/2 
580 Nl =N- 1 
590 J=l 
600 FOR l=l TO NI 
610 IF I >=J THEN 680 

Figs 3 and 5 show demonstration runs of the two 
programs. These runs repeat the short 8-point FFT 
example from Ref 2, obtaining essentially the same 
answer (except for the imaginary sign). You can use 
them as a check. 

If you've never used the FFT/IFT, we suggest 
several exercises using the Fig 2 or Fig 4 programs 
(Fig 6). For each exercise, we advise performing both 
the FFT and the IFT on the waveforms and spectra so 
that you can see to what degree you can go back and 
forth between domains. 

First, perform an FFT on an elementary de "wave" 
and observe that a de level in the time domain produces 
only an amplitude at N =O in the frequency domain. 
Then, using the IFT, try positive and negative and zero 
levels for both the real and imaginary values of the de 
or N=O frequency, leaving all other points zero. 

Second, try the same operations on pure sine waves. 
You'll find that the easiest way to obtain a time-domain 
sine wave is to enter the spectral-line magnitude in the 
frequency domain and then use the IFT to plot the 
time-domain wave shape. Shift the time wave in phase 
and use the FFT to see what happens to the spectrum; 
observe the changes in the magnitudes of the real and 
imaginary components, indicating that the resultant 
vector is rotating in phase . 

630 Tl=X (J, 01 
640 T2= X < J, 1 > 
650 X(J,Ol=X(J,Ol 
655 XCJ,l)=X<I,U 
660 X(J,Ol=Tl 
670 X(J,ll=T2 
680 K=N2 
690 IF K >=J THEN 73(1 
700 J=J-K 
710 l<=K/2 
720 GOTO 690 
730 J=J+K 
740 NEXT I 
750 REMl*IEND OF SHUFFLElll 
760 51=-1 .. 
770 IF D=O THEN 790 
780 Sl=l 
790 P1=3.1415926535898 
800 FOR L=l TO M 
810 L1=2"·L 
820 L2=L1 / 2 
830 Ul=1 
840 U2=0 
850 Wl=COS<Pl / L2 l 
860 W2=SllSJN(Pl / L2l 
870 FOR J=l TO L2 
880 FOR I=J TO N STEP Ll 
890 Il=I+L2 
895 REM***DO BUTTERFLY*** 
900 Vl=(X (Jl, Ol *Ul-X ( JI, lllU2l 
910 V2=(X(Jl,ll1Ul+X(ll,01*U2l 
920 X(J l ,Ol=X<I,Ol-Vl 
930 X (I 1, 1 ) =X ( I, ll -V2 
940 X( J, Ol =X (l , Ol +Vl 
95(1 X (I, ll =X (I, ll +V2 
960 NEXT I 
970 REMll•DO TW!DL FACTOR *** 
975 U3=Ul 
976 U4=U2 
980 Ul=(U31Wl-U4*W2l 
990 U2=(U4*Wl+U31W2 l 
1000 NEXT J 
1010 NEXT L 
1020 IF 0=1 THEN 10 6(1 
1030 FOR I=l TD N 
104(1 X<I~O> = X<I.O >IN 

1045X(!,l l =X(l,11 / N 
1050 NEXT I 
1060 RETURN 

Fig 2-This FFT/IFT program, from Ref 2, was created for use in instrumentation evaluations. 
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PRINT" -6261A" 
2 POKE4, 1 13:POKE5,232 : X=USR< X> 
3 LI ST 
4 PRINT" (( 7 16 1X>> " 
5 PRI NT " ******************" 
6 PRINT " FFT / IFT" 

PRINT " AFTER WAGGENER" 

<< 7 16 1X>> 
****************** 

FFT /!FT 
AFTER WAGGENER 

****************** 
DATE? 7/25/8 1 
HR? 10 .1 7 A 
FWD- OR - INV? F 
M=? 3 
N= 8 
INPUT TIME DOMAIN DATA 

INPUT XI 1 , O> XI 1 ,1> 
? 1 
?? 0 

INPUT XC 2 ,O> X< 2 ,1> 
? 2 
?? (l 

INPUT XI 3 ,O> XI 3 , 1> 
? 1 

?? 0 

I NPUT XI 4 ,O> XI 4 ,1) 
? 1 
?? 0 

I NPUT X I 5 , 0) X I 5 , 1 > 
? 3 
?? (I 

INPUT XI 6 ,O> XI 6 ,1 > 
? 2 
?? (I 

INPUT XI 7 ,O> XI 7 ,1> 
? 1 
?? 0 

INPUT X ( 8 , 0) X ( 8 , 1) 
? 2 
?? 0 

Fig 3-A trial of Fig 2's program performs a short 8-point FFT. 

50 PR IN T" ********************* " 
55 PRINT" FFT / IFT " 
57 PR iNT" AFTER CHAMBERLIN" 
6 0 PR INT " *********************" 
6 1 PRINT" 727 1A - USDFT BASI C" 
62 PRINT" ON ROCKWELL AIM-65" 
63 PRINT "=====================" 

2 120 FOR I=O TD N-1 
2 12 1 PRINT"------------------" 
2130 PRINT I;Dl l l l/N;D21 I l/N 
2 140 NE XT I 
2 142 PRINT"==================" 
2 143 PRINT"RESULTS : MAG VECT" 
2 150 FOR I=O TO N-1 
2155 PRINT"-- - - --------------" 

TIME DOMAIN INPUT DATA ARRAY IS• 
POINT REAL !MAG 

2 
3 
4 
5 
6 
7 
8 

2 

3 
2 

2 

0 
0 
0 
0 
0 
0 
0 
0 

/////l////.1/lll/// 

NOW IN FREQ DOMAIN! 
XFRMD DATA IS: 
POINT REAL !MAG 

I 1. 625 0 
2 -.161611652 
. 0883883 476 
3 .25 -.125 
4 -.338388347 
. 0 883883476 
5 -.125 0 
6 -.338388348 

-.0883883476 
7 
8 

. 25 .125 
-. ,161611653 

-.0883883476 

-DONE-

3115 N4=N4 /2 
3 11 6 IF Nl+N4 >N2 GOTO 3 115 
31i7 Nl=Nl - INTCN1 / N4 l *N4+N4 
3118 IF N1 <=N3 GOTO 3 125 
31 19 Tl=!Jl CN3> 
3 120 D1CN3l =Dl<Nll 
3 121 DI <Nl>=.Tl 
3122 T2=D2< N3) 100 INPUT"DATE:";DA$ 

10 1 INPUT "HOUR:";HR$ 
102 INPUT"FWD- OR- INV";AN$ 
103 IF AN$="F" THEN Fl=! 
104 IF AN$="!" THEN FI=- 1 
10 5 PRINT''FI='';FI 

2 160 PR INT"V " ; I;"="; SOR (01 ( I ) ,...2+02 (I ) ''·2 ) I N 
2 170 NEXT I 

3 123 D2<N3> =D2(N1) 
3124 D2C N1 >=T2 

110 INPUT"RUN DESCR";CM$ 
200 PRINT 11 ============::::====0:::=" 
2000 PRINT" SET FFT /!FT SIZE, N" 
2010 INPUT "K=" ; K 
20 11 N=2 ''K 
2020 DIM Dl(Nl 
2021 D.JM D2 IN) 
2022 PRiNT"N=";N 
2035 PR INT" --- ---- INPUT DATA--" 
2040 FOR I=O TO N-1 
2044 PRINT"--'-FOR POINT," ; I; "---" 
2045 INPUT "REAL";DI(! ) 
2046 INPUT"!MAG " ;D2< 1 > 
2 0 50 NE XT I 
2 110 GOSUB 3000 
2 11 3 PRINT" //////// / // ///// // " 
2 114 PRINT"RESUL TS: REAL !< !MAG" 
2 115 IF FI=- 1 GOTO 2200 

2 175 PRINT"================== " 
2 190 PRINT" -DONE-" 
2195 END 
2200 REM PRINT !FT RESLTS 
2210 FOR I=D TD N- 1 
2215 PRINT"------------------ " 
2220 PRINT I;Dl<I>;D2CI> 
2230 NEXT I 
2240 PRINT"==================" 
2250 PRINT " -DONE-" 
2260 END 
3000 PRINT" -7031B-" 
300 1 PR INT "================== " 
3002 PRINT " FFT/IFT SUBR" 
3003 PR I NT" (CHAMBERLIN> " 
3004 PRINT"==============:::::=== " 
3 11 0 N=2'·~; 

3 111 Nl=O 
3 11 2 N2=N- 1 
3113 FOR N3= 1 TO N2 
3 114 N4 =N 

3 125 NE XT N3 
3200 REM***DD CMF'LX FFT*** 
32 10 N4= 1 
32 11 N6=2 *N4 
3212 FOR N3=0 TD N4-1 
32 13 A=FI•N3*3.14159265359/N4 
3214 C=CDS<A> 
3215 S=S IN CA> 
32 16 FOR N7=N3 TO N-i STEP N6 
32 17 N8=N7+N4 
32 18 Tl=C*DICN8l-S*D2 CN8> 
32 19 T2=C*D2<N8 l +S*DICN8> 
3220 DICN8l=Dl<N7 l -Tl 
3221 D2C N8 >=D2< N7 >-T2 
3222 Pl<N7>= D1CN7> +T1 
3223 D2< N7)=02C N7>+T2 
3224 NEXT, N7 
3225 NE XT N3 
3226 N4=N6 
3227 IF N4 <N GOTO 32 11 
:3228 RETURN 

Fig 4-This FFT/IFT program, from Ref 3, was produced for use in music-synthesis applications. 

****************** 
FF'T /! FT 

AFTER CHAMBERLIN 
****************** 

703 1D - USDFT BAS I C 
ON ROCKWELL AIM-65 

DATE : ? 7 /15 / 81 
HOUR: ? 12 .1. 0 1 P 
FWD- DR - INV? F 
FI = I 
RUN DESCR? WAGGENER SAMF'LE 

SET FFT/ I FT SIZE, N 
k=? 3 
N= 8 
------- INPUT DATA--
---FOR POINT, 0 
REAL ? 1 
IMAG? 0 
---FOR POINT, I --
REAL ? 2 
!MAG? 0 

---FOR POINT, 2 
REAL? I 
!MAG? 0 
---FOR POINT, 3 --
REAL ? I 
!MAG? 0 
~--FOR POINT, 4 --
REAL ? 3 
!MAG? 0 
---FOR POINT, 5 --
REAL ? 2 
!MAG? 0 
- --FOR POINT, 6 --
REAL? I 
!MAG? 0 
---FOR POINT, 7 --
REAL? 2 
!MAB? 0 

-703 1B-

FFT / IFT SU8R 
CCHAM8ERLIN> 

/l//l///l//I//!/// 
RESULTS: REAL & !MAG 

0 !. 625 (I 

1 - .16161i652 
- .0883883475 

2 . 25 . 12~ 

3 - . 338388348 
- .0003803 476 

4 -. 1 25 (I 

5 -. 338 388348 
. 08838834 75 

6 . 25 - . 125 

7 - .1 6 161 1652 
. 08838834 76 

Fig 5--A trial run of Fig 4's program, like the trial run in Fig 3, performs an 8-point FFT. 
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=========~======~= 
RESULTS: MAG VECT 

v (I = 1.625 

v 1 = .18420322 

v 2 = . 279508497 

v 3 = . 349741582 

v 4 = .125 

v 5 = . 3 49741582 

v 6 = . 279508497 

v 7 = .18420322 

-DONE-
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Try some basic exercises tQ 
familiarize yourself with FFT/IFTs 

Third, try combinations of multiple cosine and/or sine 
waves. Here, too, the easie.st way to construct these 
waveforms is to start in the frequency domain, draw in 
magnitude~ at various ha~monics and then use the IFT 
to generate the time-related amplitudes for the compos
ite wave. Here, you'll see now neatly the algorithm can 
handle . multitone signaling, such as that used in 
Touch-Tone dialing. 

Fourth, try square waves, both single pulses and in 
pulse strings. Determine what size. FFTs you need to 
handle them, the test being whether the IFT will 
reproduce the original square wave. 

Fifth , substitute some staterr~nts to have your 
inputs automatically generated by equations for variuus 
curves. We found the exponentially decaying waveform 
from Ref 4 quite instructive in this regard because it 
was backed by the rigor of that authoritative reference. 

Sixth, fry arbitrary waveforms, sketched by hand or 
obtained from an A/D converter. This exerCise provides 
the challenging assignment of generally interpreting 
FFT/IFT results. It raises several questions: 

• When have you exceeded the Nyquist cutoff 
bandwidth? 

• What is the interpretation of aperiodic signals? 
(The FFT/IFT in theory only applies to periodic 
signals.) 

• What is the effect of window distortion (briefly 
covered in Ref l )? . 

You will soon see that although the FFT/IFT is 
readily usable and obviously very valuable, fts exact 
interpi·etation can often be a puzzlement. At this point , 
your intellectual curiosity will be properly whetted, and 
you'll be primed to study the many excellent references 
on FFT/IFT theory and practice. We suggest that you 
start by obtaining the IEEE list of publications, which 
contains some of the best recent texts on the subject. 

About this time you might also begin to wonder how 
the FFT relates to similar analysis techniques, parti~u
larly correlation (Ref 5). The answer is that correla
tion, which only works in the time-to-frequency direc
tion (it has no IFT equivalent), cari sometimes be 
superior for analyzing the periodicity of simpler 
time-domain signals. However, the FFT/IFT combina
tion proves best for complex waveforms and is the only 
tool for working in both directions. 

Using the FFT/IFT 
To illustrate how you might use Fig 2 and 4's tools, 

examine how three engineers have already used them. 
The first two are the authors of the programs; the 
third, a research engineer with RCA. 

William Waggener, Fig 2's program's author and an 
engineer with Sangamo Weston (Sarasota, FL) , uses 
the FFT for evaluating the frequency response of 
instrumentation tape recorders. He records a known 
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signal and then plays it back, digitizes the waveform 
and performs the FFT to obtain amplitude and phase 
response. He likes the FFT because it can be 
performed automatically and rapidly. 

A distinct advantage of the FFT is that it allows 
"1-shot" tests in which you ex:amine several frequencies 
of interest simultaneously. The recorded test signal can 
be a composite of several frequencies (perhaps con
stn.icted with the aid of the IFT), and the response 
spectra via the FFT show the magnitudes and phases 
for each of them. (Alternatively, a time-dorriain wave
form rich in harmonics, such as a square wave, can 
serve as the test input.) 

Waggener agr~es with our experience that the 
printout, rather than the FFT calculation itself; is the 
tedious part of this analysis. His 256-point FFTs take 
only about a minute or sci to calculate. He recommends 
piotting the re~ults graphically: Even though this 
plotting takes time, the resulting human interpretation 
of the plot can be rapid. Sangamo's goal, reports 
Waggener, is to fully automate the test using IEEE-
488-connected instruments such as a digital storage 
scope, HP 85 computer and plotters. 

Hal Chamberlin, Fig 4's program's author, explains 
that his prime interest in the .FFT/IFT is for its use ih 
musical analysis and synthesis. Su~h direct digital 
synthesis of music with the FFT/IFT is used by leading 
musical experimenters at Bell Laboratories and Stan
ford University. 

Although music exists only in the time domain, it is 
best analyzed and synthesized in the frequency domain, 
says Chamberlin. He uses the FFT to transform 
musical passage~ into the frequency domain, then 
analyzes and creatively alters them, then uses the IFT 
to retilrn them to the time domain to be played. 

Chamberlin divides musical passages into a series of 
10- to 50-msec windows and performs 128- to 512-point 
FFTs on these windows. The more rapidly changing 
the sound, the narrower the windows must be, but for a 
given window duration, there must be enough FFT 
points (enough AID conversion samples) to provide the 
desired frequency resolution. 

Fig 7 shows our diagramatical interpretation of the 
tradeoffs. The extremes go from crude fidelity at the 
lower left-hand corner to high fidelity at the upper 
right-harid one. In the lower left-hand corner, wide 
50-msec wiridow_s and short 128-point transforms pro
duce unacceptable results--0nly 1.28-kHz Nyquist 
bandwidths. At the uppef right-hand corner, narrow 
10-msec winc;lows and longer 512-point transforms 
produce excellent 25.6-kHz bandwidths. We also plot a 
point for a 20-msec window and a 1024-point transform; 
this combination might be a goal for use in future 
high-fidelity music systems. 

Chamberlin's company, Micro Technology Unlimited 
(Raleigh, NC), sells software based c;m the Fourier 
transform (currently using the slower discrete version) 
that allows µC owners to create multipart music. When 
creating compositions in the frequency domain, it's easy 
to specify the spectrum for more than one instrument 
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Fig &-Perform these famil iarization exer~ises to gain expertise in FFTllFT operations. By transferring back and forth between 
the time and frequency domains on simple, elementary curves like these, you can gain qri initia /.familiarity with the FFT and /FT and 
ready yourself for more serious st~dy of the u.nderlying theory. - · · 
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FFT/IFT algorithm helps 
simulate music digitally 

and then have all instruments play simultaneously in 
the time domain. It's also easy in the frequency domain 
to define the characteristics of the individual instru
ments so th~t they either sound like conventional 
instruments or have entirely original characteristics. 

c 'hamberlin's software is used to create time-domain 
look-up tables , which, when scanned by a µP and fed to 
a DAC in real time, "play" the composition. His book 
(Ref 3) provides a good general discussion of the direct 
digital synthesis methods in contrast to analog ("Moog 
synthesizer") approaches. Even readers not interested 
1n music will le;irn more about the uses of the FFT and 
IFT from it. 

We speculate that in the future, when fast FFT/IFT 
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chips become available at low cost, you'll see electronic 
musical instruments that make use of the FFT and IFT 
in real time. For example, you can imagine an 
instrument in which the keyboard inputs represent 
frequency-domain choices (as indeed they now do with 
most instruments) which are converted in real time by 
IFT algorithms into time-domain waveforms that drive 
speakers. You can also imagine how easy it will be to 
add software-driven real-time signal processing to 
further alter the waveforms being played , and perhaps 
to automatically generate accompanying instruments. 

An impressive FFT application 
·Our third example of FFT/IFT use comes from Stu 

Perlman of RCA's Princeton, NJ Laboratories, who 
over a 3-yr period developed a complete digital
computer simulation for TV systems for use as a design 
tool. Described in ~ef 6, Perlman's simulation covers 
everything from the initial Ilght entering the TV 

100 

50 FREQUENCY · 
DOMAIN 

RESOLUTION (Hz) 
(FUNDAMENTAL 

FREQUENCY 

33 
AT N = 1) 

25 w1~ w I-
rn o 

z 

20 

512 1024 

SIZE OF FFTllFT 
NUMBER OF POINTS (N) 

88 

NOTES: 
1. WINDOW DURATIONS LESS THAN 20 mSEC BECOME TOO 

SHORT FOR HUMAN EAR TO RECOGN IZE TONE PITCH . 
2. HIGH FREQUENCY-DOMAIN RESOLUTION DEMANDS LONGER 

WINDOW DURATIONS. BECOMES MORE IMPORTANT 
FOR LOWER TONES IN MUSICAL SCALE. 

3. HIGHER BANDWIDTHS DEMAND FASTER A/D & DIA 
CONVERSIONS AND MORE COMPUTER MEMORY FOR 
LARGER FFTl lFTs INVOLVED. 

4. NARROW WINDOWS NEEDED TO FOLLOW RAPIDLY CHANG ING 
MUSIC PASSAGES. 

Fig 7-FFT-parameter tradeoffs for audio applications reveal the combinations of window width and sampling frequency most 
useful in those applications. 
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camera at the studio to the light coming out of the home 
viewer's set. It models the camera, broadcast link and 
receiving set. 

The FFT and IFT are used 11 times in this computer 
simulation to transfer back and forth between the time 
and frequency domains. Such transfers are essential, 
because certain computations along the signal path can 
only be done in the time domain and others only in the 
frequency qomain. (For example, it is only possible to 
check on the depth of broadcast modulation if the signal 
is in the time domain, but filtering can best occur in the 
frequency domain.) 

Perlman's choice of FFT/IFT window duration and 
number of points involved a tradeoff that pushed him 
well beyond the limits of most personal-µC systems. He 
wanted to capture the basic periodicity of the TV 
signal, and that meant using a window spanning two 
TV horizontal lines or 127.11 µsec. Then, to achieve 
adequate bandwidth he was forced to a very large 
4098-point FFT/IFT (resulting in a 16.11-MHz Nyquist 
or cutoff bandwidth). To perform these large trans
forms, he used an IBM 370 mainframe with 900k words 
of core memory. 

The 370, programmed in FORTRAN IV, provides 
virtually instant simulation runs. Perlman believes that 
current 8-bit µPs, especially if programmed in inter
preted BASIC like that of our Fig 2 and 4 programs, 
would be impossibly slow and would not have the 
memory capacity to hold his large array (approximately 
4M bytes, we estimate). However he acknowledges 
that the coming generation of 16/32-µPs might be able 
to handle this degree of simulation. EDN 
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A millisecond's 
power outage 
and all the data 
in the memory 
are lost - unless 
the backup 
battery's alive. 
Only TADIRAN' s 
safe, hermetically 
sealed lithium/ 
thionyl-chloride 
batteries have the 
low self-discharge 
characteristics and 
the energy density 

(420 Wh/Kg& 
800 mWh/ cm3 ) 

to offer absolute 
assurance that 

they' ll still be alive 
10 years from 

now. 
For information 

contact Plainview 
Electronics Corp., 

28 Cain Drive, 
Plainview, NY 

11803, 
516/249-6677. 
Telex: 125043. 

*Manufactured by 
Tadiran·lsrael 
Electronics. 

PLAINVIEW ELECTRONICS 
CIRCLE NO 42 

Itching ... 
for a Thermal Printer? 

Don"t Scratch Your Head! 

Don't scratch your printhead. that is. Only the Hecon A0550 Thermal 
Printers lift the printhead away from the paper during paper advance. 
This unique feature reduces unnecessary wear and extends print
head life to a minimum of 4 million lines at 2 lines per second. 

Designed for long term reliability, the A0550 uses cast parts for 
consistent and dependable operation Even the rubber roller uses an 
exclusive compound to ensure accurate paper position and superior 
print quality. 

Available in 20 or 40 column versions. you can specify desktop 
complete units or OEM mechanisms. Two copy thermal paper is also 
available. 

If thermal is the way you go. don't scratch your head- make Hecon 
your destination1 

It's got to be good. It's a Hecon. H [ H EC 0 N.J 
Hecon Corporation. 31 Park Road. Tint on Falls. NJ 07724 

• (20 1) 542-9200 
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Now, HP has two more ways to cut 
digital troubleshooting costs. 

The Signature Multimeter. 
Before signature analysis (S.A.) tr-ouble
shooting microprocessor boards was tedious, 
time-consuming and costly. $.A. changed this 
by giving each complex bit stream its own unique 
hexadecirnal signature, e_nabling technicians 
with minimum traini11g to identify fau lty nodes. 

Now, the HP SOOSA Signature Multimeter goes 
the next step by cornbining a high speed signature 
analyzer with a DMM, frequency/ time interval 
counter and logic probe in one compact, light
weight package. T his versatile combination adds 
a new level of convenience, making it easier 
than ever to track down faulty components in 
both service ancl production environments. 

The SOOS A Signature Mµltimeter offers features 
new to S.A.: preset logic thresholds for TTL, 
ECLand CMOS; variable thresholds (± 12.5V); 
a clock-qualified Signature Analysis mode ; and 
a 20 MHz clock rate coupled with a lOns set-up 
time for highs.peed logic. It only weighs 8 lbs. 
(3,5 kg.), so it travels anywhere. The price 
is $2500~ 

02 1038 

T~e Microprocessor Exerciser. 
Here's a simple way to take advantage of S.A. 
even if it isn't designed into your product. Just 
ins~rt your product's microprocessor into an 
HP Microprocessor Exerciser, plug the Exerciser 
into the empty microprocessor socket, and use 
the Exerciser's ROM to run test stimulus pro
grams. Over 50 self-contained S.A. stimulus 
programs thoroughly exercise the micro
processor, buses, ROM , RAM and I/O circuitry. 
Easi ly monitor the resulting signatures at your 
product's test points with HP 5004A or 5005A 
Signature Anaiyzers. · · · 

Prices: the riew 5001C (for 8085A), $900*; 
the new 50010 (for Z80) , $1075*; the 5001A (for 
6800) , $900~ . 

For more information, call the HP regional 
office nearest you: 
East (201) 265-5000, West (213) 970-7500, 
Midwest (312) 255-9800, South (404) 955-1500, 
Canada (416) 678-9430, or write to · 
Hewlett-Packard Co. , 
1820 Embarcadero Road , Palo Alto, CA 94303. 

• Pr!ces domestic U.S. only. 

r//'09 HEWLETT 
~~ PACKARO 
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Noise-property analysis 
enhances PLL designs 

You can c~lculate phase noise based on loop-component specs 
and thus determine the worst-case performance of PLL systems. 

Larry Martin, Consultant 

With the mathematical and graphical techniques pre
sented here for predicting phase noise in your phase
locked-loop (PLL) output, you can cost effectively 
specify the required performance when evaluating 
PLLs. This capability proves important because the 
phase-noise performance of subsystems such as indirect 
frequen~y synthesizers in receiver systems can deter
mine system performance. 

~eview puts PLL fund~mentals in perspective 
Two eq~ally valid sets of nomenclature-phase

domain or frequency-domain terms--can be used to 
describe PLL parameters (Fig la). The phase-domain 
definitions of interest are: 

e~(s)= input phase to the loop (rad) 
00(s)=output phase of the loop (rad) 
0E(s)=phase error in the loop (rad) 
0v(s)= phase correction to the VCO (rad) 
Kr(s) =phase-detector gain (V /rad) 
A(s) = loop-amplifier gain CV IV) 
Kv(s)= VCO transfer gain (rad/sec/V) 
KoCs)= VCO phase-transfer gain (rad/V). 

LOOP 
AMPLIFIER 

PHASE- 8o(S) DOM,A;IN 8R(S) Kp(S) e. (s) A(s) 
SYMBOLS t\J 

FREQUENCY-
w0(s) DOMAIN wR(s) K~(s) VE(S) A(s) 

SYMBOLS N 

(a) 

In Laplace-transform terms, VCO phase-transfer 
gain relates to VCO voltage-transfer gain through 

Ko(s) = Kv(s)/s. 

Then, in control-theory terms, the loop's output 
phase in terms of its input phase is specified by 

8 0 (s)/8 R(s) = G(s)/[1 + G(s)H(s)], 

where 

G(s) = Kp(s)Ko(s)A(s) = Kr(s) Kv(s)A(s)/s 

and f!(s)= l /N. Here, G(s) equals system forward gain 
(F ig lb), and H(s) represents feedback-path gain. 

Frequency-domain notation, on the other hand, 
requires some additional definitions: 

8v(S) 

Vv(s) 

wo(s)= loop output frequency (rad/sec) 
wR(s) = loop input frequency (rad/sec) 
f0(s)= loop output frequency (Hz) 
Ms) loop input frequency (Hz) 
K<1>(s)=phase-detector transfer gain (V/Hz). 

.------- OUTPUT 

1 K0(s) 8o(S) 
N 

1 Kv(S) Wo(S) 
"N 

(b) 

Fig 1- Two sets of nomenclatu re--<>ne relating to the frequency domain and the other to the phase domain-can describe a PLL 
system (a). In (b), G(s) represents the system's forward gain and H(s) equals the feedback gain. 
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PLL-s1Jbsystem phase-noise level 
can determine syst~m performance 

In terms of frequency, the loop equation now reads 

f0(s)/fR(s) = w0(s)/wR(s) = G'(s)/[1 + G'(s)H(s)], 

where 

G'(s) = Ki,(s)Kv(s)A(s) = Kr(s)Kv(s)A(s)/s 

and K1>(s)=Kr(s)/s. Thus, G(s) = G'(s), and the transfer 
functions are identical. 

Next, recognize the loop characteristic equation: 

1 + G(s)H(s) = 0. 

The highest degree of this equation determines the loop 
order, and the number of poles of the open-loop transfer 
function , G(s)H(s), located at the origin determines 
loop type. (PLLs are generally Type 1 loops because of 

1 the finite gains of loop amplifiers and other real-world 
~ components.) 
' With this nomenclature background , note that to 
· change PLL parameters (Refs 1, 2 and 3 review loop 
· parameters) you can usually only modify A(s). Fig 2 
illustrates typical circuit configurations for changing 
loop type or order. 

Thne-domain terms describe phase noise 
The output of an oscillator in the time domain is 

v(t) = [Vo + v A(t)]cos[wo(t) + e(t)], 

where Vo is the average signal amplitude, w0 is the 
signal's average radian frequency, V A(t) is the signal's 
instantaneous amplitude fluctuation and 0(t) is the 

LOOP TYPE G(s) H(s) A(s) 
_ K_ _ K'_ 
5(5 +a) 5+a 

2 ~ K'(5 +a) 
52 

3 K(5 + al(5 + b) K'(5 + al(5 + b) 
53 52 

signal's instantaneous phase fluctuation. Because this 
article focuses on signal phase properties, assume small 
amplitude fluctuations-usually a safe assumption be
cause an oscillator's phase noise usually greatly exceeds 
its amplitude noise at small frequency offsets from the 
carrier. Furthermore, assume small phase fluctuations. 

Now consider a signal with the small phase deviation 
<Pm, phase modulated by a sine wave of frequency wm: 

v(t) = V 0cos(w0t + cf>msinwmt). 

This equation expands trigonometrically to 

v(t) = V 0{(cosw0t) [cos(</>msinwmt)] 

- (sinw0t)[sin(cf>msin wmt)]} 

and, by Bessel functions of the firt;t kind, to 

v(t) = V0{J0(</>m)cosw0t + JiC<f>m)[cos(wo + Wm)t 
- cos(w0 - wm)t] + J 2(</>m)[cqs(w0 + 2wm)t 
+ cos(w0 - 2wm)t] + · · 1 

where <Pm is the modulation index and J oC <!>m), J 1(<!>m) and 
J 2( </> m) are the Bessel functions. For <l>m<0.2, these 
equations yield 

J1C</>m)/Jo(</>m) = </>mf2 for </>m < 0.2. 

Because the modulation index <f>m equals 

tPm = Af/fm, 

where Lif denotes peak frequency deviation, 

J 1C</>m)/Jo(<f>m) = Lif/(2fm). 

This expression gives the amplitude of the modulation 
sidebands in the freqµency domain. · 

If the frequency deviation remains constant and 
independent of the modulating freqµency , sideband 

POSSIBLE CIRCUIT 

~ 
0 I 0 

= Lj£:J : 

Fig 2-These circuits represent typical configurations you can choose to ch,ange loop type pr order. Here, K and K' are 
constants. · 
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LOG (M) 

20 dB/DECADE 

f2 LOG (f) fo t, LOG(f) 
(a) (b) (c) 

Fig 3-lf frequency deviation remains constant and is independent of modulating frequency, sideband amplitude is inversely 
proportional to the modulating frequency. Here, (a) shows the frequency deviation; (b), the sideband amplitudes; (c), the 
single-sideband amplitude. 

LOG[C> f(fm)J 

/ 30 dB/DECADE 

10dB/DECADE 

_.-- 20dB/DECADE 

20dB/DECADE 

20dB/DECADE 

,_("°'c'°' 11 · 
I I 
I I 
: I 

~---'--------!~LOG (fm) ~--~1 --~1 ----LOG (f m) 

(a) (b) (c) 

Fig 4-These curves diagram oscillator phase noise: (a) illustrates the single-sideband phase noise; (b), the equivalent frequency 
deviation; (c), the equivalent input noise voltage. 

amplitude is inversely proportional to the modulating 
frequency (Fig 3). For each frequency fm, a pair of 
sidebands-equal in amplitude but opposite in phase
appears symmetrically about the carrier f0 . When 
amplitude modulated, the carrier has sidebands equal 
in amplitude and phase. Thus, if a modulated carrier 
has unsymmetrical sidebands, it's being amplitude and 
phase modulated simultaneously. · 

So far this arttcle has dealt with a signal's sinusoidal 
modulation. To generalize the discussion to noise 
modulation, note that mathematically noise is a summa
tion of independent components with different frequen-

1 
cies and amplitudes. The average value of noise at any 
frequency is expressed in rms terms. Thus, you'll find a 
one-to-one correspondence for noise measured at a 
given frequency to the noise at that frequency offset 
from a noise-modulated carrier. This relationship holds 
true so long as the frequency deviations are sufficiently 
small and the previous assumptions permitting the 
Bessel-function expansion thus remain valid. 

The US"Ual method of measuring a signal with 
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low-deviation phase modulation is to 111easure one 
sideband (because the sidebands have identical ampli
tudes) in a 1-Hz bandwidth. This signal is referred to 
by of (fm), the ratio of the single-sideband power of the 
phase or frequency noise in a 1-Hz bandwidth, offset by 
fm from the carrier frequency, to total signal power, or, 
in logarithmic terms 

This equation expresses signal amplitudes in terms of 
voltage rather than power. 

VCO noise spectra yield frequency deviation 
You can measure the phase noise of an oscillator using 

many different techniques (Refs 4, 5, 6 and 7). Here, 
assume that you already know the oscillator phase 
noise; Fig 4 shows an example of such noise. Once you 
know this noise spectrum, you can calculate the 
frequency deviation with the foregoing equatjons. 
Furthermore, because you know the VCO's input-
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Frequency deviation depends 
on . oscillc;1tor ·noi~e spectra 

t uning voltage sensitivity Kv, you can compute an 
equivalent noise voltage at the VCO input and at a 
particular offset frequency fm using 

ev = lifRMs/Kv. 

Figs 4b and 4c show the results of these computations. 
With this information, you can model the VCO as a 

noise-free oscillator with a noise-voltage source at its 
input. fig 5 shows the phase-locked loop with this noise 
sour~e . The loop's output freq uency is given by 

NKv(s) Kp(s)A(s) f (s) - ---~---'--'--'---'-'--- fR(s) 
0 · - sN + Kv(s) Kr(s) A(s) 

[)ESIRED TERM 

+ sNKv(s) - ( ) (1) 
\sN + Kv(s)Kr(s)A(s) ev s; 

v 
CONTAMINATING TERM 

where the desired term represents the output in a 
noise-free environment and the contaminat ing term 
results from VCO noise. 

If you look at only the contaminating term and let 
s = jw·, you can define frequency deviation as · 

M (j ) jwNKv(j w) ev(jw) 
0 w = jwN + Kv(jw) Kr(jw)A(jw) 

PHASE LOOP 
REFERENCE ~ DETECTOR ~ AMPLIFIER 
OSCILLATOR + K+/S A(s) 

' -

w0 /N 

+ 

(a) 

(b) 

OPEN· 
LOOP 
GAIN 

(d B) 

1, 

30 d B/OECADE 

I 
I I 

40dB/DECADE 
I I 

I I 
I I 
I I 

0 
t, 

I 
i LOOP GAIN 

£(fm) / OPEN·LOOP NOISE 

\ y IM PRO VEMENT 

\ 

\ 

PHASE NOISE 

LOG(f) 

' 
CLOSED·LOOP NOISE 

1..,_ __ _ 
LOG (f) 

Fig 6--These Bode plots of open-loop phase noise and 
gain (a) and closed-loop VCO noise (b) show the reduction 
of oscillator pha§e noise inside the loop bandwidth by the 
available · 1oop gain at any offset frequency. 

+ 
VOLTAGE· 

T "o '°"'"''"' 'o'" 'o"'G"o"'c' 

l: CONTROLLED 
OSCILLATOR 

OUTPUT w
0 

Kv 

DIGITAL 
DIVIDER 

(+ N) 

Fig 5-This block diagram of a PLL system represents the VCO as a noise-free oscillator with a noise-voltage source at its input. 
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For a phase-locked VCO, this equation yields phase
noise sideband amplitudes of 

Here, the subscript 0 indicates loop output noise, and 
the superscript V refers to the VCO's noise contribu
tion. Thus, loop properties modify an unlocked oscilla
tor's phase noise. 

Now note that 

ev(fm) = M(fm)/Kv = !.t'v(fm)2fm/Kv. 

where 'i?. v(fm) is the open-loop VCO noise. You can 
substitute this equation into the preceding phase-noise 
equation to yield 

26(fm) = 20log [I j2~fmJ2:f'i:KvAfm I] !.t' vCfm) 

= 20log[ll + G(L)H(fm)J] !.t'v(fm). (2) 

This equation says that the noise outside the loop 
bandwidth (defined as the frequency at which 
G(s)H(s)= 1 arid also the -3-dB point of the loop's 
frequency response, assuming no peakihg) equals thE; 
open-loop VCO noise, and that the oscillator's phase 
noise inside the loop bandwidth is reduced by the 
amount of loop gain available at any offset frequency fm. 

Fig 6 shows an example of this effect. Many 
oscillators in the VHF and higher frequency ranges 
have low-frequency phase noise with a 30-dB/decade 
slope. For Type 1 loops, the noise inside the loop 
bandwidth still has a iO-dB/decade slope. Thus, you 
might choose a Type 2 loop, which has higher gain at 
lqw frequencies, to farther reduce oscillator noise. 
However, if yciu choose a Type 2 or higher order loop, 
be careful when placing the loop's poles and zeroes to 
avoid any loop-gain peaking, which can degrade loop 
noise performance. 

+ 
REFERENCE PHASE 
OSCILLATOR DETECTOR 

LOOP 
AMPLIF IER 

vco 

DIGITAL !-+------' 
DIVIDER 

Fig 7- Modeling a loop amplifier as if it had only a voltage 
noise source is usually a valid assumption, but you should 
check the effects of noise currents when loop-amplifier 
impedance levels are high. 
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To summarize, you can reduce open-loop VCO noise 
only by the amount of loop gain. Noise performance 
outside the loop bandwidth equals that of ,an unlocked 
VCO unless the loop gain has peaking; in this case, the 
noise is higher. 

Low-frequency references provide stability 
Because most high-frequency oscillators lack ade

quate long-term stability, they can't serve as primary 
oscillators in many frequency synthesizers. Therefo}'.e , 
they are usually phase locked to a lower frequency 
oscillator designed for good long-term stability. Unfor
tunately, such oscillators have phase nois~ that might 
determine loop noise properties. Consider a reference 
oscillator: It has some phase noise-expressed in the 
frequency domain (Eq 1) as: 

f ( NKvKrA(s) 
,:i 0 s) = sN + KrKvA(s) Mn(s). 

Thus, the loop's output-frequency deviatlon becomes 

M 0 (s) _ NKvKrA(s) Mn(s) 
fm - sN + KpKvA(s) . --r;;;--· 

After manipulation, the output ~ideband level. as a 
function of both loop gain arid reference noise equals 

'i?. nCfm) refers to the phase noise of the reference oscillator. 
This expression says that at lo\\' offset frequencies 

the output noise is merely the reference noise multi
plied by the division number N. However, outside the 
loop bandwidth, noise is not zero but instead the 
multiplied reference noise reduced by the attenuation 
provided by the loop outside the JOop bandwidth. This 
attenuation usually has a 1/f term because A(s) is 
usually independent of frequency for those outside the 
loop bandwidth. Thus, for a large fm, 

You must, therefore, consider not only the loop gain 
necessary to provide for VCO noise reduction inside the 
loop bandwidth, but also the effects of the reference 
noise oh the VCO outside the loop bandwidth. 

Frequency dividers generate noise 
The noise inherent in the frequency divider also 

contributes to the noise in phase-locked loops. This 
noise comes from the divider's active devices, but 
vendors unfortunately seldom specify it. You can 
measure the noise , but regard your measurements at 
best as typical, because vendors probably exercise little 
control over this spec during manufacturing. 

Once you estimate the values, though, you can easily 
see whether the noise affects loop performance. Note 
that the loop cannot determine whether this noise 
coines from the phase detector's reference or divided-
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Set loop bandwidth to optimize 
noise at a given offset frequency 

VCO input; thus, if divider noise is less than reference 
noise, the former is not a prime noise contributor. 
However, if divider noise is greater than reference 
noise, it might constitute a prime contributor to loop 
noise. If they are approximately equal, the resultant 
noise equals their rms sum. 

Mathematically, the divider's noise contribution to 
the loop's output noise is 

where £ oCfm) is the additional phase noise the divider 
causes, referred to the divider's output. 

Check phase-detector and loop-amplifier noise 
Until now, this article pas expressed output noise 

contributions in terms of input- and output-noise 
spectral densities: This section, however, presents an 
expression that describes output contributions to loop 
phase noise based on the measured noise voltages at the 
phase-detector-output and loop-amplifier-input noise 
sources. Here, the loop-amplifier model has only a 
voltage noise source-usually a reasonable assumption, 
although you should compute the effects of noise 
currents when the loop amplifier's impedance levels are 
large. Fig 7 illustrates a loop with these noises lumped 
together; all other components are assumed noise free. 

The output frequency of such a loop is 

NKvKrA(s) 
wo(s) = sN + KvKrA(s) wR(s) 

DESIRED TERM 

sKvA(s)N _ 
+ sN + KvKrA(s) enT(s). 

UNDESIRED TERM 

If you let s = jw, define the noise term as 

At a particular frequency offset fm, you can express 
output noise as 

This equation shows that for large loop gains (and low 
frequency) , the noise floor is independent of loop gain, 
as shown by 

96 

lO·MHz 
REFEREN CE 
OSCILLATOR 

+ PHASE 
DETECTOR 

LOOP 
AMPLIF IER 

~ 240 

240·MHz 
vco 

OUTPUT 

Fig 8-A block diagram of a simple frequency synthesizer 
shows the major noise contributors to PLL systems. The near 
by table lists these components' measured noise. 

Furthermore, for frequency offsets greater than loop 
bandwidth, the noise falls off at only a 20-dB/decade 
rate for a flat eT, as shown by 

If this noise limits the loop's noise floor, you can reduce 
it using three methods: by finding an amplifier with 
lower input noise or a phase detector with lower noise; 
by finding a phase detector with a higher gain constant; 
or by changing the loop's diagram to meet specs. 

Example shows noise effects 
Thus far, this article has described all major PLL 

noise contributors. However, many loops include addi
tional components such as circuits to linearize the VCO 
tuning curve or pretuned circuits to tune the VCO 
closer to its final value. You can analyze these circuits' 
noise sources in a manner similar to that described or 
lump them together with those already reviewed. 

Consider an example that shows how the equations 
presented in this article can predict loop output noise. 
Fig 8 shows a block diagram of a frequency synthesizer. 
The VCO operates at 240 MHz, and frequency step size 
equals 1 MHz. The table shows the measured noise data 
for the loop components. Assume that the phase 
detector and op amp have a noise floor of 30 nV/Hz. 

To predict loop output noise, first plot the phase noise 
of the VCO and the frequency reference, both referred 
to 240 MHz (Fig 9a). Notice that the two curves 
intersect at 4 kHz. Loop bandwidth is usually chose!] to 
make these curves intersect at the loop bandwidth. The 
loop is assumed to be a Type 2, because the VCO noise 
falls at a 30-dB/decade rate. Now plot loop gain on the 
same curve as VCO noise (Fig 9b). You can determine 
VCO closed-loop noise by subtracting loop gain from 
VCO phase noise. Note the rise in noise inside the loop 
bandwidth below 800 Hz, until the extra gain of the 
Type 2 loop comes into effect (from Eq 2). Place the 
zero in the gain function at about one-fifth of the loop 
bandwidth, thus achieving a fair compromise between 
high gain at low frequencies and minimizing loop 
peaking (which would be caused by placing the zero at 
any higher frequency). 
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OFFSET 
FREQUENCY 

(Hz) 

10 
100 

1000 
10,000 

100,000 

NOISE DATA 

.C(fm) 

vco REFERENCE 
(dBc) (dBc) 

22 87 
52 92 
82 97 

112 102 
132 102 

evT = 30 nVlyHz 
Kp = [0.41(2rr))VIRAD 

N =240 

DIVIDER 
(dBc) 

99 
115 
124 
127 
147 

£(1) 

90 1----'=-.=--+------+-~---+------1 

10 

(a) 

100 1000 10,000 
OFFSET FREQUENCY (Hz) 

100,000 

You could plot similar curves for the reference 
oscillator, based on Eqs 3 and 4 (Fig 9c). Here, loop 
gain has no effect inside the loop bandwidth; however, 
the noise outside the loop bandwidth can only be 
attenuated by the loop attenuation. Calculate the rms 
sum of the two closed-loop curves-because the noises 
are uncorrelated-to obtain loop noise performance 
assuming the rest of the loop is noise free; this 
represents the best performance for a given loop 
bandwidth. You can also move the loop bandwidth to 
optimize noise at a particular offset frequency (Fig 9d). 

Unfortunately, t he rest of the loop contributes noise. 
The divider has a negligible effect, as t he table shows. 
However, the noise from the phase detector and loop 
amplifier (assumed to be 30 n V/Hz and flat with no l/f 
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Fig 9-These curves illustrate the noise characteristics of the 110 >-------+------+-----....... -~-----< 
individual components in Fig 8 as wen as the resulting _total noise. 
(a) shows VCO, divider and frequency-reference phase noise; (b), 
loop gain and VCO noise; (c), loop gain and reference noise; (d), 
total closed-loop noise due to the reference and VCO noise; (e), 10 
total PLL noise. (e) 
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OPEN f RAME SWITCHERS 
FIVE INDUSTRY STANDARD 
CASE SIZES 

• 65 watts 
• 75 watts 
• 13b watts 
• 150 watts 
• 200 watts 

STANDARD FEATURES 
INCLUDE 

• 115/230 VAC input 
• Fully regulated outputs 
• Overload protec tion on all outputs 
• Built-in OVP on main output 
• Des ig ned to meet UL & VOE requ irements 
• 24 hour high temp burn-in 
• 100% computerized functional test 

MAX 

M~gEL ~M~AIN~~.=ux~N~O ~,---F"~""'"=~~~~c----l~g~~~ 1-9 p~~~249 

98 

Contac t factory fo r custom requirements. 

CIRCLE NO 45 

Get results with 

EDN 
CAREER 
OPPORTUNITY 
SECTION ... 
When you advertise in EON , you 
can be sure of reaching only the 
people you are trying to recruit. 
Every reader is a potential 
employee. We reach the highest 
percentage of all significant 
personnel in our industry. You 'll 
find us not only effective, but a 
more economical magazine. See 
contents page 5 for Career 
Listings . 

Loop attenuation can reduce 
noise outside loop bandwidth 

contribution) result in a loop noise floor of 91 dBc (Eq 
5). Fig 9e shows this effect along with the VCO and 
reference noise. The phase-detector noise dominates 
loop noise. You can add these noise curves to fi nd the 
total noise expected . 

Again , to optimize noise at a particular frequency, 
adjust t he loop bandwidth. If the noise performance of 
t his simple loop does not suffice, select lower noise 
components or desig n a more complicated loop. EDN 
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On September 18, 1979, the FCC 
adopted new regulations to reduce 
the interference potential of elec
tronic computing equipment. 

On October 1, 1981, all class A and 
B devices manufactured for the first 
time after this date must comply with 
the FCC regulations. 

~ Corcom, the world leader in RFI 
pollution control , has over 200 filter 
types for off-the-shelf delivery . . . 

~ Corcom has a complete Design 
and Application Engineering staff to 

, help you select the right filter for 
your application .. . 

~ Many Corcom filters meet the 
- requirements of every major safety 

agency in the world including UL , 
CSA, VOE and SEV. 



And definitely not for those who are easily startled by new ideas. 
Because that's exactly what to expect from Intel's Fifth Annual 

Memory Design Technical Seminar. 
Not just a how-to handl::xx>k on component designs. But hands-on 

strategies that can dramatically accelerate total system performance. 
Examples? Up-to-the-minute technologies and applications for global 
and local memories. New design tactics for RAMs, EPROMs, 
E2PROMS and bubbles. Plus complex mass storage memory ideas
made simple. 

So check out the agenda at right. And contact your nearest 
distributor, listed below, for fee'~ and site information. 

Then prepare yourself for a memorable experience. 

DATE LOCATION DISTRIBUTOR CONTACT 

September 18 Hauppague Hamilton Deby Vetter 

•Application vs Memory 
• Quality /Reliability 
• Memory Systems 
• Global Memories 
• High Performance System 

Design 
•Bubble Memories 
• Microprocessor Memories 
• Local Memories 
*Nominal $20 registration charge per seminar. 

PHONE 

(516) 454-6000 
September 21 Boston Arrow Rhonda Grant (617) 933-8130 
September 22 Ontario L.A.Varah Sharon Mah (416) 561-9311 

September 23 Dayton Pioneer Janet Key (513) 236-9900 
September 24 Chicago Pioneer Al Rodenburg (312) 437-9680 

September 25 Dallas Arrow Christy Kennedy (214) 386-7 500 
October 5 San Francisco Arrow Nancye Van Tries (408) 745-6600 X410 
October 6 Seattle Almac Stroum Lowell Smilen (206) 763-2300 
October 7 Los Angeles Hamilton Sue Potts (213) 558-2411 

October 8 Santa Ana Wyle Lavern Melvin (714) 641-1600 
October 9 San Diego Wyle Gary Caito (714) 565-9171 

In solutions · if:el" delivers 
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EON µC OPERATING SYSTEMS DIRECTORY 

Operating systems cost more
but they also do more 

Updated and recently introduced operating systems reflect their suppliers' 
efforts to maintain performance parity with advances in 

8- and 16-bit µC hardware. 

George Kotelly, Senior Editor 

Like many other products, microcomputer operating 
systems (OSs) are more expensive than they were a 
year ago. But the operating systems listed in this 
second annual directory also reflect augmented proces
sor, peripheral, memory and file-management capabili
ties. Thanks to refinements in older versions and 
increased versatility in new offerings, these 80 operat
ing systems have kept pace with the improved 
computational power of 8- and 16-bit µC s. 

These OSs reflect several trends when compared 
with the 71 products documented last year (EDN, 
November 5, 1980, pg 301): 

• In processor allocation/management, a swing to 
multitasking, multiuse and multiprocessing 

• In peripheral management, the added capability 
of handling hard-disk drives 

• In memory management, increased system stor
age capacity along with a focus on memory
protection features 

• In file management, increased availability of data 
security and protection 

• In system support, increased accommodation of 
networking 

• In language support, a preference for BASIC, 
FORTRAN, PASCAL, COBOL and C in that 
order, with small usage gains or losses for each. 

Price is up 
Despite the importance of these trends, though, 

price increases account for the most noticeable change 
in the operating systems covered again this year. 
Nearly one-third of these repeats carry a higher price 
tag. For the majority, the suppliers' increased cost of 
doing business has merely taken its toll. But in several 
instances, offerings exhibit extra performance along 
with their extra cost. 

Previously not available in many OSs, such features 
as network support, hard-disk l/O and storage, multi
tasking, and additional support languages and target 
µCs have been incorporated in more than half of the 
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Termed the Apple Disk II housekeeper, the DOS 3.3 operating 
system from Apple Computer allows turnkey operation under Apple 
BASIC. It automatically catalogs files by name; saves, loads, runs, 
renames, deletes and verifies files; permits sequential and random 
data access; and helps make backup diskette copies. 

returnees that underwent price increases. For exam
ple, network support now comes standard in MICRO 
COBOL BOS, MP/M II and XENIX; hard-disk 110 in 
RTE-XL, HDOS and SDOS; multitasking in KOS 5.2 
and UCSD P-System; and BASIC and FORTRAN 
support in SP/ and MSP/8086/Z8000/6800. 

Additionally, some OS manufacturers provide added 
capability at no increase in price. For example, AMIX 
3.0 supports seven more µCs than it did last year, 
CDOS now supplies processor allocation and memory 
management as standard features, and UMDS supports 
PASCAL as well as five additional µCs. 

More bits for more work 
Not surprisingly, operating systems for 16-bit µCs 

constitute many of the 18 new entrants in the directory. 
Besides bearing higher prices than OSs available a year 
ago, they reflect a definite trend toward 16-bit-µC use. 
Their increased performance entails a small price 
increment but satisfies users' needs to handle computa
tion and communications simultaneously. Additionally, 
they represent a move from single-task, single-user 
versions (such as CP/M and ISIS) to multitask, 

101 



New operating systems support 
more users, tasks and processors 

provides at least lk bytes of RAM for each. ZEUS, 
however, suits as many as 64 users and furnishes nearly 
64k bytes of RAM for each. Another 16-bit-µC offering, 
CTOS, accommodates as many as 16 users and 
furnishes a huge 128k bytes min of RAM for each. 

multiuser and-in a few cases-multiprocessor types 
(such as MP/M and iRMX86). 

In fact, 80% of the new entrants feature multitasking 
capability, whether for 8- or 16-bit µCs. To demon
strate the diversity of multitasking variations availa
ble, consider RMS68K, a 16-bit-µC OS. In theory, it 
handles an unlimited number of tasks, although memo
ry capacity and overhead obviously dictate an upper 
limit. Another 16-bit-µC OS, ZEUS, accommodates as 
many as 200 tasks. And yet another offering, REX-80, 
serves 8- and 16-bit µC s while providing multitasking 
limited only by memory constraints. 

Although not as prevalent as multitasking and 
multiple-user capability, multiprocessing has also made 
noticeable inroads in OSs. Some 20% of the latest OS 
introductions support more than one processor. The 
wave of the future, these OSs allow master-to-master 
and master-to-intelligent-slave CPUs to conduct traffic 
over parallel buses. 

Following on the heels of multitasking as a standard 
OS capability comes multiple-user support-a charac
teristic of more than half the new entrants. Again, 
implementation variations abound. For example, TMS, 
an 8-bit-µC OS, handles as many as five users and 

For example, CTOS supports 8086- and 8087-based 
µCs using a hardware synchronizing scheme. Embody
ing even greater capability, REX-80 works with as 
many as eight ptocessors by means of test-and-set 
functions and interrupt synchronization. Performance 
advantages abound in these products because the 
application splits into more manageable segments for 
separate and more efficient CPU handling. 

Following the same trends established in the directo
ry's upgraded entries, the percentage of recently 

Glossary of essential operating-system terms 

Allocation (dynamic)-The reas
signment of peripherals within a 
given program 

Allocation (static)-The as
signment of peripherals to a job 

Allocation technique-The 
method of providing a process 
with access to a shared resource 

Binding-The act of assigning 
absolute addresses to a program 

Blocked list-A catalog of the 
processes waiting for µP time or 
for completion of an 1/0 operation 

Blocking-The process of 
combining more than one record 
into one block to make data 
transfers more efficient 

Buffering-The process of 
using areas of memory to isolate 
1/0 devices from one another and 
from the CPU 

Chaining-The ability of an 
executing program to call another 
program that resides on disk 

COMMON-An area of memo
ry maintained for the purpose of 
passing data or parameters 

Constrained allocation-A re
source-allocation strategy that · 
specifies all resources a process 
will need but does not prevent 
execution unless a deadlock 
might occur 
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Contiguous allocation-An al
location method that assigns 
adjacent sectors to a file 

Deadlock-A condition that ex
ists when a process is blocked in a 
state and in all future states that 
the system can reach 

Deadly embrace-A situation 
in which two processes each un
knowingly wait for resources held 
by the other 

Device independence-An 
OS feature that frees the user 
from considering device-specific 
details. It employs mnemonics to 
refer to specific devices; changing 
these mnemonics redirects 1/0 to 
another device 

Direct memory access 
(DMA)-A means of providing fast 
peripherals with access to memory 
without going through the CPU 

Directory-A file containing in
formation concerning the other 
files on a mass-storage device ; 
also termed a catalog 

Executive-An operating-sys
tem routine responsible for deci
sion making 

File-control block (FCB)-A 
data structure in main memory 
for keeping track of files in use 

File-management system-

The part of an OS that controls the 
organization and allocation of disk 
files, which might consist of one or 
more sectors 

Index-A number representing 
the relative position of a byte in 
either a record or file 

Interrupt-A break in the nor
mal flow of a system or routine 
from which flow can resume later 

1/0 supervisor-The portion of 
an OS that provides routines for 
1/0 procedures 

Job-The collection of activities 
needed to accomplish a specified 
amount of work 

Linked list-A list formed by 
tying together (with pointers) sev
eral items on a disk 

Lock byte-An entity used to 
represent a resource in synchroni
zation schemes; also termed a 
semaphore 

Memory protection-A meth
od of ensuring that the contents of 
main memory within certain varia
ble limits are not altered or inad
vertently destroyed 

Noncontiguous allocation
An allocation method that assigns 
physically nonadjacent sectors to 
a file 

Nucleus-The most basic level 
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introduced operating systems incorporating hard-disk 
support capability exceeds 50%. Additionally, the 
percentage of new OSs with network support and file 
protection totals slightly less than 50%; with memory 
protection, just under 25%. 

also dropped slightly in usage: FORTRAN decreased 
by 2% to 50%, PASCAL by 3% to 48%. 

A move toward 16-bit hardware notwithstanding, 
most operating systems still serve the large 8-bit-µC 
marketplace. In fact, 8-bit-µC OSs in the directory 
outnumber their 16-bit counterparts by 2:1. Additional
ly, among the new OS entrants, almost half are 8-bit 
types. In other words, operating systems serving 8-bit 
µCs still dominate t his OS directory and should 
continue to do so in the near future. 

Usage gains, however, occurred in the less popular 
languages, such as COBOL and C. Rising to 33% usage 
from 25%, COBOL has apparently benefitted from 
growth in small-business-system applications. Also 
reflecting increased user interest, C usage has jumped 
from 16 to 20%. (This latter increase probably arises 
because of PASCAL's standardization and portability 
limitations.) Another less popular language, FORTH, 
also reflects higher use: it has nudged upward to 13% 
usage from 11 %. 

A look around the corner 
Less popular languages make a move What do all these developments portend? During the 

1980s, VLSI manufacturing techniques will mature and 
permit the production of µC chips with extremely high 
densities and many built-in processing functions. As 
these performance benefits slide into silicon, however, 
they will present users with untold operational prob
lems. Specifically, with the advent of additional µC 
processing parameters, functional modes and interface 

The breakdown of languages supported by this 
directory's operating systems shows small losses by the 
popular languages and small gains by the less common
ly used ones. Specifically, BASIC continues to lead the 
pack; it's available for 66% of the listed OSs-a 2% 
decrease from last year's total. 

Next in popularity, FORTRAN and PASCAL have 

of an operating system; creates 
and destroys software processes 
used to implement abstract proc
esses 

Operating system-An organ
ized collection of procedures for 
operating a computer 

Overlaying-The technique of 
repeatedly using the same blocks 
of internal storage during different 
stages of a program; eg, when 
one routine is no longer needed, 
another routine can replace all or 
part of it 

Polling procedur~A routine 
for checking each 1/0 device se
quentially to determine whether it 
requires servicing 
Primitiv~An operation pro

vided by a nucleus for use in 
synchronization 

Priority-A parameter desig
nating a task's or process's rela
tive urgency 

Process-A computation that 
can occur concurrently with other 
computations ; an OS's basic unit 
of computation 

Process - control block 
(PCB)-A data structure that 
uniquely defines a given process 

Program (code)-A set of in
structions that tells a computer 
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step by step exactly how to handle 
a job 

Re-entrant cod~A program 
task or routine that can be execut
ed simultaneously by more than 
one process 

Relocation (dynamic)-The 
act of assigning absolute memory 
addresses when a program is 
loaded into memory 

Relocation (static)-The act of 
assigning absolute addresses at 
linking time 
Resourc~Any device or item 

used by a computer, including 
areas of memory such as buffers 

Rotational ordering-A meth
od of organizing 1/0 requests to a 
disk to reduce total service time 

Segmentation-A technique 
for managing variable-sized areas 
of memory, termed segments, 
that contain logical program parts 

Service request-The appeal 
by a process or task for access to 
a system resource 

Single contiguous allocation 
-A memory-allocation scheme 
that assigns all available memory 
as one block 

Spin block-A loop created 
when a process keeps checking 
the state of a flag or status bit 

while waiting for an event to occur 
SPOOLing-Simultaneous pe

ripheral operations on line; used 
to convert a dedicated device into 
a shared one 

Swapping-A technique simi
lar to overlaying ; involves moving 
processes between main memory 
and auxiliary storage in order to 
multiplex main memory 

Sysgen-System generation , 
the process by which an operating 
system is configured out of indi
vidual system components to ac
commodate a particular hardware 
configuration 

Task-A routine that forms the 
lowest self-contained unit of a job 
or process 
, Time slicing-A technique that 
shares µP time among several 
processes. The quantum of time 
allocated to a process is termed a 
time slice 

Transient area-The space in 
memory available for user pro
grams and system utilities 

Urgency-The degree to which 
a task or process requires atten
tion ; determined by the task's or 
process's priority 

Utilities-Routines used in 
housekeeping functions and 1/0 . 
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Leading support languages show 
no clear trends in preference 

multiplexing, users will face virtually insurmountable 
problems when coupling designs to the outside world. 

The solution? Future operating systems will be 
designed into VLSI devices and provide features and 
architectures that will insulate users from potential 
application pitfalls. According to Peter Palm, product 
marketing manager at Intel Corp, these OSs should 
provide modularity and configurability in the form of 
standard modules, layers and interfaces. For example, 
Intel's iRMX86 operating system currently employs 
object-oriented common-format interfaces to its primi
tives to manage jobs, tasks and messages. At a higher 
layer, this operating system offers common device
independent interfaces to device drivers that handle 
smart floppy- and hard-disk controllers. For an operat
ing system with these built-in capabilities, VLSI 
implementation thus becomes merely a matter of 
improving manufacturing capability to a point where 
silicon fabrication becomes practical. 

Influenced by its manufacturer's FLEX and Bell Labs's UNIX, the 
UniFLEX operating system from Technical Systems Consultants 
serves large multitasking and multiuser 6809- or 68000-µP-based 
systems. It supports a hierarchical file system, permitting files of 1G 
bytes and disk capacities exceeding BG bytes. 

At a still higher layer, operating systems will soon 
provide a universal development interface (UDI) to 
popular languages for program development. They will 
also furnish a universal run-time interface (URI) to 
execute these developed programs. Such standard 
interfaces will permit common µC support languages to 
r un on top of any UDl/URI-compatible operating 
system. In other words, the interfaces will serve as a 
standard software bus for different languages and 
applications. 

interfaces to an Ethernet controller on the Multibus via 
an interprocessor protocol, for example, and support 
standard interfaces with standard modules. Such 
modules, layers and interfaces should pave the way to 
overcoming the potential problems of VLSI 
technology. EDN 

Reference 
Hemenway, J E, "EON µC Operating Systems Directo

ry , Chapters 1 through 5," EON, November 5, 1980, pgs 
275-300. 

