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The Versatile

ision 2
Visio one/ O “YES” Machine

IMmage processing by

COMTAL.

Professional talk about the most sophisticated digital
image exploitation equipment always mentions the leader, COM-

TAL. [0 YES, and that includes the Vision One/20 with its unique features backed
by the experience gained in developing superior image processing systems.
O YES, Vision One/20 has an exclusive 12K firmware operating system and up to
48 megabytes of dynamically allocatable refresh image memory and graphics.
O YES, field upgradeability through options such as expandable memory, video
input and output, as well as TV rates for videotaping. COMTAL'’s “YES”’ system
requires a minimum of training for effective utilization. Other options such as mag-
netic tape and disc storage are available. Specialized image processing hardware is available for image arithmetic combination, convolu-
tion, Landsat classification, plus small area color correction, and all function in real-time, in 1/3U second. [J YES, all this—in a system that
can accommodate future growth as application requirements expand. Multiple user capability, up to 4 work stations, offers resource
sharing. [J YES, with COMTAL’s leadership pacing the state-of-the-art, it adds up to flexibility now—and flexibility later. (] YES, Vision
One/20 image processing systems have dual-ported random access memories starting at 512x512 pixels at multiples of 4 bits of bright-
ness depth, with growth up to 4096x4096-24 bit pixels. [J YES, random access refresh memories are constantly growing in size and
shrinking in cost. Digital image rotation is a reality now. [ YES, a 24 bit x 24 bit color computer is available for image composition, as is
independent arbitrarily shaped small area processing capability in monochrome and color. There’s high resolution digital stereo and
instantaneous— 1/30th second—convolution for filtering. Or, bigger filters exist by recursively iterating and updating kemels 30 time-
s/sec. (1 YES, Vision One/20 provides stand-alone full feature image processing as well as the ability to interface to numerous host
computers. [J YES, dynamic refresh memory partitioning allows for different applications. [J YES, real-time roaming, with window sizes
512x512 pixels or larger, through the data base, as well as 2X and 4X zooming and 3x3 convolution at 70 MIPS—all implementable in
real-time. Ask about the future of image processing from the company with renowned research experts, hardware experts, firmware
experts and software experts. COMTAL’s field service offices on the East and West coasts are there to help users. [1 YES, successful sales
representation worldwide as COMTAL triples its present production capacity in new facilities.

2% MAGNIFY

R

LAYOUT

We invite your inquiries—and [J YES, we have the answers.

ROHDE & SCHWARZ

. METROLOGIE ENGINEERING AND SALES GMBH
. A La Tour d’Asnigres, 4, av. Laurent-Cely, 5000 KdlIn 1 Postfach 10 15 44
PO. Box 5087, Pasadena, California 91107 92606 Asniéres-France Sedanstrasse 13-17 Germany
(213) 797-1175; TWX 910-588-3256 (1) 791.44.44 Telex: Metrolog 611 448 Telefon (Kdin 0221) 77 22-1 Telex 8 885 417
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FPS EXPANDS THE UNIVERSE
OF REAL-TIME SIGNAL PROCESSING

FPS Array Processors like the AP-120B shown here do a lot more than high-speed
number crunching. Their real-time data acquisition I/O subsystems greatly
expand your capabilities in signal processing, image processing, and

simulation. They can put your system into the real-time universe.

These powerful I/O subsystems range from a basic DMA port to a
flexible, programmable I/O controller that performs format
conversion, demultiplexing, and pack and unpack. What's
more, these capabilities are easy to use, because FPS
supplies full software support from I/O control to
application algorithms.

Our Scientific Math Library contains more than 250
application routines. And, FPS is continually adding
to these capabilities with special purpose libraries. The
Signal Processing Library, Image Processing Library, and
Advanced Math Library include such powerful routines as the
Hilbert Transform, Complex CepStrum, two different Phase Unwrap
algorithms, a sophisticated Peak/Search algorithm, Laplacian image
. filters; Runge-Kutta-Gill integration, function generation, and more. You can

- easily create new routines yourself with the Vector Function Ch&iner and AP-
FORTRAN compiler, or program at the assembly languagerlevel.

Fr[[“ i

Investigate this new power in real-time computing. Over a thousand FPS Ar¥ay Processors

are in use today by people who require the real-time throughpyt of a mainframe but want the
- hands-on control and affordability of a minicomputer system. F¥PS is ready to expand your real-time
. universe. Contact ¥PS or our sales office in your area to find out how.

FPS SaYes and Service Worldwide: Boston, Calgary, Chicago,
Dallas, Denver, Detroit, Houston, Huntsville, Los Angeles,

hid CALL TOLL FREE (800) 547-1445 Ex. 4999 New York, Orlando, Ottawa, Philadelphia, Phoenix, Port-
L = FLOATING PO'NT s land, San Francisco, Toronto, Washington, D.C. Interna-
| P.O. Box 23489 (S 500), Portland, OR 97223 tional offices: Geneva, London, Munich, Paris, Tel Aviv
if SYSTEMS, INC.  (503)641-3151, TLX: 360470 FLOATPOINT PTL  (Eastronix, Ltd.), Tokyo (Hakuto Co. Ltd )

Circle 2 for more information * Circle 3 for contact by FPS
v
s S A s WO, &SI O o 0,0 T e et Sein) o R ORINEL, A !




GenRad/Futuredata
delivers Intel, Zilog,
Motorola, Rockwell, R

WE SUPPORT MORE CHIPS

When it comes to developing
development systems that
support more microprocessors,
no one can touch us. Our
universal development system
doesn’t box you in with a
single chip or chip family. Our
system sets you free to design
with any or all of the most
popular processors.

In your smart-product race
through the’80’s, switching
development systems will be
the pits. With our system that
won't be necessary.

WE ADD NEW CHIP
SUPPORT FASTER

Thanks to our unique slave
emulation system we can add
new chips to your system in

a matter of weeks. Remember,
we don’t make the chips - just
the development system. And
we don't have to redesign
our system for each new chip
—we just add another slave
emulator. And, that’s all you
pay for. So, we're faster and
more economical, too.

WE SET THE PACE
FOR EMULATION

Ours is the only system capable
of delivering transparent,
non-stop, full-speed emulation




advanced
development
systems

to 10 MHz. And it's the only
system capable of emulating
many different processors
simultaneously.

Transparent, non-stop, full-
speed emulation takes all the
guesswork out of choosing the
right microprocessor for your
application. It allows you to
evaluate each chip thoroughly,
accurately and objectively.

The ability to emulate several

different chips -
simultaneously o
paves the way ch%_. ,
to develop- ;

ment of smart
products using
more than one
Processor.

REGISTER OFFSET
DISPLAY WINDOW

SELF
COMPLETING s
PROMPTING
COMMAND
LANGUAGE

STACK
DISPLAY

THREE INDEPENDENT
WINDOWS, EXPAND-
ABLE TO FOUR

TYPICAL 8086 SNAPSHOT

The 2302 Slave Emulator allows you to view
your program in single-step, snapshot or logic
analyzer modes. This view can be formatted
to match your requirements even for the most
complex memory segmentation, interrupt-
driven or multi-processor environments.

WE KEEP YOU
IN THE FAST LANE

Our system has been designed
to make hardware and soft-
ware development fast,
efficient and productive. With
our high-speed CRT, high-
level language programming
and powerful software, things
happen fast - sometimes
instantaneously. Now available
with highly block structured
PASCAL compilers, our system
can cut your programming
time by 50% or more.

GenRad
futuredaia

2300 Series multi-station networks share disk
and printer with up to eight stations. Each
station is universal and may be ordered with
the software and/or hardware capabilities
required.

WE DELIVER THE MOST
COST-EFFECTIVE
SOLUTION

Lower initial cost, universality
and expandability make our
system a prudent, long-term
investment. Any of our
systems can be upgraded to
network status. By sharing
costly and under-utilized
resources (disks, printers,
emulators, analyzers and even
software) you can stop paying
your designers to stand in line.
Networking can lower your
cost-per-station by 20% or more.

WE'RE HERE TO STAY

There is no finish in the smart-
product race. To stay ahead
you're going to need flexible,
productive, expandable
development systems and a
supplier with staying power
capable of giving you in-depth,
after-sale service and support.
Ask for a demonstration of
the 2300 Series Advanced
Development System. Sales
and service offices in major
cities.

GenRad/Futuredata

5730 Buckingham Parkway
Culver City, CA 90230

(213) 641-7200. TWX: 910-328-7202.

GenRad/Futuredata universal development systems —
expanding your world of microprocessor-based design.
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mage processing. Your way.

Now, with the Grinnell GMR-270 Image Proc-
essing System, you can have pipeline image
processing tailored to fit your application.

The GMR-270 combines the best features of
our proven GMR-27 line of high speed graphic
display systems with a special package of
sophisticated image processing features. The
result is a modular image processing system
that can be furnished with any or all of the
following:

- Convolution

- Image multiplication and ratioing

- Zoom and pan

- 512 x 512 panning window on a 1024 x 1024
image

- Function memories

- Pseudo-color tables

- Video digitizers with frame averaging

- Split screen and image toggling

- Full graphics and alphanumerics

- Up to four overlay memory planes

- Independent cursors

- Trackballs and joysticks

- External synchronization

- Plug compatible interfaces for most
minicomputers

In addition, the GMR-270 has a display
resolution of 512 x 512 pixels and a video for-
mat that is RS-170 compatible. It is housed in a
rack-mountable chassis and drives standard
TV monitors.

Besides the GMR-270, Grinnell manufactures
two complete lines of graphic television display
systems: the GMR-27 Series and the GMR-37
Series. GMR-27 units are high speed, graphic
and image display systems; GMR-37 units are
low cost graphic display systems. Both are
available with display resolutions from 256 x
512 to 1024 x 1024.

So, whether you want to analyze images
from outer space or monitor a process in a
plant, Grinnell has a system that can do it. For
detailed specifications and/or a quotation, call
or write today.

Photographs provided by Stanford University Department of Applied
Earth Sciences, Palo Alto, California.

GRINNELL SYSTEMS

2159 Bering Drive, San Jose, California 95131 (408) 263-9920
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Adding peripherals to a system involves more software and hardware inter-
facing than in the past. Here is how to go about it.

28 Evaluating Power Line and Power Supply Performance in
Computer Systems
Power line noise and supply glitches can create downtimes. Yet. many
system designers are not fully aware of the magnitude of this problem.
Traditional measuring techniques are not able to measure worst-case con-
ditions; for this, new line disturbance analyzers provide better measure-
ment tools.

38 Uninterruptible Power Systems Provide Computer System
“Insurance”
With the decline in quality and availability of utility-provided power. the
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a guide in your choice of the proper UPS for specitic computer systems.
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Armed with data on the different categories of power supplies and their
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application. This exhaustive computer power supply special report, prepared
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linears and switchers, and build vs. buy criteria.
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ON OUR COVER

Uninterruptible  Power  Systems are  popular
OEM products. This IKVA UPS is packaged in a
single rack-mountable enclosure. Cover courtesy
ot Elgar Corp., San Diego, CA.
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Published monthly by Benwill Publishing Corp.,
a Morgan-Grampian Company, 1050 Common-
wealth Ave., Boston, MA 02215. Controlled
circulation paid at Long Prairie, MN 56347.
Copyright (© Benwill Publishing Corp. 1980.
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——— Perkin-Elmer -—-

INTERDATA
users:

Low-Cost Line Printer Controller!

Now all three interface standards —
Centronics, Data Products, Data Printer —
on one half-board!

MACROLINK's Line Printer Controller
interfaces all popular printers inter-
changeably — and at half the cost of a
host-supplied interface: ® plugs directly
into any current-model 16 or 32 bit PE/
Interdata computer e fully software com-
v patible with both OS/16 and 0S/32 and host-
supplied diagnostics ® handles any printer speed up
; 9 to 500,000 bytes per second (3700 LPM) e switch-selectable
hardware attributes allow fast, in-the-field change of printer type,
device address and special functions ® only $650 complete
(U.S.A)), including all cables, mounting hardware and user's
| manual. OEM discounts available, and special OEM version
without external cable and mounting kit offers additional
discount

'
|
|
|
|
|
|
I
|
|
|
i

]
|
|
|
|
|
!
|
|
|
|
|
|
|
|
|
I

. ' Perkin-Elmer and Interdata
are registered trademarks of Perkin-Elmer Corporation
I T S e —— —
\,
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CKETASC
TERMINAL

Here's $395 worth of convenience for anyone
working with digital systems. Carry it

anywhere in a pocket, valise or toolkit to enter
and retrieve data. run diagnostics, change
constants, test aata links, etc.

PO

Look at its facilities:

® Transmits 128
ASCII codes
” @Can display last 30
characters received
@®Displays full
64-character ASCII
set on clear 16-
segment LEDs
@25-line RS232/c
compatible interface
@Single 5V supply
required at 400mA
typical
@ 110 or 300 baud
transmission selectable
. @Parity codes, stop bits
settable to your standard
@®Obeys bell, cursor and
. data format control codes
"Phone or write us for more details now:

GR ELECTRONICS,
1640 Fifth Street, .
; Santa Monica, CA 90401. ‘
‘ Telephone: (213) 395-4774.
" > Telex: 65-2337 (BT Smedley SNM). @
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THE IMAGE ARRAY
PROGESSING
oYo TENI

Three band LANDSAT image of San Francisco Bay Eight-to-one zoom of Suisun Bay

if image analysis and aquisilion is
your problem.you need
the IP 5000 imace Array Processor.

The display system that:

B Stores up to one megabyte of data for single or multi- B Can selectively change format between 525 line and
ple image arrays. 559 line video formats with external sync capability for

B Has complete independence between refresh memory 525 line formats.

(raster scan output) and host computer addressability of B Is capable of scrolling, in any direction, a pixel or line at
memory. a time or multiple pixels and lines without causing tearing
B Includes memory management and data control for of the visible image.

direct high speed access to refresh memory. B Digitizes video signals up to 8-megahertz bandwidth
B Includes a powerful, pipe-line processor to perform with true 8-bit precision.

high speed image array processing and statistical B Has multiple intensity transformation tables for grey
analysis. scale, color or pseudo color displays.

B Performs pixel replica zoom of 2:1, 4:1 0r 8:1in B Has proven reliability with field installation at some of
real time. the top names involved in image processing and display.

For further information and a list of satisfied users,
contact DeAnza Systems, Inc., 118 Charcot Ave.,
San Jose, CA., 95131, (408) 263-7155.

De Anza Systems Incorporated
GIVE YOURSELF A BETTER IMAGE
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Letters

For A New Organization

Dear Editor:

Loved your Speakout, “The Winds of
Change.” I'm a company president
and 1 agree 100%. Your editorial is
posted on our bulletin board. The
more experienced engineers are under-
paid, especially in the Phoenix area,
where salaries are often indirectly set
by one major employer. I'm for a new
organization that will work for the
engineer, and not the present
establishment.

Lorne S. Garrett, P.E.
Ecotronics, Inc.
Scottsdale, AZ

Likes December Issue

Dear Editor:
I wish to commend your staff on your

excellent December issue. In my
article, “Digitizers”, [ should have
mentioned that different manufac-

turers employ variations in the use of

the principles that I described. My
explanation of “linearity” could also
be: “The relationship between data
points obtained by moving the cursor
on a straight line and a straight line
drawn through the plotted data
points.”

Warren J. Ridge

Talos Systems Inc.

Scottsdale, AZ

Will IEEE Respond?

Dear Editor:

Nowhere has the IEEE’s bankruptcy
been made more apparent than in
the results of your recent survey. I
sent copies to each member of IEEE’s
Board of Directors and encouraged
them to reply. The silence is eloquent
testimony to their ostrich mentality.
Yet, with typical deviousness, IEEE
decided to fund a public relations ef-
fort; it is budgeted for $216,000 in
1980 — to brainwash us into loving
them. By stonewalling the genuine
dissidents, IEEE’s Board has assumed
the appearance of an embattled
enclave trying to stave off a catas-
trophic defeat.

However, there is one point in your
September Speakout that cannot pass

Delivery From Stock

TAPE PUNCH $1315
50 ch/s - 50-60hz - 5, 6, 8 Level
Roll & Fanfold Payout

Options

RS-232C Interface*
Take-up Reel/Bins - TTS Tape

*ONE INTERFACE serves both Punch and Reader, $250

TAPE READER $670

1,000 ch/s - 50-400 hz - 8 Level

Options

RS-232C Interface*
Unwinder/Rewinder - Fanfold Bins
5,7, 8 Level, TTS Tape

CHALGC

Since 1951

ENGINEERING CORPORATION
15126 So. Broadway

Gardena, California 90248
213-321-0121

TWX 910-346-7026
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without comment. If IEEE were to
advocate direct action to limit entry
into our profession, it would run the
risk of a lawsuit by the U.S. Depart-
ment of Justice. So, we must be
shrewd: there are several programs
that we should push. They are: (1) We
must insist that the National Science
Foundation’s funding be cut. After
all, what is so terrible about reducing
this funding to keep pace with the
reduction in the number of college
students? Moreover, NSF funds should
be made available to private R&D
organizations. At present, NSF funds
support many — too many — faculty
members. (2) We must insist that no
foreign engineers be imported to work
in the U.S. There is, at present, a con-
certed effort by American aerospace
companies to import thousands of
British engineers to work in the U.S.
All that is needed is for us to insist
on strict adherence to the present
immigration laws. (3) We must in-
sist that foreign students (and the
bulk of them study engineering)
return to their native country after
graduation. (4) We must tighten the
accreditation process; it is too
loose and this results in little or no
selectivity. (5) We must insist that
engineering  societies cease their
counter-productive recruiting efforts.
Frequently, this is done under the
guise of “informing” the gullible high
school student what a career in engi-
neering is all about. Related to this
is the necessary effort to have the
U.S. Department of Labor present an
honest description of the engineering
profession in their Occupational Out-
look Handbook. This is the principal
source of career guidance and is used
by almost every high school guidance
counselor in the country. Engi-
neering is presented as a wonderful,

growing, and fulfilling career. By
contrast, the description of the
teaching profession is very pessi-
mistic. But, after all, professional
teachers have unions and political

clout. (6) The engineering societies
should not admit charlatans with a
degree in something called Engi-
neering Technology. This will help
drive home to employers the dif-
ferences between an engineer, who is
a professional, and a technician, who
is a sub-professional. After all, the
“E” in IEEE does not mean
“Technician™.

Irwin Feerst

Committee of Concerned EEs

Box 19

Massapequa Park, NY



Meet two new Printers from Anadex:

Resolutionary!

Introducing two totally new alphanumeric line
printers from Anadex - Models DP-9500 and
DP-9501 - featuring 132/175 or 132/220 columns,
respectively.

Both models employ a new, Anadex-manu-
factured 9-wire print head with 150 million
character life (optionally, 650 million) that makes
them ideal for high-resolution printing require-
ments including high-density graphics where
print quality and reliability must go hand in hand.

The full standard 96 character ASCII character
set. including descenders and underlining of all
upper and lower case letters, can be printed bi-
directionally on up to 5 crisp copies at speeds
up to 200 CPS. Adjustable-width tractors,
accommodating paper from 1.75 to 15.6 inches
wide, allow the printers to adapt to your
application.

The three ASCIlI compatible interfaces (Parallel,
RS-232-C, and Current Loop) are standard in
every printer; so interfacing is usually a matter
of “plug it in and print.” With simplified inter-
facing, the printers also feature sophisticated
communications capability including control of
Vertical Spacing (6 or 8 lines/inch), Form Length
and Width, Skip-Over Perforation, Auto Line
Feed, and full point-to-point communications
capability.

Other standard features are a 500 character
FIFO buffer (optional, an additional 2048 char-
acter buffer), shortest distance sensing logic,
self test, and replaceable ribbon cartridge with
6 million character life.

For complete details, attractive OEM pricing,
and a demonstration, contact Anadex today.

AFII"‘IBOEX

ANADEX, INC. » 9825 DeSoto Avenue ® Chatsworth, California 91311, U.S.A. » Telephone: (213) 998-8010 » TWX 910-494-2761
ANADEX, LTD. » Dorna House, Guildford Road ¢ West End, Woking. Surrey GU24 9PW, England ¢ Tel: Chobham (09905) 6333 ¢ Telex: 858762 ANADEX G
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IQ140 VS. ADM-2  “)

HECK OUR PROPOSITIONS:

PLUG FOR PLUG COMPATIBILITY
DISTINCTIVE STYLING

ALL FEATURES STANDARD

IMMEDIATE DELIVERY

LSI POLLING OPTION

COMPATIBLE WITH BURROUGHS PROTOCALL

WITH UP TO 15% SAVINGS OVER PREVIOUS DISTRIBUTION
& O.E.M. DISCOUNT, THE TIME IS NOW TO CHECK YOUR
BALLOT FOR SOROC. .

v« CAMPAIGN HEADQUARTERS -
4AsoRno c 165 FREEDOM AVE., ANAHEIM, CALIF. 92801

TECHNOLOGY, INC. (714) 992-2860 (800) 854-0147 TWX. (910) 592-1269
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Let your LSI-1T* brea

In LOCAL mode our memory is functionally just
like DEC memory. But when you run out of
memory space you're not lost. Add an inex-
pensive Bank-Switch Controller (BSC-256) and
you can go to two megabytes. Add another
and go to four megabytes.
So don't get boxed in with other brands of
LSI-11* memory. Break free. Join the family:
RMA-032 32K by 16 bit RAM.  $990
On-board refresh (Single qty.)
RMS-016 16K by 16 bit ROM.  $300

(Intel 2716) (Single qty.)
BSC-256 The Bank-Switch $300
Controller (Single qty.)

Substantial quantity discounts are available. The
RMA-032 is also available without memory chips for $450
(single quantity). For a free copy of our Bank-Switching
manual, call or write on your company letterhead.

Digital Pathways Inc.

4151 Middlefield Road

Palo Alto, CA 94306

(415) 493-5544
*Registered trademark of Digital Equipment Corporation
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Speakout

Paul Snigier, Editor

Getting Things Done

Timewasting activities are like cancer. They’re next
to useless, sap your energy and keep growing. They
can kill your career.

The solution? Radical surgery. Do the important;
cut out (or put off) the irrelevant. First, begin by
identifying your project’s (and your) main objectives.
Any activity that does not contribute that much to
main objectives is a time waster. Now, you cannot
avoid timewasters, so minimize those you can. In
practice, however, refusing to do the irrelevant is
not so easy. Since every task is on someone’s must
list, they try to coax you into assuming some re-
sponsiblity for it; and because you don’t want to say ‘“No”’’ (as you should), you
shoehorn it into your overcrowded itinerary. Then, when you come under dead-
line pressures, you put their tasks off until they return to bug you, until you give
in and do it to get them off your back.

The solution? Learn to say ‘“No’ to the irrelevant; don’t let anyone transfer
their “monkey” to your back: send it back to its proper owner for care and feeding
Tactfully point out several urgent and important tasks already confronting you
and suggest some alternatives for him. Your objective is not to get out of work,
but to protect your time to do really important jobs.

This brings to mind the subject of planning. No engineer should operate without
a long range (and daily) game plan: if not, he will wind up fire fighting — letting
others’ priorities dictate his own priorities, to his and his project’s detriment.
Spend time planning and list project tasks (and yours) in order of importance. Do
this daily before leaving your desk or lab bench. The more time you spend in this
planning, the less total time it will take to do these tasks. List the important (not
necessarily urgent) tasks first. If the task’s benefits are great, but little time is
needed, then do it first. For example, delegate tasks before starting the top priority
tasks for that day.

Engineers all too often resent their skills being wasted on lesser tasks that tech-
nicians do. Remember, if you are too busy doing tasks that you should delegate,
then you have less time for the main design objectives for which you were hired.

Don’t tie Pegasus to a plow.

¥

14 Digital Design FEBRUARY 1980



WESPERLINE S19
EXPaNSION CHas 5SS

Need some room to add PDP-11* small peripheral controllers, extra
memory, embedded mass memory controllers? B Need accommodations
for your LSI-11* collection of boards and modules? B The \Wesperline
919 Expansion Chassis is designed for you. Competitively priced, fast
delivery, and styled to go with your DEC equipment.

%Trade names of Digital Equipment Corporation

B Front access.

B Holds two 4-slot system units, or
one 9-slot unit.

B Integrated power supply 5V, 15A
+15 (12)V at 2A fully regulated.

B Mount your LSI-11 system. Front
panel control switches available.

B 5.25" high X 20" deep; Standard Snap-off

" . front panel.
19" RETMA width. Inner module extends for service,
B Separate forced air cooling for allowing system unit mounting
power supply and PC boards. without chassis removal
SEND FOR COMPLETE INFORMATION When have you seen access like this?

WESPERLINE"

Division of WESPERCORP

14321 Myford Road « Tustin, California 92680, U.S.A.
(714)730-6250 TWX:910-591-1687  Cable: WESPER
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Will CRT Terminal Shipments Rise?

After several years of growth rates hov-
ering above 30%, unit shipments of al-
phanumeric CRT terminals fell to a
22% growth rate during 1979. Although
the industry continues to grow rapidly,
the rate is not that much below man-
ufacturer’s projections.

According to a recent study, “Al-
phanumeric CRT Terminal Industry:
A Strategic Analysis,” by Venture
Development Corp. (Wellesley, MA)
projections made by terminal manu-
facturers during the first quarter of
1979 signaled a yearly growth rate ‘“as
good as or better than 1978.” This
growth rate did not materialize; sec-
ond half shipments slowed when the
heavy backlogs from 1978 were met.

Significant gains made

Combined shipment volumes of conver-
sational, editing, and processing CRT
terminals reached 473,000 units in
1979. These units were valued at $1.6
billion — up 13% over 1978.

Sales of low-end conversational
CRT terminals were up 28% over
1978. Shipments of these “glass-tele-
type” or ‘“dumb” terminals, long
thought to be declining, made signif-
icant gains, primarily due to price re-
ductions. Product enhancement and
added features, such as cursor controls
and a page or two of buffered memory,
also spurred the shipment growth of
these low-end terminals.

Shipments of editing terminals
composed of the IBM 3270 and ter-
minals offered by 3270-compatible
manufacturers increased only 13% in
1979. Demand for 3270-type termi-
nals is high, but delivery times have
been stretched out as production rates
have reached their current limits. IBM’s
delivery problems have given 3270-
compatible manufacturers a second
wind following the 3270 price reduc-
tions and product enhancements an-
nounced in 1977.

The non-3270 editing CRT ter-
minals led all categories in shipment
growth during 1979. Shipments of this
class of CRT terminal increased 31%
over 1978 levels. Non-3270 terminals
have at last caught up with the 3270-
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(MILLIONS OF DOLLARS)

Editing
3270 and Compatibles
9.4% 29.1%
Conver- Editing
sational Non-3270
Processing 20.7%
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32.0% 8.8%
 Processing
Single Station
(UNITS)
0,
27.1% 22510
Editing

Conversational 3270 and

Compatibles

Processing
Clustered Editing
12.3% Non-3270
Processing 28.5%
Single g
Station 25
Alphanumeric CRT terminal shipments

shown by category indicate the share of
total sales and units sold last year.

type terminal. By 1981 non-3270 edit-
ing terminals will surpass the 3270-type
in annual shipments and continue to
widen the gap through 1984.

Thanks to distributed processing
concepts and advances in communica-

tions, the processing CRT terminal
category is beginning to expand. These
“intelligent™ terminals composed of
single station and “clustered” units
are expected to be the fastest growing
sector of alphanumeric CRT terminals.
1979 shipments of “keystations” on
clustered units were up 16% over
1978. VDC expects this growth rate
to increase to 28% during the next five
years, 1979-1984.

In analyzing the competition, the
VDC study places IBM as the dom-
inant manufacturer with a 23% market
share of the installed base of all alph-
numeric CRT terminals. This percen-
tage is considerably below IBM’s share
of other computer equipment markets,
but is nearly four times greater than
any other CRT terminal manufacturer.
IBM’s strength is in the 3270 market,
but 3270-compatible manufacturers
are continuing to chip away at IBM’s
share. During 1979, IBM’s share of
the 3270 market eroded to 65% as
the 3270-compatible manufacturers in-
creased their share by 3% to 35%.

In the long term, total installed
base of alphanumeric CRT termi-
nals should grow at a compound rate
of 21.6% for the five-year period
(1979-1984). This growth rate will
yield over 4,500,000 units installed at
year end 1984, up from 1,700,000 at
year end 1979.

Intelligent Copier/Printer Market
Emerging At Dramatic Rate

The U.S. intelligent copier/printer
(IC/P) industry, now on the verge of
commercialization, will show a 107%
compound annual growth in revenues
through 1984. During the same time
period, unit shipments will increase by
a dramatic 160%, compounded annual-
ly, according to a market analysis by
Creative Strategies International of
San Jose, CA.

Fundamentally, IC/Ps are printers;
and it is as printers that they will enter
the market. However, IC/Ps will under-

go a series of evolutionary changes and
eventually become a significant link in
corporate information systems. To-
ward the end of 1984, IC/P will be a
multifunctional unit that will accept
both hard copy and electronic signal
input, have resident fonts and formats,
incorporate input/output devices to
allow communications within a net-
work, have a high-speed laser or fiber
optic/CRT electrophotographic imag-
ing system, and possess a significant
amount of temporary buffer memory.



