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The growing choice of software for similarly named aids. Cost,
development aids for uPs can time and available memory size
confuse even the experienced are yardsticks that simplify your
programmer. Moreover, the range  selection decision. For a look at
of features differs widely even what’s available turn to p. 20.




The $2 Pot
with the
s5 Linearity... ¢

COMPARISON OF DIAL SETTING ACCURACY
(Possible production variation — unit to unit)

O/ ZERO-BASED
12 /o LINEARITY

INDEPENDENT
i 1 % LINEARITY

\

\

LASER-TRIMMED SAVINGS
Now, for about $2*, the Bourns® Model 87/88 semi-precision, single-turn poten-
tiometer delivers 2% zero-based linearity. Compare the accuracy to the $5
precision pot with =1% independent linearity that you're buying now . . . espe-
+5% eneny T cially the performance at the low end setting, where dial setting accuracy is most
critical. Laser trimming and advanced element designt deliver performance and
savings in a ¥s” square modular package.

MOVE UP FROM INDUSTRIAL GRADE CONTROLS

% OF ELECTRICAL ANGLE
Again, for about $2, the Model 87/88 offers 200-300% greater panel setting

iy accuracy over industrial grade controls. They're perfect for applications requiring
PERFORMANCE/COST COMPARISON close, consistent calibration of output-to-panel setting and versatility of design.
Tie Eloment | Linearty | ABPrx. MODEL 87/88 — THE ALTERNATIVE

Don't compromise your application with lower performance controls or pay a pre-
mium for precision pots. Specify the alternative — Bourns Model 87/88. Write or

BOURNS 87/88 i il (e call today for complete technical information.

SEMI-PRECISION $2.00

POTENTIOMETERS Cermat | ,E25% $2 SEMI-PRECISION MODULAR POTS. .. BEAUTIFUL!

LoweR cosT i Iﬁzp-e;g;/;t 100 TRIMPOT PRODUCTS DIVISION, BOURNS, INC., 1200 Columbia Avenue, Riverside,
Samst California 92507, Telephone (714) 781-5122 — TWX 910 332-1252.

* Production quantities, Domestic U.S.A. price only
t Patent Pending

Int'l Mktg. Offices: European Hdqtrs. — Switzerland 042/23 22 42 e Belgium 02/218 2005 e France 01/2039633 @ Germany 0711/24 29 36
a2 [taly 02/32 56 88 ® Netherlands 70/87 44 00 e United Kingdom 01/572 6531 ® Japan 075/921 9111 ® Australia 02/55-0411 03/95-9566
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Here are three electromagnetic X-Y
display scopes that have a lot in com-
mon: each has a big 12-inch diagonal
CRT, is economically priced, and is
ideal for applications requiring con-
tinuous monitoring of response sig-
nals with bandwidths up to 15 kHz.
The one in front is specifically

for use in OEM systems. With the
Model 1951, you can have controls
mounted on the rear panel, or they
can be pre-set on an easily acces-
sible PC board. And the unit's power
supply can be removed and installed

elsewhere in your system. The 1951

is particularly well suited to medical
electronic systems

The scope on the left is our Model
1901C which can be used with our
(or anybody's) RF or microwave
sweepers. The unit has a sensitivity
of 1 mV per division which is ideal
for low-level detection requirements
Features such as Z axis intensity
modulation, Y marker adders and a
blanking protection circuit contri-
bute to the unit's versatility.

Model 1910. It's basically the same
as the 1901C except that it provides
dual trace capability.

So just decide which of these low-
priced scopes has the most in com-
mon with your operation. We'll be
happy to ship as many as you want.
WAVETEK INDIANA, P.O. Box 190,
Beech Grove, Indiana 46107,
Telephone (317) 783-3221,

TWX 810-341-3226.

Finally, the scope at right is our WAVETE K

Model 1951: $450 (in small quantities)

CIRCLE NUMBER 2
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US Dlslrlbu!ors o NORTHERN CALIFORNIA 1
SOUTHERN CALIFORNIA ARIZONA; (

Inlemallonal Raplesenlalrves 0O AUSTRALIA; 5
O ENGLA 1

AND:;
Surrey O FRANCE; S

D GERMANV AUSTRIA SWITZERLAND

ISR E

m. Holla
B

Los A
s. 11440 mHm

6 7621 O NETHERLANDS BELGIUM,
DNORWAV )atamatik AS Osle velen 6;

racl O JAPAN; D
G EASTERN CANADA:

Foothill Otfice Center 105 Fremont

BALANCED
)
v ) U
Model SBL ‘1 Model SRA"1
$79.95 SHY.95
500 pieces Mode! SBL-1 Model SRA-1 500 pieces
LO 1-500 Frequency Range. MHz L0 0.5-500
RF 1-500 RF 05-500 :
$3.95 (10-49) AU A B g $995 (1-49)
Typ. Max. Conversion Loss. dB Typ. Max. : o

For demanding industrial 55 175 One Octave from Band Edge 55 7 ochoc:ns]t:]r;?S?atl r:ggarcyétsxgzcse
and commercial applications, 65 85 Total Range 65 85 model SRA-1 has become the
where low-cost and high-perfor- Signal, 1dB industry standard. Packaged
mance are critical, model SBL-1 +1dBm{  Compression Level +1dBm within an RFI shielded metal
will fill your need. ] ) Tyo. Wi, Isolation, dB Ty Min. enclosure and hermetically-

Don't let the low price mis- 5 35 LORF| Lower Band Edge to LORE 50 45 sealed header, these high-per-
lead you. Only well-matched, 45 30 LOF One Decade Higher LOF 45 35 formance units are specified by
hot-carrier diodes and ruggedl bl h f the D pt f D

- r di y 6 0 LOAEF it B ranches of the Dept. of De-

Ao ge LO-RF 45 30 ;
;:onstfructed transmlsdsmE-llne 0 25 LOF LO4F 40 25 fense, NASA, FN?_ and rgzjor
ransformers are used. Every communications firms. ch
: : 35 25 LO-RF| Upper Band Ed .