Operating systems will also soon support local-area 
networks (such as Ethernet) and global-area networks 
(such as X.25). They will provide high-level data-link 

Article Interest Quotient (Circle One) 
High 473 Medium 474 Low 475 

Operating systems come in three key types 

This directory classifies OSs in 
terms of user function . A develop
ment OS, for example, produces 
software to run either on the host 
µC or on another target µC. The 
target need not incorporate the 
same µP type if the user develops 
the software by means of cross 
assemblers or compilers. Exam
ples of development OSs include 
Intel's ISIS, Omnibyte's ODOS 
and Digital Research 's CP/M. 

A real-time or process-control 
OS governs industrial processes 
that place timing constraints on its 
responses : Interrupts from these 
external processes signal the µC 
system, and if the system doesn 't 
respond in a specified time, the 
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processes become impaired or 
degraded. Intel's iRMX80 and 
iRMX86 exemplify such operating 
systems. 

General-purpose OSs usually 
deal with business or scientific 
applications. Digital Research 's 
CP/M, for example, finds use in 
word processing , accounts-re
ceivable generation and mailing
list maintenance. 

These OS categories are arbi
trary ; many OSs in the directory 
provide capabilities in all three 
areas. Within each of the three 
categories , we list the operating 
systems in alphabetical order. 

Another classification cuts 
across the three categories : You 

can further describe an OS as 
a multiuser or single-user system. 

To evaluate any of these OS 
types' suitability for your particular 
application, look at its ability to 
carry out its primary management 
activities : allocating the four main 
system resources (processor 
time, memory, peripherals and 
files) on the basis of user needs 
and system capabilities. By fully 
understanding the management 
features and capabilities listed in 
the directory for each operating 
system, you can focus on a few 
solid candidates. Then contact the 
OS manufacturers for decision
making details . 
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EON µC OPERATING SYSTEMS DIRECTORY 

8-BIT CPU 
8080/8085/Z80 

CP/M 2.2 

Digital Research Inc 
Box 579 
Pacific Grove, CA 93950 
Phone (408) 649-3896 

SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: August 1979 
PRICE: $150 

REAL-TIME 
OPERATING SYSTEM 

SUPPORT LANGUAGES: 8080 and Z80 assemblers ; APL, BASIC, 
FORTH and LISP interpreters; BASIC, FORTRAN , C, PASCAL, PUI 
and COBOL compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: 8080 assembler 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: 20k bytes RAM, console and floppy- or hard-disk drive 

PROCESSOR ALLOCATION/MANAGEMENT 
Not Available 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives and modems 
• Provides device independence, OMA and spooling 
• Accommodates a mix of mass-storage devices 

16-BIT CPU 
Nova/Micronova 

loos 
Data General Corp 
4400 Computer Dr 
Westboro, MA 01580 
Phone (617) 366-8911 

SYSTEM RESIDENCY: Disk 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays 
• Chaining 

FILE MANAGEMENT 
• Named file system 
• Sequential and random organizations 
• Allocation type: extents 
• Can access file system from HLL containing constructs 

CIRCLE NO 711 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: 1977 
PRICE: $735 

REAL-TIME 
OPERATING SYSTEM 

SUPPORT LANGUAGES: Macro assembler, BASIC and Business 
BASIC interpreters, FORTRAN IV compiler 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: Macro assembler 
NETWORK SUPPORT: X.25, Bisync, HASP and RJE-80 protocols 

MINIMUM HARDWARE NEEDED: 64k bytes RAM, console and disk or diskette drive 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking: 256 tasks can start/stop/suspend other tasks via 

intertask communication 
• Multiusage: up to four users using BASIC or Business BASIC; 

minimum RAM per user is application dependent 
• Synchronizing schemes: semaphore and mailbox 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives, modems and magnetic-tape drives 
• Provides device independence, OMA, asynchronous and 

synchronous 1/0 and AID and DIA inputs and outputs 
• Uses interrupts and 1/0 multibuffering 
• Accommodates a mix of mass-storage devices with up to four 

controllers 
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MEMORY MANAGEMENT 
• Overlays 
• Swapping and chaining 
• Static relocation 
• Binding during linking time 

FILE MANAGEMENT 
• Named file system and multilevel directory 
• Contiguous and random organizations 
• Indexed sequential access method (for Business BASIC) 
• Allocation type: linked/index 
• Can access file system from HLL containing constructs 
• Password/security protection (for Business BASIC) 

CIRCLE NO 714 
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Now the logic is clear ... 
B&K-PRECISION is the new 
choice for logic analyzers. 
Announcing a new line of logic analyzers 
ready to face all comparisons. 

The very latest word in logic analysis is 
B&K-PRECISION. Not just another "L-A" 
line, B&K-PRECISION's new instruments 
offer real user advantages. 

Both new analyzers, the LA-1020 and 
LA-1025, are 16 channel, 20MHz 
instruments. In addition to logic analysis, the 
LA-1025 "Digital Systems Analyzer" offers 
the added capability of signature analysis. 
Signatures are displayed in industry-accepted 
coding for modified hexadecimal format. The 
LA-1025 is also capable of recording the 
occurrence of unstable signatures. 
An important feature of both instruments is 
the ability to present data in both state and 
time domain formats. State data is formatted 
in a user selected code ... binary, octal, 
decimal or hexadecimal and displayed via the 

integral 12-digit LED display. liming 
diagrams of 16 channels by 16 words can 

be displayed on most oscilloscopes. 

The front panel controls provide 
excellent interactive capability, and 

complete control over a powerful 
measurement system. After 

hearing industry complaints 
of unnecessarily complex 

logic analyzer operation, 
B&K-PRECISION 

engineers devoted a 
considerable amount of 
design time to 

maximizing the 
instruments' ease-of-use 

and efficiency. The results are 
impressive. Not only is set-up time faster 

than on competitive instruments, but the new 
B&K-PRECISION instruments reduce the chance 
of user set-up errors. 

Model LA-1020 •2075 Model LA-1025 •2475 

For free demonstration Circle no. 68 
For additional information Circle no. 69 

A new trigger system was developed for these 
instruments. An 18-bit pattern recognition trigger is 
used to initiate storage into the 16-bit x 250 word 
system memory. Sixteen qualifiable channels are 
featured, plus two additional qualifiers to aid in 
meeting unique trigger requirements. Convenient 
front panel switches select a logic l, 0 or "DON'T 
CARE" for all 18 inputs. 
Trigger event and/or clock delays can be rapidly set 
from 0 to 999. The trigger word may be located 
anywhere within the 250 word memory. This 
provides PRE, POST and variable PRE/POST 
trigger recording. 
The LA-1020 and LA-1025 interface to the circuit 
under test through two Model LP-1, TTL 
compatible, probes or LP-2 CMOS probes. Trigger 
capability can be increased to 34 qualifiers by 
adding the optional LP-3 qualifier expander probe. 
An event pulse-output is provided on both 
analyzers, allowing interconnection of two units to 
expand system versatility to 32 channels, 67 
qualifiers, at speeds to lOMHz. 
B&K-PRECISION's LA-1020 and LA-1025 are 
available now for delivery or demonstration. If 
you're currently using logic analysis or considering 
a system, call B&K-PRECISION toll-free at 
800/621-4627 for a no-obligation demonstration. It's 
the only way to see the clear choice. 

For service applications, 
theSA-1010 
Signature Analyzer 
is the time saving choice. 

Model SA-1010 t825 

(Price includes a set of user ordered 
probes, additional probes available 
as accessories) . 

~DYNASCAN 
~CORPORATION 

6480 W. Cortl8nd Stl'fft • Chlc;-ao, IL 60635 • 312/889-9087 
lntern1tlonal Sa•s. 6460 W. Cortland Street, Chicago, IL 60635• Canadian Sa'91, Attas Electronics, Ontario 
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ISS* 

8-BIT CPU 
Z80 

Xycom Inc 
750 N Maple Rd 
Saline, Ml 48176 
Phone (313) 429-4971 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 

DEVELOPMENT 
OPERATING SYSTEM 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: April 1981 
PRICE: Bundled with hardware 

REAL-TIME 
OPERATING SYSTEM 

TARGET MODEL: Xycom 180, 280, 380 and 390 µC boards and 
packages 
SUPPORT LANGUAGES: Z80 and Z8000 assemblers , PASCAL and 
FORTRAN 77 compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: Assembler and PASCAL 
NETWORK SUPPORT: Bisync 

MINIMUM HARDWARE NEEDED: 60k bytes RAM in development system, 16k bytes RAM in target system, keyboard , CRT and dual floppy-disk drives 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking: up to 250 tasks can start/stop/suspend other tasks 

via intertask communication 
• Multiprocessing: up to seven processors using software

controlled bus lock, unlock and timeout instructions in CPU 
hardware 

• Synchronizing schemes: regions and events (can implement 
user's monitors) 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy-disk drives 

and modems 
• Provides device independence and DMA 
• Uses interrupts and 110 multibuffering 
• Accommodates up to four floppy-disk drives 

8-BIT CPU 
Z80/8080/8085 

1110s 
lnfoSoft Systems Inc 
25 Sylvan Rd South 
Westport, CT 06880 
Phone (203) 226-8937 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays 
• Static and dynamic relocations 
• Binding during linking time 
• Memory protection 

FILE MANAGEMENT 
• Named file system 
• Sequential, contiguous and random organizations 
• Allocation type: single contiguous 

COMMENTS: * ISS (Industrial Software System) is UCSD-PASCAL 
compatible 

CIRCLE NO 715 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: August 1977 
PRICE: $225 
TARGET MODEL: Z80/8080/8085 

REAL-TIME 
OPERATING SYSTEM 

SUPPORT LANGUAGES: SAU RLASM and Intel- and Zilog-type 
assemblers ; BASIC, MBASIC, FORTH , PILOT and MUMPS interpret
ers ; BASIC, FORTRAN , COBOL, PASCAL, C and RATFOR compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: Asynchronous protocols 

MINIMUM HARDWARE NEEDED: 24k bytes RAM, 80k bytes floppy disk and terminal 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 
• Multitasking : dual tasks handle program and spooler 
• Multiusage: structured with task-scheduler modules 
• Multiprocessing: via communications network 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives and modems 
• Provides spooling, DMA and device independence at link-library 

level 
• Uses interrupts and 1/0 multibuffering 
• Accommodates up to 15 disk drives, 65M bytes each, with 

table-driver handler 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays with program loader 
• Chaining 
• Static relocation 
• Binding during linking time 

FILE MANAGEMENT 
• Named file system (CP/M compatible) 
• Sequential and random organizations 
• Module available for ISAM 
• Allocation type: extents 
• Can access file system from HLL containing constructs 

CIRCLE NO 716 
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Metallized stacked -lilm capacitors 
lrom a NEW prime source: Sprague. 

Type 451P standard design now available for automotive, EDP, 
telecommunication, TV, instrumentation, and industrial control. 

There are good reasons for using metallized while insulating plates provide mechanical protec
polyester stacked-film capacitors: high volumetric tion. Type 451 P capacitors are available with capac
efficiency, low self-inductance, and high voltage itance values ranging from .001 µF to 2.2 µF and 
stress capability-plus great suitability for printed with voltage ratings of 100, 250 , and 400 WVDC. 
wiring boards. Small base dimensions and unen- Capacitance tolerance of ± 10% is standard . . . 
capsulated construction keep size to a minimum, ± 5% can be ordered at a modest premium. 

For detailed technical data, write for Engineering Bulletin 2056 to 
Technical Literature Service, Sprague Electric Co., 491 Marshall St., 
North Adams, Mass. 01247. 

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 

CIRCLE NO 49 
EDN SEPTEMBER 16, 198 1 

SPRAGUE® 
THE MARK OF RELIABILITY 

a subsidiary of GK Technologies 
ll'ICOfPOl'a1ed 
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8-BIT CPU 
8086/8088 

Intel Corp 
5200 NE Elam Young Parkway 
Hillsboro, OR 97123 
Phone (503) 640-7147 

SYSTEM RESIDENCY : RAM and disk 
ROMABLE SYSTEM: Yes 

DEVELOPMENT 
OPERATING SYSTEM 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: June 1981 
PRICE: $6000 plus use royalty of $300 
TARGET MODEL: All 8086/8088 µP types 

REAL-TIME· 
OPERATING SYSTEM 

SUPPORT LANGUAGES: ASM assembler; PU M, PASCAL and 
FORTRAN compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes ($5000 for listings) 
LANGUAGE SYSTEM: PUM and assembler 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: 16k bytes RAM , iAPX 86 processor, 8224 clock generator, 8253 timer and 8259A interrupt controller 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking: unlimited number of tasks can start/stop/suspend 

other tasks via intertask communication 
• Synchronizing schemes; semaphore, mailbox and regions 
• Multiprocessing: up to 16 processors on Multibus using shared 

memory with ser1)8phore and interrupt mechanisms via iMMX 
software 

PERIPHERAL MANAGEMENT 
• Supports CRTs and floppy-, hard- and cartridge-disk drives 
• Provides device independence and OMA 
• Uses interrupts and 1/0 multlbuffering 
• Accommodates a mix of single- and double-density disk drives 

8-BIT CPU 
' Z80A 

I KOS 5.2* 

Kontron Electronics Inc 
630 Price Ave 
Redwood City, CA 94063 
Phone (415) 361 -1012 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Segmentation 
• Static relocation 
• Binding during linking, loading and run times 

FILE MANAGEMENT 
• Named file system and multilevel directory 
• Sequential , contiguous and random organizations 
e Allocation type: extents 
• Can access file system from HLL 
• Password/security protection with access Hats 

COMM~NTS: A real-time control executive, iRMX 88 uses device 
drivers l or flat-file system compatibility with iRMX 86; it costs $2000 
with use royalty of $200 

CIRCLE NO 717 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: May 1981 
PRICE: Depends on configuration 
TARGET MODEL: PSI 80 

REAL-TIME 
OPERATING SYSTEM 

SUPPORT LANGUAGES: Z80, 8080 and 8085 assemblers; BASIC 
interpreter; BASIC, FORTRAN, PASCAL, COBOL and FORTRAN 
compilers; FORTH 
SYSGEN PROGRAM: Not required " SOURCE CODE: No 
LANGUAGE SYSTEM: Z80/ASM code 
NETWORK SUPPORT: Yes 

MINIMUM HARDWARE NEEDED: 64k bytes RAM, 16k bytes video-refresh memory, video controller and floppy-disk controller 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking: single foreground task, up to 1 O background tasks 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

hard-disk drives and modems 
• Provides device independence, OMA and spooling 
• Uses interrupts 
• Accommodates a mix of 5M- and 10M-byte Winchester drives 

and 5'4-ln. floppy-disk drives 

MEMORY MANAGEMENT 
• Overlays 
• Binding during loading time 

FILE MANAGEMENT 
• Named file system 
• Random organization 
• Allocation type: linked list of sectors 
• Can access file system from HLL 

COMMENTS: • KOS 5.2 is CP/M compatible. •*Logical drivers are 
dynamically allocated and r(llocatable 

CIRCLE NO 718 
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FEATUBS 
• Accomodates 4096 tasks. 

• Priority scheduling algorithm. 

• lnterrupt~ontrolled Input/output. 

• Input/output drivers: Gonsole 
Driver Is standard. Other drivers
Une Printer, Floppy Disk, and 
lnterphase SMD - available as 
options. 

• MTOS-86MP handles up to 16 
(8086 and 8088) processoFS on 
Multibus. Programs written as 
if single processor Is used. 
can be used so as to minimize 
contention for shared memory. 
To the programmer MTOS-86 
and MT0&86MP are Identical: 
only the MTOS 
knows how ma
ny CPU boards 
are present. 

• Memory mana
gement: Allows 
up to 32 memory 
pools whose spa
Ct) can be alloca
ted and deallocated as required. 

• Dynamic debugging ge: 
Allows user to set break points; 
inspect and change memory, 
and c trol task executloo. 

• PL/M Interface: Full services 
available to user programs writ
ten In PL/M language. 

• Conflgurablllty: Runs on any 
8088/8088 configuration. Only 
11u'dware required Is clock for 
periodic Interrupts. 

•Compactness: MTOS-86 re
quires 8KB of storage; MTOS-
86MP requires 10KB. (drivers, 
fife system, require addltlonal 
&torag$). 

SERVICES 
• Allocate (de-allocate) 
memory block 

• Enter or exit controlled program 

• Change priority 

• Pertonn discrete l/O 

• Pause for a given time 

• Cancel pause 

•Terminate task with 
timed re-start 

•Terminate task with no l'Htart 

•Start task; Queue task If active 

• Start task If dormant 

•Send mess.ge to mailbox 

• Receive message from mailbox 

• Set (reset, test) event flag group 
•Set event flag group after 
elapsed time 

•Walt for event ftags to be set 

•Set (reset, teat) '88maphore 

•Req~est 110 
•Get Date and time 

•Set Date and time 

• • 

TIMINGS FOR SERVICES 
IN MILLISECONDS 

Allocate memory block ..... .. 0.46 

Send message ..... . .. . . .. .. . 0.48 

Receive message ..... . . . .... 0.54 

Release memory block . ... ... 0.56 

Pause . . .. . .. ....... . . . ... . . . 0.48 

Discrete 1/0 ........ . ........ 0.44 

Test semaphore ........ ... .. 0.51 

Change priority . ....... . . . . . . 0.48 

100 Jericho Quadrangle 
Jericho, New York 11753 

I Wf)l ln~~strial I'-!/ ~,~~!a~,!!?c~!ng Inc. (516) 938-6600 Telex: 429808 

Belgium: BETEA S.A. , Chaussee de Louvain , 775, B-1140 Brussels, Phone: (02) 736 80 50, Tix 846-23188 
France: CELDIS SA, 53 Rue Charles Frerot, 94250 Gentilly, Phone: 546.13.13, Ti x 842-200485 
Germany: ALFRED NEYE-ENATECHNIK, Schillerstrasse 14, 2085 Quickborn (Hamburg), Phone: 041 06 / 612-240, Tix 841-213590 
lndla: SARAS ELECTRONICS, N-47, Greater Kailash-1, New Delhi-110048, Phone: 698074, Tix 011-3532 
Israel: CONTAHAL LTD., 54 lbn Gvirol St ., Tel Aviv, 64364, Phone: (03) 269 379, Tix 922-33654 
Japan : TOKYO ELECTRON LIMITED, Shinjuku Nomura Bldg . 1-26-2 Nishi·Shin juku , Shinjuku-Ku , Tokyo 160, 

Phone: 03-344-5893, Tix 781 -2322240 
Netherlands: C.N. ROOD B.V., Cort v.d. Lindenstraat 11 -13, Postbus 42, 2280 AA Rijswijk , Nederland, Phone: 070-996360, Tix 844·31238 
Scandinavia: FRONTEC MICRODATORCENTRUM AB, Box 204, Malmvagen 28, Sollentuna, Sweden, Phone: 08-359360, Tix 854-15130 
Switzerland : XMIT AG , Bellikonerstrasse 218, CH-8967 Widen , Phone: 057-54656, Tix 845-59955 
UK: HAWKER SIDDELEY DYNAMICS ENGINEERING LTD., Manor Road, Hatfield , Herts. AL 10 9LP, Phone: (7072) 73439, Tix 851-24835 

CIRCLE NO 48 



EON µC OPERATING SYSTEMS DIRECTORY 

8/16-BIT CPU 
8 µCs, µPs* 

DEVELOPMENT 
OPERATING SYSTEM 

GENERAL-PURPOSE 
OPERATING SYSTEM 

REAL-TIME 
OPERATING SYSTEM 

[MICRO COBO~ BOS 
RELEASE DATE: November 1978 
PRICE: From $600 

112 

CAP-CPP Services Inc 
521 Fifth Ave 
New York, NY 10175 
Phone (212) 599-7000 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Partially 

TARGET MODEL: > 10 processor types 
SUPPORT LANGUAGES: Most processors' assemblers; Micro 
COBOL compiler 
SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: Micro COBOL plus assembler 
NETWORK SUPPORT: Yes 

MINIMUM HARDWARE NEEDED: 48k bytes RAM, 250k bytes each in dual floppy-disk drives and hard copier 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking : foreground/background tasks can start/stop/ 

suspend other tasks via job management and intertask 
communication 

• Multiusage: hardware dependent 
• Multiprocessing: hardware dependent 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers. floppy-, hard- and 

cartridge-disk drives and modems 
• Provides device independence, OMA and spooling 
• Uses interrupts and 110 multibuffering 
• Accommodates a mix of floppy- and hard-disk drives 

8-BIT CPU 
8080/8085/Z80 

MP/M II 

Digital Research Inc 
Box 579 
Pacif ic Grove, CA 93950 
Phone (408) 649-3896 

SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

MEMORY MANAGEMENT 
• Single contiguous allocation and overlays 
• Swapping, chaining and segmentation 
• Static and dynamic relocations 
• Binding during linking time 
• Memory protection 

FILE MANAGEMENT 
• Named file system 
• Sequential, contiguous and random organizations 
• Indexed sequential access method (ISAM) 
• Can access file system from HLL containing constructs 
• Password/security protection 
• Database management 

COMMENTS: ' Series/1, LSl-11 , 8080, 8085, 8086, Z80, 6800, 
9900 and 68000 

CIRCLE NO 719 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: August 1981 
PRICE: $400 

REAL-TIME 
OPERATING SYSTEM 

SUPPORT LANGUAGES: 8080 and Z80 assemblers ; APL. BASIC, 
FORTH and USP interpreters ; BASIC, C, COBOL, FORTRAN , 
PASCAL and PUI compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: 8080 assembler 
NETWORK SUPPORT: Yes 

MINIMUM HARDWARE NEEDED: 32k bytes RAM (master station) . console, floppy- or hard-disk drive and real- time clock 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking : unlimited number of tasks can start/stop/suspend 

other tasks via queue-based intertask communication 
• Multiusage: 16 users 
• Synchronizing schemes: flags. queues and poll list 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

hard-disk drives, modems and magnetic-tape drives 
• Provides device independence. OMA and spooling 
• Uses interrupts and 1/0 multibuffering 
• Accommodates a mix of mass-storage devices via table-driven 

disk definition 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Chaining and segmentation 
• Static and dynamic relocations 
• Memory protection 

FILE MANAGEMENT 
• Named file system 
• Sequential and random organizations 
• Allocation type: extents 
• Can access file system from HLL containing constructs 
• Password/security protection 
• Time and date stamping on files 

CIRCLE NO 711 

EDN SEPTEMBER 16, 1981 



74LS. 
CMOS. 

SPL 
SPI's 74LS Devices In CMOS 

SPI gives you 20 new reasons to celebrate. 
If you're a system designer, you know that 

CMOS is the process of the 80s. And SPI is the 
CMOS innovator. We've taken 20 of the most 
popular 74LS devices and manufactured them in 
CMOS - to give you low power and increased 
system performance. 

Our 74SC components are pin-for-pin compat
ible, direct plug-in replacements for low power 
Schottky devices. But 
you also get the 
advantages of 
CMOS: significant
ly lower power, 
higher noise im
munity, full TTL 
compatibility (input 
and output) and the 
same high speed. 

Best of all, they are 
available now at prices that 
will surprise you. 

SPI CMOS Makes It Possible 

Our 74SC devices are fabricated using a propri
etary selective oxidation silicon gate process we 
call SPI CMOS. It's the same advanced technol
ogy that we use in our 500- and 1000-gate uncom
mitted logic arrays, so you know it's been proven 
where it counts - in the field. 

SPI's new family of 74SC components covers 
the range of the most widely used devices. De
coders. Multiplexers. Octal drivers. 'Iransceivers. 
Flip-Flops. Latches. All are direct plug-in replace
ments designed to solve marginal performance 
problems in existing designs. Or, with an eye 

on the future, you can design in the building 
blocks for tomorrow's high-speed, low-power 
CMOS systems. 

Put SPI's CMOS 74SC products to work in 
existing applications where high-noise immunity 
and/or low power is desirable. And that's just 
the beginning. 

On The Shelf Now 

..,.....,~. ucts today because they're 
You can start ' s· 1·n SPI's CMOS 74SC prod-

available now. 
74SCin CMOS R'om 

SPI - don't settle for 
anything less. Put 

more into your sys
tem right now and 

stay ahead with SPI 
CMOS - the proc

ess of the 80s. - Call or write SPI 
for more information, 

before your competition does. 

• SP74SC137 1 of 8 Inverting Decoder • SP74SC374 Octal D·Type Flip·Flop 
with Input Latches • SP74SC533 Octal Inverted Output, 

• SP74SC138 1 of 8 Inverting Decoder Transparent Latch 
• SP74SC139 Dual 1 of 4 Inverting • SP74SC534 Octal Inverted Output, 

Decoder D-Type Flip·Flop 
• SP74SC237 1 of 8 Decoder with • SP74SC540 Octal Buffer 

Input Latches • SP74SC541 Octal Buffer 
• SP74SC238 1 of 8 Decoder • SP74SC563 Octal Inverted Output, 
• SP74SC239 Dual 1 of 4 Decoder Ttansparent Latch 
• SP74SC240 Octal Inverting Buffer • SP74SC564 Octal Inverted Output, 
• SP74SC241 Octal Buffer D·Type Flip·Flop 
• SP74SC244 Octal Buffer • SP74SC573 Octal Transparent Latch 
• SP74SC245 Octal Transceiver • SP74SC574 Octal D-Type Flip·Flop 
• SP74SC373 Octal Transparent Latch 

SPI SEMI PROCESSES INC. 
1885 Norman Avenue, Santa Clara, CA 95050, Tel: (408) 988·4004 
TWX: 910·338·0025 SP! SNTA 
SPI in Europe: Semi Processes Inc., Austin House, South Bar, Banbury, Oxfordshire, 
England, Tel: (44)·295·61138 Telex: 837594 
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16-BIT CPU 
8086 

MP/M-86 

Digital Research Inc 
Box 579 
Pacific Grove, CA 93950 
Phone (408) 649-3896 

SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: September 1981 
PRICE: $400 

REAL-TIME 
OPERATING SYSTEM 

SUPPORT LANGUAGES: 8086 ASM, PUI, BASIC, FORTRAN, 
COBOL, PASCAL and FORTH 
SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: 8086 ASM 
NETWORK SUPPORT: Yes 

MINIMUM HARDWARE NEEDED: 64k bytes RAM, console, floppy- or hard-disk drive and real-t ime clock 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking: unlimited number of tasks can start/stop/suspend 

other tasks via queue-based intertask communication 
• Multiusage: 256 users 
• Synchronizing scheme: flags, queues and poll list 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

hard-disk drives, modems and magnetic-tape drives 
• Provides device independence, DMA and spooling 
• Uses interrupts and 1/0 multibuffering 
• Accommodates a mix of mass-storage devices via table-driven 

disk definition 

16-BIT CPU 
Nova 4/Micronova 

MP/OS 

Data General Corp 
4400 Computer Dr 
Westboro, MA 01580 
Phone (617) 366-8911 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 

DEVELOPMENT 
OPERATING SYSTEM 

MEMORY MANAGEMENT 
• Dynamic memory allocation 
• Chaining and segmentation 
• Static and dynamic relocations 
• Memory protection 

FILE MANAGEMENT 
• Named file system 
• Sequential and random organizations 
• Allocation type: extents 
• Can access file system from HLL containing constructs 
• Password/security protection 
• Time and data stamping on files 

CIRCLE NO 711 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: May 1979 
PRICE: $1995 

REAL-TIME 
OPERATING SYSTEM 

TARGET MODEL: DG MP/100/200 . MBCl2'3 
SUPPORT LANGUAGES: Macro assembler: MP PASCAL and MP 
FORTRAN IV compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM : Macro assembler and MP/PASCAL 
NETWORK SUPPORT: Asynchronous and bisynchronous drivers 

MINIMUM HARDWARE NEEDED: 2k bytes RAM , 4k bytes PROM. for development system~4k bytes RAM, console and floppy disk or diskette 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking : up to 256 tasks can start/stop/suspend other tasks 

via intertask communication 
• Multiusage: via multitasking (application dependent) 
• Synchronizing schemes: semaphore and mailbox 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives, modems, magnetic-tape drives and 
synchronous and asynchronous ports 

• Provides device independence and OMA 
• Uses interrupts and 1/0 multibuffering 
• Accommodates a mix of mass-storage devices by supporting up 

to eight different controllers 

MEMORY MANAGEMENT 
• Overlays 
• Swapping and chaining 
• Segmentation and static relocations 
• Binding during linking time 
• Memory protection 

FILE MANAGEMENT 
• Named file system and multilevel directory 
• Random organization 
• Indexed sequential access method (ISAM) 
• Allocation type: indexed/element structure 
• Can access file system from HLL containing constructs 

COMMENTS: MP/OS is compatible with AOS on Eclipse processors and 
AOSNS on MV/8000 32-bit Eclipse systems. 

CIRCLE NO 721 
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Send us your Analog 
Applications for a 
chance at Big Prizes! 
.. . And this T-shirt 
just for entering! 
Computers. Video Cassette 
Recorders. Calculators. The 
Gator is giving 'em away. Be
cause Harris wants to see how 
your systems designs use Harris 
Analog products to best 
advantage. Analog products 
like our high speed AID and 
DI A converters, high perfor
mance Analog multiplexers, 
and the industry's most exten
sive line of precision opera
tional amplifiers. 

Whatever the application, if 
your design makes optimum use 
of the special features of these 
Harris Analog products, we'd like 
to see it. And the Gator will send 
you a free Analog "Swamp Fever" 
T-shirt just for entering the contest. 

EDN SEPTEMBER 16, 1981 

OK, Harris! 

Prizes will be awarded for 
applications in each of three 
major categories : 

l. A I D and DI A Converters 
2. Analog Multiplexers 
3. Operational Amplifiers 

The better the Analog application, the 
bigger the prize. And final judging will 

be conducted by a blue ribbon panel of 
editors. Sorry, Harris employees not 

eligible for this contest. 

Get in on the Great Gator Give
Away! Our Analog Applications 
Contest Kit gives you all the 
details, plus a super Gator poster. 
Send for yours today ... 

Put an Analog Applications 
Contest Kit in the mail for me: 

NAME -------------------
TITLE -------------------

COMPANY ------------------
DEPT./DJV. _________________ _ 

ADDRESS'-------------------
CITY ________ STAT _____ ZIP----

"Great Gator Give-Away" 
Harris Corporation 
Analog Products Division 
Box 883, Melbourne, Florida 32901 

HARRIS 
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8-BIT CPU 
Z80 

MSOS 

Monolithic Systems Corp 
14 Inverness Dr 
Englewood, CO 80112 
Phone (303) n0-7400 

SYSTEM RESIDENCY: EPROM 
ROMABLE SYSTEM: Yes 

DEVELOPMENT 
OPERATING SYSTEM 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: January 1978 
PRICE: $900 

REAL-TIME 
OPERATING SYSTEM 

TARGET MODEL: MSC 8001 /8004/8007/8009 
SUPPORT LANGUAGES: MSC assembler 
SYSGEN PROGRAM: No SOURCE CODE: Yes 
LANGUAGE SYSTEM: Z80 assembly 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: 16k bytes RAM, CPU and floppy-disk drive 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers and floppy-disk 

drives 
• Provides device independence 
• Uses interrupts and 1/0 multibuffering 

16-BIT CPU 
8086/Z8000/68000 

DEVELOPMENT 
OPERATING SYSTEM 

MSP/8086/Z8000/68000 

Hemenway Associates Inc 
101 Tremont St 
Boston, MA 02108 
Phone (617) 426-1931 

SYSTEM RESIDENCY: Ram and disk 
ROMABLE SYSTEM: No 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Swapping and chaining 
• Static and dynamic relocations 
• Binding during assembly/compilation time 
• Memory protection 

FILE MANAGEMENT 
• Named file system 
• Multilevel directory 
• Sequential organization 
• Indexed sequential access method (ISAM) 
• Allocation type: linked list of sectors 

CIRCLE NO 722 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: January 1981 
PRICE: $900 
TARGET MODEL: Various 

REAL-TIME 
OPERATING SYSTEM 

SUPPORT LANGUAGES: Macro assembler and linking loader; 
PASCAU I compiler; BASIC and FORTRAN 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: 32k bytes RAM, console, real-time clock and floppy-disk drive 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 
• Multitasking : unlimited number of tasks can start/stop/suspend 

other tasks via intertask communication 
• Synchronizing schemes: mailbox and monitors 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives, modems, magnetic- and paper-tape drives 
and other devices via suitable device drivers 

• Provides device independence, OMA and spooling 
• Uses interrupts and 1/0 multibuffering 
• Accommodates a mix of floppy- and hard-disk drives 

MEMORY MANAGEMENT 
• Overlays 
• Chaining and static relocation 
• Segmentation (depends on processor) 
• Binding during linking time 
• Memory protection (depends on hardware) 

FILE MANAGEMENT 
• Named file system 
• Sequential and random organizations 
• Allocation type: linked list of sectors 
• Can access file system from HLL containing constructs 
• Password/security protection 

CIRCLE NO 723 
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(And reduced the prices) 
Vitramon, Incorporated has taken a bold 
step to curb inflation and lower your 
component costs. 

We've increased the capacitance 
ranges of our NPO monolithic ceramic 
chip and "VP" Radial- lead Capacitors -
and reduced prices below 1980 levels. 
(So you'll receive more capacitance for 
your money.) 

A new, high-quality dielectric system 
has enabled us to increase the capaci
tance ranges from 50% to 160%on our 
11 body sizes of "VEE JEM" NPO Chip 
Capacitors. The versatile "VP" Ceramic 
Capacitor series is also available with 
similar capacitance increases. 

For example, the smallest chip body 
size was increased from 150 pF to 390 
pF - the largest from 18,000 pF to 
27,000 pF. 

The NPO is the most stable dielectric 
used in monolithic ceramic capacitors: 
a 0 ± 30 ppm I °C TC., a maximum 
dissipation factor of 0.1 %-virtually no 
capacitance change when subjected to 
voltage, frequency, temperature or time. 

We've taken the first step in curbing 
your component costs. You can take 

the next step by calling us for a quotation 
or free catalog. 

You'll find it hard to beat our combina
tion of extremely high quality, increased 
capacitance and lower pricing. 

Type 

"VP" 
Radial
Lead 

CHIP 

Part No. 

VP12 
VP12 
VP22 
VP22 
VP23 
VP23 

VJ0504 
VJ0805 
VJ0905 
VJ0907 
VJ1505 
VJ1805 
VJ1210 
VJ1808 
VJ1812 
VJ2321 
VJ2224 

Vdc 

100 
50 

100 
50 

100 
50 

Vitramon North America 

Old Range (pF) 

1-1800 
2000-3900 
180-1800 
2400-3900 
2400-10,000 
11 ,000-15,000 

10-150 
1-680 
10-680 
620-1100 
680-1300 
620-1600 
1300-3900 
1500-3900 
1500-6800 
6200-15,000 
6800-18,000 

Division of Vitramon, Incorporated 
Box 544, Bridgeport, Conn. 06601 
Tel : (203) 268-6261 

New Range (pF) 

1-3900 
100-4700 
10-3900 
180-5600 
4700-15,000 
4700-22,000 

1-390 
1-1000 
1-1200 
10-1800 
47-2200 
180-2700 
220-4700 
680-5600 
470-.01 µF 
1200-.022 µF 
1200-.027 µF 

Vitramon Limited (London) 
Vitramon GmbH (Stuttgart) 

Vitramon France S.A.R.L. (Paris) Vitramon Japan Limited (Tokyo) 
Vitramon Ply. Limited (Sydney) Vitramon do Brasil Lida. (Sao Paulo) 
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8/16-BIT CPU 
8080/68000 

MULTI-FORTH 

Creative Solutions Inc 
14625 Tynewick Terrace 
Silver Spring, MD 20906 
Phone (301) 598-5805 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 

DEVELOPMENT 
OPERATING SYSTEM 

MINIMUM HARDWARE NEEDED: 16k bytes RAM , one floppy-disk drive 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 
• Multitasking: up to 64 tasks can startlstop/suspend other tasks 

via intertask communication 
• Multiusage: up to 10 users, with 512 by1es (min) RAM per user 
• Synchronizing schemes: semaphore, mailbox and monitors 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

hard-disk drives, modems and magnetic-tape drives 
• Provides device independence and spooling· 
• Uses interrupts and 1/0 multibuffering 
• Accommodates a mix of mass-storage devices via virtual 

disk-access scheme 

8-BIT CPU 
Z80/8080/8085 

I MULTI/OS 

lnfoSoft Systems Inc 
25 Sylvan Rd South 
Westport, CT 06880 
Phone (203) 226-8937 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: December 1979 
PRICE: $1500 to $5000 

REAL-TIME 
OPERATING SYSTEM 

SUPPORT LANGUAGES: 8080 and 68000 assemblers; FORTH 
contains interpreter and compiler 
SYSGEN PROGRAM: Yes 
LANGUAGE SYSTEM: FORTH 
NETWORK SUPPORT: Yes 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays 
• Swapping and chaining 

SOURCE CODE: Yes 

• Binding during assembly/compilation, linking and loading times 

FILE MANAGEMENT 
ii Named file system and multilevel directory 
• Sequential, contiguous and random organizations 
• Allocation type: single contiguous 
• Can access file system from HLL containing constructs 
• Password/security protection 

CIRCLE NO 724 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: June 1981 
PRICE: $900 
TARGET MODEL: ZB0/8080/8085 

REAL-TIME 
OPERATING SYSTEM 

SUPPORT LANGUAGES: SAL/RLASM and Intel- and Zi log-type 
assemblers ; BASIC, MBASIC, FORTH, PILOT and MUMPS interpret
ers ; BASIC, FORTRAN, COBOL, PASCAL, C and RATFOR compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: Assembler and C 
NETWORK SUPPORT: Asynchronous protocols 

MINIMUM HARDWARE NEEDED: 48k bytes RAM, 160k bytes floppy disk and terminal 

118 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 
• Multitasking: 1 to 16 tasks 
• Multiusage: console programs or background phantom jobs 
• Multiprocessing: via communications network 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives and modems 
• Provides spooling, OMA and device independence at link-library 

level 
• Uses interrupts and 1/0 multibuffering 
• Accommodates up to 15 disk drives, 65M bytes each, with 

table-driven handler 

MEMORY MANAGEMENT 
• Multiple contiguous allocations 
• Overlays with program loader 
• Chaining 
• Static or load-time relocation 
• Binding during linking time 

FILE MANAGEMENT 
• Named file system (CP/M compatible) 
• Sequential and random organizations with sub-directories 
• Module available for ISAM 
• Allocation type: 1 k, 2k, 4k or Bk clusters 
• Can access file system from HLL containing constructs 

CIRCLE NO 712 
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Free RCA Seminars: 
Powerful ideas for you on 

High-speed Power Switching 
and Power MOS/FETs. 

The Power Seminars have been 
specifically designed for applications 
and design engineers. And they'll be 
conducted by experienced RCA 
engineers. 

The objective: to give you all the 
information you need to choose the 
optimum power devices for your 
applications. 

Here's what will be covered 
(1) SwitchMax. 

• Automatic High Temperature 
Dynamic Testing 

• Inductive Switching SOA (Safe 
Operating Area) 

• Trends in Switching Power 
Supply Designs 

• Extensions of HF Power 
Switching techniques to new areas of 
interest (e.g., motor drives, welders, 
ultrasonics) 

• New Switch Max Products 
• New OPL (Government) Types 

(2) High-speed SCRs. 
• Fast Recovery SCRs 
• Asymmetrical SCRs 
• ITRs/ RCTs 
• SCR Current Capability 
• Device Parameters Which Are 

Important for SCR Energy Effic ient 
High-frequency Inverters 

• Switching Dissipation 
• Typical Commutation (Turn-off) 

Techniques 
• Typical Sinusoidal Inverters 
• Typical Non-sinusoidal Inverters 
• Motor Speed Controls 

(3) Power MOS/FETs. 
• Historical Review of Power 

MOS/ FETs 
• Power MOS/ FET Design 

Technologies 

the d. expan 1ng 
power 
spectrum 

Free Literature. 
Each attendee will receive an 

illustrated copy of the presentation, 
a new short form data book and three 
new brochures on seminar subjects, 
plus applicable data sheets. 

Agenda. 
These seminars will be held from 

1 :00 through 5:00 P.M ., fo llowed by a 
get-acquainted cocktail hour. 

Reserve space now. 
Don't miss this opportunity to get 

some powerful design ideas. Free. 

• Bipolar and MOS/FET Compar
isons (Economic Ramifications) 

• Power MOS/ FET Applications 
• RCA MOS/ FET Product Line 

To make your reservation call the 
local co-sponsoring distributor listed 
in the seminar schedule. 

ncn 
Seminar schedule 

Co-sponsor/ Distributor 
Location Date Distributor Contact Phone 
Long Island, NY Sept. 15 Schweber Alex Artesan i 516-334-7474 
North Jersey. NJ Sept. 16 Schweber Steve Fetics 201-227-7880 
Boston. MA Sept. 17 Sterling Don Adams 617-894-6200 
Cincinnati / Dayton. OH Sept. 22 Arrow Sue Littley 513-435-5563 
Detroit, Ml Sept. 23 Schweber John Sutterlin 313-525-8100 
Cleveland. OH Sept. 24 Arrow Jim Marrie 216-248-3900 
Danbury. CT Oct.1 Schweber Kaki Schumacher 203-792-3500 
Philadelphia. PA Oct. 5 Schweber Holly Fonarow 215-441-0600 
Baltimore/ Washington Oct. 6 Schweber Linda Mitchell 301-840-5900 
Minneapolis, MN Oct. 13 Arrow Steve Turner 612-830-1 819 
Milwaukee. WI Oct. 14 Taylor Mary Houle 414-241 -4321 
Chicago. IL Oct. 15 Hami lton/ Avnet Darlynne 312-860-7780 
Santa Clara. CA Oct.1 9 Wyle Rich Cimino 408-727-2500 
Los Angeles. CA Oct. 20 Schweber Bob Rodrique 714-556-3880 
Orange County, CA Oct. 21 Marshall Liz D'Amico 714-556-6400 
San Diego, CA Oct. 22 Arrow Carol Dixon 714-565- 4800 
Atlanta. GA Oct. 27 Arrow Jerry Bokus 404-449-8252 
FL Lauderdale. FL Oct. 28 Arrow Joe VVel lisch 305-776-7790 
Orlando. FL Oct. 29 Schweber Steve Clark 305-331-7555 
Denver. CO Nov. 9 Wyle Mike Jaques 303-457-9953 
Kansas City. MO Nov. 10 Hamilton / Avnet Leanna Eberenz 913-541 -7921 
Houston. TX Nov. 11 Schweber Ron Williams 713-784-3600 
Dallas. TX Nov. 12 Sterling Liz Leonard 214-243-1600 

For RCA CMOS 1800-series microprocessor seminars and workshops, call (800) 526-3862. 
RCA Solid State headqu arters: Somerville. NJ . Brussels. Sao Paulo. Hong Kong. (In New Jersey call 201 -685-5533.) 
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8-BIT CPU 
Z80 

OASIS* 

Phase One Systems Inc 
7700 Edgewater Or, Suite 830 
Oakland, CA 94621 
Phone ( 415) 562-8085 

SYSTEM RESIDENCY : Disk 
FiOMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: November 1979 
PRICE : $850 
TARGET MODEL: Z80 

REAL-TIME 
OPERATING SYSTEM 

SUPPORT LANGUAGES: Z80 macro assembler; BASIC interpreter; 
RM COBOL, PASCAL and FORTRAN 77; BASIC and C compi lers 
SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM : Z80 assembler 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: 56k bytes RAM, dual floppy-disk drives and Z80 CPU 

PROCESSOR ALLOCATION/MANAGEMENT 
• Single vs User mode 
• Multitasking: 15 tasks can start/stop/suspend other tasks 
• Multiusage: 16 users with 4k bytes (min) R,4.M per user 
• Synchronizing scheme: varies with hardware 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers; floppy- , hard- and 

cartridge-disk drives; modems and magnetic-tape drives 
• Provides device independence, OMA and spooling 
• Uses interrupts and 1/0 multibuffering 
• Accommodates a mix of eight disk drives of different types 
• Supports up to 128M bytes of disk and 784k bytes of RAM 

COMMENTS: *Multiuser; optional CONTROL RDBMS, File Sort and 
IBM3470 formatter packages available. Single-user version available 
for $500. 

8-BIT CPU 
Z80 

I OASIS-16 

Phase One Systems Inc 
7700 Edgewater Drive, Suite 830 
Oakland, CA 94621 
Phone (415) 562-8085 

SYSTEM RESIDENCY: Disk 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

MEMORY MANAGEMENT 
• Memory protection 
• Overlays 
• Chaining and segmentation 
• Static and dynamic relocations 
• Binding done during linking time 

FILE MANAGEMENT 
• Named file system 
• Sequential, keyed and random organizations 
• Indexed sequential access method (ISAM) 
• Allocation types: linked list of sectors and single contiguous 
• Can access file system from HLL containing constructs 
• Password, privilege level security protection 
• Automatic record 11nd file locking · 

CIRCLE NO 713 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: September 1981 
PRICE: $1495 
TARGET MODEL: 8086, Z8000, 68000 

REAL-TIME 
OPERATING SYSTEM 

SUPPORT LANGUAGES: Z80 macro assembler; BASIC interpreter; 
RM COBOL, FORTH, PASCAL and FORTRAN 77; BASIC and C 
compilers 
SYSGEN PROGRAM : Yes 
LANGUAGE SYSTEM: C compiler 
NETWORK SUPPORT: Yes 

SOURCE CODE: No 

MINIMUM HARDWARE NEEDED: 128k bytes RAM, dual floppy-d isk drives and 16-bit CPU 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 
• Multitasking : 15 tasks can start/stop/suspend other tasks 
• Multiusage: 32 users with 4k bytes (min) RAM per user 
• Interprocessor communications: pipes 
• Dynamic user partitioning 

PERIPHERAL MANAGEMENT 
• Supports CRTs; character and line printers; floppy- hard- and 

cartridge-disk drives; modems; magnetic-tape drives and bub
ble-memory devices 

• Provides device independence, OMA and spooling 
• Uses interrupts and 1/0 multibuffering 
• Accommodates a mix of 32 disk drives of different types 
• Supports up to 8736M bytes of disk 

COMMENTS: Optional CONTROL RDBMS, File Sort and IBM3470 
formatter packages available 

MEMORY MANAGEMENT 
• Overlays 
• Chaining and segmentation 
• Static and dynamic relocations 
• Binding done during linking time 

FILE MANAGEMENT 
• Named file system and multilevel directory 
• Sequential , contiguous, keyed and random organizations 
• Multikeyed indexed sequential access method (ISAM) 
• Allocation types: linked list of sectors and single contiguous 
• Can access file system from HLL containing constructs 
• Password privilege level security protection 
• Automatic record and file locking 
• Dynamic file allocation and priority scheduling 

CIRCLE NO 733 
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8-BIT CPU 
. 6800 

IPETOS 

Perkin-Elmer Terminals Div 
360 Rte 206 South 
Flanders, NJ 07836 
Phone (201) 584-1400 

SYSTEM RESIDENCY: ROM 
ROMABLE SYSTEM: Yes 

DEVELOPMENT 
OPERATING SYSTEM 

MINIMUM HARDWARE NEEDED: 16k bytes RAM 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking: limited only by memory capacity 
• Synchronizing scheme: priority 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers and floppy-disk 

drives 
• Provides device independence and OMA 
• Uses interrupts and 1/0 multlbuffering 

8/16-BIT CPU 
10 µCs, µPs* 

rPOLYFORTH 

Forth Inc 
2309 Pacific Coast Hwy 
Hermosa Beach, CA 90254 
Phone (213) 372-8493 

SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: Yes 

DEVELOPMENT 
OPERATING SYSTEM 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: August 1978 
PRICE: $6783 with Model 3500 terminal 

REAL-TIME 
OPERATING SYSTEM 

SUPPORT LANGUAGES: 6800 macro assembler; BASIC interpreter 
SYSGEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM: 6800 assembler 
NETWORK SUPPORT: No 

MEMORY MANAGEMENT 
• Overlays 
• Chaining 
• Binding during linking time 

FILE MANAGEMENT 
• Sequential and random organizations 

COMMENTS: PETOS is available only with the P-E Model 3500 
intelligent terminal . 

CIRCLE NO 725 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: 1979 
PRICE: $5100 

REAL-TIME 
OPERATING SYSTEM 

TARGET MODEL: MOS, SBC, Q-Bus, Unibus, Exerciser, Tl990, Nova 
and Cosmac 
SUPPORT LANGUAGES: Common processors ' assemblers ; FORTH 
interpreter and compiler ; CP/M for 8080 and 8086 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: FORTH 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: 16k bytes RAM, serial interface. terminal , disk drive 

122 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking; number of tasks, limited only by memory capacity, 

can starVstop/suspend other tasks via intertask communication 
• Multiusage: number of users limited only by memory capacity, 

with 1 k bytes (min) RAM per user 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives and magnetic- and paper-tape drives 
• Provides device independence, OMA and spooling 
• Uses interrupts and 1/0 mullibuffering 
• Accommodates a mix of mass-storage devices via device drivers 

and assigned memory areas 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays 
• Chaining 
• Binding done In single process 
• Memory protection 

FILE MANAGEMENT 
• Named file system 
• Sequential, contiguous and random organizations 
• Indexed sequential access method (ISAM) 
• Allocation type: single contiguous 
• Can access file system using constructs 
• Password/security protection 

COMMENTS: •8080. 8086, 9900, 6800, 6809, 68000, 1802, LSl-11 , 
PDP-11 , Nova and IBM Series/1 

CIRCLE NO 726 
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SIGNAL an11 POWER Isolation 
We isolate signal and power in a l " x 
l " x 1/4" IC package- do it with a single 
IC-compatible transformer that has 
seven separate windings. 3656 is 
probably the most innovative isolation 
amplifier in the world today. 

High breakdown voltages and low 
leakage performance breaks noise 
generating ground loops; protects 
medical patients from shock; shields 
sensitive instruments from high 
voltage; isolates industrial signals from 
environmental noise. 

Isolation 
Voltage Voltage 

Complete, compact 3656 Iaolation 
Amplifier includes: three-port faoJatfon 
design with independent grounds for 

Leakage Gain , G 

input. output and power. Internal 
uncoounittedinputandoutputop 
amps expand application versatility, 
offering inverting. noninverting and 
differential gains. A self-contained 
DC/DC converter provides isolated 
power for these op amps and for 
external I/O circuitry (±5mA). 

3656 expands our broad line of 
transformer and optically coupled 
isolation amplifiers and DC/DC 
converters - specifications available 
from sales office near you. 

Specification Offset 
Rated Cont. Test Rejection at 120V, 60Hz Accuracy Linearity Temp(l ) Initial vs Temp Price 

Model voe. min voe, min 

3656HG 3500 8000 

3656JG 3500 8000 

3656KG 3500 8000 

1, -25° C to +85°C versions also available. 

BOSTON CHICAGO COLUMBUS 

dB, min µA , max %, max 

108 0.5 1.5 

112 0.5 1.0 

112 0.5 1.0 

BURR-BROWN® 

IEIEll 

%, max oc 

0.15 Oto +70 

0.1 Oto +70 

0.1 0 to +70 

Putting Technology 
To Work For You 

DALLAS DETROIT HOUSTON LOS ANGELES NEW YORK 

mV, max µV !°C, max 1100'51 

40 200 + 1000 $48.65 4 + -
G G 

2 + 20 
G 

50 + 500 
G 

$51 .90 

10 
1 + -

G 
10 + 350 

G 
$63 .75 

SANJOSE' SEATTLE TUCSON 
1617 1 444-9020 (312 1 832-8520 1614 1 764-9764 1214 1 681-5781 1313 1 474-6533 1713 1 988-8546 1714 1 835--0712 1914 1 253-9333 1408 1 559-8600 1206 1455-2611 1602 · 746-1111 
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8, 16-BIT CPU 
8080,8085,8086,Z80 

REX-80 

Systems & Software Inc 
2801 Finley Rd 
Downers Grove, IL 60515 
Phone (312) 932-9320 

SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: Yes 

DEVELOPMENT 
OPERATING SYSTEM 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: May 1978 
PRICE: $1800 

REAL-TIME 
OPERATING SYSTEM 

TARGET MODEL: Single-board computers 
SUPPORT LANGUAGES: Relocatable macro assembler; C and PUM 
compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: 2k bytes ROM , 512 bytes RAM, real-time clock and priority interrupt controller 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 
• Multitasking: limited by memory, tasks can start/stop/suspend 

other tasks via 64 intertask communication channels and 
mailbox synchronization 

• Multiprocessing : eight processors use test and set and interrupt 
synchronizing scheme 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy-disk drives, 

modems and paper-tape drives 
• Provides device independence and spooling 
• Uses interrupts and 1/0 multibuffering 

16-BIT CPU 
LSl-11 /2, LSl-11 /23 

RSX-11 M, RSX-11 S 

Digital Equipment Corp 
One Iron Way 
Marlboro, MA 01752 
Phone (800) 225-9220 

SYSTEM RESIDENCY: Hard-disk based 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Segmentation 
• Static relocation 
• Binding done during linking time 

FILE MANAGEMENT 
Not Available 

CIRCLE NO 748 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: 1975 
PRICE: RSX-11M, $8600; RSX-11S, $560 

REAL-TIME 
OPERATING SYSTEM 

SUPPORT LANGUAGES: Macro assembler; BASIC interpreter; 
FORTRAN IV, FORTRAN IV-PLUS, COBOL and BASIC-PLUS II 
compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: Macro assembler 
NETWORK SUPPORT: DECNET, 2780/3780 emulation 

MINIMUM HARDWARE NEEDED: LSl-11 /23 (LSl-11 /2 for unmapped RSX-11S), 48k bytes RAM, RL01 disk drive, console port and clock 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking: number of tasks limited only by memory capacity 
• Priority or round-robin scheduling 
• Multiusage available 
• Intertask communication and synchronization 
• Log-in/log-out with password 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

hard-disk drives, modems, paper-tape drives and TU58 car
tridge-tape drives 

• Provides device independence, DMA and spooling 
• Uses interrupts 
• Accommodates up to four hard-disk drives, four double-density 

floppy-disk drives and/or four TU58 cartridge-tape drives 

MEMORY MANAGEMENT 
• Automatic memory compaction 
• Supports hardware relocation , segmentation and protection 
• Binding during assembly/compilation, linking , loading, run and/or 

execution times 
• Supports check pointing to disk 
• Overlapping and shared code 

FILE MANAGEMENT 
• Named file system with per-user directories and protection 
• Sequential, random and !SAM access 
• Contiguous or mapped allocation 
• Can access system from HLL 

COMMENTS: RSX-11 S is a memory only (no file support) subset of 
RSX-11M 

CIRCLE NO 681 
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HP: HELPS YOU MANAGE SOUND AND VIBRATION 

Complete and affordable 
dynamic analysis of your product 

-including modal. 
D HP's New 5423A Structural 

Dynamics Analyzer- an entirely new 
kind of instrument for mechanical and electro
mechanical design and test that's far easier to 
use and lower in cost than available alternatives. 
The HP 5423A Structural Dynamics Analyzer 
provides state-of-the-art measurement, analysis, 
display, storage and plotting capabilities in 
a convenient transportable package. 

D Complete Measurement Capability 
provides the accurate data you need for the 
analysis of dynamic behavior. These capabilities 
include time record, power spectrum, 
frequency response and coherence 
-just to name a few. A built-in 
"waveform calculator" operates 
on measured data as well as 
on real and complex constants. 
Easy to use, it lets you compute 
characteristics which are difficult 
or even impossible to measure 
directly: including non-coherent 
output power, open-loop gain 
of a control system and the 
synthesis of frequency response 
functions. 

D An Animated Mode Shape Display 
dramatically illustrates the results of a test by 
depicting structural deformation for each 
natural resonant frequency. You can quickly 
identify problem points such as maximum 
stress, flexure or sound transmission. Additional 
display features include: 

• Perspective 
• Rotation about any axis 
• True three dimensions using a stereoscope 
• Selection of viewing direction and distance 
• "Zoom" on portions of interest 
• Split-screen viewing of any two modes 

• Highlighting of points of interest 
• Stop-motion for detailed study 

Nowhere else can you get this 
capability at such a low cost. 
$41,000'." 

For more information on how the 
5423A can help you, call your 
nearby HP sales office. Or write 
Hewlett-Packard, 1507 Page Mill 
Road , Palo Alto, CA 94304. 

•Domestic U.S. price on ly. 

Three Simple Steps to a Complete Dynamic Analysis 

I. Measure frequency response with 
the 5423A and identify the resonances 
of interest using the X-Axis cursors. 
Cursor settings are automatically 
stored for use at other points on the 
structure. 
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2. A few keystrokes graphically display 
the result of curve-fitting the measured 
data at each resonance and automati
cally enter the computed frequency, 
damping and residue information into 
tables for display or outputting. 

3. Repeat the process at points of 
interest on the structure. The 5423A's 
Auto Sequence capability controls 
the instrument for you. Mode shapes 
for each resonant frequency are 
displayed using the geometry which 
describes your structure. 
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16-BIT CPU 
LSl-11 /2, LSl-11 /23 

I RT-11 

Digital Equipment Corp 
One Iron Way 
Marlboro, MA 01752 
Phone (800) 225-9220 

DEVELOPMENT 
OPERATING SYSTEM 

SYSTEM RESIDENCY: Disk initially, RAM only after app program run 
ROMABLE SYSTEM: FORTRAN applications only 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: 1973 
PRICE: $3620 

REAL-TIME 
OPERATING SYSTEM 

SUPPORT LANGUAGES: Macro assembler; BASIC, FOCAL, APL 
and Multiuser BASIC interpreters; FORTRAN IV compiler 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: Macro assembler 
NETWORK SUPPORT: DECNET, 1-port 2780/3780 emulation 

MINIMUM HARDWARE NEEDED: 24k bytes RAM (includes RT-11 and application programs) , LSl-11 /2, TU58 cartridge-tape drive and console port 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 
• Multitasking : eight tasks start asynchronous 1/0 via monitor call 
• Synchronizing schemes: send/receive messages, mailboxes 

and, for 1/0 completion only, semaphore 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives, modems, paper-tape drives and TU58 
block-addressable cartridge tapes 

• Provides device independence, OMA and spooling 
• Uses interrupts 
• Accommodates up to four hard-disk drives, four single-density 

and/or four double-density floppy-disk drives and/or four TU58 
cartridge-tape drives 

16-BIT CPU 
HP 1000 L Series 

I RTE-XL 

Hewlett-Packard Co 
11000 Wolfe Rd 
Cupertino, CA 95014 
Phone (408) 257-7000 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 

DEVELOPMENT 
OPERATING SYSTEM 

MINIMUM HARDWARE NEEDED: 128k bytes RAM, L Series CPU board 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking: 255 tasks can run concurrently and starVstop/talk 

to other tasks via intertask communication 
• Multiprocessing: manages CPU and, on each interface card, a 

separate 1/0 processor 
• Time, event, program or operator scheduling of events 
• Multilevel prioritized vectored interrupt system 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- , hard- and 

cartridge-disk drives, modems, magnetic-tape drives, plotters 
and IEEE-488-bus-related devices 

• OMA on each 1/0 channel 

MEMORY MANAGEMENT 
• Single contiguous allocation and overlays 
• Segmentation via chaining 
• Static and dynamic relocations 
• Binding during assembly/compilation, linking, loading, run and/or 

execution times 
• Supports hardware relocation, segmentation and protection 

FILE MANAGEMENT 
• Named file system 
• Sequential and random access 
• Al~tion type: single contiguous 
• Can access system from HU 
• Protects files from deletion when locked 

COMMENTS: RT-11 also runs on DEC minicomputers. 