He should have

used a CMOS
Monochip:

Here’s another good idea that didn'’t
quite make it because the designer
didn’t choose the right technology for
his circuits. If he had used CMOS, he
could have cut the power consumption,
size, and weight of the finished product.

And with Monochip, he could
have had his CMOS prototypes in just
6 weeks for under $5000.

That’s because Monochip’s circuit
components —the first five layers—
are already in place. All you do is tell
us how you want them connected
for your application.

Working from your layout, we’ll
etch the sixth layer to produce your
prototype. When you've approved it,
we’ll make from 5000 to half a million
parts for you.

Our $59 Monochip Design Kit has
everything you need to lay out your own
CMOSIC. And free help from our CMOS
experts is as near as your phone.

Now you can have the advantages
of custom CMOS IC’s without paying
$50,000 and waiting a year for full-
custom development. Break through
to CMOS technology today with
Monochip, the semi-custom IC.

Call or write today for more infor-
mation. Interdesign, 1255 Reamwood
Avenue, Sunnyvale, CA 94086.

(408) 734-8666.

interdesigm

Monochip:™
il the semi-custom IC.

Our $59 Monochip Design Kit has
everything you need to develop your
own CMOS IC. You choose the size —
from 100 to 400 gates.

Interdesign is a Ferranti Company.
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No first-generation products cur-
rently available meet all of these re-
quirements. The IBM 6670 Information
Distributor bears the closest resem-
blance, lacking only in the area of origi-
nal document input.

The need for a fully evolved IC/P
hasresulted in part from the geographic
dispersion of corporations. Managers
feel an increasing need to control in-

formation and to be able to access it
quickly. Therefore, the ability to com-
municate will be an essential capability
of IC/Ps. The development of an easily
accessible Advanced Communication
Network Service (ACNS) is the single
most important factor powering the
growth of the market for IC/Ps. Users
must be given flexibility in selecting
from a variety of available network
services in order to meet their com-
pany-specific communications needs.
ACNS service will be available in late
1982 or early 1983. Currently, the

DEC USERS

Do you buy DH11®, RK11®, LP11®
minicomputers?

controllers for your PDP-11®

DEC RIANDA RIANDA CONTROLLER PRICE
MODEL MODEL QUANTITY 1 CONFIGURATION
DH11 1116 $4500 1 SU + PNL
RK11 14XX $2500 1 Board
LP11 1200 $ 800 1 Board
—FEATURES—

* Fully software transparent

* One year warranty
* Less CPU space

* Cables included
* Substantial OEM
discounts

Contact RIANDA for your DEC and
DATA GENERAL controller needs

o RIANDA

ELECTRBONICS. LTD.
2535 VIA PALMA AVE.
ANAHEIM, CA 92801

TELEPHONE (714) 995-6552
TELEX NO. 181-623

® REGISTERED TRADEMARK OF DIGITAL EQUIPMENT CORP.
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common carrier system is the most
frequently utilized method of trans-
mission.

Entrants in the IC/P market will
consist of those companies with ex-
pertise in relevant technologies and
those whose markets will be affected
by the introduction of IC/Ps. These
will include vendors and manufacturers
of copiers, facsimile, mainframes,
SBCs, printers, word processors and
photocomposition. In the industry’s
early states, entrants’ marketing strat-
egies will be determined by their pre-
vious experiences: companies from DP
will sell IC/Ps for DP applications; those
with experience in word processing will
sell in WP environments. With the
convergence of WP and DP and IC/P
versatility, this distinction will eventu-
ally disappear.

Over a period of time, fully evolved
IC/Ps will realize sales volume through
use as a communication network link.
Initially, however, sales will be pri-
marily due to the cannibalization of
market share from current printers:
daisy wheel, impact line printers and
large page printing systems.

Don’t Ignore 14”

Winchesters

Will OEM system designers who plan
high-capacity products around 8" Win-
chester disk drives lose a strong com-
petitive edge? “Yes,” said W. Ferrel
Sanders, marketing VP of Shugart, in a
recent interview.

“Designers shouldn’t close their
minds to 14" Winchester disk drive
benefits, although much attention is
given to 8" fixed disk drives,” said
Sanders. “Announcements in the trade
press such as Digital Design indicate
that no less than eight companies have
introduced these 8" drives, and many
more announcements will come in the
future. As a result of this publicity,
some system designers may overlook
the advantages of the 14" Winchester
fixed disk drives.”

Sanders then went on to point out
that Winchester disk drives, in general,
are the most cost-effective and reliable
rotating memory peripherals available
today. “Three of the technology’s
major attributes are largely responsible
for this reputation,” he indicated.
“First, the drives employ low-mass
heads which start and stop in contact
with the media. These head assemblies
— which are relatively simpler and con-
tain fewer parts than those found in



BYTRONIX
GETS IT TOGETHER

Or a powerful 4-bo
bytes, with a storage mc
Megabytes), an 8-port mux,
programmer’s panel, parity control,
expanded instructions. ,

And just about any configuration in between. All BYTRONIX
hardware, integrated, thoroughly checked as a system, and
guaranteed by the same single source.

Put tape controllers, more CRT ports, or whatever might
satisfy your system goals, in 2 or 3 spare slots per chassis.
As long as the controllers are NOVA*-compatible, they'll be
compatible with the BYTRONIX CPU series.

Performance has been proven; several hundred systems are
running successfully under various operating systems — IRIS,
BLIS/COBOL, MICOS, VMOS, FORTH.

Delivery is fast. Simple systems from stock, most others within
30 days.

Get it together. Call us:

SYITRONIX

2751 E. Chapman Ave., Fullerton, CA 92631 « (714) 871-8763 » Telex: 681 428 *NOVA is a trademark of Data General Corporation
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prior technologies — significantly con-
tribute to the low-cost factor.
“Second, performance is enhanced
because the heads operate at a reduced
flying height relative to other rigid
disk technologies. This allows reading
of more densely packed data than has
been possible with previous products.
Finally,” he explained, “the media and
read/write head are enclosed in a sealed

environment. Thus, Winchester disk
drives provide inherent protection
from various kinds of contamination
that may occur with removable or
other types of fixed media.
“Winchester drives complement the
widely used floppy disk product,” he
went on. “Many small business, per-
sonal computing and word processing
system designers have, up until now,
used multiple floppy disk drives for
system residence memory, operating
system storage and mass storage mem-
ory, as well as for input/output and

the
bus?

Do you have a PDP11 that
is overloaded? Or a spe-
cial requirement that your
bus can’t handle? If so,
Datafusion Corporation
has a number of devices
that can help. This one is

loads and more.

Tired of
waiting for

the OSB11-A Bus Repeater. It is the functional equivalent of DEC'’s
DBI11-A, and is designed to drive at least 19 bus loads and a fifty foot
extension of bus cable. In a test environment it has supported 45

*

The repeater’s simplicity of design is visually apparent. This is made
possible by a specially designed integrated circuit. Resultant advan-
tages are the speed (about 80 nsec MSYNC to return SSYNC); the
reliability inherent in only 34 operational circuit components; ease
of installation and a price of $1250.1

The OSB11-A is only one of several products available from Data-
fusion Corporation which are designed to enhance the capabilities
of your PDP11 system. Among these are switching devices for auto-
matic bus reconfiguration, a bus splitter and a cable tester.

We also have some ideas for the application of our products which
might not have occurred to you. If you can’t get the performance that
you would like from your PDP11 system, maybe we can
help. Telephone our Marketing Manager at (213)

887-9523 or write to Datafusion Corporation, 21031
Ventura Boulevard, Woodland Hills, California 91364.

*TRADEMARK OF DIGITAL EQUIPMENT CORPORATION
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program load. OFMs designing higher-
performance systems, however, may
now prefer to use Winchester tech-
nology in lieu of floppy products for
the first three applications.

“If,indeed, the designer does choose
to upgrade to Winchester technology,
the 8" fixed disk drives have intro-
duced a new dimension into that selec-
tion process: size versus capacity and
performance. And even then, there are

no cut-and-dry guidelines because 8"
and 14" Winchester products overlap
extensively in both cost and perform-
ance,” Sanders cautioned readers.

“This is largely due to the fact that
the various manufacturers of the new
8" drives had two opposing objectives
in product design. For Shugart and
apparently one other company, low-
cost was the most important goal. At
Shugart, we were willing to make
minor trade-offs in performance to
achieve the lowest cost. Other com-
panies, such as Pertec and IMI, appear
to have targeted for somewhat higher
performance and capacity.

“One can’t make a blanket state-
ment that the smaller 8" package auto-
matically means lower cost per box,”
Sanders stated. “On a cost-per-mega-
byte basis, the 14" drives are usually
the most cost-effective solution when
the requirement is for more than 10
megabytes.”

Sanders viewed the floppy-size
package as being the key advantage of
the newer 8" products. “These disk
drives can be easily exchanged for flop-
pies because some of them fit right
into the same slot that a floppy does.
Similarity of electronics enables users
to build a common interface to handle
both the fixed and floppy disk drives.

“But, as the total computer system
requirements for capacity and per-
formance increase, many OEM system
manufacturers should place less im-
portance on package size and more
emphasis on price per megabyte of
storage. Furthermore, the 14" drives
are available in quantity from manu-
facturers today. The 8" drive is not.

“Along those same lines, the user
must also consider the difficulty of
new product start-up when projecting
new system designs around the eight-
inch drives. The 14" drives, in con-
trast, have been in production for
over a year and present less risk.”

So, as a rule-of-thumb, if capacity
is more important to a designer than
size, a 14" drive will usually be the
most cost-effective solution; if physical
size is the key factor, it may be worth-
while to wait for the new 8" drives.”
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Peripheral Addressing
in wP Systems

Mitchell Gooze and Henry Davis
AMI, Santa Clara, CA

As the state-of-the-art in LSI and VLSI
leads to increased chip complexity,
peripheral circuits in microcomputer
(uC) systems are becoming more ‘“‘in-
telligent.” Along with this, peripher-
als are doing more of the overall sys-
tem job as designers attempt to off-
load dedicated tasks from the uP to
peripheral circuits.
This  design
greater

technique  implies
on processor/

dependence

. Memory RIW

been adapted to uP systems. The archi-
tecture was first popularly employed
in the 6800 family of processors.

Isolated I/O technique

Until the advent of memory-mapped
I/0, the common technique in use was
isolated I/0O. This technique (Fig 1) is
still used in many computer systems
including uC’s since it is a simple tech-
nique. Utilizing this approach, I/O de-

Memory

ﬁata Bus (

Address Bus

T 1/0 RIW

Fig 1 Isolated 1/O enables 1/O devices to communicate directly with the accumulator.

peripheral intercommunication. There
are several techniques available to op-
timize this communication. Three of
the most widely used are: serial I/O,
isolated I/O, and memory-mapped 1/O
(with the last two being bit parallel
techniques). We will examine the three
techniques, their implementation and
trade-offs.

Parallel 1/O techniques

Addressing peripherals as memory
locations, now commonly referred to
as memory-mapped I/0, is a relatively
new [/O handling architecture, first
made popular by the PDP-11 line. The
enhanced flexibility, power, and popu-
larity of this I/O architecture has since
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vices communicate directly and only
with the CPU’s accumulator. In ge-
neral, the total I/O instruction set con-
sists of an IN instruction and an OUT
instruction. In isolated I/O systems the
number of addressable I/O locations is
usually significantly less than the total
memory address space. As an example,
the 8080 has 65K bytes of memory
address space, but only 256 I/O ad-
dresses. If additional I/O locations are
required, external hardware would
have to be added to the system to ac-
commodate this.

In exchange for the inherent simpli-
city of the isolated I/O technique
comes an attendant lack of flexibility.
This technique utilizes a communica-

tion structure which is constrained by
the simple IN and OUT format. This
I/O instruction set limitation requires
that all I/O devices communicate
through the accumulator (or some
other special purpose I/O register)
which can severely restrict design ef-
ficiency.

Memory-mapped approach

By assigning an area of memory ad-
dress space as I/O, a powerful archi-
tecture can be developed that can
manipulate I/O using the same instruc-
tions that are used to manipulate
memory locations. This memory-
mapped approach is an I/O handling
technique whereby peripheral 1/O
devices are treated as memory loca-
tions. All peripheral devices ‘“hang”
on the same address and data bus as do
memory devices (Fig 2).

Each device is given a unique ad-
dress in the memory field (map). Ac-
cess to a particular device is then ob-
tained by addressing the exact location
(address) in the address field which has
been assigned to that device.

By treating I/O devices as memory,
optimum flexibility is obtained. This
technique allows all memory oriented
instructions to be utilized for periph-
eral handling. It becomes obvious that
the full power of the processor instruc-
tion set is thus available for use with
peripherals, as well as memory. This
improved peripheral handling tech-
nique provides enhanced system
throughput.

Comparisons

While it can be said that isolated 1/O
techniques typically require only IN
and OUT instructions, these are addi-
tional instructions which are not re-
quired in memory-mapped architec-
tures. Since peripherals are handled
identically as is memory, software is
simplified. This simplication, along
with the additional flexibility of
memory-mapped I/O, improves system
software. These improvements can be
manifest in both reduced program de-
velopment costs and reduced program
memory. (Fig 3).

Along with the advantages of
memory-mapped I/O previously indi-
cated, certain hardware advantages are
also evident. The isolated I/O ap-
proach requires at least two additional
bus lines for I/O devices; I/O read and
I/O write. Since the memory-mapped
approach treats peripherals as memory,
I/O and R/W lines are identical to the
memory R/W lines and are, therefore,

Continued on page 27
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Where the PC industry comes to

The largest and most comprehensive
TECHNICAL PROGRAM

PC ’79 had the largest, most comprehensive Technical Program of
any show, at any time, anywhere — devoted exclusively to PC
technology. And PC '80 is programmed to excel even that record.

Here are the highlights:

10 TECHNICAL SEMINARS at which some
75 technical papers will be presented.
These will be on new subjects, with new as
well as established authorities participating.
Topics to be covered include: Alternative
PCB Technology and New Applications;
Cleaning, Coating and Chemical Treatment;
Design Automation; Imaging; PCB
Assembly; PCB Fabrication; PCB Materials;
Plating and Etching; Quality Control;
Soldering; and Testing.

10 WORKSHOPS: Following the format so
successfully accepted at PC '79, these
sessions will consist of informal
presentations by two or more leaders,
allowing for spontaneous exchange with the
audience. This “give and take” approach to
new developments and techniques has
proven to be popular and fruitful.
Involvement increases interest and
increased interest leads to better learning.
These were the most popular sessions of
PC '79.

Topics to be covered in these workshops
include: Use of DECSYSTEM 20 Computer;
Automated Test Equipment (ATE); PC
Drilling and Routing Productions
Throughput; Laminates; Their Selection,
Problems, Applications, Health and
Environment, as well as subjects on
production and assembly of PC boards.

4 PROFESSIONAL ADVANCEMENT
COURSES. These are intensive
presentations with broad overviews of
selected subjects. Each course totals
approximately 10 hours and runs for about
3-1/2 hours per day for 3 days.

Typical of such courses is: “Using
Interactive Graphics for PC Artwork
Generation and Design.” This covers: Part |
— Introduction to Interactive Graphics
(Basic interactive graphics concepts;
description of the various system
components; their function and utilization
techniques; interactive graphics [CAD] vs.
design automation; creating a data base).
Part Il — Artwork Generation and PC
Design Using Interactive Graphics; and Part
Il — Potential Impact of Interactive
Graphics on a Company.

NEW! UNIQUE PC FILM FESTIVAL: This
innovative approach to augmenting the
exhibits and displays which will be present
has been exceptionally well received by
participants. Originally introduced with the
“Call for Papers” it created quite a stir in the
industry and promises to be a valuable
addition to the PC MARKETPLACE.
Continuous showings will be run throughout
the entire period of PC '80 so that if one
showing is missed, you can catch another.
Schedules will be available to aid in your
planning for showings most convenient to
you.

NEW! SPECIAL MANAGEMENT FORUM:
Another PC '80 innovation — a special
Management Forum in which a number of
leading authorities in PC management will
discuss how technological and economical
developments of the 80's will impact on the
industry and the individual. In an era of
uncertainty, the availability of a variety of
guidelines is most welcome. Preliminary
queries indicate high interest in this session.




MARKETPLACE
CIRCUITS Industry

listen and learn...to buy and selll

The most complete
EXHIBITION

equipment, materials and services devoted exclusively
to PC Technology. Covers every phase: Processing,
Production, Assembly, Test and Inspection.

Exhibitors are encouraged to have their equipment in full operation wherever
possible. As was proved at PC '79, this is a working Show. Attendees are not
only observers but participants as well.

And since the entire Conference/Exhibition is concentrated exlcusively on PC
technology there is an in-depth opportunity that only this kind of highly vertical
format can provide.

This balanced intermix of Technical Program and Exhibition, devoted
exclusively to PC technology, provides The Marketplace for the Industry.

These companies have already signed up to exhibit at PC "80
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KWIK-CHEK GAGE COMPANY

IEEOA LAMINATING CO. OF AMERICA

E CORP
LAMINATION TECHNOLOGY

THE SIMCO CO., INC
TECHNICS, INC.
TECHNICS WEST, INC.
TERADYNE

TETKO, INC.

COMPUTERVISION-SYSTEMS DIV.

THE CONNECTICUT HARD RUBBER CO.
DAC (DEVELOPMENT ASSOCIATES CONTROLS)

DIAMOND-CHASE CO.

DIONEX CORP

DUPONT CO. (KAPTON)

DUPONT CO. (RISTON PROD.)
DUPONT CO./IND. PHOTO PROD.
EASTMAN KODAK CO. — GMD
ELCAS INDUSTRIES LTD
ENGLEHARD INDUSTRIES DIVISION

Printed/multilayer circuits
Multiwired/stamped circuits
Thick film/hybrid circuits
Flexible circuits/cable
Solder wire/fluxes

Solder preforms/anodes
Component locators
Component insertion equip.
Wavesolder/reflow equip.
Lead forming equip.
Solder/desolder tools
Eyelets, pins, sockets
Cages/carriers/card racks
PC connectors/buss bars
Conformal coatings
Encapsulating materials
Adhesive/dispensers

Base materials

LEA RONAL

LENKEIT

LIPPERT, INC
LUTHER & MAELZER
MAC DERMID INC

MAJESTIC BOLTING CLOTH CORP

THE MICA CORP
MICRO-PLATE, INC
MULTICORE SOLDERS

NORPLEX DIVISION, UOP INC.

3M/PRINTING PRODUCTS DIV.

THOMSON NATIONAL PRESS
TILTON RACK & BASKET
TRANSWORLD CIRCUIT PRODUCTS
TWIN CITY TESTING CORP

UPA TECHNOLOGY, INC.

UNITEK CORP/EQP. DIV

UNIVERSAL INSTRUMENTS
VIDEO WIRE INC.
WESTINGHOUSE ELECTRIC CORP./MICARTA DIV.

NVF COMPANY/TECHNICAL PRODUCTS DIVISION
OAK MATERIALS GROUP

And here’s what they will be showing

Laminates/prepegs
Etching equip/chem.
Plating equip/chem.
Solder coating equip.
Masks, tape/equip.
Photoresist/appl. equip.
Screenprinters/screens
Resist: inks/curing equip.
Artwork generators/films
Cleaning equip/chem.
Drilling/punching equip.
Deburring/routing equip.
Moulding/encaps. presses
Foils/coatings

Multiwiring equipment
Stamping equipment
Scrubbers/degreasing equip.
Marking equip/inks

Filtration/absorbtion sys.
Etch rejuvenation sys.
Curing/drying equip.
Exposure systems
Strippers/equip.
Production furniture/fixtures
Hand tools/organizers
Packing equip/mat.
Computers/peripherals
Reclamation services
Test lab services
Information services
Financial services

Mat. handling equip.
Transportation services
Plant services

Site location services
Personnel services

HANS WOLTER, INC

Technical services
Institutional services
Dimensional meas. equip/tools
Microscopes
Comparators

Magnifiers

Projection systems
Inspection stations
Bench/hand held testers
In-circuit assem. testers
Environmental chambers
Bare PWB testers

Auto continuity testers
Temp. cycling equip.
Test fixtures/handlers
Card testers

Test probes
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Fig 2 Memory-wrapped approach treats peripheral 1/O devices as memory locations; both
memory and 1/O are on the same data and address bus.

Continued from page 22
not separately required (Figs 1 and 2).
In many cases, system de-bugging is
made easier with memory-mapped 1/0
due to the ease and flexibility with
which peripheral devices can be direct-
ly accessed. Peripheral devices can also
be ‘smarter’ by taking advantage of the
“memory” oriented instructions avail-
able for use with peripherals. Instruc-
tions such as read-modify-write can be
handled as easily with a peripheral de-
vice as with a memory location.
Processors designed to perform iso-
lated I/O (such as the 8080).can also
be adapted to memory-mapped I/O.
This can be accomplished by a variety
of address decoding techniques to in-
dicate 1/0 or memory devices. This
technique has a significant drawback
in that a processor designed to imple-
ment an isolated I/O structure will not
usually contain the addressing flexibi-
lity or other architectural features
which are useful in memory-mapped
I/O structures. This being the case, an
isolated I/O processor “rigged” to
simulate memory-mapped I/O cannot
perform this function as well as a pro-
cessor designed for memory-mapped
I/0O. In fact, the processor will usually
not perform as well as it would have
performed utilizing its own isolated
[/O. Exceptions to this statement in-
clude the new 16 bit processors like
the S9900 — processors that offer a
complete set of addressing mode and
easily support memory-mapped 1/O.

Isolated or programmed I/O have
traditionally been limited by the ad-
dressing modes allowed, as well as the
instructions for performing I/O. One
departure from this type of program-
med [/O technique is the S9900’s
Communications Register Unit (CRU).
The significant difference is the in-
creased addressing modes and instruc-
tions available with the S9900 CRU.

Command-driven programmed
I/O (serial I/O)

The S9900 provides a unique and
powerful 1/O interface through the
(CRU). Data is transmitted and re-
ceived by the CRU in serial form. The
CRU 1/0O utilizes three dedicated pro-
cessor lines in a serial manner. CRU
input is externally asynchronous but
clocked on board the processor. CRU
output is clocked and uses two of the
three lines. The CRU instructions
(LDCR, STCR, SBZ, SBO) permit
transfer of one to sixteen bits. Stan-
dard CRU /O devices (74LS251,

many competing systems. This is
achieved through simplified -circuit
layouts, increased density and lower
cost components.

Addresses A3-A14 contain the ad-
dress of the selected bit for data trans-
fers. Suitable decoding of these lines
allows separate 1/O chips to be se-
lected; yielding a possible maximum of
4,096 bits of input and output. CRU
operations and memory-data transfers
both use the address bus; however,
these operations are performed in-
dependently, thus, no conflict occurs.
Transfers are slightly less than 1 bit/us.

Benefits of CRU type I/O include:
lower system cost, easy hardware and
software interfacing, increased system
throughput, simplified circuit layouts,
increased PCB density, lower compo-
nent costs and fewer different parts in
inventory.

Summary

In conclusion, the CRU-isolated I/O
architecture offers simple, straight-for-
ward peripheral handling structures.
This technique offers advantages in
limited I/O requirement systems or
when the entire memory address space
of the processor is already required for
other uses in the system. The memory-
mapped architecture offers enhanced
flexibility and processing power with

741.8259) are 16-pin packages and are,
therefore, less expensive than memory-
mapped 1/O chips used on other sys-
tems (Fig 3). The use of smaller pack-
ages is made possible as result of the
serial CRU, but the serial bus eliminates
the need for several pins dedicated to a
parallel-data bus with multiple control
lines. Because variable length 1/0 fields
are easily manipulated, optimal I/O in-
terfaces are easily designed with a re-
sulting system cost which is lower than

Fig 3 S9900-59901 interface. Ease of hardware/
software interfacing and increased throughput
= | are just two benefits of t‘:l?u;imiami 1/0.

attendant savings in software and hard-
ware. The command-driven I/O ap-
proach utilizing the CRU technique (as
in the 9900) offers a very efficient,
low-cost, serial I/O handling which can
accommodate data transfer rates up to
1 bit/us.

Rate this article: circle 5L, 5M
or 5H on Reader Inquiry Card.
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Evaluating Power Line

and Power Supply Performance
In Computer Systems

Stephen J. Tharp
Dranetz Engineering Labs, Inc.
South Plainfield, NJ

Don’t let line transients and power supply glitches ruin your computer

Are you contemplating tearing down
your EDP installation in a last ditch
effort to locate the cause of a perpetual
series of random operational anom-
alies? If you are, you would do well to
first consider these grim facts of in-
dustrial life: (1) most power lines are
intolerably low in quality for com-
puter-based high-reliability equipment,
(2) very few power supplies concur-
rently used with peripherals, minis
or uPs can withstand the normal range
of line disturbances, and (3) many so-
called “uninterruptible” power supplies
are interruptible, and many more re-
quire special adjustment of thresholds
and timing to work properly at a par-
ticular installation.

These facts could absolve your EDP
equipment of all blame. Instead, your
power line and local power supply
could be the culprits. And most im-
portant, conventional test equipment
and procedures might never fix the
blame properly. It is a mistake to
assume that “synthetic” (lab or bench)
testing of computer performance is
conclusive. Long-term, real-time oscil-
loscope observation of the power-line
voltage is not practical for most appli-
cations. Even an exhaustive tabulation
of miles of strip-chart recordings does

not provide the complete, worst-case,

Stephen J. Tharp is Product Marketing
Specialist for Dranetz Engineering
Labs, South Plainfield, NJ. He holds a
BSEE degree from MIT.
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cycle-by-cycle sag, surge and impulse
data that fully define line performance.
Instead, you must detect, record and
analyze all significant deviations from
ideal behavior.

Of course, the problem of correlat-
ing these line disturbances and devia-
tions with their effects on the system
power supplies, and ultimately on the
EDP system itself, still remains. We
will describe the means for solving
these problems later, but let us first
briefly examine the various types of
power line aberrations that are com-
monly encountered and their influence
on power supplies within EDP equip-
ment.

Line Aberrations

Commercial power companies make a
valiant and continuous effort to main-
tain the voltage, frequency and wave-
form on their lines within acceptable
standards, but many factors beyond
their control still exist. For example,
customers who use power from a
particular branch line connect and
disconnect large loads at random, and
create sudden sags and surges in the
local line voltage, as well as random
spikes and waveform notches. A power
company cannot compensate for these
local aberrations, any more than it can
eliminate the transients caused by
lightning hits or fault switching. The
effects of these and other influences
appear as line disturbances of a num-
ber of distinct types.

Surges and Sags. Rapid changes —

surges and sags — in the amplitude of
the AC line voltage sine wave persist
for an appreciable fraction of one
cycle (usually for a number of cycles)
of the line frequency, with or without
significant alteration of the waveform
(Fig 1a). The typical range is +10%,
but deviations of as much as 30% are
occasionally encountered. Common
causes of surges and sags include large,
sudden and sustained load changes, in-
terruption of current through induc-
tive loads and lampload or capacitive-
load inrush current.

Slow-Average Fluctuations. Slow
variations in the RMS value of the sine
wave are measured over an appreciable
time interval — usually, 10 or more
(Fig 1b). The typical range is 5%, but
occasional fluctuations can be consid-
erably greater. Overstressed wiring and
brownouts commonly cause slow-aver-
age fluctuations.

Transient Impulses. Deviations from
the ideal AC sine wave generate tran-
sient impluses. They are compared
with one line-frequency cycle — typi-
cally from a fraction of a microsecond
to several milliseconds. Their forms
range from single pulses with extreme-
ly short rise and exponential decay
times to oscillatory disturbances per-
sisting for five to ten oscillations with-
in an exponentially decaying envelope.
The initial impulse which may increase
or decrease the instantaneous ampli-
tude of the sine waveform is described
as a spike or notch, respectively (Fig
lc). Typical deviations of 100V are
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Fig 1 Of the three major types of power line disturbances, (A) represents surges and sags; (B),
slow-average fluctuations; and (C), transient impulses.
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common, and occasional impulses of
+1500V or even more occur on some
115V lines. Common causes include
switching transients, lightning hits and
protective-breaker operation.

By the way, transient impulses are
frequently present on one line of a
2-wire service and not on the other.
We must distinguish this differential
mode of propagation from common-
mode propagation, in which both lines
experience the transient more or less
simultaneously with respect to some
common point (usually, ground or
neutral).

Line Interruptions. Instances occur
when the line voltage sags to zero. We
conventionally consider these line in-
terruptions to be an absence of line
voltage for an interval ranging from
several cycles to hours or even days.
Dropouts as short as one cycle are
quite common on even the most reli-
able power lines. Line changeover
switching is one common cause, as is
breaker interruption.

Frequency  Variation. Normally
considered as changes in the average
period of the power line sine wave,
frequency variations are averaged
over thousands of cycles. However,
sudden shifts are also possible. In large
commercial power systems, line-fre-
quency changes are averaged to zero
during each day, to maintain the over-
all accuracy of electric clocks and
other devices that depend on this fre-
quency. The largest short-term average
variation seldom exceeds +0.5 Hz. but
the instantaneous changes can be as
much as +3 Hz in some small systems,
especially standby units powered by
diesel-driven generators.

Regulation

Obviously, if the power line voltage
excursion is large enough, or if the de-
sign of the equipment’s DC power
supplies is marginal, every one of the
previously listed aberrations can cause
trouble in any EDP application. Since
the DC power supplies sit between the
EDP equipment and the line, they help
keep these line disturbances from
reaching the equipment — within their
design limitations.