SBdL“ is RF Itgsted rf‘our gme_s, B 2 L0 | Oncocoveiower  |LoF 3 2 Schottky diode is precon-
and every solder connection is
100 percryent inspected under a 50 ohms Impedance. All Ports 50 ohms gllgll:ene(dwﬂ?\yﬂtz zlgld-l;%?)eﬁ:f:d
high-power microscope. Inter- Phase Detection for 168 hours at 150°C with
nally, every component is 1mV typical 0C Offset 1mV typical one-volt reverse bias applied),
bonded to the header and metal Negative OC Polarity L to accelerate aging and to
case for excellent protection Electronic Attenuation screen out potentially unreliable
against shock. 3d8 Minimum Attenuation (20mA 3dB units.

Of course, our one-year guar- Our SRA-1 is the only double-
antee applies to these ruggedly balanced mixer in the industry
constructed units. with a two-year guarantee.

Norld’s largest manuf ouble-Balanced Mixe,

' Mini-Circuits

MCL

Laboratory

837-843 Utica Avenue, Brooklyn, NY 11203

(212) 342-2500 Int'l Telex 620156 Domestic Telex 125460
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1.Fast performance.

You probably always knew and 16K ROM’s. But did you know
Advanced Micro Devices had 8K they're the fastest in the business?

Supply Worst Case Access
Device Size Voltages Time (nanoseconds) Comments

Am9214 512'x8 +5 500 Plug in replacement
for 3514

Am8308 10248 e-£5 k(2 450

Am9208 1024 %8 +5,+12 250 Plug in replacement
for 8308

Am8316A 2048 x8 +5 850

Am9217 20488 5 450 Plug in replacement
for 8316A

AM83I6E ' 2048'x8 +5 450

Am9218 2048:x8  +5 350 Plug in replacement
for 8316E.

Am9216 2048 x8 +5 412 300

All Advanced Micro Devices' ROM's are available in military (—55 C°to +125°C) and commercial
(0°C to +70°C) temperature range. And we only make them one way: MIL-STD-8883 for free.

2. Fast delivery.

5 weeks maximum to prototype. = Advanced Micro Devices’
And we don’t mean 5 weeks and ROM’s. If you want to know more,
three days or 5 weeks if the call, write or wire. We'll get back

weather’s good. We mean 5 weeks. to you. Fast.

Advanced Micro Devices

Bipolar LSI. N-channel, silicon gate MOS. Low-power Schottky.
Multiple technologies. One product: excellence.

c

Advanced Micro Devices. 901 Thompson Place,
Sunnyvale, California 94086. Telephone (408) 732-2400.

CIRCLE NUMBER 4
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Murphy vs Wolfe

On page 7 of the November 22
issue of Electronic Design, we com-
pared Murphy’s Law with Wolfe’s
Law. Murphy won. We identified
Jim Wolfe as general manager of
Centralab Electronies, which is
correct, and as vice president of
Gould Inc., which is wrong. Mr.
Wolfe is vice president of Globe-
Union.

Watch for the glitch

The frequency-division tech-
niques presented by Cornelis van
Holten and Jan Obdralék (ED
No. 18, Sept. 1, 1976, p. 104) are
most useful. When they are imple-
mented, however, the problem of
“glitches” immediately arises. The
authors’ Fig. 1 shows a x 3/4
multiplier that can be implemented
as follows:

SN7402
SN7408

D Q D Q

CK CK
Q
SN7474

ol

AL

The propagation delays introduced
by the second flip-flop produce the
waveform shown:

SETERE SR B S B ER

The glitch is marginally recognized
as an additional pulse that stops
frequency division under some
conditions. Inserting another AND
gate as shown delays the -clock
pulse until the output of the OR
gate reaches its true value, there-
by producing a ‘“glitch-free” out-
put.

The x 3/5 multiplier shown in
the authors’ Fig. 2 is perhaps not
so obvious in its implementation.
A satisfactory way to do it is
shown below :

SN74i1
DF 37 1
—{CK cK
6—1 Q Q
SN7474 i

In this case the output contains a
severe glitch that can be removed
by inserting four inverters, as
shown. Internal to the multiplier
is a glitch at the D input to the
third stage divider. Since it occurs
after the clock pulse on that di-
vider stage, it is ignored.

Stanley Wood
Star Route
Box 176
Inyokern, CA 93527

Misplaced Caption Dept.
e N il ¢

- »

| knew we should have checked
out that radar set before we left.

Sorry. That’s Theodore Gericault’s
“The Raft of the Medusa,” which
hangs in The Louvre in Paris.

(continued on page 10)

Electronic Design welcomes the opinions of its readers on the issues raised
in the magazine's editorial columns. Address letters to Managing Editor, Elec-
tronic Design, 50 Essex St., Rochelle Park, NJ 07662. Try to keep letters
under 200 words. Letters must be signed. Names will be withheld on request.
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Bypass the middleman!

Save more than 55%
with unsurpassed quality
and performance!

Delivery from stock!

Deltron Slashes
the Price of
A¢ Processor

Power Supplies .

MPS-1: $77
MPS-2: $88
In any quantity!

Full one year
guarantee.

) ek
Designed for U.L. L .; ® ™ »

- o=
SERRERREE The MPS-1 or
.9 ' MPS-2 powers
S e Tt ) virtually any
Microprocessor
available. For that
rare exception,
talk to us about
a custom unit.