CIRCLE NO 727 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: November 1980 

REAL-TIME 
OPERATING SYSTEM 

PRICE: $3150 ; additional copies $1260; execute-only license $21 O 
TARGET MODEL: HP1000 L Series board , box or system 
SUPPORT LANGUAGES: FORTRAN 4X; BASIC/1000L interpreter; 
PASCAL/1000 ; HP 1000 assembler 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: Yes, DS/1000-IV 

MEMORY MANAGEMENT 
• Up to 255 partitions 
• Swapping 
• Partition size to 64k bytes 
• Power fail/autorestart 
• Memory protection and program segmentation 

FILE MANAGEMENT 
• Named file system 
• Sequential , contiguous and random organizations 
• Allocation type: extents 
• Password/security protection 

CIRCLE NO 728 

EDN SE PTEMBER 16, 198 1 



EON µC OPERATING SYSTEMS DIRECTORY 

16-BIT CPU 
8086/Z8000/68000 

DEVELOPMENT 
OPERATING SYSTEM 

I SP/8086/Z8000/68000 

Hemenway Associates Inc 
101 Tremont St 
Boston, MA 02108 
Phone (617) 426-1931 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: June 1980 
PRICE: $700 
TARGET MODEL: Various 

REAL-TIME 
OPERATING SYSTEM 

SUPPORT LANGUAGES: Macro assembler and linking loader; 
PASCAUI compiler ; BASIC and FORTRAN 
SYSGEN PROGRAM: No SOURCE CODE: Yes 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: 16k bytes RAM, console and floppy-disk drive 

PROCESSOR ALLOCATION/MANAGEMENT 
Not Available 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives, modems, magnetic- and paper-tape drives 
and other devices via suitable device drivers 

• Provides device independence 
• Uses interrupts and 1/0 multibuffering 
• Accommodates a mix of floppy- and hard-disk drives 

16-BIT CPU 
8086 

lstARDOS 

Micro Five Corp 
17791 Sky Park Circle 
Irvine, CA 92714 
Phone (714) 957-1517 

SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

MEMORY MANAGEMENT 
• Si.ngle contiguolls allocation and overlays 
• Chaining and static relocation 
• Segmentation (depends on processor) 
• Binding during linking time 
• Memory protection (depends on hardware) 

FILE MANAGEMENT 
• Named file system 
• Sequential and random organizations 
• Allocation type: linked list of sectors 
• Can access file system from HLL containing constructs 
• Security protection 

CIRCLE NO 729 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: May 1978 
PRICE: Depends upon configuration 
SUPPORT LANGUAGES: BASIC 
SYSGEN PROGRAM: Yes 
LANGUAGE SYSTEM: Interactive BASIC 
NETWORK SUPPORT: Interprocessor 

REAL-TIME 
OPERATING SYSTEM 

SOURCE CODE: No 

MINIMUM HARDWARE NEEDED: Series 3000 µ.C system and visual display terminal 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking : available 
• Multiusage: available 

PERIPHERAL MANAGEMENT 
• Supports CRTs and character printers 
• Provides device independence and DMA 
• Uses interrupts and 1/0 multibuffering 
• Accommodates a mix of mass storage devices 
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MEMORY MANAGEMENT 
• Fixed partitions 

FILE MANAGEMENT 
• Database-management system (Update) 

CIRCLE NO 687 
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8/16-BIT CPU 
6809/68000 

IUNIFLEX 

Technical Systems Consultants Inc 
1208 Kent Ave, Box 2570 
West Lafayette, IN 47906 
Phone (317) 463-2502 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: July 1980 
PRICE: $450 
TARGET MOOEL: Various 

REAL-TIME 
OPERATING SYSTEM 

SUPPORT LANGUAGES: Micro, relocating and various cross 
assemblers ; BASIC interpreters ; C, PASCAL and FORTRAN compi l-
ers 
SYSGEN PROGRAM: Yes 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: Yes 

SOURCE CODE: No 

MINIMUM HARDWARE NEEDED: 96k bytes RAM, memory-management device and OMA-driven disk controllers, all l/0-interrupt driven 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 
• Multitasking : number of tasks, limited only by hardware, can 

starVstop/suspend other tasks via intertask communication 
"pipes" 

• Multiusage: number of users limited only by hardware, with 28 
bytes (min) RAM per user 

• Multiprocessing: handles unlimited number of processors (with 
software modifications) 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives, modems and magnetic- and paper-tape 
drives 

• Provides device independence, OMA and spooling 
• Uses interrupts and 1/0 multibuffering 
• Accommodates any mix and number of interrupt-driven DMA

controlled floppy- and hard-disk drives 

16-BIT CPU 
68000 

IVERSADOS 

Motorola Semiconductor Products Inc 
3102 N 56th St 
Phoenix, AZ 85018 
Phone (602) 244-5714 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM : Executive only 

DEVELOPMENT 
OPERATING SYSTEM 

MEMORY MANAGEMENT 
• Overlays and segmentation 
• Swapping and chaining 
• Static and dynamic relocations 
• Binding during linking time 
• Memory protection (depends on hardware) 

FILE MANAGEMENT 
• Named file system and multilevel directory 
• Sequential and random organizations 
• Allocation type: resembles bit mapping 
• Can access file system from HLL containing constructs 
• Password/security protection 

CIRCLE NO 730 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: March 1980 
PRICE: Depends on configuration 

REAL-TIME 
OPERATING SYSTEM 

TARGET MODEL: Exormacs development system, Versamodule 01 
SUPPORT LANGUAGES: Structured macro assembler, PASCAL 
compiler 
SYSGEN PROGRAM: Yes SOURCE CODE: Request quote 
LANGUAGE SYSTEM: Assembly and PASCAL 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: Exormacs, 256k bytes RAM, Exorterm 155, Exordisk Ill , printer or Versamodule 01 with 128k bytes RAM 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mOde 
• Multitasking : unlimited number of tasks can start/stop/suspend 

other tasks via intertask communication 
• Synchronizing scheme: semaphore 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives and modems 
• Provides device independence, OMA and spooling 
• Uses interrupts 
• Aceommodates a mix of floppy- and hard-disk drives 

MEMORY MANAGEMENT 
• Chaining 
• Segmentation 
• Static an9 dynamic relocations 
• Binding during linking time 
• Memory protection 

FILE MANAGEMENT 
• Named file system and multilevel directory 
• Sequential •. contiguous and random organizations 
• Indexed sequential access method (ISAM) 
• Allocation type : extents 
• Can access file system from HLL containing constructs 
• Password/security protection 

CIRCLE NO 731 
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NUM8~R 

251/B/TS TBP18S030 
TBPr8SA030 

1K TBP24S10 
TBP24SAIO 

2K TBP2BL22 
TBP2BLA22 

4K TBP2BS42 
TBP2BSA42 
TBP2BS48 
TSP2BSA46 

TBP24S41 
TBP24SA41 

TBP28S86-60 
TBP28SA86-60 

TBP28S86 
TBP28SA86 

TBP28L86 
TBP24S81-55 
TBP24SA81-55 

TI'S GROWING PROM FAMILY 

ORGANIZATION 

32Wx8B 

258Wx4B 

258Wx8B 

512Wx8B 

512Wx8B 

1024Wx4B 

1024Wx8B 

1024W x 88 

1024\Nx 8B 
2048Wx4B 

TYPICAL ADDRESS 
a.ccaaaT•ME 

25na 

35na 

45na 

35na 

35 na 

40ns 

3Sns 

4Sns 

65ns 
35ns 

41S m'N 

'2.1'5m'N 

TBP24S81 2048Wx4B 45 ns 
TBP24SAB1 

16K TBP28S166-55 
TBP28S166 

• OPEN COLLECTOR; L = LCM' PONER 

2048W x BB 
2048W x 88 

35 ns 
45 ns 

New- 16K PROM frofll Texas Instrufllents. 
The big fatnily gets bigger. 

Covers your needs across the board. 
The wider your choice, the easier your 
selection. So Texas Instruments stead
ily expands its bipolar PROM family. 
Latest addition: TBP28S166 16K PROM. 

Organized 2Kx8, the TBP28S166 is 
available in two versions, with max
imum address access times of either 55 
ns or 75 ns. It comes in an industry
s tandard 600-mil, 24-pin package. 
Available soon: TBP28S165, a 300-mil , 
24-pin version that can mean savings in 
board space of 50% or more. 

Five more choices 
TI has also redesigned five of its 
PROMs to give you better performance 
than ever before: the popular lK; a low 

power 2K; two 512W x SB 4Ks; the "by 
8" 24-pin 8K. All offer faster address 
access times and lower power consump
tion than previous designs. 

Programming convenience 
One special reason tor going with Tl's 
PROM family is that a single specific
ation programs all members from lK 
through 16K. So if you use one of the 
popular programmers on the market 
today, one programming configuration 
is all you need. Result: Fewer program
ming problems and much lower costs. 

Additional advantages 
All TI PROMs incorporate titanium-

tungsten fuse links. All have low 
current PNP inputs to permit easy in
terfacing with MOS and bipolar micro
processors. All are Schottky-clamped 
for best speed/power combinations. 

Your choice of PROMS from TI 
is the industry's broadest. In densi
ties. Performance. Packages. To save 
you time and trouble. For more 
information, call your nearest TI 
field sales office or ~o 
distributor. Or write to 
Texas Instruments, 
P. 0. Box 202129, 
Dallas, Texas 75220. 

Texas Instruments invented the integrated circuit, microprocessor and microcomputer. Being first is our tradition. 

© 1981 Texas Instruments Incorporated 

TEXAS INSTRUMENTS 
INCORPORATED 
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8-BIT CPU 
6800 

WIZRD 

Wintek Corp 
1801 South St 
Lafayette, IN 4 7904 
Phone (317) 742-8428 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

MINIMUM HARDWARE NEEDED: 32k bytes RAM, serial 1/0 interface 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking : 64 tasks can starVstop/suspend other tasks via 

intertask communication 
• Synchronizing scheme: monitors 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy-disk drives 

and other device drivers 
• Provides device independence and spooling 
• Uses interrupts and 1/0 multibuffertng 
• Accommodates a mix of mass-storage devices with a general· 

purpose space allocator 

8-BIT CPU 
6502 

I CRS/DOS 

CGRS Microtech 
Box 102 
Langhorne, PA 19047 
Phone (215) 757-0284 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 

DEVELOPMENT 
OPERATING SYSTEM 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: December 1979 
PRICE: $495 
TARGET MODEL: Sprint 68 

REAL-TIME 
OPERATING SYSTEM 

SUPPORT LANGUAGES: 6800 assembler; BASIC interpreter; C and 
PUW compilers 
SYSGEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM: 6800 assembly 
NETWORK SUPPORT: No 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Binding during assemblyicomplletion and linking times 

FILE MANAGEMENT 
• Named file system 
• Random organization 
• Allocation type: linked list of sectors 
• Can access file system from HLL containing constructs 

CIRCLE NO 732 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: November 1979 
PRICE: $500 source code, $150 custom 
TARGET MODEL: Microtech 6502 PDS, PET, KIM, SYM and AIM 
SUPPORT LANGUAGES: Machine language ; BASIC and FORTH 
interpreters; FORTH compiler 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: Machine language 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: Bk bytes RAM, 1 k byte ROM and floppy-disk drive 

130 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 
• Multitasking : two tasks can starVstop/suspend each other 

through memory intertask communication 
• Synchronizing scheme: mailbox 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy-disk drives 

and modems 
• Provides spooling in FORTH only 
• Uses interrupts and 1/0 multibuffering 
• Accommodates a mix of floppy-disk and cassette-tape drives 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays 
• Swapping and chaining 
• Segmentation 
• Binding during assembly/compilation (optional) and linking times 

FILE MANAGEMENT 
• Named file system and multilevel directory 
• Sequential, contiguous and random organizations 
• Indexed sequential access method (ISAM) 
• Allocation type: single contiguous 
• Can access file system from HLL containing constructs 

CIRCLE NO 735 
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8-BIT CPU 
Most µP Types* 

I ooos, CP/M 

Hughes Aircraft Co 
500 Superior Ave 
Newport Beach, CA 92663 
Phone (714) 759-2942 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 

DEVELOPMENT 
OPERATING SYSTEM 

MINIMUM HARDWARE NEEDED: 32k bytes RAM 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 
• Multitasking available 
• Multiprocessing available 
• Synchronizing scheme: mailbox 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy-disk drives 

and modems 
• Provides OMA and spooling (background printing) 
• Uses interrupts and 1/0 multibuffering 
• Accommodates a mix of floppy-disk drives 

8-BIT CPU 
6800/6809 

DEVELOPMENT 
OPERATING SYSTEM 

OOS68 (6800 CPUs), 
OOS69 (6809 CPUs) 
Smoke Signal Broadcasting 
31336 Via Colinas 
Westlake Village, CA 91362 
Phone (213) 889-9340 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM : Yes 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: March 1979 
PRICE: NA 
SUPPORT LANGUAGES: Most assemblers; interpreters and compil
ers through CP/M 
SYSGEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM: Assembly 
NETWORK SUPPORT: No 

MEMORY MANAGEMENT 
• Single contiguous allocation and overlays 
• Swapping and chaining 
• Segmentation and static relocations 
• Binding done during linking and loading times 
• Memory protection 

FILE MANAGEMENT 
• Named file system 
• Multilevel directory 
• Sequential and contiguous organizations 
• Allocation type: single contiguous 
• Password/security protection 

COMMENTS: *1802, Z80, 8080, 8085, 1804, 8048, 6502, 6800, 6809, etc 

CIRCLE NO 736 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: January 1977 
PRICE: $75 
SUPPORT LANGUAGES: 6800 and 6809 macro assemblers; BASIC 
and UCSD PASCAL interpreters; BASIC, FORTRAN and COBOL 
compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: 6800/6809 assembly 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: Bk bytes RAM, CPU and disk drive and controller 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking: 16 tasks (min) 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives, modems, magnetic- and paper-tape drives 
• Provides device independence, OMA and spooling 
• Uses interrupts and 1/0 multibuffering 
• Accommodates a mix of mass-storage devices 
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MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays 
• Swapping, chaining and segmentation 
• Static and dynamic relocations 
• Binding done during linking time 

FILE MANAGEMENT 
• Named file system 
• Sequential , contiguous and random organizations 
• Indexed sequential access method (ISAM) 
• Allocation type: linked list of sectors 
• Can access file system from HLL containing constructs 

CIRCLE NO 738 
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8-BIT CPU 
6800/6809 

FLEX 
Technical Systems Consultants Inc 
Box 2570, 1208 Kent Ave 
West Lafayette, IN 47906 
Phone (317) 463-2502 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

MINIMUM HARDWARE NEEDED: 20k bytes RAM 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking: two tasks-printer spooler runs as background task 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

hard-disk drives, mode.ms and paper-tape drives 
• · Provides device independence (limited), OMA and spooling 
• Uses interrupts 
• Accommodates a mix of mass-storage devices 

8-BIT CPU 
8080/Z80 

HOOS 

Heath Co 
Benton Harbor, Ml 49022 
Phone (616) 982-3650 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: April 1977 
PRICE: $100 to $150 
TARGET MODEL: Various 
SUPPORT LANGUAGES: Macro and cross assemblers ; BASIC and 
Extended BASIC interpreters ; C and PASCAL (6809 only) compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: No 

MEMORY. MANAGEMENT 
• Single contiguous allocation 
• Oyerlays 
• Chaining 

FILE MANAGEMENT 
• Named file system 
• Sequential and random organizations 
• Allocation type: linked list of sectors 
• Can access file system from HLL containing constructs 

CIRCLE NO 739 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: 1978 
PRICE: $195 
TARGET MODEL: H-8, H-89 
SUPPORT LANGUAGES: 8080 and Z80 assemblers; BASIC 
interpreter; FORTRAN and C compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: 32k bytes RAM , console and floppy-disk system 

PROCESSOR ALLOCATION/MANAGEMENT 
Not Available 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

hard-disk drives and modems 
• Provides device independence (limited) 
• Uses interrupts 
• Accommodates 51/•-in. and 8-in. single-sided single-density 

and 8-in. double-sided double-density floppy-disk drives 

MEMOFiY MANAGEMENT 
• Single contiguous allocation 
• Overlays 
• Swapping , chaining and limited segmentation 
• Static relocation 
• Binding done during assembly/compilation time 

FILE MANAGEMENT 
• Named file system 
• Sequential and random organizations 
• Allocation type: linked list of sectors 
• Can access file system from HLL containing constructs 

CIRCLE NO 740 
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Ribbon cable for 
front-ending popular 

The first easy-to-apply ;,~~~~~~ 
NA signal conditioning syste 
for real world analog inputs. 

Our new Series Lineariz.ation is 
1800 Al A (analog-to- standard for RTD in-
analog) conditioners puts, optional for ther-
offer you a compact, mocouple inputs. Good 
easy-to-apply signal con- system protection, too: 
version package for RFI immunity, plus 
front-ending micros, 1500v breakdown isola-
minis and program- tion to eliminate ground 
mable Controllers. Hundreds of signal condi tioning loops and to Save Other 

Series 1800 condi- modules to choose from for 28 system components 
different analog signal sources. 

tioners accept low level Priced from $150 to $220. from signal line noise. 
analog signals such as mv, thermo- Four card cage models to 
couple, RTD and process current choose from: 4, 8, or 16-channel 
inputs ... and output clean, high with industrial screw terminals, and 
level, single-ended signals to any a 16-channel cage with ribbon con-
A/D subsystem. nection to any micro. 

CIRCLE NO 57 

The 1800 system can be powered 
by any ± 15v power supply and oper
ates over a wide (0 ° to 70 °C) ambient 
temperature range. Wide bandpass 
options available. 

Call your Acromag representative 
for technical details on this new, low 
cost, computer-compatible system. Or 
write for Bulletin 8-180.0. 

g Acromag, 30765 Wixom 
Rd., Wixom, MI 480%, 
(313) 624-1541. Telex 
23/0505. 
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8-BIT CPU 
8080/8085 

HOOS 

Ontel Corp 
250 Crossways Park Dr 
Woodbury, NY 11797 
Phone (516) 364-2121 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: January 1978 
PRICE: Depends on configuration 
TARGET MODEL: Ontel OP-1 
SUPPORT LANGUAGES: LINKASM and MACASM assemblers; 
BASIC, OPL and PASCAL interpreters; FORTRAN compiler 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: 16 terminals with standard IOS calls 

MINIMUM HARDWARE NEEDED: 32k bytes RAM and hard-disk drive and controller 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking: 16 tasks can start/stop/suspend other tasks via 

intertask communication (OPL only) 
• Multiusage: up to eight terminals can share hard-disk system 
• Synchronizing scheme: semaphore (OPL only) 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives, modems and magnetic-tape drives• 
• Provides device independence, OMA and spooling 
• Uses interrupts (OPL only) 
• Accommodates a mix of hard- and floppy-disk drives 

8-BIT CPU 
8080/8085 

IMDOS 

Ontel Corp 
250 Crossways Park Dr 
Woodbury, NY 11797 
Phone (516) 364-2121 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays and chaining 
• Segmentation and dynamic relocation (OPL only) 
• Static relocation 
• Binding done during linking time 

FILE MANAGEMENT 
• Named file system and sequential organization 
• Random organization, multilevel directory and ISAM (OPL only) 
• Allocation type: linked list of sectors 
• Can access file system from HLL containing constructs 
• Password/security protection 

COMMENTS: *Modems and magnetic-tape drives are supported by 
LINKASM subroutines, not OS drivers. 

CIRCLE NO 741 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: September 1978 
PRICE: Depends on configuration 
TARGET MODEL: Ontel OP-1 
SUPPORT LANGUAGES: LINKASM and MACASM assemblers; 
BASIC, OPL and PASCAL interpreters; FORTRAN compiler 
SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: 16 terminals with standard IOS calls 

MINIMUM HARDWARE NEEDED: 32k bytes RAM and diskette drive and controller 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking: 16 tasks can start/stop/suspend other tasks via 

intertask communication 
• Synchronizing scheme: semaphore (OPL only) 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy-disk drives, 

modems and magnetic-tape drives• 
• Provides device independence, OMA and spooling 
• Uses interrupts (OPL only) 
• Accommodates a mix of floppy-disk drives of different sizes and 

densities 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays 
• Chaining, segmentation and dynamic relocation (OPL only) 
• Static relocation 
• Binding done during linking time 

FILE MANAGEMENT 
• Named file system 
• Sequential organization 
• Random organization, ISAM and multilevel directory (OPL only) 
• Allocation type: linked list of sectors 
• Can access file system from HLL containing constructs 

COMMENTS: *Magnetic-tape drives are supported by subroutines, 
not OS drivers. 

CIRCLE NO 742 
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E. J . Liebewein, 
Manager of Manufacturing, 
Bodine Electric Company 

Small Motors, Gearmotors, Electronic Motion Controls 
For Seventy-five years, "the power behind the leading products!' 

2500 West Bradley Place 
Chicago, 60618 USA 
Telephone 312-4 78-3515 Telex 25-3646 

"Use Bodine Stepper systems 
for confidence at the design 
review level!' 
"After four years of testing and refine
ment, Bodine stepper systems are ready 
to go. We took our time, and did each job 
right, so we're confident our products will 
stand up to the toughest applications, and 
the toughest design reviews. 

"We did everything we could to provide 
engineers with an extra margin of safety 
in our complete line of 23, 34, and 42 
frame 1.8° stepper motors and matching 
CMOS motion controls. Our entire motor 
line, for example, is already U.L. Compo
nent Recognized, and our U.L. Recognized 
Class F insulation system lets you exceed 
the 105°C motor winding temperature 
limit that's listed by many of our competi
tors. With that rating, you can boost peak 
motor output as long as you limit motor 
bearing temperature increases by heat 
sinking or limiting duty cycles. And our 
motors and motion controls are available 
from distributor stock; no special orders 
are required. 

"Our locked bearing construction which 
provides near-zero shaft endplay is 
another mark of the built-in quality that 
will please any design review committee. 
Our stator bores and rotor diameters are 
all precision ground for motor-to-motor 
and lot-to-lot air gap consistency and 
concentricity critical to stepper perfor
mance. We pay attention to every detail, 
from inspecting the incoming materials to 
the final packing of the products, so you 
can rest assured that each motor and 
motion control will perform exactly as it 
should'.' 

Write today for a free copy of our 48-page 
stepper system catalog. You'll find all the 
information you need to make the very 
best choice-Bodine. 



EON µC OPERATING SYSTEMS DIRECTORY 

8-BIT CPU 
zao 

M/OS-80 

Mostek Corp 
1215 W Crosby Rd 
Carrollton, TX 75006 
Phone (214) 323-6000 

DEVELOPMENT 
OPERATING SYSTEM 

SYSTEM RESIDENCY: PROM, disk and RAM 
ROMABLE SYSTEM: No 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: May 1981 
PRICE: $250 with PROMs ; $199 without PROMs 
SUPPORT LANGUAGES: CP/M compatible 
SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: Assembly 
NETWORK SUPPORT: Yes 

MINIMUM HARDWARE NEEDED: 32k by1es RAM, MDXFLP disk controller board and serial or parallel port 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 
• Multitasking available 

PERIPHERAL MANAGEMENT 
• Supports CRT, printer, paper-tape reader and punch and 

dual-sided single-density floppy-disk drives 
• Provides device independence, OMA and spooling 
• Uses interrupts and 1/0 multibuffering 
• Accommodates up to 15 floppy-disk.drives 

8-BIT CPU 
8085/Z80 

DEVELOPMENT 
OPERATING SYSTEM 

lo1s ] 
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Applied Systems Corp 
26401 Harper Ave 
St Clair Shores, Ml 48081 
Phone(313)779-8700 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 16 or 32k bytes RAM 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 
• Multitasking available 
• Multiusage: 6 to 16 users 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

hard-disk drives and modems 
• Provides OMA 
• Uses interrupts 
• Accommodates a mix of mass-storage devices 

MEMORY MANAGEMENT 
• Single management allocation 
• Overlays 
• Segmentation 

FILE MANAGEMENT 
• Named file system (CP/M compatible) 
• Sequential allocated clusters 
• Allocation type: extents 
• Can access file system from HLL containing constructs 
• Password/security protection 

CIRCLE NO 700 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: 1979 
PRICE: Depends on configuration 
TARGET MODEL: ASC/80 
SUPPORT LANGUAGES: 8085 and Z80 assemblers ; tlASIC 
interpreter; FORTRAN and COBOL compilers 
SYSGEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM: Assembly 
NETWORK SUPPORT: Yes 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays 
• Memory protection 

FILE MANAGEMENT 
• Named file system 
• Sequential and random organizations 
• Password/security protection 

CIRCLE NO 744 

EDN SEPTEMBER 16, 198 1 
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8-BIT CPU 
zao 

los-CP/M 
Ohio Scientific Inc 
1333 S Chillicothe Rd 
Aurora, OH 44202 
Phone (216) 831-5600 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

l 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: 1977 
PRICE: $695 
TARGET MODEL: C3 Series 
SUPPORT LANGUAGES : 8080 assembler; BASIC interpreter; 
FORTRAN and COBOL compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: Z80 machine code 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: 56k bytes RAM and C3 Series computer 

PROCESSOR ALLOCATION/MANAGEMENT 
Not Available 

PERIPHERAL MANAGEMENT 
• Supp()rts CRTs, line printers and floppy- and hard-disk drives 
• Provides device independence 
• Accommodates a mix of CD-36 and CD-74 l loppy- and hard-disk 

drives 

8-BIT CPU 
6809 

I OS-9 

Microware Systems Corp 
Box 4865 
Des Moines, IA 50304 
Phone (515) 279-8844 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM : Yes 

DEVELOPMENT 
OPERATING SYSTEM 

MINIMUM HARDWARE NEEDED: 48k bytes RAM, CPU and disk drive 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking : 256 tasks 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

hard-disk drives, modems and magnetic-tape drives 
• Provides device independence, OMA and spooling 
• Uses interrupts and 110 multibuffering 
• Accommodates a mix of mass-storage devices 

EDN SEPTE MBER 16, 198 1 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays 
• Chaining 
• Static relocation 
• Binding done during assembly/compilation time 

FILE MANAGEMENT 
• Named file system 
• Sequential and random organizations 
• Allocation type: extents 
• Can access file system from HLL containing constructs 

CIRCLE NO 745 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: January 1980 
PRICE: $195, Level 1; $495, Level 2 
SUPPORT LANGUAGES: Assembler, BASIC-09 and PASCAL and 
COBOL compi lers 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: 6809 assembler 
NETWORK SUPPORT: Yes 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays 
• Swapping, chaining and segmentation 
• Static and dynamic relocations 
• Re-entrant code; Level 2 supports 1 M bytes of RAM 

FILE MANAGEMENT 
• Named file system 
• Sequential, contiguous and random organizations 
• Indexed sequential access method (ISAM) 
• Allocation type: bit map on disk 
• Can access file system from HLL containing constructs 

CIRCLE NO 707 
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8-BIT CPU 
zao 

DEVELOPMENT 
OPERATING SYSTEM 

GENERAL-PURPOSE 
OPERATING SYSTEM 

I RIO, VERSIONS 2, 3* and 4 I RELEASE DATE: RIO Version 2: June 1977 
RIO Version 3: August 1980 

PRICE: $500 (free with system purchase) 

Zilog Inc 
10460 Bubb Rd 
Cupertino, CA 95014 
Phone (408) 446-4666 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 

TARGET MODEL: MCZ1 Series, ZDS systems, PDS 8000 systems 
SUPPORT LANGUAGES: ZBO ASM, ZB PLZIASM and ZBOOO 
PLZIASM assemblers ; BASIC and PASCAL interpreters; FORTRAN, 
COBOL (single and multiterminal) and PLZISYS compilers 
SYSGEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM: ZBO ASM and PLZISYS 
NETWORK SUPPORT: Version 4 only; Z-Net supports up to 255 
nodes 

MINIMUM HARDWARE NEEDED: 64k bytes RAM, ZBO MDC board, ZBO MCB board and floppy- or hard-disk drive 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode (ZDS system only) 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character printers, floppy- and cartridge-disk 

drives, modems and PROM programmers in ZDS and PDS 
systems 

• Provides device independence, OMA and spooling (Version 3 
only) 

• Uses interrupts 
• Accommodates up to four 600k-byte floppy-disk drives and up to 

four 10M-byte cartridge-disk drives concurrently 

COMMENTS: *Version 3, an enhancement of Version 2, is specifically 
designed for business applications. It has a fast random-access Ille 
system and features sort/merge and spooler utilities. 

16-BIT CPU 
8086 

DEVELOPMENT 
OPERATING SYSTEM 

MEMORY MANAGEMENT 
• Single contiguous allOcation 
• Overlays and chaining 
• Static relocation 
• Binding done during linking time 
• Memory protection 

FILE MANAGEMENT 
• Named file sysiem 
• Sequential organization (Version 2 only) 
• Random organization (Version 3 only) 
• Indexed sequential access method (COBOL only) 
• Allocation types: link8d list of sectors (Version 2 only) and ISAM 

with a random-access table of pointers to sectors (Version 3 
only) 

CIRCLE NO 746 

GENERAL-PURPOSE 
OPERATING SYSTEM 

I RS-86 RELEASE DATE: February 1981 
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Language Resources 
4885 Riverbend Rd 
Boulder, CO 80301 
Phone (303) 449-8087 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 

PRICE: $8750, Source code ; $2450, Object code 
TARGET MODEL: Upgrade for Intel MOS 800, II , Ill 
SUPPORT LANGUAGES: ALJM-86 assembler; PASCAL compiler 
SYSGEN PROGRAM: No SOURCE CODE: Yes 
LANGUAGE SYSTEM: PASCAL, PLJM-86 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: 128k bytes memory, Intel MOS 800 or Series II or ill with floppy-disk drive 
and iSBC 86/12 or Microbar C86 CPU 

PROCESSOR ALLOCATION/MANAGEMENT 
Not Available 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character printers and ISIS ii and Ill peripher

als 
• Provides device independence and OMA 
• Accommodates a mix of ISIS II and ill devices 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays and segmentation 
• Static relocation 
• Binding done during linking time 

FILE MANAGEMENT 
• Named file system 
• Sequential and random organization 
• Allocation type: linked list of sectors 
• Can access file system from HLL containing constructs 

CIRCLE NO 671 

EDN SEPTEMBER 16, 198 1 
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8-BIT CPU 
6800/6809 

SOOS 

Software Dynamics 
2111 W Crescent, # G 
Anaheim, CA 92801 
Phone (714) 635-4760 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: June 1978 
PRICE: $700 (includes BASIC compi ler) 
TARGET MODEL: Midwest Scientific Instruments , Wave Mate, Pace 
480, Motorola Exerciser 
SUPPORT LANGUAGES: 6800 and 6809 assemblers and 6800 to 
6809 cross assembler; MSI BASIC interpreter; Business BASIC and 
SD compilers 
SYSGEN PROGRAM: Yes 
LANGUAGE SYSTEM: Assembly 
NETWORK SUPPORT: Yes 

SOURCE CODE: Yes 

MINIMUM HARDWARE NEEDED: 48k bytes RAM, dual floppy-disk drives, CRT and printer 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking: unlimited number of tasks for 1/0 package only 

using Post, Wait, Event, Loci< and Release intertask communica-
~M , 

• Multiusage: eight users with 32k bytes (min) flAM per user 
• Synchronizing scheme: semaphore 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers and floppy- , hard-

and cartridge-disk drives 
• Provides device independence and OMA 
• Uses inierrupts and 1/0 muitibuffering 
• Accommodates a mix of mass-storage devices 
• Allows CRT-independent cursor positioning, display color

ing and data entry via virtual terminal driver 

8-BIT CPU 
6502 

SOS/DOS 

Scientific Data Systems Inc 
344 Main St 
Venice, CA 90291 
Phone (213) 390-8673 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Chaining 
• BindinQ done during assembly/compilation time 

FILE MANAGEMENT 
• Named file system 
• Sequential, contiguous and random organizations 
• Allocation type: extents 
• Can access file system from HLL containing constructs 
• Multikey indexed (BASIC only) 

COMMENTS: CRT-independent screen editor available 

CIRCLE NO 747 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: June 1977 
PRICE: Depends on configuration 
SUPPORT LANGUAGES: 6502 macro assembler, extended BASIC, 
Data Management System 
SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: File transfer via RS-232C; proprietary SDLC 
network of up to 255 nodes over 1 km coaxial cable 

MINIMUM HARDWARE NEEDED: 32k bytes memory and 1.25M bytes diskette 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs UllElr mode 

PERIPH~RAL MANAGEMENT 
• Supports CRTs, character printers, floppy- and hard-disk drives 

and modems 
• ProvideS device independence, OMA and spooling 
• Uses interrupts 
• Accommodates a mix of floppy- and hard-disk drives up to 65M 

bytes of storage capacity 

EDN SEPTEMBER 16, 198 1 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays · 
• Chaining 
• Binding and relocation done py linking loader 

FILE MANAGEMENT 
• Named file system 
• Sequential, contiguous and random organizations 
• ISAM using binary trees 
• Dynamic disk allocation/deallocation using bit map 
• Can access file system from HLL · 

CIRCLE NO 672 
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8-BIT CPU 
Z80A 

I STARPLEX-11 

National Semiconductor Corp 
2900 Semiconductor Dr 
Santa Clara, CA 95051 
Phone (408) 737-5000 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: 1981 (Rev A) 
PRICE: Depends on configuration 
SUPPORT LANGUAGES: 8080, Z80, 8048, NSC800 and 16032/16/ 
08 macro assemblers; BASIC interpreter; FORTRAN , PASCAL and 
PLM compilers ; 8070 cross assembler 
SYSGEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM: PLM/assembler 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: 64k bytes RAM and Starplex II development system 
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PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 
• Multitasking: 255 tasks can starVstop/suspend other tasks using 

message queues 
• Multiprocessing: 1 to 15 processors using interrupt and lock 
• Synchronizing scheme: monitors 

PERIPHERAL MANAGEMENT 
• Supports CRTs. character and line printers, floppy- and 

hard-disk drives, modems and PROM programmers 
• Provides device· independence, OMA and spooling 
• Uses interrupts 
• Accommodates a mix of hard-disk, single-sided single-density 

floppy-disk and double-sided double-density floppy-disk drives 

8-BIT CPU 
6502-BASED 

sos 
Apple Computer Inc 
10260 Bandley Dr 
Cupertino, CA 95014 
Phone (408) 996-1010 

SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: Yes 

DEVELOPMENT 
OPERATING SYSTEM 

MINIMUM HARDWARE NEEDED: 96k bytes RAM and Apple Ill system 

PROCESSOR ALLOCATION/MANAGEMENT 
Not Available 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives and modems 
• Provides device independence and OMA 
• Uses interrupts and 1/0 multlbulfering 
• Accommodates a mix of hard- and floppy-disk drives by treating 

devices as independent files ; opens as many as necessary 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays and chaining 
• Binding done during linking time 
• Memory protection 

FILE MANAGEMENT 
• Named file system and multilevel directory 
• Sequential and random organizations 
• Allocation type: linked list of sectors 
• Can access file system from HLL containing constructs 

CIRCLE NO 748 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: June 1980 
PRICE: $250 (free with system purchase) 
TARGET MODEL: Apple Ill 
SUPPORT LANGUAGES: UCSD 6502 assembler; BASIC interpreter; 
USCD PASCAL and FORTRAN (Compi le-to-P-code) compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: No 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays and chaining 
• Segmentation and static relocation 
• Binding during linking and loading times 

FILE MANAGEMENT 
• Named file system and multilevel directory 
• Sequential and random organizations 
• Allocation type: binary-tree index structure 
• Can access file system from HLL containing constructs 

CIRCLE NO 692 

EDN SEPTEMBER 16, 1981 



~ Test & Measuring 
~ Instruments 

CIRCLE NO 59 

Philips Test & Measuring Instruments, Inc. 
85 McKee Drive, Mahwah, NJ 07430 
0 Call me to set up an appointment. 
D Just send me more PM3264 literature. 
Name __________ _ 

Title ________ ___ _ 

Company _________ _ 

Street __________ _ 

City, ______ .State_Zip. __ _ 

Phone __________ _ 

EDN-9-16-1 
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8-BIT CPU 
6800 

SP/68 

Hemenway Associates Inc 
101 Tremont St 
Boston, MA 02108 
Phone (617) 426-1931 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 

DEVELOPMENT 
OPERATING SYSTEM 

I 
GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: March 1979 
PRICE: $150 
TARGET MODEL: Various 
SUPPORT LANGUAGES: Macro and various cross assemblers, 
structured BASIC (STRUBAL + ) compiler 
SYSGEN PROGRAM: No SOURCE CODE: Yes 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: 16k bytes RAM, console and floppy-disk drive 

PROCESSOR ALLOCATION/MANAGEMENT 
Not Available 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives, modems, magnetic- and paper-tape drives 
and other devices with suitable device drivers 

• Provides device independence 
• Accommodates a mix of floppy- and hard-disk drives 

16-BIT CPU 
WD9700, ME1600 

DEVELOPMENT 
OPERATING SYSTEM 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays 
• Chaining 
• Static relocation 
• Binding during linking time 

FILE MANAGEMENT 
• Named file system 
• Sequential and random organizations 
• Allocation type: linked list of sectors 
• Can access file system from HLL containing constructs 
• Security protection 

CIRCLE NO 734 

GENERAL-PURPOSE 
OPERATING SYSTEM 

I UCSD PASCAL 
RELEASE DATE: May 1979 
PRICE: $1000 
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Western Digital Computer Products 
3128 Red Hill 
Newport Beach, CA 92663 
Phone (714) 557-3550 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 

TARGET MODEL: WD900, WD9700 and ME1600 
SUPPORT LANGUAGES: Direct execution of PASCAL P code 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: PASCAL 
NETWORK SUPPORT: Yes 

MINIMUM HARDWARE NEEDED: 64k bytes RAM , terminal and 8-in. floppy-disk drive 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking : number of tasks depends on memory capacity; can 

start/stop/suspend other tasks via intertask communication 
• Synchronizing scheme: semaphore 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

hard-disk drives, modems and RS-232C interface 
• Provides OMA 
• Uses interrupts 

MEMORY MANAGEMENT 
• Overlays 
• Segmentation 
• Binding during linking and loading times 

FILE MANAGEMENT 
• Named file system 
• Sequential , contiguous and random organizations 
• Allocation type: single contiguous 
• Can access file system from HLL containing constructs 

CIRCLE NO 749 

E DN SEPTEMBER 16, 198 1 
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SIP & DIP switches and shunts for increased productivity. 
NEW Serles 197 DIP slide switch. 
Here's a 4 pole, double throw 
slide switc,h that is widely used 
in both data processing and 
telecommunications. It features 
crisp, positive slide detent 
actuation, plus field-proven true 
self-clean contact wiping for 
extended switch life. Series 19,7 
is extremely useful in "service/ 
operate" applications, low level 
signal routing and digital circuit 
programming. 

CIRCLE NO. 104 

Reliable, PCB Series 206 DIP 
switches. Get the switch ... 
SPST, SPOT, DPST, DPDT or 
4PST -and options ... low pro
file/extended actuators, sealed 
base, disposable tape sealed top 
or Mil approved styles you need 
for communication, data pro
cessing, instrumentation or 
consumer applications. 

Each switch features crisp, 
positive slide detent actuation 
and em ploy's time tested, true 
contact wiping for extended 
switch life. Performance engi-
neered for high cycle life; .100" x 
.300" DIP centers; reliable gold 
plated contacts; econqmical. 

CIRCLE NO. 105 

Series 198 programmable shunt 
networks. Fast and economical. 
For matrix and opposite terminal 
bussing. CTS SIP or DIP shunts 
are inexpensive, one-time "set 
and forget" programming re
placements for individual jump
ers and buss wiring. They're 
machine insertable and may be 
programmed in your plant or 
ours. Space saving SI P's in 2 
through 12 pins, DI P's in 4 
through 24 pins on .100" centers 
end to end and side by side. 

CIRCLE NO. 106 

For fast service and complete specs, contact your 
CTS distributor .. . CTS Keene, Inc., 500 Linne 
Road, Paso Robles, CA 93446, phone: (805) 
238-0350 . . . or circle the reader number. 

' f C!:TS CORPORATION 
ELKHART, INDIANA 
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8-BIT CPU 
6800 

I UCSD PASCAL 

Wintek Corp 
1801 South St 
Lafayette, IN 47904 
Phone (317) 742-8428 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

MINIMUM HARDWARE NEEDED: 56k bytes RAM 

PROCESSOR ALLOCATION/MANAGEMENT 
Not Available 

PERIPHERAL MANAGEMENT 
• Supports CRTs; dot-matrix, character and line printers; floppy

and hard-disk drives; modems and RS-232C interfaces 
• Provides device independence 

8/16-BIT CPU * 
8 µC, µP Types 

DEVELOPMENT 
OPERATING SYSTEM 

UCSD P-SYSTEM SOFTWARE 

SofTech Microsystems Inc 
9494 Black Mountain Rd 
San Diego, CA 92126 
Phone (714) 578-6105 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: July 19B1 
PRICE: $675 
TARGET MODEL: Sprint 6B 
SUPPORT LANGUAGES: 6BOO assembler; BASIC interpreter; PAS· 
CAL and FORTRAN compilers 
SYSGEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM: 6BOO assembly, PASCAL 
NETWORK SUPPORT: No 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays 
• Swapping 
• Static and dynamic relocations 
• Binding during linking and loading times 

FILE MANAGEMENT 
• Named file system 
• Sequential, contiguous and random organizations 
• Allocation type: single contiguous 
• Can access file system from HLL containing constructs 

CIRCLE NO 673 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: August 1977 
PRICE: $900 
TARGET MODEL: Most models for each CPU 
SUPPORT LANGUAGES: All listed CPU assemblers (assembled to 
native code); P-code interpreter; PASCAL, FORTRAN and BASIC 
compilers (compiled to P code) 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: PASCAUCPU assembly 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: 4Bk bytes contiguous RAM, 175k bytes disk, teletypewriter or CRT display (must send and receive ASCII characters) 
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PROCESSOR ALLOCATION/MANAGEMENT 
• Supports multitasking with arbitrary number of tasks and 

intertask communication 
• Synchronizing scheme: semaphore 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy· and 

cartridge-disk drives, modems and magnetic· and paper-tape 
drives 

• Provides device independence and OMA 
• Accommodates a mix of mass-storage devices 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays 
• Dynamic relocation 
• Binding done during linking and loading times 

FILE MANAGEMENT 
• Named file system 
• Sequential , contiguous and random organizations 
• Allocation type: single contiguous 
• Can access file system from HLL containing constructs 

COMMENTS: ' LSl-11 , PDP-11 , 6502, ZBO, BOBO, 6809, 9900 and 8086 

CIRCLE NO 750 
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EON µC OPERATING SYSTEMS DIRECTORY 

16-BIT CPU 
8086/68000/Z8000/PDP-11 

I XENIX 

Microsoft 
10800 NE 8th St, Suite 819 
Bellevue, WA 98004 
Phone (206) 455-8080 

SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

MINIMUM HARDWARE NEEDED: 192k bytes RAM 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 
• Multitasking : 100 tasks, restricted by table size, can start/stop/ 

suspend other tasks via interprocessor message buffers and 
software asynchronous interrupts 

• Multiusage: one to 25 users 
• Synchronizing scheme: file structure with user-implemented 

locks 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives, modems and magnetic- and paper-tape 
drives 

• Provides device independence and user writable device driver 
• Uses interrupts and 1/0 multibuffering 
• Accommodates a mix of different mass-storage devices that 

support multiple file systems and device drivers 

8-BIT CPU 
Z8o 

[coos 
Cromemco Inc 
280 Bernardo Ave 
Mt View, CA 94043 
Phone (415) 964-7400 

SYSTEM RESIDENCY : RAM 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 32k bytes RAM 

PROCESSOR ALLOCATION/MANAGEMENT 
Not Available 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

hard-disk drives and modems 
• Provides OMA 
• Accommodates a mix of floppy- and hard-disk drives 

E DN SEPTEMBE R 16, 198 1 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: 3rd qtr 1981 
PRICE: OEM contracts 
TARGET MODEL: PDP-11 Series, 28000, 8086 and 68000 
SUPPORT LANGUAGES: C compiler included ; other Microsoft 
language compilers available 
SYSGEN PROGRAM: Yes 
LANGUAGE SYSTEM : C 
NETWORK SUPPORT: Yes 

MEMORY MANAGEMENT 
• Segmentation 
• Swapping 
• Dynamic relocation 

SOURCE CODE: No 

• Binding done during assembly/compilation, linking and loading 
times 

• Memory protection 

FILE MANAGEMENT 
• Narned file system 
• Multilevel directory 
• Sequential organization 
• Allocation type: linked list of sectors 
• Password/security protection 

COMMENTS: XENIX is a Level 7 UNIX operating system 

CIRCLE NO 680 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: 1977 
PRICE: $95 
SUPPORT LANGUAGES: Z80 Macro assembler, BASIC and LISP 
interpreters, FORTRAN , COBOL and RPG II compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: Z80 assembler 
NETWORK SUPPORT: No 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays 

FILE MANAGEMENT 
• Named file system 
• Sequential and random organizations 
• Indexed sequential access method (ISAM) 
• Allocation type: linked list of sectors 
• Can access file system from HLL containing constructs 

COMMENTS: COOS is upwardly compatible from CP/M 

CIRCLE NO 682 
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EON µC OPERATING SYSTEMS DIRECTORY 

16-BIT CPU 
Tl990 

lcosggo 
Ryan-McFarland Inc 
2111 North Mays 
Round Rock, TX 78664 
Phone (512) 255-7823 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: March 1980 
PRICE: $2000 
TARGET MODELS: 1-30 
SUPPORT LANGUAGES: COBOL compiler 
SYSGEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM: Assembly and POPS 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: 64k bytes memory and floppy- or hard-disk drive 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 
• Multitasking: 110 tasks can start/stop/suspend other tasks via 

intertask communication 
• Multiusage: 60 users with 6k bytes (min) RAM per user 
• Synchronizing scheme: semaphore 

PERIPHERAL MANAGEMENT 
• Supports CRTs; character printers; floppy-, hard- and cartridge-

disk drives and modems 
• Provides device independence, OMA and spooling 
• Uses interrupts and 1/0 multibuffering 
• Accommodates a mix of disk drives 

J 8-BIT CPU 
8080/8085/Z80 

, 
l 

lcP/M 
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Lifeboat Associates 
1651 Third Ave 
New York, NY 10028 
Phone (212) 86G-0300 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 24k bytes RAM and disk system 

PROCESSOR ALLOCATION/MANAGEMENT 
Not Available 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives, modems, magnetic- and paper-tape drives, 
plotters and voice synthesizers 

• Provides device independence and OMA 
• Uses interrupts 
• Accommodates a mix of floppy-, mini-floppy- and a-in.

Winchester disk drives, as well as 14-in.-Winchester and 
cartridge-disk drives 

MEMORY MANAGEMENT 
• Overlays 
• Swapping and segmentation 
• Static and dynamic relocations 
• Binding done during loading time 

FILE MANAGEMENT 
• Named file system and multilevel directory 
• Sequential and random organization 
• Indexed sequential access method with 15 keys 
• Allocation type: up to 23 noncontiguous extents 
• Can access file system from HLL containing constructs 
• Password/security protection 

CIRCLE NO 674 

r GENERAL-PURPOSE l 
j OPERATING SYSTEM \ 

RELEASE DATE: 1976 
PRICE: From $145 
TARGET MODEL: North Star, Ohio Scientific , TRS-80 11 , Heath/ 
Zenith , Datapoint 1550 and > 50 others 
SUPPORT LANGUAGES: 8080, 8085 and ZBO assemblers; 1802, 
8086, 6502, 6800 and 8048 cross-assemblers ; BASIC and LISP 
interpreters; BASIC, FORTRAN, COBOL, PASCAL, APL, ALGOL and 
C compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: 8080 assembler 
NETWORK SUPPORT: No 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Chaining 
• Binding during linking time 

FILE MANAGEMENT 
• Named file system 
• Sequential organization 
• Allocation type: extents 
• Can access file system from HLL containing constructs 

CIRCLE NO 683 
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EON µC OPERATING SYSTEMS DIRECTORY 

J 8-BIT CPU 
ZBOA 

I CROMIX 

Cromemco Inc 
280 Bernardo Ave 
Mt View, CA 94043 
Phone (415) 964-7400 

SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: Yes 

l 

MINIMUM HARDWARE NEEDED: 128k bytes RAM 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 
• Multitasking: seven tasks can start/stop/suspend other tasks 

via intertask communication 
• Multiusage: seven users with 64k bytes (min) RAM per user 
• Multiprocessing: unlimited number of processors via interrupt

driven synchronizing scheme 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

hard-disk drives and modems 
• Provides device independence, OMA and spooling 
• Uses interrupts and 1/0 multibuffering 
• Accommodates a mix of floppy- and hard-disk drives 

16-BIT CPU 
8086 

lcTOS 

Convergent Technologies 
2500 Augustine Dr 
Santa Clara, CA 95051 
Phone (408) 727-8830 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 

1GENERAL-PURPOSE1 
OPERATING SYSTEM 

RELEASE DATE: September 1980 
PRICE: $595 
SUPPORT LANGUAGES: Z80A macro assembler; BASIC and USP 
interpreters; FORTRAN, COBOL, RPG II and C compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: No 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays 
• Swapping and chaining 
• Static relocation 
• Memory protection 

FILE MANAGEMENT 
• Named file system and multilevel directory 
• Sequential binary-tree organization 
• Indexed sequential access method (ISAM) 
• Allocation type: extents 
• Can access file system from HLL containing constructs 
• Password/security protection 

COMMENTS: CROMIX resembles the UNIX operating system 

CIRCLE NO 684 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: October 1980 
PRICE: Bundled 
TARGET MODEL: Firm's desktop minicomputers 
SUPPORT LANGUAGES: 8086 ASM; BASIC interpreter; PASCAL, 
COBOL and FORTRAN compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: PUM-86 
NETWORK SUPPORT: Yes (2-16 workstations and remote host(s)] 

MINIMUM HARDWARE NEEDED: 128k bytes RAM and dual floppy-disk drives 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking : number of tasks depends on system mapping using 

intertask communication; tasks can start other tasks using 
mailbox synchronizing scheme 

• Multiusage: up to 16 per cluster., one per workstation, with 128k 
bytes (min) of RAM per user 

• Multiprocessing: supports 8086 and (optional) 8087 using 
hardware synchronizing scheme 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

hard-disk drives, modems and expandable Multibus 
• Provides device independence, OMA and spooling 
• Uses interrupts and 1/0 multibuffering 
• Accommodates dual floppy-disk drives or one floppy-disk drive 

and up to three hard-disk drives 

EDN SEPTEMBER 16, 198 1 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays 
• Chaining and segmentation 
• Static relocation 
• Binding done during linking time 

FILE MANAGEMENT 
• Named file system 
• Sequential, contiguous and random organizations 
• Indexed sequential access method 
• Allocation type: extents 
• Can access Ille system from HLL containing constructs 
• Password/security protection 

CIRCLE NO 675 
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EON µC OPERATING SYSTEMS DIRECTORY 

J 8-BIT CPU 
6502 

I DOS 3.3 

Apple Computer Inc 
10260 Bandley Dr 
Cupertino, CA 95014 
Phone (408) 996-1010 

l 

SYSTEM RESIDENCY : RAM and disk 
ROMABLE SYSTEM: No 

r GENERAL-PURPOSE l 
j_ OPERATING SYSTEM___\.,_ 

RELEASE DATE: July 1980 
PRICE: $200 
TARGET MODEL: Apple II 
SUPPORT LANGUAGES: 6502 assembler ; floating-point BASIC and 
integer BASIC interpreters 
SYSGEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM: 6502 assembler 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: 32k bytes RAM and 143k bytes Disk II floppy-disk drive 
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PROCESSOR ALLOCATION/MANAGEMENT 
Not Available 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

· cartridge-disk drives, modems, AID converters, IEEE-488 
interfaces, digitizers, plotters, voice-recognition devices and 
speech and music synthesizers 

• Provides device independence and OMA 
• Uses 110 multibuffering 
• Accommodates a mix of mass-storage devices using associated 

controllers 

16-BIT CPU 
CS/1 O Systems 

ICOS 

Data General Corp 
440 Computer Dr 
Westboro, MA 01580 
Phone (617) 366-8911 

SYSTEM RESIDENCY : Disk 
ROMABLE SYSTEM: No 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays 
• Chaining 
• Memory protection 

FILE MANAGEMENT 
• Named file system 
• Sequential and random organizations 
• Allocation type: linked list of sectors 
• Can access file system from HLL containing constructs 

CIRCLE NO 737 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: May 1977 
PRICE: $2500 
TARGET MODEL: DG CS/10 
SUPPORT LANGUAGES: COBOL compiler 
SYSGEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: 64k bytes RAM, disk or diskette , printer and CRT 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking: up to four tasks can start/stop/suspend other tasks 

via intertask communication 
• Multiusage: up to four users 
• Synchronizing scheme: monitor 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives, modems and magnetic-tape drives 
• Provides device independence and spooling 
• Uses interrupts and 1/0 multibuffering 
• Accommodates two dual quad-density 1.2M-byte diskettes or 

one dual quad-density 12.5M- or 25M-byte Winchester disk 

MEMORY MANAGEMENT 
• Overlays 
• Swapping and chaining 
• Segmentation and dynamic relocation 
• Binding during assembly/compilation time 
• Memory protection 

FILE MANAGEMENT 
• Named file system and multilevel directory 
• Sequential , contiguous and random organizations 
• Indexed sequential access method (ISAM) 
• Allocation type: single contiguous 
• Can access file system from HLL containing constructs 
• Password/security protection 

CIRCLE NO 685 
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EON µC OPERATING SYSTEMS DIRECTORY 

J 
I IRIS 

16-BIT CPU 
Nova Series 

Point 4 Data Corp 
2569 McCabe Way 
Irvine, CA 92714 
Phone (714) 754-4114 

'

GENERAL-PURPOSE l 
j OPERATING SYSTEM \ 

RELEASE DATE: 1972 
PRICE: $3600 
TARGET MODEL: Micronova and Point 4 Mark Ill 
SUPPORT LANGUAGES: Macro and absolute assemblers ; BASIC 
and PASCAL interpreters; PASCAL compiler 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: Assembly , PASCAL 
NETWORK SUPPORT: Furnishes own protocol, and BSC with 

SYSTEM RESIDENCY: RAM and disk outboard controller 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 48k bytes RAM, SOOk bytes disk and operator's terminal 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 
• Multitasking: up to 128 tasks can starVstop/suspend other tasks 

by signal statements 
• Multiusage: up to 128 users with 256 bytes (min) RAM per 

user 
• Synchronizing scheme: semaphor and monitor 

PERIPHERAL MANAGEMENT 

J 

• Supports CRTs, character and line printers, floppy, and 
cartridge-disk drives, modems and magnetic- and paper-tape 
drives 

• Provides device independence, OMA and spooling 
• Uses interrupts and 1/0 multibuffering 
• Accommodates a mix of floppy- and hard-disk drives, depending 

on local memory space 

8-BIT CPU 
6502 

I OS-650 

Ohio Scientific Inc 
1333 S Chillicothe Rd 
Aurora, OH 44202 
Phone (216) 562-51n 

SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: No 

MEMORY MANAGEMENT 
• Overlays 
• Swapping and chaining 
• Dynamic relocation 
• Binding during loading time 

FILE MANAGEMENT 
• Named file system and multilevel directory 
• Sequential, contiguous and random organizations 
• Indexed sequential access method (ISAM) 
• Allocation types; linked list of sectors, extents and single 

contiguous 
• Can access file system from HLL containing constructs 
• Password/security protection 

CIRCLE NO 886 

1 GENERAL-PURPOSEl 
OPERATING SYSTEM 

RELEASE DATE: June 1977 
PRICE: $79 
TARGET MODEL: C2-C3 Series, C1 P-MF, C4P-DF, C8P-DF 
SYSGEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM: 6502 machine code 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: 24k bytes RAM , floppy-disk drive and C1 P, C4P or C8P-DF computer 

PROCESSOR ALLOCATION/MANAGEMENT 
Not Available 

PERIPHERAL MANAGEMENT 
• Supports CRTs, line printers and floppy-disk drives 

MEMORY MANAGEMENT 
• Single.contiguous allocation 
• Binding at program entry 

FILE MANAGEMENT 
• Named Ille system 
• Sequential, contiguous and random organizations 
• Allocation type: single contiguous 
• Can access file system from HLL containing constructs 

CIRCLE NO 888 

l 
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The KAO II Koh-I-Noor Auto Draw is electron
ically controlled to produce rapidly a virtually 
limitless library of lettering styles, symbols and 
designs used in engineering, electronic and 
architectural drawings, as well as the drawings 
of many other disciplines. Once demonstrated, 
KAO II requires no special operating skills. 

KAO II consists of three components. The 
PLOITER, less than four pounds, adapts to al
most every drafting machine. It draws with 
liquid ink in any one of five preprogrammed 
character heights on most drawing surfaces. 
Servo motors operate the pen holder to produce 
faster and better quality characters than can be 

provided by any hand lettering device. 
The CONTROLLER contains the logic circuit

ry to operate the Plotter. It drives the Plotter by 
commands from a standard or custom prepro
grammed ELECTRONIC TEMPLATE MODULE 
(ETM) placed into a receptacle in the front 
panel. The Controller can be placed on the 
drawing board, on a roll-away stand, or any 
other handy location within cable length of the 
Plotter. ETM's are quickly interchangeable to 
provide different symbols or lettering styles as 
required. Each ETM has its own corresponding 
keyboard overlay indicating its preprogrammed 
functions. Send the coupon today. 

The most versatile, electronically controlled lettering 
and symbol-generating instrument available 
from today's microprocessor 
technology! 

CIRCLE NO 61 

Please send me free descriptive literature for the Koh-I-Noor KAO 11. 

Name 

Firm 

___________ Title ______ _ 

Address------------------

City State Zip --

KOH-I-NOOR RAPIOOGRAPH, INC., Bloomsbury, NJ 08804 800-631-7646. 
In Canada: 1815 Meyerside Dr., Mississauga, Ont. L5T 184 800-268-4961. 
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EON µC OPERATING SYSTEMS DIRECTORY 

8-BIT CPU 
6502 

I OS-65U LEVEL I 

Ohio Scientific Inc 
1333 S Chillicothe Rd 
Aurora, OH 44202 
Phone (216) 562-5177 

SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: No 

] 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: 1977 
PRICE: $200 
TARGET MODEL: C2-C3 Series 
SUPPORT LANGUAGES: BASIC interpreter 
SYSGEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM: 6502 machine code 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: 32k bytes RAM, dual floppy-disk drives and/or hard-disk drive and C2 or C3 Series computer 

PROCESSOR ALLOCATION/MANAGEMENT 
Not Available 

PERIPHERAL MANAGEMENT 
• Suppports CRTs, line printers, floppy- and hard-disk drives and 

paper-tape drives 
• Accommodates one hard-disk drive and two double-sided 

floppy-disk drives with cassette-tape backup for hard-disk drivf 

J 8-BIT CPU 
6502 1 

I OS-65U LEVEL Ill NET 

Ohio Scientific Inc 
1333 S Chillicothe Rd 
Aurora, OH 44202 
Phone (216) 562-5177 

SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM : No 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Binding at program entry 

FILE MANAGEMENT 
• Named file system 
• Sequential, contiguous and random organizations 
• Allocation type: single contiguous 
• Can access file system from HLL containing constructs 
• Password/security protection 

CIRCLE NO 689 

r GENERAL-PURPOSEl 
j OPERATING SYSTEM 

RELEASE DATE: January 1980 
PRICE: $995 
TARGET MODEL: C3-B, C3-C 
SUPPORT LANGUAGES: BASIC interpreter 
SYSGEN PROGRAM: No 
LANGUAGE SYSTEM: 6502 machine code 

SOURCE CODE: No 

NETWORK SUPPORT: Two time-sharing and/or four smart termi
nals 

MINIMUM HARDWARE NEEDED: 104k bytes RAM , CD-74, CD-36 or CD-23 hard-disk drive , 2-port RS-232 board and real-time clock on floppy-disk 
controller 
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PROCESSOR ALLOCATION/MANAGEMENT 
• Multiusage ; up to eight time-sharing and/or four smart terminals 

with 32k bytes (min) RAM per user 
• Synchronizing scheme: semaphore 

PERIPHERAL MANAGEMENT 
• Supports CRTs, line printers, floppy- and hard-disk drives and 

magnetic-tape drives 
• Uses interrupts 
• Accommodates one hard-disk drive and dual floppy-disk drives 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Segmentation 
• Binding at program entry 

FILE MANAGEMENT 
• Named file system 
• Sequential , contiguous and random organizations 
• Allocation type: single contiguous 
• Can access file system from HLL containing constructs 
• Password/security protection 

CIRCLE NO 690 
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YOUR BEST SECOND SOURCE 
FOR HIGH EFFICIENCY RECTIFIERS 
SHOULD BE YOUR FIRST CHOICE. 
HERE'S WHY ... 

50-150 VOL TS 
Forward Current 

Overvoltage Protection 

Thermal Impedance 

High Temp. Leakage (ii 100°C 

Peak Surge Current 
(% cycle, non-rep.) 

Glass Passivated 

200VOLTS 

Forward Current 

Overvoltage Protection 

Thermal Impedance 

High Temp. Leakage (a, 100°C 

Peak Surge Current 
(V2 cycle, non-rep.) 

Glass Passivated 

VARO, your rectifier 
supermarket, offers you 
5 new high efficiency 
rectifier series with the 
best performance specs 
in the Industry. 
Shop and compare Varo's new 
high efficiency rectifiers with the 
competition : you'll see higher 
performance over a broad range 
of specs. 

Five power levels, from 10 to 70 
amps, cover your typical 
applications; T0220, 004, DOS 
and T03 packages cover your 
typical requirements. 

OUR T0220 
(VARO VHE2401-2403) 

20A 

20% 

1.5°c/w 

SOµA 

150A 

Yes 

OUR T0220 
(VARO VHE2404) 

20A 

20% 

1.5°c/w 

SOµA 

150A 

Yes 

• 20% NON-REPETITIVE REVERSE 
OVERVOL TAGE PROTECTION 

• LOWEST THERMAL RESISTANCE 

• LOWEST HIGH-
TEMPERATURE LEAKAGE 

• HIGHEST SURGE CAPABILITY 

• GLASS PASSIVATED 

SHOPPERS SPECIAL: Try any 
Vara rectifier in your own project. 
For samples, production pricing 
and delivery information, call Bruce 
Erb at (214) 271-8511 , or write to 
Vara Semiconductor; Box 40676; 
Garland, Texas 75040. 
TWX 910-860-5178. 

VARO 

THEIR T0220 
(UES2401-2403) 

16A 

Not 
specified 

1.75°c/w 

150µA 

BOA 

No 

THEIR T0220 

Not listed in 
1980 catalog 

Not listed in 
1980 catalog 

Not listed in 
1980 catalog 

Not listed in 
1980 catalog 

Not listed in 
1980 catalog 

Not listed in 
1980 catalog 

-----------------, 

ACTION OFFER 
I have an immediate need for a 
high efficiency rectifier. Please 
contact me. 
NAME _______ ___ _ 

COMPANY _________ _ 

ADDRESS _________ _ 

CITY/STATE _ ________ _ 

ZIP ___ PHONE-------

LA£'.t'~~I~ - - - - - -

See us at PCI '81; 
Munich Sheraton Hotel 
Munich, Germany Booth #56. 

"The world's leading rectifier company" © 1981 Vara Semiconductor 
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EON µC OPERATING SYSTEMS DIRECTORY 

8-BIT CPU 
Z80A 1 JGENERAL-PURPOSEl 

OPERATING SYSTEM \. 

I RIO/CP 
RELEASE DATE: June 1980 
PRICE: $500 

Zilog Inc 
10460 Bubb Rd 
Cupertino, CA 95014 
Phone (408) 446-4666 

TARGET MODEL: MCZ-2 Series systems, SOS 2/01 
SUPPORT LANGUAGES: Z80 assembler; BASIC interpreter; COBOL 
and PLZ/SYS compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: Assembly and PLZ 
NETWORK SUPPORT: Z-NET: single-channel packet-switched 

SYSTEM RESIDENCY: RAM and disk multiple-access network, transparent to OS, supports up to 255 nodes 
ROMABLE SYSTEM: No (processors) 
MINIMUM HARDWARE NEEDED: 64k bytes RAM and MCZ-2 µC system (or SOS 2/01 ) 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking: 20 tasks start/stop/suspend other tasks through 

intertask communication, b4t all must reside concurrently in 
memory 

• Synchronizing scheme: semaphore 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character printers, floppy- and cartridge-disk 

drives and modems · 
• Provides device independence, OMA and spooling 
• Uses interrupts ' 
• Accommodates up to four double-sided, double-density floppy

disk drives with MCZ-2 and expands from 10M to 40M bytes of 
cartridge-disk storage with each SOS system 

8-BIT CPU 
Z80 l 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays and chaining 
• Static relocation 
• Binding during linking time 
• Memory protection · · 

FILE MANAGEMENT 
• Named file system and multilevel directory (SOS 2/01 only) 
• Sequential and random organizations 
• Indexed sequential access method (ISAM) (COBOL only) 
• Accesses file system with random-access !able of pointers to 

sectors and also from HLL · 
• Password/security protection for multivolume files (SOS 2/01 

only) 

CIRCLE NO 691 

f GENERAL-PURPOSE 1 
OPERATING SYSTEM \. 