An unregulated (“brute-force™)
supply passes a percentage of every
line disturbance, just how much de-
pends upon the amplitude of the ex-
cursion, its rate of rise and fall, and its
duration, as well as on the output fil-
tering of the supply — particularly the
capacitance of the output filter capaci-
tor. The load demand on the supply at
the time of the disturbance is also signi-
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ficant. For example, the load current
determines the rate at which the out-
put capacitor is discharged during in-
tervals of low input voltage.

Most EDP power supplies use elec-
tronic regulation to help eliminate
some of the line disturbances before
they reach the system, particularly
slow-average voltage fluctuations and
line-frequency variations. Regulation
can also reduce other types of distur-
bances to tolerable levels within
limits.

A series regulator is designed to
maintain a specific voltage drop across
its terminals (Fig 2) when the input
line voltage to the supply is at its nomi-
nal value. When the line voltage drops,
the regulator can reduce its own volt-
age to keep the DC output voltage
steady, but it cannot reduce it below
zero. (In fact, it cannot reduce it be-
low Vi (sat)-) The series regulator can
absorb line voltage increases only to a
limited extent, by excessive dissipation
or by secondary breakdown in the
regulator transistors. As this circuit ap-
proaches the upper or lower extremes
of its range, its regulating ability dete-
riorates; since its speed of response at
all levels is finite, high-speed line varia-
tions can often momentarily sneak
through to the load. A large storage
capacitance across the output of the
supply can smooth out some of these
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Fig 2 Input variations cause series regulator
stresses.

transitions, but the same limitations
apply here as for an unregulated
supply. Although placing a ferroreso-
nant regulator in front of the power
supply can add a measure of stability
in the face of a heavily disturbed line,
such devices are frequency-sensitive.
For example, a 1% frequency change
commonly produces up to a 1.7% volt-
age change a result that must be
anticipated.

Switching regulators (like the popu-
lar off-line, pulse width-modulated
type shown in Fig 3) suffer from the
same kinds of range limitations as
series regulators:
eStarvation occurs at the low end of
the nominal input range, when the in-
put voltage has dropped so far that the
supply can no longer produce the re-

quired output voltage, even with the.
switching transistor turned ON all the
time. Under these conditions, the out-
put voltage drops rapidly below the
regulation limits.

ePunchthrough can occur when the
input voltage rises far enough (momen-
tarily or for a prolonged period) so
that, with the switching transistor cut
off, the voltage drop across it exceeds
Veeo (max), and the transistor goes in-

to the secondary breakdown condition,
and looks like a short circuit. Under
these conditions, the output voltage
rises rapidly above the regulation
limits.

® Overheating can occur at sustained
high input voltages, because the duty
cycle (ON time/OFF time) becomes so
short (to maintain the regulated out-
put) that the ON time is comparable
to the rise and fall times of the switch.
This condition greatly increases the
dissipation loss per ampere of load
current.

eSneakthrough of fast-rising, large-im-

pulsc-area transients can occur at any
input level and duty cycle, due to the
delay between error detection and
switch-mode correction. These tran-
sients sneak through the parasitic
capacitance of the smoothing inductor,
and are not completely absorbed by
the output capacitor, because of its
ESR and ESX

UPS Systems

Uninterruptible power supplies are a
mixed breed. Standby or switchover
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switching regulator stresses.
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types do not go into operation until
the line-operated supply crosses a spe-
cific threshold. What happens to the
DC input voltage to the computer or
EDP equipment prior to that instant
and during the transition is often un-
known. Momentary and drastic inter-
ruptions can occur with consequent
loss of data or erroneous data
generation.

In the more expensive on-line UPS
systems, the power storage facilities —
battery or capacitance, or both — are
designed to maintain certain practical
limits and corresponding thresholds of
safety (uninterruptibility). For a given
system, operation in or near these
threshold regions may be precarious.
Just how precarious depends upon the
type, magnitude and frequency of
occurence of line disturbances and up-
on the power-demand schedule of the
EDP system. In other words, if the
system is still recovering from earlier
“hits” or dropouts, its margins are
much smaller than they would be fol-
lowing a long period of normal line
voltage operation.

Unfortunately, performance predic-
tions for a given system, operating
with a given set of power supplies and
a given power line, are not as reliable
as they ought to be. No amount of
bench testing — no matter how well
synthesized, how carfully conducted,
and how well monitored — can deter-
mine the actual, on-line performance.
The only dependable and meaningful
tests of power supply and power line
integrity involve those performed in
situ, on the very power line used by
the system, with the system operating
over a long enough period of time to
ensure the presence of every type of
disturbance, under every type of com-
puting and data acquisitions program.
The load must also truly represent
actual field conditions. That set of
conditions usually only occurs during
true field trials (particularly in UPS
installations fed by marginal power
lines). And we must include some
means of correlating precisely the dis-
turbances with their effects on the DC
supply outputs and on EDP system ac-
curacy. We must correlate the following
chain of events: AC input disturbance
that causes DC output disturbance
that causes EDP malfunction.

Testing

Until lately, definitive testing was
simply not practical. However, a re-
cently introduced class of microcom-
puter-based disturbance analyzers pro-
vides in a compact, convenient instru-
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HI AVERAGE 123V

A 120V AV 14:03:12
TEST DAY 04 ACCUM

Fig 4 Series 616 DC/AC voltage disturbance
analyzer prints out these typical messages.

ment the following capabilities:

e Round-the-clock unattended monitor-
ing of AC line input and DC power
supply outputs simultaneously
eExternal event entry for permitting
correlations between the time and rate
of system-generated errors with power
supply input and output disturbances
e Uninterruptible analyzer behavior
despite line dropouts or failures.

These analyzers (designated Series
616, manufactured by Dranetz Engi-
neering Laboratories of South Plain-
field, NJ,) make it possible to do the
following: determine the effect of
every type of AC line disturbance on
the outputs of the system power sup-
plies, determine the effects of power
supply output disturbances from any
source of the system’s accuracy in
various program modes, adjust transfer

thresholds and fallback timing in UPS
installations so as to optimize safety
margins, and differentiate between
computer-generated errors and data-
acquisition errors, especially under
marginal power supply conditions. The
analyzer measures only 11" high by 7"
wide by 11-1/2" deep, weighs 20 Ibs.
and costs under $5,000.

To acquire the necessary data for a
definitive analysis, in concrete, simpli-
fied, uncluttered form, the instrument
detects sags and surges when they ex-
ceed predetermined standard levels
established by the sensitivity setting of
the equipment under test. It identifies
each as a sag or surge, and records the
time of occurrence, the magnitude and
the duration at threshold levels select-
able by the operator. It detects slow-
average fluctuations when the change
exceeds a predetermined (operator
selectable) threshold, which it may
compare to a fixed value of RMS volt-
age or the previous recorded RMS
value. The record shows the time of
occurrence, the actual RMS voltage
and indicates whether the change is an
increase or decrease. The instrument
detects transient impulses when they
exceed a predetermined (operator
selectable) threshold. It identifies these
aberrations as impulses and records the
time of occurrence, the number of im-
pulses and the peak value. It treats line
interruptions as a special case of sag.
Although significant frequency varia-
tions are uncommon, the analyzer
records them when their deviation ex-
ceeds predetermined (operator select-
able) limits.

The analyzer accumulates its record
of disturbances by monitoring three
input channels, one AC and two DC.
The AC channel (A) is transformer iso-
lated and monitors a 50- or 60-Hz line
ranging from 40 to 250V RMS, 45 to
65 Hz. nominal. The two electrically
independent DC channels (B and C)
monitor voltages ranging from *4 to
+25 V DC. Individual detectors moni-
tor each channel for deviations that
represent sags or surges, slow-average
fluctuations or impulses. (Monitoring
of frequency deviations is available as
an option.) The detector outputs are
scanned, digitized and presented to an
internal uP. This processor also has ac-
cess to preset threshold values for sag/
surge, slow-average and impulse thres-
hold values determined by the setting
of selector switches on the front of the
instrument. If the uP decides that a
beyond-threshold disturbance has oc-
curred, it analyzes the important pa-
rameters and directs a printout of the



750 and 1000 Watt Switchers

Improved-Now Meets VDE 0871 With Optional Internal Filter
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Looking For A 750 or 1000
Watt Switcher?

If you’ve been looking for a
750 or 1000 watt, single-output
switcherina 5” x 8” x 11" case,
you’ve probably run into trou-
ble. Brand X is having reliabil-
ity problems. Brand Y can't
deliver. And so on. Maybe it’s
time to call LH Research and
ask about the Super-MITE™ line
of switchers.
Computer-checked For 13 Key
Parameters

At LH, reliability begins at
the design stage. For example,
we use IC chips to keep our
component count to a
minimum. Fewer components,
fewer potential failures. And all
our switchers are burned in at
high ambient and computer-

checked for 13 key parameters
before they go out the door.
SM Series Standard Features

We think our SM line has
enough standard features to
make it a candidate for the in-
dustry standard:

* Wide ac input range (85-
130 Vac or 166-260 Vac, 47-63
Hz) to protect against brown-
outs.

* Long hold-up time (35 msec
ride-through after ac power
loss) to avoid nuisance 7
shutdowns in case of
ac power failure.

* UL recog-
nized and CSA
certified.

* Power-fail
signal (triggered
at least 2 msec
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before loss of dc power).

* Remote on/off.
All these features are also stan-
dard on our multiple output
1000-watt Super-MITEs. (One to
four outputs are available.)
Give Us A Call

The Super-MITE line is reli-
able and available. So if you've
been having trouble getting
high wattage switchers from the
other guys, give the leader a
call.

LH Research

1821 Langley Avenue
Irvine, CA 92714
(714) 546-5279
TWX 910-595-2540

RESEARCH
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Fig 5 Setup evaluates transient throughput behavior of a dual-output power supply.
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Fig 6 Setup analyzes the affect of variations in one DC output on input AC line and second

DC output.

time ot day, channel designation, type
and magnitude of the disturbance, and
the duration in cases of sag/surge and
slow-average. Fig 4 contains examples
of printed-out data.

If you use an AC-DC line-distur-
bance analyzer to evaluate the transi-
ent throughput behavior of a dual-out-
put power supply (Fig 5), it measures
disturbarices on the line and simulta-
neously observes whether they feed
through the supply and affect either or
both of the DC outputs. You may per-
form the test by generating line dis-

turbances, as shown in Fig 5 or by
simply allowing a low-quality line to
generate them randomly. Either way,
the analyzer provides correlation by
applying a time signature onto all ob-
servations. Therefore, you may assume
that an output deviation beyond the
selected threshold is due to an input
disturbance that occurred at the same
time. (There is the possiblity of a one-
second time-code difference, but it is
highly unlikely that this difference will
occur, and if it does, the correlation is
still evident.) This same setup also can
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: SWITCH SUPPLY
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TRANSFER

Fig 7 Setup tests a UPS for output variations during fault-transfer switching.
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implement conventional static line-
regulation testing.

The instrument avoids loss of data
on disturbances that occur during
printout by storing all information on
up to 15 disturbances that may occur
while printing is in process. After 15
disturbances, the instrument continues
to accumulate data, but in summarized
form. Assoon as the printer element is
free, the stored information is recalled
from the accumulator memory, the
15 disturbances are printed in se-
quence, followed by the summarized
information.

Another typical test (Fig 6) applies
large load variations to one DC and thc
effect on the input AC line and the
other DC output is observed. Note
that the setup should provide the
same AC source impedance that the
supply would see looking back into its
on-site power line. In this way, the
effects on AC line voltage of static and
dynamic load changes are demon-
strated. This source-impedance require-
ment is equally necessary for correct
evaluation of output-to-output inter-
actions, since the common line input is
one of the major sources of such inter-
action (particularly if the AC line fed
to the supply comes through a mag-amp
or ferroresonant regulator). You can
also use this setup to perform conven-
tional static load-regulation testing.

Fig 7 illustrates how to test a UPS
for output variations during fault-
transfer switching. When the primary
AC line power is removed, the disturb-
ance analyzer records that fact, time-
codes it, and then monitors the DC
output or outputs to watch for and
measure load disturbances that may
occur as the UPS switches to battery
operation. The same method is used
to analyze the behavior of a reverse-
transfer UPS if the inverter fails.

Such a complete and articulate tabu-
lation in the examination and analysis
of power line, power supply and EDP
system analyses presents an obvious
advantage. You can accumulate and
study daily and weekly records at
small cost. The automatic and arbitrary
interim summaries make it unnecessary
to search tediously for worst-case con-
ditions, yet the detailed recordings are
available for moment-by-moment in-
spection and analyses of intermediate
cycles and specific incidents, and
matching of disturbances with equip-
ment malfunctions.

Rate this article: circle 7L, 7M
or 7H on Reader Inquiry Card.




TEC MAKES
ITS MOVE WITH
THE MODEL-510

A KING AMONG PAWNS

FOUR
MOVES
TO CHECK

4 VERSATILITY

STANDARD FEATURES INCLUDE UPPER AND LOWER
CASE; PROTECT; 5 VIDEO ATTRIBUTES; CHARACTER,,
LINE AND PAGE TRANSMIT, CURSOR POSITIONING
AND INTEGRATED NUMERIC KEYPAD.

47 TECHNOLOGY

STATE—OF—-THE—ART MICROPROCESSOR AND
LSI DESIGN USING OFF—THE—SHELF DEVICES.

47 RELIABILITY

LOW COMPONENT COUNT (only 18 IC's) AND STRICT QUALITY
CONTROL PROCEDURES PROVIDE HIGH DEPENDABILITY.

4/ MAINTAINABILITY

MODULAR DESIGN TECHNOLOGIES INCLUDING THE TEC “DROP-IN”
MONITOR AND ONLY ONE PRINTED CIRCUIT BOARD MAKES SERVICE
QUICK AND EASY. NATIONWIDE SERVICE IS PROVIDED BY THE GENERAL

ELECTRIC COMPANY THROUGH THEIR INSTRUMENTATION AND COMMUNICATION
EQUIPMENT SERVICE CENTER.

TEC, Incorporated

2727 N. FAIRVIEW AVE. TUCSON, ARIZONA USA 85705 (602) 792-2230 TWX 910-952-1377
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COVER FEATURE

Uninterruptible Power

Systems

Provide Computer System “Insurance”

John J. Waterman, Jr.
Elgar Corp, San Diego, CA
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The burgeoning OEM market for Uninterruptable Power
Systems (UPS) of every rating include system manufac-
turers in process control, security, data logging and tele-
communications with products including an UPS as stan-
dard or optional.

A UPS (Fig 1) is a continuously on-line solid state device
accepting utility grade AC input and providing precise,
“computer grade” AC output. It has three basic elements:
(1) Rectifier-Charger which converts the normal utility
power to DC, (2) DC to AC Inverter to reconvert the DC
power supplied either by the Rectifier-Charger or a stor-
age battery to precise AC power for input to critical (load)
equipment, and (3) Storage Battery, connected between the
Rectifier-Charger and Inverter to sustain the AC power out-
put from the UPS whenever utility power is out of toler-
ance or unavailable. Additionally, many UPS include a
Static Bypass Switch (SBS) to automatically transfer (by-
pass) the critical load equipment from the inverter output
back to the utility in the event of internal UPS malfunction.

Recently, several DC Power Supply manufacturers have
offered some battery or Uninterruptible capability as an
option with some of their products. While effective for
saving small memories from wipeout or keeping limited
amounts of logic running, these “DC UPS” don’t address
those system level problems which an AC Uninterruptible
Power System must solve. A properly rated UPS, of the
type discussed here, can provide power to an entire data
processing facility, including logic, memory, disk and tape
drives, output devices, terminals and system cooling
equipment.

The growth of the markets for UPS and other power-
conditioning equipment is being spurred by increased
dependence of commerce and industry on electronic
equipment coupled with a decline in the quality and
availability of utility-provided power. Of all the problems
which effect data processing, telecommunications on other
sophisticated electronic devices, the most unpredictable and
most frequently encountered are related to input power.

Unfortunately, modern high-speed digital equipment is
sensitive to a wide variety of perturbations on the power
line, not just the blackouts (interruptions) or brownouts
(scheduled voltage reductions). Noise riding on the power
line, momentary high or low voltage transients, dips and



surges can all cause errors, shutdowns or even equipment
damage, depending on their magnitude and duration. Quite
often, the origin of power disturbances affecting proper
operation of electronic equipment is not from the utility
company. More frequently the problem arises from elec-
tronic noise generated by other equipment located in the
vicinity of the critical load. But the utility can’t provide
transient-free power. Switching loads in and out of the
utility power system results in voltage dips and surges
at moments of switching. Switching of capacitor banks by
the utility for power factor improvement may also cause

Bypass Line
Silver Sand
Fuse | Sync
. Rectifier, Solid- Static or
Utility State Manual
Power | Bypass
Inverter Switch

Storage Battery

Fig 1 Typical UPS including common protective devices.

distorted waveshapes and voltage surges. Lightning strikes,
equipment and feeder faults, and clearing of short circuits
within the power distribution system, all produce tran-
sients. With generating capacity declining compared with
load requirements, the entire utility bus becomes more
transient-prone; that is, an occurrence which would have
created only a minor perturbation in previous years, now
affects user equipment.

There are a variety of devices available, each designed to
solve some of these power problems. Voltage regulation de-
vices, for example, while too slow to prevent step changes
from causing errors in digital gear, help by raising the thresh-

Remove Remove Normal Regulate
Common Mode (Transverse) Voltage
Device Noise (1) Mode Noise (2) (3)
High Isolation
Transformer Yes Some No
Constant Voltage
Transformer Some Some Yes
Static Voltage
Regulator No No Yes
AC Line
Conditioner (4) Yes Some Yes
Motor-Generator Yes Yes Yes
UPS Yes Yes Yes
Notes:

(2) Line-to-Line noise.

To
Critical
Load

hold of sensitivity. This is accomplished by providing a
constant, rather than varying, nominal from which tran-
sients depart. Fig 2 lists principal devices available and the
problems they solve. Unfortunately, all of the problems
exist at least some of the time in most applications, leaving
a UPS as the only dependable solution to power-related
problems. The principal advantage of a UPS is its stored
energy and consequent ability to regulate output voltage
and frequency regardless of utility conditions.

The quality of power delivered to critical loads by a UPS
is determined by an inverter. This device actually “gener-
ates” the AC output power, and it is in inverter
design that key differences exist between manu-
facturers of UPS units. Inverter design is the
principal determinate not only of output perfor-
mance but also of overall UPS efficiency and
cost. While a potential UPS user (even a major
OEM) should not dictate design technique to
UPS manufacturers, a basic knowledge of in-
verters and familiarity with their characteristics
are essential to insuring proper compatibility of
a UPS to equipment requiring protected power.

The inverters of most UPS meet the follow-
ing basic requirements:

Voltage Regulation: +2% for all combinations
of line (down to battery end voltage)load (with-
in rating) and temperature. This is a “steady state” specifi-
cation.

Frequency: Normally synchronized or preferably digitally
phase-locked to the utility (bypass) line. This will assure
smooth switching when required as well as insuring inter-
nal clock compatibility of UPS load equipment with non-
protected gear running directly from the utility. When the
utility has failed, or when its frequency is out of tolerance,
the inverter should have internal frequency stability of at
least 0.5% with temperature being the only condition that
might affect it.

Output Waveform: Sinusoidal with less than 5% Total Har-

High Protect

Regulate Remove Voltage from Nominal
Frequency Distortion  Protection Blackouts Efficiency

No No No No 98%

No Some No No 80%

No No No No 96%

No Some (4) No No 94%

No (5) Yes Yes No (5) 80%

Yes Yes Yes Yes 85%

(1) Noise from the power line to ground. This is the most common type of noise and cause of problem.

(3) With the exception of a UPS, this category applies to steady state, or relatively long term regulation. Most of these devices
do not respond fast enough to prevent a transient from getting through before correction. By keeping the voltage at the
right level, however, they do prevent all but larger transients from affecting affecting equipment.

(4) Generally a combination High Isolation Transformer and Static Voltage Regulator. Some superior devices will eliminate

distortion but these are less efficient.

(5) Some Motor-Generators are designed to hold frequency but let voltage decay. These parameters can vary greatly with these
devices. Also, some M-G's have flywheels to provide up to several seconds of ‘‘ride through’’ for momentary outages.

Fig 2 Relative protection capability of power conditioning devices.
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‘Weve put
a price tag on your
backup dreams.

Fulfilling your backup dreams for the Winchester was
one thing. Doing it af the right price was quite another.

DEl s happy to announce success on both scores.
Our new 10 and 20 MByte high density sfreaming cart-
ridge fape drives are less than half the price of
Winchesters.

The basic 10 MByte is $415, the 20 MByfe version is just
$525. And here’s what you get for the price:

Speed: Transfers dafa at 5 MByte/per minute.

Capacity: Just what you want. 10 or 20 MBytes. A per-
fect match for the 8" or 14" Winchester's capacity.

Reliability: We certify our carridges fo provide it

Ease of Use: Cartridge operation is simple enough
for a person without any computer fraining fo use.

Size: Compact enough to be infter- e
changeable with flexible disks. |

Streaming Electronics: Opfional format-
ter and sfreaming confroller with
adutomatic gain control and  inferdis-
persed resynchronization. Error cor-
rection is also available as an option.

Delivery: Immediately, as in right NOW! ™o weye carridge Tape brive

And at DEl we're so sure our new products are the
answer o your backup dreams that we've backed
up our own production capacity with another 77000
square feet of plant space.

Now thatwe've gotthem, allwe cansay is “come and
get it They're your backup dreams come truel

Data Electronics Inc.

10150 Sorrento Valley Road, San Diego, California 92121. Call (714) 452-7840. Telex 67-5327
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monic Distortion (THD — the RMS sum of all harmonics)
when operating a linear load.

Three widely-varying key parameters that must be con-

sidered, include:

Efficiency: This is obviously important to the user, as it is
a principal determinate of operating costs. It is the percen-
tage of real input power (in watts as opposed to volt-amps)
that is available as output power at full load. If a 1000W
output rated UPS required 1250W of input power, it is 80%
efficient (250W represent losses in the form of heat). So-
phisticated UPS customers assign a penalty to variations in
efficiency, generally calculating the difference in losses at
5 to 10 ¢/KW hour over the expected life of the system,
and with seven to ten years being most common. If the UPS

D.C. Input

= A.C. Output
t e

B

1l

Oscillator

Fig 3 Ferroresonant (CVT) inverter.

is being installed in an air conditioned facility, this figure is
doubled due to the added heat removal burden on the cool-
ing system. If the UPS is powering a dynamic load — one
where some of the equipment is cycled on and off such as

with disk or tape drives — then efficiency at other load
levels (75% or 50%) should also be considered apart from
its cost importance. Efficiency can be a measure of the rela-
tive newness of the inverter design. The more modern pulse-
width-modulated higher frequency inverters are generally
more efficient than older approaches.

Transient response: This is the instantaneous reaction of
the inverter output voltage to a step load change. It includes
both the peak amplitude variation and the time required to
drop to steady state voltage regulation limits. A typical
specification would be +10% p-p max. for a 50% (of rating)
step load change recovering to within +2% in 50ms. From a
user standpoint, this parameter is important if a dynamic
load is involved. An example of this is a sensitive piece of
equipment, such as a CPU, that remains on while other de-
vices are cycled on and off. The key is to make sure that
the sensitive gear will be unaffected by the transient in-
duced by the cycling (load change). With a fixed load, this
parameter is important only when transferring the load
from utility (bypass) power to the inverter. Even more than
efficiency, transient response is a measure of the relative
state-of-the-art in inverter design.

Overload capability: Unlike efficiency and transient re-
sponse, overload rating is not related to inverter design
techniques but to design derating practices. The magnitude
and duration of overload that an inverter is capable of
handling provides one indication of the conservatism of its
manufacturer and possibly the reliability of the UPS. Typ-
ical specs are: for small, compact UPS up to 2.5KVA:
110% for 10 min and 150% for 10 s; and for larger UPS:
125% for 15 min, and 150% for 10 s. Overload is critically
important to the user because many electronic devices re-
quire inrush current on startup. This current demand can

COLOR GRAPHICS FROM TWO
SMALL PLOTTERS WITH BI

There's nothing small about Zeta's high-speed
incremental plotters except their size and cost.
Plot quality and throughput equal that of much
larger machines.

Model 1453 gives you 4-pen, programable
multiple-color plotting. The 1553 is a one-pen
plotter with low price but high-speed and high
resolufion. This inexpensive new plotter gener-
ates charts of unsurpassed plot quality. Both
models plot with speeds of 10 inches per second.
Both can give you multicolored graphics over a
plotting area of 11 inches by 144 feet.

Color communicates better.

Our ZCHART Il Interactive Business Graphics
Program generates line charts, bar charts or pie
charts with such relative ease that a secretary
who's a novice fo plofting can produce colored
business graphics that communicate as only charts

can. Prices start at less
than $6,000. We'd
welcome an
opporfunity to tell

you more. Write us.
Or better yet, call.

E NICOLET ZETA CORPORATION 2300 Stanwell Drive, Concord, Ca. 94520 Call (415) 671-0600
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Delivery That’s OEM Responsive

Perkin-Elmer tape and disk drives are avail-
able now. When we saw the demand for our
drives grow, we responded by making the
investments necessary to be responsive to
OEM delivery requirements. Our commitment
to OEMs includes a new 250,000 square foot
manufacturing complex with the production
capacity that can meet today's requirements.

Our OEM Commitment Our commitment

to the OEM goes beyond new facilities. It's a
multi-faceted corporate commitment that in-
volves a powerful combination of investments
in advanced production and testing equip-
ment, responsive management, financial
strength and competitive products. A commit-
ment that assures product reliability, on-time
delivery, and responsiveness for our OEM
customers.

Responsive Products We offer the OEM
tape and disk drives that have become the
industry standards. Our tape drives are avail-
able in sizes from 7 inches to 102 inches
with speeds ranging from 12.5 ips to 75 ips
and recording densities up to 1600 cpi.

Our Super Series cartridge disk drives are
available in front-loading and top-loading
configurations. Storage capacities are from
2.5 to 20 megabytes.

Responsive Answers For a responsive
answer to your tape or disk requirements,
write or call today. Then, you'll see what it
means when we say we're OEM responsive.

Perkin-EImer, Memory Products Division,
7301 Orangewood Avenue, Garden Grove,
CA 92641 (714) 891-3711

PERKIN-ELLMER
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greatly exceed the steady state load and it is hardly cost
effective to procure a UPS with a continuous rating ade-
quate to handle momentary startup surges. If practical, this
short-term inverter overload rating (e.g. 150%) should be
adequate to handle the starting surge of the worst case de-
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Fig 4 Quasi-square wave inverter.

vice it has to power, when the balance of the load is al-
ready on. Some loads (certain disk drives, for example)
have such large starting requirements (ten times running
current) that they would seem to indicate a need for a
steady-state rated UPS far larger than required. Such a load,
when added to that of equipment already running, would

cause the inverter to current limit to protect itself, drop-
ping its voltage and shutting down the on-line loads. To
handle such anomalies, many UPS manufacturers offer a
feature which senses the overload and transfers to utility
via the high-speed static switch. Retransfer is made when
load current falls to within normal limits. With such a
system, high inrush loads exceeding inverter overload
rating could not be started in blackout situation (UPS
on batteries) without adversely affecting other equipment.
Almost all inverters used in commercially-available
UPS use switching techniques, although some linears still
exist for very low-powered extremely precise requirements.
Four approaches are the most common:
Ferroresonant (Fig 3): This approach uses a simple unreg-
ulated inverter switch to generate either a square wave or
two square waves, offset 30° and summed, to eliminate the
third harmonic. This square wave or zero-third harmonic
waveform goes into a ferroresonant, constant voltage trans-
former, actually a resonant transformer/capacitor tuned for
60Hz operation. The transformer regulates the output volt-
age, smooths the waveform and provides inherent current
limiting. Ferroresonant inverters have been in use for many
years, are simple and, if well-designed, quite reliable. They
are less efficient than other approaches because of the
energy dissipated in the resonant output section and have
comparatively poor transient response due to its high im-
pedance. Ferroresonant UPS also tend to be bigger and
heavier than those using other techniques.
Quasi-square wave (Fig 4): This approach is the simplest as
it uses true electronic (rather than magnetic regulation). It
has two square waves offset to produce a zero-third har-
monic waveform. Regulation is achieved by changing the
relation of the second square wave with respect to the first,
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100 ft.roll |R30B-0100{R30W-0100}R30Y-0100] $3.65| [R28B-0100]R28W-0100]R28Y-0100|$4.05} |R26B-0100|R26W-0100]R26Y-0100
500 fi.roll _|R30B-0500|R30W-0500 [R30Y-0500 R28B-0500 | R28W-0500| R28Y-0500 |12. B-0500]R26W-0500{ R26Y-0500
1000 ft.roll  {R30B-1000 {R30W-1000JR30Y-1000§ 16. R28B-1000 |R28W-1000]R28Y-1000 21.10 | |R26B-1000]R26W-1000 | R26Y-1000
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Managers, supervisors and engineers in QA, QC, incoming inspection, reliability and test

Advanced ATE Technology
& Management Course

Sponsored and produced by Electronics Test and Circuits Manufacturing magazines

Atlanta — Mar. 6-7 Dallas — May 21-22 Chicago — Oct. 2-3 Orlando — Nov. 19-20
Description: Faculty: Course Outline:
e This 2-day course covers such Paul J. Giordano, First Day
topics as component test and the use Chief Executive Officer, 1. Overview (2 hours)

of systems and subsystems for diag-
nostics and go/no-go screening.