S~ =

Automatic
overload and
adjustable
overvoltage
protection. Dual
input voltage,
0.1% regulation,
1.5 mV ripple
and noise.

N

PRICE
ANY
QUANTITY

MODEL VOLTS 40°C 50°C 60°C

MPS-1 5+ 5% Adi. | 30 25 20
Tx4% | 12+ 5%Adi. | 06 05 04
x2% 9to 12V Adj. | 06 05 04 7
or 5V 038 | 038 | 038

MPS2 | 5+ 5%Ad. | 70 60 50
9x4% | 12+ 5% Adi. | 10 09 08
X 2% v 12 11 10 $e8
or 5V 075 | 065 | 055

Why buy brand A?
Deltron's got them
spec for spec
at half the price.

Next time get the best
foralotless...
write or call collect to:

é DWIM

Wissahickon Avenue, North Wales, Pa. 19454
215-699-9261, TWX 510-661-8061

CIRCLE NUMBER 6



Join Motorola’s NewAge
of Buck-Saving,
Performance-Busting

TO-220 SCRs ad Triacs!
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an Metal Can!

Motorola TO-220
First to Save 30%

$1.00
PLASTIC

o QUANTITY

PRICE/UNIT

Save % out of your next thyristor
buck by specifying Motorola
TO-220 SCRs and Triacs.

And get better performance!

These 25 A SCRs and 15 A
Triacs actually cost % less than
comparable RCA and GE metal
studs in almost any quantity.

The 2N6504—09 SCR is a
natural-born replacement for those
goodie-but-oldie 2N681-series
sockets where you're operating to
max limits set by data sheet ratings
... motor and heating controls,
power supplies, battery chargers,
crowbars, ad infinitum.

It’s got super low, 1.8 V max
V= at 50 A peak or just 26 W P» at
full rated current. You can heat
sink to 85°C case with lower
thermal excursions and potentially
longer life.

Use MAC15/15A Triacs for
full-wave designs and realize the
same % saving! Like the SCR, it
blocks to 800 V and operates from
—40°C to 125°C.

Motorola TO-220
First to Defy 300 A Peaks

MAX
PEAK
SURGE

2N6504
TO-220
SERIES

METAL

SERIES SERIES

SERIES
15 A TRIACs

Whoever heard of a TO-220 SCR
with 300 A peak surge ratings? You
did — exclusively from Motorola.

25 ASCRs

That’s twice the performance
available from 2N681 metal studs
in less than half the space.

We've maximized the tech-
nology in TO-220 to state-of-the-art
levels by enlarging the active die
area approximately 15% in each
package — SCR and Triac — so
much more capability is available
than from any other comparable
plastic OR metal package.

Gate-Cathode
Junction

P-N Junction

Passivation

And who else but the industry’s
technology leader would offer the
only truly upgraded thyristor
process technology to come down
the road since glassivation began
— Photo-Glass.

Result? Total
assurance that
voids, moisture
and impurity
penetration don’t [F8
exist — ;
but excellent
reliability does.

Motorola TO-220 )
First to Raise Reliability

Our TO-220s can take almost
anything you can throw at them.

Like worst-case, full-on, full-off
power cycling with package temps
reaching 'way beyond your design
limits . .. 95°C excursions.

Our plastic packages survived
43 MILLION of these power cycles
with just 15 failures. An MTTF of
3 MILLION cycles!

Or blocking life tests at rated
ambients. Our TO-220s survived
279,000 hours with zero failures.

Or 100 days at MIL-S-750
conditions — 92% to 98% relative
humidity with units alternately
drenched, then dried, during 24-
hour cycles. Just one failure.

Motorola TO-220s can take it.
Our brochure proves it.

Motorola Thyristors

Firstin Price,

Quality, Availability

There is nobody else with more to
offer in SCRs and T'riacs to 40

| And the best
| costs even less
now through
. Motorola’s
& unmatched
| volume
| production
! capability.
We won’t be undersold. By anyone.
Try us. Contact an authorized
distributor, sales rep or Box 20912,
Phoenix, AZ 85036 for Guide to
Thyristors and Everything You
Always Wanted To Know About
Reliability.
See the Plastic SCR and Triac
world for what it really is.
Motorola’s.

m MOTOROLA Semiconductors

ELECTRONIC DESIGN 2, January 18, 1977
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MEET
ouR family
of dip clips

I uuuu

Model 3916 Model 4124 Model 4140
14/16 Pin 24 Pin 40 Pin

Model 4236 Model 4324 Model 4340
14/16 Pin 24 Pin 40 Pin

For Ultra Dense For Ultra Dense For Ultra Dense
Packaging Packaging Packaging

Count on Pomona Electronics to keep pace with the industry’s
trend toward higher density Dual In-Line packaging. We
introduced the first Model 3916 in 1972. Now there are six
improved models, including three designed for ultra dense
packaging.

DIP CLIPs are designed for hands-free testing of integrated
circuit packages. Lower contacts are .050 wide for improved
surface contact with |.C. packages. Test contacts are .025
square, and are serrated for improved connection of test clips.
Molded barrier between contacts minimizes accidental shorting.
Can also be used as insertion and removal tool for DIPs.