I TIS-APL 
RELEASE DATE: September 1979 
PRICE: $11 95 
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Telecompute Integrated Systems Inc 
251 Spandina Ave 
Toronto, Ontario, Canada 
Phone (416) 363-9295 

SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 64k bytes RAM 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multjprocessing: each node supports up to four processors 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers and floppy- and 

hard-disl< drives 
• Provides device independence and OMA 
• Accommodates a mix of floppy- and hard-disk drives 

TARGET MODEL: Altos, Superbrain, TRS-80 II , North Star, Sorcerer 
SUPPORT LANGUAGES: APL interpreter 
SYSGEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM : Machine language and TIS-APL assembler 
and disassembler 
NETWORK SUPPORT: Yes 

MEMORY MANAGEMENT 
- Single contiguous allocation 
• Overlays 
• Chaining 
• Binding done during loading time 
• Memory protection at high end 

FILE MANAGEMENT 
• Named file system and multilevel directory 
• Contiguous and random organizations 
• Allocation type.: single contiguous 
• Can access file system from HLL using file commands 

CIRCLE NO 693 
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EON µC OPERATING SYSTEMS DIRECTORY 

J 
ITPM 

8-BIT CPU 
zao 

Computer Design Labs 
342 Columbus Ave 
Trenton, NJ 08629 
Phone (609) 599-2146 

l 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 

J GENERAL-PURPOSE l 
OPERATING SYSTEM \. 

RELEASE DATE: February 1979 
PRICE: $79.95 
TARGET MODEL: S-100, TRS-80 
SUPPORT LANGUAGES: QSAL and ZS0/8080 Macro assemblers; 
BASIC, APL and LIST interpreters; BASIC, FORTRAN, COBOL and 
PASCAL compilers 
SYSGEN PROGRAM: Yes 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: No 

SOURCE CODE: Yes 

MINIMUM HARDWARE NEEDED: 32k bytes RAM, Z80 and disk controller (> 15 types supported) 

PROCESSOR ALLOCATION/MANAGEMENT 
Not Available 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives, modems and magnetic- and paper-tape 
drives 

• Provides device independence, OMA and spooling 
• Accommodates a mix of mass-storage devices with table

driven approach; only available memory limits number of 
devices 

16-BIT CPU 
Z8001 

ZEUS* 

Zilog Inc 
10460 Bubb Rd 
Cupertino, CA 95014 
Phone (408) 446-4666 

SYSTEM RESIDENCY: Disk 
ROMABLE SYSTEM: No 

MEMORY MANAGEMENT 
• Single contiguous memory 
• Overlays 
• Swapping 
• Chaining 

FILE MANAGEMENT 
• Named file system 
• Random organization 
• Allocation type: extents 

CIRCLE NO 694 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: November 1981 
PRICE: NA 
TARGET MODEL: Z-LAB 8000 
SUPPORT LANGUAGES: C, PASCAL, PLZ/SYS and COBOL 
compi lers; ZS, Z8001 and Z8002 PLZ/ASM assemblers 
SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM : C and PLZ/ASM 
NETWORK SUPPORT: Yes, UUCP 

MINIMUM HARDWARE NEEDED: 256k byte memory and Z-LAB 8000 CPU 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 
• Multitasking : 200 tasks can start/stop/suspend other tasks via 

intertask communication 
• Multiusage: 16 users with 64k bytes (approx) RAM per user 
• Synchronizing scheme: pipes and signals 

PERIPHERAL MANAGEMENT 
• Supporis RS-232 terminals, character and line printers, hard

disk drives, cartridge-tape drives and modems 
• Provides device independence, OMA and spooling 
• Uses interrupts and 1/0 multibuffering 

COMMENTS: ' OS is an enhanced version of Bell Labs's UNIX 
operating system. 

EDN SEPTEMBER 16, 1981 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays and swapping 
• Static relocation 
• Memory protection 
• Binding done during linking time 

FILE MANAGEMENT 
• Named file system and multilevel directory 
• Seqllential , contiguous and random organizations 
• Indexed sequential access method (COBOL only) 
• Allocation type: linked list of sectors 
• Can access file system from HLL containing constructs 
• Password/security protection 

CIRCLE NO 676 
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J 16-BIT CPU 
zaooo 

l zMOS 

Central Data Corp 
Box 2530, Stn A 
Champaign, IL 61820 
Phone (217) 359-8010 

l 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 

( GENERAL-PURPOSE l 
_j OPERATING SYSTEM \ 

RELEASE DATE: August 1980 
PRICE: $450 
TARGET MODEL: Segmented 
SUPPORT LANGUAGES: 28000 assembler; BASIC interpreter: 
COBOL compiler 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM : Assembly 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: 96k bytes RAM, serial I 0 port , 28000 CPU board and floppy- or cartridge-disk drive 
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PROCESSOR ALLOCATIO.N/MANAGEMENT 
• System vs User mode 
• Multitasking: 254 tasks can start/stop/suspend other tasks with 

flags and temporary and permanent common memory 
• Multiusage: 64 users with Bk to 16k bytes (min) RAM per user 
• Synchronizing scheme: mailbox 

PERIPHERAL MANAGEMENT 
• ·Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives, modems and magnetic- and paper-tape 
drives 

• Provides device independence and OMA 
• Uses interrupts and 1/0 multibuffering 
• Accommodates a mix of floppy-, cartridge- and Winchester-disk 

drives using device drivers 

8/16-BIT CPU 
Multiple µP Types* 

I AMIX 3.0** 

American Microsystems Inc 
3800 Homestead Rd 
Santa Clara, CA 95051 
Phone (408) 246-0330 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM : No 

DEVELOPMENT 
OPERATING SYSTEM 

MEMORY MANAGEMENT 
• Swapping 
• Segmentation 
• Dynamic relocation 
• Binding done during assembly/compilation or linking time 
• Memory protection 

FILE MANAGEMENT 
• Named file system 
• Sequential apd random organizations 
• Indexed sequential access method (ISAM) 
• Allocation type: extents: pointers in main directory for file; 77 

entries, each entry has starting sector number and number of 
sectors 

• Can access file system from HLL containing constructs 
• Password/security protection 

CIRCLE NO 695 

RELEASE DATE: May 1981 
PRICE: $550 plus $125 per assembler 
TARGET MODELS: AMI Phoenix I, Intel MOS, Motorola Exerciser and 
Tl 99014 
SUPPORT LANGUAGES: Related processor assemblers ; PASCAL 
and FORTRAN-77 compi lers 
SYSGEN PROGRAM: No 
LANGUAGE SYSTEM: PASCAL 
NETWORK SUPPORT: No 

SOURCE CODE: No 

MINIMUM HARDWARE NEEDED: 48k bytes RAM and dual floppy-disk drives 

PROCESSOR ALLOCATION/MANAGEMENT 
Not Available 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy-disk drives, 

modems, PROM programmers and in-circuit emulators 
• Provides device independence 
• Uses interrupts and 1/0 multibuffering 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays 
• Swapping and segmentation 
• Static relocation 
• Binding during assembly/compilation, linking and loading times 

FILE MANAGEMENT 
• Named file system 
• Sequential and contiguous organizations 
• Allocation type: single contiguous 
• Can access file system from HLL containing constructs 

COMMENTS: •5aoo, 8080, 8085, 280, 9900, S2000, 6502, 2650, S2200, 
6801 , 6805, 6809, 68000, 8021 and 8048. " Version 3.0 is an upgrade of 
Version 2.6 (October 1979) 

CIRCLE NO 696 
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J 8-BIT CPU 
CDP SERIES* 

!coos 
RCA Solld State Div 
Rte 202 
Somerville, NJ 08876 
Phone (201) 685-6599 

l 1 DEVELOPMENT 1 l OPERATING SYSTEM \ 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 

RELEASE DATE: September 1979 
PRICE: $1600 
TARGET MODEL: CDP18S007, CDP18S008 
SUPPORT LANGUAGES: Macro assembler; BASIC I and 11 , VIS 
interpreter; PLM 1800 and BASIC I compilers 
SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: Assembly 
NETWORK SUPPORT: Yes 

MINIMUM HARDWARE NEEDED: 28k by1es RAM and single-density floppy-disk drive 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 

PERIPHERAL MANAGEMENT 
• Supports CRTs, line printers and floppy-disk drives 
• Provides device independence 

J 8-BIT CPU 
zao 

1 r DEVELOPMENT 1 
l j OPERATING SYSTEM_!. 

I FLPBODOS 

158 

Mostek Corp 
1215 W Crosby Rd 
Carrollton, TX 75006 
Phone(214)323-6000 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 32k bytes RAM 

PROCESSOR ALLOCATION/MANAGEMENT 
Not Available 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy-disk drives, 

modems, paper-tape drives and card readers 
• Provides device Independence and OMA 
• Uses Interrupts and 110 multibuffering 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays 

FILE MANAGEMENT 
• Named file system 
• Random organization 
• Allocation type: linked list of sectors 
• Can access Ille system from HLL 

COMMENTS: 'CDP1802, CDP1805 and CDP1806 

CIRCLE NO 897 

RELEASE DATE: 1979 
PRICE: $595 
SUPPORT LANGUAGES: Macro Z80 and Macro 3870 assemblers ; 
BASIC interpreter; FORTRAN compiler 
SYSGEN PROGRAM: No SOURCE CODE: Yes 
LANGUAGE SYSTEM: Z80 assembler 
NETWORK SUPPORT: No 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Chaining 
• Static relocation 
• Binding done during assembly/compilation and linklng times 

FILE MANAGEMENT 
• Named file sysfem 
• Sequential organization 
• Allocation type: linked list of sectors 
• Can e.ccess file system from HLL containing constructs 

CIRCLE NO 898 
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8/16-BIT CPU 
8080/8085/8086/8088/8089 

ISIS 

Intel Corp 
3065 Bowers Ave 
Santa Clara, CA 95051 
Phone (408) 987-8080 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

RELEASE DATE: 1977 
PRICE: Bundled with hardware 
TARGET MODEL: lntellec µC dev systems 
SUPPORT LANGUAGES: Related processor assemblers ; BASIC 
interpreter; FORTRAN, PASCAL, COBOL and PUM compilers 
SYSGEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM: PUM and assembler 
NETWORK SUPPORT: Yes 

MINIMUM HARDWARE NEEDED: 64k bytes RAM, floppy-disk drive and terminal or printer 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 
• Multiprocessing: two processors using Multibus and other 

semaphore protocols 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives, modems, paper-tape drives and Ethernet 
controller 

• Provides device independence, OMA and spooling 
• Uses interrupts and 1/0 multibuffering 
• Accommodates a mix of floppy- and hard-disk drives 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays, swapping and chaining 
• Segmentation 
• Static relocation 
• Binding done after linking time 

FILE MANAGEMENT 
• Named file system 
• Random organization 

CIRCLE NO 699 

J 8-BIT CPU 
2650/Z80 

l 1 DEVELOPMENT l l_ OPERATING SYSTEM_!._ 

ITEKDOS 

Tek1ronix Inc 
Box 500 
Beaverton, OR 97077 
Phone (503) 644-0161 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 

RELEASE DATE: April 1977 
PRICE: $11 ,950 with 8002A; $14,300 with 8550 
TARGET MODEL: 8002A µP Dev Lab 
SUPPORT LANGUAGES: 8080, 8048 , 8085, 6800, ZBO, 9900, 3870, 
FB , 6502 and 1802 assemblers; MDUBOB0/8085/ZBO, MDU6800, 
SCl-PLMX, Microsoft and FORTRAN-BO compilers 
SYSGEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM: 2650 and ZBO assemblers, PLM 
NETWORK SUPPORT: Transfers files to/from host 

MINIMUM HARDWARE NEEDED: 32k bytes RAM and 8002A or 8550 Microprocessor Development Lab (MDL) 
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PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 
• Multitasking: four system tasks permit intertask communication 

via monitor synchronizing scheme 
• Multiprocessing: three processors (2 system, 1 user) use 

hardware hold/run synchronizing scheme 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy-disk drives, 

modems and paper-tape drives 
• Provides device independence and OMA 
• Uses interrupts 

MEMORY MANAGEMENT 
• Overlays 
• Chaining 
• Static relocation 
• Binding done during assembly/compilation and linking times 

FILE MANAGEMENT 
• Named file system 
• Sequential and random organizations 
• Allocation type: extents 
• Can access file system from HLL containing limited constructs 

CIRCLE NO 701 
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Production 
Testing . 

Make sure you're a part of it! 
Join the more than 250 exhibiting companies and over 
10,000 prototype designers, engineers, manufacturing 
specialists, QC/QA testing and support personnel at this 
continu ing source of new ideas, cost cutting methods and 
productivity Plan now to attend . 
The Conference - Provides working answers to every
day packaging, production and testing problems. Indus
try recognized experts will share their insights and 
discoveries in a dynamic program featuring the state-of
the-art in 
• Electronic packaging - connectors, design 
• PCB fabrication - resists and imaging, materials 
• Inspection techniques - instrumentation 
• Full scale test systems - functional, bare-board 
The Exhibition - Your chan ce to see the technology 

ORGANIZED BY: 
Cahners Exposition Group 
222 West Adams Street, Chicago, IL 60606 
(312) 263-4966 Telex 256148 

The world's leading organizer of expositions, conference 
and meetings with offices in Boston, Chicago, Los Angeles, 
New York, Hong Kong, London, Singapore and Tokyo. 

MAIL COUPON TODAY for more 
Information on exhibiting or attending 
NEPCON/NORTHWEST '81 

([G Cahners Exposition Group 
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and operate the equipment at over 300 displays devoted 
to lowering costs and increasing productivity in: 
• PCB Prototype Design & Packaging - Artwork design 

and generation , laminates, flex circuits , multi-layers, 
hybrfd packages , chassis , wire and cable, sockets, con
nectors , hardware and other components. 

• PCB Fabrication/Production/ Assembly - Compo
nent insertion machinery, soldering, aqueous and so l
vent cleaning, dril ling, component preparation and 
processing, etching, screen printing, chemicals , lead 
cutters, connector assemblies and other equipment, 
materials and techniques . 

• Testing - Bare-board and functional testing, compo
nent test, functional testing for performance, digital 
testing, automatic test generation and inspection 

r------------------~ 

OK! D Please send me information on exhibiting. 
D Please send me an application for FREE admission 

to exhibits and complete program details. 

Name ___________ ______ _ 

Title _________________ _ 

Company1 ________________ _ 

Address. ________________ _ 

City, State & Zip--------------

Phone ( __ )---------------

Our Products _______________ _ 

MAIL TO: NEPCON / NORTHWEST '81 B 
Cahners Exposition Group 
222 W. Adams St , Chicago, IL 60606 .J --------------------
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8/16-BIT CPU 
> 30 µP Types* 

UMDS 

Boston Systems Office Inc 
469 Moody St 
Waltham, MA 02154 
Phone (617) 894-7800 

SYSTEM RESIDENCY : RAM and disk 
ROMABLE SYSTEM: No 

DEVELOPMENT 
OPERATING SYSTEM 

MINIMUM HARDWARE NEEDED: 64k bytes RAM and 512k bytes disk 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 
• Multiusage: one to 75 users, depending on CPU type, with 64k 

bytes (min) RAM per user 
• Synchronizing scheme: monitor 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives, modems and magnetic- and paper-tape 
drives 

• Provides device independence, OMA and spooling 
• Uses interrupts and 1/0 multibuffering 
• Accommodates a mix of mass-storage devices, depending on 

backplane space for controllers 

8-BIT CPU 
8080/8085 

iRMX 80 

Intel Corp 
5200 NE Elam Young Parkway 
Hillsboro, OR 97123 
Phone (503) 640-7147 

SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: Yes 

RELEASE DATE: July 1976 
PRICE: $1 200 to $3850 
TARGET MODEL: Model independent 
SUPPORT LANGUAGES: Most assemblers 
SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: Assembler, PASCAL 
NETWORK SUPPORT: No 

MEMORY MANAGEMENT 
• Singlii eontiguous allocation 
• Overlays 
• Segmentation 
• Static relocation 
• Binding done during loading time 

FILE MANAGEMENT 
• Named file system 
• Random organization 
• Allocation type: linked list of sectors 
• Can acces5 file system from HLL 
• Password/security protection 

COMMENTS: *8048, 8080A, 8085A, 8086, 8088, F8, 6800, 6802, 6805, 
6809, Z8000, M68000, 1802, 6502, SC/MP, CDP1802, TMS9900, 
TMS1000, ZS, ZBO, etc 

CIRCLE NO 702 

REAL-TIME 
OPERATING SYSTEM 

RELEASE DATE: July 1981 (Version 2.0) 
PRICE : $900 
TARGET MODEL: All 8080/8085 µ.P types 
SUPPORT LANGUAGES: 8080 and 8085 
interpreter; FORTRAN and PU M compilers 
SYSGEN PROGRAM: Yes 
LANGUAGE SYSTEM: PU M and assembler 
NETWORK SUPPORT: No 

assemblers; BASIC 

SOURCE CODE: Yes 

MINIMUM HARDWARE NEEDED: 600 bytes RAM , iSBC 80/10, 80120-4 , 80!24 or 80130 computer, iSBC 544 communication controller and iSBC 569 
digital controller 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking: unlimited number of tasks can start/stop/suspend 

other tasks via intertask communication exchanges 
• Synchronizing scheme: mailbox 
• Multiprocessing: up to 16 processors on Multibus using shared 

memory with semaphore and interrupt mechanisms via iMMX 
software 

PERIPHERAL MANAGEMENT 
• Supports CRTs and floppy- and cartridge-disk drives 
• Provides device independence and OMA 
• Uses interrupts 
• Accommodates a mix of floppy- and hard-disk drives 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Overlays 
• Static relocation 

FILE MANAGEMENT 
• Named file system 
• Sequential and random organizations 
• Allocation type: extents 
• Can access file system from HLL 

CIRCLE NO 708 
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I 
_j 

8-BIT CPU 
MC6809 

IRMS09 

1 
Motorola Semiconductor Products Inc 
3102 N 56th St 
Phoenix, AZ 85018 
Phone (602) 244-5714 

SYSTEM RESIDENCY : RAM 
ROMABLE SYSTEM: Yes 

RELEASE DATE: 1960 
PRICE: $2700 

1 REAL-TIME l 
OPERATING SYSTEM 

SUPPORT LANGUAGES: Macro assembler ; MPL compiler 
SYSGEN PROGRAM: Yes SOURCE CODE: Request quotation 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: Bk bytes RAM and M6BMM19 or M66MM19A Monoboard Microcomputer Module 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking: 256 tasks can start/stop/suspend other tasks 
• Synchronizing scheme: event-wait 

PERIPHERAL MANAGEMENT 
• Supports CRTs and character printer 
• Provides device independence 
• Uses interrupts 

16-BIT CPU 
68000 

I RMS68K 

Motorola Semiconductor Products Inc 
3102 N 56th St 
Phoenix, AZ 85018 
Phone (602) 244-5714 

SYSTEM RESIDENCY : RAM 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: Versamodule 01 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 
• Multitasking: unlimited number of tasks can starVstop/suspend 

other tasks via intertask communication 
• Synchronizing scheme: semaphore 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy- and 

cartridge-disk drives and modems 
• Provides device independence, OMA and spooling 
• Uses interrupts 
• Accommodates a mix of floppy· and hard-disk drives 
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MEMORY MANAGEMENT 
• Single contiguous allocation 
• Static relocation 
• Binding done during linking time 

FILE MANAGEMENT 
Not AvaHable 

COMMENTS: RMS09 does not support compilation 

CIRCLE NO 709 

RELEASE DATE: November 1980 
PRICE: $5000 
TARGET MODEL: Versamodule 01 

REAL-TIME 
OPERATING SYSTEM 

SUPPORT LANGUAGES: Structured macro assembler; PASCAL 
compiler 
SYSGEN PROGRAM: Yes (requires Exormacs) 
SOURCE CODE: Request quotation 
LANGUAGE SYSTEM: Assembly 
NETWORK SUPPORT: No 

MEMORY MANAGEMENT 
• Chaining 
• Segmentation 
• Binding during linking time 

FILE MANAGEMENT 
Not Available 

CIRCLE NO 877 
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8-BIT CPU 
zao 

REAL-TIME 
OPERATING SYSTEM 

ITMS RELEASE DATE: 1977 
PRICE: $4995 (sold only with CompuDAS 1) 
TARGET MODEL: CompuDAS 1 
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lthaco Inc 
735 W Clinton St, Box 818 
Ithaca, NY 14850 
Phone (607) 272-7640 

SYSTEM RESIDENCY: EPROM 
ROMABLE SYSTEM: Yes 

SUPPORT LANGUAGES: DABIL (form of BASIC) incremental 
compiler 
SYSGEN PROGRAM: Not required SOURCE CODE: No 
LANGUAGE SYSTEM: Assembly 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: 24k bytes EPROM, 20k bytes RAM and CompuDAS 1 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multiusage: up to 5 users with 1 k bytes (min) RAM per user 
• Synchronizing scheme: pipeline 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, magnetic- and 

cartridge-tape drives and modems 
• Provides device independence and OMA 
• Uses interrupts and 1/0 multibuffering 
• Accommodates a mix of hard- and floppy-disk drives 

16-BIT CPU 
Z8001, Z8002 

ZRTS 8000 

Zilog Inc 
10460 Bubb Rd 
Cupertino, CA 95014 
Phone (408) 446-4666 

SYSTEM RESIDENCY: RAM 
ROMABLE SYSTEM: Yes 

MEMORY MANAGEMENT 
• Binding done during loading time 
• Dynamic workspace relocation 

FILE MANAGEMENT 
Not Available 

CIRCLE NO 678 

RELEASE TIME: June 1981 

REAL-TIME 
OPERATING SYSTEM 

PRICE: $300 ($3500 unlimited licensing rights) 
SUPPORT LANGUAGES: zaooo PLZ/SYS and c 
SYSGEN PROGRAM: Yes SOURCE CODE: Yes 
LANGUAGE SYSTEM: zaooo PLZ/SYS 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: None; most systems will use real- time clock 

PROCESSOR ALLOCATION/MANAGEMENT 
• System vs User mode 
• Multitasking: tasks can start/stop/suspend other tasks via 

intertask communication 
• Synchronizing scheme: semaphore and mailbox 

PERIPHERAL MANAGEMENT 
• Supports CRTs 
• Uses interrupts 

MEMORY MANAGEMENT 
• Single contiguous allocation 
• Segmentation 
• Static relocation 
• Binding done during loading time 

FILE MANAGEMENT 
Not Available 

CIRCLE NO 679 
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16-BIT CPU 
TMS9900 

I Component Software OS I 
Texas Instruments Inc 
Box 1443, MS 6404 
Houston, TX 77001 
Phone (713) 778-6690 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 6k bytes ROM and 3k bytes RAM 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking: unlimited number of tasks can start/stop/suspend 

other tasks via intertask communication 
• Synchronizing scheme: semaphore, mailbox and message 

channels 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character and line printers, floppy-disk drives 

and mode~ 
• Provides device independence and OMA 
• Uses interrupts and 110 multibuflering 
• Accommodates a mix of floppy-disk drives 

8-BIT CPU 
8080/8085 

I MFTOS 

Ontel Corp 
250 Crossways Park Dr 
Woodbury, NY 11797 
Phone (516) 364-2121 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: No 
MINIMUM HARDWARE NEEDED: 32k bytes RAM 

PROCESSOR ALLOCATION/MANAGEME!'<IT 
• Multitasking: up to 64 tasks can start/stop/suspend other tasks 

using intertask communication 
• Multiusage: up to eight terminals share hard-diisk drives; up to 16 

terminals share master station; 350 bytes (min) RAM per user 
• Synchronizing scheme: semaphore and mailbox 

PERIPHERAL MANAGEMENT 
• Supports CRTs, line printers, floppy- and cartridge-disk drives, 

modems and, via subroutines (not OS drivers), magnetic-tape 
drives 

• Provides device independence, OMA and spooling 
• Uses interrupts 
• Accommodates a mix of hard-disk drives and various floppy

disk-drive capacities and densities 
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GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: July 1979 
PRICE: $1000 per component 

REAL-TIME 
OPERATING SYSTEM 

SUPPORT LANGUAGES: 9900 assembler; Power BASIC and 
PASCAL interpreters ; Microprocessor PASCAL compiler 
SYSGEN PROGRAM: No SOURCE CODE: Yes 
LANGUAGE SYSTEM: PASCAL: 96%, assembler: 4% 
NETWORK SUPPORT: Multidrop synchronous communication using 
HDLC protocol 

MEMORY MANAGEMENT 
• Segmentation 
• Static and dynamic relocations 
• Binding done during assembly/compilation, linking and loading 

times · 

FILE MANAGEMENT 
• Named file system and multilevel directory 
• Sequential, contiguous and random organizations 
• Allocation type: extents and single contiguous 
• Can access file system from HLL containing constructs 
• Password/security protection 

CIRCLE NO 703 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: June 1979 
PRICE: Depends on configuration 
TARGET MODEL: Ontel OP-1 

REAL-TIME 
OPERATING SYSTEM 

SUPPORT LANGUAGES: 8080 and 8085 assemblers; OPL and 
BASIC interpreters 
SYSGEN PROGRAM: Yes SOURCE CODE: No 
LANGUAGE SYSTEM: Assembler 
NETWORK SUPPORT: Local-16 terminals using standard IOS calls; 
Remote-VHM, MDOSNF and HOOS/VF OSs 

MEMORY MANAGEMENT 
• Dynamic relocation 
• Binding done during loading time 

FILE MANAGEMENT 
• Named file system 
• Sequential organization 
• Random organization and ISAM (OPL only) 
• Allocation type: linked list of sectors 
• can access file system froin HLL containing constructs 

CIRCLE NO 704 
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8/1~-BIT CPU . . 
6800/8080/8086/68000 

MTOS-68K, -68, -80, -86 

Industrial Programming Inc 
100 Jericho Quadrangle 
Jericho, NY 11753 
Phone (516) 938-6600 

SYSTEM RESIDENCY: RAM and ROM 
ROMABLE SYSTEM: Yes 
MINIMUM HARDWARE NEEDED: 3k to 10k bytes ROM and 1k RAM 

PROCESSOR ALLOCATION/MANAGEMENT 
• Multitasking: tasks, number-limited only by memory capacity, 

communicate via mailboxes and priority-order synchronizing 
scheme 

• Multiprocessing: up to 16 processors use Multibus arbitration 
logic 

PERIPHERAL MANAGEME~T 
• Supports CRTs, line printers, floppy- and hard-disk drives, 

modems and communication links , 
• P.r.ovides device independence and OMA 
• Uses interrupts and 1/0 multibuffering 
• Accommodates a mix of floppy- and hard-disk drives 

8-BIT CPU 
6800 

ODOS 

Omnibyte Corp 
245 W Roosevelt Rd, Bldg 1-5 
West Chicago, IL 60185 
Phone (312) 231-6880 

SYSTEM RESIDENCY: RAM and disk 
ROMABLE SYSTEM: Yes 

DEVELOPMENT 
OPERATING SYSTEM 

GENERAL-PURPOSE 
OPERATING SYSTEM 

RELEASE DATE: 1976-1981 
PRICE: $3500 to $9500 

REAL-TIME 
OPERATING SYSTEM 

SUPPORT LANGUAGES: PUM-80, -86 and FORTRAN-80, -86 
compilers ; PASCAL86 and PASCAL68K 
SYSGEN PROGRAM: No SOURCE CODE: Standard 
LANGUAGE SYSTEM: Assembly 
NETWORK SUPPORT: Up to 255 nodes can send messages to/from 
mailboxes over fixed routes 

MEMORY MANAGEMENT 
• Single contiguous allocation 

FILE MANAGEMENT 
• Named file system 
• Compatible with ISIS (MTOS-80 and -86) 
• Compatible with VERSADOS (MTOS-68K) 

CIRCLE NO 705 

RELEASE DATE: 1978 
PRICE: $200 

REAL-TIME 
OPERATING SYSTEM 

TARGET MODEL: 06800, 850 
SUPPORT LANGUAGES: Hemenway RA6800ML and Omnibyte 
resident assem.blers ; BASIC interpreter; Hemenway Strubal+ compiler 
SY$GEN PROGRAM: No SOURCE CODE: No 
LANGUAGE SYSTEM: Assembly 
NETWORK SUPPORT: No 

MINIMUM HARDWARE NEEDED: 91Ai bytes RAM, 2k bytes PROM or 25'Alk bytes RAM, 6k bytes PROM (Strubal+ and PROM-resident ODOS) ; console 
and floppy-disk drive (5'14 or 8 in.) 

PROCESSOR ALLOCATION/MANAGEMENT 
Not Available 

PERIPHERAL MANAGEMENT 
• Supports CRTs, character printers, floppy-disk drives and 

paper-tape drives 
• Accommodates up to four 8-in. or up to three 5114-in. floppy-disk 

drives 
• Transfers files between 5114: and 8-in. floppy-disk drives via four 

disk-resident utility programs 

MEMORY MANAGEMENT 
• Single contiguous allocation 

FILE MAN~GEMENT 
• Named file system 
• Sequential and contiguous organizations 
• Allocation type: single contiguous 
• Can access file system from HLL containing constructs 

COMMENTS: ODOS is either RAM or PROM resident and has 
user-accessible routines to open and cibse files for input or 
output. PROM version eliminates the need to boot the OS from 
disk 

CIRCLE NO 706 
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That's the fascinating subject of the 100-page editorial 
special section in EDN's 25th Anniversary issue. 

EDN has asked more than thirty authors; each a leader in 
the field - as scientist, engineer, entrepreneur, author - to take 
on the role of visionary. Each has used his own experience as a 
database to project an acutely personal view of the electronic 
future. Some of the articles are serious, some lighthearted. Few 
authors are in agreement and, considering th,e problems inher-:
ent in making predictions even one year in advance in this field, 
many are likely to arouse considerable controversy. 

OUTSTANDING AUTHORS 
Isaac Asimov 
Ray Bradbury 
Alvin Toffler 

Author of Future Shock 

George Gagliardi 
Electronic Systems Consultant. Arthur D. Little. Inc. 

Manny Fernandez 
President and Chief Executive. Zilog. Inc. 

Arno A. Penzias 
Executive Director. Research , Bell Labs 

J eff Montgomery 
President. Gnostic Concepts 

Edward Cornish 
President. World Futu re Society 

D. Howard Phillips 
Director. Electronics Research Lab. The Aerospace Corp. 

Robert A. Pease 
Staff Scientist, National Semiconductor 

Lewis Kornfeld 
Director, Tandy Corp./Radio Shack 

Jon Roland 
Microsystems Consultant 

John M. Fluke 
Chairman of the Board, CEO, John Fluke Mfg. Co .. Inc. 

James Healy 
Director of Sales & Mktg .. GenRad Semiconductor Test. Inc. 

Tom Lonergan 
President, Wolfdata 

Dr. Charles Kao 
VP, Director of Engineering. ITT Can non 

Fred A. Blum 
VP of Microelectronics R&D Center. Rockwell International 

Hal Hellman 
Freelance Telecommunications Writer 

Dr. Bullis 
Ch ief of Electron Devices. Na tional Bureau of Standards 

Plus other outstanding authors and f eatures written by ED N 's editors 

DON'T MISS THIS EXCITING SPECIAL ISSlJE! 

Ell JN The Hot design magazine 

~--- ACAHNERS PUBLICATION • 221 Columbus Avenue • Boston. MA02116 • (617) 536-7780 
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i6-bit-µP benchmarks-
an update with explanations 

A benchmark exercise is not your normal performance comparison. 
It develops a life of its own as faster µPs are introduced and better code 

is written. With market shares at stake, manufacturers fight fiercely 
to improve their showings and to make the implementations equivalent. 

Walt Patstone, Editor 

When EDN benchmarked the 8086, LSI-11 /23, 
MC68000 and Z8002 (April 1, pgs 179-265), in the issue's 
accompanying Editorial (pg 39) we proclaimed "no 
winner in this contest- save you." Nevertheless, ads 
soon appeared declaring the 68000 the winner. 

Reader feedback to the article was heavy and 
positive. And of course, Motorola was highly pleased 
with our results . By contrast, Zilog was displeased 
because we reported the times for its 6-MHz part when 
it had a 10-MHz version under development. Worse, 
Intel informed us that we had erred: The data suite 
used by the 8086 in Benchmark I (Quicksort) differed 
from that used by the other competitors; thus, the 
8086's execution time for that benchmark was overly 
long by comparison. 

Because subsequent investigations revealed addi
tional difficulties with the April 1 article, EDN 
reopened the benchmark project, soliciting new data 
from Intel, Motorola and Zilog. The effort-a most 
interesting one-has produced generally better code, 
more comparable algorithms and fewer timing inconsis
tencies, plus strong areas of disagreement over the 
"proper" interpretation Of benchmarks and major 
differences of opinion over proper coding practices. 

During the updating project we also discovered, 
learned, invented, acquired, relearned or verified 
beyond a reasonable doubt (take your pick), The Three 
Not-So-Golden Rules of Benchmarking: 

• Rule I-All's fair in love, war and benchmarks. 
• Rule 2-Good code is the fastest possible code. 
• Rule :J-:ConClitions, cautions, relevant discus

sion and even actual code never make it to the 
bottom line when results are summarized. 

EDN SEPTEMBER 16, 1981 

It's impossible to get three strong competitors to 
agree on all aspects of a series of benchmarks. 
Nevertheless, EDN, Intel, Motorola and Zilog all 
devoted considerable effort to pointing out and resolv
ing differences or possible errors in the seven tests. 
Phone calls and Express Mail packages were supple
mented with a face-to-face meeting on July 31. One of 
the most memorable quotes of that meeting (from an IC 
manufacturer) was, "The history of benchmarks is one 
of finding ways to cut corners." Anything goes-so long 
as the required functions are performed and the 

·techniques used aren't specifically forbidden. 
In EDN's original benchmark exercise, we kept our 

guidelines somewhat vague and allowed deviations 
from the strictest interpretation of the Carnegie
Mellon specifications. Why? Because we wanted the 
manufacturers to be able to showcase the architectures 
of their µPs to the best advantage. "Microprocessors 
aren't minicomputers or mainframes," we reasoned, so 
we gave the contestants more flexibility than Carnegie
Mellon University did in its 1976 tests. To some extent 
we now regret this decision for two reasons: Because 
implementations weren't as comparable in the April 1 
article as they could have been, and because we 
experienced major disagreements over the manner in 
which the benchmarks were implemented. 

Benchmark H (Linked-list insertion) illustrates the 
latter problem. Intel coded this benchmark with data in 
a 64k-byte space because it thought this a reasonable 
implementation. Motorola argued that because the 8086 
can address lM bytes, it should use that larger data 
space. Intel's position, which EDN allowed, held that 
"this particular implementation demonstrates how to 
manipulate data that's contained in a single data 
segment." Subsequently, Motorola recoded its Bench
mark H to also operate in a 64k space, reducing its 
execution time from 153 µsec (for the 68000's full 
16M-byte space) to 121 µsec for a 64k space. 

By contrast, in Benchmark I (Quicksort), Intel chose 
to demonstrate the use of the 8086's data-segmentation 
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Even the tightest rules 
won't eliminate discrepancies 

capability to handle large data structures, recognizing 
that this benchmark's data suite exceeded one segment. 
However, Intel's code makes each record a segment, 
taking advantage of the fact that EDN specified 
records that measure exactly 16 bytes long. Although 
all three programs require modifications to work with 
other record lengths, the Intel code may not be 
optimum for some of those lengths. For example, 
17-byte records would be noncontiguous in memory; 
that is, there would be gaps between each record. 

At this point, an important philosophical question 
arises: Are such code variations in the true spirit of the 
EDN benchmarks? After all , they do create inequities 
among the scores, making comparisons somewhat akin 
to judging peaches and pears. But we couldn't give 
flexibility to the contestants with one hand, then 
arbitrarily take it back with the other. Rule 1 holds. 
But to minimize confusion or possible misinterpreta -
tions, we note the discrepancies in Benchmark I in 
our data summary. 

Go by the book, or go to win? 
Rule 2 (Good code is the fastest possible code) should 

probably have a corollary: "If it works, it's good-by 
definition." A great many benchmarkers believe in this 
philosophy, arguing that the benchmark process tradi
tionally implies that you fine tune the code to the 
maximum extent permitted. At minimum, EDN can 
attest that this practice makes it extremely difficult to 
referee benchmark tests. 

Here again we have specific examples in mind. First , 
all of the new code for Benchmark I is optimized to 
some extent for the data suite that EDN used. Rather 
than doing comparisons on two records in memory a 
character at a time, Zilog, Motorola and Intel load the 
first character into a register, then perform a fast 
compare. Most of the time this comparison tells the µP 
whether it should do a sort on this iteration or jump 
immediately to the next record. This method speeds up 
execution times for the EDN data, but it might produce 
slower than optimum times with other data. 

Second, also in reference to Benchmark I, Motorola 
noted that Intel's code makes each record a segment, 
then quoted from the programming guidelines in The 
8086 Family User's Manual, 1979 Edition, pg 2-96: 
"Segment registers should only contain values supplied 
by the relocation and linkage facilities. Segment
register values may be used to and from memory, 
pushed onto the stack and popped from the stack. 
Segment registers should never be used to hold 
temporary values, nor should they be altered in any 
other way." 

In rebuttal, Intel argued that "The manual states 
that this method is not a recommended procedure for 
general usage. However, if you're constructing a base 
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to a segment, this is a perfectly acceptable technique. 
You do not want to redefine your segment selector to 
point to somewhere in the middle of your data segment. 
You don't, ad hoc, change the segment-register value. 
In our Benchmark I we do define each record as being 
its own segment. Therefore, we can use a segment 
selector to point to the base of every record we are 
using." Intel further explained, "The technique works, 
and works well. It's represented within our RMX 
operating system through the concept of a 'Token.' A 
Token is issued to pass a segment base between tasks 
and the operating system for access to code or data." 

Finally, a disagreement arose over Intel's code for 
Benchmark A (FIFO interrupt handler), where the 
memory locations incremented by the interrupt-service 
routines reside within the code segment. Motorola 
cried "Foul!" reading from the programming guidelines 
on pg 2-97 of The 8086 Family User's Manual that 
" ... variable data should not be placed in a code segment 
... First, programs are simpler to understand if they are 
uniformly subdivided into segments of code, data and 
stack. Second, placing data in a code segment can 
restrict the segment's position independence. This is 
because, in general, the segment base address of a data 
item may be changed, but the offset (displacement) of 
the data item may not. This means that the entire 
segment must be moved as a unit to avoid changing the 
offset of the constant data. If the constant data were 
located in a data segment or an extra segment, 
individual procedures within the code segment could be 
moved independently. " Motorola then emphasized, "In 
quality programming, counters are data and belong in 
data segments; code belongs in code segments." 

In turn, Intel replied that the memory locations 
incremented by the interrupt-service routines are not 
code and are never executed. It further stated, "This is 
a simple implementation that is perfectly acceptable for 
the 8086. There is no reason why we shouldn't be 
allowed to demonstrate this capability." Intel also 
noted, "The point of disagreement here concerns the 
dummy service routine. This routine isn't relevant to 
the intent of the benchmark, which is to measure 
interrupt response time." 

These three examples make one very important 
point: When studying benchmarks, beware of the 
influence of Rule 2 and its corollary-the benchmark 
code may be too specialized to be useful in a general 
application without modification. 

A benchmark is much more than just one number 
It should be obvious to you by now that the results of 

even a single benchmark test are likely to contain many 
important pieces of information besides the execution 
time. Yet Rule 3 reflects a basic truism: Whenever 
suites of benchmarks are run, winners invariably tend 
to reduce all of the explanations and cautions-not to 
mention the many lines of code-<lown to a few simple 
comparative performance ratios, perhaps even just one 
number (obtained by some form of averaging). This 
practice makes no sense to . EDN at all. At best, it's 
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When faster µPs are built... 
Zilog heated up the benchmark 
race considerably when it intro
duced a 10-MHz version of its 
Z8002 at Wescon/81 . Motorola 
added fuel to the fire by an -
nouncing a 12-MHz 68000. 

BENCHMARK TIMES mask shrink or in a nearly empty 
selection bin at the end of a busy 

FOR FASTER µP VERSIONS production line. 

EXECUTION TIME (µsec) 
EON has attempted to verify 

that both the 10-MHz Z8002 and 
10-MHz 12-MHz 12-MHz 68000 are "real." We 

As the April 1 article pointed 
out, faster chips decrease execu
tion times. Thus, it's definitely in 
the best interests of each manu
facturer to claim the availability of 
a "hot" µP. But you can easily see 
that the fire could be just smoke if 
the announced product exists only 
in the form of a promised future 

BENCHMARK Z8002 68000 
have obtained data sheets and 

A 26 26.7 have asked for-and received-
B 225 268 written assurances that sample 
E 114 187.9 quantities of both machines are 
F 74 58 now available on distributors ' 

H 122 100.8 shelves. Thus, we feel obliged to 

I 13,300 14,456 
include in this article the improved 
benchmark execution times that 

K 338 305 these two chips deliver (table). 

misrepresentative and overly simplified; at worst, it's 
grossly misleading. 

In the April 1 article, we tried to discourage such 
interpretations by breaking the individual benchmark 
results into small tables, rather than combining them 
into one summary table. We scattered these individual 
results throughout the explanatory text, giving each its 
own caption and explanatory notes. Nevertheless, 
reports of our results focused only on execution-time 
data, ignoring all of our caveats. 

Taking the philosophical view that Rule 3 is unbreak
able, we have summarized all of our revised and 

updated benchmark data in expanded tabular form. 
This table includes columns headed CLOCK SPEED, 
MEMORY SPACE ADDRESSED and COMMENTS; 
note this data carefully; we doubt that you will see it 
repeated elsewhere. 

Finally, for those of you who are looking for some 
rather interesting reading, albeit with a rather dry 
dialog, we have included all of the code that has 
changed since the April 1 article. To the best of our 
knowledge this code is thoroughly debugged; however, 
time constraints have prevented us from thoroughly 
checking it. EDN 

16-BIT µP BENCHMARK UPDATE 
MEMORY 

BENCHMARK CLOCK CODE SPACE EXECUTION 
µP SPEED BYTES" ADDRESSED TIME " COMMENTS 

A 8086 10 MHz 24 1M BYTES 46.4 µsec PROGRAM MAINTAINS, WITHIN THE 64k BYTES OF CODE, THE MEMORY 
1/0 INTERRUPT LOCATIONS TO BE INCREMENTED BY THE INTERRUPT-SERVICE ROUTINES. 

KERNEL THIS TECHNIQUE IS NOT RECOMMENDED FOR GENERAL USE. 
68000 10 MHz 24 16M BYTES 32 µsec 
Z8002 6 MHz 18 64k BYTES 42 µsec 

B 8086 10 MHz 185 1M BYTES 402 µsec 
1/0 KERNEL 68000 10 MHz 130 16M BYTES 321.6 µsec 

WITH FIFO PROCESSI NG Z8002 6 MHz 124 64k BYTES 375 µsec 

E 8086 10 MHz 44 1M BYTES 211 µsec 
CHARACTER-STRIN G 8086 10 MHz 44 16M BYTES 225.2 µsec NEW DATA, SO NEW EXECUTION TIME. 

SEARCH Z8002 6 MHz 66 64k BYTES 190.4 µsec NEW DATA, SO NEW EXECUTION TIME. 

F 8086 10 MHz 42 1M BYTES 11 9 µsec 
BIT SET, RESET, 68000 10 MHz 36 16M BYTES 69.6 µsec 

TEST Z8002 6 MHz 44 64k BYTES 124 µsec 

H 8086 10 MHz 115 64k BYTES 210 µsec THI S IMPLEMENTATI ON DEMONSTRATES HOW TO MANIPULATE 
LINKED-U ST DATA THAT' S CONTAINED IN A SI NGLE 64k SEGMENT. 
INSERTION 68000 10 MHz 100 64k BYTES 121 µsec THI S BENCHMARK WAS RECODED TO RUN IN 64k, THE FIRST AND LAST 32k 

OF THE MEMORY SPACE. CODED FOR A 16M-BYTE SPACE, IT TAKES 
106 CODE BYTES AND EXECUTES IN 153 µsec. 

Z8002 6 MHz 84 64k BYTES 203 µsec 

I 8086 10 MHz 276 1M BYTES 38,254 µsec CODE IS OPTIMIZED FOR 16-BYTE RECORDS ONLY. USES PROGRAM TECH -
QUICKSORT NIQUES NOT RECOMMENDED IN 8086 FAMIL Y USER 'S MANUAL. 

68000 10 MHz 276 16M BYTES 17,348 µsec 
Z8002 6 MHz 334 64k BYTES 22,211 µsec 

K 8086 10 MHz 95 l M BYTES 523 µsec SUBROUTINE WILL FAIL IF THE BIT MATRIX RESIDES 
BIT- MATRIX ABOVE A BYTE DISPLACEMENT OF Bk IN A DATA SEGMENT. 

TRANSPORTATI ON 68000 10 MHz 74 16M BYTES 366.2 µsec 
Z8002 6 MHz 106 64k BYT ES 563 µsec 

" NOTE: DATA WAS SUPPLIED BY MANUFACTURERS. EON SPOT-CHECKED TH E 
EXECUTION TIMES; IT DID NOT VERIFY ALL OF THEM AS BEING CORRECT. 
ADDITIONAL DATA IS CONTAINED IN THE BOX, " WHEN FASTER µPs ARE BUILT . . . " 

Consider ALL the relevant data before naming a victor in EDN's updated benchmark tests. Note in particular the memory space 
addressed by each machine in each test and the comments relating to some of the code-they could be critically important to your 
application. Observe also that Zilog benchmarked the ZB002 rather than the segmented Z8001 . 

EDN SEPTEMBER 16, 1981 171 





0000 0000 
0002 0000 

0004 0000 
0006 0000 

0008 0000 
OOOA 0000 

oooc 0000 
OOOE 0000 

0000 
0000 C70600003EOO R 
0006 c 7060200--·-- R 
oooc C70604004400 R 
0012 C7060600-- -- R 
0018 C70608004AOO R 
001E C7060AOO-- -- R 
0024 C7060C005000 R 
002A C7060EOO---- R 

0030 BAFCFF 
0033 880100 
0036 EF 

0037 CDOO 

0039 B80000 
003C EF 

0030 C3 

003E 2EFF065600 R 
0043 CF 

0044 2EFF065800 R 
0049 CF 

004A 2EFF065AOO R 
004F CF 
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BENCHMARK A-8086 
1 ; -------------------- - ------------------------------------------------
2 
3 EON MAGAZINE BENCHMARK STUDY 
4 
5 
6 
7 
8 

BENCHMARK A CI/O INTERRUPT KERNEL, FOUR PRIORITY LEVELS) 

JULY 8, 1 ':Wl 

9 - - - - - - - - - ------ --------------- -------------------- --------- ----------
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
:39 
40 
41 
4 ' ' 
43 
44 
45 
46 

+1 

CGROUP 
DGROUP 

DATA 

TYPOOFF 
TYPOSEG 

TYPlOFF 
TYP1SEG 

TYP20FF 
TYP2SEG 

TYP30FF 
TYP3SEG 

DATA 

$EJECT 

CODE 

PL/M-86 LINKAGE CONTROL 

GROUP CODE 
GROUP DATA 
ASSUME CS : CGROUP, DS : DGRDUP 

DATA SEGMENT DECLARATION 

SEGMENT AT 80H ' DATA ' 

ow 0 
OW 0 

ow 0 
ow 0 

ow 0 
ow 0 

ow 0 
D~ 0 

ENDS 

CODE SEGMENT DECLARATION 

SEGMENT PUBLI C 'CODE ' 

PUBLIC BNCHf' ROG 

PROC NEAR 47 
48 
49 
50 
5 1 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

BNCHPROG 
MDV 
MDV 
MDV 
MDV 
MOV 
MDV 
MOV 
MOV 

TYPOOFF , OFFSET CISRO l 
TYPOSEG,CODE 
TYPlOFF,QFFSETCI SRl> 
TYPISEG ,C ODE 
TYP20FF,OFFSE1CISR2l 
TYP2SEG.CODE 
TYP30FF , OFFSETCISR3l 

INITIALIZE INTERRUPT POINTERS 

66 
67 
68 
69 
70 

BNCHPROG 

71 +1 $EJECT 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 

!SRO : 

JSR! 

ISR2 : 

MDV 
MDV 
OUT 

INT 

MDV 
OUT 

RET 

TYP3SEG,C ODE 

DX ,OFFFCH 
AX,OlH 
DX.AX 

0 

AX.OH 
OX.AX 

ENDP 

INTERRUPT SERVICE ROUTINES 

INC CS : COUNTO 
IRET 

INC CS : COUNT! 
IRET 

INC CS : COUNT2 ; 

IRET 

START TIMING COUNTER 

SI MULATE TYPE 0 INTERRUPT 

STOP TIMING COUN fER 

INCREMENT COUNT FOR INTERRUPT 0 

INCREMENT COUNT FOR INTERRUPl 1 

INCREMENT COUNT FOR INTERRUPT -, 
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0050 2EFF065COO 
0055 CF 

0056 0000 
0058 0000 
005A 0000 
005C 0000 

0000 
0002 
0004 
0006 
OOFF 

0080 

0090 oooo - -·- 
oos4 2700 -··-· ·· 
0088 4EOO·· ---
008C 7500 - · ··-

R 
R 
R 
R 

R 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
4 3 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
5'1· 
55 
56 
57 
58 
59 
60 
61 
6'' ~ 
6 3 
64 
6 5 
66 

BENCHMARK A-8086 (continued) 
87 ISR 3 INC CS : COUNT3 I NC REMENT COUNT FOR INTERRUPT 3 
88 !RET 
89 
90 
91 COUNTO DW 0 COU NT FOR INTERRUPT 0 
92 COUNTl DW 0 COUNT FOR INTERRUPT l 
93 COUNT2 DW 0 CO UNT FOR INTERRUPT 2 
94 COUNT3 DW 0 COUNT FOR INTERRUPT 3 
95 
96 CODE ENDS 
97 
98 
99 END 

BENCHMARK B-8086 
BENCHMARK B 

FOR THE EDN ALGORITHM AND DATA 
185 BYTES 402. 2 MICROSECONDS AT !OMHZ 0 WAITSTATES 

j *************************************************************************** 

; 

THE PERFORMANCE IS FOR INDIVIDUAL INTERRUPTS ON 1,2, 3 AND 
4 FOLLOWED BY 3 SUCCESSIVE INTERRUPTS ON 2 FOLLOWED BY FIVE 
SUCCESSIVE LEVEL 3 INTERRUPTS . THE INDIVIDUAL INTERRUPTS 
ARE INDIVIDUALLY SERVICED AND DO NOT FORCE QUEUING OF 
INTERRUPTS . THE THREE LEVEL 2 INTERRUPTS CAUSE QUEUING OF 
LEVEL TWO INTERRUPTS . AFTER ALL LC::VEL 2 INTERRUPTS ARE 
SERVICED , THE FIVE LEVEL THREE INTERRUPTS ARE ISSUED TO 
CAUSE GUEING OF THESE INTERRUPTS . THE SUCCESSIVE LEVEL 2 
AND LEVEL 3 INTERRUPTS ARE ISSUE SEPARATELY SUCH THAT LEI/EL 
3 INTERRUPTS ARE NOT QUEUED WITH L~VEL 2 INTERRUPTS . THIS 
HAS DEEN INTEL ' S INTERPRETATION OF THE REQUESTED TEST SUITE . 

; ************************************ '************** ·~*********************** itj 

THI S ROUTINE ASSUMES AN 8259A PIC PROGRAMMED IN THE AUTOMATIC END 
OF INTERRUPT MODE WITH INTERRUPTS FOR THE J/O DEVICES PROGRAMMED Al 
32 THROUGH 35 HEX . THE ROUTINE QUEUES 1/0 INTERRUPTS IN A 128 WORD 
FIFO AND SERVICES THE INTERRUPTS BY COUNTING THE NUMBER OF 
INTERRUPTS OF EACH TYPE . EACH I/O HAS ITS OWN 16 BIT COUNT REGISTER 

EQUATES 

DEV32 ID ·-
DEV33 ID -
DEV34 ID -
DEV35 ID 
ON 

INTR .. PD INTER S 

TYPE_32 
TYPE _33 
TYPE _34 
TYPE_ 3 :; 

I NTR __ PO INTERS 

RE GI STER USAGE : AX 
BX 
DI 
DS 

TEMP OH ARY 
FIFO OUT POINTER 
DEVI CE ID 
QUEU~ DATA SEGMLNT 

THIS IMPLEMENTATION ASSUMES THE COUNTING REG I STERS 
FOR THE DUMMY I /O SERVICE TASKS AR E CONTAINED IN THE 
THE SAME DATA SEGMENT AS THE QUEUE. 

THE QUEUE AND INTERR UPT SERVICE ROUTINES MAY BE LOC ATED 
ANYWHERE IN THE 8086'S 1 MEGABYTE ADDRESS SPACE . 

ORG 3~J tiA 

EGU 
EQU 
E<.lU 
EQU 
EGU 

DD 
DD 
DD 
DD 

ENDS 

OH 
02H 
04H 
06H 
OFFH 

DE\J32_ ... I NTR 
DEV33 _INTR 
Df"V34 _INTR 
DEV35 .. .J NTR 
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0000 12 8 
000 

0100 2 
00 

0102 ? ?? ? 
0104 (4 

0000 

0000 
0000 53 
0001 50 
0002 57 
0003 lE 

0004 IWOOOO 

0007 !38----
000A BEDB 

OOOC A10201 
OOOF BBDB 

0011 893F 
0013 0402 
00 15 A30201 

0018 IlOFF 
OOlA 86060001 
OO!E A8FF 
0020 74 7 A 

002~ lF 
0023 5F 
0024 58 
0025 SB 
0026 CF 

0027 
0027 53 
0028 50 
0029 57 
002A lE 

002B BF0200 

002E BB- -- -
0031 BEDS 

0033 Al0201 
0036 8BD8 

0038 89JF 
003A 0 402 
003C A30201 

003F !30FF 
0041 86060001 
0045 A8FF 
0047 7453 

0049 lF 
004A 5F 
004B 58 
OOLIC SB 
0040 CF 

004E 
004E 53 
004F 50 

R 

R 

R 

R 

R 

R 

R 

R 

67 
68 
69 

70 

7 1 
72 

73 
7 4 
7 5 
76 
77 
78 
79 
80 
Bl 
82 
83 
8 4 
85 
8 6 
8 7 
88 
89 
9 0 
91 
9 2 
93 
94 
95 
96 
9 7 
98 
9 9 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
1 1'7 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
13 4 
135 
136 
137 
138 
139 
140 
141 
142 
14:J 
144 
145 
14 6 
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BENCHMARK B-8086 (continued) 
DA TA 

DATA 

CODE 

GUEUE 

RUNFLAG 

GUEUE __ IN 
INTR _ COUNTERS 

SEGMENT WORD 

DW 

DB 

DW 
m~ 

ENDS 

128 DUPIOl ; I/O FIFO AREA 

2 DUP <OJ 

? 

4 DUPtOl 
, POINTER TO NEXT GUEUE ENTRY 
; I/O I NTCRRUPT COUNTERS 

SEGMENT PARA PUBLI C 'C ODE ' 
ASSUME CS CODE , OS · DATA 

DEV 3 2 _INTR 
PUSH 
PUSH 
PUSH 
PUS H 

MD V 

MD V 
MDV 

110V 
t1 0 V 

MD V 
ADD 
MDV 

MD V 
XCH0 
TEST 
JZ 

POP 
POP 
POP 
POP 
IRET 

OEV3 2 !MTR 

DEV33 INTR 
PUSH 
PUSH 
PUSH 
PUSH 

MDV 

MOV 
MOV 

MDV 
MDV 

MDV 
ADD 
MDV 

MDV 
XCHG 
TEST 
JZ 

POP 
POP 
POP 
PCP 
.IRET 

DEV33 INTR 

DEV "3 4 __ IMTR 
PUSH 
PUSH 

PROC FAR 
BX 
1\X 
DI 
DS 

DI. DEV32 ID 

AX, SEG GUEUE 
OS . AX 

AX, QUEUE IN 
BX. AX 

EB XJ , DI 
AL , 2 
QIJEUE_ IN , AX 

AL . ON 
•\L , RUNFLAG 
AL . ON 
SERVICE_ NEXT 

DS 
DI 
AX 
BX 

ENDP 

PROC FAR 
BX 
AX 
DI 
DS 

DI,DEV33 ID 

AX . SEO QUEUE 
OS . AX 

AX . QUEUE JN 
BX.AX 

[BXJ , DI 
AL , 2 
GUEUE m. AX 

AL.ON 
AL , RUNFL1\G 
AL. ON 
SERV I CE __ NEXT 

OS 
DI 
•\X 
BX 

ENDP 

PROC FAR 
BX 
IH 

, St\VE f1E GIS"lLR'.i 

; Lllt\D 0[1/ICC: I D 

;LOAD DATA SEGMENT ADDRESS 
; [JI-" HIL i- 1:- n . 

;GET POINTER 1 0 TH E NEXT 
; F J FO EN"IR'f . 

; f'llT 1/0 ID Ir• THL FIFO 
; t\D ,J\JST F~i-0 lNf'UT POINT ER. 
; SAVE UPDAlED GIJ EUE_ IN PNTR 

. T: ST AND SE l rHE RUNFLAG 

; GO SERVICE THIS INTERRUPT 
; Ji- NO on1r::rw IN THE GUCUE 

,R i-STORE REGISTERS 

; St\VE RE GISTERfi 

; Llll\D DEV I C[o I lJ 

; LOAD DATA SEGMENT ADDRESS 
; llF THE i- I i7r1 

; GET POINTER TO THE NEXT 
; FJFO EN"IRY . 

, PUT 1/ 0 I D IN THC FIFO . 
; ADJUST FI~O I NPUT POINTER . 
; SAVE UPDATED GU EUE IN PNTR 

;Tf·ST AND S~T THE RUNFLAG . 

; GO SCRVICE THI S INTERRUPf 
; l l ' NIJ OTHl:R~ IN THE QUEUE . 

; RCSTDRE REG IST~R S 
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0050 57 
OOSl lE 

OOS2 BF0400 

OOSS BB---
OOSB BEDS 

OOSA Al0201 
OOSD 8BD8 

OOSF 893F 
0061 04 0 2 
0063 A30201 

0066 BOFF 
0068 86060001 
006C ABFF 
006E 742C 

0070 lF 
0071 SF 
0072 SB 
0073 SB 
0074 CF 

007S 
007S S3 
0076 50 
0077 S7 
0078 lE 

0079 BF0600 

007C BB- - - --
007F BEDS 

008 1 A1 020 1 
0084 BBDS 

0086 893F 
0088 0402 
OOBA A30201 

0080 BOFF 
008F 8606000 1 
0093 ABFF 
0095 7 405 

0097 lF 
0098 SF 
0099 58 
009A SB 
009B CF 

009C 

009C 
00"'C 8B3F 
009E FB 

009F 
009F FF8 50 401 

OOA3 
OO A3 FA 
OOA4 80C302 
OOA7 3 B1E0201 
OOA B 75EF 

OOAD 3 3 CO 
OOAF A20001 

OO B2 lF 
OOB3 SF 
OOB4 SB 
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R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

BENCHMARK B-8086 (continued) 
147 
148 
\49 
150 
151 
152 
1S3 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
17 1 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
lB S 
186 
187 
188 
189 
190 
191 
.192 
193 
194 
19S 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
2 07 
208 
209 
2.10 
2 11 
21a 
2 1:J 
;;! l •l 
2 1 5 
216 
2 17 
2 18 
2 19 
220 
221 
2 22 
2 2 3 
2 24 
2 25 
2 26 
22 7 
228 
229 
230 
231 
232 

PUSH 
PUSH 

MDV 

MD V 
MDV 

MOV 
MOV 

MDV 
ADD 
110V 

MDV 
XCHG 
TEST 
JZ 

POP 
POP 
POP 
POP 
IRET 

DEV34 !MTR 

DEV'3S __ INTR 
PUSH 
PUSH 
PUSH 
PUSH 

MDV 

MDV 
MDV 

MOV 
MDV 

MDV 
ADD 
MDV 

MOV 
XCHG 
TEST 
JZ 

POP 
POP 
POI-' 
POP 
IR ET 

DEV3 5 INTR 

SERVICE __ NE XT 

DI 
OS 

DJ. DE<134 ID 

AX, SEG QUEUE 
03 .. AX 

AX, QUEUE IN 
BX.AX 

rn xJ. 01 
AL,2 
QVEUE __ JN , AX 

AL . ON 
AL , RUNFL1~Q 
AL . ON 
SERVICE_NE XT 

OS 
DI 
AX 
BX 

ENDP 

PROC FAR 
BX 
AX 
DI 
OS 

DJ, DEV3S ID 

AX ,SEG QUEUE 
OS .AX 

AX . QUEUE IN 
BX . AX 

EB>:J , OT 
AL, 2 
QUEUE IN.A X 

AL , QN 
AL,RUNFLAG 
AL , ot~ 
SERV I CE __ NEXT 

DS 
DI 
AX 
BX 

ENDP 

CONT I NUE __ SERVI C ING · 
t'IOV D T, EB X l 
S T! 

DUMMY _ IO __ SERV IC I NC · 
me lNTR _COUtHER S [Dl J 

RET URN _ FROM JO _SERVICING : 
CLI 
ADD BL , 2 
CMP BX,QU EUE _IN 
J NE CONTINUE _SERVl CING 

XOR 
MDV 

POP 
POP 
POP 

AX . AX 
RUNFLAG,AL 

DS 
DI 
AX 

, IJ J1'.D DC <I I CL "! D 

, LOAD DATA SE ~ MENf 40 0RCSS 
, 111 · THL r · i :T1 

.GET POINTER TO THE NEXl 
; F IFO ENl RY 

, PUT I/O JD IN THE FIFO . 
; 1\0,J\IST FIFO iNf, UT POINTER 
; SAVE UPDATCU GUEUE _IN PNTR . 

• TLST AND Sf"'T fH E RUNFLAG . 

; CO SERV I CE lH IS I NT ERRUPT 
; r: : NO OTHER !, IN l HE QUEUE: . 

; RESTORE REGISTERS 

; Sl'.VE REG I STE RS 

; UMD DE\JICC 10 

;LOAD DAT A SEGMENT ADDRESS 
; flF THE F 11· [1 _ 

; GET POINTER TO THE NEXl 
; FJFD ENf RY . 

; PUT .I / 0 ID IN TH E FIFO 
. AOdl!Sf" FHO l NPUT PO!Nl ER 
; SAVE UPDA TED GUEUE_I N PNTR . 

; T: ·sT 1\ND SEl HIE RUNFLAG . 

; GO SERVICE lHIS INTERRUPT 
; H ' NO OTHERS IN THE QUt::Ut-: 

; RESTORE REVI STERS 

. c :c· r 1 ,1 0 ro 

. ENAJJL[ INTU!RUf' r s 

.D I SAOLE I NTERRUPTS 
, DELETE THIS 1 / 0 REQUEST 
; Ti'ST IF DONE 
. GO BACK IF MORE 1 / 0 REQUESTS 

. NO MORE 1 /0 REQUESTS , RESET 
; RllNFLA<" . 

; RESTORE MA CHINE STATE 
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When reliability is imperative. 