® [t focuses primarily on commercial
applications of automatic test systems
to factory and depot testing.

® The course provides an overview of
the state of the art of ATE technology:
description of ATE elements, ATE
acquisition process, design for test-
ability, testing requirements and test
program set generation.

e [t includes a review of ATE hard-
ware/software, state-of-the-art ATE
configurations and future trends in
ATE design.

e Finally, it gives members of the
commercial sector an overview of
military ATE: the criteria employed
by major military programs to evalu-
ate investments in ATE R&D fund-
ing, how these initiatives will affect
available technology for commercial
ATE and the impact of new military
ATE concepts on aerospace manufac-
turers supplying equipment to that
market.

e Attendees should be management
oriented since the course material
goes beyond basic test technology.

® On taking this course, supervisors in
quality control, factory management,
finance and planning, as well as cor-
porate executives, will be able to op-
timize their use of automatic testing
for efficient support of their product.

® The course provides a complete
management overview on the first
day, with more detailed technical
discussion on the second day.

e [nteraction between attendees and
instructors is encouraged during the
entire course in order to maintain
focus on actual student problems.

Giordano Associates, Inc.

® 25 years’ experience in system
management and engineering ® Con-
sultant in product and program plan-
ning for major aerospace and com-
mercial companies ® Lecturer in ATE
training program for military man-
agers ® Member of Steering Com-
mittee for Joint Service ATE Project
and Chairman of Task Force on
Advanced ATE Technology ® Former
president of Instrumentation Engi-
neering ® Former head of advanced
development for System Management
Division of Sperry Rand

Giordano

Jackson

Philip C. Jackson,
President,
Giordano Associates, Inc.

® More than 20 years’ experience in
ATE design and development ® Con-
sultant to NAVSEA on Support and
Test Equipment Engineering Program
® Recognized expert in system archi-
tecture and high-speed digital pin
electronics ® Innovator responsible
for first commercial approach to
modular ATE e Former director of
advanced development for ATE sys-
tems at PRD Electronics ® Former
vice-president of engineering at In-
strumentation Engineering

The Faculty will be assisted on oc-
casion by: Hal Busching, Depury
Program Manager, MATE Program,
and Greg DeMare, Research Section
Head, Sperry Systems Management.

2. Design for testability
(1 hour)
3. Testing requirements
(1 hour)
4. Test program set generation
(1 hour)
5. Review of military ATE programs
(2 hours)

Second Day

6. Detailed review of ATE hardware/
software (3 hours)

7. State-of-the-art ATE configura-
tions (1 hour)

8. Future trends in ATE design
(1 hour)

9. Summary and question/answer
period (2 hours)

For further information or to register,
please write or call:
Kate Fitzgerald, ATE Courses
Benwill Publishing Corp.
1050 Commonwealth Ave.
Boston, MA 02215
(617) 232-5470

Please send more information on the
I Advanced ATE Technology &
Management Course in 1980.

City State Zip

[elephone #

FFEFRRITARY 1080 Diaital Nacinn

1S




thus varying the pulse width and amplitude of the overlap
and the RMS value of the ultimate output sine wave. A
series/parallel LC filter is employed to filter harmonics
from the Sth up. The performance characteristics of this
approach are also limited by filter design and impedance,
although both parameters are superior to those of a fer-
roresonant unit.

Pulse-width modulation (Fig 5): The commercial availability
of ever more complex integrated circuits has eliminated
early PWM user concerns, complexity, thus reliability. With
PWM, a square wave is generated at a comparatively high
frequency, 1.2 to 2.4KHz in SCR inverters, up to 40KHz in
transistor inverters. The sine wave is synthesized by varying
the duty cycle so that off-time is long compared to on-time
near the zero crossing of the desired 60-Hz waveform, with
a very long on-time, compared with off-time, at the crest.
Output filtering, thus impedance, is greatly reduced with
this technique, yielding excellent efficiency and transient
response.

Synthesized or Stepped Waveform (Fig 6): Employed
primarily in very large three-phase inverters (over I00KVA),
this approach employs multiple inverter switches, divided
into two sets. Each set produces a 3-phase waveform with
12 or more steps achieved by summing square waves. The
two sets are then phase-shifted in respect to one another to
regulate the ultimate output voltage. If they are 180° out
of phase, the output is zero as they cancel out. When they
are exactly in place, the output is at maximum. Because
the multiple step waveform inherently eliminates most low
frequency harmonics, this approach needs only a simple
low pass output filter to achieve a very low distortion
output sine wave. Again, transient response and efficiency

are excellent. These systems, however, are very complex in
the power section.

Most rectifier-chargers are highly efficient with only two
techniques being widely employed. Most common is the
phase-controlled SCR bridge, simply using controlled
rectifiers which phase back at high line voltage and/or
light loads or turn full-on at low line voltage with full
load. The input power factor of these rectifiers varies
inversely with utility line voltage, and should be specified
to determine UPS input current requirements under all
conditions. The other approach uses a simple unregulated
diode bridge which feeds a DC-to-DC converter or chopper.
This approach can result in size and weight savings, while
keeping UPS input power factor relatively constant.

The most important rectifier/charger parameter is its rat-
ing. It should be sufficient to supply full inverter load re-
quirements while recharging a fully discharged battery in
a reasonable period. Most major UPS manufacturers size
their rectifier/chargers at 125% of inverter input require-
ments at full load.

The question most frequently asked by potential UPS
buyers is, “How much battery reserve time should I buy?”
UPS are installed with batteries which provide as little as
30 s to 24 hrs. or greater backup time. Many customers pur-
chase a UPS primarily to prevent costly errors that line
transients can cause. There customers want only a reserve
adequate to effect an orderly shutdown of the operation
when a total blackout occurs. Others will install a standby
engine-generator to provide long-term blackout support,
supplying power to the UPS input when the utility has
failed. In either of these cases a five to fifteen minute bat-
tery reserve is adequate. Other UPS users require continuous

MORE LSI-11 PRODUCTS

MEMORY
MEM11

32K x 16 — Fast enough for 11/23
CPU’'s—18bitaddressingstandard
— 1K word increments — first and
last address switch selectable —
byte parity and 22 bit addressing
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socketed memory array

8 X4 CARD CAGE
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SOFTWARE
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Hazeltine 1500 series

DPS — Document Processing
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UPSMANSHIP
Without it, your computer
could become a vegetabile.

Many computers' memories ; _ :
are a few microseconds from o To get

oblivion. With even the briefest power UPSMANSHIP,
outage, it’s lights out for the computer, and for the get Elgar on the
people depending on the data. phone, then get Elgar on the line. 8225 Mercury Ct,,
But the right amount of UPSMANSHIP can get San Diego, California 92111. In California, call
any computer through a blackout with all its (714) 565-1155. Out of state, call 800-854-2213 toll free.
marbles intact. The right amount? From 0.5 KVA to Elgar is also a leading producer of High Isolation
45 KVA, depending on your needs. Transformers, AC Line Conditioners, and AC Power
e same Elgar Uninterruptible Power System Sources.
(UPS) also protects your computer from life’s smaller
ups and downs—the momentary spikes and @ ELG AR
transients on your AC line. .
an Onon’ power systems company
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operation regardless of utility conditions and don’t want to
bother installing a generator. For such installations, bat-
teries capable of 12 to 24 hrs., or even longer, service are
selected. Other customers may be concerned only with
operation during peak business hours and will select 2-to-
4-hr. battery support. The time range you select is thus
dependent upon the objectives you have set for your UPS,
and the available space — and the budget.

Assuming appropriate UPS design, the principal task
facing a potential user is assessing his requirements. This
includes load power requirements, space and facilities
constraints, utility power definition and, again, budgeting.
In defining load requirements, it’s impossible to give too
much information. Load voltage requirements (e.g., 120V,
single phase, 120/208V, 3 phase, 4 wire, etc.) are primary.
Specify only your load needs. Single phase UPS are much
simpler and less costly than three phase devices and if you

D.C. Input A.C. Output

O

I

- N

PR

Voltage
Regulation

Oscillator

Current Limit 4
o 60

Fig 5 Pulse width modulated inverter.

only have single phase loads, buy only a single phase UPS
— up to a total requirement of 20KV A. Above this level,
single phase systems become unwieldy. After voltage,
steady state load magnitude in amperes or VA is most
important as it will determine required UPS rating. Load
power factor and/or actual voltage requirements is also
useful.

A word of caution on UPS rating: some UPS manufac-
turers still employ a rating system handed down from
other generator manufacturers, where products are rated at
0.8 lagging power factor. A 10-KVA UPS so rated is de-
signed to provide only 8KW of continuous power. This is
reasonable for a mix of lighting and motor loads. Modem
digital electronic equipment, however, usually has average
power factors of 0.88 to 0.9. Thus, if the total load planned
for a UPS were 10KVA, it would draw 8800 to 9000 W of
real power — more than the 0.8 rated UPS could provide.
Some manufacturers now rate their equipment to 1.0 or
unity, solving the problem. But users should make certain
they’re getting the watts they need as well as volt amperes
their loads require.

After steady state load, specify the inrush or starting
current requirements discussed earlier. If you’re a system
OEM using several manufacturers’ hardware you may find
it difficult to get complete and accurate data on this param-
eter. Many UPS manufacturers equip their service person-
nel with devices required to measure inrush, and will be
glad to do some testing for you.

In specifying facilities interface, consider first the input
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voltage or utility service to be supplied to the rectifier-
charger. In most cases UPS input and output voltage should
be the same. If the values are not equal, a transformer is
then required in parallel with the UPS to supply the neces-
sary power for bypassing the system in the case of a fault or
for maintenance. Some cases demand different UPS input
and output voltage configurations, however. In 15KV A or
larger single phase output UPS, a three phase service is
generally mandatory to the rectifier charger, due to the
amount of power needed. In such cases, the user must pro-
vide a single phase input to the bypass switch. Remember,
at least 60% additional service capability is needed at the
UPS input to allow for efficiency losses, recharging bat-
teries and UPS input power factor variations.

UPS are power supplies, and while they’re available in
ratings down to 100V A, they are often big and always
heavy when compared to the equipment they’re running.
An OEM planning to provide UPS with his systems should
count on obtaining ratings no higher than 2500V A which
are packaged in rack-mountable configurations with internal
or similarly-packaged batteries. Larger UPS come in big,
free-standing cabinets. In units of 25KVA and up, several
thousand pounds of electronics and batteries are required.

The key to UPS selection is not much different from
other sophisticated electronic equipment: careful choice
of a supplier. Make certain that you can verify claimed
field experience. Warranty provisions and service capa-
bilities including response time should also be reviewed. En-

A.C. Output
- -4 O
D.C. Input
etc.
1 Fﬂ‘?}T
etc.
Voltage
Trt ey Regulation
Oscillator Current Limit 1

=<l

Fig 6 Step or synthesized waveform inverter,

vironmental constraints must also be detailed, remembering
that a UPS must function when the power and air condi-
tioners are off.

The principal purpose of a UPS is to improve reliability
of power supplied to critical load equipment; thus, ultim-
ately reliability must be the overriding concern. Unfor-
tunately, it is probably the most difficult parameter to
verify. A prospective buyer should request both predicted
(calculated) and actual operating reliability figures. He
should also request a quotation on a long term extended
warranty or after-warranty service contract. A comparison
of these figures could be far more meaningful than compar-
ing MTBF’s.

Rate this article: circle 1L, 1M or 1H
on Reader Inquiry Card.




Many of the elusive
and complex problems en-
countered by sensitive elec-
tronic systems can be
traced back to one source—
utility power.

While your system is
dependent upon direct
utility power, it is literally
at the mercy of problems
as obvious as complete
losses of power
(blackouts) to problems
as unnoticeable (but just as destructive) as spikes
and line transients.

Although such occurrences may last only a few
milliseconds, the ensuing damage and unscheduled
downtime costs may be very severe.

THE PROBLEM
SOLVER

The CLARY Uninterruptible Power System (UPS)
stands between your system and its utility power
source as the ultimate solution to power problems.

It is designed for use as a continuous source
of precise AC power that continues its supply to
your critical load through any power problem.

DESIGNED TO
STAY UP

The CLARY UPS is made up of a rectifier/charger,
inverter and battery pack. In normal operation,
when utility power is available, the energized
rectifier/charger powers the inverter while at the
same time maintaining the battery in a fully
charged condition. In the event of a utility failure,

BYPASS
SWITCH

BATTERY
CHARGER

SOLID-STATE
INVERTER

CRITICAL
AC LINE

BATTERY
BANK

THERE'S MORE
TO AN"UPS”
THAN JUST

UNINTERRUPTIBLE
POWER

the inverter continues to
supply to your critical load
by automatically drawing
its energy from the battery.
Because the battery is
always in circuit, there

is no switchover time
involved. When the line
outage is corrected, the
rectifier/charger auto-
matically resumes powering
the inverter and recharges
the battery, returning it
to its fully-charged condition.

THERELIABLE
SOURCE

The CLARY UPS is a proven, reliable system
with virtually endless applications such as:
computer systems, process control, data commun-
ications, medical-laboratory and security systems.

For full details on how CLARY can solve your
power problems (and a copy of the helpful U.S.
Dept. of Commerce report on the subject) call
or mail this coupon today.

This is

the 15

KVA

CLARY
Uninterruptible

Power System.




When a power supply dies, the elec-
tronic life blood stops flowing, and
the computer dies with it — sometimes
gracefully, sometimes not. Perhaps you
don’t recognize the power supply as
the heart of every digital system. Dull,
boring and the least important item
best left for last minute consideration
— is that your attitude to selecting
power supplies? If so, you’re risking
the destruction of your system, costly
field service bills and your job.

Gone are the days when a system
designer could make a few preliminary
system power estimates, allocate some
space and later overspecify to be safe.
The power supply is taking more of
the overall system cost for OEMs.
Power supply technology is suddenly
going through rapid change. There is
less room for error today. Today’s sys-
tem designer must understand power
supplies; if not well enough to design
them (particularly switchers), then at
least well enough to evaluate them. To
this end, we will review the categories,
special aspects and pitfalls to avoid
when designing your own or ordering.

Let’s look at what’s available in
various categories of regulated power
supplies — ferroresonant, SCR, switch-
ing and hybrids — and examine their
(dis)advantages.

Linear supplies — traditional

The series regulator takes an input
through a transformer and one, two or
four rectifiers and large filter capaci-
tor(s) that smooth the rectified wave-
form. A series-pass power transistor in
series with the load varies current flow
to control the output voltage. A feed-
back network senses voltage on a di-
vider across the output, comparing it
with a reference. The network detects
output changes and applies a control
signal to the base of the series-pass
transistor.

There are several types of linears. In
a shunt-regulator, a zener across the
load provides fairly-constant output
voltage. A transformer supplies a half-
or full-wave (or full-wave bridge or
multiplier rectifiers), which is then
shunted by a capacitor, a series resistor
and then the zener and load in parallel.
Although the shunt regulator provides
better regulation than an unregulated
supply, the zener carries heavy current
at no-load, and such circuits are used
for low-current (200 mA) applications
when the input is fairly constant.
Series-pass regulators are far more
common.

Series-pass regulators using a zener
reference, are more efficient, provide
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Special Report:

Power supplies exhibit greater flexibility
and higher efficiency.

much more load current and better
regulation (still poor) than a shunt-
regulator. In such a supply, a common-
base power transistor absorbs the dif-
ference between input and output
voltages. In its simplest form, a zener
absorbs base current, which is much
less than load current.

Zeners and NPN transistors, for
use in controlling series-pass base drive,
are combined to cancel temperature
differences between the two, resulting
in a low net temperature coefficient.
A filter may be added to the series-
pass base.

In a series-regulator with feedback,
a pot divider inserted across the out-
put drives a feedback transistor or
amplifier, which compares this feed-
back voltage with a reference and ad-
justs the output (to make them equal)
by varying the base current of the

Fan-cooled switchers such as this 375W,
two-output, 5V, 75A unit — offer densities
up to 2.7 W/in3 and 70% efficiency.

series-pass transistor. This high-gain
feedback loop improves regulation. In
its simplest form, it is no more than a
feedback transistor between the series-
pass base and zener cathode. which has
its base wired to a pot in a divider
(across the output). In other versions,
a Darlington series-pass handles higher

current and improves regulation.

Many cookbook linear regulator
circuits exist to improve current-limit
operation and transient response, sta-
bilize reference voltage and improve
stability. Once made of discretes a
decade ago, these linear circuits are
now available in three-terminal IC
form and regulate output within 5 mV.

Linears have advantages

Series regulators remain the most pop-
ular supply due to their superior relia-
bility, regulation, ripple, transient re-
sponse specs and lower cost (for lower-
power units). On the other side, dis-
advantages include low efficiency (40-
50%), larger cooling needs, larger size
and greater weight. As input voltage
rises, so does input power, and since
output power is constant, the linear
dissipates more power at higher inputs.
Due to linears being a mature tech-
nology, due to rising energy costs
(hitherto of minimal impact on supply
selection), and due to rapid strides
made by switchers, linears will be re-
gulated to a smaller portion of the mar-
ket. Unlike switchers, linear prices are
driven more by the cost of iron, copper
and steel — basic raw materials that
will rise with inflation — unlike switch-
ers, which are driven by technology
(such as PWM control IC improve-
ments).

Linear power supply makers are not
giving up to switchers without a fight.
By using higher-grade steel and square
copper magnet wire, some manufactur-
ers have reduced transformer losses
over 12% and cut size and weight. By
using higher-power and lower-satura-
tion series transistors, they’ve reduced
saturation and voltage drop dissipation
by 40% or so. And, by incorporating
higher-power Shottky rectifiers, de-
rated 50% in current and voltage,



POWER SUPPLIES

rectifier losses (typically 20-30%) have
been halved. Efficiencies are in the 50-
60% range.

Ferroresonants — simplest
(and reliable)

Want high efficiency, circuit simplicity,
reliability, low cost and low component
count? Try the ferroresonant regulator.
[t consists of a saturated (constant
voltage) transformer, AC tuning capa-
citor on one secondary, and rectifiers
and DC filter capacitor on the other
(split) secondary. The saturating trans-
former converts the sinusoidal input,
and via in its saturating action, creates
a calmed sinusoid resembling a square
wave that is then rectified and
smoothed by an output filter capacitor.

Further advantages include very
good immunity to line transients. They
are well-suited for multiple series (or
parallel) banking to meet higher-out-
put voltage (or current) bulk power
demands. Efficiency is high (70-90%)
because regulation is by nondissipative
means and virtually eliminates com-
munation losses. It eliminates most
EMI woes because the waveform is not
steep and rich with harmonics. Then
there’s inherent overvoltage and short-
circuit (by leakage reactance) protec-
tion. Control winding voltage can be
selected for best components without
regard to input and output voltages.
Large temperature changes have little
effect upon ouput voltages, changing
1%/40°C. Output voltage can stay
under £1% for static or dynamic line
voltage changes up to *15%. Other
advantages exist. For a dead short,
if load current reaches 250% of rated
full-load current, output voltage drops
in 1ms to zero and remains there until
the overload or short is corrected. The
ferroresonant is undamaged by dead
shorts. Ferroresonants are very relia-

Paul Snigier, Editor

ble: they have 1.5 times the MTBF of
linears and 4.5 times the MTBFs of
switchers.

What about recovery time for line
changes? If line change is under +5%,
no excursion outside the regulation en-
velop occurs; if over this and up to
+15%, it can return to its *1% regula-
tion envelope in milliseconds. Most
utilities keep frequency variations
under +0.5 Hz; some go as high as
+3Hz. As for load changes, a sudden
(step) change from full to half load

takes a 60-80 ms recovery time to
return to a £2% regulation envelope.

Serious disadvantages exist: large
size, sensitivity to line frequency
changes, and higher transformer losses
during saturation (increased hystere-
sis loss).

When line frequency changes, ferro-
magnetic output voltage drops drasti-
cally. Frequency variations of *1Hz
will produce a +1.3% rise (drop) in out-
put voltage. Thisis a linear relationship
between 55-65Hz. Since mechanical
generators at power plantssuffer from
short-term frequency changes, to en-
sure a precise number of cycles/day
(5,184,000), utilities make late-night
frequency corrections. The changes
correct other problems, but could
harm sensitive digital systems with
ferromagnetic supplies.

SCR regulators — simple, but. . .

The SCR regulator has been used for
systems and environments that tolerate
greater ripple and noise. It has a trans-
former, two SCRs, low-pass LC filter
and control circuit. The SCRs typically
operate as two legs of a bridge rectifier,
with each anode connected to the
secondary; cathodes tied in common
are fed through the filter to the positive

Power Supplies in noisy environments require special care. Our power supply tests found
that abrupt power-line impedance-changes cause reflections and created transient voltage
spikes exceeding 3kV. A short across a 240Vac line (at peak) exceeded a 1kA momen-
tary surge. To clamp such voltage transients, use solid state suppressors (zeners, if dc)
across supply inputs. Since our supplies were connected to the same bus as heavily-induc-
tive devices (solenoids and motors), sudden current changes and kickbacks created volt-
age spikes. Adding a voltage snubber and catch diode across inductive loads (such as
motor controllers) minimized this. To detect noise-susceptibility quicker, use transient-
and noise-generating tests (zap gun, chattering relays, etc). Test circuit (lower right) was
designed by author to detect source of transients.
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output terminal. The low-pass filter
passes only the average or DC compo-
nent to the output. Regulation is per-
formed by a comparator control cir-
cuit (with output wired to the two
gates) which senses the AC input
(through a center tap -V and -S through
a resistor) and DC output, which is
compared to a reference.

With dropping voltage, the control-
circuit firing-pulse fires the SCRs
earlier, passing more charge to the out-
put filter. Since SCR regulators directly
rectify line input, they avoid bulky
60-Hz components. Other advantages
include small size, low cost and high
efficiency. Disadvantages are high
ripple and noise (up to 500 mV pp),
poor regulation (0.05-1%) and slow
transient (50-200 ms). They cannot be
used in most applications.

What about switchers?

A switcher or switched-mode power
supply (SMPS) may contain a bridge
rectifier, switching transistors, pulse-
width modulation (PWM) control cir-
cuitry, feedback network, high-fre-
quency transformer, output rectifiers
and filtering network.

Like linear supplies, all switchers
compare output voltage to a reference;
and a control circuit adjusts the on/off-
time ratio of the series switching trans-
sistor(s), whose frequency is usually
about 20KHz-40KHz. The chopped
current passes to an output filter.

Since transistors saturated full on
or off are not lossy, efficiency typically
can be in the 60-90% range, resulting
in higher power density, smaller size
and lower heat dissipation and less
need for forced air or fan cooling.
With fast pulse-repetition rate, induc-
tors, filter capacitors and transformers
can all be smaller and lighter, consum-
ing less raw materials like iron and
copper. Switchers can operate through
temporary line-voltage drops (brown-
outs), sustain output levels for 20-40
ms.

Switching supply specs, when com-
pared to linear specs, do differ as
follows . . .

Linears Switches

Size (W/In?) 0.5 2
Efficiency (%) 40-55 60-85
Power Density (W/Ib) 10 50
Ripple Noise (mV-pk-to-pk) 30 50
Line Cycle Carryover (ms) 2 25-50
Transient Recovery Time (us) 25 500
Input Voltage Tolerance (%)  +10 >+20
Regulation (%) 0.1 0.1

Switchers have been criticized for a
lower degree of stabilization, inrush
current woes, higher noise, switching
spikes and higher prices for low-power
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applications. Transformer imbalance in
high-power push-pull switchers have
caused failures (although twin-pulse
PWM circuits are said to have alleviated
this). In multiple output switchers,
getting desired outputs simultaneously
isn’t always easy. But better designs
and new generation components have
lowered cost, reduced noise and spikes,
increased efficiency, and raised relia-
bilities.

Switcher categories

Switchers are forward, flyback, half-
and full-bridge push-pull converters,
or combinations of these. Since it is
the simplest and uses the least parts,
the one-transistor flyback converter
(blocking oscillator) is lowest in cost
and has been used for switchers up to
a few 100W. Not only does it offer
simplicity, but the flyback regulator’s
“clean” waveform in terms of the
transformer field or line currents over
time provides superior RF suppression,
with few current spikes and thus less
high-frequency harmonic energy. Fly-
backs are used in multiple-output
switchers, since each output only re-
quires one capacitor and one diode.
But smoothing can be a problem where
ripple is severe.

Like all low-cost circuits, there’s a
tradeoff: high ripple and poor regula-
tion. Flybacks behave like current
sources and supply a wide high-voltage,
low-power output range.

Flyback transformers provide a
large inductive kick that almost doubles
primary voltage, even if the switching
transistor is only partially turned off.
This means that it must withstand
peak current, four times greater than
average at double the voltage (if 115-
VAC on the primary, this is 350V)
for several tenths of a us or so. Flyback
converters all too often destroy bi-
polars, and overspecing is needed.
VMOS FETs can handle it, and turn
off in tens of nsec, but have disadvan-
tages.

The flyback transformer primarily
possesses tens of uH, and the core’s
B-field is not that intense, so there
must be more core volume to store the
energy (which is retained during half
cycles and not passed from primary to
secondary). Some flyback switchers get
around this by using higher frequencies
and lower ferrite permiability or use
a medium-permeability core with an
air gap for storing magnetic energy.

Notwithstanding these difficulties,
the flyback regulator may have advan-
tages. The continuous series impedance

"of the transistor means that the col-

lector-current rise-time is well-con-
trolled and relatively slow. What this
means is that it is possible to turn
off the transistor before the core
saturates. Also, during the charge
cycle, the secondary or load complete-
ly disconnects from the primary; if a
secondary fault occurs, it’s not directly
reflected back to the primary.

Other advantages exist. The flyback
regulator can operate at duty cycles
less than the clock period, thus giving
this regulator a very large dynamic
range. Multiple regulated outputs are
possible using a flyback regulator, with
regulation obtained on two of these
secondaries by regulation of the third.
On the other hand, regulation of such
a transformer is not as good as a con-
ventional DC-to-DC converter. This is
so because the core material provides
poorer coupling, although some manu-
facturers have tightened regulation by
using multifolar and parallel-windings.

Do you want greater power? Easily
done. The output is increased by paral-
leling the number of stages. Since the
stages are unlimited, output power is
unlimited. This is inherent because the
transformers are current (not voltage)
sources. By timing the parallel stages
so their transformers dump stored
energy into the load on a staggered
basis, ripple is decreased. Although the
reliability is high, as already men-
tioned, it can be increased if there are
enough stages so that one failure won’t
affect the load. Simply fuse the secon-
dary diodes and primary transformers;
when one fails, that stage is removed
from the primary and load.

Forward converters use only one
switching transistor and offer low out-
put ripple. They are used more in
lower-voltage, higher-power applica-
tions than flybacks. although most
outputs are not above several 100W.
Since inductor cores are driven in only
one direction, power flywheel diode
and series inductor with the load en-
sure a steady current despite the
switching transistor’s state.

Duty cycle limits of many forward
converters at time saturate the main
power transformer, resulting in
switcher failure. Circuits have been
developed to prevent this.

Push-pull converters, though they
may use two or more power transistors
and two flywheel diodes (and cost
more), provide higher power output,
lower ripple (frequency doubles, mak-
ing filtering easier) and more efficient
(bidirectional) wuse of transformer
cores. Consequently, push-pull switch-
ers are popular.
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Fig A The flyback converter, uses only one inductive element. During
the transistors on-time (forward) period, energy is stored in the
choke’s magnetic field. During flyback, the transistor is off, induc-
tance current falls, and the diode becomes forward-biased. The mag-

If using single-ended or half-bridge
circuits (the latter withstand twice line
voltage and are suitable for low- to
medium-power switchers), then push-
pull regulators must use two (or more)
switching transistors; if using a full-
bridge for more power, then four —
although paralleling power transis-
tors up to eight or so has been used
to boost overall current capacity.

Push-pull  disadvantages  exist.
Although they create the lowest out-
put ripple, they have the most complex
base drive. The converter, if excessive
positive feedback saturates the trans-
former core, may hang up in one state
(latching) irrespective of what the
driving circuit does. Core saturation,
caused by cross-current saturation,
takes place when all switching trans-
istors simultaneously conduct. Core
saturation can occur from DC imbal-
ance. Push-pull converters are limited
in input range, a problem solved by a
switching regulator before the push-
pull. The tradeoff is a noisy switcher-
push-pull combination that’s not only
inefficient and degrades isolation, but
recovers slowly from load transients.

Control ICs are solving many push-
pull problems, particularly for high-
power units. Pulse-width and pulse-
amplitude imbalance have long been
the killer of push-pull switchers (tran-
sistors and diodes), although push-pull
makers claim that transformer imbal-
ance has been beaten by the twin-pulse
circuit without overspecifying transis-
tors. Since one pulse is wider than the
other due to load variations, one push-

proper values,

pull transistor is driven harder, and its
transformer flux density is greater,
leading to lower diode PIVs. Conven-
tional push-pulls drive the switching
transistors directly with a narrower
pulse (for a rising output) to shorten
on-time, thus providing negative feed-
back and lowering output.