Available Through Your Favorite Electronic Parts Distributor

ITT POMONA ELECTRONICS

1500 East Ninth St., Pomona, Calif. 91766
Telephone (714) 623-3463. TWX: 910-581-3822
CIRCLE NUMBER 12

ACROSS THE DESK

(continued from page 7)
The response was great,
but they don't sell it

In the list of suppliers that fol-
lowed your article on conductive
elastomers (ED No. 23, Nov. 8,
1976, p. 60), you included our
client, Instrument Specialties Com-
pany, Inc., of Little Falls, NJ. Un-
fortunately, Instrument Specialties
does not produce conductive elasto-
mers. They do make finger strips
of beryllium copper, which are
used for shielding. Since conduc-
tive elastomers are also used for
this purpose, perhaps the confu-
sion occurred in this connection.

You should know that Instru-
ment Specialties and its reps have
received many phone calls and let-
ters from prospective customers
for conductive elastomers. When
the reps tell the callers that In-
strument Specialties does not make
this product, the callers frequently
become irate, and accuse the rep of
being stupid and not knowing what
his company manufactures—since,
after all, “ELECTRONIC DESIGN says
you do make it.”

David Levy
President
Levy Advertising Associates, Inc.
1 Rockefeller Plaza
New York, NY 10020

What was the point?

I read with interest Editor-in-
Chief George Rostky’s editorial on
planning ahead (ED No. 15, July
19, 1976, p. 61). As an admirer of
the various management tech-
niques, I have also at times won-
dered if all the “paper work” they
call for is worth the effort in prac-
tical situations. However, on read-
ing the editorial, I can’t conclude
whether Mr. Rostky wants us to be
Charlie (who worried about pro-
ducing instruments) or Joe (who
worried about planning to produce
instruments).

R. Venkatraman
Deputy Manager
Bharat Electronics Ltd.
Jalahali, Bangalore -560013
India
Ed. note: It depends on whether
you want to produce instruments
or paper.
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NEW CAPABILITIES IN PLOTTERS

“As the first
interactive small plotter,
it was the only

o 9

intelligent choice.

TEKTRONIX 4662

Problem: Until now, no
small plotter could
carry on an intelligent
conversation.

Because most B-sized
plotters have been pretty
much the same: slow, unreli-
able, and dumb. Even with
large off-line plotters you can
wait hours, even days, for re-
sults... and if there's a
mistake—start over.

Solution: Tektronix’
new microprocessor-
based 4662. For in-
teractive plotting, page
scaling, digitizing, and
camera-ready output.
Just $3995.+

TEKTRONIX
b

The 4662 is the first smart

buy among 11”x17"” flatbed
plotters. Its digital design and
vector generation offer excep-
tional accuracy and repeatabil-
ity without drift or slidewire dirt
build-up. Its 1600-byte buffer
lets the host work while the
4662 plots ... at speeds up to
22 ips.

It’s the first B-sized
plotter with graphic
input. Digitizing capability
and built-in joystick mean
you can input corrections
in seconds, experiment
with designs, and run off
camera-ready copies
practically as fast as you
load paper.

It’s plug-to-plug
compatible with virtually
any RS-232 system... from
minis to mainframes. You
can plot circles around any
other B-sized plotter, for about
the same price as the competi-
tion. For a demonstration, call

\ your local Tektronix Sales
JEngineer, or write:

CIRCLE NUMBER 7

T

Plug it in.
It speaks for
itself.

The 4662 contains its own character

generator, alpha rotation, and page
scaling, thus minimizing support
software. Proven graphic and plotter
software is provided by Tektronix.

Tektronix, Inc.

Information Display Group

PO. Box 500

Beaverton, Oregon 97077
Tektronix Datatek NV

PO. Box 159

Badhoevedorp, The Netherlands

Ly

4662.




At long last! A
that doesn'tdo



micropr() cessor
very much.

All it does is process numbers.

Other microprocessors do almost any-
thing you tell them to. And that’s proven
to be an industry-shaking advantage. But in
certain cases there’s a hitch. Programming
can be kind of hairy, and in many appli-
cations general-purpose microprocessors
can be cost ineftective.

Our new MM 57109 dedicated micro-
processor (the Number Cruncher) is our
answer.

It’s pre-programmed to do a wide
variety of math functions (including log,
trig and functions of x), and do it more
efficiently, reliably and cheaply.

Use it as a stand-alone or as a satellite
to your general purpose microprocessor.

And the price tag?

In quantities of a hundred, a mere $12.

And that’s a number you should be
able to process very nicely.

___________________________________________________________

National Semiconductor ED 117
2900 Semiconductor Drive
Santa Clara, CA 95051

Gentlemen:
I don’t have very much for a microprocessor to do, so send me
details on your microprocessor that doesn’t do very much.

NAME TITLE

COMPANY

ADDRESS

___________________________________________________________

National Semiconductor
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an impressive combination of
features that add up to unbeat-
able all-round performance.
Bandwidth, sensitivity,
triggering facilities, weight and
dimensions are all what you

expect for $ 1155.00*

* US domestic price only

High light output displays

through 10 kV tube.
Small spot size.
Continuously variable
illumination of fine-line
internal graticule.

PM 3212 has 1
compact dimensions of
445 x 300 x 145 mm
(Ixwxh). Weight

7.9, 741

Touch &

"Auto” triggering on the PM 3212 is more
than a trace finder—much more.

In this mode not only is a zero line
displayed when there is no input signal,
but in the presence of a signal the
trigger level is derived from the
peak-to-peak amplitude of the signal.
This gives instant and unambiguous

Trigger

Automatic displays to 25 MHz at 2 mV

As illustrated, the PM 3212 has

But we give you more. A brighter

triggering for a wide variety of
measurement conditions.

Continuously variable
timebase for easier
measurements of phase,
for timing comparisons
and to avoid “double
writing” problems in
digital applications.

Composite triggering
when both buttons are
depressed. When used
in the alternate mode
this gives a stable
display of two unrelated
signals.