Where conditions demand the ultimate in power supply 
dependability, Abbott has been the outstanding choice 
for over 20 years. The "V" Models (60 Hz to DC) offer 
you this proven reliability plus many important features 
that make them ideal for exacting military applications 
where MIL-STD-810C performance is called for. 
ENVIRONMENTALLY PROTECTED. Hermetically 
sealed and encapsulated to meet the severe environ
ments of humidity, salt spray, sand , dust, etc. 
SHOCK RESISTANT. Encapsulation protects unit from 
shock and vibration. Case is strong , copper-plated steel. 
LOW EMl/RFI. Exceptionally low noise, these units 
meet the EMI and RFI requirements of most systems. 
WIDE RANGE. 140 standard "V" Models are available 
with outputs from 5 voe to 59 voe and 5 to 240 watts. 
ENGINEERING SUPPORT. Abbott factory-direct sales
men are electrical engineers and provide professional 
help in solving your particular power source problems. 
In addition, our application engineers are experienced 
electronic system designers. This team is available to 
assist you in making the proper power supply selection. 
SERVICE AFTER SALE. Abbott service does not end 
with delivery. Our application and customer service 
engineers make sure our products function success
fully in your application . Another good reason to 
specify Abbott. Abbott Transistor Laboratories, Inc., 
Power Supply Div., Western Office: 5200 W. Jefferson 
Blvd ., Los Angeles, CA 90016. 213/ 936-8185. Eastern 
Office: 1224 Anderson Ave ., Fort Lee, NJ 07024. 
201 / 224-6900. 

SEND FOR NEW FULL LINE CATALOG. 

69,700 HRS. MTBF. 
IN NAVAL SHELTERED ENVIRONMENT 

Calculated according to MIL HDBK 217C at 50°C. 
Each Abbott Power Supply undergoes no less than 41 
inspections and tests including critical testing of all 
incoming materials and components per MIL-STD-1050, 
exhaustive mechanical and electrical testing , and a 
severe hermetic seal pressure immersion test . Our 
workmanship standards and quality assurance program 
have qualified Abbott for many applications requiring 
MIL-STD-454. 

MILITARY POWER SUPPLIES 1,355 MODELS 
EDN SEPTEMBER 16, 198 1 CIRCLE NO 71 177 



00135 Sil 
00136 CF 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 0 
30 0 
31 0 
32 0 
3 3 0 
34 0 
35 0 
36 0 
37 
38 0 
39 0 
40 0 
41 0 
42 0 
4-3 0 
44 0 
45 0 
46 
47 0 
48 0 
49 0 
50 0 
51 0 
52 0 
53 0 
54 0 
55 
56 0 
57 0 
58 0 
59 0 
60 0 
61 0 
62 0 
63 0 
64 
65 

00000000 
000·00002 
00000006 
OOOOOOOA 
OOOOOOOE 
00000012 
00000014 
00000016 

00000018 
OOOOOOlA 
000000 lE 
00000022 
00000026 
0000002A 
0000002C 
0000002E 

00000030 
00000032 
00000036 
0000003A 
0000003E 
00000042 
00000044 
00000046 

00000048 
0000004A 
0000004E 
00000052 
00000056 
0000005A 
0000005C 
0000005 E 

233 
234 
235 
236 
237 
238 
239 
240 
241 

2F08 
3078008A 
30BC0082 
54380088 
4AF802 8C 
6A4C 
205F 
4E73 

2F08 
3078008A 
30BC0084 
54780088 
4AF8028C 
6A34 
205F 
4E73 

2F08 
3078008A 
308C0086 
54780088 
4AF8028C 
6AlC 
205F 
4E73 

2F08 
3078008A 
30BC0088 
54780088 
4AF8028C 
6A04 
205F 
4E73 

66 
67 
68 
69 
70 

0 00000060 3F08 
0 00000062 46FC2000 

71 0 00000066 3050 
72 · 0 00000068 5250 
73 
74 
75 
76 
77 

0 0000006A 46FC2700 
0 0000006E 542F0001 
0 00000072 305F 

BENCHMARK B-8086 (continued) 
POP llX 
IRET ; RFTURN TD INTERRUPTED PROGRAM 

SERVICE __ NEXT ENDP 

CODE ENDS 

END 

BENCHMARK B-MC68000 
OPT BRS,FRS 

* 
* 
* 

MC68000 EON BEN CHMARK B 

* FIFO I / O INTERRUPT HANDLER, FOUR INTERRUP T LEVEL S 
* * NOTE S: 1) FOUR INTERRUPT VECTORS ARE AS SUMED TO 
* POINT TO THE INTERRUPT ENTRY PO I NT S. 
* 2) THE MC68000 INTERRUPT SEQUENCE TAKE S 44 
* CYCLES WITH AN ASSUMED INTERRUPT 
* ACKNOWLEDGE BUS CYCLE OF 4 CYCLES. 
* 3) INTERRUPTS ARE TAKEN FROM ANYWHERE IN 
* THE MC68000 16 MEGABYTE ADDRE SS SPACE. 
* 
* 
* 
* 

LINES: 44 
BYTES : 130 

* MC68000Ll0 BENCHMARK TIME: 268 . 800 MICR OS ECO ND S 
* MC68000Ll2 BENCHMARK TIME: 224.000 MICRO SECOND S 
* 

* * REGISTER USE: AO - ADDRESS POINTER 
* 

* INTERRUPT HANDLERS 
INTRPTl MOVE.L AO,-(SP) 

MOVE QUEUEIN,AO 
MOVE #COUNTERl,(AO) 
ADD . B #2,QUEUEIN+l 
TAS FLAG 
BPL PROCESS 
MOVE.L (SP)+,AO 
RTE 

INTRPT2 MOVE.L 
MOVE 
MOVE 
ADD 
TAS 
BPL 
MOVE.L 
RTE 

INTRPT3 MOVE . L 
MOVE 
MOVE 
ADD 
TAS 
BP L 
MOVE.L 
RTE 

INTRPT4 MOVE . L 
MOVE 
MOVE 
ADD 
TAS 
BPL 
MOVE . L 
RTE 

AO,-(SP) 
QUEUE! N ,AO 
#COUNTER2,(AO) 
#2,QUEUEIN+l 
FLAG 
PROCESS 
(SP)+, AO 

AO, - (SP) 
QUEUEIN,AO 
#COUNTER3, (AO) 
#2 ,QUEUEIN+l 
FLAG 
PROCESS 
(SP)+,AO 

AO,-(SP) 
QUEUEIN,AO 
#COUNTER4, (AO) 
#2,QUEUEIN+l 
FLAG 
PROCESS 
(SP)+,AO 

* PROCESS NEXT INTERRUPT 
PROCESS MOVE AO,-(SP) 

MOVE #$2000,SR 

* SIMULATE DEVICE HANDLER 
MOVE (AO) ,AO 
ADD #1,(AO) 

* FINI SH INTERRUPT PROCESSING 
MOVE #$2700,SR 
ADD.B #2,l(SP) 
MOVE (SP)+,AO 

SAVE WORK REGI STER 
FIND NEXT ENTRY IN QUE UE 
PLACE COUNTER ADDRE SS IN 
UPDATE TO NEXT QUEUE ENTRY 
TEST FOR NE STED INTERR UP T 
BRANCH IF NOT TO PROCE SS 
RESTORE REGISTER 
RETURN FROM INTERRUPT S 

SAVE WORK REGISTER 
FIND NEXT ENTRY IN QUEUE 
PLACE COUNTER ADDRESS IN 
UPDATE TO NEXT QUEUE ENTRY 
TEST FOR NESTED INTERRUPT 
BRANCH IF NOT TO PROCESS 
RESTORE REGISTER 
RETURN FROM INTERRUPT S 

SAVE WORK REGISTER 
FIND NEXT ENTRY IN QUEUE 
PLACE COUNTER ADDRE SS IN 
UPDATE TO NEXT QUEUE ENTRY 
TEST FOR NESTED INTERRUPT 
BRANCH IF NOT TO PROCE SS 
RESTORE REGISTER 
RETURN FROM INTERRUPT S 

SAVE WORK REGISTER 
FIND NEXT ENTRY JN QUEUE 
PLACE COUNTER ADDRE SS IN 
UPDATE TO NEXT QUEUE ENTRY 
TEST FOR NESTED INTERRUPT 
BRANCH IF NOT TO PROCES S 
RESTORE REGISTER 
RETURN FROM INTERRUPT S 

SAVE QUEUE LO CATION ON STACK 
ENABLE INTERRUPT S 

LOAD COUNTER' S ADDRE SS 
INCREMENT IT BY ONE 

DISABLE INTERR UPT S 
GO TO NEXT ENTRY IN THE QUEUE 
LOAD ITS ADDRE SS 
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NEW! 
FREE! 
BIGGER! 
BETIER! 

F.DN SEPTEMBER 16, 198 1 

I • The bigger ... better ... FREE General Electric Test 
Instrument Rental catalog! 

All new. with an expanded listing of rental equip
ment from leading manufacturers! Eighty pages 

of the most wanted test and measurement 
instruments fully calibrated to manufacturers' 

specs and ready for FAST delivery. 
Order your free copy-NOW! 

"OK. GE! That's what 
an instrument rental 

catalog should be!" 
Write: Quick• rental instruments 
GENERAL ELECTRIC COMPANY 

Instrumentation & Communication 
Equipment Service Department 

Building 4. Room 210 
1 River Road 

Schenectady, N.Y. 12345 

GENERAL fj ELECTRIC 

CIRCLE NO 72 

CIRCLE NO 73 

MFE's auto-switching, one-megabyte, 
two-track cassette transport. 

Fact is, you don't have to reload MFE's 
453 series two-track transports at all. 
Because they automatically switch to 
the second track. So you get twice the 
storage of ordinary transports without 
waiting for rewind. Datalor~ging and 
unattended recording stations don't 
have to risk data loss anymore. 

It's designed for reliability. The per
manently aligned tape head never needs 
adjusting. 

You'll like MFE's new door design, too. 
It's extremely easy to load, and there are 
no linkages or complicated mechanical 
parts to go wrong. 

And our tape handling system is so 
advanced it's virtually mistake-proof. 
Even if you accidentally eject the cassette 
while it's running at 120 ips, you won't 
damage the tape. 

MFE's 453 series is available with or 
without a door. We also offer the 250 
series single-track transport. 

If you'd like to see a demonstration 
of how the 453 series automatically 
switches tracks, contact us. 

But we can tell you now. You won't 
see a thing. 

ca11 aoo-2sa-3884. 
Or write MFE 

Corporation, 
Keewaydin Drive, 
Salem, NH 03079. 
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78 0 00000074 BO F8008 A 
79 0 00 000078 66E6 
80 0 0000007 A 423802 8C 
81 0 000000 7E 205F 
82 0 00 000080 4E73 
83 
84 
85 0 00000082 0000 
86 0 00000084 0000 
87 0 00000086 0000 
88 0 00000 08 8 0000 
89 
90 
91 0 0000008A 008C 
92 
93 
94 0 0000008C 00000000 
95 
96 
97 0 0000028C 00 
98 
99 

0000 93Fl 
0002 6 lOl 
0004 00 l2, 
0006 ODl 5 
0008 0009' 
OOOA 6801 
oooc 0013, 
OOOE KOS 
0010 0010, 
00 L2 ED26 
00 14 97Fl 
00 L6 7600 

0018 <)3Fl 
00 ll\. 6101 
OOlC 0012' 
OOLE 0Dl5 
0020 OOOA' 
0022 5801 
0024 0013, 
0026 4C06 
00 28 0010' 
002A EDlA 
002C 97F l 
002E 7BOO 

003 0 93 Fl 
0032 6 10 l 
0034 00 12 , 
0036 0Dl5 
00 38 oooc' 
00 31\ 680 L 
003C 0013, 
003E 4C06 
0040 0010' 
0042 EDOE 
00 44 97Fl 
00 46 7B OO 

0048 93Fl 
004A 6 lOl 
004C 0012' 
004E 0015 
0050 OOOE' 
0052 6BOl 
0054 0013, 
0056 4COS 
0058 00 10, 
005A ED02 

180 

BENCHMARK B-MC68000 (continued) 
CMP QUEUEIN ,AO TEST END OF LI ST 
BNE PROCE SS PROCESS IT IF NOT 
CLR.B FLAG SHOW NO ELEMENT S QUEUED 
MOVE.L (SP)+,A O RE STORE WORK REGISTER 
RTE RETURN FR OM INTERRUPT 

* INTERRUPT COUN TER S 
COUN TER! DC 0 INTERR UPT COUNTER ONE 
COUNTER2 DC 0 INTERR UPT COU NTER TW O 
COU NTER 3 DC 0 IN TERRUP T COU NTER THRE E 
COUNTER 4 DC 0 INTERRUPT COUNTER FOUR 

* QUEUE POINTER 
QUEU EIN DC QUEUE NE XT ENTRY TO USE 

* QU EUE PROPER 
QU EUE DCB 256 ,0 DEFINE THE QUEUE 

* INTERRUPT IN PROGRESS FLAG 
FLAG DC. B 0 INTERR UPT IN PROGRE SS 

END 

BENCHMARK B-Z8002 

!Example B: I /O Interruot Kern e l, FIFO Proce ss ing! 
$rel 0 
!In this benchmark , the four devices each hav e unique 
vectors for inte rr upts. The order of the devices on th e 
dia sy c hai n i s irrelevant, as the prioritv processing i s 
done in th e FIFO process ing r ou tine. 

INTRP'rl : 
PUSH @SP,ADRPT 
LD ADRPT,QUEIN 

LD @ADRPT , ~COUNTERL 

!Save wor<ing register 
!Address of ne xt entry 

!Counter adr o n qu eue 

IND ICATOR 

INCB QUEIN+l,#2 !Update QUEIN to next e n try 

INTRPT2: 

INTRPT3: 

INTRPT4: 

TSETB FLAG 

JR PL ,PROCESS 
POP ADRPT, @SP 
IRET 

PUSH @S P,ADRPT 
LD .Z\.DRPT, QUE IN 

LD @ADRPT,#COUNTER2 

INCB OUEIN+ l, ~ 2 

TSETB !'!,AG 

JR PL,PROCESS 
POP Z\.DRPT,@SP 
IRET 

PUSH @S P,ADRPT 
T,D ADRPT,QUEIN 

LD @ADRPT,~COUNTER3 

INCB QUEIN+l, ~ 2 

TSETB !' LAG 

JR PL ,PROCESS 
POP ADRPT, @S P 
IRET 

PUSH @SP ,ADRPT 
LD ADRPT , QUEIN 

LD @ADRPT,#COUNTER4 

INCB QUEIN+L. 0 

TSETB FLAG 

JR PL,PROCESS 

!Test if ne sted inte rrupt 

!No, process cur rent one 
! RP.store wo r< i ng regist·er 
!Return from interrupt 

!Save wor<ing register 
! Addres s of next e ntr y 

!Counter adr on qu eue 

!Updat P. QUE IN to nex t entry 

!Test if nest ed interrupt 

!No , process c ~rr e nt on~ 

!Restore worKinq registP.r 
!Return from interrupt 

!Save wor<ing regi s t e r 
!Address of next e ntry 

!Coun ter adr on queue 

!Update QUEIN to ne xt entrv 

!Test if nested interrupt 

!No , p r ocess current one 
!Res tor e wor<ing register 
!Return from interrupt 

!Save wor<ing register 
!Address o f next entry 

! Counter adr on queue 

!Update QUEIN to next entrv 

!Tes t if nested interrupt 

! No , process current one 

EDN SEPTEMBER 16, 198 1 



005C 'l7Fl 
005E 7BOO 

0060 93Fl 
0062 7C05 
0064 2lll 
0066 2910 
0068 7C0l 
006A 97Fl 
006C A8 '.H 
006E 4B0l 
0070 00l2' 
0072 EEF6 
0074 4C08 
0676 0010' 
0078 97Fl 
007A 7800 

007C 

0000 30303030303030 
30303030303030 
30303030303030 
30303030303030 
3030 

OOlE 30303030303030 
30303030303030 
30303030303030 
30303030303030 
3030 

003C 48455245303030 
30303030::103030 
303030303030::10 
30303030303030 
3030 

005A 48455245204953 
20412040415443 
48303030303030 
30303030303030 
3030 

0078 00 

0079 48455245204953 
20412040415443 
48 

0088 00 

0000 

0000 llB----
0003 BECO 
0005 llFOOOO 

0008 ll97800 

OOOll 81E90000 

OOOF 8EDB 
0011 I3E7900 

R 

R 

R 

R 

R 

EON SEPTEMBER 16, 1981 

BENCHMARK B-Z8002 (continued) 

PROCESS: 

POP ADRPT,@SP 
IRET 

PUSH @SP,ADRPT 
EI VI 
LO ADRPT,@ADRPT 
INC @ADRPT 
DI VI 
POP ADRPT,@SP 
INCB ADRPTL,~2 
CP ADRPT,QUEIN 

JR NE , PROCESS 
CLRB FLAG 

POP ADRPT,@SP 
IRET 

!Restore wor~ing reg iste r 
!Return from inter rupt 

!Save queue location ! 
!Enable interrupts ! 
! Get counter s adr from queue 
!Inc rement counter ! 
!Disab l e interrupts 
! Restore last saved ADRPT 
!De-queue e ntr y ! 
!End of queue? ! 

!No, keeo processing ! 
!Yes, show no elements queued 

!Restore wor~ing register 
!Return from inter ruot 

end KERNEL 

BENCHMARK E-8086 
NAME SEARC H 

3 DGROUP GROUP DATA 
4 DATA SEGMENT PUBLI C 'DATA ' 

6 

7 

8 

9 

10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
3 4 
35 
36 
37 
38 
39 
40 
41 

TAllLE _ST ART Oil ' 000000000000000000000000000000' 

S l DB ' 000000000000000000000000000000' 

S2 Oil ' HEREOOOOOOOOOOOOOOOOOOOOOOOOOO ' 

S3 DB ' HERE I S A MATCHOOOOOOOOOOOOOOO ' 

TABLE_END Dll 0 

STRI NG _START Oil ' HERE r s A MATCH ' 

STRING_END Dll 0 

THE DATA TABLE rs 120 CHARACTERS IN LENGTH . ~ PARTIAL ~~rcH 
rs FOUND IN POSITION 60 . THE ACTUAL MAT CH rs IN POS ITION 90 . 

DATA ENDS 

CGROUP GROUP CODE 
ASSU ME CS CGROUP , DS DGROUP , ES · DGROUP , SS : DGROUP 

PUBLIC BNCHPROG 
CODE SEGMENT PIJllLI C 'C ODE ' 

llNCHPRCJG PROC 
; SETUP PO I NTER S FOR SEARCH 

MD V 
MDV 
MDV 

MDV 

SUB 

MDV 
110V 

AX, SEG TAB LE START 
ES. AX 
DI , OFFSET TAllLE _START 

ex . OFFSET TAllLE_END 

, ES DI IS TABl.E. PTH 

;GET START ADDRESS OF SEARC H 
TAB LE 

ex. OFFSET TAllLE __ START 
• ex rs TABLE LENGT:I 

OS , AX ; DS : SI IS STR ._PTR 
S J. OFFSET STRJNG,_ST1IRT 
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0014 888800 R 

0017 81EB7900 R 

0018 8AFCFF 
OOlE 380100 
0021 EF 

0022 50 
0023 52 
0024 Sl 
0025 FC 
0026 8A0 4 
0028 2BCB 
002A 41 

002B 
002B F2 
002C AE 
0020 7406 
002F BFFFFF 
0032 EB1 790 

003S 8801 
0037 57 
0038 8B CB 
003A 56 
0038 4F 
003C F3 
003 0 A6 

0 03E SE 
003F SF 
0040 8BCA 
0042 7404 
0044 E3E9 
0046 EBE3 

0048 5F 
0049 2BFA 

004B 5A 
0 04C 58 

0040 C3 

BENCHMARK E-8086 (continued) 
42 
43 
44 
45 
46 

MDV 

SUB 

BX, OFFSET STR I ~IG ._END 

; LOAD END OF CHAR1\C TEll BUFFl :R 
BX, OFF SET STRING._START 

; BX I S STR_LMGT H 

47 ; START THE CLOCK 
48 
49 
50 
51 
52 

MDV 
MDV 
OUT 

OX,OFFFCH 
AX, 1 
DX . AX 

; INITIALIZE PORT ADDRESS 
; CONTROL WORD TO START COUNTER 
; START COUNTER 

S3 ; THE BENCHMARK PROCE DURE 
S4 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
6S 
66 
67 
68 
69 
70 
7 1 
72 
73 
74 
75 
76 
77 
78 
79 
80 

; SAVE 

EON BENCHMARK FOR IAP X 86 
CHARACTER SEARCH 

ASSUMPTIONS VALID DATA FOR SRCHLNGTH 

WOR K REGISTERS 
PUSH AX 
PUSH DX 
PUSH ex 
CLO 

AND MI NLNGTH ( SRCHLNGTH >M INl .NGHI) 
2 PARAMETERS ARE PASSED IN REGISTER S AS FOLLOWS : 

ES : DI TABLE __ PTR 
OS : SI STR . __ PTR 
ex TADLE_LNGl: I 
BX STR _LNGTH 

3 THE LOCATION OF THE STRING JS RETURNED IN DI 
4 WORKING REGISTERS CAX & DX> ARE PUSHED 

l1ND POPPED 

;SAVE LENGT H 

MD V AL , [SIJ ;LOAD FIRST CHAR 
; LENGTH Dl FFERENCE SUB ex , BX 

INC ex ; POSSIBLE SEAR CH C!lUNT 
81 ; FIND MATCH TO FIRST CHARACTER 
82 
83 TRYNXT 
84 

85 
86 
87 
88 

REPNE SCASB 

JE 
NOTFND : MDV 

,JMP 

MATCH! 
or. - 1 
DONE 

; SCAN WHI LE NOT EC;\11'.L 

; JUMP ON MATCH 
; SET NOT FOUND FLA~ 
, EXIT 

89 ; FIR ST CHARACTER MAT CH HAS BEEN FOUND 
90 ; COM PARE THE REST OF THE S TRI NG 
91 
92 
93 
9 4 
9S 
96 
97 

98 

MATCHl : 

REPE 

MDV ox. ex 
PUSH DI 
MDV ex. ox 
PUSH S I 
DEC DI 
CMPSB 

;SAVE POSSIBLE SEARCH COUNT 
; SAVE PLACE IN TAIJl.£0 
, LOAD STR._LNGTH 
; S1,VE STR ._PTR 
; RETEST FIRST CIN CASE LE~~ · l ) 

; COMPARE STRING 

99 ; DROP THROUGH IF THE STRING DOES Nor MATCH OR WHEN 
100 ; CX=O ITHE ENTIR E STRING MATCHES > 
10 1 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 

FOUND : 

POP 
POP 
MDV 
JE 
JCXZ 
JMP 

POP 
SUB 

SI 
DI 
ex.ox 
FOUND 
NOTFND 
TRYNXT 

DI 
DI. DX 

112 ; RESTORE REGISTERS 
11 3 
114 
115 
116 
117 
118 
119 
120 
121 
122 

DONE : POP 
POP 

RET 
BNCHPROG EtWP 

CO DE ENDS 

END 

DX 
AX 

; RESTORE STR .. PTR 
; RESTORE PLACE IN TABLE 
; RESTORE POSSIBLE SEAR CH COUNT 
; STllING MATCHES 
; END or STRING, NO MAT CH 
; TRY NEXT BYTE IN TABLE 

; GET TABLE _LENCTH 
; COMPUTE PTR TO STH IN TABLI · 

, RETURN TO CALLING RO\ITINE 
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0000 
0000 56 

0001 BBCl 
0003 DlFS 
0005 DlFB 
0007 DlFS 
0009 BBFO 
OOOB 80E107 
OOOE BAOO 
0010 D2C8 

0012 4A 
0013 4A 
0014 83FA01 
0017 770C 
0019 BAEO 
OOlB OCOl 
0010 32C2 
OOlF D2CO 
0021 8800 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

SEGA 

BENCHF 

BENCHMARK F-8086 
CARNEGIE - MELLON BENCHMARK SERIES [FJ 

BIT TEST , SET, OR RESET FOR 8086 

SEGMENT 
ASSUME CS SECA,DS SEGA.ES : SEGA,SS·SECA 

THREE PARAMETERS ARE PASSED TO THE ROUTINE IN THE FOLLOWING REGI STERS : 

Al • POINTER TO BIT STRING IN REC. DX 
N=NUMBER OF ADDRE SSED BIT CO C=NC=lOOO> IN REC . ex 
F=FUNCTION CODE C1=TEST ,2=SET , 3 • RESETI IN REC . DX 

IT I S ASSUMED THAT THE Il!T ARRAY IS LOCATED WITHIN THE CURRENT DS REG . 
THE ORIGINAL BIT STATE CO OR 1 1 IS RETURNED IN REG. AX 

PROC 
PUSH 
PUSH 
PUS H 
MDV 
SAR 
SAR 
SAR 
MDV 
AND 
MDV 
ROR 

SI 
ex 
DX 
AX ,C X 
AX , 1 
AX , 1 
AX, l 
SI.AX 
CL , OOOOOlllB 
AL , [Il XH S IJ 
AL ,C L 

; WILL BE USED FOR ARRAY AC CESSING 
; IF BIT NUMBER MUST BE RETURNED UNALTERED 
; IF FUNCTION CODE MUST BE RETURNED UNALTERED 
; LOAD BIT ADDRESS FOR FIELD SEPARATION 
; SHIFT RIGHT ONE BIT WITH ZERO FILL 

,STORE ENCOMPASSINC BYTE APDRESS IN INDEX REG . 
; MASK BIT POSITION WITHIN BYTE FI ELD 
; AC CESS SI ' TH ELEMENT OF ARRAY BX <BIT STRING) 
; ROTATE LOW BYTE CIR CULARLY BY CCLI BITS 

BIT TO BE TESTED / ALTERED NOW IN LSB OF REGISTER l\L 

DEC 
DE C 
CMP 
JA 
MDV 
OR 
XOR 
ROI,. 
MDV 
MDV 

DX 
DX 
DX, 1 
NOCH1\N GE 
AH . AL 
AL , 1 
AL , DL 
AL . CL 
[IlXHSJJ , AL 
AL . AH 

; REDUCE FUNC TION CO DE TO 0 C=SE T I OR 1 C=RESETI 

, CHECK BOUNDS OF AR GUMENT IMO /\CTI ON IF > 1 I 

; SAVE BIT PA TTERN FOR LA TER USE AS RETURN CO DE 
; FORCE ADDRESSED BIT CSTILL IN AL I SET 
;C OMPLEMENT BIT TO 0 IF FUNCTION CODE• RESET 
; REALI GN ORIGINAL DATA BYTE WITH MO DI FI ED BIT 
; REPLACE MODIFIED BYTE IN DlT ARRA Y 
; RESTORE ADDRESSED BIT TO I.SB OR AL 

0023 8AC4 

23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
7 7 
78 
79 
80 
81 
82 
83 
84 
85 
86 

NO CHANGE . 
0025 AND 
0025 250100 POP 

POP 
POP 

0028 SE RET 
0029 C3 

BE NC HF ENDP 

TEST 

002A BB7F0090 MDV 
002E B90AOO MDV 
0031 BAOlOO MDV 
0034 E8C9FF CALL 
0037 B90BOO MDV 
003A BAO!OO MDV 
003D EBCOFF CALL 
0040 B97BOO MDV 
0043 BAOlOO MOV 
0046 EBB7FF CALL 
0049 B90AOO MDV 
004C BA0200 MDV 
004F EBAEFF CALL 
0052 B90BOO MDV 
0055 BA0200 MDV 
0058 EBA5FF CALL 
005B B97BOO MDV 
005E BA0200 MDV 
0061 E89CFF CALL 
0064 B90AOO MDV 
0067 BA0300 MDV 
006A E893FF CALL 
0060 B90BOO MOV 
0070 BA0300 MOV 
0073 ESSAFF CALL 
0076 B97BOO MDV 
0079 BA0300 MDV 
007C E881FF CALL 

TEST 

E DN SEPTEMBER 16, 1981 

AX, 000 1H 
DX 
ex 
S I 

SEQUENCE FDR ABOVE 

, MASK IRRELEVENT BITS SO RETURN CODE = 0 OR 
; RESTORE FUNCTION CODE IF REQ UI RED 
; RESTORE ACCESSED BIT ADD RESS IF REQUIRED 
; RESTORE REGI STER USED FOR ARRAY ELEMENT ACCESS 

ROUTINE: 

BX.OFFSET T ARRAY ·-
ex, 10 ; BIT NUMB ER = 10 
DX , 1 ; FUNCTION CODE = TFST 
BENCHF 
c x. 11 ; BIT NUMBER = 1 1 
ox. 1 , FUNCTION CODE = T(:::sr 
BENCHF 
c x. 123 ; BIT NUMBER = 123 
ox. 1 ; FUNCTION CODE = Tl· ST 
BENCHF 
ex. 10 ; BIT NUMBER = 10 
ox .2 ; FUNCTION CODE = S l· T 
BENCHF 
c x' 11 ; BIT NUMBER -- 11 
DX,2 ; FUNCTION CODE = S f"· 

BENCHF 
ex. 123 ; BIT NUMBER - 123 
DX , 2 ; FUNCTION CODE = Sl' T 
BENCHF 
ex. 10 ; BIT NUMBER = 10 
OX ,3 ; FUNCTION CODE = RCS El 
BENCHF 
ex, 11 ; BIT NUMBER = 11 
DX, 3 ; FUNCTION CODE = Rf' SET 
BE NC HF 
ex. 123 , BIT NUMBER = 12 3 
DX ,3 ; FUNCTION CODE = Rt:' SET 
BENCHF 

01\TA STRUCTURE FOR BIT ARRAY : 
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007F C 125 
AA 

0000 
0002 
0004 

0000 
0002 
0004 
0006 

REG 
REG 
REG 

0000 
0000 50 
0001 52 
0002 51 
0003 56 

0004 8B4F04 

0007 E35A 

0009 8B37 
OOOB FF4-704 
OOOE 8B4502 
00 11 8B15 
00 13 EB 03 

00 15 8B7404 

0018 3B4402 
0018 7 F06 
0010 7C06 
001 F 3B14 
0021 7202 
0023 E2FO 

0025 

184 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

BENCHMARK F-8086 (continued) 
87 

88 
89 
90 
91 

T_ARRA Y DB 125 DUP C10 101 0 10B> 

SEGA ENOS 

ENO 

BENCHMARK H-8086 

CARNEGIE- MEL LON BENCHMARK SERIES [HJ 

LINKED LIST INSERTION FOR 8086 

SEGA SEGMENT 
ASSUME CS : SEGA , OS : SEGA,ES : SEGA , SS : SEGA 

TWO PARAMETERS ARE PASSED TO THE SUBROUTINE IN THE FOLLOWING REGISTERS : 

BX=POINTER TO LIST COMMAND BLOCK : HEAD <2-BYTE POINTER> 
T•,IL ( 2-BYlE POINTER> 
NlmENT <2 DYlES) 

Ol=POINTER TO NEW RECORD TO INSERT : KEY (32- BIT SIGNED VALUE> 
NFXT <2-BYTE POINTER> 
PN~V <2-BYlE POINTER> 

IT IS ASSUMED THE CURRENT LIST , CONTROL BLOCK, AND NEW DATA 
ARE ALL IN THE ACTIVE DATA SEGMENT 

CONTROL STRUC 
HEAD OW 
TAIL OW 
NUMENT OW 
CONTROL ENDS 

ENTRY 
KEY_LO 
KEY _HI 
NE XT 
PR EV 
ENTRY 

STRUC 
ow 
ow 
ow 
ow 
ENDS 

NEW EGU 
LIST CB EGU 
PRESENT EGU 

BENCHH PROC 
PUSH 
PUSH 
PUSH 
PUSH 

MDV 

? 
? 
? 

? 

? 

DI 
BX 
SI 

AX 
ox 
ex 
SI 

;C ONTROL BLOCK STRUCTURE 
; FIRST WORD OF CONTROL BLOCK ~ LIST HEAD 
;SECOND WORD= LIST TAIL 
; THIRD WORD= NUMBER OF ENTRIES IN LIST 

; DEFINITION OF EACH ENTRY DATA STRUCTURE 
; FIRST WORD OF RECORD= LOW -ORDER DATA 
; SECOND WORD = HIGH--ORDER DATA 
; THIRD WORD= NEXT RECORD POINTER 
; FOURTH WORD= PREVIOUS RECORD POINTER 

; POINTER TO RECORD TO BE INSERTED 
; POSITION OF LIST CONTROL DLOCI\ 
; POSITION IN SEGMENT OF RECORD BEING TESTED 

; REGISTER WILL BE USED FOR KEY CHI GH> COMPARISON 
; REGISTER USED FOR KEYCLOW > COMPARISON 
; USED TO COUNT CYCLES THROUGH KE Y TEST SEQUENCE 
; REGISTER WILL BE USED FOR RECORD ACC ESSING 

ex. [LJST __ CBJ _ NUMENT ; LOAD COUNT OF RECORDS IN LIST 

INITIALIZE LIST ENTRY AND CONTROL BLOCK IF LIST EMPTY 

JCXl EMPTY ; VERIFY THAT RECORD LI ST NOT EMPTY 

LIST NOT EMPTY , SO INITIALIZE REGISTERS FCR KEY TEST SEQUENCE 

MDV PRESENT , [LJST_CBJ . HEAD ;POINT TO FIRST RECORD 
INC WORD PTR (LIST_CBJ _ NUMENT 
MDV AX, (NEWJ _ KEY _HI ; LOAD HIGH-ORDER PORTION OF NEW KEY 
MDV DX, (NEWJ _ KEY _LO ;LOAD LOW-ORDER PORTIOM 
JMP SHORT TSTKEY 

LNKNXT : MDV PRESENT , (PRESENTJ . NEXT ; FOLLOW LINK TO NEXT RECORD 

COMPARE KEY OF NEW RECORD WITH KEY OF CUR RENT RECORD . 
WHILE NEW . KEY >= PRESENT . KEY & PRESENT . NEXl >O DO PRESENT : =PRESENT . NEXT ; 

TSTKEY : CMP 
JG 
J L 
CMP 
JB 

DONCHK : LOOP 

AX, (PRESENTJ KEY _HI 
DONCHK 
INSERT 
DX, (PRESENTJ . KEY _LD 
INSERT 
LNKNXT 

; PERFORM SIGNED - COMPARE OF HIGH WORD 
; BRANCH IF NEWKEY<CURRENT KEY 
; BRANCH IF NEWKEY>CURRENT KEY 
; PERFORM UNSIGNED-COMPARE OF LOW WORD 
; BRANC H IF NEWKEY>CURRENT KEY 
; REPEAT LOOP IF NOT AT END OF LIST 

69 INSERT : 
70 AT THIS POINT , THE CONTENTS OF ex INDICATE HOW TEST LOOP WAS EXITED 
71 CCX=O IF NEW . KEY >= PRESENT. KEY, CX >O IF NEW . KEY < PRESENT. KEY> 
72 
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Seven types. 
Thirty-nine variations. 

One company. 

EDN SEPTEMBER 16, 198 1 

GENERAL 
INSfRUMENT 

CIRCLE NO 74 

The company is General 
Instrument. And if you use 
optoisolators, you 'll prob
ablyfind whatyou need here. 

Every kind of device is 
included in our line: photo
transistor, both single and 
dual , photo-darlington and 
split darlington, photo-SCR 
and bi-directional SCR and 
open collector logic gate 
Together, they are a total 
capabil ity spanning data 
transmission, AC line moni
toring and simple switching. 

And these are just our 
current off-the-shelf capa
bilities. Selected optoiso
lators are not a problem at 
General Instrument. Our 
application assistance team 
wil l work with you to specify 
the parameters your design 
requires. 

More than 110 distributor 
locations carry the General 
Instrument line of opto
isolators. 

For more information or 
application assistance, 
contact your local General 
Instrument representative. 
Or write to General Instru
ment, Dept. MCD-3, 3400 
Hillview Ave , Palo Alto, CA 
94304. 

The light 
heavyweight 
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0025 33CO 
0027 3B4406 
002A 750F 
002C E30D 

002E 893F 
0030 894506 
0033 897C06 
0036 897504 
0039 EB23 

003B 

003B OBC9 
0030 750E 

003F 897C04 
0042 897F02 
0045 894504 
0048 897506 
004B EB11 

0040 

0040 897504 
OOSO 8B4406 
OOS3 894S06 
OOS6 897C06 

0059 8BFO 
OOSB 897C04 

DOSE 
DOSE SE 
OOSF S9 
0060 SA 
0061 58 
0062 C3 

0063 893F 
006S 897F02 
0068 FF4704 
006B 894004" 
006E 894006 
0071 EBEB 

0073 90 

0074 -;•·-:>·-:>? 
0076 ??''? 
0078 0000 

007A 4S23 
007C 0100 
007E ., ,, .?? 
0080 ??'>·-:> 

0082 0023 
0084 0100 
0086 '>??? 
0000 r•?? 

008A 4433 
008C 0100 
008E ??''? 
0090 ???? 

0092 4S23 
0094 0100 
0096 ???? 
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73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
10S 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 +1 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
14S 
146 
147 
148 
149 
1SO 
lSI 
1S2 
1S3 
l!l4 
1SS 
IS6 
1S7 
158 

BENCHMARK H-8086 (continued) 
IF PRESENT. PREV = 0 AND NEW. KEY < PRESENT. KEY THEN "NEW LIST HEAD" 

ELSE1: 

XOR 
CMP 
.JNZ 
.JCXZ 

AX.AX 
AX, CPRESENTJ . PREV 
ELSE! 
ELSE! 

INSERT NEW AT HEAD OF LIST 

MOV 
MOV 
MOV 
MOV 
.JMP• 

CLIST_ CDJ . HEAD,NEW 
CNEWJ . PREV,AX 
CPRESENTJ . PREV,NEW 
CNEWJ . NEXT,PRESENT 
SHORT LST_RET 

;CLEAR AX REGISTER 

; BRANCH AH~AD IF PRESENT. PREV > 0 
OR IF NEW . KEY >= PRESENT. KEY 

;NOTE THAT Ax~o 

IF NEW . KEY >= . PRESENT. KEY THEN " NEW LIST T1'.IL " 

ELSE2 : 

OR 
.JNZ 

ex . ex 
ELSE2 

INSERT AT TAIL OF LIST 

MOV 
MOV 
MOV 
MOV 
.JMP 

CPRESENTJ . NEXT,NEW 
CLIST_CBJ. TAIL, NEW 
CNEWJ . NEXT, AX 
CNEWJ . PREV,PRESENT 
SHORT L.ST_RET 

INSERT IN MIDDLE : 

MOV CNEWJ . NEXT.PRESENT 
MOV AX, CPRESENTJ . PREV 
MDV CNEWJ . PREV,AX 
MDV CPRESENTJ.PREV,NEW 

;TEST CONTENTS OF ex 
;BRANCH AHEAD IF CX >O 

; NOTE AX=O 

BACK UP AND LINK WITH PREDECESSOR : 

LST _RET : 

MOV 
MOV 

PRESENT, AX 
CPRESENTJ . NEXT , NEW 

POP SI 
POP ex 
POP DX 
POP AX 
RET 

EMPTY : MOV CLIST._CBJ . HEAD, NEW 
CLIST __ CBJ . TAIL , NEW 

;AX LOADED WITH PRESENT . PREV ABOVE 

MOV 
INC 
MOV 
MOV 
.JMP 

WORD PTR CLIST_CBJ . NUMENT 
CNEWJ . NEXT , CX ;CLEAR POINTER FIELDS <NOTE CX =O> 
CNEWJ. PREV,CX 
LST_RET 

BENCHH ENDP 

; ======= 
$E.JECT 

EVEN ; ALIGN DATA ON WORD BOUNDARIES 

DATA STRUCTURES AVAILASLE TO TEST ABOVE ALGORITHM : 

TB LOCK DW '> 
ow ? 
DW 0 

TREC _l OW 2345H 
DW OOOIH 
ow 
DW ? 

TREC_2 OW 2300H 
OW 0001H 
m~ ,, 
DW ? 

TREC_3 OW 
DW 
ow 
DW 

3344H 
OOOIH 
? 

TREC _4 OW 
DW 
DW 

234SH 
0001H 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

0098 

009A 
009C 
009E 
OOAO 

OOA2 
OOA5 
OOA8 
OOAB 
OOAE 
0081 
0084 
0087 
OOBA 
OOBD 
ooco 
OOC3 

???? 

2641 
0300 
???? 
???? 

887400 
BF7AOO 
E855FF 
BF8200 
E84FFF 
BF8AOO 
E849FF 
BF9200 
E843FF 
BF9AOO 
E83DFF 
EBFE 

00000004 
00000002 
00000000 

00000006 
00000004 
00000000 

1 7 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 0 00000000 4A680004 

0 00000004 660C 4-2 
43 
44 
45 0 
46 0 
47 0 
48 0 
49 0 
50 
51 
52 
53 
54 
55 
56 
57 
58 

00000006 
00000008 
OOOOOOOA 
oooooooc 
00000010 

30C9 
30C9 
5250 
42A90004 
4E75 

0 00000012 48A7C020 
0 00000016 52680004 
0 OOOOOOlA 2011 
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BENCHMARK H-8086 (continued) 
159 OW ? 
160 
161 TREC 5 ow 4126H -
162 ow 0003H 
163 ow ? 
164 ow ? 
165 
166 TEST SEQUENCE TO VERIFY ABOVE 
167 
168 TEST _H: MDV BX.OFFSET TBLOCK 
169 MDV DI. OFFSET TREC 1 -
170 CALL BENCHH 
171 MDV DI.OFFSET TREC_2 
172 CALL BENCHH 
173 MDV DI.OFFSET TREC_3 
174 CALL BENCHH 
175 MOV DI.OFFSET TREC_ 4 
176 CALL BENCHH 
177 MDV DI. OFFSET TREC_5 
178 CALL BENCHH 
179 JMP $ 

180 
181 SEGA ENDS 
182 
183 END 

BENCHMARK H-MC68000 

OPT BRS 

MC68000 EON BENCHMARK H * 
* 
* 
* 
* 

LINKED LIST INSERTION (SHORT ADDRESSE S) 

* ATTRIBUTES: * 64K BYTES ADDRESSING RANGE 
* * POSITION INDEPENDENT 
* * REENTRANT 

ALGORITHM : 

* * NO REWRITE NEEDED FOR DIFFERENT ADDRESSING 
* RANGE SINCE THE MC68000 HAS NO CUMBERSOME 
* SEGMENT HANDLING REQUIREMENT S 
* * INPUT: AO - LI ST CONTROL BLOCK 
* 
* 

Al - NEW LIST ENTRY POINTER 

* OUTPUT: THE NEW ENTRY IS PROPERLY CHAINED IN THE LINK 
* 
* ALL OTHER REGISTERS ARE TRANSPARENT OVER THIS ROUTINE 
* 
* LINES: 33 
* BYTES: 100 
* 
* MC68000Ll0 BENCHMARK TIME: 
* MC68000Ll 2 BENCHMARK TIME: 
* 

* DEFINIT I ON OF LIST CONTROL BLOCK 
NUMENTRY EQU 4 
TAIL EQ U 2 
HEAD EQU 0 

* DEFINITION OF LIST ENTRY 
PREV EQU 6 
NEXT EQU 4 
KEY EQU 0 

* LIST INSERT SUBROUTINE 
INSERT TST NUMENTRY(AO) 

* LIST 

BNE NOTEMPTY 

IS EMPTY 
MOVE 
MOVE 
ADD 
CLR.L 
RTS 

- START IT UP 
Al, (AO)+ 
Al, (AO)+ 
#1, (AO) 
NEXT( Al) 

* REGISTER USAGE : 

121.000 MICROSECONDS 
100 . 833 MICROSECONDS 

COUNT OF ENTRIES 
CURRENT TAIL 
CURRENT HEAD 

PREVIOUS ENTRY IN CHAIN 
NEXT ENTRY IN CHAIN 
32 BIT BINARY KEY 

TEST IF LIST IS EMPTY 
BRANCH IF NOT 

SET FIRST HEAD 
SET FIRST TAIL 
INCREMENT ENTRY COUNT 
CLEAR NEW.NEXT AND PREV 
RETURN TO CALLER 

* DO - NEW KEY VALUE AO - LISTCB POINTER 
* 01 - NEXT CURRENT Al - NEW ENTRY POINTER 
* 
NOTEMPTY MOVEM 

ADD 
MOVE . L 

A2 - CURRENT ENTRY POINTER 

DO/Dl/A2,-(SP) 
#1, NUMENTRY (AO) 
KEY (Al) ,DO 

SAVE WORK REGISTER S 
INCREMENT ENTRY COUNT 
LOAD NEW KEY 

187 



59 0 
60 0 
61 0 
62 
63 
64 0 
65 0 
66 0 
67 0 
68 0 
69 
70 
71 
72 
73 
74 
75 
76 0 
77 0 
78 0 
79 0 
80 0 
81 
82 
83 0 
84 0 
85 0 
86 0 
87 0 
88 
89 
90 
91 
92 
93 
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BENCHMARK H·MC68000 (continued) 
OOOOOO!C 3450 MOVE HEAD(AO),A2 START LI ST SCAN 
000000 lE B092 CMP . L KEY(A2) ,DO TEST IF IN VERY FRO NT 
00000020 6ClA BGE SEARCH BRANCH IF NOT NEW FIRST 

* ADD TO VERY BEGIN NING 
00000022 30B9 MOVE Al,HEAD(AO) SET NEW HEAD 
00000024 35490006 MOVE Al ,PREV(A2) OLD FJRST .PREV TO NEW 
00000028 334A0004 MOVE A2 ,NEXT(Al) SET NEW.NEXT TO OLD FIR ST 
0000002C 42690006 CLR PJ3EV(Al) ZERO NEW.PREY 
00000030 602C BRA FINISH GO FI NI SH UP 

* ADD TO TAIL END 
00000032 31490002 ADDEND MOVE Al,TAIL(AO) NEW ENTRY IS NOW TAIL 
00000036 234A0004 MOVE . L A2 ,NEXT(Al) SE T NEW.NEX T ZERO AND NEW . PREY 
0000003A 601E BRA FINISHL GO FI NI SH UP 

* SEARCH FOR CORRECT PLACEMENT 
0000003C 322A0004 SEARC H MOVE NEXT( A2),Dl TO NEXT LIST ENTRY ADDRESS 
00000040 67FO BEQ ADDEND ADD NEW TO END IF NO MORE 
00000042 3441 MOVE Dl ,A2 READY NEW CURRENT POINTER 
00000044 B092 CMP.L KEY(A2) ,DO TEST IF BEYOND KEY VALUE 
00000046 6CF4 BGE SEARCH LOOP I F GREATER OR EQUAL 

* INSERT IN MID DLE BEFORE CURRENT ENTRY 
00000048 334A0004 MOVE A2 ,NEXT(Al) SET NEW.NEXT TO CURRENT 
0000004C 336A00060006 MOVE PREV(A2) ,PREV(Al) SET CURRENT EARLIER TO NEW.PREY 
00000052 35490006 
00000056 34690006 
0000005A 35490004 

0000005E 4C9F0403 
00000062 4E75 

0000 

0000 9 lFO 
0002 91F2 
0004 9333 
0006 4054 
0008 0004 
OOOA EEOS 

oooc 8322 
OOOE 2F54 
0010 6F54 
0012 000 2 
0014 E8 l8 

0016 1440 
0018 2152 

MOVE Al,PREV(A2) SET CURREN . PREY TO NEW 
MOVE PREV(Al) , A2 LOAD CURRENT EARLIER ADDRE SS 

F!NI SHL MOVE Al ,NEXT(A2) SET EARLIER . NEXT TO NEW 

* RESTORE REGISTERS AND RETURN 
FINISH MOVE M (SP)+ ,D0/01 / A2 RESTORE REGISTERS 

RT S RETURN TO CALLER 

END 

BENCHMARK H-Z8002 
BENCHMARK H module 

!Example H - - Insertion in a doubly lin~ed l1st . 

constant 

CALL INSERT with the fol~owing argume nts: 
RS P9inter to List Contror BlDc~ 
R4 = Pointer to element to be inserted 

HEAD : = 0 
TAIL : = 2 
NUM := 4 

KEYi := a 
NEXT : = 4 
PREV : = 6 

KEY : = RRO 
NEXTAD : = R2 
PREVAD := R3 
NEWENTRY := R4 
LISTCB : = RS 
SP : = Rl5 

Structure o f list control blbc~ 

Structure of each entry 

Regi s ter allocation ! 

Address of element to be lin~ed 
Address of l ist control" blbc~ ! 

global INSERT orocedure 
$re i· 0 
e ntr y 

PUSHL 
PUSHL 
SUB 
TEST 

@SP ,RRO 
@SP , RR2 
PREVAD . PRSVAD 
NUM(LISTCBI 

JR NZ , NOTFIRST 

Save work registers ! 

Clear bac'< otr. 
Check for first entry 

SUB NEXTAD,NEXTAD ! Clear fo rward ptr. ! 
LD @L ISTC!3,NEWENTRY! Set '.lead in LCB ! 
LD TAIL(LISTCBI .NEWENTRY ! Set t a il in LCB 

JR UPNEW 

NOTFIRST: 
LDL 
T,D 

KEY,@NEWENTRY 
NEXTAD,@LISTCB 

Get the new ~ev ! 
Start scan at head 
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When it comes to qualityphotq 
take your best shot. 

When you're looking for quality 
phototransistors, photodiodes, photo 
arrays and opto couplers, Fairchild is 
your best shot. 

We have the wide variety 
of photo couplers you've been 
looking for. Double-molded 
single and dual couplers (6 or8 
pin DIP) with high V(iso) UL
approved 2.5 kV and up to 7.5 kV. 
A wide range of packages, from 
low-cost Tl or Tl 3/ 4 plastic 
phototransistor to hermetic 
metal can. And the parametric 

selections to fit your exact needs. Plus 
fiber optics! 

We're price-competitive and will 
assist you with design-in applications. 

For information, call (415) 962-5011 
Fairchild Optoelectronics Division, 
MS 4-307,464 Ellis St. Mountain View, 

CA94042. 

FAIRCHILD 

A Schlumberger Company 

The Light Source. 
Fairchild Camera & Instrument Corp . 

France' Fairchild Camera & Instrument S.A ., Ul Ave. d 'ltalie, 75013 Paris. Tel: 331584 55 66 .. Telex : 0042 200614 . Italy.' Fairchild Semiconduttori S.P.A., Viale Corsica 7, 20133 Milano. 
Tel : 02 296001-5. Telex: 843-330522. Germany' Fairchild Camera & Inst rument (Deutschland) GmbH, 8046 Garch ing Hochbruck, Daimlerst r. 15, Munchen. Tel: 089 320031. Telex: 52 4831 fair d. 
England ' Fairchild Camera & Instrument (UK) Ltd., 2.30 High St. , Potters Bar, Hertfordsh ire EN6 5 BU . Tel: 0707 5llll . Telex: 262835. Sweden' Fairchild Semiconductor AB, Svartengsgatan 6, 

S-11620 Stockholm. Tel : 8-449255. Telex : 17759. Japan ' Fairchild )a pen Corporation, Pola Bldg., 1-15-21 Shibuya, Shibuya-Ku, Tokyo 150. Tel: 03 400 8351. Telex: 2424173 (TFCTYO J) . 
Hong Kong' Fairchild Semiconductor (HK) ltd ., 135 Hoi Bun Road, Kwun Tong, Kowloon. Tel : 3-440233. Telex: HX73531. 

CIRCLE NO 75 

Memodyne Corporation, 
the data logging people, proudly introduce 

a brand new 20 column 
ALPHANUMERIC THERMAL PRINTER 

• Simple 2 wire data input 
Model MAP-20S. JN S'J1f)(~li! 

• Isolated 20 mA current loop and RS232C 
interface 

•Baud rates from 7 5 to 9600 
•Internal/ External Baud Cloc k 
• 96 Character print set 
• Print rate of 2 lines pe r second 
• Internal self test program of all charac ters 

• Programmable controls for : 
Text or liste r printing 
Character size - normal or extended 
Baud rate 

• Complete with microprocessor 
electronics and AC power supply 

• Small size measures 4.4" W x 2.75" H 
•Fits in panel 4. 5" W x 2.78" H 
•Weighs 4.2 lbs. 

Price S725.00 each in single quantities. 
Write fur our complete 8 page color brochure. THE NORL D' c; - _ 

memodyne 
CORPO RATIO N 1-fLFHRNUttERJ- - ::.NRLLE::. T 

• C THEF.'NRL 
PP I N TER. ' 

220 Reservoir Street Needham Heights, MA 02194 
(617) 444-7000 Telex: 92·2537 

ED N SEPTE MBE R 16, 198 1 
CIRCLE NO 76 

189 



190 

001)7 
OOOJ 
001 0 

0008 
OC•FF 

OOOA[J 
OOO C[J 
OOOE[ J 

-·0 0 1 Q [] 

OOlA 
OOlC 
OOlE 
0020 
0022 
0024 
0026 
0028 

002A 
002C 
002E 
0030 
0032 
0034 
0035 
0038 
003A 
003C 

003E 
0040 
0042 
0044 

0046 
0048 
004A 
004C 
004E 
0050 
0052 

00 5 4 

1020 
E906 
8034 
EEOE 
2F54 
6F24 
0006 
E80E 

Al23 
6132 
0004 
8D24 
EEF3 
6F34 
0004 
6F54 
0002 
E804 

6F24 
0006 
6F14 
000 4 

6950 
0004 
50 42 
0004 
95F2 
95FO 
9E08 

2 
3 
4 
5 
6 

9 
10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
2 0 
2 1 

2 3 
2 4 
25 
26 
27 
2 8 
2 9 
30 
3 1 
3:;~ 

33 
3 4 
35 
3 6 
37 
38 

BENCHMARK H·Z8002 (continued) 
SC!\N: 

CPL KEY,@NEXTAD Compar e '<eys 
JR GE , TRYNEX'I' 
TEST PREVAD 
JR N'l,UPMID 
LD ~LISTC9 ,NEWENTRY 

LD PREV(NEXTADI ,NEWENTRY 

JR UPNEW 

TRYNEXT: 
L.D PREVAD,NEXTAD ! Goto ne xt in tl"\e i-Lst 
LD NEXT~D,NEXT(PREVADI 

TEST NEXTAD ! At tai.l ? 
JR NZ . SCAN 
LD NEXT ( PREVADI ,NEWENTRY 

LD TA IL(LISTCBI . NEWENTRY 

JR UPNEW 

UPMID: 
LD PREV(NEXTAD I ,NEWENTRY 

[,D NEXT(PREVAD I ,NEWENTRY 

UPNEW : 
INC NUM( l,lSTCB I ! Update count fie l d i.-. LCB ! 

LDL NEXT ( NEWENTRY I , RR2 Set otrs in ne w entrv 

POPL RR2,@SP ! Restore regi.sters ! 
POPL RRO , t<ISP 
RET 

e nd INSERT 

e n d BENCHMl\RK H 

BENCHMARK 1·8086 
name test benchmark 

For the EDN algorithm and data 

276 byte s 38 . 254 msec with 8086- 1 at 10 Mhz 0 wai t 

c o de segme nt publi c ' cad e ' 
as s ume cs . code 

Define l oc dl v alues fo r reco1· d s 

key _ l ength 
keq _ offset 
recard __ .s ize 

equ 
eq_u 
equ 

I 
3 
16 

Ou1cksor· t fun c tion 

Fou r parameter s are passed in the 1·egist ers · 

n 

rec 
m 

numt>er of ele ments 0 ': N <> 10000 
painte r to start of record series 
transfer point to ir1sertion sort 

All registers are transparent exce pt for the Flaq s 

Define abb r e v 1at1ons commonly used . 

word rec size 
l argest _ key 

equ 
e qu 

8 
Of f' h 

lhe following lo c al v d r 1ab les are initialized and restored 
with pushe s and po~ s 

rec _ ptr eq u word ptr [bp+l OJ Sav e a rea fo r 1 ec _ p tr 
n equ rec _ ptr +2 Llav e a r ea for n 
m equ n + :::? ~i<iV P. area {:or m 
temp _ area equ byte ptr [bp - record _ sizeJ 

I::DN SEPTE:MBER 16, 1981 



0000 

0000 55 
0001 53 
0002 51 
0003 IE 

0004 50 
000 5 52 
0006 56 
0007 57 
0008 06 
0009 8 ll EC 

000!3 8CD3 
0000 4 3 
OOOE 8!303 
00 10 03D9 
0012 4B 
00 13 33CO 
0015 50 

00 16 

00 16 55 
0017 53 
001 8 4 3 
00 19 8!3 Ef1 
OO lll 
00 1 !3 !380600 
OO lE 8EC2 

0020 
0020 4 5 
0021 BEDO 
0023 llE0300 
0026 8!lFE 
0028 A6 
0029 72F5 
002!l 7706 

002D 8!3C8 
002F F 3 
0030 A6 
0031 72ED 

0033 
0033 4B 
0034 8ED8 
0036 13E0300 
0039 Bll FE 
00313 f1 6 
003C 77F5 
003E 7206 

0040 813C8 
004 2 F3 
0043 A6 
0044 77EO 

39 
40 
4 1 
42 
4 3 
4 4 
4 5 
46 
47 
48 
49 
50 
5 1 
52 
53 
5 4 
5 5 
56 
57 
58 
59 
60 
6 1 
62 
63 
6 4 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
'i'l 
92 
·~3 

94 
r.,i5 

'16 
97 
98 
99 

100 

101 
1 0~· 

1 0:3 
10•1 
105 
106 
107 
108 
109 
11 0 
111 
112 
11 3 
114 
11 5 
11 6 
11 7 
11 8 

11 9 
120 
12 1 
122 

BENCHMARK i-8086 (continued) 
S t a r t of s ort f unc ti o n 

qu i c k_,sort 

p ush 
pu sh 
push 
push 

pus h 
p us h 
p us h 
p ush 
push 
mov 

mov 
inc 
mov 
add 
d ee 
x OT' 

push 

proc 

bp 
b x 
c x 
ds 

ax 
d' 
si 
di 
es 
b p , S p 

b x ' d s 
bx 
d XI b X 

b X I ( X 

b x 
ax, ax 
ax 

far 

Establi s h stack addre ss ibility 
S e t m in l oca l ar ra 
S et n i n l or al a r r·a 
Set rec _ pt r in lac a l a r e a 

Sa ve wor ki n~ r e~i s ter s 

Ident i fy base o f sav e area 

F o·rm re < COl 
b X = . T' Pl ( .l) 

d x, l rec(l ) 
b x= T' f'<( M+ l) 
r ;..., r ec <N> 
Ind ic ate empty r , l SilVe s t ac k 
Wi l l be p o pped be fore i n s ertio n sort 

Outer l o op of qu icks or t be fo r e the in s e rtio n s o rt 

Register usa ge 

Note> : r >;; 1 + m 
r 

dx 
bx r e c( l--1> recC i l <~ r e rCr<· l ) for l .,_ ~ i <> r 

ou te r _ l o op · 

p ush bp 
push bx 
inc bx 
mov bp idx 

rest a rt_ i _ l oop . 
mov ax , :Ce~ __ lengt h -- 1 
mov es, rt :< 

Skip ove r le f t p a r t of subfile 

Reg is t er us alt P : 
e s :..=. ss 
b p r" c ( i > 
bx 1~ I• l . ( ,J ) 

lenqth- 1 ol' k e•J 
-r · e L ( 1 } 

S a'1e s t escl; I.J ase.· 
S a ve r r=cJr late ·1· 
F o ·1· m ,I ::::: 1·~ · J i n b :< 

S e t i ' ' J 

es rr·< (I ) 

d .( 

l J is pu s herl on s tack hold1nq either 1 0r ,I 

l _ loop 
i fl c 
ma v 
mov 
mo v 
c mp s b 

.J b 

J " 

mov 
rep e c mp -:: b 

jb 

A ~s ert 

b p 
d ~=)/ b p 
s1, keq off- s et: 
di. s 1 

i _ _l OPjJ 

J _ l IJ ( !jJ 

l _ l Qf1p 

f <, 

: : :i. ·1- .1 
d ~ === rt · 1 ( .~ } 

Get off~ 

Look at 
f" 11r v 

.1 ·1 st bL1t e r1 t' ke ·i 

C ompa r' C? (·ec ( 1 ) 

(_' c:i 11 t 1 n u e w r, 1 l e c et •. l ·1 

S kip ov e r right part of s ubfile 
Re gi s t ers s ame a s before e xc ept ax , d s . r C>C ( J ) . 

J_ loop 
dee 
mov 
mov 
mov 
c mp s b 
Ja 
j b 

mov 
r epe cm p sb 

b ' 
d s' b x 
si, key _o ff set 
di I 5 i 

J_l uo p 
co mp c:Jre ._ i J 

(XI a X 

J_l oo p 

As se r t · J >= i - 1 e s 

J "' j -1 
ds = . r et (J ) 

S et of f se t fo r v 
Lo o k at the fir s t byte o f the key 

El s e lo o k at the r es t o f th e key 
Compare rec( J) - r ec <l> 

Cont i nue wh i le re c<;> > r e c( l ) 

. r ec ( l> ds=b x 
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0046 
0046 J 3F6 
0048 8!3FE 
004A 13 90800 
0040 3!3Ell 
004F 730E 

OOSl 8EC5 

OOS3 
0053 268!30S 
OOS6 8 704 
OOS8 46 
OOS9 46 
005A All 
OOS!l E2 F6 

OOSO EllllC 

005F 
OOSF 268!30S 
0062 8704 
0064 46 
006S 46 
0066 All 
0067 E2F6 

0069 8!3C3 
00613 Sll 
006C 8!3F3 
006E 2IlFO 
0070 8!3F8 
0072 2!3FA 
0074 50 
0075 8!34EOE 

0078 3!3F9 
007A 770C 

007C 3BF1 
007E 771A 

0080 SB 
0081 013013 
0083 74113 

008S SA 
0086 Ell 8E 

0088 
0088 3BF1 
008A 7606 

008C 3BFE 
008E 7208 

123 
124 
12S 
126 
127 
128 
129 
130 
131 
132 
133 
134 
13S 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
1S3 
1S4 
lSS 
1S6 
1S7 
1S8 
1S9 
160 
161 
162 
163 
164 
16S 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
17 8 
179 
180 
181 
182 
183 
184 
18S 
186 
187 
188 
189 
190 
191 
1 92 
193 
194 
19 S 
196 
197 
198 
199 
200 
20 1 
202 
203 
204 
205 
206 
207 
208 

BENCHMARK 1-8086 (continued) 
Compare J and i for swap test . 

compare _ 1J : 
xor si, si 
mo v dii si 
mov 
cm p 
Jae 

mov 

cx,wor d_ r ec size 
b p ' bx 
swap __ loop2 

e s, b p 

Exchange rec<il with rec(J) 

swap_loo p 1 : 
mo v 
xchg 
inc 
inc 
stosw 
loop 

Jmp 

ax , es : [diJ 
[ s iJ, ax 
si 
si 

swap _ loopl 

restart _ i _ loop 

Prepare f o r exchange of records 

Get word size · of a recor d 

Jump if i >= 

es = . reL(il d s r ec< .I> 

Bump source point er 

Auto bump of de s tination pointer 

Continue prcorde r loop 

Save subfile definitions on the stack ar ea . 
Ilut first exchange rec(!} with rec(J} . 

swap _ loop 2 : 
mov 
xchg 
inc 
inc 
stosw 
loop 

ax. e5 : [diJ 
[si ], ax 
si 
si 

s wap _ loop2 

Assert : ds , bx 
d x, es 

rec< J l 
. rec: ( l> 

Bump source point ~r 

Auto bump of destination pointer 

Co mpare the subfile sizes of J-1 and r -J to determin e the 
the next s ubfile to sort . Note : Subfiles do not include J ! 