But the twin-pulse PWM control IC
applies one output to one transistor.
A flip-flop, set by the PWM’s other
pulse, provides an identical pulse (de-
layed by T/2) on the second transistor.

Switcher reliability

Pareto’s Law applied to switchers says
that three-quarters of all switcher fail-
ures are due to failure in one-tenth of
the parts (electrolytic capacitors, pots,
power diodes and transistors). Putting
more housekeeping functions on-chip
will significantly increase reliability —
but only if the correct functions.
Those control ICs that lower capaci-
tance, inductance and transformer
needs will lower stress factors and in-
crease MTBFs. Also, the fewer high-
current active devices used, the less
that can overheat and go wrong.

Reliability is improved and cross-
talk variations (dependent on assem-
bly) are reduced by PC board links and
greater care in partitioning functional
sections, thus minimizing interconnec-
tions and wires.

Military-grade parts offer a 3.5-fold
improvement in MTBFs. To improve
reliability, the switcher vendor may
prefer not to use better parts and ma-
nipulate statistics to create better

netic field collapses, transfering its energy to the capacitor. With
the on-off action provides a smoothing action.
VcE=Vin/(1-6)=Vin/(1-0.5)=2V;, where ¢ is the transistor’s duty
cycle and T is its cycle time. V;p,=Vcg(1-0).

MTBFs on paper, knowing that some
OEMs (who are usually aware of this
specsmanship game) will prefer this
initial lower cost, despite lower, long-
term overall cost of the initial more-
costly unit. Then again, some OEM
cottage shops selling systems, incor-
porate the cheapest switchers they can
can get, and don’t care.

Misleading MTBFs have soured
users. Traditional MTBF calculations
are more meaningless for switchers
than linears, and all too often don’t
account for real-life situations. Switch-
er makers can validly juggle the data to
provide any MTBF they want, and it’s
not as if they aren’t aware of the dif-
ferent ways to determine MTBF.

The principles needed to improve
reliability are well known. It’s known
that a MTBF improvement of eight-
fold is possible with only a 50% in-
crease in cost of critical components.
With increased costs for better screen-
ing, system burn-ins, etc., a $500
switcher (unit qty.) would sell for
$750. Does this raise OEM system
costs? Does it save on overall cost
(over, say, five years)? Definitely.
Let’s see why you, the OEM, will save
in the long run. The N-year cost in-
cludes initial supply cost plus a fac-
tor: (repair cost/ failure plus spares al-
lowance, perhaps 10% of initial cost)
times the ratio of switcher life to
MTBF. In reality, the cost of a failure
also includes something more than the
cost of repair — the cost of outage or
revenue for your customer. If MTTR is
low, say half an hour, repair expenses
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involve field service visits, travel time
and expenses (with energy-related
travel costs expected to skyrocket),
shipping costs, etc. So, a repair cost
per failure can easily exceed $140 —
and far more later.

Reliability studies show that a two-
or three-year MTBF switcher costs less
than a 10-year MTBF unit for the first
four to five years. After seven years,
the initially-cheaper unit costs twice
as much; and in ten years, 2.5 times
more. With replacement costs and field
service costs outpacing inflation, these
figures are optimistic; the breakeven
point may be more like four to five
years.

Control ICs alter switcher design

Precision references, ramp oscillators,
error amplifiers and differential volt-
age comparators are the four control
elements of a PWM circuit, and were
around in separate IC form for years.
But when a single monolithic IC was
first offered, switcher design changed.
These monolithic and power hybrid
control ICs have reduced components
count and increased reliability by pro-
viding compactness, reproducibility,
reduction of parastics, accuracy and
more control functions at lower cost.
The rapid proliferation of control cir-
cuits, with over a dozen circuits or
more now available, has created con-
fusion even among power supply de-
signers. The difference between these
control chips, even though they do
provide similar functions, are suffi-
cient enough that it requires consider-
able time to compare them. The ICs,
in turn, are growing more sophisti-
cated, with more control and protec-
tive housekeeping functions on-chip.
This makes switchers a technology
that is silicon-dependent, and one that
has far to go before maturing. This
means that instead of designing a cage-
full of PC cards, today’s SMPS design-
er uses a handful of ICs and modules
to handle conditioning, control and
drive functions. This leads to not only
smaller size and increased reliability,
but substantial savings in assembly
time, testing and inventory control.
Traditional switcher ICs (SG1524,
MC3420, TITL497, Ferranti ZN1066),
first offered in 1976, have given way
to superior chips. These include PWM
SG1525, TL497A, MC3421 and many
other improved versions or new fami-
lies. New firms entering this growing
(25% per year) market for IC control-
lers include AMD and other semi
makers. These newer, souped-up ICs
offer more functions, such as more ac-

54 Digital Design FEBRUARY 1980

curate references, dual output drives
that source/sink more, oscillator syn-
chronization, on-chip power driving,
error amplifier, adjustable current-limit
amplifier, spare output transistors,
wider frequency ranges (several Hz to
several 100Hz), independent sensing/
control of output voltage and current,
overvoltage and multiple-level current-
limiting, stop-start latch (for fast
switch-off or slow starts, remote on/
off controls, adjustable dead time, etc.)

Inrush current protection, usually a
thermistor on the input rectifiers, pre-
vents inrush currents when charging
large capacitors. But inrush-limiting
circuits that perform under all input
voltages and temperatures are com-
plex. The problem is to decide if a
momentary AC line dropout necessi-
tates a soft restart or reapplication of
AC (hard restart). Inrush limiter cir-
cuitry in a closed loop can detect the
inrush and then reapply AC. Softstart
IC circuits are of varying sophis-
tication.

How can switchers lower EMI?

Although confusing, laws regulating
switching supply emissions exist in
every country. If you expect to sell
your computer systems in these na-
tions, be sure to specify a switcher
that meets their standards.

Until recently, most switchers met
CISPR requirements, which were the
easiest to pass. Today, more supplies
are able to meet the West German
VDE standards, the toughest in the
world. As a result, some supply makers
offer different versions of a given sup-
ply, differing only in the shielding and
EMI suppression. Why install a VDE
supply on a system selling in quantity
in a country that mandates a more
lenient standard?

The West German agency, Verband
Deutcher  Electrotecniker, created
VDE-0871 specs to govern units oper-
ating above 10KHz to 30MHz. VDE-
0875 omits the 10-150KHz portion of
this band, the low frequency area in
which most switcher’s fundamental
and low-order harmonics occur. The
0875 spec is easier to meet because fil-
ter components can be smaller to filter
only the higher frequencies. More
switchers now can pass VDE-0875,
and only recently did the first switcher
meet 0871 requirements.

FCC Rules and Regulations (Part
15) require limits that are 20 dB more
stringent than CISPR limits, and at
points, exceed VDE limits. Aside from
CISPR limits, USSR limits are the
most lax for radiated emission (0.1

MHz-1 GHz) and for conducted emis-
sion (0.1MHz-1.3MHz).

Switchers generate EMI by switch-
ing and line transients. Since periodic
functions are composed of an essen-
tially infinite series of sinusoids of
harmonically-related frequencies, a
PWM square wave is rich in harmonics
that extend into the MHz region.

Peak current surges on start-up or
fault recovery cause low-frequency
conducted emissions. Soft-start cir-
cuitry is needed. With control ICs in-
corporating more functions, more
sophisticated decision-making (hard
vs. soft start) is minimizing current in-
rush. Switchers (unlike linears) reject
line transients and conducted interfer-
ence, isolating input and output when
the switching transistor turns off.

EMI can be reduced by several
means. These include filtering, shield-
ing and pulse-rounding. The 60-dB/
decade roll-off can be reduced to 60-
80 dB with pulse rounding (eliminating
higher spectrum components). If not
included in the supply, an RC network
installed across the switching transistor
(E-C) will round off pulses.

Innumerable filtering schemes for
input and output can be used to mini-
mize input line spikes or load transient
effects. In one scheme, following the
rectifier, a series inductor(s) is followed
by a shunt capacitor on the regulator
input to attenuate ripple. In another,
center-tapped-to-ground (series) capaci-
tors shunt the rectifier output, followed
by two series inductors (on each line)
and a shunt capacitor before the regu-
lator input. Filter problems exist. If
highly-inductive, filters ring (resonate)
from a pulse train; if capacitive, leak-
age to ground (1-2 mA) may violate
standards in many countries. Capacitors
are space-consumptive. Low-cost RC
networks are used to supplement volt-
age limiters, MOVs, varistors and
breakover diodes.

Input transients are usually gener-
ated by interrupted inductive elements
(relay coils, motors, compressors, fans)
and sudden impedance changes that
cause reflections on the AC power line.
Back EMFs (kickback) from even
small, 24-V relays can generate 100s of
volts (and 1000s of volts on 115VAC
lines) if interrupted near the sinusoid’s
peak. Although engineers are careful
to use snubbers, MOVs and suppres-
sion networks to protect active ele-
ments in their circuits, the worst
“power line polluters” — the motor,
compressor and heavy equipment
manufacturers — somehow avoid using
transient suppression.



Lightning, a summer phenomenon
occuring more in certain locations, is
a source of line spikes and can induce
20V per foot of line even if the strike
(up to 100MV) is a mile distant, thus
building up 30KV pulses. Transients of
2KV-3KV are common; if from light-
ning, they may reach 6KV at the input
to your supply.

In selecting a supply, be aware that
straight current- and foldback current-
limiting overload protectors don’t
always work. In a straight current-
limiter, output current is held to 130%-
150% of nominal output current, and
power dissipation shoots up. Foldback
limiters consume less power at over-
loads and limit at 50% of maximum
output current. They can latch-up if
the supply load is a high-resistance,
constant-current-source. Under power-
up under full load or overload, the
supply could become bistable and
latch in either of two states — a situa-
tion inherently impossible in straight
current-limiters.

MOVs limit or clamp (not crowbar)
at SV to several 100s of volts. They
are superfast, transient-energy ab-
sorbers. Silicon avalanche suppressors
(“TranZorbs™) are very large-junction
zeners that handle several volts to 200V
or more at 1.5-KW peak power at a
l-ps response time. But beware: don’t
use ordinary, high-wattage zeners for
this; they can’t dissipate the high-
power spikes fast enough. The chip,
not sink, must dissipate this sudden
heat.

In most supply applications, the
transient suppressor parallels the load
or protected components. In this
shunt configuration, suppressor and
lead inductance produce an overshoot.
So, when using such transient protec-
tors, keep device leads short and place
them as close to the protected load or
component as possible to minimize
overshoot. And, even though transient
suppressors are designed especially to
dissipate the energy from transients,
overstressing is possible. Provide some
(as much as possible) impedance be-
tween it and the transient source.

In case long transients are expected,
varistors (shorter knee) can handle
more than zeners. In high-power
applications, hybrid protectors com-
bine a (1) gas tube that crowbars the
main power (110V to several KV at up
to 20KA) with a (2) faster, lower-volt-
age clamping device.

Shielding switchers

Without shielding, even the best
switcher may fail EMI testing. Proper

shielding techniques vary with the
switcher, depending upon individual
electrical and mechanical details, and
require careful placement of line filters,
transformer shields and heat sinks.
Ironically, the main source of con-
ducted EMI — the switching transis-
tors, rectifiers and transformers — are
the very ones that need a heat sink on
the chassis, thus allowing RF ground
currents to flow in the chassis and into
the inputs and outputs. Capacitance
(100 pF) between a switching transis-
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ment. As switcher frequency increases,
cores become smaller and winding
turns decrease; and since core power-
loss and temperature both rise, cores
using high flux densities prove less
practical at higher frequencies. Expect
to see the debut of new magnetic ma-
terials with very low power losses at
100KHz, 2 Kgauss and at 60-100°C
that are under 200 mW/cm?. Since
transformer loss has a core and copper
(50%) component, reducing windings
reduces copper loss, but unfortunately

Q1

Fig B When the transistor is on in the forward
converter, secondary current flows through D and
VCE energy is stored in the choke’s magnetic field (the
output capacitor smoothes ripple from switching).
When the transistor goes off, two things occur: (1)
the choke continues to supply the load via the
second diode, Dp, and (2) transformer energy is
returned to the DC input through Dp and a
demagnetizing winding that’s closely coupled to

O the primary. This limits peak Vg to 2Vjp,.

tor and mica-insulated heat sink can
induce a 1 mA, 1IMHz ground-loop
current in the chassis.

To solve this, some supply makers
connect the heat sink to the emitter,
that is, sandwich a small screen be-
tween the heat sink and transistor.
Beryllium  oxide insulators, being
thicker, also provide less capacitive
coupling. Good supply designers keep
high-current di/dt and dv/dt lines short
and input and output lines far from
EM and ES sources, or use shields.
When examining a supply, beware of
slots (joints, etc.) perpendicular to in-
duced shield current; an EM field will
appear across the gap and radiate.

What’s coming for switchers?

What does the future hold for
switchers? They are the future. Present
boinkles will be ironed out as switch-
ers reach higher and lower output
power levels. Switcher frequency is in
the 20-KHz to 40-KHz region, although
with autoregulated driver circuits and
improved electronics, they should
reach up to 200KHz. But magnetic
components are the big fly-in-th-oint-

increases operating flux density. To
provide proper inductance and avoid
saturation problems, these new ferrite
materials will provide higher amplitude
permeability and saturation flux dens-
ity. Cores will provide low permeabil-
ity (ugr under 70), resist flux satura-
tion and offer lower hysteresis loss.
Other obstacles to higher-frequency
regulators will be overcome. Even
though these higher frequencies will
make it easier to filter the rectified out-
put and prevent switcher noise getting
back into the line, a drop in filtering
efficiency occurs at 100KHz due to
parasitic resistance and inductance of
secondary filter capacitors. Although
experts consider the capacitor amature
component which will be subject only
to evolutionary improvements, recent
developments include significantly-
improved ESRs and ESLs or “inverter-
rated” electrolytic filter capacitors.
Will the government mandate or
provide tax incentives for use of
switchers? It’s possible. If switchers
replaced other supplies (40% of the
total), calculations show this could
save 68 million barrels of oil/year five
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years from now (based on a 40% linear
and 75% SMPS efficiencies, and in-
cluding cooling costs).

Until now, energy savings of
switchers wasn’t much of a sales point.
No one cared. Why buy a more expen-
sive supply if your overall system will
lose out to your competitors’ on initial
cost? So, an 82% efficient, 250-W
switcher — even though it could save
$160/year (vs. a 30% efficient linear)
—just didn’t sell to end users. But now,
with oil costs skyrocketing, with
nuclear plant construction hampered
by student protesters, and with brown-
outs and blackouts coming, suddenly
end users are becoming worried and
taking overall operating and field ser-
vice costs into account.

Hybrids — the best of both

Combining switchers and linears (usual-
ly lower-current auxiliary outputs) in
the same supply can offer the best of
both, with the switcher handling
higher power output. By letting the
switcher handle most of the regulation
and following it with series-type post-
regulators, the voltage drop across the
series regulators is smaller and overall
supply efficiency can reach 60-75%.

If using a 60-Hz, step-down trans-
former, then: (1) switching noise will
not conduct back to the line, (2) this
low-voltage switching will cost much
less, and (3) will provide input/output
isolation advantages. Other hybrids
employ off-line high-frequency switch-
ing at the input (providing greater ef-
ficiency and smaller size) and then
feed this into a dual series regulator.

Multiple-output supplies may use
two different regulators and converter
types, and may even combine a
switcher with linears. Flybacks and for-
ward converters are available in a
single, low-cost supply. In such a hy-
brid supply, the flyback provides a
rock-bottom price for output (assum-
ing low current load, high ripple and
less-than-optimum regulation are tol-
erable) and provides a forward con-
verter for the outputs that require
better regulation and lower ripple. If
more performance is desirable, a
hybrid push-pull/forward converter
multiple-outputter provides the main
output from its push-pull converter.
Phasing each forward converter dif-
ferently reduces ripple. Other hybrids
follow the push-pull regulator with a
linear regualtor for each output: and
though efficiency drops, it’s often no
concern, since these are lower-power
outputs. Flyback converters can supply
internal, secondary switchers.
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The hybrid supply has boinkles
(noise spikes, for example); and if
extra care isn’t taken by the supply
designer, it will plague the hybrid
supply. It’s essential to control normal
and common mode paths before con-
necting the linears. Most switcher out-
put noise is common-mode in origin,
becoming normal-mode when it reaches
unbalanced loads.

“Dirty power”’ kills

In the years ahead, most computer
systems will be confronted with power
outages and lower line quality (fluctua-
tions, brownouts, transient spiles) that
will increase downtimes for real sys-
tems and increase output glitches, late
nights and missed schedules for end
users. Disturbances of a few nsec dura-
tion may affect both software and
hardware, reversing binary data at ran-
dom. This can create strange systems
behaviour: reduced throughput, unex-
plained branching or jumps, mysterious
program halts, inability to break out
of a loop and loss of data stored on
tapes and disks. Hardware is not im-
mune to “‘dirty power” disturbances;
and power supplies, mass storage and
semiconductors can be affected or des-
troyed. Some effects may be more
subtle; long term undervoltages (far
more common than overvoltages) can
overheat devices and shorten MTBFs.
Although orderly shutdown protects
files and instructs remote terminals
to stop sending data, restart time (after
a crash) needed to return a computer
to where it was when processing was
interrupted can be devastating.

Although power utilities consider
an outage a “‘power failure™ if it’s over
five minutes, a 2 ms interruption is
enough to lose computer data and
damage equipment. Over 50% of all
outages last under 6 sec. IBM found
the average computer in the U.S. can
expect 25 to several hundred yearly
processing errors due to power line
troubles, depending upon location.
Power factor correction and capacitor
switching (and network or load switch-
ing) causes 62.6 oscillatory, decaying
disturbances per month and 144
under/overvoltages exceeding 8.3 ms
per month. Customer-induced sources
(noisy environment) combined with
power network switching and light-
ning-induced voltage spikes generated
50.7 disturbances per month. Total
incidents per month was 127.7. With
computers moving more into the harsh
environments of manufacturing plants,
these problems are worsening. Before
specifying power protection, measure
the end users’ environments.

Measurements and fault detection

Bench testing with chattering relay,
zap gun and other testing techniques
cannot simulate on-site conditions.
And, unlike blackouts, on-site power
disturbance are not easy to measure
without  sophisticated equipment.
Many system designers simply are un-
aware of the frequent and dramatic
line fluctuations that occur so often.
Traditional test procedure — lab simu-
lation or on-site monitoring with scope
or strip-chart recorder — is not suf-
ficient to detect and recerd all worst-
case disturbances.

Several new wuC-based instruments
are now available to monitor on-site
power lines, detect and record system
errors, power line disturbances and
power supply changes, and provide
correlations. These intelligent “line
disturbance analyzers” record the mag-
nitude, duration and occurence of
both sags and surges and slow voltage
fluctuations, transients, frequency
variations and other variables. Future
line measurement instruments will be
more intelligent and provide greater
computational capability for isolating
faults and disturbances.

In  multi-supply or multi-voltage
systems, fault detectors convert supply
voltages to digital data, monitor the
levels, record the nature of a fault, the
supply causing it and initiate a power-
down sequence signal to the system
controller for a orderly shut-down.
Under/overvoltage detectors detect
excursions by comparing the line level
with a reference. A sequential arming
circuit inhibits fault indicators during
normal power-up/down. In a first-fault
detector, a fault is recorded, a lockout
command is generated and prevents
additional faults from being recorded.

The future will see far more intel-
ligent and lower-cost fault detectors
than this. They will: (1) monitor supply
and line voltages, EMI, temperatures at
various locations and computer per-
formance, (2) detect faults and distur-
bances, (3) store the data, and (4) even
analyze and correlate the data with
sophisticated algorithms, giving imme-
diate analysis of the data.

Who needs system insurance?

With these alarming statistics in mind,
should you rush to specify a costly,
multiple-output Uninterruptible Power
Supply (UPS) that provides backup
power for memory, for alarms and for
orderly system shutdown? Perhaps not.
As we said, 50% of all outages are
under 6 sec. Only 15% last over 11
minutes. Batteries may not be feasible



to provide power protection for much
beyond this, and a battery-generator
combination is probably less costly.

Like insurance, OEMs cannot
afford to offer end users power pro-
tection against every conceivable risk
— just the most common risks — and
in fact, cannot afford to go without
some basic power protection. But is
a costly UPS necessary? Although UPS
does provide full protection from
blackouts and transients, other power
protection devices (line conditioners,
voltage regulators, ultra-isolation trans-
formers, dedicated lines, CMOS instead
of MOS, batteries, etc.) may suffice
for many applications.

To determine what your system
may require, begin by defining your
end users’ worst-case environments,
probability of trouble, its nature and
the risks involved (inconvenience or
critical). If it is a professional desktop
(personal) computer, why bother? But
the following conditions mandate a
high degree of protection: (1) the sy-
tem controls costly chemical processes,
industrial furnaces, semiconductor
fabrication facilities or where material
losses could occur, (2) equipment
damage or personal injury, (3) costly
data is involved, and (4) critical ser-
vices (medical, banking, alarms) that
cannot afford downtime. Consider an
UPS for: (1) bridging the transistion
(5-10 min) between line failure and
engine-generator startup, (2) buying
time for orderly shutdown (15-30 min)
of the computer to secure data and
avoid hardware and software damage
or (3) for short-term (to 90 min) power
for evacuation lighting per OSHA
guidelines until line power is restored.
High-pressure sodium lamps cannot
tolerate interruptions.

UPS beat blackouts

Solid state UPS systems use batteries
to buffer the computer from power
line disturbances, and during a black-
out, an engine-generator provides
power. In a typical on-line, automatic
reverse-transfer UPS, an inverter shapes
and filters the battery DC to produce
AC; in a standby UPS, it operates only
during blackouts or during line glitches.
Standby UPS, though considered less
costly, won’t offer much protection
from “dirty power” such as current
surges and line drops. During its cut-in
transition, momentary interruptions
can occur.

A typical reverse-transfer UPS pro-
tects the computer when AC power is
on from surges and sags, transients,
faults and brownouts; when down, it

switches in a battery bank and con-
tinues with previous protection. Line
power is converted to DC by a recti-
fier/charger, which charges a battery
bank and powers the inverter. The
inverter converts DC to an AC sinu-
soid, shapes and regulates it and cleans
up any spikes and noise. This AC is
then sent through a transfer switch to
the computer system.

Now, if line level drops too far,
perhaps 20%, the battery bank takes
over from the AC-to-DC rectifier/
charger and supplies DC to the inverter.
With this on-line UPS, DC is always
inputted to the inverter, and transi-
tion interruptions of off-line UPS
don’t occur.

LN

Be sure the rectifer stage has an
“AC walk-in” feature; otherwise the
load suddenly will be applied to the
AC line on startup, with a fuse-blowing
inrush current. The AC bypass trans-
fers the load to raw line power to meet
high-inrush demands (eg., motor start-
up). Most UPS offer this AC walk-in
feature. Harmonic feedback into the
primary interferes with other sensitive
equipment or the AC line. To minimize
this, some UPS use high pulse-number
rectifier or tuned LC-tank circuits.

Battery banks must be serviced;
some rectifier outputs are so well-
filtered that the banks can be discon-
nected and the rectifiers directly fed
to the inverter. Examine recovery or

+—O—Vin
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Fig C The push-pull converter transistors are turned on during alternate half cycles, with the
push-pull action doubling the ripple current frequency in the output. The diodes rectify the
secondary rectangular waveform. Peak Vg is 2Vj,.

What happens if the inverter fails
or if a sudden load demand occurs?
The automatic transfer switch bypasses
the UPS to the power line (unless line
conditions are unacceptable). When
the inverter output is suitable once
again, the transfer switch cuts out the
bypass and returns the computer load
to the UPS.

Things to look for in UPS

Rectifier/charger. When comparing on-
line UPS, examine input voltage toler-
ance: the lower the line drop with
battery charging, the better it is. A
system that still charges its battery
back at a 20% line voltage drop or
lower is better than one at 15% (typ-
ical on larger, over-1SKVA systems).
Why is superior brownout-proofing
important for your system? Because
prolonged brownouts all too often end
in a blackout. The superior input-volt-
age tolerance UPS will go into the
blackout with charged batteries.

recharge rates; they are longer than
discharge times, since the rectifier must
simultaneously supply the load and
recharge the bank. Recovery rates are
defined on spec sheets as charge (or
recovery)/discharge time ratio or mini-
mum recharge time. A recharge ratio of
8-15 is considered fast and acceptable.
The trend for utilities to demand
higher rates for peak power usage is an
ill wind for many UPS, since some have
a habit of voraciously consuming large
and sudden amounts of power at the
wrong time (during peak demand pe-
riods). Your customers may be shocked
to find that your systems increase
their utility bills without any increase
in power consumption. If the UPS
you’re evaluating is for a large system,
it may pay to select one with a battery
recharge-limit to limit charging during
costly peak power periods.
Wet or dry-cell battery bank. The tra-
ditional wet-cells are nickel cadmium
(too costly for UPS) or lead-acid bat-
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teries, which are lead-antimony in
older UPS and lead-calcium in newer
ones (due to less water, less mainte-
nance and a lower floating current re-
quirement ). Maintenance-free dry-cells
use a gelled electrolyte and are used
where battery maintenance is difficult
or dangerous.

For smaller UPS, battery storage is
no problem; with larger units, it be-
comes a serious consideration. A poor
design choice could be costly and dan-
gerous. Two- or three-tier battery racks
are common. First, determine the floor
plan layout; then, with this informa-
tion, select the best rack size. Despite
the greater weight/ft> of the bank,
keep the UPS and bank close; and if
not in the same room, then close
enough to minimize installation and
wiring costs.

Battery room air should be changed
once per day or so to prevent noxious
or explosive battery gas buildup. Bat-
tery suppliers provide exact ventillation
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directions. Be sure that bold warning
notices are sprinkled liberally through-
out maintenance booklets and posted
on walls, and that readily-visible fire
extinguishers, a well posted and en-
forced smoking ban, gloves, goggles
and shower or eye wash are available.

How much reserve time will your
system require? If a motor-generator
is coming on-line, then 5-10 minutes
is enough; for an orderly shutdown,
10-30 minutes. In each case, battery
size, weight, type and cost will differ.
Consider worst-case ambients. High
temperatures shorten battery life. But
charge loss occurs at normal ambients.
At 20°C, sealed lead-acid batteries lose
half their charge in one year; recharge-
able nickel-cadmiums, in 55 days. De-
rate battery, amp-hour output for
colder temperatures. At —30°C, sealed
lead-acids and nickel-cadmiums deliver
half their normal output.

58 Digital Design FEBRUARY 1980

In some smaller, uP-based systems,

memory boards have on-board bat-
teries, but may lack a practical state-
of-charge indicator, since voltage mea-
surements alone aren’t all that mean-
ingful for lead-acids (and less so for
nickel-cadmiums).
Inverter. This is the heart of any UPS
and is the most complex stage. Trans-
forming the rectifier’s (or bank’s) DC
into regulated AC, the inverter con-
trols output magnitude via any of
several control methods (PWM and
ferroresonant transformers). If PWM-
controlled, the nonsinusoidal output
must be filtered to reduce harmonics
(to under 5% or so). PWM may be true
harmonic-reduction, multiple-, single-
or sinusoidal-pulse modulation.

PWM-controlled inverter operation
boils down to this: firing SCRs, then
forcing them off, creating an oscillatory
waveform which is then modulated
and filtered. Commutating methods
vary and affect inverter efficiency.

Fig D To choose a suitable converter
type, simply plot the coordinate point(s)
of output voltage and power. For a fly-
back, percentage ripple rises to unaccept-
able levels with greater power and lower
voltages. Above 1kW, the flyback's sim-
plicity is no longer a factor, and the push-
pull is directly superior.

Ferroresonant constant-voltage trans-
formers are simple and reliable, but are
for low (under 30KVA) outputs. Very
good voltage regulation, no feedback
circuits or need for extra filters, and
outputting sinusoidal waveforms with
5% or less worst-case harmonic distor-
tion — for these and other reasons that
we discuss elsewhere, forroresonants
are well-suited for inverters that sup-
ply sensitive computer systems.
Inverter specs and advantages may
include: +1% voltage regulation, +10%
to —8% dynamic regulation, adjustable
AC output, precise frequency-tracking
of the bypass line, automatic line-drop
compensation and high efficiencies (to
90% for 150KVA units).
Automatic transfer switch. Whether
the load is drawn from the AC bypass
line or inverter is decided by a solid-
state transfer switch, which makes a
fast, no-break transition (mechanical

switches take a 50-100 ms break — and
may lose data). To ensure a perfect
transition from inverter to bypass line,
the transfer switch’s synchronous cir-
cuit synchronizes the two AC sinusoi-
dal waves.

What about modular supplies?

s & 1 4

Known as “power modules,” “modu-
lar supplies” and “encapsulated sup-
plies,” these small and low-power sup-
plies first burst on the design scene
over a decade ago — and just as quickly
earned a “bad guy” reputation among
designers. With strong kamikaze ten-
dencies, these vintage modulars all too
often did one of three things: operated
in an overheated mode, spectacularly
caught fire or peacefully slipped into an
overvoltage mode, blowing every IC on
the board, much to the consternation
of its designers, the OEMs and end
users. Times have changed and today’s
modulars are quite reliable.