{ omoaez 0%

trace, a sharper display,

a double insulated supply,
battery operation and versatile
X-Y facilities. And the usual
Philips plus: the unbeatable
front panel layout.

For further information

contact, Philips Test &
Measuring Instruments, Inc.

DC coupled triggering
without which variable
duty cycle waveforms
cannot be handled.

This is a vital feature for
digital measurements.

PHILPS

Automatic TV triggering

at the touch of a button.
Frame triggering occurs
in the lower sweep
speeds, changing over
automatically to line
from 200 us/div
upwards.

Level control can be
used instead of "Auto”
when the instrument
needs to be triggered at
an exact point in the
input signal.
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Put your product in space
and see what happens

Ever wonder what would happen
to your firm’s product if it were
sent into space? How it would re-
act to intense solar radiation,
bombardment with micrometeorites
and charged particles, or exposure
to high vacuum and low gravity.
The National Aeronautics and
Space Administration is providing
the first opportunity to find out—
for free.

The opportunity is a project call-
ed the University Space Experi-
ments (USE), which is open to the
electronics industry for compara-
tive studies of shieldings, coatings
and circuitry implemented in vari-
ous technologies, such as TTL,
MOS and SOS.

Beginning in 1979, NASA will
put into orbit its long-duration ex-
posure facility (LDEF) satellite
for six months at a time. An open
aluminum frame cylinder 30 ft
long and 14 ft in diameter, the
satellite can expose more than 70
different experimental packages di-
rectly to the solar winds.

Colonization of the moon and
other planets will require commer-
cial equipment that stands up to
the rigors of outer space,” says Dr.
M. H. Davis, program director of
LDEF/USE. “We are particularly
interested in encouraging potential
experimenters who haven’t had pre-
vious experience in space research.”

The experiments can either util-
ize the orbital environment or
study it. Housed in NASA-supplied
trays, 50 in. long, 38 in. wide and
up to 12 in. deep, the experiments
will be mounted around the periph-
ery of the satellite, facing outward.
The cylinder will maintain a con-
stant attitude toward earth. An ex-
perimenter can request a particular
location on the satellite for his
experiment.

Simple experiments are particu-
larly well-suited to the LDEF mis-
sion because no essential power
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source or telemetry can be provid-
ed. Consequently, each experiment
must be self-sufficient—that is, it
must be electromagnetically pas-
sive and draw power either from
solar cells or a battery pack. The
satellite’s payload is limited to 175
Ib of equipment in each tray. How-
ever, a large experiment can be
mounted inside the structure. And
power facilities may become avail-
able on subsequent flights.

The LDEF satellite will be borne
aloft by a space shuttle and left in
near-circular orbit whose period
will last 90 min. and whose alti-
tude will be 300 nautical miles
(556 km). After the six-month
period, the shuttle will retrieve it.

The LDEF program is being co-
ordinated by the Universities
Space Research Association
(USRA), which is a consortium of
some 50 universities and a branch
of NASA. “Our program has no
deadlines and is noncompetitive,
but industry applicants should be
able to relate their experiments to
an academic institution in order to
qualify for the ‘no cost’ status.
USRA will assist them in doing
this.”

Firms interested in participating
in the LDEF/USE program should
write to USRA, P.0. Box 3006,
Boulder, CO 80307, or telephone
(303) 449-3414.

Elephant with P brain
skates in Rose Parade

One of the more unusual sights
during the 1977 Tournament of
Roses Parade was a panic-stricken
mother elephant with a mouse on
her trunk, pulling a baby elephant
in his red wagon. The ‘“mother”
had roller skates on its feet and a
microprocessor for a brain.

Designed and built by engineer-
ing students at California State

Polytechnic University, the 16-ft
tall model pachyderm’s animation
is built around a Rockwell PPS-4
microprocessor and 4 kbits of
PROM, 4 kbits of RAM and 40
channels of 1/0.

The I/0 channels monitor and
control the position of the big ele-
phant’s legs, trunk, head and eyes.
Potentiometers inputted to a/d
converters detect the positions of
the float’s animated parts instan-
taneously. The progress of all the
motions is monitored by a PROM-
resident supervisor program in the
pP-based control system.

A control panel enables the
float’s crew of four to modify and
enhance the sequence of actions to
obtain the most dramatic effect.
And since the float’s actual anima-
tion sequence is stored on cassette
tape and loaded into RAM, the uP
system is flexible enough to be
used in other floats and displays.

“This is the first Rose Parade
float to use a microprocessor,” says
Doug Dubrall, Electronics chair-
man of Cal Poly’s Rose Bowl
Committee.

The animation includes side-to-
side roller skating by the mother
elephant, up and down swaying of
her trunk, rolling head, blinking
eyes and bending knees. The baby
elephant in the wagon holds a pin-
wheel that spins. For safety, limit
switches are located at the extreme
ends of motion.

Artists sketch of pP-controlled ele-
phant float in Rose Bowl parade.

New standard to improve
computer security

A new federal data encryption
standard to be released by the
Commerce Dept. is aimed at im-
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proving the security of computer
data.

Registered as FIPS PUB 46, the
standard will be “the first publicly
available standard that can be used
to provide a high level of protec-
tion for computer data,” says Ruth
M. Davis, director of the Institute
for Computer Sciences and Tech-
nology at the National Bureau of
Standards.

Hardware is used to encrypt (re-
duce to cipher) and decrypt (de-
cipher) digital information.
Encryption is accomplished by elec-
tronic devices that implement the
mathematical algorithm specified in
the standard.

In addition to government agen-
cies, the standard will be available
to private organizations and indi-
viduals. It will be unveiled at a
conference to be held Feb. 15 at the
Gaithersburg, MD, headquarters of
NBS.