Jl _ bt _ m. 

mov 
pop 
mov 
su b 
mov 
su b 
pop 
mov 

a X I b X 

b x 
5 i I b X 

5 i I a X 

d i, ax 
di ' d' 
bp 
cx , m 

Register usage : 
d x, e s 

b' 
ax 
c' 

. rec(l> 

. rec Cr) 
rec< J > 

m 

Sav<' J 
Get bx=r 
s i' b x ;;:::: 1· 

s i r - · ,I 
di ~ J 
di = rJ 
Restore stack addre ss ing 
c x = m 

si 
di 

subfile size of r - J 
subfile size of J - 1 

cmp 
Ja 

di ' c x 
Jl _ bt _ m 

cm p siicx 
Ja set __ new 

!lath subfile sizes <= m. 
Get next r, 1 pair from the stack 

pop 
or 
J z 

bx 
b" bx 
end outer 

S et and r from t h e stack 
Stack orderinq i s r , Lr, L 

pop 
JlnP 

cmp 
Jbe 

d x 
outer _loop 

m 

s 1 ' c :< 
se t _new r 

S ee wh ich s u bf ile is laroe s t , 

c mp d1 . s1 
Jb s ta c k._ l .1 

Jump if r - .1 > m 

if not empt1_1 

See if th e s ta ck is empty 
Test r val u e 
Do in s ertion s ort if empty 

Get l frl• rn s tack 

C omµ a re r ·· J w1 tt. m 
J ump J f 1' - .I (:cc n1 

b ot h a r e l arQP r tha11 m 

Compar e 1· l with i · 

Ju mµ i t r · l r· · · J 
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The Hot Design Teams in The 
Electronics Industry Read EDN 

... like this custom IC team from Silicon Systems. 

SSi's designers have built some of the hottest custom ICs 
around. They were the first to fully integrate a telecom
munications system-the Dual-Tone Multi-Frequency 
(DTMF) Receiver-on a single CMOS chip. And they 
are in pr~uction on bi-polar custom chips that have 
become "standards" in the Winchester disk drive field . 
Some of the world's top systems designers are now 
numbered among their customers-that's because SSi 
design team members were all experienced systems 
designers themselves before they became chip designers. 

Like their systems designer customers, the SSi team 
members are avid readers of EON because it helps 
them do their jobs. 

The designers work with all leading edge 
semiconductor technologies in devel
oping their custom chips, so they 
must continually update the test, 
measurement and production equip
ment in their southern California 
facility. They trust EON to 
provide them with the 
equipment evaluations 
they need to make buying 
decisions. 

And what's more, they 
consider EDN to be the 
publication in the elec
tronics industry whose arti- , 
des are "self-contained." 

That means they can read a design feature in EON and 
. immediately understand how a product works, why it 

works, how it compares with other similar products and 
most importantly-what it can be used for. 

EON doesn't leave designers hanging. And that means a 
lot when time is tight. 

Designers everywhere have come to know that EDN 
carries more of the application-oriented information they 

need for making design decisions than any other trade 
book in the industry. 

By combining pinpoint circulation to engineers and 
engineering managers with an editorial program that 

exactly matches their information requirements, 
EDN has clearly earned a position as the 

best read design magazine in electron
ics. No wonder then that EON has 

built an audience of more than 
115,000 designers and design managers 

like the 53 top custom IC designers 
and production, process and test 

engineers who comprise SSi's 
Oe5ign and Development team. 

And no wonder EON has 
won 29 of the 36 most recent 

independent readership studies 
in the field . 

After all, EON is the hot 
design magazine . . . not by 

accident-but by design. 

a·-- -

There's a 
Hot design team 
behind every 
Hot design 

EDN 
The HOT Design Magazine 

A CAHNERS PUBLICATION 221 Columbus Avenue Boston, MA 02116 Tel: 617-536-7780 
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0090 S2 
0091 50 
0092 
0092 8B D8 
0094 4Il 
0 0 9 5 E9 7EFF-

00~' 8 

0098 52 
0099 so 
009A 
009A 8800 
009C 42 
0090 E976FF 

OOAO 
OOAO 8 3 EC10 
OOA3 8IJSEOC 
OOA6 03SEOA 
OOA9 
OOA9 Il80600 
OOAC IJA0300 

OOA F 
OOAF 4Il 
OOBO 3 BSEOA 
OOIJ3 7 6S3 

OOBS 8EOIJ 
008 7 43 
0088 8EC3 
OOEA 4IJ 
008Il 81JF2 
OOIJO 8IJFA 
008F A6 
OOCO 72EO 
OOC2 7706 

OOC4 88C8 
OOC6 F3 
OOC7 A6 
OOC8 7 2ES 

OOCA 
OOCA Il80800 
OOCO S3 
OOCE 8C02 
0000 8EC2 
0002 807EFO 
OOOS 33F6 
0007 8BC8 
0009 F3 
OOOA AS 
OOOB 8EC3 

OOOD 

0000 8E1000 
OOEO 33FF 
OOE2 88C8 
OOE4 F3 
OOES AS 

OOE6 43 
OOE7 8EC2 
OOE9 807EF3 
OOEC 83C603 
OOEF 890700 

2 0 9 
210 
211 
212 
213 
214 
21S 
216 
2 17 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
23S 
236 
237 
238 
239 
240 
241 
242 
243 
244 
24S 
246 
247 
248 
249 
2SO 
2Sl 
2S2 
2S3 
2S4 
255 
2S6 
2S7 
258 

259 
260 
261 
262 
263 
264 
26S 
266 
267 
268 
269 
270 
271 
272 

273 
274 
27S 
276 
277 
278 
279 
280 
281 
282 
283 

284 
28S 
286 
287 
288 
289 
290 
291 

BENCHMARK 1-8086 (continued) 

Pu s h lower and u pper limit s of J- l , Cthe larqer subfile) 
Stack orderin9 is : r , }, r, l, . 

pus h 
pu s h 

set_ne w_r : 
mov 
dee 
Jmp 

d x 
ax 

b X I a X 

bx 
outer _ loop 

St.ick 
Sta c k r ~ 

S et new r J- l 
l remain s same 

Push lower and upper limits of r - J · <the lar9er subfile) 

stack __ )J : 
push 
push 

set_new l : 
mov 
inc 
Jmp 

d x 
ax 

d X I a X 

d x 
outer _ loop 

Stack 
S t ac k r c 

Set 1 a,; .i+J 
r remain~ same 

Perform an insertion sort on th e entire r eco r d ar1ay . 

end _ outer : 
sub 
mov 
add 

enter _ last_loop . 
mov 
mov 

sp, record_si ze 
bx. n 
bx , rec_ptr 

ax . key _ length - 1 
dx . key _ offset 

Note : bx = i +l 

last _ loop : 
de e 
cmp 
J be 

bx 
bx , rec_ptr 
done 

d s. bx 
bx 
es , bx 
bx 

Allocate space fo1 · temp 
Get original a rra y length 
Fo r m i :=:: • rec(n) 

Set key le ng th 
Set key o ff se t 

Form i ~~ 

Test fo r 
i - l 
rec(O) implyi ng i 

ds . r e c(i) 

es recCiHl 
Restor e i 

0 

mov 
inc 
mov 
dee 
mov 
mov 
cmpsb 
Jb 

5 i I d X 

di . d x 
Set sourc e and de s tination offs e t 

Jil 

mov 
repe cmpsb 

jb 

last __ loop 
move _ down 

(X I a X 

las t __ l oop 

Compare !st bytes of keys 

Examine re s t of k ~y 

Compare rec (i) - r ec( i + l ) 

Lo o p while rec(i) < recCi+l) 

Move the entire subfile down one element until a r ecor d >~ r ec ( i ) 
is found . 

move_down : 
mov 
push 
mov 
mov 
lea 
xor 
mov 

rep movsw 

mov 

a x. word_rec size 
bx 
d x I S S 

es, d x 

di. temp _ area 
5 i I 5 i 
c x, ax 

es. bx 

Use es = ds 
Assert : dx= ss 

rec(J - ll . 

move_d own_l oop : 

mov 
xor 
mo v 

rep mo v sw 

Note : 

inc 
mov 
lea 
add 
mov 

si. record_size 
d ii di 
C XI a X 

si is offset for recCJ+l) 

b x 
es , d x 
di, temp __ area+key __ of fset 
si. key_offset 
ex , key_length 

Get word count o f a record 
Save i 
Save rec(i) 

Set add ress of t emp area 

Set movP. coun t 
v~rec (i) 

J - 1 become s i in b x 

si is off s et For re c <.1 > 
di is off set For rec(J - 1 ) 
Set mo ve le n9 t h 
rec< r · 1 > •= r ~ c c J > 

now 

J ~ J + J 
es : di = v 
Set add r e ss of temp area 
si has of fset Fo r rec(J) key 
Set size of co mpa re s t ri ng 
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OOF2 F3 
OOF3 A6 
OOF4 BEC3 
OOF6 BEDB 
OOFB 72E3 

OOFA 33FF 
OOFC SEDA 
OOFE 8 D76FO 
0 101 BBCS 
0103 F3 
0104 AS 
Ol OS SB 
0 106 EB Al 

0 10 8 
0 108 BBES 
Ol OA 07 
Ol OB SF 
Ol OC SE 
Ol OD SA 
OlOE SB 

Ol OF lF 
0 11 0 S9 
0111 Sil 
0 11 2 SD 
0113 CG 

0064 
0009 

0000 (96 

ooco 

0000 ( 1632 
·-::· ·-::· 

0114 
0114 BB- ----
0117 8EDO 
0119 BCCOOO 
01 lC FB 

01 lD 
OllD BB- ---
0120 BEDS 
0122 BECO 
0124 33FF 
0126 BBC ? 
0128 FC 
0129 396006 
012C F3 
012D AA 

012E BOFF 
0130 B96400 
0133 BF1000 
0 136 

292 

293 
294 
29S 
296 
297 
298 
299 
300 
301 
302 
303 

304 
30S 
306 
307 
308 
309 
3 10 
311 
312 
313 
314 
31S 
316 
31 7 
318 
319 
320 
321 
322 
'.'1'"1,...> 

324 +l 

32S 
326 
3 .... ,-, 

328 
329 
330 
331 
3 32 
333 
33 4 

335 
336 
337 
338 
339 
340 
341 

342 
343 
344 
34 S 
3 4 6 
347 

R 3~8" 

349 
3SO 
351 
352 
3S3 
3 S4 
3S5 

R 3S6 
3S7 
3S8 
3S9 
360 
3 61 
362 
363 

364 
36 5 
366 
367 
368 
369 
370 
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BENCHMARK 1-8086 (continued) 
repe cmpsb 

rep 

done . 

mov 
mov 
jb 

es, bx 
d s, bx 
move ._down _ l oop 

Copy v to recCold JI . 

x or di I di 
mov d s, d x 
lea sii t e mp _ ar ea 
mo v c x, ax 
movsw 

po p b x 
Jmp enter ·- last .. _loop 

All done, restore registers . 

mov sp, b p 
pop es 
pop di 
pop si 
p o p d x 
pop ax 

pop ds 
pop ex 
pop b x 
pop bp 
r e t 

Q.u ick ._ so rt endp 
$ej ect 

n _v alue 
m_value 

s tack 

Defin e EDN data ch aract e ristics 

equ 
e qu 

100 
9 

Define loc a l stack area 

seg me nt 

Com pare reC(J) wit h v 

S et new base addre ss 

Continue while ret(J) r v 

S et off s <>t to r r!c C ,1 - · l.) 

Get addr rss of v jn d s si 
Set add r~ss of temporary area 
S et move Jen~tto 

T'E.l((j - l) v 

Cl ear s t iick ar ea 

R e ~. tore ·1·ec . pt r· 
Re ~~ tore ll 

Re s tore m 

dw ·~6 dup ( ' >) I ,R values are save d he re 

stac k._top 
stack 

lab el 
ends 

word S t ~ rt of stack area 

data 

data 

s tart 

re start 

re p 

Define local data area . 

se gmttnt 
db <n . ya lue+2l * record sile dup (~) 

end~ 

Mainline function to initialize memory . i n vo ke so1· t, and 
tes t result . 

mo v 
mo v 
mo v 
st i 

ax, sta ck 
55 , d x 
s p, o+f se t stack _ top 

Set up st i; Ck sp ;1ce 

Allow dtbU~Ril1R inttrrupt s 

Run t h e ben c hmark 

mo v 
muv 
mov 
<OT' 

mov 
c l d 
mov 
stos b 

ax , data 
d 5 I d X 

es, d x 

di' d i 

Get start of d ~t a s e~ment 

ax, d i C lP ar in jt i <Jl val 11 e 
Cl p a ·r di ·r · L:c t ior 1 f-J•.:q 

c x, reco rd s i ze*<n ._value+2 ) Zero out a l l the ent1 · 1e s 

Initi alize all the data ei1tr1es in rever i. e order 

mo v 
mo v 
mo v 

aL Off h 
c x. n ,_v alue 
di1 r ecord ,_size 

Lar~ es t key en try 
S et loop <.:a unt 
F orm addr ess of fir s t entr·y 

i nit _ loop · 
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196 

0136 8805 
0138 884503 
013B 48 
013C 83C7 10 
013F E2F5 

0 141 83C703 
0144 B90700 
0147 IlOFF 
0149 F3 
014A AA 

014Il Il96400 
014E Bil0900 

0 151 IlAFEFF 
0154 Il89292 
0157 EF 
0158 IlAFCFF 
015B 880200 
015E EF 
015F Il80100 
0 162 EF 

0163 9 AOOOO---- R 

0168 33CO 
016A EF 

016Il IlAF9FF 
016E ED 
016F 8AF8 
0171 BAF8FF 
0174 ED 
0175 8AD8 
0177 BAFilFF 
017A ED 
017Il BACB 
017D BAFAFF 
0180 ED 
0181 BAE! 
0183 8IlD3 

0185 FC 
0186 Ilil----
0 189 IlD6500 
018C 
018C BEDB 
018E 43 
Ol8F 8EC3 
0 19 1 890700 
0 19 4 BE0300 
0197 BllFE 
0 199 F3 
0 19A >16 
019B 7709 

OVi'D 4D 
019E 75EC 

O!AO 33C9 
01 A2 CC 
O! A3 E977FF 
O!Ab 
01A6 B9FFFF 
O!A9 CC 
O!AA E970FF 

R 

37 1 
372 
373 
374 
375 
376 
3 77 
378 
379 
380 
38 1 
382 

383 
384 
385 
386 
387 
388 
389 
390 
3 9 1 
392 
393 
394 
395 
396 
397 
398 
399 
400 
401 
4 02 
4 03 
4 0 4 
4 0 5 
406 
4 07 
4 0 8 
409 
4 10 
4 1 1 
4 12 
4 13 
4 14 
4 15 
4 16 
4 17 
418 
4 19 
4 20 
4 21 
4 22 
4 23 
4 24 
4 25 
4 26 
4 27 
4 28 
4 29 
4 30 
4 31 
432 
4 3 ·3 

4 34 
4 35 
4 36 
4 37 
4 38 
4 3 9 
440 
441 
442 
443 
444 
445 
446 
44 7 
448 
449 

BENCHMARK 1-8086 (continued) 

"ep 

mo v 
mov 
dee 
add 
lo o p 

Set 

add 
mo v 
mo v 
stosb 

[di J' "l 
[ d i + k e y __ o f fset J , al 

'" di, recor d s ize 
init __ lo o p 

la s t element in a rr ay to 

di , ke y_off oet 
c x. k e y_ J eng th 
aJ, largest __ key 

S e t f:la~1 cnt.1·~ 

S et first b 11te o ~ ke~ 

Dump to next low~ ~ t ke4 
Co to n e~ t r eLt•rd 

largest key po ss ible . 

Point at key ent ry 
Get lenyth of key 
Largest key 
Set v alur 

Setu p r egi s ters for function parameters 

mov 
mo v 

cx,n ._v a)ue 
bx, m .. .va lu e 

S et record rount 
S et subfile sort len~th 

T ime the funct io n with SDK -86 co un te r . 

mov 
mov 
out 
mov 
mov 
out 
mo v 
Out 

call 

xar 
out 

d x,OFFFEH 
ax, 92'72H 
d XI a X 

dx,OFFFCH 
a XI 2 
d x. a:< 
ax. 1 
d x , a:< 

fa r ptr quick _s ort 

ax, ax 
d XI a'..( 

Initialize count~r 

S t,::JT't cou nt er 

Go~ 

Do the b Pnchmark 

·r ime1· stop co mmanrt 
S top tim1 ·r ! 

Ca l c ulate t he elapsed time i n clock s 

mov 
in 
mo v 
mo v 
i n 
mov 
mo v 
i n 
mov 
mo v 
in 
mo v 
mo v 

dx,OFFF9H 
a XI d X 

b h , al. 
dx,OFFFBH 
ax, d x 
b], al 
dx , OFFFBH 
a X I d ;( 
c], a J 
dx .OFFFAH 
ax, d x 
a h , c l 
d x' b x 

Get coun1.er va1u~ 
Read bi ts 31 ·· 24 
Save va)11c 

Re a d b it<. 2:j· 16 

Read b it,. 7-·0 
32 b it c lock c0Li 11 t i1·1 dx . ax 

Test resu l ts to see i+ everythin~ is in ur<l£' r 

cld 
mov 
mov 

cornpare __ l oop 
mo v 
inc 
mov 
mo v 
mo v 
mov 

repe cm psb 

co de 

dee 
;nz 

xor 
int 
;mp 

mo v 
int 
Jmp 

end s 

end 

bx, duta 
bp . n ._ value+l 

d s' b' 
bx 
e S1 b :< 

ex, ke y_ length 
si, key _o ff s et 
di I 5 i 

exit 

bp 
c omp a re ,_l oop 

()(I ( )( 

3 
restart 

cx,OFFFFH 
3 
rest a rt 

start 

Autoincrrment d 1rc· ctjcin 
Get s ta rtinq addrr 5s 
S e t loop col1nt 

Set r ecord a ddre s ~. 0s 

Out of- ortler ! 

Te s t fo r e n d 

Indicate all i• w~ll 
All don ~ . enter mon i t or 
Restart benchm~rk 

Indicate mi s ordered items 
All don e . e nt er monito r 
Restart benchmark 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

00000000 
00000004 
00000006 
00000008 
oooooooc 
OOOOOOOE 
00000010 
00000014 

000000 16 
OOOOOO!A 
OOOOOOlE 
00000022 
00000024 
00000028 
0000002A 
0000002C 
0000002E 
00000030 
00000032 
00000034 
00000038 

0000003A 
0000003E 
00000040 
00000042 
00000044 
00000046 
00000048 
0000004A 
0000004E 
00000050 
00000052 
00000054 
0000005A 
00000060 
00000066 
0000006C 

0000006E 
00000070 
00000072 
00000074 
00000076 
00000078 

00000010 
00000003 
00000007 

48E7FFFE 
2400 
E988 
43F008FO 
E989 
2C 4 l 
48E7A040 
42A7 

45E80003 
47E90013 
49E80003 
1El4 
45EA0010 
BE! 2 
62 F8 
650C 
2A4A 
7006 
B900 
56C8FFFC 
62EA 

47E BFF FO 
BE13 
65F8 
620C 
2A4B 
7006 
BBOC 
56C8FFFC 
62EA 
B5CB 
6436 
4CEAOOOFFFFD 
4CEBOOFOFFFD 
48EBOOOFFFFD 
48EAOOFOFFFD 
60BO 

B28E 
6F08 
B481 
650A 
2F09 
2FOB 

3 5 0 
36 0 
37 0 
38 0 
39 0 
40 0 
41 0 
42 0 
43 
44 
45 
46 
47 
48 
49 0 
50 0 
51 0 
52 0 
53 0 
54 0 
55 0 
56 0 
57 0 
58 0 
59 0 
60 0 
61 0 
62 
63 0 
64 0 
65 0 
66 0 
67 0 
68 0 
69 0 
70 0 
71 0 
72 0 
73 0 
74 0 
7 5 0 
76 0 
77 0 
78 0 
79 
80 
81 0 
82 0 
83 0 
84 0 
8 5 0 
86 0 
87 
88 
89 
90 
91 
92 
93 
94 
95 

0 0000007A 43EBFFFO 
0 0000007E 6096 

0 00000080 48E70090 
0 00000084 41EB0010 
0 00000088 608C 

ED N SEPT EMBER 16, 1981 

BENCHMARK l-MC68000 

* 
* 
* 
* 

OPT BRS 

MC68000 EON BENCHMARK 

QUICKSORT 

* ATTRIBUTE S: * 16 MEGABYTES ADDRESS RANGE 
* POSITION INDEPENDENT 

* •* REENTRANT 

INPUT: DO - "N" RECORD COUNT 
* Dl - "M" THRESHOLD FOR INSERTION SORT 
* AO - "REC" ADDRESS OF THE SORT ARRAY 
* 
* OUTPUT: THE SOR T DATA ARRAY IS SOR TED 

ALL RE GI STERS ARE TRANSPARENT OVER THIS ROUTINE 

LINES: 93 
BYTES: 276 

* 

* 
MC68000Ll0 BE NCHMARK TIME : 17,348.200 MICROSECONDS 
MC68000Ll2 BENCHMARK TIME: 14,456.833 MICROSECONDS 

* 

* MISCELLANEOUS 
ENTRYLEN EQU 
KEY EQU 
KEYLEN EQU 

* 
QUICK MOVEM.L 

MOVE.L 
LSL.L 
LEA 
LSL.L 
MOVE. L 
MOVEM.L 
CLR.L 

EQUATES 
16 
3 
7 

QUICKSORT SUBROUTINE 
DO -D 7/AD -A6,-( SP) 
00,02 
#4 ,D O 
-ENTRY LE N(A O,DO . L) ,Al 
#4 ,Dl 
Dl, A6 
00/02/Al , - (SP) 
- (SP) 

SORT ENTRY RECORD LENGTH 
OFFSET TO KEY WITHIN RECORD 
SORT KEY LE NGTH 

SAVE ALL REGISTERS 
COPY NUMBER OF RECORDS OVER 
CALCULATE POINTER TO LAST RECORD 
Al <- POINTER TO LAST RECORD = R 
FIND TOTAL SIZE OF M RECORDS 
KEEP VALUE IN A6 FOR LATER 
SAVE DUMMY, COUNT, AND l OP ON STACK 
MARK SORT STACK EMPTY 

QUICKSOR T PHASE 
*REGISTE R USE: AO - FIRST RECORD OF SUBFILE Al - LAST RECORD OF SUBFILE 

A4/A5 - WORK POINTERS * A2/A3 - KEY POINTERS 
* A6 - LENGTH OF "M" RECORDS SP - RECURSIVE CALL ARGUMENTS 

SORT LEA 
LEA 

LOOP! LEA 
MOVE.B 

LOOPlA LEA 
CMP . B 
BHI 
BLO 
MOVE.L 
MOVE.L 

CMPl CMP.B 
DBNE 
SHI 

LOOP2 LEA 
CMP . B 
BLO 
SHI 
MOVE.L 
MOVE.L 

CMP2 CMP.B 
DB NE 
SHI 

LOOP2A CMP.L 
BCC 
MOVEM.L 
MOVEM.L 
MOVEM.L 
MOVEM . L 
BRA 

* DECIDE SUBFILE 
NEWLRO CMP.L 

* 
* 

BLE 
CMP.L 
BCS 
MOVE.L 
MOVE.L 

NEWR LEA 
BRA 

* 
STACK! MOVEM . L 
NEWLRl LEA 

BR A 

KEY(AO),A2 
ENTRYLEN+KEY(Al) ,A3 
KEY (AO) ,A4 
( A4), 07 
ENTRYLEN(A2) ,A2 
( A2) , D 7 
LOOPlA 
LOOP2 
A2, A5 
#KEYLE N-1,D O 
(A5)+,(A4)+ 
00,CMPl 
LOOP!A 

-ENTRYLEN(A3) ,A3 
( A3), 07 
LOOP2 
LOOP2A 
A3,A5 
#KEYLE N-1,DO 
(A4 )+,(AS)+ 
DO,CMP2 
LOOP2 
A3,A2 
END!ST 
- KEY ( A2) ,D0-03 
-KEY(A3) ,04 - 07 
D0-03, -KEY ( A3) 
04-07 ,-KEY(A2) 
LOOP! 

DIRECTION 
A6, D 1 
NEWR 
D 1, D 2 
STACK! 
Al,-(SP) 
A3, - (SP) 

-ENTRYLEN(A3) ,Al 
SORT 

A0/A3,-(SP) 
ENTRYLEN ( A3), AO 
SORT 

A2 - > KEY(!) = REC(L) 
A3 - > KEY(J) = REC(R+l) 
A4 - > V FOR CURRENT RECORD 
DO . B = FIRST BYTE OF KEY 
I < - I+ l 
COMPARE FIRST KEY BYTE 
IF REC(l)<V CO NTI NUE COMPARING 
IF REC(! ) >V SCAN OT HER DIRECTION 
A5 TEMP FOR I 
DO=LOOP COU NTER 
COMPARE V- REC(I) 
LOOP WHILE EQUAL 
IF REC(l)<V CONTINUE COMPARING 

J <- J-1 
COMPARE FIRST KEY BY TE 
LOOP WHILE REC(I)>V 
BRANCH REC (I) <V 
AS = TEMP FOR J 
LOOP COUNTER 
COMPARE REC(J) - V 
LOOP WHILE EQUAL 
IF REC(J)>V CONTINUE CO MPARING 
I > = J 
BRANCH IF I >= J 
SWAP 

REC ( J) 
WITH 

CONTINUE 
REC (I) 

(R-J) <= MSIZE? (R-J) SUBFILE SMALLER? 
BRANCH IF SO 
DETERMINE SMALLER SUBFILE 
BRANCH IF (J-L) IS SMALLER 
STACK R 
STACK J 

(R-J) SUBFILE SMALLER, SET L & R TO 
LARGER SUBFILE LIMITS 

R <- J-1, L STAYS THE SAME 
CONTINUE SORT 

(J - L) SUBFILE SMALLER, SET L & R TO 
LARGER SUBFILE LIMITS 

PUSH L & J ONTO SORT STACK 
L <- J+l, R STAYS THE SAME 
CONTINUE SORT 
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96 
97 
98 0 0000008A S7BB 
99 0 OOOOOOBC 4CDOOOOF 

100 0 00000090 4CD300FO 
101 0 00000094 4BD3000F 
102 0 0000009B 48DOOOFO 
103 0 0000009C 2209 
104 0 0000009E 240B 
lOS 0 OOOOOOAO 9282 
106 0 000000A2 9488 
107 0 OOOOOOA4 B48E 
108 0 000000A6 62C6 
109 0 OOOOOOA8 B28E 
110 0 OOOOOOAA 62DB 
111 0 OOOOOOAC 4CDF0300 
112 0 OOOOOOBO 2008 
113 0 OOOOOOB2 6600FF62 
114 
llS 
11 7 
118 
119 
120 
121 
122 
123 
124 
12S 
126 
127 

0 OOOOOOB6 4CD F0101 
0 OOOOOOBA 4ES6FFF O 
0 OOOOOOBE SS40 

128 
129 
130 
131 
132 
133 0 
134 0 
13S 0 
136 0 
13 7 0 
138 0 
139 0 
140 
141 
142 
143 
144 
14S 
146 0 
147 0 
148 0 
149 0 
lS O 0 
l S l 0 
1S 2 0 
1S3 0 
l S4 0 
lSS 0 
1 56 
1S7 
l S8 
1S9 
160 
161 
162 
163 
164 
16S 
166 

ooooooco 
OOOOOOC4 
OOOOOOC8 
oooooocc 
OOOOOOCE 
00000000 
00000004 

41E8FFFO 
4SE80003 
47E80013 
7206 
BSOB 
S6C9FFFC 
6332 

0 00000006 4CD020EO 
0 OOOOOODA 48D700EO 
0 OOOOOODE 43E80010 
0 OOOOOOE2 2848 

OOOOOOE4 
000000£8 
OOOOOOEC 
OOOOOOEE 
OOOOOOF2 
OOOOOOF6 
OOOOOOFA 
OOOOOOFC 
OOOOOOFE 
00000102 

4CD1001E 
4804001E 
28 49 
43E9001 0 
4SEF0003 
47E90003 
7206 
BSOB 
S6C9FFFC 
62EO 

0 00000104 480420EO 

0 00000108 SlC8FFB6 

0 OOOOOlOC 4ESE 
0 OOOOOlOE 4CDF7FFF 
0 00000112 4E7S 

BENCHMARK l-MC68000 (continued) 

*NEW SUBFILE FOUND, NOW DETERMINE NEXT STAGE 
ENDlST SUB.L #KEY ,A3 

MOVEM . L (AO) ,D0-03 
MOVEM . L (A3) ,04-07 
MOVEM.L DO-D3,(A3) 
MOVEM.L 04-07 ,(AO) 
MOVE.L Al,Dl 
MOVE.L A3,D2 
SUB.L 02,Dl 
SUB.L A0,02 
CMP.L A6,D2 
BHI NEWLRO 
CMP.L A6,Dl 
BH I NEWLRl 
MOVEM.L (SP)+,AO/Al 
MOVE.L AO,DO 
BNE SORT 

- KEY TO GET TO BEGINNING OF RECORD 
SWAP 

REC(L) 
AND 

Dl <- R 
02 <- J 
Dl <- R-J 
02 <- J-L 

REC ( J l 

COMPARE (J - L) <= MSIZE 
BRANCH IF NO 
COMPARE ( R- J) <= MSIZE 
BRANCH IF NO 
POP NEXT L AND R FROM STACK 
TEST IF STACK JS EMPTY 
CONTINUE SORT IF NOT EMPTY 

* FALL INTO INSERTION SO RT AS ALL SUBFILES BELOW OR EQUAL M RECORDS 

* INSERTION SORT PHASE 

* REGISTER USE: DO - LOOP CONTROL 
* 01 - COUNTER AND SWAP REGISTER 

AO - REC(!) 
Al - REC(J) 

* 02/04 - SWAP REGISTERS 
* 05/07 - "V" SAVE REGISTERS 

A2/A3 - WORK REGISTERS 
A4 - REC(J-1) 

* 
* 
* 

AS - "V" SAVE REGISTER 
A6 - FRAME POINTER 

* NOTE: STACK SPACE IS RESERVED FOR "V" KEY COMPARE RECORD COPIES 
* 

MOVEM.L 
LINK 
SUB 

(SP)+,00/AO 
A6 ,#-ENTRYLEN 
#2,DO 

LOOPOUT LEA -ENTRYLEN (AO) ,AO 
KEY(A0) ,A2 
ENTRYLEN+KEY(AO},A3 
#KEYLE N- 1,Dl 
(A3)+,(A2)+ 

LEA 
LEA 
MOVE. L 

CMPl! l CMP.B 

LOOP IN 

CMPVJ 

ENDIF 

DBNE 
BLS 

MOVEM. L 
MOVEM '. L 
LEA 
MOVE . L 

MOVEM.L 
MOVEM. L 
MOVE.L 
LEA 
LEA 
LEA 
MOVE.L 
CMP.B 
DBNE 
BHI 

D 1, CMP I I 1 
ENDIF 

(AO) ,DS - 07 /AS 
DS-07 ,(SP) 
ENTRYLEN(AO) ,Al 
AO ,A4 

(Al) ,Dl-04 
Dl-D4,(A4) 
Al ,A4 
ENTRYLEN(Al) ,Al 
KEY(SP),A2 
KEY(Al),A3 
#KEY LEN-1,Dl 
(A3)+,(A2)+ 
01,CMPVJ 
LOOP IN 

MOVEM.L DS-D7/AS,(A4) 

DBRA 00,LOOPOUT 

UNLK A6 
MOVEM.L (SP)+,DO-D7/A0-A6 
RTS 

EN D 

RELOAD RECORD COUNT AND TOP RECORD 
ALLOCATE "V" KEY COPY AREA ON STACK 
DO RANGES FROM N- 2 THROUGH 0 

I <- I - 1 
A2 ->KEY(!) 
A3 -> KEY(J+l) 
LOOP COUNTER FOR COMPARE 
COMPARE KEY(l)-KEY(l+l) 
LOOP WHILE EQUAL 
BRANCH IF KEY(!) <= KEY(I+l) 

<- REC(!) 
AND ON STACK FOR KEY COMPARE 
Al - > REC(J) = REC(l+l) 
PRIME A4 -> REC(J - 1) 

TEMP <- REC (J) 
REC(J - 1) <-TEMP 
A4 - > NEXT REC(J - 1) 
J = J + 1 
A2 -> KEY(V) 
A3 -·> KEY(J) 
LOOP COUNTER IN Dl 
CO MPARE KEY(V)-KEY(J) 
LOOP WHILE EQUAL 
IF KEY(V) > KEY(J) CONTINUE LOOP 

REC(J-1) <- V 

CONTINUE LINEAR INSERT 

FREE AND RESTORE STACK 
RESTORE REGISTERS 
RETURN TO CALLER 

BENCHMARK l-Z8002 
QUICKSORT module 
! Rev i s"ed Qu icksor t/Inser t ion Sort for EDN l3e nchma r'< 

Cl\LL QUICK 
RO 
Rl ; 

~l3 ; 
Returns wi.tl-t 

N (number of records! 
M (changeover interval"wi.dthl 
REC (base address of array to be so~ted 
array sorte~ and al~ registers uncl-tanged 

l\rguments: 
constant 

N 
M 
REC 

:; RO 
: ; Rl 
: ; Rl3 

!Wor~ing registers 
Quicksort phase: 

SP :; Rl5 
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0000 
0000 030F 
1)002 OOlE 
()004 1CF9 
0006 OOOE 
0008 Al03 
0001\ AB30 
oooc 1902 
DODE 0010 
00 10 Al3C 
0012 81DC 
0014 All3 
0016 1902 
0019 0010 
OOlA Al3E 
OO l C 93FC 
OOlE 93FO 
0020 9 200 
0022 9 lFO 

0024 94CA 
0026 A9B2 
0028 OlOA 
002A 0813 

002C AlDG 
002E A'l62 
0030 2065 
0032 A9BF 
0034 OAS'i 
0036 EBFD 
0038 E706 
003A Al68 
003C Z\197 
003E BD97 
0040 BA8fi 
0042 097E 
0041 E7F6 

0046 Z\SZ\F 
0048 0AA5 
004.Z\ E7FD 
004C EB06 
004E Z\lA7 
0050 Al68 
0052 8097 
0054 BZ\75 
0056 093E 
0058 E7F6 
IJOSZ\ 9BAB 
oosc EFl9 

OOSE SCAl 
0060 0003 
0062 FFFD 
0064 5CBl 
0066 0403 
0068 FFFD 

BENCHMARK l-Z8002 (continued) 
MLEN := Rl 4 
L : = Rl3 
R : = Rl2 

NEWLR : = RR12 
KI : = Rl l 
KJ := RlO 

KI .J : = RRlO 
CN'I' : = R9 
Wl : = R8 
W2 : = R7 

! Leng t h (bytes ! of. M recor d s ! 
! (=REC\ Left boundary of range ! 
! Ri ght bou nda r y of ra nqe ! 
! L and R as a oa i r ! 
!Kev pointer f~r REC( Il ! 
! Key oo i n t er for REC (.T l ! 
!I a nd J as a oai r! 
!Count register for b l bck ooerations ! 
!Work registers! 

VKEY : = R6 ! Key pointer for REC(V I 
INAL : = RH5 ! First bvte of VKEY ! 
! (RO - R7 used for exchanging i tems \ 

!Insertion sort phase : 
I : = Rl4 
J := Rl3 
JMl : = Rl2 
VKEYl : = Rll 
LCNT := RlO 
! CNT := R9 
!Wl := R9 
! W2 : = R7 ! 

! Pointer to REC(Il ! 
!Pointer to REC(Jl ! 
!Pointer to REC(J - l l 

!Counter for outer loop! 
(as in Quicksort phase\! 
(as in Q~icksort o!-\ase l ! 

! (RO - R7 used for movinq items\! 
!Gene r al definitions: 

ESIZE := 16 
KEY := 3 
KEYLEN : = 7 

!Bytes per entry! 
!Position of '<ey i n entry! 
!Bytes per '<ev ! 

!Initialization ! 
glbbal QU I CK procedure entry 

SUB SP,#30 

LDM @SP , RO' ns 
LO R3.N 
DEC R3 
MULT RR2,~ESIZE 

LO R, R3 
ADD R , RBC 
LO R3,M 
MULT RR2 , #ES1ZE 

LO MLEN , R3 
PUSH @SP , R 
PUSH @SP , N 
SUBL RRO , RRO 
PUSHL @.SP,RRO 

!Quic'<sort phase! 
SORT: Lor, KI .J ' NEWLR 

INC KI , HEY 

LOOPO ; 

ADD KJ,~KEY+ES 1 ZE 

T.D VKEY,L 
INC VKEY , i KEY 
LDB VVAL , @VKEY 

LOOP l : I NC K1 . ~ES I ZE 

CPB VVZ\f,,@KI 
JR UGT , LGOPl 
JR ULT,LOOP2 

LO Wl , VKEY 

LOOP2: 

'., D W2 , KI 
LOK CNT , # KEYf,EN 
CPSIRB , @W2 , @Wl,CNT,NE 

JR ULT , LOOPl 

DEC KJ , ~ESIZE 
CPB VVAL,@KJ 

JR ULT , T,OOP2 
JR UGT , LOOP2A 

LO W2,KJ 
LO Wl, VKEY 
LOK CNT,#KEYLEN 
CPS I RB @Wl , @W< , CNT , NB 

JR ULT , LOOP2 
LOOP<A : CP KI,KJ 

JR UGE , ENDlST 
!Exchange REC(I l , REC(.J l ! 

! Save RO - Rl4! 

! ComPute adr of last item ! 

! Compute size of M items ! 

! Save tory ! 
!Save number of items ! 
! Mar'< sort stac'< emPtv ! 

!KI po i nts 3t '<ev for I ! 
! KJ points at '<ey for J ! 

!VKEY poi n ts at '<ev for oivot! 

! VVAL !-\ olds first byte of V '<ey 
! I gets I +l ! 
!Compare first byte exolic i tlv 
! REC ( ll < V ! 
! REC (I I > V ! 
! Wt points at V '<ey! 
!Copy I for b l bc'< comryarison! 
! Count for comoarison ! 
! Compr=ire I , V! 

! REC ( Il < V! 
! REC(I l >= V ; now move J! 
! .J gets J-l ! 

!Set up blbc'< comparison ! 

! Comoare V , J ! 

! V < REC (J I ! 
! Comoare I,J ! 
! Done if I >= .J ! 

LDM RO,-KEY(KJl ,H; LDM R1, -KEY(Kil , #4 
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006A 5CA9 
006C 0403 
006E F'FFD 
0070 5CB9 
007 2 0001 
007 4 FFFD 
0076 5CAl 
0078 0003 
007A 0005 
007C 5CBl 
007E 0403 
0080 0005 
008 2 5CA9 
0084 0 403 
0086 0005 
0088 5CB9 
003A 0003 
008C 0005 
008E E8CE 

0090 ABA2 

009? lCAl 
0094 0003 
oogs lCDL 
1)093 0403 
009A lCl\J 
009C 0401 
009E lCD9 
OOAQ 0003 
00A2 5CAl 
OOA4 0003 
00A6 0008 
OOA3 5CDl 
OOAI\ 041)1 
001\C 0008 
00 .l\E 5CA9 
OOBO 0403 
00B2 0008 
OOB4 5CD1 
00B5 0003 
OOB8 0008 
0081\ AlCI) 
OOBC 83AO 
OOBE AlAl 
ooco 33Dl 
00C2 8BEl 
OOC4 EAO'i 
OOC6 83EO 
ooca EAOF 
OOC.l\ 'ViF C 
oocc 8DC4 
OOC E EEAI\ 
'.lODO E30E 

0002 8BEO 
0004 E204 
ODDS 81310 
0008 El\OS 
OODA 9 3F'A 
OODC 93FC 
OODE AlAC 
OOEO l\BCF 
OOE2 E81\0 
OOE 4 'l3FA 
OOE6 93FD 
001':8 l\ ll\D 
OOEZ\ A9DF 
OOEC E39B 

OOEE 97FA 
OOFO Z\BAO 
OOF2 97FE 
OOF4 A9E? 
OOF6 ABFF 
OOF8 AlE7 
OOFA ABEF 
OOFC AlE8 
OOFE BD97 
0100 BA75 
I) lO 2 098E 
0 lO 4 E7 LO 
0106 5CEl 
0108 0007 
OlOA FFFD 
OlOC lCF9 

200 

BENCHMARK l-Z8002 (continued) 
LDM - KEY(KJ I ,R4,~4; LDM -KEY(K I1 , R0 . ~4 

LDM RO.ESIZE/2 - KEY(KJ I , H; LDM R4 . ES I ZE/2 - KEY(KI I .#4 

LDM ESIZE/2-KEY(KJ I , R4 , , 4; LD'l ESIZE/? - KEY(K i l , RO,H 

,JR LOOPO 
! N ~w sub f ile found - now determine next stage ! 

ENDlS'l': DEC K.J , ,KEY ! Po i nt at REC(J I ! 
!Exchange REC(J I ,REC(L l ! 

LDM RO,,KJ , ,4 ; LD'I R4 , @L . 14 

LDM @KJ , R4,~4; LDM @L,R0 . ~4 

LD'I RO,ESI7,E/2(KJ I ,H ; LDM R4 , ESIZE/2(L I . H 

LD'1 ESHE / 2(KJ I . R4,'14; LD'1 ESIZE/2(L I . R0.14 

LC> 'l.O, R 
SUB RO, K.J 
LO RL,K.J 
SUB Rl,L 
CP Rl. '!LEN 

JR G'l',NEWLRO 
CP RO , MLEN 

JR GT,NBWLR.l 
POPr, NEWLR , '<ISP 
TES'!' R 

JR NZ . SOR'!' 
JR INSOR'T' 

!Decide subEile direction! 
NEWLRO : CP RO , MT,EN 

,JR LE , NEWR 
CP RO , Rl 

,JR G'l', S'l'ACKl 
PUSH @SP , K.J 
PUSH @SP , R 

NEWR : LD R,KJ 
DEC R, #ESIZE 
JR SORT 

S'l'l\CKl: PUSH @SP , KJ 
PUSH @SP , L 

NEWLRl : LD L, KJ. 
INC L, #ESIZE 
JR SORT 

!Insertion sort ?hase ! 
INSOR'l': POP LCN'l' , @SP 

DEC LCN'l' 
POP I , @SP 
INC I. #KEY 
DEC SP,~ESI Z E 

OU'l'LP : LD W<, I 
DEC I.~ESI7.E 

LD Wl , I 
SOK CN'l',~KEYLEN 

CPSIRB @Wl , @W2,CN'l',NE 

JR ur;r,ENDIF 
LDM RO,-KEY(I I ,#ESIZE/? 

LDM ~SP,RO.#ESIZE/2 

! RO gets R-J ! 

! Rl gets J - L! 

!.J - L <= 'I? ! 
No - trv R-J ! 
Yes - trv R-J ! 

R-J > 'I ! 
!Both <= M - ooo another ranqe! 
!Sort stac~ em?ty? ! 

No - continue ! 
Yes - no insertion ohase! 

! R- J <= M? ! 
Yes - right range done ! 

! R- J <= J - L? ! 
No - l eft range sma l ler! 
Yes - riqht is small~r, stac~ 

tNew range is (T.J , ,J-l\ ! 

!Staci< (L , .J • ra!lge ! 

! New range i s (J+l , R• 

!SRved N, min11s l , becomes 
outer lboo count! 

!Saved '' R'' becomes I! 
!ooint I at i<ev! 
!Allocate Von stac~! 
!W2 ooints at KEY(olliI I ! 
! I gets I-l! 
1 Wl points at KEY(newI I ! 
!Count for ~ev comoarison! 
!Com"are KEY(I I ,KEY(I+l l ! 

! KEY(I1 < KEY(Hl.I ! 
!V g<?ts RSC(ll ! 
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0 lOE 
0 110 
0112 
'.lll4 
0116 
0118 
OllA 
0 LL C 
OlLE 
0120 
0122 
0124 
0126 
Ol2B 
0121\ 
Ol2C 
012E 
0 L30 
0132 
ou .1 
0136 
0138 
013A 
Ol3C 
OL3E 
0140 
014 2 
0144 
0146 
0 148 
Ol4A 
0 l4C 
OHE 

ooocr. :1 
0008[ :i 
(H)06[ :1 
0(>02[ :1 

0000 ~~ .J .. .I 

0001 8F.<f..C 

ooo::~ 50 
0004 s::=; 
OOO~J ~l 
000(-. 5 2 
000) 5 t:. 
ooo:~.i 57 

0007 
AlFB 
A9B2 
Al ED 
A9DF 
!\lEC 
5CD l 
0007 
FFFD 
5CC3 
0007 
FFFD 
l\LDC 
A9DF 
AlD7 
Al BS 
8097 
BA96 
097E 
E7F2 
LCFl 
0007 
SCC') 
0007 
FFFD 
FAAS 
A9FF 
lCFl 
OOOE 
0 lOF 
OOlE 
9E08 

LOOP IN: 

BENCHMARK l-Z8002 (continued) 

LO VKEYl,SP 
INC VKEYl., ~KEY 
LO J, I 
INC J,HSIZE 
LO ,JMl, I 

!ooint VKEYl at ~ev ! 

!J qets I+l! 

!J-l gets I! 
LDM RO,-KEY(JI ,~ESIZE/2 ! REC(J - l\ qets REC(JI ! 

LD'l -KEY( ,JMl• ,RO.rnSIZE / 2 

LO JMl,.J 
INC J .~ ESIZE 
LO W2,J 
LO Wl,VKEYL 
LOK CNT,~KEYLEN 
CPSIRB @W2 , @Wl,CNT,NE 

!J-1 gets .J! 
!J gets ,J+l ! 
!W2 ooints at KEY(J I ! 
!Wl po int s at KEY(Vl ! 

! Compare KEY (JI 'KEY (VI ! 

JR ULT,LOOPIN 
INSRT: LDM RO . @S?.~ESIZE/ 2 

KEY (V\ > KEY ( ,JI ! 
! REC(J -l\ qets V! 

LDM - KEY (JMll , RO, ~ESBE/ 2 

!Keeo loooinq if more! ENDIF: DJNZ LCNT , OUTLP 
INC SP.~ESI Z E 

LDM RO.~SP.HS 
!Done - gi v e bac~ V 3lcbc3t i on ! 
!Restore all regist e rs! 

ADD SP,#30 !Give back r egis t er stac~ space ! 

RET 
end QUICK 
end QUICKSORT 

BENCHMARK K-8086 
CARNfJ ; J. E -·Ml: .1..1..Ul\I Hb./\ICHMAr;K I. I : :1 

' I :~~ 3 4 ···' 
~( ::/ xr:: x B.\ ·1 Uf-F- :'::E·1 

6 
l 

:~:: :::: Yf:: y "' :t •l OFl '"'f::"I 
LI ~· 

:~: ~ 

' ·' ···' BU Bl"! Uk l Ci l N 01·· 

l 0 1. . 0~-;I C FOR '.'; f~UAkE MA-I R l X 1 NVF.R:::; l ON : 
11 I' CIR X = 1 ·1 CJ N -
U Y=X*N 
1 '.~ XB ~ X + BC.I 
14 YH = Y + BC.I 

x x Ol' r -:O:: t::T 
y y Uf-F::::r.l 

MAl kl x ( 1~ ;! ) 

l ~. WH 11..L < XI::: NC,-1 f::C!l..11\1. . YEO I.IC.I 
16 S WAP LXB,YHl 
1/ Xl:: = Xf:: + N 
18 Yl:: = Yl:: + 1 

FNJ .. 1 

FNU 

NAME J::F..f\!CHK 

:'A:. GA ::,:1:-:CiMf:.N"I A .. , OJ.OH 
A:c::"; l..IMf:: CS : :;,: f: .GA, f.':::'::: :c.: t: .GA, J.i::::: '.': !::(;A, F:.::::: '.~: t: .GA 

; l.11:..F'lf\!J.··, :1.CJ/\I Of· r'A:;;sl:.J.1 F'l4f1AMr. ··1 f:.R:c:: 
14 ;,- r. 01..1 WOkJ:> v ·1 R LJ::P+1 2 l ; B1 ··1 OF-FSF "I FCJH F- H <::n· M 1~· 1 RJ. x }::) I 

A1 l.J;.!1.J flWOHJ.I p ··1R r.J:<f-'+:;n ; AJ.IDRr::"::"; F-CIR r ). f6T J::YH: 01' MA"lklX 

N r.:nu WORJ.i PlR lBP46l ;MAlRJ.X S il.IF S I 2 F- l/\IX/\l=lCJIAI.. BllS) 
Rf:.TAL"IR t:=:Ol.J J.JWC.lf\D PTI\ I~ HF-·+~· :1 ; CAl..l..f:-J(!':: r<f:c··11..1RN AJ.JJ.lf<FS :c: 

::>6 C:Rf'.A "11:': H l AMF F'OIN"i H< ru AJ:l[!Rf: .:';;:"; l''ARAMF:·."1 l:':r<:' : 
::fl 1'1..1:'.:H J:-:F-' ; :'::AVF. CAl. .l..F:f< '.=.: l:< P 
::::;f: MOV HP, SP ; Cf\rArr.: f· f\AMF f'U ). N"I b. r( 
::;-~ 

40 
4). 
4 ~(. 

'~ ::~ 
4 4 
4~· 

; '.=; AVF:. l~f:-. Ci I :?.n f.'W~ 

Pl.JSH AX 
r ' l.J::-·;H J::X 
PUSH ex 
f·' l.J:'::H J.JX 
f" l.J::=.:H S l 
1' 1.J:=; H Pl 

; :=;AVr. AX 
; '.::AVF. HX 
; ~'.:AVF ex 

'.':AVF·. ).IX 
:c;AVL :;,: ). 
:;,:AVf. 1:11 
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0 00'? lF. 
OO OA c51:. i;-,.( 1 :.~: 

(H)Oi.1 [: ::"=::( l l (H) 

oo~. n ~;o 

001 l :o.:l· ·! J.t::·.: 
(>0 1::: F / 660/·, 
1.10 J (-. <) :~:: 1: 60C: 
0 1) l 9 03 ~ .. •l~ _ (IC 

00 ~. C 50 
U0 1D 5 ::::; 

OO J F :::Ai:.:::,: 
uo :~~o :.::ot. :l 07 
00:? :~: ::::F:t- (I 

1)0~?5 [1 :1. r. :i:. 
00} -/ fl~- r:- . 1~ . 

no:1 9 D l l::E 
OO}F: 0:::::·1 f:,(J:~: 

U02E :::A ~'.I} 

oo::.=:o D)t _ 1~ 

oo::::? :~:0 1':'. 1: :::::o 
on ::·.<:c. F:Oi l-
00 :.::·1 [I ) ( .::::: 

uo::::9 : :::A1: . ·~1 

oo::.;l:·: :~:Ac: l:-: 

( H) :::::J.1 :;:::Of:. 107 
1)040 DU.-.H 
004:? D J. U -: 
0(1'!.l! [l)f:J:{ 

0046 0 :::: ~1 E:. (18 

004 9 ::: A:::::/ 
004 F: D;?f.-.6 
0 04r1 :::01.-.1.-.::=;o 
0050 B~?/ I·· 

00~· ~:~ [J :/.(.:{~ 

0054 D? r..( .. 
0056 :~:A ( .: ). 1 

005:~: D :~~ f: ·. r.. 

005A 201 / 
005C O:::'.:[/ 
005F 2001~ 

0060 l):~:: : :·:: fl 

(Ji)(:.? 5f-; 
00(:. :.:: 5:~·: 

oot-.4 o::=:~ .. .i·.- ot:. 
!.ll)(-. 7 4 0 

00 (:. ::~: ::=:F:c:::-:: 
OOt.A 7~. t.::( 1 

202 

()t) ( · , J ~:::.; 

(H)t. n 4 0 
001-:-1 :. :~:r-: 11 (:.(1 (-, 

(H)7 :1 °l :/•::1J.l 

(11) ·1 :.-: J F 
007 4 SF 
00/~t ~17. 

(>076 5 (: 
(:ti)/ / ~·,;1 

on7:~: 5n 
007·;1 5:~; 

oo7A sn 
00 / J.-: C3 

BENCHMARK K-8086 (continued) 

···'"' 
~,·~1 

'? 4 

,.00 
J. 0 ). 
J.O/ 
J.n :::: 
J. (11! 
to~, 

l 06 
l(> / 
lO~.: 

J.0 9 
J. J.(> 
ll 1 
J. l ? 
J. J. ::: 
J. J.11. 
J. '-~· 
1. J. 6 
J J. i 

J. J. '"' 
l l ';1 

1 :~~o 
UJ. 
L '? 
1 :~~ :::: 

L !. 4 
l ::;~~I 

PU:::;f-1 
1. .1:1 :'; 

r.tS 
A X, Al. 

; :C;AVf:. J.i:=.: 
; :';~:··1 Uf ·' )I ::.; h: F:-C; .l ::n F f·< l.J J I H MA.l k J X :=: U iMl'·.Nl 

; RI.JN X 1NJ.1t.- X F-RC.IM J. ·1 (! N - . J. 
MUV ?\X, J. ; ::n AR.I MAl f-'1 X C.:Cll l. JM ~I Cf.II.JN.I ( X) 

l. .OC.lf·'X . l'J..J:;.:H AX ; :;:;AVF:-: 1 NJ.tf:. X U/\! :=: ·1 ACK 
MO \/ J::X, AX 
Ml..11. . N 
AflJ.1 A X, A:;' 
?HUI J··: X, li :i 

; Lll.JP l. . lC!\H. X 1-Cll·> Y (:Al. .Cl..11.A"I J( t/\! 
; COMt·'l . .l"I i::: :;:: ·1 !\f;T Ur· r<OW ( Y) 
; CUf,R f:·.r: ·1 f- (Jf; MAH'-1. X HJ.·1 UH :c: t: .·1 (V )::) 

; COl-; f-;F.C I 1.- C.lf( MA.I I( l X H .r ·1 C.11· 1-·:=:t·.·1 ( XH) 

; ::·.:IWL l·;C.1W A/\!J.I COi .UMN ):: J. ·1 1-·u:,; .r ·r 1 ON:;; 
Nt:-.Xll:!l ·1 · r 'l..l:'::H A X ; :;;:AVf: . RC.t l.J <YI::) 

f-'1 .. l:o: H r: x ; :=::AVF:-. CUl. .1 . .IMN ( Xl3) 

CUl1f-'UI I: RC.IW f-·H v:=;J.C:(~ I. . AJ. t)ll';f;-_:;.: :o;, u :.1 AJ.1 J::YTF·.. ANfl F Cll~M MA:=;t< 
M1:JV 
ANJ.t 
MO\/ 
:;;:Hf> 
:0;Hf·; 
:;;HI'; 
1)). 1).'I 

MOV 
:=:HI. . 
ANl.1 
MO V 
IWR 
MOV 
MOV 
!<NJ.1 
:";Hk 
:c:Hk 
:;.:HR 
Afll.I 

Cl. , AL . 
Cl., 0 7 H 
::'.: ). ,AX 
S.l, J. 
S L J 
:=; J. ' J. 
:=; J. , WCJRfl f '.I R A 1 
AH, LSJ. :1 
l\f-L Cl. . 
llf-L Of:OH 
Al. . • '/ f'H 
Al. .• Cl. 
CH, Cl. . 
Cl. .• l::I. . 
Cl. . • O"/ H 
)::X, J. 
J;:x , :1. 

HX, J 
HX, WORJ.I vn; A l 

MC.IV J.t H , I. J::X :1 
:;.:HI.. J.IH , Cl. . 
ANJ. t f.IH, ::,:oH 
MOV I.I I. ., '/ F- H 
h:Cll-; I.ti. .• (.:1. . 

, cm-·v RUl.J !:·: :1. ·1 A1.1r.H·; 1.-..:c: :=: 1. .01.J rw ·11· 
; ). ::O f.11. .ATF:. >:·: J ·1 CIF F-:c:F:-. ·1 HHCI J-:n t:-. 
; ::::TAk·1 l NG RCJl.J .l Nl Cl :;;; J: 
; f- .ll\IU 
; HYl f:. 

AJ. tL>RF:0;:;;: 

; kU:: Ctl..\IE-. J:.:Y l 1.- . AJ.tJ lf\t:.:=.:::; 
; l. .OAJ.1 f~ Ol.J l \X J. :;'.: f:-:Y "I f:. 
; :";f:-"l AH HJ: GH f': J. ·1 ·1 0 J.tt:-.:::; l !';H t CJ~lf ·. 

; l :=:01. .A .. 1 F .. I HI.-. f:: :1. ·1 
; f-'RH'Am. -, u MAt<F:-. f ((ll,,J MA:=.:t< J::Y I r 
; :cFl Al. .I ... J:·:l . .rl Dl.-S l l·WJ.1 )-:1 ·1 UN 

; MOVf::: J. N (.:01. .l.IMI\! IJ.IW <41.'tJ.tRI: ·. :~;:=: J::Yl f-
; :1. '"'01..ATF f:: :i. ·r OF I" :;,.f:.·1 
; J.SOl. .Al f:· THF. 
; C:Ul..l. JMl\I f::: l T 

J.-:Y l F ()J.tN(fcS:c.: 
; l'(l:SUI \If:. )::Y"I f:-. AJ.1[1R::,;::: : 
; l..0(4f.! Df-' l-'f.l:c: l ·1 F A X J;C: COi l..I MN HY.I I.'. 
; :o: H l f- ·1 Of"f- 'O:=:: J. ·1 f:. ·11:> I:: J ··1 I f:. f-;1.·1 
; 1 :~rn . A"I F )::;: l ·r Of- J. J\ITf.-.Rt:-':=: .. 1 
; Cr•f:-.A -1 E·. CO l. .1.JMl\I HY'l I: . MA:=,:t< 
; Sf:.T Al..I. . f:·: l . .l"I J.1t:.::'.:J. f-; f:.f.1 )::) . .. , 0~1 

NC.tW AH = ROW HJ'T 1\1.. kCJl.J J::Y-1 i::: MA:, ;f< CH = RC.ll.J f:<Y'l'f:-. :0:H .l r ··1 CCll.Jl\!'r 
COi. f:: Y'l t:-. MA:c:t< Cl.. = COi. . 1:-:n f:. :C:H l f- ·1 cc.1 1..1~r ·1 J.tH ~ COi. . Hl'I Lil. . 

:o: HF; ?\l·L Cl.. 
MU\1 
:=.:HR 
A/\!J.I 
( .lh'. 

ANJ. t 
Ctk 

Cl. ., CH 
J.t H,CI.. 
r.F:x:1, r.11. . 
J:J::X J, AH 
r:::::JJ, 1-\1.. 
r :c:n , 1.tH 

; ::::: H l 1- .. I !:·:Act:::: C:i.·.11. .UMN ·· :::: F•l:YU,CMI' ~l"I J-: 'I ·1 
; Rf:.:c: ·1 Uf-; f:. f-;Ctl.J ·· :0: :=:HJ. f- ·1 CUl .. l ~!"I 
; ::O:H .l r::···1 )::ACK F;Ol.J ··· :;,; f-(f- 1- 'I ACI · MUfl 1-: l I 
; f- CJRCY UFF· COi. l..IMJ\I t:v -1 f:. l:n ·1 
; CJR l N Of'l· 'Ct:=: l ·1 t:- ll X .1. :c; VAi.i. if: 
;f- UkCI.- 01- f- ROW HY1f- . H .\1 
; Uf·\ J N CCtl. .1.JMN HY"l 1-. I:: :1 ·1 \!Al 1..11.-·. 