Modulars mounted on a board are
near the load, suffer less from long-run
line-drop problems and are well-suited
to future add-on power needs. Advan-
tages are many and include: off-the-
shelf availability, good efficiencies,
easy handling for production, resistance
to chemical baths (such as solvents
used to remove flux), good vibration
and shock resistance, imperviousness
to humidity and most particulate at-
mospheres, up to quad-outputs, and
flexibility for design and production.
With a need for an outboard supply,
associated wiring, connectors and hard-
ware, the layout and construction are
easier, with systems being smaller and
providing longer MTBFs.

Modulars range in size. Some are a
mere 1.2" x 0.5” x 0.4" linear units
(3$6.70) outputting 12V at 25mA at
60% efficiency from a 3V to 7V input;
others are 4.5” x 6.5" x 3.9” modular
switchers that supply up to 20A at 5V
DC. But most modulars come in 2.5"
x 3.5" black plastic (sometimes metal)
cases with a 1” or 2" height, occupying
8.75 in2 of PC board (PCB) real estate.
Components are mounted on a small
PCB, then encapsulated with hard
epoxy, or sometimes a softer, spongier
encapsulent surrounded by hard epoxy
to absorb stresses from temperature
variations, vibration and shock.

Boxlike modulars have their pins on
the bottom (board-mountable) or with
a terminal barrier strip (chassis-mount-
able). Most look alike. Internal dif-
ferences are great, and differences such
as plastic-foam thermal insulator bar-
riers between the output capacitor and
pass transistor and transformer can



permit full-output at 70°C. Switchers,
linears and DC/DC converters — all
available as modulars — come in 1-W
to 50-W power levels with single-,
double-, triple- and quad-outputs. If
you want to look inside an encapsulated
modular, don’t expect all modular
makers to provide too much detailed
information. In such cases, dissolve the
encapsulant in a solvent (kits are avail-
able if you’ve never done this before).
It’s a slow process, and though the
components left resemble burnt toast,
they’re still identifiable. The author
has used this to determine component
and internal heat sink size and loca-
tions of competitor’s products. It can
also provide facts necessary for proper
orientation of a modular on a board
for maximum cooling.

Or, better yet, to get heat measure-
ments, make up several thermocouples
by twisting thermocouple wires at the
ends, weld them and then epoxy the
small, bead-like tips onto the modular
locations to be measured. (Use heat
resistant epoxy). Take measurements
at various locations in different orien-
tations under different conditions. To
make temperature measurements with-
in larger units, drill holes at locations,
insert tip and fix in place.

The debate of DC/DC versus AC/DC
shows advantages for both. DC/DC on-
board converters keep AC line voltage
off PCBs, leading to safety, less hum
pickup and small PCB real estate usage.
(AC/DC modules must meet CSA, UL
and VDE spacing requirements.) On
the other hand, board-mounted DC/DC
modules inject spikes back on the
power bus, causing glitches in memory
and logic, despite decoupling.

Do “‘uP supplies” really exist?
Cynics claim that uP power supplies
were invented by slick public relations
and glib marketing personnel to sell
unsophisticated software-turned-hard-
ware designers, and that other non-uP
supplies can do the job just as well or
better (true) and that so-called uP
power supplies can be used for non-
P power applications (true). Although
they aren’t a separate family, uP
power supplies play an important role.
What traits do uP supplies have?
They offer: multiple outputs, smooth
and well-damped power-on/off re-
sponses, low output noise, no output
spikes, overvoltage protection, con-
stant voltage outputs under digital
logic’s fast switching, and low impe-
dance to the load. Pitfalls exist. Don’t
overspecify. Keep in mind that today’s
logic can withstand more output noise

and wide switching margins.

Should you select a supply designed
for an 8080, 6800, Z80 or a universal
uP supply? As a general rule (in any-
thing), if the product literature claims
that the product does everything (“one
size fits all”), you better believe it
probably does — but not well, or if it
does it well, the supply is going to cost
extra for such flexibility that you
probably don’t need. In the past, over-
specifying a supply was not serious;
the added cost (a form of insurance)
was absorbed by total system cost.
Not so today. With semiconductor
costs falling, power supplies take a
greater percentage of system size,
weight and costs. If operating at lower
output levels, efficiency (particularly
for switchers) drops.

Product liability

The need for greater product safety
has created new and confusing legal
pressures on power supply and OEM
system designers. Product liability
trends are affecting the decision to
buy or make supplies. Engineering and
management are liable in four areas:
(1) design, (2) manufacturing and
materials, (3) packaging, installation
and application, and (4) warnings and

labels. Be aware, that as a system de-
signer, liabilities stemming from your
designs will arise from a concealed
danger, from safety devices you
omitted, from inadequate material or
hardware (that didn’t comply with
accepted standards) or from a poten-
tially hazardous or dangerous condi-
tion that may occur due to a customer
abuse of your system or supply that
you did not take reasonable measures
to prevent or warn against.

Suppose you see such a possible
dangerous misuse and there is no real-
istic design safeguard. Cover yourself
by informing other department heads
— manufacturing, marketing, etc. —
and document this with memos. Or,
get someone else to take the credit.
Suitable warnings and labels must
vividly make this potentially dangerous
situation known. On the other hand,
the legal test arising in litigation will
involve what a knowledgeable, rea-
sonable designer would have done; the
system and/or power supply need not
be encumbered with excessive safety
features that make it noncompetitive.
Reasonableness will come down to
benefit-cost ratios and risk-utility. The
court will determine whether you con-
sidered availability of safer replace-

“A 1-SECOND BLACKOUT
CAN LEAVE YOUR
COMPUTER —
IN THE DARK:
FOR DAYS”

Blackouts cause errors, memory

loss, program loss and even
head crash.

Reliable Topaz Uninterruptible

Power Systems end these

expensive problems by providing

)

clean, regulated and continuous power.
Topaz UPS are designed for computer

environments and are immediately available.

Contact us for the most cost-efficient solution

T T
SOLUTIONS TO

POWER PROBLEMS
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to your power problems.

ELECTRONICS

3855 Ruffin Road, San Diego, California 92123—(714) 279-0831—TWX (910) 335-1526
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THERE ARE A LOT OF ALTERNATIVES
TO THE DISK BACK-UP PROBLEM.

FLOPPY DISKS
Storage capacity: limited.
Handling problems.

Low cost.

REEL-TO-REEL TAPE DRIVES

Low performance: 36 megabyte capacity.

Large, bulky, high cost drives.

Cost: very expensive, up to 20 times that of

floppy disks.

DISK CARTRIDGES
Storage capacity: 5-10 megabytes.
High performance: 90-100 megabyte capacity. Back-up data remains on a disk.

Large drive mechanisms.
Cost: up to $5000.00.

HERE'S THE SOLUTION.

3M HCD-75 DATA CARTRIDGE DRIVE

Storage capacity: 75
megabytes formatted
(144 Mbytes unformatted).

Drive dimensions:
462" x7"x8.625".

Preformatted tape,
allows unlimited record
replacement.

Built-in error detection/
correction capabilities.

Fully-buffered |/0 channel, permits
asynchronous data transfers.
Serpentine recording, eliminates
wasted rewind times.

List price, including Controller,
$2,150.00.

To learn more, check the listing

at the right and contact the Data
Products Representative nearest
you. Or write: Data Products/ 3M,

| Building 223-5E/3M Center,

Dept. 125, St. Paul, MN 55101.

THE DISK BACK-UP SYSTEM THAT'S SUDDENLY WAY OUT FRONT.

60 Digital Design FEBRUARY 1980



3M DATA PRODUCTS
REPRESENTATIVES

Data Products/3M

3M Center, 223 -5E Dept. 125,
St. Paul, MN 55101
612/733-8892

WEST

Hefte Industries, Inc.
Los Gatos, CA
408/264 -8319

CTl Data Systems, Inc.
Long Beach, CA
213/426 7375

P.A.R. Associates
Denver, CO
303/355-2363

P.A.R. Associates South
Albuquerque, NM
505/881-5000

MIDWEST

OASIS Sales Corporation
Elk Grove Village, IL
312/640-1850

Calrter, McCormic & Peirce,
nc.

Farmington Hills, M
313/4777700

EAST

J.J. Wild of New England, Inc.
Needham, MA
617/444 -2366

Wild & Rutkowski, Inc.
Jericho, Long Island, NY
516/935-6600

COL-INS-CO., Inc.
Orlando, FL
305/423 7615

Circle 37 on Reader Inquiry Card

ments, probability and seriousness of
injuries, obviousness of danger, cus-
tomer expectations, ease of risk mini-
mization without impairing the pro-
duct, state-of-the-art, ease of retrofits
or redesigns, and did your firm use its
leverage (“sellers’ market”) to scrimp
on precautions. Finally, as we said
above, did your firm provide obvious
warnings of latent design defects? If
the warning must be sharply-worded,
and you failed to do so, this will con-
stitute, ipso facto, an obvious sign that
you should have redesigned your sys-
tem or supply — or switched vendors.
Your firm is liable and you’re in
trouble.

It’s likely that the courts will soon
look at the instruction and operating
manuals. If they were poorly written
in too-technical jargon or so bad that
users could not readily understand
them, and serious injury or damage re-
sulted, is it your fault? The U.S. Navy,
for example, recently had a bad and
costly experience due to poorly-written
manuals.

There is quite a bit more to product
liability, and engineers who fail to gain
a good grasp of the subject may rudely
awaken to find themselves scapegoats
on the wrong end of a round of
finger-pointing. If you feel quantitized
criteria to evaluate what constitutes an
“unreasonably dangerous” power sup-
ply or system doesn’t exist, you're
right. It is this vagueness that is so
frustrating to engineers (and difficult
for courts).

There is a trend afoot to force
engineers into taking some credit when
their firm is sued. As software- and
hardware-based products rapidly pene-
trate new and lucrative markets (with
users growing increasingly unsophisti-
cated), expect to see a flurry of prod-
uct liability lawsuits coming your way
at an ever-accelerating rate. This will
still occur if you purchase a power
supply. If you make your own, how-
ever, product liability is just one of
several dangers.

Why not make a switcher?

Is it better to buy or make a switcher?
No matter how great a designer you
are, think twice first. Unless you work
for an OEM giant (where power sup-
plies make up a substantial amount of
the hardware in your peripherals, ter-
minals and computers), then it may
cost more in time and aggravation than
you anticipate. Small-to-medium OEMs
all too often underestimate the magni-
tude of the problem, and to make mat-
ters worse, too often assign the task of

designing a switcher to less-experi-
enced designers and production engi-
neers. The switcher is not a simple
black box, unlike linears, and the de-
sign alone may take five to 20 times
longer than designing a linear supply.

As for experienced SMPS designers,
they’re scarce; and if you’re not experi-
enced, then you must not only learn
to cope with designs for protective cir-
cuits, reliability, logic and control
sequencing, dynamic switching ranges,
system integration, component derat-
ing, RFI shielding, meeting regulatory
(UL, VDE, FCC) approvals, product
liability, mechanical package and inter-
connection design, etc., but you must
also gain hands-on experience in high-
voltage switching transistors, Schottky
diodes and control ICs.

Control ICs have gone through
several generations in four years, and a
glance at several spec sheets won’t be
enough. Don’t expect too much help
from the semi makers that make them;
they’re just learning. Those small
OEMers that went the “roll your own”
route have criticized the IC makers for
not providing enough applications as-
sistance. Some experienced switching
supply designers claim that the appli-
cations data isn’t the best and that the
semi makers were learning from them
how to use it. Semi makers, on the
other hand, admit this was once true
but that things are now improved. But
if you decide to buy a switcher, the
road also is strewn with potholes.

Buying a switcher? Beware.

Are you confused by claims made by
power supply makers? Are you con-
fused by the sometimes downright
suspiciously-high values (particularly
MTBFs)? Do all warranties look alike?
And, if you decide an off-the-shelf
supply doesn’t fit your applications,
and if you decide to go outside for a
custom supply, and you overspecify,
will the vendor take advantage?

There’s no way to avoid all risks,
but keeping the following points in
mind will avoid many pitfalls. First,
don’t pick a supply from data sheets,
even if you are an expert. Worse, if
you’re a uC software designer, or other-
wise unqualified to compare power
supplies (particularly switchers), then
delegate the task to someone who is
more knowledgeable. Always visually
evaluate a supply. Remove the cover
plates and inspect it for inspection ink
dots, soldering and wiring quality,
types of connectors, PC board quality,
etc.

Calculated MTBFs, as everyone
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knows by now, are useless; and calcula-
tions based on a manufacturer’s own
derating standards may be inadequate.
Ask about them. However, it’s better
if calculated against a recognized stan-
dard. You will want to determine the
maker’s QC procedures, visual inspec-
tion of screw connections, solder
joints, etc., full power burn-in and
warrenty limitations. Check the ven-
dor’s reputation and get a list of (un)
satisfied customers.

Some supply makers provide off-
the-shelf one- to three-day delivery
ARO. There is no practical way to
stock the thousands of models that
some offer; if not in stock, they build
on a per-order basis. If so, don’t ex-
pect credit for returns, cancellations or
for units ordered in error. In the case
of off-the-shelf suppliers, a 10% re-
stocking fee may be charged prior to
return for credit.

When ordering, compare terms.
Here are some things to consider. After
prices and quantity discounts are com-
pared, consider export handling charges
and financing. How much do they
charge for in-plant (source) inspection?
What is the charge for anti-moisture,
fungus-resistant varnish coating? How
serviceable is the supply? What about
replacement parts? Are they mostly
standard? Are parts shipped within 24
hours ARO?

Warranty times terms vary. Those
supplies with bargain basement prices
raise questions of reliability; those
from big-name makers provide warran-
ties that require scrutiny. Warranty pe-
riods extend from one to five years,
although encapsulated supplies (non
serviceable) are for less (usually one
year). Some manufacturers include a
retest and inspection charge.

What about reps in the area? Can
you reproduce information from their
technical data sheets in your manuals
and literature? What about the quality
of applications assistance? And on
what level?

Beware of specmanship. We dis-
cussed this earlier. Qualifiers like “up
to” or “greater than™ are more likely
the case than better values or indicate
the values vary or are difficult to
measure.

If you decide to have a custom
switcher made, don’t specify more
than what you need. Never call out a
range too broad. For example, why
meet transient response under all input
conditions when your application
doesn’t need it? It only increases cost
and lowers reliability. In your compar-
isons, don’t place price so far ahead of
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overall cost that you force vendors to
cut corners.

In considering supplies, and if you’re
not sure of your supply savvy, it’s all
the more important to consider com-
pany reputation. But, remember,
there’s more than reputation; many
first-rate firms specialize on certain
supply categories (modules, for ex-
ample) or tailor their supplies to cer-
tain users (military, aerospace, main-
frame, medical), while others offer
certain categories only as a convenience
to their customers. With larger firms,
you pay extra for reputation; smaller
firms, if you shop carefully, offer many
excellent bargains in terms of lower
cost and high quality.

Remote sensing, ground
loops and . . .

Suppose you’ve selected and specified
a supply that’s suitable for your appli-
cation. You’re not home yet. Ignore
interconnections and you will undo all
your work. The following safeguards
will help avoid hard-to-trace ground
loops, improper DC distribution, in-
correct remote-sensing, and improper
loading of multiple loads.

Unequal load voltages and load
interraction create cross talk, noise, in-
terload oscillation and pulse coupling,
since many load currents are time-
varying. Because of line drops, loads
further down in a parallel-loading
scheme see a varying voltage in spite of
decoupling measures taken. Connect
each load separately to the DC distri-
bution point.

No two ground points in a comput-
er system have exactly the same poten-
tial; these small differences degrade
system performance by causing ground
loop problems, voltage spikes, unequal
voltages at different loads and noise.
Be sure there is only one ground return
point in your system. With a rack-
mounted system with separate supplies
and loads, multiple ground connec-
tions are sometimes used. Although
each supply chassis is tied to the AC
line power cord safety ground, the
supply rack is earth ground, creating
circulating ground currents that may
be insignificant only if confined to the
ground system and not into the DC
power output. Because there is only
one DC common point, connect it to
ground by only one wire. With remote
sensing, separately wire the supply
sensing terminals (+S and —S) to the
heaviest load. Remote sensing main-
tains precise voltage despite varying
heavy-current loads, and improves
remote terminal output impedance

and transient response.

Sensing lines pick up noise. Shield
them. But avoid using the sensing-lead
shield as one lead; connect it to DC
power common (—V). To avoid the
danger of a sense line accidentally
opening (with the supply output
shooting up to its maximum), a supply
should include internal resistors (or
diodes) between the outputs and sense
lines. Ask the vendor for this sensing-
line open-circuit protection; if unavail-
able, install it externally.

If a remote sensing supply oscillates,
it’s serious: contact the maker. He will
remove the time delay by readjusting
the internal loop stability control — or
redesign the supply.

Check line continuity. Reversing
the AC hot, neutral and safety ground
still does happen. Three accidents can
occur. (1) By reversing the AC hot line
and safety ground, the supply chassis
becomes hot; if floating, fuses blow
the instant a tech grounds the chassis
or connects a scope. (2) On the other
hand, reversing the AC neutral (cold
side) and hot line removes the fuses’
role; if they blow due to overload, the
supply chassis is still hot. (3) Reversing
the safety ground and neutral lines
makes the chassis neutral (not ground),
generating circulating ground currents
that worsen ripple.

Where do power supplies go now?

Rapid change will alter power supplies,
particularly switchers. The trend to
SMPS will increase, accelerated by
energy costs that will create a growing
awareness among OEM customers
(typically end users) for energy-effi-
cient systems. End users now will look
at total field service and energy cost
over the useful life of a system more
than in the past. Furthermore, with
Russian and Cuban troops invading the
Middle East and Africa, certain strate-
gic materials will rise in cost, none of
which will help linears.

But, perhaps the greatest change
will be brought about by new regula-
tor control and support ICs with new
functions. With ever-growing sophisti-
cation, the SMPS of the future may be
available in dumb, smart and intelli-
gent versions. In any case, one thing
is certain: New developments in
power supplies will offer system de-
signers more options than ever imag-
ined before.

Rate this article: circle 3L, 3M
or 3H on Reader Inquiry Card.




THREE OPEN-FRAME 75W SWITCHING POWER SUP-
PLIES come in single ($152), triple ($184) or quad ($198)
output versions and free users of computer peripherals,
business machines and industrial control systems who have
been limited to linear power supplies. All have outputs
regulated to 0.1% for 92-138V, 47-440Hz AC line input,
and 0.5% for 0 to 100% load changes. Efficiencies exceed
70% of full load. Ripple and noise are less than 50mV peak-
to-peak from 50 to 10Hz. Gould/Electronic Power Supply
Div., P. O. Box 6050, E1 Monte, CA 91731. Circle 247

BIT-ORIENTED DATA LINE MONITOR performs all levels
of data communications monitoring diagnostics. By reply-
ing to multiple choice questions on the CRT, users can de-
fine network protocol and perform data line monitoring
functions. The Dyna-Test 1500 operates with async, sync,
BLDC, HDLC, SDLC (NRZI), DDCMP, X.25 and IPARS

data formats with up to 5 languages, ASCII and EBCDIC
standard; and V.35, Bell 303, IBM 3600 and RS449 op-
tional. The unit operates at up to 100 Kbps. Prices: $4700
without tape; $7000 with tape. Dynatech Data Systems,
7644 Dynatech Ct., Springfield, VA 22153. Circle 254

MICROPROCESSOR EMULATOR TERMINAL lets a host
computer serve as an MDS to solve hardware and software
needs with the 6800, 6802, 8048, 8080, 8085A and Z80A
(Other microprocessors and microcomputers to be supported
in the future. 8049, 8041, 8035, 8039, 8748 and 8021).
The Emulator also serves as a terminal with dedicated MDS
from Intel, Motorola and Zilog. Designers need not be
“locked in” to a single MPU; even with a dedicated system,
they can support six different MPUs. The unit operates at
up to 6MHz. Price: $4500. Emulator cards: $1000 to $1500.
Millennium Systems Inc., 19020 Pruneridge Ave., Cuper-
tino, CA 95014. Circle 256

LOGIC ANALYZER, the LA5S000, is a cost-effective altern-
ative to Biomation’s 100-MHz, 16-channel K-100D. An
MPU-based instrument with keyboard control, self-test,
CRT display, active probes, recording capabilities and data
analysis modes, the LAS000 costs $6700, 30 percent less
than the K-100D. Operating at a maximum data rate of 50
MHz, the analyzer uses four channels of input and storage
capability of 1024 words of memory, and can be expanded
to eight channels at 25 MHz and 512 words of memory, or
to 16 channels at 12.5 MHz and 256 words of memory.
Gould, Inc., Biomation Div., 4600 Old Ironsides Dr., San-
ta Clara, CA 95050. Circle 239

New Products

SYSTEM DEVELOPMENT PRODUCTS from Motorola in-
clude versions of the MC6809 EXORciser Il and EXORterm
220 and six update packages to adapt EXORciser I, IA or 11
systems to MC6809 system design. New EXORciser 11 and
EXORterm 220 systems contain an MPU module with an
M6809 component complement.

Present EXORciser/term owners can upgrade their sys-
tems to permit M6809 design with an update package con-
sisting of an MPU module; DEbug module; floppy disk con-
troller PROM firmware; and MDOS diskette containing
Macro Assembler and CRT editor. Price $3200, gqty. 1-5.
Complete MC6809-based EXORciser/term development
115V systems with 32K memory and Macro Assembler and
CRT editor on MDOS diskette, in quantity 1 to 5, costs
$§7900 with 32K dynamic memory; $8500 for static mem-
ory. EXORterm 220 development systems with 32K dy-
namic memory cost $8765 in quantity 1 to 5; $9365 with
static memory. Complete MC6809 development systems
and various updates are also available with the user system
evaluation (USE) module along with the standard MPU
module. These permit development systems to be intercon-
nected with a user’s external prototype, providing a more
flexible development system. Adding a USE system to any
of the systems priced above increases its price $400. Motor-
ola Microsystems, P.O. Box 20912, Phoenix, AZ 85036.

Circle 243

FOREIGN LANGUAGE CRT display terminals and con-
trollers display Arabic (Farsi), Swedish, Danish, Cyrillic,
British, German and Spanish in a 24-line by 80-character
display format. Characters are formed in a 7x7 dot matrix
in a 10x10 dot field. Character accents include blink, dim
and reverse-video. The desktop terminals include a 15"
non-glare screen and 72-key detachable keyboard. Baud

rates from 110 to 9600 are keyboard selectable, as are
I/O, keyboard and display modes. Options include uc/lc,
carriage return/linefeed options, export power, 20MA cur-
rent loop interface, read cursor, double-wide and double-
size characters. Prices start at $1270 for the complete ter-
minal and $865 for the controller only. Ann Arbor Termin-
als, Inc., 6175 Jackson Rd., Ann Arbor, MI 48103.

Circle 250
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Product Highlight

Variable-Speed Printer
Mechanism

Two-Day Corporation, of Glendale, CA, is marketing
its new 80-column “B” Model 100600 matrix impact
printer mechanism. This uses two 12-V DC stepper
motors; one to drive the print head across the print
line, the other to advance paper. The two motors,
running independently, can produce unusual graphics.

Listed Specifications of Series
100600 ‘‘Printers”

64 Digital Design

Printing Method:
Throughput Speed:
Printable Width:

Character Size:

Number of Columns:
Print Position:

Line Spacing:

Paper:

Paper Feed Speed:

Paper Loading:

Ribbon:
Motor(s):

Print Solenoids:
Data Entry:
Life Expectancy.

Operating Conditions.

Size:

Weight:

Impact 7 Wire Dot Matrix
60 Lines per Minute
8.0 Inches (203 mm)

0.104 Inch (2.6 mm) High X 0.08 Inch (2.0 mm)
Wide Nominal (Width is variable software controlled ).

80 (at 10 characters per inch)
Subminiature Microswitch — One Each End

Model 100600 — A: 1/6 Inch (4.2 mm)
Model 100600 — B: Variable — 0.0070 Inch
(0.18 mm) Minimum

9.5 Inches (241 mm) Maximum Width
0.0013 Inch (0.33 mm) Maximum Thickness

Model 100600 — A: One 1/6 Inch Line per Second
Model 100600 — B: Variable — Nine 1/6 Inch Lines
per Second Maximum

Bottom or Rear
Single Color, 1/2 Inch (13 mm) Wide, Cartridge

Model 100600 — A: One Synchronous Motor, 105 to
125 VAC, 60 Hz, 8 Watts

Model 100600 — B: Two Stepper Motors, 12 VDC,
20 Watts

40 VDC £10%

Synchronous

Print Head 100 x 10° Characters
Drive Mechanism. 10 x 10°® Lines
Ribbon: 5 x 10° Characters

40° to 120° F (4° to 49° C)
10% to 90% Relative Humidity Non-Condensing

Model 100600 — A: 147 Cubic Inches Total Volume
Model 100600 — B: 163 Cubic Inches Total Volume

Model 100600 — A: 3.5 Pounds (1.6 kg)
Model 100600 — B: 4.5 Pounds ( 2.0 kg)

FEBRUARY 1980

Paper on the “B”’ model may be fed
vertically in increments of one-half
dot, or it may be rolled at the rate of
10 Ips. When the unit is equipped with

an optional tractor feed, (Model
100900) it is still capable of friction-
feeding roll paper by simply flicking a
lever.

Varying the linear speed of the
printhead produces print-outs at cor-
responding variable densities. Through-
put speed is 80 cps, with bidirectional
printing. The 7-wire print head is
claimed by Two-Day to have a mini-
mum life of 100 million characters.

Flexibility of design in the ‘B”
mechanism provides the user with a
choice of options. He may print at
densities of 10 cpi, or 12 or 16.5 to
provide 80, 96 or 132 cpl (or almost
any other density desired). The paper
advances vertically, because of the sep-
arate motors, independent of print-
head motion. It can move forward as
little as desired by the operator or can
slew at the indicated maximum rate of
10 lIps. The combination of these two
features (linear-speed adjustment and
independent paper advance) can
provide interesting graphics capabili-
ties, says the company. Furthermore,
because there is no need for AC
power, the printer-mechanism is suit-
able for installation in delivery trucks
and other mobile applications.

The company describes its printer
mechanisms as follows:

“The 100600 Series Impact Dot
Matrix Printers are of low cost, small



size, and of advanced design. The
printing elements are clapper type
heads of unique concept. The printers
utilize a multiple turn cylindrical cam
driven by a synchronous motor to
move the printing element across the
print media at a constant velocity. The
design incorporates a cartridge with an
extremely long life ribbon which
moves continuously while the print
head is in motion to assure uniform
print density with continuous bi-direc-
tional printing. Cartridge replacement
is simple and fast with no need for the
fingers to touch the ribbon. The Model
100600-A is a synchronous paper feed
printer. One synchronous motor drives
both the print head and the paper feed
mechanism. Paper advance is accom-
plished automatically at the end of
each line by a spring driven paper feed
pawl which follows a cam for smooth
operation. The Model 100600-B is an
independent paper feed printer. Two
stepper motors are employed, one to
drive the print head, and another to
advance the paper. In addition, the
Model 100600-B printer is specially
built to receive the Model 100900
Tractor Feed Option.”

Bob Erickson, VP of Two-Day says:
“Due to the rapid expansion of low-
cost small business systems and per-
sonal compuers, the need for and in-
terest in low-cost printers has sky-
rocketed. We started production in
October, 1979 and two months later
had an order backlog in excess of
60,000 units! Our printer mechanisms
are manufactured entirely in the USA
using only domestic parts and compo-
nents all of which add to the very high
reliability of the units. This newest
version of our matrix impact printer-
mechanism is already stirring up a lot
of interest because of its flexibility,
small size and low price.”

Price for a single Model B printer
mechanism (which requires external
electronics) is $235. The Model A
mechanism, without the variable fea-
tures, is $3S5 less. Two-Day offers
generous OEM discounts, delivery on
evaluation samples in 10 days and pro-
duction quantities in 90 days. For
further information contact Bob
Erickson, Two-Day Corp., 1915 W.
Glenoaks, Glendale, CA 91201.