The hardware devices have been
patented by IBM, which has agreed
to grant nonexclusive, royalty-free
licenses to users.

Ultrasonic system turns
the lights on and off

A guest leaves his hotel room,
and a minute and a half later all
the lights he's left on, including
the television set, switch off. When
he returns and enters the room,
all the appliances turn on.

This discrete economy move is
accomplished by an ultrasonic
transmitter-receiver system that is
set to sense the entrance or exit of
any bulk the size of a human
being moving at from 1 to 2 ft/s.
Small animals don’t trigger the
system because they're the wrong
size and usually don’t move at the
right speed.

Called EASE, for Energy Acti-
vation Systems Equipment, the
system contains an oscillator that
consists of transmitters and re-
ceivers recessed in the ceiling.
Each device commands a radius of
approximately 10 feet. The trans-
mitter consists of an oscillator
that generates ultrasonic emissions
at 42 kHz.

The sensor contains a micro-
phone transducer, an AGC circuit,
and a circuit that makes compara-
tive analysis between a reference
signal and the ultrasonic sound in
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the space being monitored. If, for
example, a frequency above or be-
low 42 kHz is received, it means
a doppler shift has been created
by movement in the room.

The circuit is similar in design
to that of an ultrasonic burglar
alarm. A switching module causes
the relay to open or close, thus
turning the appliances on or off.

EASE is being manufactured by
Elcobar, a joint venture formed by
Barnum Enterprises, Leonia, NJ,
and Elco, Ltd. of Israel. The sys-
tem is marketed by MRCA, Inc.,
Leonia, NJ.

ITT head gets patent
on wrist pulse monitor

Besides serving as chairman and
chief executive of the International
Telephone and Telegraph Corp.,
Harold S. Geneen has been granted
a patent on a “wristwatch” pulse-
rate indicator that warns a jogger
when to slow down.

Besides its usefulness for jog-
gers who would like to know if
they’re exceeding their own safe
limits of cardiovascular activity
without having to stop and take
their pulse, the indicator could also
prove helpful during sedentary
situations for people whose emo-
tions tend to boost their heart
rates.

The device displays the wearer’s
heart rate in three forms: digital,
color (green for rest, amber for
safe exercise level, and red for

danger), and by an audible beep in
conjunction with the red light.

The device consists of a contact-
type pulse-detector worn over the
radial artery in the vicinity of the
user’s wrist or as a headband. The
detector may comprise a thin sili-
con-metal piezoelectric transducer
or a piezoelectric strain guage.

The sensor produces an electric
output signal which is played to a
programmable IC within the unit’s
housing. The signal is amplified
and peak detected in the shaper
circuit. The shaper circuit is made
variable to conform to the indi-
vidual’s physiological characteris-
tics.

The shaped output pulse is ap-
plied to a counter. At the end of
a predetermined period, which
may consist of 15 seconds or one
minute, the count is transferred
through transfer gates to storage
circuits.

At the end of a predetermined
number of counts, an averaging
circuit determines the average rest
pulse rate over a predetermined
period. This average is applied to
a comparator circuit and displayed.

The averaging circuit also in-
cludes a set element to fix or set
the average of the pulse rate so
that this figure remains constant
during jogging. If, however, an in-
dividual knows his rest pulse rate,
he can set it into the averaging
circuit by hand.

How soon, and even whether,
ITT will produce the pulse rate in-
dicator is still under consideration.

News Briefs

Detection and identification of
single atoms of various elements
are now possible with a laser tech-
nique developed at Oak Ridge Na-
tional Laboratory. Among poten-
tial applications, the technique
promises to provide a more sensi-
tive method for identifying and
measuring chemical pollutants in
the environment.

Prototypes of a nickel-zinc bat-
tery, which will have three times
the energy output of a lead acid
battery, are now under develop-
ment at Gould Inc. William Ylvi-
saker, chairman, believes that by
the late 1970s and early 1980s
commercial versions of the bat-
tery will enable electric cars to
attain speeds of 60 mph and a

range of 125 miles.

The first commercial bubble
memory chips will be introduced
by Plessey Microsystems, Irvine,
CA, during the second quarter of
1977. The 64-kbit chip, which will
have a price tag in the $20-to-$30
range, will be used in serial
memory devices.

Production of capacitors con-
taining PCB materials (polychlor-
inated biphenyl) will be discon-
tinued by Sprague Electric by
July 1—10 months sooner than
originally planned. Sprague’s
Clorinol family of oil-paper ca-
pacitors will be replaced by a new
series of Eccol capacitors which
use a biodegradable synthetic-oil
impregnant.
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Now from Amperex-
a group of high-performance,
4- and 5-GHz PNP’s

at prices between $2.40 and $315.

The ever-growing Amperex line of high-performance, package for high frequency hybrid circuit applications.
economical, small-signal GHz transistors now opens There's simply nothing else like them available at
up still more design possibilities in the GHz region. anything like our prices anywhere else today. For
These six new low-noise PNP'’s offer the key to both further.information on the Amperex line of
new and- retrofit/upgraded circuits for high-technology GHz transistors...and
portable pagers and transceivers...for for applications data on PNP’s in high
high bit rate communications gear... frequency circuits...write Amperex
for high frequency spectrum analyzers Electronic Corporation, Slatersville Di-
and oscilloscopes...for counters... vision, Slatersville, Rhode Island 02876,
and for CATV/MATV amplifiers. or telephone 401-762-9000.