(.:CJNT l Nl. .11.-. RC.11..J ANJ.1 COl. .1 .. ll"ll\I Af.1V!, NC: f:.MFN1 T l 1. .1. . J t l AUUl\11:1. l'; t: .ACHF-f. t 
1-'0F· J:::X ; f-;t.-SI Oki: COi .i.JM/\! J-:n ( XH > 
1-'Ctf-' AX ; rif:-S l Ut; f:. Rf.JI-I J:: J. ·1 l YJ::) 
AJ. tf.t ):: X, N ; r.11~.1 1..JI\! ·1 (I NI: X'I COl.l.JMN F'U:c: ) 1 ) t..t J\I 
l NC A x ; IJ\l f:. r ( I u NI· ·. n f-; ( ti..J F·ci:::: J ., .1 C.11~ 
CMf-' A X, l:·:X ; f-;FN .:Hf:J.t f.JJ.AOIJi\'AI. .·::.· 
,.JNf-·. Nl:.Xl J:-::1. I ; J.-:f-;AJ\ICH U·' MURf:. W"J\11:-.f : Hf:-.l:(f: 

; 1. .UC.11·'' H14CI< UNT:U .. X f·;l::: ACHf:S l\I 
f-'Of-' llX 
J NC AX 
CMf-' AX, N 
... If.': l. .CJl) f-'.' X 

; I · l NJ:+ lf- .D 
f·'UI'·' J.i:o: 
l·'OP J. t l 
1-'0P S J. 
f 'Of- ' f.IX 
f··ui--· ex 
1- 'C.tf·' HX 
f-'('.IP AX 
PC.IF' J:::P 
kU" 

:=: f:.G/.\ 

I-ND 

; Rl.-S "I Ol·>f:. X lNJ. tl':. X 
; ·1 0 NF.X'I X \/?\!. .I.ff . 
; CHECK ACiA 1 J\11 :c: MA ·1 k J. X :c; J lt:. 
; cc 11~ ·1 l Nl..IF ff :=.:·1 J.1..1. . J': t:·l .OW 

; Rf'~:=::l URt:-: J.t:c: 
; Rf::.:=n Ctl·>I:·. Li l 
; W::.:=: ·1 Uh:F :C::J. 
; Rf:~ :c: l URF J.tX 
; Rl:5 TOh:F ex 
; RF:o:T(!Ut: r:-:x 
; Rf:S l Uf-W l \X 
; Rf:STURt:: Hf-' 
; kb~ ·ruRN ·1 0 CAl..l. .f:.f( 
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BENCHMARK K-Z8002 
MATRIX module T 

TH 
!Example K: Boolean Matrix Transpose! TL 

IJBYTE 
constant JI BYTE 

BYTES 
!p rocedure argu ments IJBX 

.JIBX 
J BX N size of N * N Matrix 

IJWX 
JIWX 

OFF !offset o f fir s t bit 
A !address of first word 

JWX 
! working registe r s (p re served over call\ IROW 

ICOL 
IBX 

I CNT 
MASK 

! s tac k 

SP 

0000 global 9 MTRAN procedure entry 
0000 030F 
0002 0014 

SUB S_P, #20 

0004 1CF9 
0006 0409 

FOR I := 2 TO N ! 
0008 AlOC LD I CNT,N 
OOOA ABCO DEC I CNT 
oooc AllB LD ICOL,OFF 
OOOE AllA LD IROW,OFF 

I LOOP: 
0010 8 lOA ADD IROW,N 
0012 A':lBO INC I COL 

! FOR J ::;;; l TO I-l ! 
0014 94A5 LDL JBX,IBX 

JLOOP: 
A[I,Jl <- "> A[J , Il 

0016 9468 LDL JWX,JBX 
0018 B38l SRL I JWX . n 
OOlA FFFD 
OOlC B39 l SRL JIWX,0 
OOlE FFFD 
0020 8344 SUB T , T 
0022 240 6 SETB TH, IJBX 
0024 0400 
0026 8B89 CP JIWX, IJWX 
0028 E60D JR EQ , SAME I J 
002A 8128 ADD IJWX,A 
002C 2085 LD9 IJBYTE, @IJWX 
002E 8129 ADD JIWX , A 
0030 209D LDB JIBYTE, @J IWX 
0032 2407 SETB TL , J I BX 
0034 ocoo 
0036 Al4D LD MASK,T 
0038 8754 AND T,BYTES 
003A 88C4 XORB TH,TL 
003C E40C JR PE ,N EXT.J 
003E 89DS XOR BYTES , MASK 
0040 2E9D LDB @J IWX,.JIBYTE 
0042 E808 JR STOREI .J 
0044 8128 SAMEIJ : ADD IJWX,A 
0046 2085 LDB I JBYTE.@IJWX 
0048 2407 SETB TH,JIBX 
004A 0400 
004C Al4D LD MASK,T 
004E 8654 ANDB TH, IJB YTE 
0050 E402 JR PE, NEXT.J 
0052 89DS XOR BYTES,MASK 

STOREIJ: 
0054 2E85 LDB @IJWX ,IJBYTE 
0056 A960 NEXTJ: INC I JBX 
0058 8 107 AD D JIBX , N 
OOSA 8976 CP IJBX,.JIBX 
oosc EEOC JR NE , JLOOP 

NEXT I: 
OOSE FCA8 D.JNZ ICNT,ILOOP 
0060 lCFl LDM R4 , @SP,~l0 
0062 0403 
0064 OlOF ADD Rl5 , ~20 

0065 0014 
0068 9E08 RET 
006A e nrl BMTRAN 

e nd MATRIX 
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: = R4 
:= RH4 
:= RL4 
:= RH5 
:= RLS 
:= RS 
: = R6 
:= R7 
:= RR6 
:= RB 
: = R9 
:= RR8 
:= RlO 
:= Rll 
: = RRlO 
:= Rl 2 
:= Rl3 

! temp for bits 

! byte at I ,J 
! byte at .J, I 
! combi ned oair of bytes! 
!index o f bit at I,J 
•index of bit at J,I 

combined J bit otrs 
index of byte at I,J 
index of bvte at J, I 
combined j byte ptrs 

index of b it A[I , ll 
index of b it A( l,II 

combined I bit ptrs 
. I l boo counter (N-Il 
!temp for ma sk bits 

poin t er 

:= Rl5 

! save registers 

!ICNT := N- l 

!I := l. ICOL :=OFF! 
IROW := OFF! 

!new I va lu e ! 
!IROW to next row 
!ICOL to next col . 

! se t inner l oop otrs ! 
!new J v<1lT~ e ! 

!compute byte addrs 

!clear t e mp for ma s~ ! 
! mas'<· b i t for IJ 

! I J, ,JI same 
ves 
no 

! lbad Af I , Jl 

!lbad A [,J, I 1 
! mask b it for 

! S3Y~ masl< 
!extract b it s 

byte? 

JI 

! same (par itv even l ?! 
! sa me : rlone 
!different : flip b it s 
! store by t es 

! IJ and J I in same byte ! 
!load A[ I,JI 
! mas'< bit for J I 

! save mas k 
!extract ':>its 

same (parity even \ 
! differe nt: n·io b its 

! store I J byte 
!mo~1~ I ,J across 
! move J, I nown ... 
!hit 1iaqo nal? 
! no : loop 
! step outer lbop to next I 
! dee > test loco count 
!restore registers 

!exit 
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the world's largest variety of off-the-shelf models 
1.5-450 MHz 3°phase unbalance 
The 90°Series from Mini-Circuits from $1295 

90° SERIES SPECIFICATIONS 
Phase Amplitude 

Freq. Isolation Insertion Unbalance Unbalance Price 
Model Range dB Loss dB• Degrees dB $ 

Choose from more than 20 models of 2-way, 90° No. MHz Typ. Min. Typ. Max. Max. Max. Each Q ty. 

power splitters, spanning 1.4-450 MHz, with typically PSCQ·2·1.5 1.41.7 29 25 0.4 0 7 30 1.2 12.95 15·49) 
PSCQ·2·34 3.0·3.8 30 25 0.4 0.7 3.0 1.2 16.95 15·49) 

better than 25 dB isolation and insertion loss less than PSCQ·2·64 5.8·7.0 30 25 0.4 0.7 3.0 1.2 12.95 (54 9) 

0.3 dB. Models are available in hermetically-sealed pin PSCQ·2·7.5 7.0·8.0 35 25 0.4 0.7 3.0 1.2 12.95 154 91 

packages as well as connector versions. 
PSCQ·2· 10.5 9.0·11.0 25 20 0.4 0.7 3.0 1.2 12.95 154 91 
PSCQ·213 1214 29 25 0.4 0.7 3.0 1.2 12.95 15491 

Of course, if you need a "special" for a specific appli- PSCQ·2 14 12 16 30 25 0.3 0.6 30 1.8 16.95 154 91 

cation, contact us for a prompt, informative response. PSCQ·2·21.4 2023 30 25 0.4 07 3.0 1.2 12.95 154 91 
PSCQ·250 25·50 30 20 0.3 0.7 30 1.5 19.95 1549) 

We can supply your needs ... at regular catalog prices I PSCQ·2·70 40·70 25 20 0.3 0.7 3.0 1.2 19.95 15491 

For complete specs, performance curves and appli - PSCQ·2·90 55.90 30 20 0.3 0.7 30 1.2 19.95 15491 
PSCQ·2120 80·120 25 18 0.3 0.7 3.0 1.5 19.95 154 91 

cation information, refer to 1980-1981 MicroWaves PSCQ·2·180 120·180 23 15 0.3 0.7 4.0 1.2 19.95 154 9) 

Product Data Directory (pgs. 179-216) or EEM (pgs. PSCQ·2·250 150·250 23 18 0.4 0.8 4 0 1.5 19.95 154 91 

2923-3142). PSCQ·2400 250400 22 16 0.4 0.9 4.0 1.5 19.95 154 9) 

CIRCLE NO 78 PSCQ·2·450 350450 22 16 0.4 0.9 4.0 1.5 19.95 15491 
ZSCQ·2·50 25·50 30 20 0.3 0:1 3.0 1.5 39.95 14·241 
ZSCQ·2·90 5590 30 20 0.3 0.7 3.0 1.2 39.95 14·24) 

t:J Mini-Circuits ZSCQ·2 180 120180 23 15 0.3 0.7 4.0 1.2 39.95 14·24) 
ZMSCQ·2·50 25·50 30 20 0.3 0.7 3.0 1.5 49.95 14·241 

A 01v1sion al Sc1ent1l1c Componenls Corp ZMSCQ·2·90 55.90 30 20 0.3 0.7 3.0 1.2 49.95 14·24) 
World 's largest manufacturer of Double Balanced Mixe rs 

ZMSCQ·2·180 120·180 23 15 03 0.7 4 0 1.2 49.95 14·24) 2625 East 14th Street . Brook lyn , New Yo rk 11235 (212)769-0200 
Do m estic and Inte rna t ion al Te lex 125460 Inte rn at ion al Te lex 620156 •Average of coupled outputs less 3 dB Impedance 50 ohms all models 



Design Ideas 
Edited by George Huffman 

Optocoupler saves battery-backed RAMs 

Dan Garcia 
Pellerin Milnor Corp, Kenner, LA 

When backing up a µP system's RAMs, you must 
ensure that the µP's memories can't be inadvertent
ly selected or undergo a read/write operation when 
the system's power supply is failing or completely 
off. This design (figure) not only isolates the RAMs 
from the µP, it further transient-protects the ICs by 
using an optocoupler as a mains-failure sensor. 

By directly monitoring the mains, this optocoupler 
provides the additional advantage of allowing you to 
initiate the RAMs' isolation before the system's 
supply voltage actually starts failing. The ac line gets 
rectified and filtered to provide the drive current to 
the optocoupler's input LED. Thus, so long as an ac 
line voltage exists, the LED is ON. This condition
via the optocoupler's phototransistor-drives the 
Darlington device ON and grounds the 7407 TTL
type buffer. And when the buffers are ON, the µP's 
Chip Select (CS) and Read/Write (R/W) signals get 
passed to the CMOS RAMs for normal usage. 

When an ac-mains power failure occurs, however, 
the process reverses: The LED's bias disappears-

AC 
INPUT 

NOTE: 
SEE TEXT FOR 

+c 
10µF 

TYPICAL RESISTOR VALUES 

RESET 
(FROM µP) 

4N37 

100k 

after a period determined by the R2C time constant 
-and the TTL buffer disconnects the RAMs from 
the µP. (Note how the optocoupler's phototransistor 
also connects to the µP's Reset function.) 

The time constants you employ depend upon 
several factors; the ac input level, optocoupler and 
Darlington transistor all enter into the picture. For 
the devices shown in the figure, R1=470fl, R2=1 kfl 
and R3=47 kfl with an ac input voltage of 8V rms. 
This combination disables the RAMs within 15 msec 
after an ac input loss. 

Only two considerations apply in selecting the 
active devices. First, the Darlington transistor's ~ 
should be very high (1000 in this case) at 50 mA. 
Second, you should account for the optocoupler's 
transfer characteristics: A highly sensitive (ie, 
high-~) device might not shut off as rapidly as a less 
sensitive unit. Why? The LED's drive current might 
not drop far enough soon enough to isolate the RAMs 
before a dropout by the system's de power supply. 
Optimize the resistors' values to meet your applica
tion's and the devices' requirements. EDN 
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r-----------u V88 (RAM BATTERY) 

2 x 470 

._---<f---·--R_IW ____ 0 
OUTPUTS 

cs TO RAM(S) 

14 2 4 

7407 TTL HEX BUFFER 

7 3 
cs 

INPUTS 
R/W FROM µP 

MPS A14 
OR EQUIVALENT 

Disable battery- backed-up CMOS RAMs so that memory-stored data can 't be disrupted after an ac-mains dropout. So long as an 
ac input exists, the LED (and therefore the buffer) is ON and the µP remains connected to the RAMs. 
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Design Ideas 

Pipeline scheme speeds slow memories 

Steven Bennett 
Harris Semiconductor, Melbourne, FL 

Employ a pipelining technique-normally used to 
enhance instruction-throughput rate or maximize 
the usage of bus bandwidth-to permit high-speed 
operation of low-speed memories in ordinary µC
hased designs. Although the scheme shown in the 
figure conforms to an 8085A, you can adapt this 
approach to other processors, especially those that 
require fast read-LOW-to-data-valid memories. 
With the scheme as implemented here, a 2708 
EPROM's effective read-access time drops from 120 
to 6 nsec. 

This improvement arises when the address/data 
bus (ADo-ADi) is demultiplexed by an address latch 
(IC1) and fed with the high-order address bits 
(As-A15) to the 16-bit comparator (IC6 and ICi). That 
device compares the new address with the previous 
address plus one , and the result latches into IC 10 on 
the trailing edge of ALE. 

If the two addresses are arithmetically equal, 
nothing happens until the µC issues a Read com
mand, causing a 3-state buffer (!Cs) to gate the 

ADDRESS .-------------->.I 
INPUTS Pa.15 

Aa.15 

Ao.1~ IC1 

LE OE 

ALEC>----

RDu----+-------t 

IC2-5 

1c6., 

AM Bo.15 

already accessed data onto the system's data bus. If, 
however, an address inequality exists, the Q output 
of the equality latch (IC 10) causes the Wait-state 
generator (IC11) to parallel-load a hardwired number 
of states. (This version uses three. single-clock states.) 

The Wait-state circuit's LOW output extends the 
Read period, resets the equality latch and causes a 
16-bit address counter CICz_5) to parallel-load a new 
address. This trick allows you to access noncontigu
ous memory locations. When the Wait state clocks 
out, the Read signal again gates data onto the 
system bus. Thus, by employing a program counter 
external to the CPU and incrementing this counter 
with the Read pulse's trailing edge, you can make 
the memory produce instruction N + 1 while the µC 
is executing instruction N. 

As an example, the 5-MHz 8085A-2 is usually 
limited to 4-MHz operation when interfaced to 2708 
EPROMs using standard methods. With this pipeline 
scheme, however, you can achieve a 5-MHz operat
ing speed and could reach 6. 7 MHz if a faster 8085 
becomes available. EDN 

To Vote For This Design, Circle No 453 

4.7k 
z~5v 

OUTPUT 
TO BUS 

>----~ I 100nF 

A = Bt------. z 

D S NOTES: 

206 

0 H CK 
O G 
0 F 
1 E IC11 
1 D 
1 c 
1 B 
1~A 

.-----CK 
IC10 

.------ICLR 

QH 
S/[t-------------' 

SI z 

CKI 

-----

IC TYPE FUNCTION 
1 74F373 OCTAL LATCH 
2-5 4 x 74F193 U/D 16-BIT COUNTER 
6, 7 2 x 74F512 16-BIT COMPARATOR 
8 74F244 3-STATE BUFFER 
9 74F04 INVERTERS 
10 74F74 EQUALITY LATCH 
11 74165 WAIT-STATE GENERATOR 

Slow memories act faster when the next-to-be-accessed location is pipelined, stored and acquired before the system expects the 
data. Then, when the system's µ.C (not shown) issues a Read command (RD), the already available data is gated onto the system 
data bus. 
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Design Ideas 

Pulser provides variable start, stop times 

Marian Stofka 
Bratislava, Czechoslovakia 

When testing a digital circuit design, you're apt to 
need a pulse generator whose turn-on and -off times 
you can delay by a precise and programmable 
amount. The scheme shown in the figure accomplish
es this function with a resolution of one part in 256, 
and it's easily expandable to even higher accuracies. 

First, enter the output pulse's start and stop times 
into two 16-bit MUXs via four rotary switches. Then 
set both start and stop times independently with 
switches for coarse ( x 16) and fine ( x 1) values in 
hexadecimal format . (You could also realize a decimal 
format by using the first nine inputs to the MUXs. ) 

Thus, for example, to start a pulse at position 56, 
enter three into the x 16 MUX (giving 48) and eight 
into the x 1 MUX. Also note how the open-collector 
inverters isolate the start and stop signals (Q and Q) 
from each other, allowing you to set equal or 

2 x 74 150 

EN 
x 1 x 16 

1, 

~ 
MUX 

12 

7405 D15 A1 81 C1 D 

4 

QA.QO 
CLOCK 

Cu CA 
INPUT 

f _ _l§L_ CLR 

C - T PERIOD 

COUNTER 

overlapping times without interference. 
The output pulse starts (goes HIGH) when both 

counter-driven MUXs' preset inputs are decoded 
and the MUXs' outputs trigger the JK flip flop. The 
counter continues until reaching the appropriate 
stop code and the flip flop's output goes LOW. (The 
flip flop's clock-preset requirement is satisfied be
cause both the flip flop and the counter respond 
equally to the clock's positive-going edge.) Note 
that the output pulse's change of state is delayed 
by one clock period relative to the counter's state. 

In the configuration shown, the output pulse's 
start and stop times can be resolved to within TI/128 
radians and not overlap. You can increase the 
setting's resolution by cascading additional MUXs 
and counters. Additionally, you can employ the flip 
flop's otherwise unused JK inputs-pulled HIGH in 
the figure-to further control the output pulse. EDN 
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Do EN 

D, 
7472 

PULSE 
OUTPUT D2 

MUX 

D1sA1 8 1 C1 D v+ 

4 

2 x 74193 
CLR 

1-+----TOTAL COUNT PERIOD---+! 

Q OUTPUT 

Precisely program a pulse's start and stop times by setting the values into a pair of MUXs and waiting for the counter to reach the 
appropriate code. With this design, you can start the output during any of the first 128 time slots and stop it during any of the 
succeeding 128 positions. Note how the Q output is delayed by one clock period. 
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Design Entry Blank 
$40 Cash Award for all entries selected by editors. 
An additional $75 Cash Award for winning design 
each issue, determined by vote of readers. 
Additional $1000 Cash Award for annual Grand 
Prize Design, selected among biweekly winners by 
vote of editors. 

To: Design Ideas Editor 
EON 
Cahners Publishing Co 
221 Columbus Ave, Boston , MA 02116 

I hereby submit my entry for 
EDN 's Design Ideas program . 

Name 

Title ___________ Phone ___ _ 

Company ______________ _ 

Division (if any) 

Street 

City ______ State __ Zip 

Design Title ______________ _ 

Home Address 

Social Security No ___________ _ 

Entry blank must accompany all entries . Design 
entered must be submitted exclusively to EON , 
must be original with author(s) , must not have been 
previously published (limited-distribution house 
organs excepted), and must have been constructed 
and tested. 

Excl usive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or 
editor gives written permission for publication else
where. 

In submitting my entry, I agree to abide by the 
rules of the Design Ideas Program. 

Signed 

Date 

Your vote determines this issue's winner. All 
designs published win $40 cash. All issue winners 
receive an additional $75 and become eligible for 
the annual $1000 Grand Pri ze. 

Vote now, by circling the appropriate number on 
the reader inquiry card. 

Submit your own design, too. Mai I entries to 
Design Ideas Editor, EON , 221 Columbus Ave , 
Boston , MA 02116. 

Single one-shot senses 
frequency limits 

Rudy Schneider 
Carco Electronics, Menlo Park, CA 

Unlike a previously published Design Idea ("One
shots detect frequency levels," January 21, pg 148), 
this frequency-discriminator scheme (figure) re
quires only a single one-shot IC and its associated 
timing components. You set the frequency detector's 
threshold by selecting a single RC combination: 

T2=0.45RC. 
Thus, for example, with R=lOO kfl and C=0.022 µF, 
T2=990 µsec and the discriminator's threshold 
frequency is lff2= 1010 Hz. (Note, however, that the 
0.45 factor applies only if you use the indicated LS 
Series one-shots. If you employ a standard 74122 
instead, the factor becomes 0.28.) 

You can extend this technique to realize bandpass 
sensing. Use a double one-shot IC such as a 74LS123 
and set up two different time constants: one at each 
frequency limit. (The 7474 D flip flop is itself a dual 
unit and thus can be used as is.) Then, by adding the 
appropriate AND/OR gates to the outputs of both 
flip flops, you can flag under- , over- and in-band 
frequencies. EDN 

To Vote For This Design, Circle No 455 

INPUT 8 2 D a s OUTPUT 
E, E, 

1,2 74LS122/123 E2 
7474 

3 
13 

5V 
R 

T2 

E, 
I I 
t+-T,-+1 

E2 
I I 
~T2 +l 

E, 

T,>T2 T 1<T2 

Input-frequency discrimination occurs when the unknown 
signal's period (T,) exceeds that of the retriggerable one-shot (T "2). 
The output signal (E:J stays LOW so long as the input frequency is 
lower than the one-shot's frequency and goes HIGH when the 
input frequency is HIGH. 
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RAM failure analysis speeds test 

Herb Perten 
lrex Medical Systems, Ramsey, NJ 

The memory-testing code presented in Software 
Note #62 (EDN, February 4, pg 90) runs slowly 
because it performs all tests serially. But if you 
analyze the ways RAMs can fail, you can speed the 
algorithm by using just two WRITE and two READ 
instructions for each memory location. 

RAMs fail in two areas: the data section and the 
address section. Data errors result in stuck bits. If 
you write and then read first a ONE and then a 
ZERO to each bit of every memory location, you'll 
identify every data error. 

;EACH LOCATION OF THE RAM IS LOADED WITH ITS POSITION NUMBER . THEN, 
;EJ..CH LOCA TI ON IS READ TO SE IF IT HAS THE CO~RECT CONTEt-lTS . NEXT , 
;EACH LOCATION IS LOADED WITH THE 1 1 $ COMPLEMENT OF ITS POSIT!Of! i!UMBER 
; . .\ND IS READ FOR CORRECTNESS . THESE TESTS I-JILL PICK UP Ai\Y PROBLEMS 
;WITH THE ADDRESSING OR DATA SECTIONS OF THE Rf,f·'. AND ITS SUSSES . 

~h MTEST : LD 
LD 
L D 

RA MLD : LD 
INC 
INC 
DJNZ 

LD 
LD 
LD 

rt DRAM : CP 
JR 
INC 
INC 
DJNZ 

A, 1 
HL I RA M 
B, 64 
( HL) , A 
A 
HL 
RAMLD 

A , 1 
HL 1 RAH 
B, 64 
( HL) 
NZ , RAMNG 
A 
HL 
RDRAM 

; STAR T OF RAM 
; SI ZE OF RA M 
; LOAD RAM LOCATION 
; NEXT VALUE 
; NEXT LOCATION 

; READ THE RAM LOCATIOfJS FOR CORRECTNESS 

; IS CONTENTS OF LOCATION OK? 
;JP IF NO 
; NEXT VALUE 
; NEXT LOCATIO!l 

Address errors result from stuck bits; they cause 
access to one location by two or more addresses. If, 
for example, the least significant address bit were 
stuck at ZERO, each odd address would map to the 
even address immediately preceding it. 

Because addressing is a binary process, any 
incorrect address mapping results in the overlay of 2" 
locations (n is the byte size) onto another 2" locations. 
To catch this error, write a sequence of non-2" words 
(such as three different values) to successive memo
ry locations until the RAM is full. Then, when you 
read the RAM (in the same order), you'll see the 
error. If the RAM has Jess than 2" locations, load 
each location with its relative address. 

The figure shows sample coding of this test, 
written for a Z80. E DN 

LD 
L D 
LD 

?i'!.MLDC : LD 
DEC 
INC 
DJNZ 

LD 
LD 
LD 

:1 DRA MC : CP 
JR 
DEC 
INC 
DJNZ 

.·.A MOK : 

RAM NG : 

,) 

A , OFEH 
HL , RAM 
B, 64 
( HL) , A 
A 
HL 
RAM LDC 

A, OFEH 
HL , RAM 
B, 64 
( HL) 
NZ,RAMNG 
A 
HL 
RD RA MC 

; LOAD RAM WITH 1 ' S COMPLEMENT OF PREVIOUS TEST 

; LOAD RH! LOO.TIOIJ 

; CHECK CONTENTS 

; CORRECT VALU E? 
;JP IF NOT 

; RAM OK 

; RAM BAD 

Knowing the two types of RAM fai lure allows you to write a simple but thorough memory test. 

Memory controller handles 16M bytes 

Steven Bennett 
Harris Semiconductor, Melbourne, FL 

Is there life after 64k? If your answer is no, you 
might be considering a costly move to a 16-bit 
machine. But a less traumatic solution is available. 
With a handful of TTL devices and a spare 110 port, 
you can build a memory controller that permits 
global jumps and calls within a 16M-byte address 
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space. (Don't confuse this technique with the "page
boundary crossing only" afforded by some memory
management I Cs.) 

The circuit shown in the figure implements the 
technique for the 8085. To use it , you must first 
program the HM-7610A opcode-decode PROM so 
that outputs Y1, Y2 and Y3 are LOW when addressed 
by JUMP unconditional and CALL unconditional 
opcodes. Similarly, program Y4 LOW for RETURN 
unconditional opcodes. The PROM then serves to 
detect these opcodes on the data bus. It gets strobed 
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DATA BUS 

8 

PROCESSOR 

8 8085 

INTA ALE 

ALE 

sv 
74LSa8 

22a 

cs 
Y, 

8 Ao 
HM-7610A 

Y2 

A1 Y3 

Y, 

OPCOD~D ECODEPROM 

1k 

5V 

PROCESSOR RESET 

RESET 

8 8255 PORT A 8 

PERIPHERAL INTERFAC E 

8 

DATA BUS 

ALE 

ALE-PULSE COUNTER 

A B c D 
CK 

p 

T 
74F161 

CLR 
QA Oe Oc Oo 

Ao A, A• 
av E, 

av E2 74F138 

sv E3 

Oo o, 0 2 0 3 O, Os 0 6 0 7 

CYCLE 
DECODER 

2 x 74116(TI ) aa s A,s-A23 

SEGMENT 
ADDRESS 

HIG H-ORDER 
ADDRESS LATCH 

Expand system RAM on an 8-bit µC with a handful of TTL devices and a spare 110 port. 

by the OPCODE FETCH signal, which is decoded 
from the 8085 status-bus signals. 

When t he circuit detects a J UMP/CALL opcode on 
t he data bus, a pulse from the PROM clears the 
74F161 ALE-pulse counter, which t hen increments 
on the trailing edge of ALE . The resulting count gets 
decoded by t he 74F l38 cycle decoder. When the 

210 

counter has counted three ALE pulses (JUMP/ 
CALL instructions are three bytes long), t he µ P 
contains a 16-bit branching address, which it star ts 
outputting on the address bus. 

The same ALE pulse that outputs this 16-bit 
JUMP/CALL address also loads the two 74116 
high-order address latches with an 8-bit address 
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supplied by port A of the 8255 peripheral interface. 
Therefore, before executing a global JUMP or global 
CALL instruction, the µP should load the segment 
address to the appropriate port of the 8255. 
Executing a JUMP or CALL instruction without 
first reloading the 8255 merely results in a jump or 
call within the current segment. (The system 
supports 256 segments, each 64k bytes long.) 

Note that any memory-mapped I/O or RAM 
accesses must occur within the 64k segment that is 
currently running the program--otherwise the pro
gram becomes lost. 

To return to the interrupted or called main 
program, the µP must merely execute an uncondi
tional RETURN. This command gets detected by 
the opcode-decode PROM, which issues a pulse on its 
Y~ output to reload the high-order address latch from 
port A of the 8255. The segment number at port A 
must not get changed by the interrupt-handler 
subroutine; otherwise, the program will become 
lost. For this reason, all interrupt handlers and 
subroutines must reside within the 64k of segment 0. 

EON Software Note #73 

PROM OUTPUTS 

PROM ADDRESS Y1 Y2 Ya Y4 
JUMP UNCON DITIONAL C3 0 0 0 1 
CALL UNCON DITIONAL CD 0 0 0 1 
RETU RN UNCONDITIONAL C9 0 
ALL OTHER ADDRESSES xx 

Program the PROM as shown so that it works in the figure's 
circuit. 

You can safely use all JUMP, CALL and RE
TURN instructions except the unconditional forms 
within a segment, because they will not precipitate a 
global branch. 

You can modify this basic system to suit most 
applications for a large memory controller. View the 
system shown as a guideline and develop your own 
variants. The table shows how to program the 
HM-7610A for the circuit presented. EDN 

Access routines increase total system ROM 

David M Gardner 
Tekno Industries Inc, Bensenville, IL 

When your 8-bit µC lacks sufficient ROM address 
space, you can implement a software-controlled 
ROM-bank selection mechanism that pages-in a 
portion of the total system ROM. This process is 
analogous to loading an overlay from a mass-storage 
device (such as a floppy disk) but provides much 
shorter access time because it doesn't involve a 
mechanical device. 

When developing software mechanisms to manage 
this additional ROM, pay attention to the operating 
environment and program-interface considerations. 
Specifically, choose an access method that's easy to 
use and that, depending on conditions, works in an 
environment where you can initiate bank selection 
with interrupts. Additionally, the bank-selection 
process shouldn't affect the CPU registers. 

The code shown in the figure meets these 
requirements for the 8080/85. It is based on the 
assumption that an always available--or common-

EDN SEPTEMBER 16, 1981 

I S IS- II 8080/8085 MA CRO ASSfHBl_ERr V4. 0 HCl[IUL f PA GE 

LOC O&J 

2 7 FF 

LINF SOURCE ST AT EMENT 

1 •NOPAGING PAGEWIDTH (8 0 ) HACRO F ILE PRIN TC : TO:> 
2 ; 
3 R&R EG EOU 27FFH ;READ/ WRITE 
4 ; REGI S TER FOR ROH BANK SELECTION 
5 ; 
6 ;RE ENTRANT ROM - BANK LINKAGE HACRO -
7 ; PLA CED ON NON- BANKED SELECTED ROH, 
8 ; COHPL ETEl.Y INVI S IBLE TO CALLED & CALLING 
9 ; PROCEDURES--NO RfGI ST ERS HODJFJfn, NOT E : 

10 ; REQU I RE S 264 800 5 T-STATE S TO PERFORM LINK 
11 ; & UNLINK , 
12 ; 8080/85 1- BYTE Rf.S TART INSTRUCTIONS ARE 
1 3 ; USE D IN f'LACE OF 3-BYTE CALLS TO "RSTRTl" & 
14 ; "RST RT 2 " TO RF.l•U CE EACH i.INKAGE ROIJl INF. 
1 5 ; TO 9 .BYT ES EACH. 
16 ; ACCESS POINTS AND ROUTINES RF.FERF.NCED: 
1 7 ; ROUTINE "CLGRTN " I S CALLING 
18 ; ROUTINE "TARGET " (l.OCATED ON 
19 ; ROM FANK "BANK"> VIA A LINKAG E 
20 ; ROUTINE GENERATED 8Y MACRO "LINK " & 
2 1 ; UTJ LJZf II BY A CALL TO "LINKPT", 
22 LINK MACRO LINt<f'T,FANK,TARGET 
2 3 EXTRN TARGET 
2 4 PlJBLI C LINKf'T 
25 LINKf' T: f'U SH H 
2 6 MVI L,BANK 
27 ;; SAVE CURRF.NT ROM BANK - SELECT NEW ONE 
2 8 RST 1 
29 XTHL ;; SAVE CURRENT BANK ON STACK 
30 CAL.L TARGET 
3 1 ; ; r..: ESTORE OL[I ROM BANK AND RETURN 
32 RST 2 

Paging ROM into a µC system provides access to larger amounts 
of total-system ROM. (Listing continues on pg 212) 
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zzzTT. zzzTT. zzzTT. 

The sound of Hecon's 60687 Electrosensitive Tape Printer. 

Reliable. 
The only moving part is the paper feed. A unique, fixed 100 wire 
printhead produces a full 20 characters per line. No shuttle mecha
nism to fail. No ink cartridges or ribbons to replace. Lots of dependable 
printing. 
legible. 
The 64 character ASCII set is produced in a unique 5 x 14 matrix 
pattern. Crisp, clear characters line after line at 5 lines per second. 
Versatile. 
Available versions are desktop, wallmount. and rackmount complete 
units or OEM mechanisms. A model for every application. 

Reliability, legibili ty, versatili ty- all you ever needed in a Tape printer. 
Available now in the G0687. 

It's got to be good. It's a Hecon. H I H ECO N®I 
Hecon Corporation, 31 Park Road . Tinton Falls. NJ 07724 

• (201 ) 542 -9200 

CIRCLE NO 79 

LOW COST T0-5 
SOCKET 
• 3 to 10 contact versions on 

.200" to .230" pin circle. 

• Four-leaf machined contact and 
machined outer sleeve, gold or 
tin/gold plating. 

• Closed sleeve for 100% anti · 
wicking. 

• Colorful molded nylon 
insulators. 

• Ultra low profile . 

rm7'C1I 
~ 
Interconnection Components Division 

33 Perry Ave., P.O. Box 779, Attleboro, 
Massachusetts 02703/Tel : (617) 222-2202 
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0008 

0008 F5 
0009 3AFF27 
oooc 67 
OOO D C34000 

00 10 

0010 E3 
00 11 E l 
0012 E3 
0013 F5 
00 14 7C 
0015 C34600 

0040 

0040 7D 
0041 32FF27 
0044 F 1 
0045 C9 

0046 32FF27 
0049 Fl 
004A El 
004B C9 

PUBLI C SYHffOLS 

33 ENDM 
34 ; ---- - ---- - - - - - --- - ----------------------
3 5 ORG SH 
36 RSTRTl! ;t..JRITE <L > TO RBREG TO SELF.:CT •TARGET'S " 
37 BANK, RETURN WITH <H>= ' CLGRTN'S ' BANK, 
38 WORD @CSP>=RETURN ADDRE SS TO "LINKPT " 
39 WORD @CCSP>+2>= OLD CHL> 
4 0 WORl"l CH (Sf') +4) =RF.TURN A[1[1RESS TO "CL GR TN 1 

41 PUSH PSW ;SAVE A i F 
4 2 LDA RBRF.G ;CURRENT BANK 
43 HOV H,A 
44 JMP RST1 ;CONTINUED 
45 ; -------- - - --- - -- - ---------------------- -
4 b ORG lOH 
4 7 RSTRT?.: ; Rf.STORE 'CLGRTN ' S • BANK & RF.TURN 
48 ; WORD @CSP>= "L INKPT" RETURN ADDRESS 
49 FYTE @(CSP>+3>= ' CLGRTN ' S ' ROM BANK 
SO WORD @C<Sf')t4>= "CLGR TN 'S " RETURN ADDRESS 
51 XT HL ;DtJHP "LINKPT" RF.T 
52 POP H 
53 XTHL ;cH>=OLD PAGF 
5 4 PUSH PSW ;SAVE A I F 
55 HOV A,H 
56 JHP RST2 ;CONTINUED 
57 ; ------------------- - -------- - -----------
58 
59 RST1: 
60 
61 
62 
63 
64 
65 RST2! 
06 
67 
68 
69 
70 

ORG 40H 
;RESTART 1 CONTINUED 
HOV AtL 
STA RBREG ; SfLECT NEW BANK 
POP PSW ; RES TORE 
RET 

;RESTART 2 CONTINUED 
ST A R~Rf.G 
POP PSW ;RF.STORE 
POP H ; RESTORE <HI . > 
RET 
EN fl 

EXTER NAL SY MBOLS 

USEF~ SY MBOL S 
LI NK + 0000 
RSTRT 1 A 0008 

RBREG A 27FF 
RS TRT 2 A 0010 

ASSEMBLY COMPLETE, NO ERRORS 

RST I A 0040 RST2 A 0046 

block of ROM exists to service at least the interrupt 
vectors. For each routine in banked ROM, the 
VECTOR macro generates nine bytes of code. 
(Restarts one and two are used to save space.) 

The code is easy to use; accessing the TARGET 
routine requires only a call to the proper LINKPT. 
Because the call and its associated return modify no 
registers and are themselves re-entrant , the code is 
invisible to both the called and calling routines. 

One final note: Because this macro's execution 
time is relatively long, you should locate short, 
frequently used utilities and fast-response interrupt 
handlers in the common ROM. EDN 

Need to Know? 
EDN 's advertisers stand ready to provide you 
with helpful design information and other 
data on their products. Just circle the appro
priate numbers on the Information Retrieval 
Service card. If your need is urgent, contact 
advertisers directly, and mention EDN. 

EON: Everything Designers Need 
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Electronics Test 
& Measurement 
Conference 

October 5-8, 1981 Hyatt Regency, Chicago, IL 

The Only Midwest Conference and 
Exhibition Devoted Exclusively to 

Test Instrument and A TE Technology 
Leaders in the test industry will address problems in test technology 
and management: 

Evaluating ATE 
You wi ll learn about the technology of A TE hardware and 
software; designing and building your own ATE; how to get 
started in ATE; analog. d igital and hybrid testing ; dig ital 
simu lation techniques and much more. 

Using Test Instruments Effectively 
You will learn how to solve problems wi th instruments in 
systems and on the bench: waveform analys is for measuring 
complex waveforms; time and frequency domain ana lys is, 
using timer/counters, waveform analyzers and spectrum 
analyzers; effective phase measurements using phase angle 
voltmeters, phasemeters and phase detec tors; measure
ments on complex dig ital ci rcuits us ing state and timing 
logic ana lyzers; and much more . 

Plan to attend. If you are faced with these test , 
measurement and evaluation problems, we invite 
you to listen, learn, and see some of the latest 
test and measurement solutions in the electronics 
industry at the Electronics Test & Measure
ment Conference, October 5-8 in Chicago . 

Plan to ~artici~ate. If you have faced and 
solved some of these problems and would Ii ke to 
share your solutions with other test professionals, 
you may be a candidate to lead a session at our 
confe rence . Contact Art DeSena, Technical 
Program Director at the address below . 

Electronics Test and Measurement Conference 
1050 Commonwealth Ave. , Boston, MA 02215 

(617) 232-5470 

Tradeoffs in Component Test Technology 
You wi ll learn abou t tradeoffs of burning- in components ; 
how much functional testing is necessary ; effec tive use of 
data collection ; testing VLS I and µ.Ps: test ing linear devices 
and much more . 

Effective Management of Test Resources 
You will learn about managing a test engineering depart
ment: managing a test programming group: managi ng an 
ATE fac il ity: the economics of testing and how to sell the 
economics of ATE to top management; evaluating automa
tic vs. manual testing; setting up standard techn iques fortest 
programs and much more . 

Produced by Electronics Test and co-sponsored by 
Circuits Manufacturing, Digital Design and Design 
Engineering magazines. 

r----------------· -
I ~~ease send me more information on the E 
I Electronics Test and Measurement Conference. 
I I am interested in : 

_ Participating _ Attending _ Exhibiting 

Name 

Title __ 

Company ___ _ 

Address _____ _ 

City ___ _ State Zip __ _ 

Phone 

Return Coupon to : Reg istrar, Electronics Test and 
Measurement Conference, 1050 
Commonwealth Ave., Boston, Ma02215 
(617)232-5470. ) _______ , __________ _ 



the world's lowest priced attenuators 3,6,10 or 20dB 
from DC to 1500 MHz ... hermetically sealed 
The AT Series from Mini-Circuits $1~~ 

Check these features: 
-.J High stability; thick film construction 

in a hermetically sealed case 
-.J Rugged construction: Meets 

requirements of MIL STD 202 
-.J Miniature Size: 0.4" by 0.8" by 0.2" high 
-.J Flat frequency response: Typically ±0.3 dB 
v Excellent VSWR: typically less than 1.2:1 
v Low cost: $1. 95 (1,000 quantity), 

$3.95 (10-49) 
.,,/ Delivery: From stock 

DESIGNERS KIT AVAILABLE,KAT-1 
4 attenuators of each type 
AT-3 , AT-6, AT-10, AT-20 only $39.95 

shown with 
cover removed 

Attenuation , Attenuation Frequency Attenuation Change VSWR 
dB Nominal Tolerance Range From Nominal Over Max. Power 

Model Value from Nominal MHz Frequency Range, MHz Max. 
DC- 1000-

DC-1000 1000-1500 1000 1500 

AT-3 3 ±0.2dB OC-1500 0.6dB l.OdB l.3:1 1. 5:1 lW 
AT-6 6 ±0.3dB OC-1500 0.6dB 0.8dB 1.3: 1 1.5:1 l W 
AT-10 10 ±0.3dB DC-1500 0.6dB 0.8dB 1.3: 1 1.5:1 lW 
AT-20 20 ±0.3dB DC-1500 0.6dB 0.8dB l.3: 1 1.5:1 lW 

0 Mini-Circuits 
A 01v1s1on of Sc1en11t.c Componen ts Corpora l1on 

World's largest manufac turer of Double Balanced Mixers 
2625 East 14th Street, Brooklyn . New York 11235 (2 12)769-0200 

Domestic and International Telex 125460 International Telex 620156 

CIRCLE NO 82 



Feature Products 

Specially packaged high-power rectifiers 
feature easy mounting and low cost 
Cost-sensitive yet high-power 
applications such as arc welders, 
plating supplies and battery 
chargers can profit from using 
Hi-Line studless-package power 
rectifiers. They're available in 
two versions: The A215 Series 
handles 150A; the A230, 300A. 

Both families feature break
down ratings spanning 50 to 
800V and are available with 
anode or cathode connected to 
the heat sink. In addition to 
handling rectification chores, 
the devices-because they soft 
recover---can function as free
wheeling (flyback) diodes 111 

motor-controller designs. 

Package reduces cost 
The rectifiers' package design 

is responsible for their 30 to 40% 
cost saving over stud-mounted 
devices. Instead of employing an 
expensive, machined studded 
heat sink, the units feature a 
stamped mounting plate. Addi
tionally, a specially designed 
plastic housing with a side
positioned access door eases 
automatic assembly. 

Further savings result from 

High-power rectifiers reside economically in a specially designed housing. Featuring 
average current ratings to 300A and breakdown-voltage limits to BOOV, Hi-Une devices 
are heat-sink mounted via a stamped baseplate and environmentally protected by a 
plastic case. 

not employing ceramic housings 
with glass-to-metal sealings
thereby yielding a less expen
sive package 1 in. shorter than 
standard types in overall height, 
available with top-terminal op
tions that include braided, spade 
and threaded studs or inserts. 

Depending on breakdown 

voltage, Series A215 devices 
cost $7.60 to $13.20; Series 
A230, $9.45 to $16.20 (10). 

General Electric Co, Semi
conductor Products , Mail 
Drop 44, West Genesee St, 
Auburn, NY 13021. Pho ne 
(203) 852-8200. Circle No 450 

Microwave frequency counters 
lock sources for higher stability 
Models 575 and 578 not only 
measure signals to 18 or 26.5 
GHz, respectively, they also 
automatically lock swept sourc
es over their entire ranges to 
provide synthesizer-like stabili
ty at low cost. Additionally, 
Model 578 provides optional 

EDN SEPTEMBER 16, 198 1 

frequency coverage to an un
beaten 110 GHz. 

The frequency counters also 
include IEEE-488 interfaces as 
standard equipment, simplify
ing source-locking designs in 
systems applications. 

In operation, the source-

locking signals coarse-tune a 
signal generator via an external 
Sweep input and fine-tune it via 
an FM input. For repetitive 
tests, as in production-line test
ing, you can store and recall nine 
preprogrammed frequencies. 

In frequency-measurement 

215 
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~ew Products 

Source-locking capabilities on Models 
575 and 578 microwave frequency 
counters allow you to control swept 
sources to achieve synthesizer-like 
stability. 

applications, the instruments 
furnish -30-dBm sensitivity, 
5W input protection, multiple
signal discrimination, a multipli
cation (mx + b) function and a 
DAC output. A Frequency 
Limits function suits them for 
spectrum-analysis application. 

Optional power-measurement 
circuitry offers resolution of 0.1 
dB from 1 GHz to the instru
ments' limits. Frequency resolu
tion is 100 kHz in this mode. 

Model 575, $7600; Model 578, 
$8800. Optional DAC output, 
$300; power measurement, $700 
for the 575 and $1000 for the 
578. Extended frequency on the 
578, $4200. Frequency-exten
sion kit, $200; remote sensors, 
$500 (26.5 to 40 GHz), $2200 (40 
to 60 GHz), $2350 (60 to 90 GHz) 
and $2600 (90 to 110 GHz). 

EIP Microwave Inc, 2731 N 
First St, San Jose, CA 95134. 
Phone (408) 946-5700. 

Circle No 451 
.-----------------~ 

Need to Know? 
EDN 's advertisers stand ready to 
provide you with helpful design in
formation and other data on their 
products . Just circle the appropri
ate numbers on the Information 
Retrieval Servi ce card . If your need 
is urgent , contact advertisers 
directly, and mention EDN . 

EON: Everything Designers Need 
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New Products COMPUTERS & PERIPHERALS 

Control computer outlasts hardware faults 
An industrial-control computer 
providing nonstop, error-free 
operation even during a major 
hardware failure, the Series 300 
Can't-Fail incorporates ad
vanced fault-tolerant technolo
gy. It serves real-time control 
and monitoring applications 
where computer failure could 
have serious or even catastroph
ic results . 

The computer comprises 
three control-computer modules 
(CCMs) based on the 16-bit 8086 
µP , process-interface modules 
and termination modules. Op
tional peripherals include disk
ette drives and CRT terminals. 

A Real-Time Task Scheduler 
(RTTS) operating system per
forms all software fault-toler-

GRAPHICS TERMINAL. The 
HP2623A features 512 x 390-dot 
screen resolution and can draw 
vectors at rates to 9600 baud. 
Graphic and alphanumeric mem
ories are independent and 
prevent system messages from 
interfering with the graphics 
application. The unit utilizes its 
manufacturer's DSG/3000 and 
GRAPHICS/1000-11 business-or
iented graphics software and is 
also compatible with other soft
ware packages, including 
Tektronix's PLOT 10 for 4010/12 
display terminals . Terminal , 
$3750; optional integral thermal 
printer, $1210 ; $105 for line-

EDN SEPTEMBER 16, 198 1 

i::mploying advanced fault-tolerant 
technology to provide nonstop, error
free operation during a hardware failure, 
the Series 300 Can't Fail computer 
serves real-time control and monitoring 
applications where a failure could cause 
serious or catastrophic results. 

drawing character set or nation
al-language and keyboard op
tions. Delivery, 12 wks ARO. 
Hewlett-Packard Co, 1507 
Page Mill Rd, Palo Alto, CA. 
94304 . Phone local ornce . 

Circle No 151 

SOFTWARE. A high-level pro
cedure-oriented system-imple
mentation language for the 
z0000 µP, z0000 PLZ/SYS is 
designed for construction of 
operating systems, compilers, 
database-man.agement systems 
and other system software for 
the segmented Z8001 and 
unsegmented Z8002. It com
bines elements of the PASCAL, 
ALGOL, PU1 and C languages, 
permitting expression of algo
rithms in a high-level, structured 
fashion . Programs written for the 
Z80 in Z80 PLZ/SYS can be 
easily transported to the Z8000 
via z0000 PLZ/SYS. $700. Zilog 
Inc, 10340 Bubb Rd, Cupertino, 
CA 95014. Phone (408) 446-
4666. Circle No 152 

ance functions and provides 
utilities and drivers. Control 
applications software is devel
oped as it is with a conventional 
control computer using a µC 
development system. 

The CCMs provide 23k bytes 
of memory, expandable to lM 
bytes, in any mix of RAM, ROM 
and EPROM. Diskette-drive 
and CRT-terminal interfaces 
come standard. Additionally, 
the CCMs permit expansion 
using available Multibus-com
patible interface, communica
tions and controller boards. 
From < $50,000. 

August Systems Inc, 2757 
19th St Southeast, Salem, OR 
97302. Phone (800) 547-9168. 

Circle No 150 

ASSEMBLY-CODE TRANSLA· 
TOR. The XLT86 program trans
lator reads an assembly-lan
guage program compatible with 
ASM, MAC or RMAC assembler 
format and produces an output 
file of 8086-assembly-language 
statements acceptable to the 
ASM-86 assembler. Unlike code 
converters that translate one 
8080 instruction into as many as 
1 o 8086 instructions, the soft
ware performs extensive data
flow analysis to determine regis
ter usage throughout the original 
program. The information col
lected through ~nalysis is then 
used during program translation 
to eliminate unnecessary flag 
save and restore operations. 
Programs the unit translates run 
on CP/M-86 and MP/M-86 16-bit 
single- and multiuser op~rating 
systems. CP/M version , $150; 
VAX version, $8000. Digital 
Research, Box 579, Pacific 
Grove, CA 93950. Phone (408) 
649-3896. TWX 910-360 5001. 

Circle No 153 
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Evaluation/test system-design kit 
aids microcontroller implementation 
Taking approximately 5 to 10 
hrs to assemble and test, the 
SDK-51 system-design kit con
tains hardware and software for 
building an evaluation/prototyp
ing tool for its manufacturer's 
MCS-51 microcontroller family. 

A standard keyboard and 
display provide full user access 
to all system capabilities. The 
keyboard interface features a 
51-character ASCII subset, 
typewriter format and a 12-key 
matrix, and the LED panel 
displays as many as 24 alphanu
meric characters. The kit sup
plies lk bytes of RAM and 
includes provision for an addi
tional 15k bytes of on-board 

A monitor package, single-line a11sem
bler/d lsassembler, ASCII keyboard 
and LED display combine in the 
SDK-51 , a system-design kit for compo
nent evaluation and design testing. 

RAM as well as 8k of ROM. 
A monitor package furnishes 

system utilities such as com
mand interpretation, user pro-

gram debugging and interface 
control. Users enter software 
code with a subset of the 
MCS-51 assembler. 

A single-line assembler per
mits program entry in assembly 
language from the keyboard, 
and a disassembler permits 
review of mnemonic instructions 
during system interrogation. Its 
single-step capability proves 
useful in code verification and 
debugging, as do hardware 
breakpoints. $950. Delivery, 4 
to 6 wks ARO. 

Intel Corp, 5200 NE Elam 
Young Parkway, Hillsboro, OR 
97123. Phone (503) 640-7792. 

Circle No 144 

!?~!!h~~2~~q~~SY~!?Pedia 
manufactured by Alpha and available everywhere. Rely on it. 

If you buy, design , or install computer and infor-
mation systems, the Alpha Data Cable Catalog should be f! .. ~!!!., .... 
on your desk right now 

Whether you 're involved in communications inter
face, network cabling , original equipment design , data 
entry and display, or compute r peripheral interconnects 
you 'll find all the products you need-presented clearly, 
described fully, and backed by solid technical information . 

Within its 60 pages are complete specs on coaxial 
and twinaxial cable , in-house and remote transmission 
cable , shielded and unshielded cable, IEEE interface bus 
cable, IDC systems and more. All items are manufactured 
to meet necessary certifications , and all are in stock. 
Which means yo ur loca l Alpha distributor can put the 
cable in your hands wherever and whenever you need it . 

Send for your Alpha data cable "encyclopedia" 
today. Just contact Alpha In the U.S A , it's Alpha Wire 
Corporation , PO Box 711 , Elizabeth , NJ , 07207 , 
(201) 925-8000. In Europe, it 's Alpha Wire Limited , Alpha 
House, N. Feltham Trading Estate, N. Feltham , Middlesex , 
UK (01) 751-0261 . Or, contact your local Alpha distributor. 
He's not far away. 
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We've got your data cable 
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AID-CONVERTER BOARD. The 
TDC102SE1 C 8-bit unit accepts 
analog input signals with a 
20-MHz bandwidth and supplies 
the corresponding 8-bit digital 
output. Both the Convert signal 
and 8-bit binary outputs are 
buffered single-ended ECL. The 
100 x 160-mm board obtains its 
?SM-samples/sec performance 
from a monolithic triple-diffused 
flash AID converter. Full-scale 
analog input ranges of 1 to 1 OV 
are selectable by means of 
on-board resistors, providing 
input impedances of son to 1 
kn . Offset adjustments are 
provided for unipolar or bipolar 
inputs. $1360. TRW/LSI Prod
ucts, Box 2472, La Jolla, CA 
92038. Phone (714) S78-S990. 
TLX 6979S7. Circle No 145 

OMA INTERFACE. The 
GPIB11V-2 OMA interface be
tween the IEEE-488 bus and the 
DEC LSl-11 Q-bus provides 

EDN SEPTEMBER 16, 1981 

data-transfer speeds to 2SOk 
bytes/sec. Permitting 16-, 18- or 
22-bit addressing on the LSl-11 
bus, it furnishes all GPIB 
functions, including extended 
talker, extended listener and 
controller. The interface allows 
the LSl-11 to connect to as many 
as 14 GPIB-compatible devices 
and works in a single- or 
multiple-controller environment 
with a programmable system
controller feature. Support soft
ware includes drivers, utilities 
and an interactive control pro
gram. The standard software 
package supports BASIC-, 
FORTRAN- and MACRO-calla
ble subroutines under RT-11 and 
RSX-11 operating systems. 
$149S, including interface card, 
software, a 4m cable with GPIB 
connector and documentation. 
National Instruments, 8900 
Shoal Creek Blvd, Austin, TX 
787S8. Phone (S12) 4S4-3S26. 

Circle No 146 
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GRAPHICS VIDEO BOARD. A 
single-board Multibus-compati
ble unit that provides S 12 x S12-
pixel resolution and permits the 
mixing of graphics and alphanu
merics, the M-2000 video-con
troller board features full 20-bit 
addressing capability. An on
board high-speed (S-MHz) µP 
controls all board functions, 
including scrolling, drawing lines 
and boxes, displaying intermixed 
text and graphics and setting the 
on-board time and date clock. 
Also provided are software 
selection of three character sizes 
and point-by-point dot display. 
$99S . Metacomp Inc, 7290 
Engineer Rd, Suite F, San 
Diego, CA 92111 . Phone (714) 
278-063S. Circle No 147 

Remote control multiple func
tion circu it selection and step 
switching , in a limited space . 
under severe operating and 
environmental conditions.These 
are the critical benefits you get 
from Ledex circuit selectors . 

Rotary solenoid actuated , 
open construction models: 

Switch - to 5 A @ 115 VAC 
to 10 A @ 28 voe 

26 stock models-
4-24 positions 

1-13 poles 

Single pulse, or self-index to any 
position . Uni - or bi-directional 
action . 

Open frame, packaged , and 
hermetically sealed units avail
able from stock . Custom assem
blies also available for prototype 
and production requ irements. 

Ledex Inc , 
PO. Box 427, 
Vandalia , Ohio 45377. 
Phone: 513-898-3621. 

-~ 
If.EDEX 

\.___../ ® 

CIRCLE NO 85 



New Products 

COMPUTER-SYSTEM 
SUBASSEMBLIES 

ANALOG INPUT SYSTEM. The 
wide-range isolated Model 
LDT2765 features four differen
tial input channels that withstand 
±250V common-mode voltages 
and support a 60-Hz CMRR of 

Make Impossible 
Measurements Easy ... 
with Unprecedented Accuracy 

llllll•··~O~nly the 
3100 makes otherwise 

impossible measurements quickly 
and easily. II calculates a unique combination 

of different parameters, with state-of-the-art accuracy, and under 
measurement conditions where other instruments simply do not work. 

Use the 3100 on continuous and burst signals. Measure transfer functions. Analyze signals, 
networks, and components. In ATE, use it in manufaCl\Jring and quality testing of transformers, 
chokes, servos, filters, sonar and communicati0ns equipment, and many other applications. 

In stand-alone, or IEEE-488 mode, the 3100 quickly and easily calculates (where appli-
cable) fundamental , total , harmonics to the 14th, for all of the following: 

PHASE ANGLE VRMS (OR I) VA PF 
HARMONIC PHASE ANGLE RATIOS: RMS & COMPLEX VARS GROUP DELAY 
THD IMPEDANCE, ADMITIANCE REAL POWER FREQUENCY 

SPECIFICATIONS: 
• Accuracy: ± 0.1 %, ±. 03 degrees. 
• Frequency Range: l Hz to 500 kHz. 
• Dynamic Range: 70 dB in any range, 

120 dB between channels. 
• Harmonics: Any combination to the 14th. 
• Input Channels: Two, with 12 full scale 

ranges from 1 mV to 300V, plus 
autoranging. 

FEATURES: 
• Programmable Sampling: 16, 64, 256 

samples /measurement. 
• Programmable Averaging: 

1, 16, 64 measurements /read ing. 
• Trigger Choices: Internal, external. 
• Frequency Reference: Internal, external. 
• Printer: 20 column, front panel control. 
• Communications: RS-232C. IEEE-488 

optional. 

The remarkable 3100 - only from Dranetz, where we make impossible measurements easy. 
For more details, request 12-page bulletin 3100. 

I . J DRANETZ ENGINEERING LABORATORIES, INC. DRANETZ 1000 New Durham Rd., Edison, NJ 08817 
•--------------· (201) 287-3680 TWX: 710-997-9553 
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126 dB. It functions with the 
manufacturer's Lab-Datax LSl-
11-based data-acquisition sys
tems. An optional panel-mount
ed ambient-temperature com
pensation circuit provides 
thermocouple cold-junction
compensation capabilities. The 
companion LDT2775 isolated 
input expander features eight 
isolated differential input chan
nels. As many as seven expand
ers can augment each LDT2765 
for a total 60 isolated channels. 
LDT2765 , $965; LDT2775, 
$720, including front panels. 
Data Translation, 100 Locke Dr, 
Marlboro, MA 01752. Phone 
(617) 481-3700. Circle No 148 

MEMORY SYSTEM. Using array 
boards mounting 288 64k dy
namic-RAM chips, MMS3000 
accommodates as much as 32M 
bytes of memory. The standard 
package includes a card cage, 
power-supply module, interface 
card , mother board, address
control card , error-correction 
card, two terminator boards, 
interconnect cables and 2M 
bytes of RAM. A 64M-bytes/sec 
data-transfer rate can be estab
lished through use of parallel 
read with sequential addressing. 
At the memory-bus level , the 
system exhibits an access time 
of 350 nsec with error correction, 
275 nsec without. $30,700 for 
basic system ; additional 2M-byte 
card , $16,800. Motorola Semi
conductor Products Inc, 3501 
Ed Bluestein Blvd, Austin, TX 
78721 . Phone (512) 928-6776. 

Circle No 149 
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ADC achieves high-speed conversion 
Operating at a 1-MHz clock rate, 
the ADC-5212 resolves an 
analog input (±lOV max) to a 
corresponding digital output in 
just 13 µsec. A 12-bit succes
sive-approximation hybrid de
sign, it limits nonlinearity to 
± 1/2 LSB. 

At 25°C, converter absolute
accuracy error specs at ± 0.05o/c. 
FSR and is guaranteed not to 
exceed ± 10 ppm!°C over tern 
perature. Two versions a1·e 
available: a commercial type 
that operates over 0 to 70°C and 
a military model , processed to 
MIL-STD-883 method 5088. 

Pin compatible with similar 
parts from Micro Networks and 
Analog Devices, the .. 5212 is 
housed in an industry-standard 

·------·--- -- --· - - -

~-- - - -·--- ---

HYBRID TRANSCEIVER. For 
use in automatic test equipment 
requiring a variable transmitter 
output, the BUS-8559 is housed 
in a 1.4 x 0.8 x 0.2-in. 24-pin DIP 
and weighs 0.4 oz. Meeting 
MIL-STD-1553A and -B, it oper
ates over - 55 to + 125°C and 
from ±12 to ± 15V and ± 5V 
power supplies. Its transmitter 
section accepts biphase TTL 
data at the input and produces a 
O to 27V (nominal) p-p differenti
al signal across a 145.0 load. 
The module can be coupled to 
the data bus with the manufac
turer's BUS-25679 transformer. 
$325. Delivery, 4 to 8 wks ARO. 
ILC Data Device Corp, 105 
Wilbur Pl, Bohemia, NY 11716. 
Phone (516) 567-5600. TWX 
510-228-7324. Circle No 155 
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Aimed at high-speed applications, the AOC-5212 AID converter features a 13-µSec 
conversion time. It provides a ct 0.05°/o absolute-accuracy error at 25°C and comes in 
commercial and rml1tary versions 

24· pin DIP and operates from 5 
and ± 15V supplies. 

$190 to $485 Delivery (pro
duction qty), stock to 8 wks. 

lntech Inc/Microcircuits Div, 
2270 Martin Ave, Santa Clara, 
CA 95050. Phone (408) 727-
0500. Circle No 154 

---·-·----~----- ------ ---------

CONNECTORS. Designed to 
terminate 0.050 - in. - center 
round-conductor flat cable and 
mate with 0 .062-in .-thick pc 
boards with pads on 0.1-in. 
centers, Edge-Card II connec
tors come in 11 sizes with 10 to 
64 positions. Bifurcated contacts 
permit redundant connection to 
the pc board, and 0.013-in.-thick 
beryllium-copper contacts main
tain spring characteristics and 
high normal force after repeated 
insertion and withdrawal. The 
units come in three styles: with 
mounting ears, with mounting 
slots and without mounting ears. 
Du Pont Berg Electronics Div, 
Rte 83, New Cumberland, PA 
17070. Phone (717) 780-2044. 

Circle No 156 

CONNECTOR. This socket
header eliminator (SHE) connec
tor features a footprint identical 
to that of standard 0.1 x 0.1-in. 
headers and suits applications 
not requiring the mateability 
benefits of headers and sockets . 

For 50-µm flat ribbon cable, it 
comes in nine sizes with 10 to 60 
contacts . Positive connection 
between the U contact and 
28-gauge stranded or 30-gauge 
solid round conductors is en
sured by a double-action slot 
design utilizing two cutting 
surfaces . Insulation surviving 
the first cut is displaced by the 
second cutting edge, with a 
gas-tight connection formed by 
subsequent abrasion of the 
conductor by the slot. Gold-over
nickel plated contact areas are 
provided. $4.12 for 34-position 
unit. Belden Corp, 2000 S 
Batavia Ave, Geneva, IL 60134. 
Phone (312) 565-1200. 

Circle No 157 
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DIRECTIONAL COUPLERS. 
For use as taps or feeds in 
multiterminal local networks, 
multiplexing and other applica
tions, these 3- and 4-port optical 
directional couplers accommo
date digital and analog transmis
sion. They permit full-duplex 
operation over one fiber and 
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5.1V zener •Vertical : 10 uA/cm. •Horizontal : 1V/cm. -...., 
n 

CODl's Voltage Regulator Diodes 
Do the Job ... Where Others Can't 

CODl's Voltage Regulation Diodes offer voltages from 3.3V to 10V 
and are designed for applications where ordinary zeners can't provide 
the required combination of low noise, low leakage, sharp knee, low 
dynamic impedance, and reliability. Among these applications are ultra
stable regulators, low ripple series regulators, Op Amp regulators, wave 
shaping, and comparator references. 

This CODI series of diodes from IN5518B to IN5530B is available in 
JAN, JANTX and JANTXV versions providing up to 10V where MIL re
liability is required. All diodes are supplied in hermetically-sealed D0-7 
glass packages. Higher voltage units are available on special request. 

To find out how CODI Voltage Regulator Diodes can solve your ci rcuit 
problems, call Joe La Bruna, CODI Semiconductor, Inc, 350 Hurst 
Street, Linden, N.J. 07036; telephone: 201-862-8484; telex: 844796. 

• CODI SEMICONDUCTOR, INC. 