New Products

COMPUTERS. Covering all aspects of
hardware, software and printware, this
6 wk. highly-intensive course by Russ
Walters begins in July and gives unlim-
ited use of mainframe, mini, micros
and many peripherals all hours of day
and night, including weekends. Master’s
degree credit. Tutoring extends day
and night, plus weekends. Special text
prepared for the Wesleyan program.
Post-course follow-up consultation by
phone. James Steffenson, Wesleyan
Univ,. Middleton, CT 06457. (203)
347-9411. Circle 154

COMPUTER GUIDE. In an updated
and expanded edition, “The Secret
Guide to Computers” by Russ Walters
(a lucid and entertaining 6-vol. series)
covers Basic (through very advanced),
kinds of languages, manipulating lists/
data, functions, strings, files, tough
algorithms, hardware, assembly lan-
guages, Pascal, PL/I, Algol, Cobol, ad-
vanced Fortran, APL, STATPACK,
SPSS, etc. Russ Walter, Computer
Guide, 92 St. Botolph St, Boston, MA
02116. Circle 176

MAP ARRAY PROCESSOR MEM-
ORY. HMOS memories in 300 ns and
170 ns cycle times ranging from 16KB
to 64KB are packaged on std. MAP
multiwire boards (15" x 18"). The 170-
ns version uses 2147-3 chips. NMOS
memories with 500 ns cycle time from
64KB to 256KB maintain minimal
board count. From $4000 for 16KB
(300 ns HMOS); $7500 for 16KB (170
ns HMOS), $7500 for 64KB of 500 ns
NMOS. CSB Inc, 40 Linnell Circle,
Billerica, MA 08121. Circle 152

COLOR DISPLAY AND PRINTER.
The IBM 3279 color display station
transforms data from existing applica-
tions to 4C alphanumerics. Up to 7
colors as well as graphics can be dis-
played on the 14" screen. It uses color
for accent. The IBM 3287 color printer
uses a 4C cartridge ribbon and provides
printed copy of the alphanumeric or
the optional graphic data that appear
on the color display. 4-color printed
material can include reports, charts,
graphs. The IBM 3101 is a light-weight,
low-cost display terminal, designed for
businesses and schools where many lo-
cations need displays; the IBM 3102
printer produces copies of data shown
on the 3101. The compact, TTY-
compatible 3101 offers more relaxed
viewing by displaying easily read char-
acters on a screen which can be tilted
or swiveled as needed. IBM 3287,
$6,125-56,500. IBM, 1133 Westchester
Ave., White Plains, NY 10604. Circle 222

PLMX AN 8-/16-BIT uC UNIVERSAL
LANGUAGE PLMX is for use in uC
product development systems and real-
time process control. PLMX incorpo-
rates all beneficial PL/M features and
can be used with any 8- and 16-bit
MP now or to come. PLMX syntax is
identical to PL/M’s and existing PL/M
programs can be compiled under
PLMX. PLMX can be adaped to inter-
face with practically any operating sys-
tem. The PLMX compiler can run
under TEKDOS and CP/M operating
systems. TEKDOS is the operating sys-
tem for Tektronix’ 8002A Universal
Microprocessor Development System,
and CP/M is an operating system that
can support just about any 8080-based
system in use today, including many
hobbyist and small industrial systems.
Interfaces to other operating systems
will be available later this year. Is
PLMX user-oriented? Yes, PLMX
source statements resemble simple
English declarations in a well-defined
logic structure, making programming
rules easy to learn. It’s claimed that
programmers familiar with PL/M learn
the language in a few hours. There are
no arbitrary formatting rules or line
numbers. PLMX is free format and
comments may occur anywhere in the
source text, except within reserved
words, identifier names and numbers.
Key to PLMX is its modular structure,
allowing it to be both uP- and OS-in-
dependent. The language is also excel-
lent for modular programming by
facilitating the division of large pro-
gramming projects into modules so
that several programmers can compile,
test and debug independently, then
link the modules together later. $1000.
Systems Consultants, Inc, Product De-
velopment Group, 4015 Hancock St,
San Diego, CA 92110. Circle 186

MICROSYSTEM ANALYZERS. New
uPs supported by the universal Micro-
System Analyzer Series 4000 now in-
clude the 8021, 8035, 8039, 8041A,
8048, 8049 and 8748. Three different
pods are adaptable to support the uPs.
The 8021 and 8041A each have indi-
vidual modules; another is adaptable
to the 8035, 8048, 8748, 8039 and
8049. Modules that support more than
one UP are switch-selectable within the
pod. $2K ea. Delivery: 60 days ARO.

Millennium Systems, Inc., 19020
Pruneridge Ave., Cupertino, CA 95014.

Circle 173
750W/1KW  SWITCHERS. Meeting

UDES&O071 and with internal filter, these
“brownout proof” Super-MITE addi-
tions accept 85-130 VAC/166-260
VAC at 47-63 Hz and provide a 35 ms
holdup time. 2ms before DC power
loss, a power-fail signal triggers. LH
Research, 1821 Langley Ave, Irvine,
CA 92714. Circle 163
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Electrolab’s System Switcher Model SP04

POB 6721 Stanford, Ca. 94306
(415) 321-5601  Telex: 345567 "Electrolab PLA"

= for the
Pricing,

SP04-24/36-0 SPO4-24/36-1 *
19 $356.00 $399.00 3

And Hard Disks

10-49: $325.00 $379.00
50-99: $299.00 $339.00

nts applying to this item only: 2 net. 30. Quantity
may be obtained from the Ma es: SYSTEM
OMPONENTS civ ELEC TROLABS, P

Delivery,

Delivery is stock to 30 for 110V units, and 30 to 60 days on 220V

units, and we suggest that for small quantity 22 Tt

an auto-transfor 1) oc - FEATURES
Todd Systems, h s

Brown-Out Proof
. Line Frequency Indifferent
¥ Very Low EMI

U.L. Approved

Chassis 20KHs

@4A
s Soft Start

12V @4A Q Extremely Lightweight

Open Frame Design

Short Circuit and OV Protection
20,000 Hour MTBF (MIL 2178)
Adaptable to Un-Interruptable Power

+24/36V@6A

Return

Return applications.

+5V @ 204

Circle 40 on Reader Inquiry Card

High Efficiency

Low Cost!! (just look at DEC's price)

ANNOUNCING

® Resolutions thru 28
® Heavy Duty Bearings - 35 Lb.
Maximum Dynamic Radial Loading

® TTL, CMOS, High Voltage Open

@ Optional Shaft Seal and
Many Other Features

A HEAVY DUTY OPTICAL INDUSTRIAL
ABSOLUTE POSITION ENCODER

The H25 Series

® Gray Code or Natural Binary Outputs

Collector, or Line Driver Output Options

BEI Electronics, Inc.

7230 Hollister Ave. Goleta, CA 9301
TEL: (805) 968-0782

Digital (g -— Industrial
Products | Encoder
Division | Divison
Little Rock, Arkansas | St A J Goleta, California

Circle 41 on Reader Inquiry Card
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New Products

DOUBLE-TRACK MINI DISK. FD-50C uses FM/mFM/
m?FM recording formats and a track density of 100 tpi to
provide a capacity 2x in FM and 4x in mFM/m?FM
recording formats as large as a conventional FM 48 tpi
mini disk. Convert existing single-density 48 tpi mini-disk
software to take advantage of the FD-50C’s increased
capacity; upgrade to 315.4KB (formatted). Track-to-track
access time is 25 ms; settling time, 10ms. Teac Corp,
3-7-3, Maka-cho, Musashino, Tokyo, Japan. Circle 133

VIDEO DISPLAY TERMINALS and the 300 Series
Ballistic printer are described in a 6-pg. brochure, as are
the ADM-3A Dumb Terminal console, ADM-31 smart
editing terminal and ADM-42 semi-intelligent terminal.
Lear Siegler, 714 N. Brookhurst St, Anaheim, CA 920803.

Circle 135

PDP-11 ADD-IN/ON MEMORY. This free instructional
booklet provides practical/““how-to” advice on PDP-11
memory expansion and electronic/hardware interfacing, as
well asa Unibus/Mudbus tutorial and charts on compatible
boards/boxes and their functions. Dataram Corp.,
Princeton Hightstown Rd., Cranbury, NJ 08512. Circle 128

Z-80 SYSTEM. The Primarius IVS (Interactive Video Sys-
tem) weds sophisticated color computer graphics with a
Z-80 to present multi-sensory interactive lessons stored on
single cassette tapes. Each tape contains a recorded sound-
track as well as an entire digitally recorded program that
allows the IVS to operate remote from its PDP-11/45 w/o
giving up on-line capabilities. It has 256 x 192 pixels (2
color), 128 x 192 pixels (4 color) and full ASCII. Memory
capability is 8K ROM, 16K user RAM, and 6K video RAM,
with 300KB bulk storage. Input is via a 12-key KB and
8.5” x 117 sensor panel for high-resolution photographic
overlays. $1200. Primarius, Inc., 4186-] Sorrento Valley
Blvd., San Diego, CA 92121. Circle 129

RX02-COMPATIBLE double density floppy. MF-211 dual
floppy/LSI-11/2 does all the 11 V03-L does. It’s func-
tionally identical to the DEC 11V03-L, but uses 10.5”
rack space. Features include: double and single density
operation, over 1 Mbyte storage system, comes with 4-
quad slot or 8-quad slot backplane, DEC software and
interface cards optional and 30K addressable memory.
Charles River Data Systems, Inc., 4 Tech Circle, Natick,
MA 01760. Circle 130

8-BIT uP CASSETTE SYSTEM. The ADPI storage system
has a Phi-Deck Master and 1 to 3 slave drives. The Master
contains the 8035 and interfaces to the external environ-
ment via 8-bit parallel (RS232 or current loop interface
available). Each drive contains the transport mechanism
and a printed circuit card to control the drive activity.
4 MB/system, 256 B RAM buffer storage, direct access at
100 ips. Analog & Digital Peripherals, Inc.,815 Diana Dr.,
Troy, OH 45373. Circle 131

“ALL-IN-ONE-COMPUTER” includes two Z80s, floppy
disk storage, smart video terminal, heavy-duty KB, nu-
merical pad and 16K RAM expandable to 48K. It runs
programs written in Benton Harbor BASIC, Microsoft
BASIC and assembler languages. WP and business account-
ing software packages available soon. All terminal
functions are controlled by KB or software. 8 user-
function keys give an extra measure of flexibility.
Baud rates of up to 9,600 are KB selectable. Kit, $1,595;
assembled, $2,295. Heath Co, Dept, 350-920, Benton
Harbor, MI 49022. Circle 132



LOGIC ANALYZER. The 308 Data
Analyzer, said to be the first logic ana-
lyzer to combine parallel state and
timing, serial and signature analysis.
Because of the color-coded keyboard
it’s particularly
design tool or

and menu
suited as a

concept,
“satellite™

for the service and manufacturing en-
vironment which will be experiencing
a 35+% growth rate (per year) in the
use of logic analysis over the next 5
yrs. 8 Ibs. $3K. Tektronix, Inc, Box
500, Beaverton, OR 97077.

Circle 167

COLOR MONITOR. The base Monitor
has been designed as a 19" color dis-
play module suitable for OEM packag-
ing. In addition, a 19” rack mount
package and a separate enclosed cab-
inet for desk or table top locations
are available. These Monitors optimize
digital data and graphic displays with a
RS170-compatible input. Typ. resolu-
tions of up to 650 dots on a nominal
250 video lines at a 60 Hz refresh rate.
Customers will benefit by having the
brightest, best appearing and most cost
effective color pictures in the industry.
Industrial Data Terminals Corp, 1550
West Henderson Rd, Columbus, OH
43220. Circle 146

APPLE PASCAL FROM MICRO TQ
MINI. This 10-MB disk system (8’
Winchester disks) makes Apple Pascal

perform like a mini. (Apple Pascal has
a large data base and highly sophisti-
cated processing capability.) Model
11AP is 100% compatible with Apple
Pascal. All these run w/o modification:
Apple Pascal disk and earlier Apple 3.2
disk OS, any applications running on
the 280-block Apple FDs, new appli-
cations too large for Apple floppies.
Dynamic volume management allows
the 10-MB data base to be used as a
single large block or to be broken into
any number of smaller blocks with the
same management flexibility. $5350.

Corvus Systems, 900 S. Winchester
Blvd, San Jose, CA 95128. Circle 180

SYNCH TAPE TRANSPORT. This
dual-format synchronous tape trans-
port utilizes 10%-in. reels. With the
TDF 4050 Formatter, users easily can
daisy-chain up to 4 TDI 1050 trans-
ports simultaneously (saving rack
space and freeing slots formerly occu-
pied by an external formatter). Tand-
berg Data Inc., 4060 Morena Blvd.,
San Diego, CA 92117. Circle 240

Our solutions
could solve your problems
in CRT data displays.

" BELLe HoweLL -FERNSEH

manufactured by Bell &
applications.

e Dynamic focus — standard

the Video Corporation of

DISPLAY DEVICES

An all-new line of data display monitors is now being

Available in 5-, 7-, 9-, and 12-inch screen sizes.

Wide range of options—hundreds of possible configurations
¢ 15.75 KHz, 16.2 KHz, 18.6 KHz or other scan rates

*EIA P4, P31, P39, or P42 phosphors
¢ Kits and metal chassis available for all screen sizes

For more information about these new data display moni-

tors, contact Bell & Howell-Fernseh Display Devices, 4000
Birch Street, Newport Beach, CA 92660, (714) 752-7602.

FERNSEH nc

Bell & Howell and Robert Bosch

Howell-Fernseh for OEM

Circle 42 on Reader Inquiry Card
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New Products

FLAT CABLE CONNECTORS. The
FCN-710 series connect flat cables to
PC boards permanently by dip solder-
ing; no wire stripping is required. The
IDC mass-terminating system termi-
nates 1.27 mm (0.05") center-spaced
flat cables of 10-60 conductors. In-
cludes: dual in line terminals, low pro-
file 5.3 mm (0.209") above PCB, mate
with std. IC sockets, and manufactured
with solvent-resistant resin. Fujitsu
America, Inc, 910 Sherwood Dr, Lake
Bluff, IL 60044. Circle 174

IMAGE PROCESSOR. Offering ad-
vanced image analysis with high speed
arithmetical and computational power,
12S Model 70, performs, in real-time,
arithmetic and computations at 10
million arithmetic operations/sec and

Advertisement

ATTENTION BARGAIN HUNTERS!

$ Buy, sell or trade all types of computer equip-
ment and software (pre-owned and new)
among 20,000 readers nationwide in the BIG
(11x14") pages of COMPUTER SHORPPER
Subscription: $10 a year/12 issues. Bank cards
accepted. Money back guarantee. P.O. Box
$ F-11, Titusville, FL 32780. (305) 269-3211

ATTENTION BARGAIN HUNTERS!

processes images at 100 ns/pixel.
Features include: intensity manipula-
tion, SCROLL ZOOM and ROAM.
Stanford Technology Corp., 650 N.
Mary Ave., Sunnyvale, CA 94086.

Circle 134

CONDUCTIVE MODIFIERS are alu-
minum alloy flakes or fibers that are
added to polyesters, polycarbonates or
nylon to yield high electrical and ther-
mal conductivity. Transmet flake and
fiber products are based on melt ex-
traction and melt drag. The Transmet
K-102 flake and B-103 thru B-106
fibers have a wide range of shapes and
lengths (3 mm to 18 mm). $0.75/
ft*. Transmet Corp, 1375 Perry St.,
Columbus, OH 43201. Circle 158

256-BIT ECL RAM. The 256 x 1-bit
DM 10414 accesses data in 12 ns (max)
and 7 ns (typ). Typ. chip select access
time is 3ns. Contained in a 16-pin Cer-
dip, it’s compatible with Fairchild’s
10414 and Motorola’s 10142 ECL
RAMs. It has an unterminated EF out-
put: allows wired-OR interconnects for
multiple-RAM arrays. This output uses
50§2 to a 2V supply to provide a low
output when the 10414 is off. $10.65
(100). National Semiconductor, 2900
Semiconductor Dr, Santa Clara, CA
95051. Circle 151

EXERCISERS for testing disk drives,
floppy disk drives, tape drives and re-
lated equipment (such as communica-
tions and storage modules) locate prob-
lems before they go into a system — or
even after they’ve occured. These uni-
versal QA/Service testers can check
out every operating function continu-
ously to locate intermittent errors.
Wilson Laboratories, Inc, 2237 N.
Batavia St, Orange, CA 92665.

Circle 159
GRAPHIC DISPLAY SYSTEM
FAMILY. Looking for a complete
OS? The GMR-37s have: display
generator, MOS refresh memory,

vector and rectilinear graphics, alpha-
numerics in 4 sizes, bi-directional
RS-232 computer interface and RS-
170 video interface. Systems, includ-
ing supplies, are in a 7", rack-mount-
able chassis and drive std. closed cir-
cuit monitors. GMR 37-10 ($3300)
has 256 x 256 resolution, on-ch RGB
color plus blink. (2 ch.: $3700); GMR
37-20 ($3700) has 256 x 512 res, one-
ch. RGB color and blink. (2 ch.:
$4500); GMR 37-30 ($4500) has 512
x 512 res, one-ch. RGB color and
blink; GMR 37-60 ($4700) has 1024
x 1024 res, one-ch. B/W. Grinnel Sys-
tems, 2159 Bering Dr., San Jose, CA
95131 Circle 210

you a choice:
video out
out
Standard features:
® 256 level grayscale

video

minicomputers.

The CVI 274 Video Frame Store allows
® put video in, get either digital or

e put digital in, get digital or video

® resolution to 256x512 pixels
® store a single field or full frame of

And the 274 interfaces easily with most

TV FRAME GRAB!

Grab it, store it, process it.

Specifications cheerfully sent on request.

Colorado Video Incorporated

Box 928 e Boulder CO 80306 USA e 303/444-3972 e TWX 910-940-3248 (COLO VIDEO BDR)

|
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New Products

FLOPPY DISLS. These 96 tpi drives,
offering 70 tricks/side (vs. 77 on the
original Megafloppy) uses the same
mechanical desice features. The new
series recoversdata from a std. single-
track-density 48 tpi diskette. Drive
head reads equivalent of every other
track when 35 track (48 tpi) diskettes
are inserted or all 70 tracks on a
96 tpi disketie. The 1015-V ($450)
has 436 KB »f unformatted storage
and FM/MFU recording; 1016-V
($490), 532 KB of unformatted stor-
age using GCE; 1015-VI ($530), a 2-
head version of MFM drive, has 872
KB; and 1016-VI ($570), a 2-head
drive, has 1.064 MB and GCR en-
coding. Micropolis Corp, 7959 Deering
Ave, Canoga Park, CA 91034,

Circle 185

GRAPHICS COLOR VIDEO display
controller, the FS 2500 Color, has a
rack-mountable display generator unit
plus optional free-standing desktop
KB with full U&L case tri-mode and
numeric/control pad, and optional 13
or 19” color monitors. Char. include
64 ASCII UC and 31 LC char. in an ef-
fective 10 x 8 matrix and effective 12

x 9 field. “Semi-graphics’ char. sets in-
clude 2 x 3 element symbols, 64 in an
effective 12 x 9 matrix, plus 31 which
replace the LC char. set. $4275. Ram-
tek Corp, 2211 Lawson Lane, Santa
Clara, CA 95050. Circle 160

UNIBUS/DISK DRIVE INTERFACE.
This intelligent, single-board controller
interfaces Unibus with Winchester and
other std. SMD interface high-capacity
disk drives, and s aimed at OEMs using
PDP-11 and VAX series. The MSC-
1101 controller includes command
chaining, automatic error correction
and retry recovery, implied overlapped
seek, automatic head and cylinder
switching, DMA load regulation, and

2-drive, dual-port control. Has soft-
ware integration packages for RT-11,
RSX, IAS, RSTS/E and VAC/VMS

OSs. It plugs directly into a hex-high
SPC slot in PDP-11/04 through 11/70
and VAX-11/780 systems. Communi-
cation with the controller is accom-
plished via control blocks assembled in
main storage and Unibus registers as-

signed to the controller. $4850. Micro-
computer Systems Corp, 432 Lakeside
Dr, Sunnyvale, CA 94086. Circle 184

LINEAR MOTION problems facing
digital system designers are met by
these single- and twin-open/closed pil-
low blocks, precision linear 2 D-motion
building block components, and shaft
support rails. Thomson Industries, Inc,
Manhasset, NY 11030. Circle 149

COLOR PRINTER/PLOTTERS. The
T-100, a plain paper printer/plotter
using impact raster matrix technology,
provides 100 x 100 dots/in. plotting
which is available with a 2-speed option
switch that offers letter-quality print-
ing at 150 Ipm or std. printer quality
at 250 Ipm. It’s plug-to-plug compatible
with Printronix, Centronics and Data
Products equipment. The same fea-
tures and capabilities come in a special
model of the T-100 to Versatec users
with software and plug compatibility.
Colorplot 100 is based on the T-100
technology. Trilog, Inc, 17391 Murphy
Ave, Irvine, CA 92714, Circle 157

EM2 EMULATES 8022. The EM2
Emulator Board converts the ROM-
based 8022 into an EPROM-based
version that has readily accessible in-
ternal functions is functionally
and electricaily You can

and
equivalent.

B S

i S TYTIODN

.H,,

correct program errors by checking in-
ternal operations and then by repro-
gramming the EPROM. . The board
measures 2.75" by 4.25" and plugs in-
to a std. 40-pin uC socket and requires
no interfacing, cabling or special sup-
ply. $500. Intel Corp, 3065

3 Bowers
Ave, Santa Clara, CA 95051.
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Introducing

The Most Complete

Microcomputer
Available
Today!

TCB-85/
Total Computer Board

One Board Does It All. . . This powerful single-board
microcomputer uses the Intel 8085A CPU and is
capable of supporting CP/M and PASCAL.

Compatible with Intel’s Multibus, the TCB-85, com-
bines an impressive variety of features: 64K Memory,
Dual-Density/Double-Sided Floppy Disk Controller, Pro
grammable CRT Controller with up to80 ASCII or custom
characters by 25 lines, Serial I/O Port, Printer Interface
and Strobed or Scanned Keyboard Interface.

A New High

Resolution

Graphics
System.

SVB-80P/
Soft Video Board Prototyping Kit.

Featuring Dual-Board/Stand-Alone capability, this
completely new prototyping package combines
the SVB-80/Soft Video Board and the MIB-85/Memory
Intensive Board in an Intel Multibus configuration. . .

The SVB-80 displays 640 x409 or 576 x455 pixels,
Alphanumeric characters displayed over 80 x40 or
72 x44 lines, Intermix of characters with graphics.

The MIB-85 uses Intels’s 8085A CPU with up to 32K
PROM and 4K Static RAM, Programmable Keyboard
Interface, Serial [/O Port, Programmable Interrupt
Controller and Monitor Software to go “On-Line”
immediately.

GET ALL THE DETAILS. . .Contact Alexander
Newman at: (516) 621-6640

DOSC

OENM PRODUCTS DIVISION
175 1.U.Willets Road -+ Albertson, New York 11507
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PORTABLE VIDEO MONITOR R.-1018A has been designed
for field servicing video and information display systems.
The monitor will locate system mu:lfunctions and allow sys-
tem adjustments in field of viewr and scene focus and will
determine performance in montors, cameras and data
transmission equipment. Motorolz Inc., 1301 East Algon-
quin Rd., Schaumburg, IL 60196. Circle 249

DEVELOPMENT SYSTEM DCS,80, an industrial-quality
Multibus Development/Control System, includes dual 8"
floppy disks, S-slot Multibus backplane and power supply.
It fits a std. 10.5” rack space. The DCS/80 Floppy Disk
Controller is an intelligent Multibus-compatible system con-
taining its own 8080, permitting concurrent operation with
the main CPU as well as extensive system error reporting.
CP/M supports high-level languages (such as Fortran, Cobol,
Basic). CP/PLUS DOS has batch processing, logical-to-phys-
ical device mapping, supports up to 933 files/diskettes, etc.
16k unit, $3595 (unit qty). Delivery: 45 days ARO. Distrib-
uted Computer Systems, 223 Crescent St., Waltham, MA
02154. Circle 137

DATA DISPLAY. The DC-946 features: modular construc-
tion, 5" cathode ray tube, solid state, 12 V dc inputs, choice
of signal inputs, TTL (standard) and composite video (plug-
in module), standard 15,750 KHz horiz. scan freq. and 650
lines resolution. Audiotronics Video Display Div, 530 Fifth
Ave, N.W., NewBrighton, MN 55112. Circle 143

PROCESSING SYSTEMS. The Office Mate standalone sys-
tem, ($9500 to $14500) features an intelligent input termi-
nal, 48K RAM, two built-in 5-1/4” double sided, double
density floppy disk drives (600K capacity), the high speed

NEC “Spinwriter” printer, and field-proven XMARK Soft-
ware. The DIABLO Line Printer and CENTRONICS High
Density Dot Matrix Printers are available options. XMARK
Corp., 3176 Pullman St., Suite 119, Costa Mesa, CA
92626. Circle 144

RC-11/RF-11 FHD MEMORY. The BC-201 Bulk Core sys-
tem emulates the RC-11/RS-64 Disk System, and BC-202
emulates the RF-11/RS-11. It’scompletely hardware/soft-
ware transparent to the host PDP-11 and uses up to 128K x
18 DR-128 module. Both are provided with necessary cable
assemblies for Unibus interfacinz. Features include: 1000x
faster access time, high throughput, zero error rate, built-in
“off-line” tester, hardware and software transparency, LED-
indicated fault isolation, 128K modularity, non-volatility,
and 1 M word capacity in 15.75" chassis. Dataram, Corp,
Princeton-Hightstown Rd, Cranbury, NJ 08512. Circle 145



uP POWER SUPPLIES. Providing a 30
to 40% efficiency improvement over
series regulators, yet 30 to 45% smaller
and costing half that of comparable
switchers, this family of linear dc sup-
plies boasts a 60-khr to 80-khr MTBFs.
Single-output units include 5V (9,12,
18, 25, 40A), 12V (12,18A), 15V (11,
16A). 24V (8,12A); dual-outputs in-
clude *15V (5.5A); triple-output uP
units include 5V (12A), £12V (2A),
5V(18A), =12V (3A). $85.80
$199.40 (100). Adtech Power, Inc,
1621 Sinclair St, Anaheim, CA 92806.
Circle 150

NOVA 1200 option board converts
NOVA 1200 to execute Nova 4 in-
structions. Model 2010 CPU Option
Board updates Data General NOVA
1200 Series and D-116 computers to
accept the complete instruction set for
Data General’'s new NOVA 4 Series
computers. The option board used with
existing Nova 1200 memories also in-
creases Nova 1200 speed by about
25%. If existing memories are replaced
by a 32KW Memory Board, Nova 1200
system speed can be increased even fur-
ther, to 800 ns (about 40%). $1800.
Quentin Research, Inc., 610 Hawaii
St., El Segundo, CA 90245. Circle 191

LOW-PROFILE PRINTERS. The IMP
Series of low cost, ultra-low profile
7 x 7 dot-matrix, 96 ASCII char. set,
impact printers, styled for office or
home , stand only 3—1/2”, print 80, 96
or 132 col. of hardcopy with a through-
put of 1 lps. IMP-1, which has friction
feed, can make 3 copies on plain g5t
wide paper for WP, and handles TTY
rolls as well. IMP-2 also provides tracter
feed, with tracters adjustable from 2.5
- 95", IMP-2 handles graphics under
software control. $695. Axiom Corp,
5932 San Fernando Rd, Glendale, CA
91202. Circle 169

9000 COMPUTER SYSTEM. System
hardware includes a 16-bit microNova
602 processor, 64K RAM memory,
swivel and tilt display terminal with

matching detached keyboard (up to
three additional terminals may be com-
fortably added), 10-Mbyte hard disk
with a 5-Mbyte removable cartridge
(an additional 12.5-Mbytes may be
added), and high-speed matrix printer.
Included are BASIC: and ASSEMBLY

languages, reference manuals, training,
starter and delivery. $19,995. Compal,
Inc., 6300 Variel Ave, Woodland Hills,
CA 91604. Circle 170

VDT. Featuring U & L case, protect,
char., line and page xmit, cursor posi-
tioning and numeric keypad, the 510
utilizes one PCB and contains 18 ICs.
$660 (OEM qty). TEC, Inc, 2727 N.
Fairview Ave, Tucson, AZ 85705.

Circle 155

NOVA 3/ECLIPSE 256KB ADD-IN.
The 256KB DR-123S for the Nova 3
and 256KB DR-125S for the Eclipse
line both are packaged on st A5
PCBs for simple insertion into the
host mini. Configurations include:
32KB, 64KB, 128KB and 256KB
for DR-1238S. Parity is std. Cycle and
access times are 500 and 325ns, re-
spectively. An 8-position DIP-switch
selects desired starting address, in 8-KB

increments, from 0 to 256KB. 128KB
(64K x 17) DR-123S, $3000; 256KB
(128K x 17), $5.090. Dataram Corp,
Princeton-Hightstown Rd, Cranbury,
NJ 08512. Circle 182

SYSTEM/38 ALTERNATIVE. The VS
virtual storage computer accepts pres-
ent RPG programs (like a System/3),
Cobol and Basic — with increased in-
teractivity and programmer productiv-
ity. VS grows incrementally, w/o swap-
ping-out peripherals or re-writing pro-
grams, up to a VS 100 (which sup-
ports 128 users), 2 MB main memory,
4.6 BB storage and full complement of
communications, peripherals, data
base management software and WP.
Wang Laboratories, Inc, One Industrial
Ave, Lowell, MA 01851. Circle 168

VAX-11/780 ADD-IN MEMORY,
MK8016 uses 4116s, and is a direct re-
placement for DEC’s M8210. Capacity
is 32K words x 72 bits (64-bit data, 8-
bit ECC) or 256KB on a single card
(15.64" x 11.93" x 0.4"). It’s got a
l-yr. warranty. $4500. Mostek Corp,
1215 W. Crosby Rd, Carrollton, TX
75006 Circle 179

]

New coach

for LSH1 team

15 full-color
graphics system.