Like their NPN complements, the
Amperex

six new PNP’s have f; of 4-or 5-GHz
TOMORROW 'S THINKING IN TODAY'S PRODUCTS

at Ic's from 14 to 30 mA and offer
high linearity and low noise; they
provide maximum available gain as
high as 19 dB. Two of them, the
BFR92 and the BRF93 are in the new
SOT-23 microminiature plastic

A NORTH AMERICAN PHILIPS COMPANY

COMPLEMENTARY PAIRS FOR GHz APPLICATIONS

New PNP Types Complementary NPN Types
TYPE FEATURES PRICE* TYPE PRICE"
A44a0 fr ....5GHz @ 14 mA A
(TO-72) NF ...2.3dB @ 200 MHz | $2.40 o $1.65
Goe . .18 dB @ 500 MHz (TO-72)
Adat fr ....5GHz @ 30 mA At
(TO-72) NF .. .2.4dB @ 200 MHz | $2.65 sl $1.75
14 dB @ 500 MHz (TO-72)
ON586 f, ....5GHz @ 14 mA Senng
(SOT-37) NF .. 25dB @ 500 MHz | $2.85 s $2.25
- G ..19 dB @ 500 MHz (SOT-37)
BFQ23 f, ....5GHz @ 30 mA sbact
(SOT-37) NF ...2.4dB @ 500 MHz | $3.15 SoT? $2.45
S5 | G .. 15 dB @ 500 MHz -37)
BFT92 f; ....4GHz @ 14 mA
BFR92
(SOT-23) NF .. 2.7dB @ 500 MHz | $2.53 $2.30
e ..17.5dB @ 500 MHz (SOT-23)
BFT93 f; ....4 GHz @ 30 mA
: BFR93
(SOT-23) ¢ 2B @soo Mz | s270 | (SERSH $2.45

*In 1000 piece quantities
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Why Rockwell

microcomputers
turn your good ideas

into better
products. €%
AN

by ™




Rockwell’s broad line of microprocessor
systems are making all kinds of new products
possible as well as practical because they fit the
application so precisely. You get the right
functional capability at the right price—and the
Rockwell in-house capability to make sure your
product idea becomes a reality.

The Rockwell advantage — a 5- family
approach.

Rockwell offers five compatible microcom-
puter families, from low-cost one chippers
through multi-chip 8-bit systems. You select the
most cost-effective

micr OProcessor sys- osfflg:)nclll(lvevsell microcomputers.
tem for your immediate | () pps-4/1
design requ(;rem:nlts, () () PPS-4/2
then expand models :

up or down with our % % t?i;gf;
compatible systems.

You don’t need toredo | U (= () () PPS-8

your total program.

Our one-chip PPS-4/1 family with CPU, ROM,
RAM, and 31 or more I/O ports cover a wide
range of applications at lowest possible cost.

The two-chip PPS-4/2 and the multi-chip
PPS-4 systems offer more power at low cost.
Both have fast execution speeds, high through-
put, and are expandable with dozens of LSI I/O
peripheral controllers and memory options.

Rockwell’s 8-bit systems include the PPS-8/2
(two chip microcomputer with 1/0) and the fully
compatible multi-chip PPS-8 system. Both use
the same multi-function 109 instruction set and
accept the same broad range of provided LSI
memory and I/O controller options.

And Rockwell backs its microcomputers with
all needed design aids and a worldwide network
of applications centers, representatives and
distributors.

Better products like these are made possible
with Rockwell cost-effective systems.

Cash registers and P-O-S terminals—Inside
some of the most popular machines on the
market today are Rockwell microcomputers. At
the low end, PPS-4/1 one-chippers. In P-O-S
terminals, two-chip microcomputers combine
with any of dozens of available LSI /O and
memory options.

Home and commercial products—Weighing
scales, security systems, copiers, scanning
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radios, hi-fi record changers and appliances
are now being controlled or automated with
Rockwell microcomputers.

High-speed printer—The functional ability and
low cost of a six-chip PPS-8 Rockwell micro-
computer is why it was selected to control a
matrix printer which zip-prints at 200 characters/
second and tabs at 550.

Hand held computer terminals—Two and a half
hours of paperwork for meter readers and sales
clerks are reduced to 30 seconds. The reason—
a Rockwell PPS-4/2 microcomputer in a hand-
held terminal that records transactions and
interfaces directly with central computers.

Electronic games and pinball machines—Rock-
well’'s compatible microcomputers are reducing
manufacturing costs and shortening design time
in all kinds of exciting new games. We have
supplied custom design services for makers of
these games.

Heart-monitoring bicycle exerciser—This unique
but functionally complex idea was made econom-
ically possible with a Rockwell PPS-4/2 micro-
computer. Rockwell is producing the microcom-
puter as a cost-saving subassembly.

Automobile computers—A 1977 production car
has the first digital computer to control spark
firing—based on a custom Rockwell two-chip
system.

Stationary and mobile telephones—Our
versatile one, two and multi-chip systems have
expanded telephone usage with features like
credit verification and automated mobile
service. Other types of communications equip-
ment, like auto-dialers and facsimile machines,
now also use Rockwell microcomputers.

Get the full story. Write on your company
letterhead to: Marketing Services, D/727-B
Microelectronic Device Division, Rockwell
International, P.O. Box 3669, Anaheim,

CA 92803, U.S.A. or phone (714) 632-3729.

’l Rockwell International
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It's getting easier to program uPs
with the new software design aids

While grateful for the circuit
simplification microprocessors per-
mit, the designer is not so pleased
with the difficulty and high cost of
programming them. Designers have
almost learned to live with the pro-
grammer’s rule of thumb: Three to
five lines of valid code represent a
good day’s work.

The meager output is under-
standable, however: With over 40
available ‘p,P types—and each
with a different instruction set—
the designer/programmer can’t be
an expert in them all. Changing
from one to another requires prep-
aration and time.