CIRCLE NO 87 

exhibit low insertion loss, high 
directivity and passive operation, 
according to the manufacturer. 
Available with Corning SDF fiber 
and a variety of graded-index 
fibers, the 1 x 41/ 4 x 3A!-in. units 
feature a broad range of splitting 
ratios and can operate at all 
standard transmission wave
lengths. < $200 ( OEM qty). 
Phalo Optical Systems Div, 
9240 Deering Ave, Chatsworth, 
CA 91311 . Phone (213) 998-
3177. Circle No 158 

LATCHING RELAY. Featuring 
bifurcated cross-bar contacts 
and a card-lift-off operating 
system, the polarized Model 
BZB incorporates flux-free con
struction and dual-in-line pitch 
terminals. Equipped with gold
overlay silver-palladium station
ary contacts and silver-palladi
um movable ones, it has a life 
expectancy of five million me
chanical operations and one 
million electrical operations. 
Contact arrangements are 4pdt 
(B-M}, dpdt (8-M) and dpdt 
(M-8). Maximum current flow 
equals 2A; at resistive load the 
maximum switching power 
equals 50W; maximum switching 
voltage, 60V de; and maximum 
switching current, 2A de. De
signed for direct pc-board 
mounting on a 0.1-in. grid 
spacing, the relay operates over 
- 30 to + 80°C. 4pdt unit, $7.75 
(1000). Delivery, 8 to 1 O wks 
ARO. ITT Components, Box 
2197, Santa Ana, CA 92707. 
Phone (714) 751-3900. 

Circle No 159 
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Quad-output 1 OOW switcher series 
features small size, low cost 
Claimed the smallest, lightest 
and least expensive lOOW 4-out
put switchers available, Series 
4100 supplies suit µC-system, 
CRT-terminal, disk-drive and 
modem applications. 

Mounted on a pc board, the 
switchers furnish rated output 
over a 0 to 40°C ambient-tem
perature range with 2%1°C de
rating to 71°C. 

The four models in the series 
provide the following ratings: 

• +5V at lOA, ± 12V at 1.5A 
and - 5V at lA 

• + 5V at lOA, ±15Vat 1.5A 
and - 5V at lA 

• +5V at lOA, ±12V at 2A 
and - 5V at lA 

Small size (4x8x1.7 in.) and light 
weight (24 oz) highlight 4100 Series 
switchers. The $159 4-output supplies 
deliver 100W outputs from 85 to 130 or 
170 to 250V ac inputs. 

• + 5V at lOA, ±15V at 2A 
and -5V at lA. 

Pin-strappable inputs allow 
the supplies to operate on 85 to 
130 or 170 to 250V (47 to 440 Hz) 
voltage ranges. And Schottky 
rectifiers combined with a half-

bridge configuration give them 
70% min efficiency and ripple 
and noise specs of 50 m V p-p, 15 
mV rms. 

Other specs include ±0.1 % 
line regulation, load regulation 
of ±0.2% for the primary output 
and ± 1 % for the other outputs, 
a 0.02%/°C TC, and standard 
current limiting, soft starting, 
15A max input surge current 
and convection cooling. 

The 24-oz supplies measure 
4 x 8 x 1. 7 in. and furnish a 
30,000-hr min MTBF, per MIL
HDBK-217B. $159. 

Power General, 152 Will Dr, 
Canton, MA 02021. Phone 
(617) 828-6216. Circle No 128 

HANOVER c•1R Han~ver, West Germany 
S-11 Apnl 21-28, 1982 '82 Presents the World's Electronics/Electrical 

and Lighting Technology 
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Each year in April, Hanover hosts the biggest industrial 
fair in the world. Over 600,000 visitors from 118 different 

countries attend to review the world's industrial 
technology. 

If you are a professional and need to remain abreast of 
worldwide developments in your field or want to buy 
the best equipment available, Hanover Fair '82 is a 
must. It will be the most comprehensive presentation of 
electronic/electrical components and peripheral 
materials and services ever presented at one location, 
including the world's largest exhibit of lighting products. 
Make plans now 

CALL TOLL FREE (800) 526-5978 

CIRCLE NO 88 

HANOVER FAIRS 
INFORMATION CENTER 
P.O. Box 338, Whitehouse, New Jersey 08888 
Telephone: N.J. (201) 534-9044 Telex 833493 
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EMULATOR/LOGIC ANALYZ
ER. Model 4009 combines 
features of a real -time 68B09/E 
emulator and a 12/20-MHz , 
18-channel logic analyzer. Its 
menu-oriented display allows a 

user to disassemble a program 
in mnemonic form. A terminal or 

Placing Series RL 1328/1329 Our chokes range in price from 
Renea common mode chokes at the $2.13 to $3.10 per 1,000-stock, are 
inputs of electrical equipment or extremely compact, have low 
circuits is by far the lowest-cost profiles, (as small as 0.657" H, 
way to meet US and international 1.312" W, 1.687" 0), and are very 
requirements for safety and easy to mount on pc boards. They 
suppression of feedback EMI. They offer 5,000 volts dielectric isolation, 
are avai lable in such an and meet UL, CSA, and VOE 
elephantine range of current specifications. Windings are 
ratings (up to 35 amps) and balanced to within 1 %. MIL spec 
inductances (6.8 microhenries to 39 and encapsulation available. We 
millihenries) that it's difficult to design and manufacture in the USA 
imagine an application that cannot and ship world-wide. 
use one of our standard chokes. Cal l or write Bruce Rensing, 
(If you have one, however, we'll be Renco Electronics , Inc. , 60 Jefryn 
glad to make up custom chokes Boulevard East, Deer Park, 
for you.) NY 11729 516/586-5566. 

I~ ~~~.~.C?,,~~~~!~w~~~CS, INC. 
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host computer can control the 
unit through three general
purpose communication ports ; 
two RS-232C communication 
cards and one cassette interface 
are provided. GPIB and Centron
ics printer-interface communica
tion cards are optional . Other 
features include four break 
events (40-bit-wide trigger condi
tions) and a real-time, 2k x 56-bit 
trace memory, configured so 
that the operator can examine 
the trace while in emulation. 
$4995. Advanced Digital Tech
nology Inc, 13400 Northrup 
Way, Bldg 15, Bellevue, WA 
98005. Phone (206) 643-2382. 

Circle No 129 

SYSTEM POWER SUPPLY. An 
IEEE-488 de power supply with 
a bidirectional interface and 
autoranging for systems applica
tions, HP 6034A combines an 
internal µP-based HP-IB pro
grammer with FET switching 
technology to provide laborato
ry-grade performance specs and 
autoranging capability. Its firm
ware permits programming of 
the output voltage and current 
directly in volts and amps with 
12-bit resolution. The unit also 
provides remote output voltage 
and current metering over the 
bus with 15-mV and 2.5-mA 
resolution, respectively. An over
voltage-protection circuit can be 
directly programmed in volts with 
8-bit resolution . Other features 
include built-in diagnostics and a 
removable front panel for access 
to the calibration board. $2700. 
Hewlett-Packard Co, 1507 
Page Mill Rd, Palo Alto, CA 
94304 . Phone local office. 

Circle No 130 
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250W SWITCHERS. SF Series 
open-frame de units feature a 
dual input range of 90 to 132 and 
180 to 264 V ac and 16-msec 
input carryover . Ripple and 
noise equal 40 and 75 mV p-p 
max typ, respectively, at full 
load. Line and load regulation 
spec at 0.15% for all outputs 
except the 24 V output of the 
5-output Model 5FXMP, where 
they equal 8%. Overvoltage 
protection, foldback current limit
ing, remote sensing, output
voltage adjustment, enable/in
hibit function and LED status 
indicators for each de output are 
provided. From $249 for single
output units; from $379 for 
multiple-output models. Deliv
ery, 6 to 8 wks ARO. Sierracin/ 
Power Systems, 20500 
Plummer St, Chatsworth, CA 
91311. Phone (213) 998-9873. 

Circle No 131 

IN-CIRCUIT TEST SYSTEM. 
Including a high-speed Nova 4X 
minicomputer with 128k words of 
MOS memory and an enhanced 
test executive, Series 30/303S 
test system provides automatic 
test-program-generation soft
ware that offers near-total-fault
detection production programs. 
Features include advanced test 
algorithms, an LSI debugger, 
QA-check program and pin-to
node identifier. The software 
package includes the PIN
CHECK program, which verifies 
complete interconnection be
tween the test fixture and the 
board under test. It is executed 
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before each board test begins, 
identifies pins not contacting the 
board and halts the test se
quence to permit corrections . 
Typical system, $180,000; fore
ground /background program
ming option, $4100. Fairchild 
Corp Subassembly Test Sys
tems, 299 Old Niskayuna Rd, 
Latham, NY 12110. Phone (415) 
962-3533. Circle No 132 

POWER ANALYZER. Model 
636 multifunction power analyz
er measures ac voltage, current 
and time. Using those measure
ments, it can calculate and 
display watts, watt-hours, VARs, 
VAR-hours, volt-amps, phase 
angle, power factor and frequen
cy. Features include high resolu
tion and true-rms measurements 
with crest factors of 3 for current 
and 2 for voltage. $5670 . 
Delivery, 6 to 8 wks ARO. RFL 
Industries, Powerville Rd , 
Boonton , NJ 07005 . Phone 
(201) 334-3100. Circle No 133 

OPEN-FRAME SUPPLIES. With 
a shielded transformer, socketed 
semiconductors , dual ac input, 
barrier-block terminals and an 
MTBF to 100,000 hrs, HVQ 
Series single-output linear units 
achieve current ratings to 3A. 
Input ratings equal 105 to 125 or 
210 to 250V, 47 to 440 Hz; 
outputs include 5V /3A, 12V I 
1.7A, 15V/1.5A and 24V/1.2A, 
adjustable ±5%. Line and load 
regulation equal 0.1 %. Ripple 
and noise spec at 1.0 mV rms, 5 
mV p-p. Remote sensing and 
reverse voltage protection come 
standard. $21 . Deltron Inc, Box 
1369, North Wales, PA 19454. 
Phone (215) 699-9261 . TWX 
510-661-8061. Circle No 134 

PACKAGED ~ 
• • J . 

ACTUAL SIZE 

DISCARD 
YOUR 
FILTERS! 
NEW 24 PIN DIP 

DC/DC CONVERTER 
WITH INTERNAL 

INPUT FILTER 

• Power to One Watt 
•Inputs: 5V or 12V DC 
• Outputs: 5 V, 12V, 15 V, 

±12V or ±15V DC 
• Wide Input Voltage P.ange 
• f\egulated Outputs 
• Input/Output Isolation 
• Low P.ipple and Noise 
• 100 Piece Price from $30. 45 

TWO-YEAR 
WARRANTY 

THREE-DAY 
DELIVERY 

Find us in : 
EEM • GOLD BOOK• DEM 

~Power Products 
Division of Computer Products, Inc. 

2801 GATEWAY DRIVE. 
POMPANO BEACH, FLORIDA 33060 

(305) 974-2442 
TWX 510-956-3098 
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New Products ICs & SEMICONDUCTORS 

Low-cost speech-synthesizer IC 
speaks in as many as five languages 
You can now give your product 
some "say so" in its usage by 
incorporating a Custom ROM 
Controller (CRC) voice-synthe
sizer IC into its design. It could 
then speak in an assortment of 
English vocabularies, including 
one for calculators (24 words) 
plus standard (64 words), ASCII 
(64 words) and 119-word basic 
sets. The calculator voice is also 
available in Arabic, French, 
German and Japanese. 

When the CRC combines with 
the vocabulary RAM, a simple 
passive filter and an op amp, the 
resulting speech is an emotion
less, nonhuman-like robotic 
sound. 

.. JI' ~ 

Voice output occurs when the Custom 
ROM Controller (CRC) JC decodes a 
6-bit data word, fetches the digital 
equivalent from memory and recon
structs the desired word(s) . The 
resulting robotic-sounding words are 
easily concatenated without conflicting 
inflections. 

The CRC performs two func
tions: It's a speech synthesizer 
and a speech-data controller. In 
a typical application, you input a 
6-bit data word to it. It then 
retrieves the corresponding 
word(s) from memory and 

I!"" Lr 

reconstructs the message. 
Based on the techniques 

developed by Dr Forrest Mozer, 
algorithms convert the original 
human speech into digital data 
to yield approximately lk bits 
per speech-second. Thus, be
cause the CRC can directly 
address up to 32k-byte-wide 
ROMs, you can generate approx
imately 30 sec max of speech (64 
sec max with extra decoding). 

The CRC voice-synthesizer IC 
costs $65 at the sample level or 
approximately $20 (5000). 

Telesensory Speech Sys
tems, 3408 Hillview Ave, Palo 
Alto, CA 94304. Phone (415) 
856-8255. Circle No 125 
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New Products 

ICs & SEMI
CONDUCTORS 

12-BIT DAC. A self-contained 
hybrid uriit, DAC 1280A provides 
feedback resistors, output op 
amp and reference on three 
dice. Output current equals 0 to 
2 mA, and settling time to 
full-scale accuracy equals 300 
nsec in Current mode and 2.5 
µsec in Voltage mode. Power 
dissipation in either mode specs 
at 500 mW. Internally supplied 
resistor options provide low-drift 
bipolar output-voltage ranges of 
± 2.5, ± 5 and ± 10V and 
unipolar ranges of 0 to 5 or 0 to 
10V. $22.95 (100) in 24-pin DIP. 
National Semiconductor, 2900 
Semiconductor Dr, Santa Clara, 
CA 95051 . Phone (408) 737-
5000 . TWX 910-339-9240 . 

Circle No 126 

SG1 731 
Bl- DIRECTIONAL PWM 

MOTOR DRIV E C lRCUlT 

-MONOLITHIC PWM. A mono
lithic pulse-width modulator for 
de motor control , the SG1731 
provides bidirectional pulse-train 
output in response to the 
magnitude and polarity of analog 
input signals . It features exter
nally programmable deadbands 
to control power consumption, 
stiffness and stability and an 
internal amp. Its triangle-wave
form oscillator requires only one 
external capacitor to set fre
quency as high as 350 kHz; a 
summing/scaling network per
mits level-shifting the triangle 

EDN SEPTEMBE R 16, 198 1 

waveform for pulse-width modu
lation. Supply voltage to the 
output drivers can come from 
dual posit ive and negat ive 
supplies or from single-ended 
ones. Output voltage equals 
± 35V ; supply-voltage range 
specs at ± 3.5 to ± 15V. The 
SG1731 operates over - 55 to 

+ 125°C; the SG2731 , - 25 to 
+ 85°C; the SG3731 , O to 70°C. 
SG3731J, $7 (1000) in a 16-pin 
Cerdip. Delivery, 10 wks ARO. 
Siiicon G-eneral Inc, 11651 
Monarch St, Garden Grove, CA 
92641 . Phone (714) 892-5531. 
TLX 692411 . TWX: 910-596-
1804. Circle No 127 

The Hecon with 
the Hopper. 

. . ~."."';; . ..:..,.":,:·~·"'' -- ...... ............ . 
; ·,-::;-::, .,',!,,.";~--., .. ~··-· .... .. 

The Hecon A0542 impact dot matrix ticket printer with hopper 
feed. Load up to 75 tickets in the easily accessible hopper. 
When you are ready to print, the A0542 automatically feeds, 
prints and transports the ticket for removal. You can even 
reinsert a ticket for additional printing thru the unique reprint 
feed slot. 

The highly visible Time and Date feature is standard and can 
be printed with a single command. 

The A0542 can pri nt the 96 character ASCII set bidirectionally 
at 120 characters per second. The standard print head is 
rated at 200 Mill ion characters minimum for long, dependable 
service. 

It's got to be good. It's a Hecon. 

Hecon Corporation. 31 Park Road. Tinton Falls. NJ 07724 
• (201) 542-9200 
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Edited by Jesse Victor 

A Question of Law 

Be sure of a device's patent status 
before incorporating the part in a design 

David Pressman, Attorney at Law 
San Francisco, CA 

If you want to incorporate a competitor's circuit into 
your design, can you do so without being sued? How 
can you determine a product's patent status and 
whether you can copy the product without liability? 

That the circuit or device doesn't appear to be 
patented provides no guarantee of safety: It could be 
the subject of a pending-and secret-patent appli
cation. However, several rules and guidelines can 
help you determine a device's patent status and if it's 
relatively safe to manufacture. Thus, this second 
article in a 3-part series on aspects of patent law 
focuses on the procedures involved in obtaining 
clearance for copying a manufacttired product. 

First, remember that patent professionals do not 
consider it immoral or unethical to copy any circuit or 
device not patented or on which the patent has 
expired. The patent laws' purpose is to disseminate 
new developements to the public by inducing inven
tors to reveal the details of their inventions with the 
promise of a limited-term monopoly. Once a patent 
expires, therefore, the public is free to use the 
patent specifications to make and use formerly 
patented devices. 

Thus, if the circuit or device you're interested in is 
not currently patented, the patent probably has 
expired and it's in the public domain. And by copying 
it you're doing just what the law intended: using and 
building upon the knowledge disseminated by a 
patented invention. 

Unpatented device open to copying 
Even if the circuit was never patented, you're still 

within your rights in copying it. By producing a 
commercial product without patenting it, the inven
tor (or the inventor's company) has, in effect, said: "I 
don't want a monopoly on this product; anyone 
interested in it is free to use it, provided that he 
takes the trouble to reverse-engineer the device." 

Next, remember that the law prohibits you from 
copying any nonfunctional aspects of an unpatented 
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product, such as its novel shape, color or design. 
These aspects could be considered a trademark or 
the equivalent of a trademark. And nonfunctional 
features not serving as a trademark are often 
protected under the law of unfair competition (EDN, 
July 22, pg 390). 

The law in this area, though, is currently in a state 
of flux, so it's impossible to offer definitive rules or 
guidelines. Generally, however, you'll be safe if you 
make your equipment's exterior design (shape, color 
and other nonfunctional features) sufficiently differ
ent so it won't be confused with your competitors'. 

You can see that although it's morally and legally 
permissible to copy an unpatented device in public 
use, determining a product's patent status is not 
always easy. 

The first step is to examine the circuit's or device's 
enclosure, instruction manual, advertising literature 
and package to see if they contain any indication of 
patent status. (A patent owner or applicant, though, 
has no legal obligation to label a product with this 
information.) In this regard, every invention has 
three possible patent statuses: patent pending, 
patent in force and patent expired. 

"Patent pending" confers no rights 
If the circuit is marked "patent pending" or 

"patent applied for," it means that a patent applica
tion has been filed in the Patent and Trademark 
Office but no patent has yet been issued (or the 
application hasn't yet been abandoned if the device is 
found unpatentable). But note that a patent applica
tion and patent-pending status confer no rights; 
technically you're free to make and sell any invention 
whose patent is pending. You'd be unwise to do so, 
though, because a patent might eventually be issued 
and you'd then infringe it. 

You're not relegated, however, to copying at your 
peril with a patent-pending invention. If you're 
interested enough in it, you can make a Patent Office 
patentability search and obtain a patent attorney's 
opinion to determine whether the invention is 
patentable. If so, its owner will likely obtain a 
patent; in this case, then, don't waste your capital 
tooling up because you'll likely be charged with 
infringement once the patent issues. 

But if you discover that the invention is old and not 
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A Question of Law 

covered by an in-force patent, you're free to use it. In 
this case, you'll merely be practicing the "prior art," 
and the patent application's owner won't be able to 
obtain a valid patent on his invention. 

One word of caution: Patent law isn't always black 
and white, so you should consult a patent attorney 
before you copy a product to make sure you haven't 
missed any important points. 

Name search can determine patent's status 
If the invention of interest simply carries the label 

"patented," you can't be sure whether it's covered by 
an in-force patent-one issued within the past 17 
yrs-or by an expired patent that places the device 
in the public domain. 

An invention in use for approximately 21 yrs (17 
yrs for its patent term, plus about 4 yrs comprising 
the 1-yr grace period between first commercial use 
and a patent application and the patent-pending 
period) can almost certainly be manufactured with 
impunity. If you can't be sure, however, that the 
invention has been publicly available for 21 yrs, you 
c·an have a patentability or name search conducted in 
the Patent Office to determine the exact status. 

A name search pulls all the patents issued in the 
name of the company manufacturing the product (or 
its inventor, if you know his identity). This proce
dure is not generally recommended, though: There 
could be simply too many patents issued in the 
company's name to make an identification practical, 
or the patent you're interested in might not be issued 
in the manufacturing company's name at all. 

If there's no patent marking on the device or its 
housing or packaging (as is frequently the case), and 
it hasn't been publicly available for 21 yrs, you run a 
definite risk if you copy or manufacture it-it could 
be covered by an in-force or pending patent. In this 
case, then, follow the aforementioned procedures 
outlined for a patent-pending invention. 

Trying to break a patent is not immoral 
If an in-force patent covers the circuit or device 

you want to manufacture and it can't be designed 
around, only three courses of action remain: break
ing the patent, a "damn the torpedoes" approach or 
obtaining a license. 

You can try to break the patent by making an 
extended validity search and study of the Patent 
Office's file on it. This process, however, requires an 
experienced patent attorney and could cost several 
thousand dollars. And although it's been said that 
given enough money almost any patent can be 
broken, most patent attorneys would disagree. In 
fact, hundreds of patents are held valid every year 
after extended and extremely expensive court 
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challenges. It wouldn't be a bad idea, though, to 
carefully study any patent you're interested in and 
make a regular patentability search before consider
ing the alternatives previously noted; even a prelimi
nary study can point out potentially fatal flaws. 

As to the morality of seeking to break a patent, 
remember that a patent grants a valuable 17-yr 
monopoly. Thus, finding a good reason why the 
monopoly should not have been granted in the first 
place (the Patent Office makes mistakes like every
one else) constitutes a public service in helping to 
rescind an improperly granted monopoly. 

Under the patent-law amendments recently adopt
ed (EDN, June 24, pg 133), if you've found a good 
reason to challenge a patent, you can cite pertinent 
prior art to the Patent Office and have it placed in -
the patent's file or even request that the Patent 
Office re-examine the patent. The re-examination fee 
runs $1500 plus attorney fees, but this sum is still far 
cheaper than a full-blown court test. 

As an alternative to trying to break the patent, 
you can go full speed ahead and "damn the torpe
does" by simply making and selling the patented 
invention and hope that the patent's owner won't 
catch you. If caught, you can then try to break the 
patent or negotiate a license. This approach isn't 
considered the most moral of positions, but ies 
followed frequently in industry. And it's adopted ' 
particularly with inventions not readily identifiable 
from an infringer's product, such as electronic 
circuits or semiconductor devices, especially if they 
can be incorporated in an IC. 

If you do follow this approach, though, be sure to 
set aside a reserve fund equal to a reasonable patent 
royalty on the device you're going to use-a sum 
usually 1 to 10% of its factory price, depending upon 
the invention's value and importance to the final 
product. And be aware that if your infringement is 
discovered and you're sued, the patent owner can 
obtain an injunction prohibiting you from further 
manufacture or sale of the device. He can also collect 
damages equal to reasonable royalties for the past 
use of his product. 

Asking for a license can be risky 
The third method of copying a patented invention 

is the most moral of all: Ask the patent owner for a 
license to make and sell the device. But unless you 
know he's willing to license (eg, if he's already 
granted licenses to others), this approach can be 
risky because he can refuse to grant a license or can 
offer one only on very expensive terms. Thus, by 
inquiring about a license, you could tip your hand 
needlessly and lose most of the possible advantages if 
you decide to finally "damn the torpedoes ." 
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Delivery from stock 
in 

Production Qtys. 

T0·5 
TRIACS 

and 

SC Rs 

. r. 
·1.' 

• 3A Sensitive Gate TRIACS 
3 to 25mA (IGT) 

• 6A TRIACS 
• 4A Sensitive Gate SCRs 

200µA and 1mA (IGT) 
• 7A SCRs 
• 50 to 600V (VoRM) 
(Higher voltages on request) 

These highly reliable, her
metically sealed metal can 
T0-5-packaged Triacs and 
SCRs are still available for 
immediate delivery in produc
tion quantities from Hutson. 
Sensitive-gate logic Triacs 
have all-quadrant gating and 
are designed to be driven 
directly from ICs. These T0-5 
devices have been produced 
by Hutson for 15 years in 
hermetic packages designed 
for long-life applications 
requiring high reliabi lity. 

Order today or 
call or write 
for samples. 

HUTSON INDUSTRIES 
P. 0. Box 90 • Frisco, TX 75034 

(214) 377-2402 
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I A Question of Law 

Most companies, however, are delighted to grant 
licenses on their patented inventions because they 
provide immediate extra income without risk or 
capital outlay. And the disadvantage of having you 
as an additional competitor is usually outweighed by 
the other considerable advantages of licensing; the 
company is probably already the market leader, and 
having a second source helps sales. 

Finally, if the circuit or device you want to copy 
carries a patent number (eg, "Patent Nr 4,205,483"), 
your course is simplified. Simply order the patent by 
number for $0.50 from the Patent Office, Washing- · 
ton, DC 20231 or photocopy it in a Patent Depository 
Library-listed in the front of any current issue of 
the Official Gazette . 

When you get the patent, note its date of issue; if 
it's more than 17 yrs old, the invention is now iri the 
public domain. If not, you'll have to determine with 
the help of a patent attorney whether your circuit 
would infringe the patent's claims. (See the next 
article in this series for guidance. ) If your circuit 
would infringe, you're left w1th one of the three 
alternatives just discussed. 

Don't make your copy too literal 

If you find, happily, that you can copy a device 
with impunity, remember not to make your copy too 
literal. One manufacturer sent a device to the Orient 
to be inexpensively copied-in quantity. It came 
back in huge quantities faithfolly reproduced down 
to the last detail-including the competitor's em
bossed trademark, which of course had to be 
obliterated at great expense before the device could 
be legally sold. EDN 

David Pressman, JD, BSEE, received the Juris Doctor 
degree from George Washington University and a 
BSEE from Penn State University. Formerly a field 
engineer at Philco-Ford Corp, a patent examiner with 
the US Patent Office and a patent attorney for 
Philco-Ford, Elco Corp and Varian Associates, Press
man is currently in private practice specializing in 
patent law. 

JOB 
SHOPPING? 

Check EDN 's Career Opportunities 

EON: Everything Designers Need 
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This advertising is for new and current products. 

Please circl~ Reader Service number 
for additional information from manufacturers. . . . 

Prl!lters for all reasOflS. Dependable SE'110/ 
SP210 dot matrix printers are ideal for many 
uses. For top quality printing of fanfold, pin
feed for.ms. (SP110 for roll paper and cut 
sheets, ·too.) SP110: Maximum form-3-part, 
9.5" wide, 90 CPS, bidirectional. SP210: Maxi
mum form-6-part, 17 " wide, 230 CPS, bidirec
tional. Both with 96-character ASCII s'et, or 
optipnal sets. Low maintenance piint heads 
and mechanisms, self-diagnostics, startup 
confidence test. Call or write Burroughs OEM 
Marketing, Burroughs Place, Detroii, Ml 48232. 
(313) 972-8031. In Europe, 41ngwood· House, 
High Street, Rickmansworth, Hertfordshire, 
England. Phone f'lickmansworth (092'37) 70545. 
Dealer inquiries invited. · 

CIRCLE NO 96 

CUSTQ!ill VIDEO . TERMINALS. Our video terminal 
may be the solution te your custom video display 
requ irement . They are available housed, in ASA, KSR, 
or .RO form, or in configurations suitable for use 
in your system. Special data formais and protocols 
are possible.· We also have standard hardware to 
provide custom solut ions for your non-display com-
munications needs. Call today. • 
El'FERPRISE SYSTEMS CORP., Box 643, Dover, NH 
03820. Phone 603-742-7363. 

CUSTOM VIDEO DISPLAY TERMINAL 

CIRCLE NO ~9 

MICROPROCESSOR CONTROL SYSTEM 
• Powerful • 6802 processor card with up 'to 4K of 

2708/2716 type EPROM. 
• Advanced bus system reduces 1/0 card costs. 
• Standard off-the-shelf 12Vdc 1/0 cards for direct 

control of nilays, indicators, e\c. · 
• Custom hardware design capability. 
• Complete system design witti applications firmware. 

10% discount on orders accepted during the Mid· 
Atlant ic Computer Show, Washington, D.C. Sept. 
24-27. 

The Seal Organization, Inc. 
1230 Taylor Street; N.W. 
Washington, D.C. 20011 

(202) 726-8814 
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40 Character Alphanumer(c LCO Module 

The A ND1 861 f ea tures 40 alphanumeric char
acters in a two row, twenty cha racter per row 
form at. Each 5 x 7 do t m atrix character is 
0 .21 " high. Belo w each ch aract er an add i t io nal 
row o f dots .ha~ been provided for ' a cu rsor . 
D isplay dr ivers which store and updat e t he 
dot info rmatio n for all 40 ch aracters are in 
cl uded in t he dual PC ' board 9esign yvh ich 
m easures a compact 5 .59'. ' x 1.85" x 0 .57" . 
Li ke all A. N .D. LC D m odul es, onl y a si ngle 
5 vol t de supply is requ ired. O th er f eat u res 
inc lude wide O to 50° C operat ing t em pera
tu re ra nge, low power 'cpnsumpt io n , and 
CM OS/TTL com pq tibl e inter faces. In addi 
ti o n character generat or R OMs and refresh 
mem ory R A M s are also ava ilable from A. N .D . 
as accessory items. 

@ 770 Airpo rt Blvd ., Bu rli ngame, CA 940 10 
Telephone: (41 51 34 7-99 16 
TWX 9 10-374-2353 or 910-3 75-20 12 ' 

CIRCLE ~O 100 

MICRO PROCESSOR PROTECTION 
Three filtered 3·prong sockets and integral spike 
suppression protects micro processor and word 
processor installations. Patented socket jsolatlon 
eliminates equipment interaction for error-free opera
tion. Also isolates and protects from damaging power 
line spikes and hash. 125 VAC, 15 A, 1875 W; 
2000 AMR Spike Suppressor. 
IS0-1 Each socket isolafed . . . . . . . . . . . . .. $62.95 
IS0-3 Each socket duai'isolated . . . . . . . $94.95 

IIll7 ELECTRONIC SPECIALISTS, INC. 
. DEl;'T. EDN 
171 S. Main St. 

Natick, MA 01760 
617-655-1532 
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High Voltage Diode-Anode Connector Assemblies 
Collmer Semiconductor can meet any need you may 
have for HV Diod'e assemblies , · from 5KV to 30KV. 
High quality Fuji d iodes are used exc lusively. Qui ck 
r~sPonse to your inqui ry is assured with prompt 
del ivery of product ion quant it ies. Wi re type and 
length, anode cup and diode to your specification. 

Coll mer Semiconductor, Inc. 
4100 McEwen Dr., Suite 244. 

Dallas, TX 75234 
800-527-0251 TOLL FREE 

CIRCLE NO 101 

To adveftise in Prqduct Mart, coll Joanne 0Qrian, 212/949-4445 
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NON-VOLATILE MEMORY, 
MULTIBUS™ COMPATIBLE 

Offering long-term unpowered data re
tention, the Model E4K EAROM Memory 
Board contains up to 4k bytes of elec
trically alterable ROM that allows either 
work or block erasure. Contents can be 
read with any 8080 memory read instruc
tion . Operating software list ings are pro
vided . 1 K: $395; 4K: $575. Multibus™ 
Intel Corporation . 
SCHNEIDER INSTRUMENT COMPANY 

8115 Camargo, Cincinnati , OH 45243 
Phone (513) 561 -6803 

CIRCLE NO 108 

RACK MOUNT MULTIBUS™CAGES 
Now you can assemble Multibus systems for rack 
mounting appl ications with a minimum of mechan
ical design effort . The 15.75 " high units are avail· 
able with up to 26 card slots compl ete with 
backplane and power supply connections. Multi · 
bus™ Intel Corporation. 
Contact ELECTRONIC SOLUTIONS, 5780 Chesa
peake Court, San Diego, CA (714) 292-0242. Outside 
Californ ia (800) 854-7086. 
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LOW COST 65 WATI SWITCHER 
• Up to 5 Outputs • 5 x 91/2 x 21/2 " Size 
• 110/220VAC Input • Overvoltage Protection 
• Soft Start • High Reliability 
• Short Circuit Proof • 50 ' CTemp. Ratings 

Typical configuration, such as SV @ 6A, 
12V @ 1A, 12V @ .SA and 24V @ 1A is 
priced at $139.00 for a siAgle unit and 
delivery stock to 8 weeks. 

SWITCHING POWER INC. 
4835 Veterans Highway 

Holbrook, NY 11741 
516-981-7231 
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MINIATURE FAST RECOVERY DIODES. 
Ideal for use in CRT displays. Featuring 
superior construction and reliability 
through glass passivation . Low leakage 
at operating temperatures. Ideal for 
many high voltage power supply applica
tions. Available at voltage ratings from 
12000 volts to 24000 volts. Typical re
verse recovery 100 nSecs. Rectifier 
Components Corporation, 1112 Lousons 
Road, Union , N.J. 07083. 201 -687-5410. 
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LOW-COST CAD SYSTEMS FOR PRINTED 
CIRCUIT DESIGN. No other line of Computer
Aided Drafting systems can increase your 
productivity so dramatically, yet be so easy 
to operate and so low in cost. Black-and-white 
and color systems from $32,900 to $98,200. 
Want to know more? ~ontact Pat Shell , Nicolet 
CAD Corporation , 2450 Whitman Road, Con
cord , California 94518 . Telephone (415) 
827-1020. 

LOW COST CAD SYSTEM 
CIRCLE NO 112 

DL-2010 DIGITAL DATA LOGGER 
A Time-Documenting, Recording 01talogger with 
Programmable Alarm Functions. 
A breakthrough In low-priced data acquisition. 

•Offers digital readout. reco rd ing , and acc uracy fo r 
the price of an analog instrument. 

•Applicatio ns for process monitori ng , heat cycling , 
and defin it ion of intermittent p rob lems. 

•The DL-2010 is a d ig ital vol tmeter. 
• Prog rammable recordi ng intervals. 
•Time-of-day c lock for·data documentati on. 
• Programmable high an d low data li mits w ith audible 
' alarm . 
OEM and distributor Inquiries Invited. 

~r~c;g~~~o~1~uc~~~~~(~nf:ie'Si'~N 
13626 S. Freeman Road 
Mullno, Oregon 97042 
Phone (503) 829-9108 
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RENT THIS SPACE 
FOR ONLY 

$500 -
$475 -
$395 

1x 
7x 
13x 

Get HIGH QUANTITIES 
of HIGH QUALITY 

Sales Leads 

Call : Joanne Dorian 
212/949-4445 

CIRCLE NO 110 

GET BIG RESULTS 
WITH PRODUCT 

MART ADS 

Reach over 115,000 Readers -
ALL SPECIFIERS of electronic 

components and equipment 
for only 

$500 

CIRCLE NO 113 

To advertise in Product Mart, call Joanne Dorian, 212/949-4445 
232 ED N SEPTEMBER 16, 198 1 



Literature 

r- -~--301 
I ' I 

I 

Specifying interlocking 
switch assemblies 
This 6-pg brochure details Se
ries 30 Interlock switch systems, 
actuators, switching elements, 
spacers and accessories. Its line 
drawings enhance technical 
data. A dimensional outline, 
mounting diagram and pad of 
order forms conclude the book
let. EAO Switch Corp, 255 
Cherry St, Milford, CT 06460. 

Circle No 135 

Fold-out chart 
highlights resin uses 
This epoxy-resin guide details 
products for encapsulation, im
pregnation, potting or casting 
applications. Providing specs for 
26 1- and 2-part systems, it also 
contains a cure guide and 
temperature classification chart. 
Acme Chemicals and Insula
tion Co, Box 1404, New Haven, 
CT 06505. Circle No 136 

Data details 
statistical MUXs 
Bulletin 5264 describes features 
and applications of the DCX836, 
-840 and -850 statistical multi
plexers . Photos and callout 
diagrams detail the operation of 
the MUXs' various diagnostic 
and networking modules, and 
block diagrams show how to 
incorporate them into different 
networks. A spec chart differen
tiates models by such features 
as number of input channels and 
composite links, buffer size and 

ED N SEPTEMBER 16, 198 1 

automatic-repeat-request capa
bility. Rixon Inc, 2120 Industrial 
Parkway, Silver Spring , MD 
20904. Circle No 137 

Shopping for 
µC software 
Listing more than 50 media 
formats, CP/M-compatible disk
operati ng systems , hard-disk 
integration modules, languages, 
language and C!,pplication tools 
and word-processing systems, 
this 35-pg guide catalogs single
source tested and service
supported microcomputer soft
ware . Data-management and 
mail-list systems, financial ac
counting packages, numerical 
problem-solving tools and pro
fessional and office aids are also 
referenced. Lifeboat Associ
ates, 1651 Third Ave, New York, 
NY 10028. Circle No 138 

Utilizing a 
keyboard/display card 
This 88-pg manual details the 
7303 STC~ Bus keyboard card , a 
general-purpose control-panel 
unit providing data-input and 
display capability. Separate sec
t ions focus on the card 's 
features, its operation and pro
gramming, installation and spec
ifications, software and mainte
nance. An appendix describes 
the unit's front-paneling mount
ing . Pro-Log Corp, 2411 Gar
den Rd, Monterey, CA 93940. 

Circle No 139 

Designing 
with LCDs 
Highlighting principles of opera
tion , driving techniques, surface 
treatments, sealing, cost and 
reliability, a 20-pg handbook 
details liquid-crystal displays. In 
addition, it provides data on 
multiplexing drive techniques. 
Field-reliability information, 7-yr 
life data and graphs and 
illustrations explain the devices' 
operation. Seiko Instruments 
USA Inc, 2990 W Lomita Blvd, 
Torrance, CA 90505. 

Circle No 140 

A look at IC 
packaging solutions 
This literature kit includes a 
152-pg catalog and 24-pg price 
list for microelectronic packaging 
systems and accessories. It 
features a µC-panel family, 
which serves prototyping and 
interface applications compati
ble with DEC hardware, includ
ing PDP-11 and LSl-11 systems. 
A spec table detailing rack 
assemblies , terminals , cable 
types and pc boards concludes 
the catalog. Mupac Corp, 1 O 
Mupac Dr, Brockton, MA 02401 . 

Circle No 141 
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Pata on more than 80 
telecomm 1Jnits 
Featuring a line of video, voice 
and data-transmission systems, 
this 36-pg catalog details micro
wave radio transmitter/receivers 
and subsystems , fiber-optic 
transmission systems, multiplex 
systems, FDM cable-carrier sys
tems, N-type repeatered line 
equipryient, PCM digital multiplex 
equi~['fl ent and cable-carrier sys
tems. It also provides specs and 
illustrations of auxiliary data 
equipment, supervisory and 
control systems and voice
frequency and signaling equip
ment. Specs outlined include 
number of channels , frequency 
range and channel frequency 
response. GTE Lenkurt Inc 
Dept C720, 1105 County Rd'. 
San Carlos, CA 94070. 

Circle No 142 

Oat~ illustrates 
power-line filters 
This 16-pg catalog covers a line 
of RFI power-line filters , high~ 
lighting 3, 6 and 1 OA filters at 
115/250V ac rated voltage, for 
common- and differential-mode 
operation in linear and switching 
power supplies. It also discusses 
FCC and_ VOE emission limits, 
noise modes, insertion loss 
terminology and cost-effective~ 
ness factors. A cross-referenced 
chart compares various manu
facturers ' units. Curtis Indus
tries Inc, 800 W Tower Ave 
Milwaukee, WI 53223. ' 

Circle No 143 
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On surviving in a 
technical hierarchy 
Putt's Law and th~ successful 
technocrat, by Archibald Putt; 
ix+ 165 pgs; $9.25; Exposition 
Press, Smithtown, NY, 1981 . 

Addressing himself directly to 
technology-oriented industries, 
the author of this book provides 
insights into the nature of their 
hierarchies. Not content with 
Dr Peter's famous management 
principles, he applies the same 
type of observation to research 
and production facilities and 
finds some exciting differences 
between technological hierar
chies and the rest of the world. 

One of Putt's most innovati~e 
sections deals with the laws of 
failure. Failure isn't inherently a 
problem, he says . You must 
understand how to fail, howev
er, if you expect to become a 
successful technocrat . 

Using fictional case histories 
and a fictional model technocrat 
named Dr I M Sharp, Putt 
explores the mysteries of inno
vation management, the art of 
giving advice, decision making 
and how to communicate. 

For those of you who are 
thinking of venturing out as 
consultants, Putt offers a stern 
warning. Most technical consul
tants fail, he says, because they 
think that their function is to 
give information and advice. 
You'll have to read his book to 
see the naivete of this notion. 

-Ed Teja 

Need to Know? 
EDN 's adverti se rs stand ready to 
provide you with helpful design in· 
formation and oth er data on their 
products . Just ci rcle the appropri · 
ate numbers on the Information 
Retri eva l Service card. If your neeq 
1s urg ent, contact advertisers 
direc tl y, and menti on EDN . 

EON : Everything Designers Need 

_,\ I EON Sales 
H Victor Drumm 

Executive Vice President 
and Publisher 

Boston , MA02116 
(617) 536-7780 
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FLOATING POINT SYSTEMS, located in Beaverto n. 
Oregon , is the world leader in the design and 

manufacture of Array Processors . We have 
immediate openings for individuals with proven 

credentials who are ready for a challenge . 

Electronic 
Design 

Engineers 
You will function as a member o f a design team 
developing new products . A strong background 
in computer logic and systems design using TTL 

or ECL is required . Engineering experience 
should include responsibility for spec ification 

and design of major processor subunits, either 
arithmetic elements , memory, o r control units , 

etc ., or 1/ 0 subsystems. 

If yo u believe you measure up, and would like 
to become involved in a dynamic , growing 
computer company ond live in the Pacific 

Northwest, call (collect) Bob Clay at 
(503) 641-3151, ext. 154 or send resume and 

salary history to : Floating Point Systems, 
P.O. Box 23489, EDN-01, Portland, OR 97223. 

An equal opportunity employer m/ f/ h. 

F ~ 5 Fl.O\TING FONT r Sv'STEMS, INC. 

Ci rc le No. 5000 (on page 240 of EON) 

ELECTRONIC 
ENGINEERS 

Our cl ients , high tec hnology firms in 
New Eng land and nationwide have 
openings in: Hardware and Software 
Design, Analog/ Digital Circuits, Tele
communications, CAD/ CAM , Micro
wave, Optics, Aerospace & Under
water, Electronic Warfare Systems. 

Hardware/Software 
Design Video Games 

Sunbelt Location 
Salary Open 

Contact in confidence : 
Fred Raisner 

llllill SEARCH INC. 
144 Westminister St. 

Providence , R.I. 02903 
(4011 272-2250 

Looking for 
quality resumes? 

Run your ad on 
these pages and 

you'll get just that! 
(617) 536-7780 

MINI APPLICATION 

Name 

Home Address City State Zip 

Home Phone Other 

Degree Job Title 

Present Employer Since 

Location Preferred Salary Requirement 

SOUTHEAST 
Our 15 o ffices in the southeast 
spec ialize in Control Systems, 
Ins trum e nt a t io n, E lectro nic 
Des ign , and all t ypes o f Engineer· 
in g posi ti o ns from 20-40K. Ag· 
gressive, conf id ent ial. Fee-Pai d 
service. Send resum e to 
Ted F. McCulloc h, 
BEALL PERSONNEL, 
P.O. Bo x 5042, Dep t. E.E., 
Spa rta nb urg. SC 29304. 

Telephone Sheila Schaeffer , (617) 536-7780 to advertise in Career Opportunities 
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--HARDWAR~WFTWA~---SYSTEM~NGINEERS-1 
Project Mgr . High Speed Printer .... 45K + Senior Manager Dig . Des . . . . . . .45K + I 
Software Development . . . 45K Product Mgr . Telecom . 44K I 
Senior Manager R&D $1 MM budget . 45K + Adv . Des . Voice Data Tranx . . . . 40K 
Supv. Syst. Design . . . 44K Sr . Mgr . Ckts . & Components . . 45K + I 
Adv . Des. Winchester/ Hd . Disk . .. .. 44K Sr. EE Analog / Closed Loop .. . . 43K 
VLSI Design . . 40K + Information Display Syst . 40K I 
EE 2 yrs . experience Digital . . . 2BK Logic Design CPU sm. comp . . ... 44K 

Many positions In Micro-based systems I 
Call Noel Rice collect 312-887-1220 I 

MINI APPLICATION I 

Name 

Home Address City State 

Home Phone 

Degree 

Zip 

Other 

Job Ti tle 

I 
I 
I 
I 
I 
I 
I 
I 

s· I Present Employer 1nce I 
/111/WJ ELECTRONICS P.O. Box 12a1 I 

Oakbrook, ILL 60521 I 
~-----------~----------

ELECTRONIC 
ENGINEERS 

We have over 40 years experi
ence in placi ng professional s in 
all eng ineering disciplines with a 
specia l emphasis on elec troni c 
professionals . Your career move 
should be an A·J priority. Work· 
ing with professionals can in· 
su re that. Your sk ill s are our 
trade at Nationwide. 

NATIONWIDE BUSINESS 
SERVICE 

145 State St. , Suite 310 
Springfield , MA 01 103 

" in Our 43rd Year" 

HI-TECH CAREERS 
Openings exist coast to coast with 
salary increases to 30 percent. 
•Software 
• Circuit Design 
•CAD/DAM 
• ECM/EW/Radar 
• Power Supplies 
• Microprocessors 
• Electro-Optics 
• Control Systems 
•ATE 
•Computers 
• Avionics/Navigation 
• Communications 
For a confident ial discussion 
contact John Luce. 

Frost Associates 
P.O. Box 2633 

Springfield, MA 01101 
(203) 623-0157 

affiliated offices coast to coast 

SUN PETROLEUM PRODUCTS CO. 
PROCESS CONTROL PROGRAMMER/ 

ANALYST 
Seeking person with BSEE, computer 
science, math degree or equivalent with 
minimum 3 years experience in control/
optimization techniques in real -time utili
zation of FORTRAN, BICEPS and/or BASIC 
language ~ Familiarity with assembler pro
gramming/debugging techniques desir
able. Will assist in building and maintain
ing data base for control, optimization and 
data acquisition programs ori new sys
tems in 85,000 BPD refinery located in 
Tulsa, Oklahoma. 

Send Resume to or call: 

R. J. Murphy 
Sun Petroleum Products Co. 

Tulsa Refinery 
P.O. Box 2039 

Tulsa, OK 74102 
(918) 586-7306 

WE ARE AN EQUAL OPPORTUNITY EMPLOYER M/F/H 

Circle No. 5001 (on page 240 of EON) 

Circle No. 5002 (on page 240 of EON) 

Telephone Sheila Schaeffer , (617) 536-7780 to advertise in Career Opportunities 
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ELECTRONIC ENGINEERING GROUP 
.... . Provides the opportunities you 
may be looking for . If you're search
ing for a real economic and technical 
growth and have skills in RF , 
Analog , Digital , or Software Design , 
toward Communication , Micro
processor or Computor Application, 
Please inquire . 

L. DeWitt 
Manager of Recruitment 

ELECTRONIC 
ENGINEERING 

GROUP 
7667 W. 95th St. 

Hickory Hills , 1160457 

312-430-3431 

PRODUCT 
MANAGERS 
Leading electronic component 
manufacturer is seeking quali
fied candidates for : 

PRO~RAM BOARDS 
New prototype system and 
program board development 
requires individual experi
enced witr wire wrap and 
insulation displacement wiring 
components background along 
with knowledge in the design 
and marketing of memory, 
logic, microprocessors and 
analog circuits. 

BURN-IN 
COMPONENTS 
Experienced Sales Engineer 
with knowledge of the test 
and burn-in component mar
ketplace needed. Particular 
emphasis is placed on sockets, 
connectors and circuit boards 
for IC aging and evaluation. 

Salary commensurate with 
proven record of accomplish
ments . In your first letter 
include salary history, educa
tion and experience. Send 
with resume to: 

EON Box 901 
An Equal 
Opportunity Employer 

SIU SEARCH NORTHWEST, INC. 
A Professional Recruiting Agency 

620 S.W. 5th-Suite 825 
PORTLAND. OREGON 97204 

(503) 222-6461 

PERSONNEL RECRUITING FOR THE 
ELECTRONICS INDUSTRY 

CAREER POSITIONS AVAILABLE IN: 

* General Mnyt * Product Mngt 
* Engr Mngt * Packaging * Engineering * Project Mngt/ Engr * R & D * Mfg/ Production * Design Engineer * Sales-Marketing 

FORWARD YOUR RESUME 
FOR CONFIDENTIAL CONSIDERATION, 

OR PHONE: 
KEITH NYMAN (503) 222-6461 

OUR SEARCH FEES ARE EXCLUSIVELY 
EMPLOYER PAID 

EDN SEPTEMBER 16, 1981 

...................................................... - ............ _ ............................ 1 
I ENGINEERING POSITIONS I I 

SIECOR/OPTICAL CABLE 
---------------- A SER VI CE OF SIECOR 

I 
I 
I 

I I ! Siecor/Optical Cable, a leading supplier I 
~ of optical cable and support equipment, ~ I has several engineering positions open ~ 
~ for qualified personnel. I 
I ! 
~ • Manager, Field Engineering ~ I • Senior Project Engineer i 
~ • Project Engineer I 
I ! ~ Requires BSEE with 3-10 years experience Ill'! 

~ in telephone company outside plant or I I planning engineering. I 
! ! ; • Product Engineer Ill'! 

~ I I Requires BSEE or BSME with 2-5 years 1. 
! experience in design and packaging of 

1
11! 

~ electronic test instruments. 

I I 
~ Salary: Commensurate with education I I and experience. I 
I If you are interested in a challenging I I position in a growing industry, please I I submit your resume to: ~ 

! ! 
~ Siecor Corporation i 
I ~ ! Penny Church I 
~ Four Eighty Nine ~ 
~ Hickory, Ne 28603 I 
~ I I An Equal Opportunity Employer I 
I Circle No. 5003 (on page 240 of EON) ; h.-...-... ........................................................................ . 

Telephone Sheila Schaeffer, (617) 536-7780 to advertise in Career Opportunities 
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Who will be first 

238 

to see through the 
· walls of the future? 

It could be you and Hughes Electro
Optical and Data Systems. 

We .built the first working laser, and 
today our electro-optics , f iber optics, 
thermal imaging and infrared systems 
are like secqnd sight. 

Like a cryogenic rocket -borne in
frared telescope that's extending 
man 's vision iarther than ever before. 

Like advanced monol ithic focal 
plane arrays that will improve the sen
sitivity, resolution and range of future 

thermal imaging systems. 
Like precision scanning mirrors that 

map the earth every eighteen days. 
Who will be first to see intci the 

depths of space? Who will be first with 
intelligent sensors? Who will be first 
with the electronics of the future? 

With 1,500 projects and a $6 billion 
back log , it could be you and Hughes. 

At Hughes Electro-Optical and Data 
Systems, we' ll introduce you to people, 
ideas and jobs that could change your 
world. And maybe ours. 

It could be you and Hughes 
Electro·Optical and 

Data $·ystems. 

Circle No. 5004 (on page 240 of EON) 
Telephone Sheila Schaeffer , (617) 536-7780 to advertise in Career Opportunities 

Call or send resume to: 

Hughes Electro-Optical 
& Data Systems 

P.O. Box 913, Dept. ND~·5A 
El Segundo, CA 90245 
(213) ~16-3374 .. 

Current openings: 

Test Equipment Design 
Designers/Drafters 
Quality Assurance 
Production 
Industrial 
Facility 
CAD/CAM/CAT 
Production Control 
Program Controls 
Materials & Processes 
Systems/Procedures 
Planners 
Electromechanical Packaging 
Components & Materials 
Analog/Digital Design 
Computer Science 

r------------- --- --1 

HU(; HES 
I I 

L-------- --- -- --- --~ 
HU G HE S AIR C RAFT CO MPAN Y 

Proof of U.S. Citizenship Required 
Equa! Opportunity Employer 
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D.EFINE THE FUTURE 

I 

----
Work with B.N R 
to_ advance the 
Technology of . 
T ~1.ecommunications 
on the 

The success that BNR has achieved in the development of new 
software controlled telecommunications systems has increased our 
need for experienced electronics and software engineers. At the 
moment , we require a variety of proiessionals to advance the state-of
the-art in computing science, to develop new products , and to guide 
their applications. Outl ined below are the major areas in which we have 
need for software and electronics professionals . Each area represents 
several immediate openings. If you have a BS/MSEE CS, Physics, or 
Math , or equivalent , and related professional experience, join us, and 
experience the innovative freedom , technical cha llenge, and the 
professional growth inherent in pioneering the telecommunications 
systems of the future. 

San Francisco Peninsula 

Systems Engineers 
Develop, and design comp lex 
voice and data communications 
networks and products. Parti cipate 
in network planning , product 
defin ition, investigati ng new 
technology , and evaluating changing 
ind ustry standards. 

Software Engineers 
You will specify, design , implement, 
test, and document real-time software 
for telecommunications applications, 
including call-processing , hardware 
interfacing, systems sup port , 
diagnostics , and data administration. 

Development Engineers 
Design and develop digital and analog 
circuits , for PBXs utilizing 
minicomputer and microprocessor 
technology. Perform circ uit analysis, 
design PBX line circ uits , trun k 
c ircuits , and tone receivers, from 
conception through prototype build. 

We ask a lot, but we give a lot. 
Make no m istake. These are demanding positions. BNR expects the best of our people, but in return we provide 
appropriate rewards and recognition . 

In addition to excel lent salaries, we offer a comprehensive and attractive company-paid benefits program including 
medical , dental , and orthodontia insurance for employees and dependents , life and disability insurance, a credit union , 1 O 
holidays, employee referral cash awards , 100% tuition and books reimbursement , excellent retirement and savings plans , 
a one-week Christmas shutdown . and an additional three weeks o f annual vacation beginning the first year 
of employment . 

We are waiting to 
hear from you. 
Come and see us 
about your future. 

For prompt consideration lead ing to career discussions with our techni cal 
managers, please send your resume to Susan Voshell , Technical Recruiter, 
BNR INC., Mail Stop 224, 685A E. Middlefield Road , Mountain View, CA 
94043. An equal opportunity employer. U.S. Citizenship or Permanent Res i
dent Visa required . 

Circle No. 5005 (on page 240 of EON) 

Telephone Sheila Schaetter , (617) 536-7780 to advertise in Career Opportunities 
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RESUME FORWARDING SERVICE 
5000 5001 5002 5003 5004 

To have your resume forwarded to the company 5005 5006 5007 5008 5009 
of your choice, simply circle the number in the 501 0 5011 5012 5013 5014 
box at the right that corresponds with the num- 5015 5016 5017 5018 5019 
ber at the bottom of the ad that interests you . 5020 5021 5022 5023 5024 

5025 5026 5027 5028 5029 
Complete the following resume and mail to : 5030 5031 5032 5033 5034 

5035 5036 5037 5038 5039 

EDN 
CAREER OPPORTUNirIES 5040 5041 5042 5043 5044 
&al Columbµs Ave. 5045 5046 5047 5048 5049 
Bosion, MA 08116 

CALL: 617-536-7780 ask for Sheila Schaeffer 

(Please type , or print) 

GENERAL INFORMATION 

Last Name First Middle Initial 

Home Address (Street, City, State , Zip) 

Home Phone (Area Code) Other (Area Code) 

Foreign Language 
Read Write Speak 

Please Check One: 
U.S. Citizen Permanent Resident 

EDUCATION INFORMATION 

School Location Year Graduated Degree Major 

School Location Year Graudated Degree Major 

EMPLOYMENT INFORMATION 

Name & Address of Present Employer Yrs Employed 

Position (Please give a brief description of your work ) 

Are you willing to relocate? 

If so , what are your geographical preferences? 

Please indicate salary requirements 

•Please Sign Here 

Date 

9-16 

•Your signature will authorize us to forward the above information to the company of your 
choice, in the strictest of confidence. 

Telephone Sheila Schaeffer , (617) 536-7780 to advertise in Career Opportuni ties 
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Looking Ahead: Trends and Forecasts 

'80s' F-0 gov't sales 
to top $1.9 billion 
The 1980s will see total US 
production of fiber-optic compo
nents for government/military 
applications skyrocket to more 
than $1. 9 billion, fueled by 
rapidly rising sales of point-to
point analog and digital commu
nications equipment. Govern
ment data-bus fiber-optic 
applications-including radar, 
data-processing, guidance/con
trol, sonar and electronic-war
fare systems-will account for a 
$23 million market by 1985, 
predicts Gnostic Concepts Inc 
(Menlo Park, CA). And produc
tion in these five equipment 
categories should reach $99 
million in 1990. 

Standardization of compo
nents used for government 
applications will be completed 
by 1983 in time for broad-scale 
fiber-optics usage , says Bill 
Walsh, Gnostic Concepts mili
tary analyst . As fiber-optic 
architecture grows more com
plex, optical-frequency and mul
tiplexing techniques will be 
employed, and wavelength di
viders will utilize planar and 
concave diffraction gratings and 
wavelength-sensitive fibers, in-

Mass-produced electric 
cars by 2000? 
Long promised but never deliv
ered, practical electric vehicles 
(EVs) (EDN, September 5, 
1980, pg 105) could finally start 
rolling down American roads in 
significant mass-production 
quantities soon after the turn of 
the century, says Harry W 
Mathews Jr, consulting engi
neer at Arthur D Little Inc 
(Cambridge, MA). 

Limited mass production of 
this country's first generation of 
modern electric cars is sched-
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tegrated on substrates with 
other components. 

Walsh also expects data-bus 
architectures to emerge by 1985 
and foresees increased usage of 
1.3- to 1.6-µm devices in the 
latter half of the decade to 
capitalize on the lower attenua
tion and dispersion possible at 
those wavelengths. Develop
ment of long-wavelength sourc
es and detectors using quar-

uled for 1986, with 2-seater 
General Motors passenger EV s 
expected to be ready for the 
1986-7 model year. GM electric 
vans are due on the market in 
1983. 

The greatest obstacle to 
widespread electric-car use is 
the battery: Today's models last 
only 30,000 mi (500 recharges) 
and cost $1500 to $2500 to 
replace. 

However, by the early 1990s, 
Mathews predicts, power
source improvements should 
result in a power plant lasting 

SOURCE: GNOSTIC CONCEPTS INC 

ternary III-V compounds should 
additionally permit repeater 
spacings of tens of kilometres
and possibly 100 km-by the end 
of the decade. 

Production by the mid-1980s 
of fibers and components using 
fluoride-based glasses will re
sult in low-loss optical transmis
sion lines utilizing the longer 
wavelengths, Walsh predicts. 

the life of the car and providing 
a 150-mi range between charg
ing cycles. 

Early EV s will cost $3000 to 
$6000 more than their. gasoline
powered counterparts, although 
this price differential should be 
halved once 250,000-unit-per-yr 
production levels are reached. 

Material for this page developed 
from Electronic Business maga
zine and other sources by Jesse 
Victor, Assistant/New Products 
Editor, and Joan Morrow, Assis
tant Editor. 
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Boin mlc.10mlnlaUil8 
series (hennetically-sealed metal case) covering 10 KHz tO 800 
models operate from 125 to 800 ohms with insertion Ice; typically less than o.s dB. 

For large dynamic range applications, specify the T-H series ~ can handle 
up to 100 mA primary current without saturation or distortion. 

Need a connector version? Select from the Ff or FfB series, available with 
unbalanced or balanced outputs. Connector choices are female (BNC, Isolated 
BNC, and Type N) and male (BNC and Type N). These units operate from 10 
KHz to 500 MHz with impedances of 50 and 75 ohms. 

Of course, Mini-Circuits' one-year guarantee is included. 

OCISOIAnD Tl-1 Tl- lH Tl.5-1 ttS-6 T4-6 1').1 1').IH Tlf>.l Tlf>.IH 
PRIMARY& Model No. TMOl-1 TMOl.5-1 1M02.5-6 1M04-6 ~· TMOl<>-l 
SECONDARY Imped. Ratio 1 1 1.5 2.5 4 9 9 16 16 

Freq. (MHz) .15-400 8-300 .1·300 .01-100 .02-200 .15-200 2-90 .3-120 7-85 

H T Model 110491 $2.95 $4.95 $3.95 $3.95 $3.95 $3.45 $5.45 $3.95 $5.95 
TMO model 110491 $4.95 $6.75 $6.45 $6.45 $6.45 $6.45 

CENTER-TAPPED Tl-IT TZ.IT T2.5-6T T3-1T T4-l T4-1H Ts.IT Tl3-IT 
OCISOIA'IED Model No. TMOl-IT TM02-1T TM02.5-6T TM()3.IT TM04-l TM05-IT 1M013-1T 
PRIMARY& Imped. Ratio I 2 2.5 3 4 4 5 13 
SECONDARY Freq. (MHz) .05-200 .07·200 .01-100 .05-250 2 -350 8-350 .3-300 .3-120 

·1 r T Model 110491 $3.95 $4.25 $4.25 $3.95 $2.95 $4.95 $425 $4.25 
TMO model 11049) $6.45 $6.75 $6.75 $6.45 $4.95 $6.75 $6.75 

UNBAlANCED TZ-1 n.1 T4-2 TS.I Tl4-l 
PRIMARY& Model No. TM02-l TM03-l TM04-2 TMOll-1 TM014-l 
SECONDARY Imped. Ratio 2 3 4 8 14 

·u· 
Freq. (MHz) .025·600 .5-800 .2-600 .15-250 .2·150 
T model 110-491 $3.45 $4.25 $3.45 $3.45 $4.25 
TMO Model 110491 $5.95 $6.95 $5.95 $5.95 $6.75 

FT FTB Model No. FTl .5-1 FlBl-1 FlBl-6 FlBl-1-75 

·1 t 
Imped. Raoo 1.5 I 1 

·1 t Freq. (MHz) .1-400 .2·500 .01-200 .5-500 
(1-4) $29.95 $29.95 $29.95 $29.95 

t::1 Mini-Circuits 
A Division of Scientific Comp<>nen11 COrp . 

World 's largest manufacturer ol Double Balanced Mixers 
2625 East 14th Street, Brooklyn, New York 11235 (212)769-0200 

Domestic and International Telex 125460 International Telex 620156 
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SPLIT/TRAN® 
2500 V RMS HIPOT. 
Non-concentric windings 
and low capacitive coupling . 
Available with llSV or dual 
115/ 230V primaries . Split 
secondary windings can be 
series or parallel connected . 

For optimum powering 
of l " space 'PC boards . 
Delivers 6 VA' in less than 
.085" height. 
(Semi-Toroidcil windings .) 

2500 V RMS HIPOT. 
The signal for a !\0% cu t 
in transformer siie & 
weight a t significantly 
less cost . 

,,,'z~ov [ ' SQ 60 H1 

' 8 

8 PIN 
TYPE OST 

Eo:SVDC 
DC OUTPUT 

115/ 230V 7 

~1 :J/60Hz E 8 
or !: 12V or 
15VOUTPUT 

10 
DMPC & MPL TYPES 

• 

F~E 115/ 230V s;.J ., .. "' :J '·'· 