The coach of LSI-11's team is our new AED512
graphics generating system that makes the
blackboard obsolete. Now, when he plots the
-plays, the FIVE TWELVE's compact video
terminal will display all the action in high-
resolution detail using up to 256 simultaneous
colors and 16.8 million different hue/intensity
combinations on a 512 x 480 pixel screen. The
AED512 is microprocessor controlled, and has
the largest refresh memory of any system in
the league.
Other features that make the new LSI-11
‘coach’ a cost/performance leader include:
* DMA interfaces (Q-BUSR or UNIBUSR)
available.
2:1,3:1...16:1 zooming. Panning via
integral joystick.
Vector and circle generation. Curve fill.
Single-point addressability.
® Crosshair cursor with programmable color.
SUPEROAM panning over 1024 x 2048
contiguous pixels.
Programmable character fonts and
8 programmable special function keys.
$8,875 with two colors only, excluding
monitor and DMA.

® Registered trademarks of Digital Equipment Corporation

ADVANCED
a ELECfFONICS
DESIGN, INC.

COMPUTER PERIPHERALS DIVISION
440 Potrero Ave., Sunnyvale, CA 94086
Phone 408-733-3555, Boston 617-275-6400

#




Power Dynamics offers the first in a series of open-frame switching power
supplies for the OEM user. Unencumbered by past ideas and methods,
Power Dynamics offers advanced technology and conservative design to
meet today’s need for higher efficiencies and reliability.

The Model PD100 is a convection-cooled 20 amp supply with a user
specified output of 2 to 48 VDC.
Features Include:

e Dual Range 115/230 VAC e No Overshoot on Turn-On or
Strappable Inputs Turn-Off

e Undegraded Performance to e Fully Protected Output
50°C e Designed to Meet UL 478

e 30 msec Holdup Time e Two Year Warranty

The Model PD100 is in stock. Call us for your application:
(213) 767-9640, 875-1012 ¢ TWX: 910-498-4841

POWER DYNAMICS CORP.

_LJ 9421 Telfair Avenue, Sun Valley, CA 91352
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DEC/DG DISK CONTROLLERS. Sin-
gle-board disk controller (DEC or Data
General) provides multi-drive capabili-
ity, multiple-sector transfer and hard-
ware error correction. $3500 (unit qty).
MiniComputer Technology, 2470 Em-
barcadero Way, Palo Alto, CA 94303.
Circle 211

28-40 PIN IC EXTRACTOR is CMOS
safe. Model EX-2 extracts all 28-40 pin
DIP IC’s having 0.600" body widths.
[t’s self-adjusting and gently lifts IC
from socket or board using uniform
pressure applied simultaneously at both
ends of the IC. Designed for one-hand
operation. It has heavy chrome plating
for reliable static dissipation, as well as
a terminal lug for attaching a ground

strip (strap not included). O.K.
Machine And Tool Corp, 3455 Conner
St, Bronx, NY 10475. Circle 181

45 CPS CHARACTER PRINTER.
Model 9601/9602 features letter-qual-
ity print, uP-controlled print configura-
tions, platen drive, an interchangeable
print wheel and a choice of serial or
parallel interface. The Model 9601/
9602 Character Printer is 9" high,31.1"
wide, 22.2" deep, and weighs approx.
70 lbs. With the optional stand, the
printer is 32.5" high, 31.1" wide, 22.2
deep, and weighs approx. 100 lbs.
Model 9601 (serial printer), $4,950
(leased, $145/mo. for 3 yrs.); 9602
(parallel printer), $5,500 (or $160/
mo for 3 yrs. leased). Datapoint Corp,
9725 Datapoint Dr, San Antonio, TX,
78284. Circle 175

LOW-COST SMART TERMINALS.
Both the TVI-912 and -920 include
U&L case, 14-key numeric pad, under-
lining, tabbing, editing, cursor address-
ing, reduced intensity, reverse video
and other features, such as self-test
mode, protected fields, blinking and/
or blanking capability. Options include
serial-buffered printer port and second-
page display memory. TeleVideo, Inc,
3190 Coronado Dr, Santa Clara, CA
95051. Circle 162



Z-8000 RELOCATABLE CROSS
ASSEMBLER. Up to 10 times faster
than competitive assemblers, and de-
signed for use with GenRad/Future-
data 2300 Series Universal Advanced
Development Systems, the cross as-

sembler lets users create programs and

reproduce them in PROM for execu-
tion on the target uP. All important
parts of the programs are written in
assembly language to optimize execu-
tion speed and memory usage; the
assembler program overlaps 1/O opera-
tions so that as source lines are being
processed, the next lines of source are
being read simultaneously (i.e. multi-
processing); all disk operations are
handled by an intelligent uP-based disk
controller. Macro facility, conditional
assembly and psuedo op are compat-
ible with all 2300 Series assemblers.
$750. GenRad/Futuredata, 6151 W.
Century Blvd, Suite 1124, Los Angeles,
CA 90045. Circle 165

VT-52 EMULATION TERMINAL.
Model 11 features include: protected
fields, graphic symbol set, blinking, re-
verse and half-intensity video. Format:
24L by 80 char; char. at a time, line at
a time, or partial or full screen trans-
mission. Terminal status display at
bottom line of screen. All functions
KB selectable. I T L Data Sciences Inc,
Box 5050, Saskatoon, Saskatchewan,
Canada, STK 4E3. Circle 183

PDP-11 SMD CONTROLLER. S33/A,
is a single-board, software compatible,
SMD controller, packaged on a stan-
dard DEC hex board. It’s software
compatible with DEC’s RMO02 I/O
driver, allowing the S33/A to operate
wtih DEC’S RSTS/E and RSXI11-M
operating systems and RMO2 diagnos-
tics. S33/A operates with CDC’s 9762
SMD drive and other equivalent SMD
drives, including those from Ampex,

Ball and Century Data. S33/A offers
media compatibility with the RMO02
SMD drive supplied by DEC. The CDC
9762 SMD, or equivalent, drive which
can be used with S33/A controller has
an unformatted/formatted capacity of
80MB/67.4MB. The 9762 SMD uses a
three platter pack, with 823 cylinders/
pack and 32 sectors/track. Rotational
speed of 3600 RPM results in a data
rate of 1209KB, 50% faster than the
data rate of the RMO02 system supplied
by DEC. $4900. Dataram Corp, Prince-
ton-Hightstown Rd, Cranbury, NIJ
08512. Circle 171

6502. “Programming The 6502, by
Rodnay Zaks, updates the first edition
of this book with a revised text and
100 extra pages (388 pgs). This well-
structured paperback goes from the
basics to 1/0, addressing, data struc-
tures and applications. Lucid explana-
tion of the 6502 instruction set. Sybex,
Inc, 2020 Milvia St, Berkeley, CA
94704. Circle 153

LINE ADAPTER FOR LINE
PRINTERS. This Parallel Long-Line
Option Adapter Box allows all MDB
line printer controllers to operate
almost any printer for full-speed, par-
allel-data transmission up to 3,000,
Long-line capability is available with
MDB PDP-11, Perkin-Elmer, Data

General and H-P line printer control-
lers. Long-line capability has been ex-
tended to MDB controllers for PDP-8
and LSI-11 and Series/1 to operate
Centronics, Dataproducts, Data Printer,
GE Terminet, Printronix and others.
$525. MDB Systems, Inc, 1995 N.
Batavia St, Orange, CA 92665.

Circle 178

PDP-11/LSI-11 WIREWRAP BOARDS.
The MDB-W9501 ($175) Universal
Wire Wrap Module (for the
LSI-11/PDP-11) handles 90 14 to 40-
pin low-profile sockets or ICs. The
MDB-M91WW (§$75) Dual I/O Wire
Wrap Module handles custom interface
applications between std. modules or
peripheral interfaces and provides 28
sockets or ICs. Other wire wrap mod-
ules for use in DEC computers include
hex, quad and dual in several versions.
Also for Data General, Perkin-Elmer,
IBM Series/1 and Intel Multibus SBC.
MDB Systems, Inc., 1995 N. Batavia
St., Orange, CA 92665. Circle 138

Where can I get an AC-DC or DC-DC
switching power supply in amodular,
open frame or P.C.B. design,
with a 5 year warranty at
reasonable cost?

ETATECH
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@ 10A, 28 VDC INPUT
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187-M W. ORANGETHORPE, PLACENTIA, CA 92670 (714) 996-0981
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DIGITAL POWER

HU-200 — SERIES
NEW Expanded Line of Product from
DIGI POWER

® 115/220 VAC - INPUT
POWER FAIL

e UPTO 4 OUTPUT
LOW COST

HIGH RELIABILITY
LIGHT WEIGHT
FAST DELIVERY

For more information, write or call:

DIGITAL POWER CORP.
686 East Gish Road, San Jose, California 95112
(408) 288-5600 TWX: 910-338-0579

Circle 51 on Reader Inquiry Card

Moving?

1. For FASTEST service attach old
mailing label in space below.

If mailing label is not available print your old
Company name and address in this box

Please allow
6 weeks for
change to
take effect

2. Print your NEW business address here
NAME
TITLE
COMPANY
ADDRESS
CITY. STATE____ ZIP

3. Mail to: Circulation Manager
Digital Design

1050 Commonwealth Ave.
Boston, MA 02215
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WIRE-WRAP TOOL. With human-engineered enclosure for
optimized hand-held operation, the battery-operated (2 “C”
NiCads), the BW928 is well-suited for extensive wire-wrap
applications where reversible rotation, interchangeable bits/
sleeves and lightweight, cordless operation are needed.
$49.95. OK Machine & Tool Corp, 3455 Conner St, Bronx,
NY 10475. Circle 147

PDP-11/44 has ‘large-system” features including a 1 MB
max. memory, integral 8 Kbyte cache memory, a uP-con-
trolled programmer’s console, and provisions for optional
floating-point and commercial instruction set processors.
The CPU includes a min. 256 KB of ECC MOS memory, 2

serial line units, uP-controlled ASCII interface, 8 KB of
cache memory and supply. Central processor, $23,900.
Digital Equipment Corp, Maynard MA 01754. Circle 140

LSI-11/2 FLOPPY. The MF-211 Dual Floppy/LSI-11/2
System, uses the CRDS Double Density Controller and is
functionally equivalent to the DEC 11V03-L. It uses 10.5"
rack space. Features include: double and single density
operation, complete software/media compatibility with
LSI-11/2, over 1MB storage system, with 4-quad slot or 8-
quad slot backplane, optional DEC software and interface
cards, and 30K addressable memory. Charles River Data
Systems, Inc, 4 Tech Circle, Natick, MA 01760. Circle 148

PASCAL GRAPHICS. A graphics software package written
in the licensed version of UCSD PASCAL. PASCAL Graphic
Procedures (GRAPHPRO) has a set of routines and proce-
dures for programming of business, scientific and educa-
tional applications on Ramtek’s RM-6114 (color) and
RM-6113 (B&W) graphics computer systems. Programmers
no longer need go to the pixel level for constructions. Using
procedural calls, they can summon graphics routines for
faster, easier data presentation on the video screen. The soft-
ware is consistent with the SIGGRAPH Core Standards of
August 1979. One-time license fee, $1,750. Ramtek Corp,
2211 Lawson Lane, Santa Clara, CA 95050. Circle 136

FOUR-COLOR GRAPHIC DISPLAY. Developed for appli-
cations in CAD, simulation and training, mapping, com-
mand and control and air traffic control, this Desktop Color
Indicator employs a layered phosphor, beam penetration
technique that enables simultaneous display of 4 colors.
The full deflection rates of a high speed display system can
be utilized for all 4 colors. A typ. character can be traced in



2.1us in any color, including red. The
Color Indicators include a built-in test
feature which, at the touch of a but-
ton, displays a test pattern that will
visually indicate if any modules have
failed. The displays feature a rugged-
ized structural foam construction tech-
nique that enables them to be shipped
intact, ready for use. The indicators
are available in the Model 740 Series
21" rectangular face, and the Model
760 Series 23" round configuration.
Each is available in either desktop or
rack mounted version. 740, $17.5k;
760, $20k. Sanders Associates, Inc.,
Daniel Webster Hwy. South, Nashua,
NH 03061. Circle 139

SMART TERMINAL. Compatible with
such alphanumeric terminals presently
being offered by Lear Siegler, includ-
ing the ADM-31, the Zephyr is a uP-
based video display terminal that offers
a wide range of intelligent features in-
cluding full cursor addressability, full
editing and protected forms mode. It
has a large 12" non-glare CRT that
provides 24 lines of 80 char. each, plus
a 25th line, designed to display oper-
ator error messages and terminal status
information. It stores 2 pages of 1920
char. each and a blinking underline
cursor may be positioned anywhere
within either page display. The dis-
playable 128 character ASCII set is en-

hanced by a variety of video attributes
which may be utilized under program

control including dim, reverse back-
ground, blinking and underlining.
$976 (100). Zentec Corp, 2400 Walsh
Ave, Santa Clara, CA 95050. Circle 166

RLO2 DISK DRIVE. This 10.4 MB car-
tridge disk drive is a rack-mountable,
top-loading unit employing the dual-
density 5440-type disk cartridge as its
storage medium. It is designed for use
with all PDP-1 1-based systems, PDP-11/
03L and PDP-11/23-based microcom-
puter systems, and PDP-8/A systems.
The RLO2 is available in a subsystem
configuration a disk drive and con-
troller. $6,900. Digital Equipment
Corp, Maynard, MA 01754. Circle 156

6800
Development
Pac Il

© 6800 Micro Computer

® 48K RAM

* EROM Programmer

® RS-232 Interface

e Cassette Interface

® Monitor Debug ROM

e Editor/Assembler

e 4K Industrial Basic

® Rack, Back Plane, Supply
® $1895

~ CI
Corp.

317-742-8428
1801 South St.
Lafayette, IN 47904

Circle 45 on Reader Inquiry Card

DIGITRON/DOSC
- ’ ELECTROLAB
A dver'hsers Index T e RO A S a8
ETATECH
FERNSEH
ADVANCED ELECTRONICS DESIGN ... iceessvaaeonissssass 71,73 FLOATING POINT
AN ADENE Rl ol et o T e R ke 9 A ICONTROL S ot et SR S S
ANDROMEDA SYSTEMS . icosiosssisssoesvosiosssaess GENRADIEUTUREDIATA: -t i esiomealsaleesieniiaie i s et 2.3
ASSOCIATED COMPUTER CONSULTANTS GR ELECTRONICS........
AT R SENMINAREXEIBVES L e st 274 shae el alschin e GRINNEL SYSTEMS
AUDIOTRONICS . INTERDESIGN ............
BEEHIVE........ LH RESEARCH
BEI ELECTRONICS MACROLINK
BYTRONICS . a5 0555005 0se5 detans st s sonss s OB VA CTHIINE T s sic o 5 509238 1o c0005) scareiom atadeserie’s Soorabe.v.sost aurbsraibver brind EXY
T T R or T R R L TR G e BT A e S el i LA .
CRARLESRINERDATA: . . oovvisioiainioics aihloien abiomsisesipqin:slos s s el 33 EERBINGEIMER. & oo da ey a0t i doeiad S v s et o 43
CLARY Goits iaisiaiarsisa i s eiie o vaeies 81916055 55550 §ia/ers e ihisionn eved a mieise 49
COLORADO VIDED .. 56505 o siaisiv 6 6 aiins ales:ata soieias & e soseisls sacssd 68
COMPUTER SHOPPER 54 655550 sioeces caass.esioon e sloe s snasssie 68
N D A 2t e D iR o et tie e ol ko B v o ) B RS R B I O 8 A TR SRS C-2
DATA BLECTRONIES Lo o ismstells wisténisde sosio it o bl s 5 desteiod 40,41
DATAEUSION o4 asiete s niscaming ¢ sl s dlavels s wbtwia §aess:d § hbvarss dacdid siorers 20
DATARANL . v smeens saes sseem s sasv v suieen s sene s ie/eas s cabis 21
DEANZA = voman cmsas s aains semh s 5 a sesms s sms e aise oaoe ssioee 7
DIGITALDESIHEN: (5500 5850 6o s 5635 A 5as5 653065 55ms e s 76
PDIGIT AL PATHWAYS i nnies ciartiom amomaisisisreimmsisiic Wik b es 13
IS T AL POYWER - 2 Lo ainisadkealors slitblere il slars elslornoa sie 5 s et 1ot 76

Sales Offices

NEW ENGLAND and UP STATE NEW YORK: John A.
Garland (617) 934-6464 Box 314 SHS, Duxbury, MA 02332

MID-ATLANTIC and SOUTHEASTERN STATES: I'd Shaud
(215) 688-7233 P.O. Box 187, Radnor, PA 19087

MIDWEST and TEXAS: Hank Bean (312) 475-7173
2633 Hillside Lane, Evanston, IL 60201

WESTERN STATES: Al Puetz (213) 478-3017
924 Westwood Blvd. Suite 610, Los Angeles, CA 90024

JAPAN: Hiro H. Irie (63) 311-1746 Intl. Business Corp., 11-8
Narita-Higashi 1-chome, Suginami-Ku, Tokyo 160

FFRRITARY 1980 Dinital Dacinn 77




Designers’ Notebook

wP System Regulator Minimizes Short Circuit Shutdown-Time

In many applications, it is necessary to
have an instantaneous shut down regu-
lator in case of short circuit at input or
output terminals. Most power supplies
usé thermal shut down or a short-cir-
cuit, current-limiting resistor, which
means either a time lag between short
circuit and shut down or an unneces-
sary voltage drop across the resistor —
particularly if the load current is high.
In some cases, the system can be pro-
tected by a fuse, but this is inconven-

ient as it is not known when the short
circuit condition will be removed, par-
ticularly if the supply is remotely
controlled.

The circuit shown avoids time lag
and an unnecessary voltage drop and
will resume operation by itself as soon
as the short circuit condition is re-
moved. The extra current requirement
is about 8 to 10 mA, to drive a LED:;
the same LED can be used also to indi-
cate output voltage ‘on’ if the light

1<

D1
+14V
Regulator

317k -

D2 1k
ool

160 K o—
N
2k

O

The three-line regulator, a 317k, receives its input from the series-pass Darlington (T1) and
provides a feedback path from the regulator output to the base of T1.

sources can be brought out from the
opto coupler through a fibre optic link.

Circuit operation is straightforward.
When the supply is on, the surge cur-
rent across C will switch on the Dar-
lington pair T1. Therefore, the LED
current will keep T1 conducting and
output voltage will be maintained. In
the event of a short, the Darlington
pair will be cut off and the supply will
be folded back. As the short circuit is
removed, the emitter of T1 will try to
reach the collector potential, so the ca-
pacitor C will start to discharge through
the resistor R and bring the Darlington
pair “on” again. The supply will then
recover its output voltage.

The short circuit current can be
limited to about 10mA and depends
on the value of R and input voltage.
The regulator itself is protected from
momentary short circuit by diodes D1
and D2.

L. N. Ser, 25 Warrender Way, Ruis-
lip, Middx. HA4 8EB, England.

Rate this design: circle 8L, 8M
or 8H on Reader Inquiry Card.

Battery Backup Provides No-Break/Automatic Shutoff Operation

The circuit described here supplies
10 V.to 15 V to a load, even in the
event of a power failure. The main
criteria was that the load should run
on battery power for as long as pos-
sible with no discontinuity of supply
during the change over from mains
derived to battery supply.

Frequently, in applications where
battery back-up keeps equipment func-
tioning during main power failure, in-
teraction is often encountered be-
tween the main derived supply and
charging system, and the battery itself
- especially when using a single regula-
tor configuration. The usual way to
overcome this interaction is to use a
blocking diode (Fig. 1). However, this
does not overcome the problem when
the battery is fully discharged, since it
appears as a short-circuit to the regula-
tor and thus pulls the supply rail to
the rest of the equipment down.
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This problem can be partially over-
come by employing two regulators and
a diode “OR™ gate configuration as
shown in Fig. 2. In the particular appli-
cation that was being investigated, it
was required to supply a circuit with
15 V. DC under main supply condi-
tions, hence for battery operation a

12-V battery would have to be se-
lected. The circuit ceased to function
at 10 V. The disadvantage of the cir-
cuit in Fig 2 is that under battery sup-
ply conditions, with the battery at full
charge, because of the blocking diode
the supply rail starts at 12.9 V and not
13.6 V which would be desirable. Con-

1N4002
Y +14.3v +13.6v
e
—
Variable
Fig 1 To prevent in- regulator s
teraction problems, S —
a blocking diode is o DE ionply
used. 12v cell .
Mains i to equipment

derived -

raw DC =

o L #



+15v mains on

+15v mains off

e o 7V1 ’\;)i2 +12.9v mains off ny 415 7y N +13.6v mains off

Mains Variable rDC supply Mains Variable 1N4002

derived derived DC

regulator to regulator
raw DC equipment [r)a\(/:v out
Ov O—f -
v i A"
Variable 14.3v
regulator
14.3v ' I+13-6v' I

Variable 1N4002
regulator

T

T

1N4002

12v cell

Fig 2 This 2-regulator diode-OR circuit partially solves the full-

discharged-battery problem.

sequently this means that the maxi-
mum battery-driving time is not ob-
tained, the 0.7-V drop of the blocking
diode effectively reducing this time by
a factor of 20%. This problem can be
overcome by using the circuit of Fig 3,
where the diode is replaced by a tran-
sistor acting as a switch. Using the de-
vice specified, a voltage drop of 50 mV-
only is encountered under battery op-
erating conditions. The transistor
switch, T1, is driven by transistor, T2,
which monitors the main-derived sup-
ply rail. When the main supply fails,
the 15 Vrail goes low which causes T2,
and in turn T,, to turn on, thus ener-

1N4002

bl
12v cell

BC212L

by

Fig 3 To provide maximum battery-driving time, replace the diode

by a transistor switch, T1.

gizing the circuit from the battery.
When the main-derived supply is at
15 V, T2 and T, are both turned off,
hence the battery is fully isolated.

In order to prevent the battery
from being deep-discharged, 1 added
an automatic disconnect circuit (Fig4).
IC1 form a level detector whose switch-
ing threshold may be varied from SV
to 10 V by RVI1. When, under battery
operating conditions, IC1 monitors the
battery voltage and when it falls below
the threshold voltage set, output of
IC1 goes high; and thus, by T4, T3 and
T2, it turns T1 off. The purpose of T3
and T4 is to buffer IC1 output and en-

sure that when battery voltage is above
threshold set, both T2 and hence TI
are fully turned on as the low-output
voltage of ICI is about 1.5 V, which is
greater than a Ve on which is about
0.6 V, and would thus tend to turn T2
and T1 off. The circuit (Fig. 4) has run
for six months.

T. Austin, 180 Brook Lane, Saris-
bury Green, Southampton, Hants.
SO3 6EA, England.

Rate this design: circle 9L, 9M
or 9H on Reader Inquiry Card.

i 15.7v
NH 5v mains on =
Mains Variable AN 1N4002 +13.6 — 10v mains off
derived regulator 22k DC
raw D.C. 22k out
?— Ov
Ov
I -9~
il !'F‘ T
Variable 2 RV1 TIP42A
# 10k 10k
T2
C212L
2k2 A
ISOUE - 1/2TLO82CP et j *
T - 4 2k2 T4
12v cell BC182L T3
| BZX88 2 L
—t L csvl 1k BC182L =1k
T 1 T 8k2
& o

Fig 4 Automatic disconnector prevents deep-discharging batteries.
IC1 level-detecting threshold is varied by RV 1.
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High-Resolution Comparator Provides High Speeds

In many types of digital voltmeters
like voltmeters with V/T or V/F con-
verters, and a lot of other applications,
try this circuit. V;, (+) and Vg (—) are
inputted into a comparator, whose out-
put is NANDed with the strobe volt-
age to provide an output to a clock.
For an input signal V; =V (Vg is
a ref. voltage), the comparator C opens

the gate and pulses are counted by CT
counter. When V,; <V, no pulses are
counted. The accuracy is strongly in-
fluenced by the comparator’s resolu-
tion and propagation time.

For a high resolution and good
propagation time, use a dual voltage
comparator — such as the uA711 in
the circuit diagram. (C;, C, and OR-

+12V
I il & b i e e e 3
| pAT1T | Vo
I : Output
IR RSN 4 I B BT Y -l N PEIEE T e 1
Bias | : :F l
V,=0.5v _I
B | | | |
| I ! I
v I I I (63 |
in I | = I
input | | o | |
| | —6v e 1
VR | |
ref. : I When input voltage ex-
IR, | | AU TR RTY L TP TNy D G _" ceeds ref. voltage, the
—6v comparator lets the

strobe pulses through
to be counted by the
clock.

gate represent the equivalent circuit
for the dual comparator.) If the strobe
voltage Vi is LOW (“0” logic), then
output voltage V, is LOW disregarding
the value of the input Vi,. If V; is
HIGH (17 logic), there are two cases:
when Vi, <VR, V, is LOW and when
Vin=VRr, V, is HIGH.

However, if strobe voltage consists
of “0-1” pulses, these pulses are trans-
mitted to the counter input only when
Vin=Vg. For V; <Vp the pulses are
not transmitted. The positive feed-back
of the comparator for C, ensures a
high voltage resolution, better than 0.1
mV. The circuit needs no gate. If the
pulses have a low duty cycle, the de-
vice provides a good noise insensitivity,
since the comparators are activated
only when the pulses are HIGH.

V. Tiponut, Facultatea de elec-
trotehnica, B-dul V. Parvan nr. 2,
Timisoara 1900, Romania.

Rate this design: circle 10L, 10M
or 10H on Reader Inquiry Card.

Telephone Line Audio Monitor

In an application of the Fairdial Set
CES200 or CES201 as an adjunct
dialer to a telephone instrument, it is
often desirable to monitor the progress
of a telephone call during the phase of
signalling without removing the hand-
set from the hook. To this effect the
circuit diagram shown below performs
these functions. It consists of an ad-
ditional push-push type key switch, an
audio amplifier, a loudspeaker and an
inductor (holding coil). Depressing the

switch will place the holding coil and
the audio amplifier across the line ini-
tiating a connection. The central office
responds with the dial tone. Dialing
can therefore begin using the appropri-

ate key from the Fairdial (dial, LND,
or any of the memory or scratch pad
keys). At the end of dialing, the cen-
tral office responds with a ring signal
or a busy signal indicating the status of

i1
g‘uF

—O +i5v

[ 80
Speaker

10K

1000uF
‘IOV+

- O—oj}:—w}\i %
Toi——O——.TlﬁF i

L = T7400 Microtran Company

TY-350P TRIAD-UTRAD

In this telephone line audio monitor, the phone call status is monitored without removing the

handset off the hook.
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)\
A |
the called party. After the communi-
cation is established by lifting the
handset from the cradle, depressing
the push-push switch will remove the
audio monitor from the telephone
line.
E. Staff, Fairchild Telecommuni-
cations Products Div., Palo Alto, CA

Rate this design: circle 11L, 11M
or 11H on Reader Inquiry Card.




PDP-11 ready for the 80s ?

1 2

4 S

The future is here. The decade is dawning.
Upgrade your PDP-11 for work of a new age.

Upgrade your PDP-11 by front-ending it
with our UMC processor system. It plugs into
your UNIBUS, shares work with your PDP-11,
and gives you powerful yet independent
processing.

Use it to support network expansion. Have
it control data acquisition, translation,
formatting and processing. Or maybe
emulate peripheral controllers. Or serve as
terminal concentrator.

The UMC is a modular system of boards
and support software. Since it's modular, it's
flexible. It conforms and grows to meet your
needs.

The UMC Processor Board might be all you
need. You get a Z80 microprocessor, 4K
bytes static RAM and room for 16K bytes
PROM. Plus 2 full-duplex serial lines and up
to 3 DMA channels.

Wire-Wrap is a registered trademark of Gardner-
Denver Co. PDP and UNIBUS are registered
trademarks of Digital Equipment Corp. Z-80is a
trademark of Zilog. Inc

N

Need more memory? A UMC Memory
Expansion Board gives up to 64K bytes RAM
and space for 32K bytes PROM. Need more
memory? Add others at any time—up to a
whopping megabyte.

Extra serial lines? Our UMC Serial Line
Expansion Board accommodates up to 16
full-duplex lines. It has up to 8 Z80-CPUs,
each with dedicated expandable memory.
Extra lines? Extra boards! A system of more
than 100 low-baud-rate lines is possible.

Custom work? Use our ProtoHex Wirewrap
Board. It has universal layout and access to
all UNIBUS and UMC Bus signals.

And as for software, run our Software
Development System in your PDP-11 to
support writing UMC software. Or maybe
you need a turnkey network program,
available soon for 2770, 2780, X.25 and
other protocols.

How can the UMC serve you? Check with
ACC today. It may just put your systemin a
whole new light.

ASSOCIATED COMPUTER CONSULTANTS

228 EAST COTA STREET, DEPT. C, SANTA BARBARA, CA 93101.

Brighten your future!

(805) 963-8801. TWX 910 334-4907.

Circle 16 on Reader Inquiry Card




COMPARE SMARTS.

/j
Feature-for-feature our smart CRT
terminals cost less than their dumb |
ones. Much less. Compare smarts.
Then compare price. You'll pick |

everer sides . TeleVideo. :
o 1ds _ Four dxfferent models to choose j

e

Cuin e

S ORBE

v1-920 - ‘ 1945,000  $345,00
i m-sfe o $950,008  $950,008
§ Tvi-920 *C* £1030,000  11030.00

* 9 Baud ratea : )
(75-9600 Baud) 440 and Communication Eqmp-

‘ * Selftest  \yent Service shops.
* Auvxiliary port o

TeleVideo, Inc., 3190 Coronado Dr.
Santa Clara, California 95051
Phone (408) 727-5428

: ARE PRICE.
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