To remedy the costly bottleneck
many companies that make or use
uPs offer myriad forms of pro-
gramming aids—from simple pro-
grams that help you develop your
own to full libraries of working
programs for use on your system.

Software support is available in
four basic levels and in almost as
many forms:

m If you’re familiar with ma-
chine language, you can work di-
rectly with the microprocessor in
hexadecimal notation. For Ilarge
programs, however, working in hex
can be extremely cumbersome.

m If numbers bother you, go one
step away from machine language
and do the programs in assembly
language—mnemonic equivalents of
the hex codes. Once the program is
written, however, you’ll have to
convert it back to hex.

s If you don’t like mnemonics,
go down one more level to a more
English-like language (such as
Basic) with special operators or
even a more simplified form called
Tiny Basic. However, complex lan-
guages like Basic require more

Dave Bursky
Associate Editor
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Low-cost cassette tapes and CRT monitors can be used by such development
systems as this one from Microkit, Santa Monica, CA. Important to any soft-
ware-development system, however, is the support literature for the programs.

memory support and are not often
as efficient (with more lines of ma-
chine code to do a specific task) in
the long run.

m If you’re most familiar with
programming large computers in
such languages as Fortran, PL/1,
or Cobol, you can also use these
languages as the fastest route to a
program. However, these languages
are the most inefficient.

Software in many forms

You can purchase the software,
for use on in-house computer sys-
tems, in the form of firmware
ROMs, paper-tapes, mag-tapes, flop-
py dises, card decks or source list-
ings. And, if no in-house computer
is available, a terminal and any
one of the many time-sharing serv-
ices offer viable alternatives with
high-level languages, simulators
and emulators.

For short microprocessor pro-

The 6100-based dual-floppy disc sys-
tem from Intersil offers a file system,

monitor, text editor, assembler,
binary loader, octal debugger, high-
level interpreter and utilities.

grams, say 200 lines or less, you
can readily put the program to-
gether by hand. A pencil and paper
are the only tools absolutely neces-
sary to hand-assemble and compile
a program. Almost every yP ven-
dor offers pads of specially lined
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paper to permit you to keep track
of all points by setting up columns
for instructions, address data and
comments. Even non-uP vendors
have picked up on this method, and
some companies, like Walton Elec-
tronics in Bethany, OK, offer pads
of coding forms.

" But aside from some demonstra-
tion routines, few programs are
less than 200 lines long. Typical
lengths range from 200 to 4000
lines (often equatable with 500 to
8 kbytes of memory). For pro-
grams longer than 200 lines you'll
end up whittling a lot of pencils
unless you’re sharp in hex notation.
Vendors who have foreseen this
problem offer a wide variety of as-
semblers, debuggers, compilers and
disassemblers to help you.

Software for microprocessor-pro-
gram development can be split into
two major groups—resident and
nonresident. Resident software con-
sists of programs written in the in-
structions of a specific microproc-
essor and designed to run on a
system that uses that microproces-
sor. Nonresident software consists
of programs that run on one proc-
essor (typically, a minicomputer or
larger) for the benefit of develop-
ing the software of another proc-
essor (typically, a uP).

Most of the microprocessor-de-
velopment systems, from the $100
kit to the $10,000 work station,
come with some form of resident
software. (For more about develop-
ment hardware see ED No. 25, De-
cember 6, 1976, p. 30). In the low-
er-cost systems, the software,
usually minimal, appears in the
form of ROMs—often referred to
as firmware. The more expensive
development systems usually con-
tain either mag-tape or floppy-disc
drives, which permit large support
programs.

Three basic programs permit
software development: resident as-
semblers, editors and debuggers.
Another program usually included
in most utility packages is some
form of communications routine
that permits the microcomputer to
communicate with a teletypewriter
or other I/0 device.

Each of the various puP manu-
facturers offers his own version of
an assembler, editor, debugger or
other program—and the available
features and capabilities vary wide-
ly. For example, the Kitbug ROM
included in the SC/MP kit from
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National Semiconductor, Santa
Clara, CA, requires 512 bytes of
memory and enables you to:

m Initiate execution of your pro-
gram at any point desired.

m Establish breakpoints within
your program to allow execution of
selected program segments.

= Examine memory contents and
SC/MP registers to determine if
your program is producing the de-
sired results.

m Change the contents of any
memory location.

m Alter the contents of SC/MP
registers to set up conditions.

= Communicate with the SC/MP
via a teletypewriter control routine.

Motorola, Phoenix, AZ; Fair-

child, Mountain View, CA; RCA,

that uses the asynchronous inter-
face adapter to do the RS-232 inter-
face, are available with the Evalu-
ation Module 1 and the Evaluation
Kit 1, respectively. A five-command
program known as Mikbug comes
with the Evaluation Module 1.
The most complex program is
EXbug, which provides 34 com-
mands and requires 3 kbytes of
ROM. Of the 34 commands, 26 are
used for interactive debugging.
Only the EXbug and Mikbug
ROMs are available by themselves,
for $200 and $18.15 respectively.
Included on the MOS Technology
Kim microcomputer board is the
Kim monitor, which resides in two
6530 ROM/RAM and I/0O circuits.
The monitor program, called TIM

A general program-development cycle, as suggested by Data General, can be
a long and tedious process. However, for microNova users, real-time operat-
ing systems, large software libraries and debug aids can speed programming.

Somerville, NJ; Intel, Santa Clara,
CA ; Signetics, Sunnyvale, CA ; and
MOS Technology, Norristown, PA,
all offer similar ROMs in their
evaluation boards. But in most
cases, you can’t buy just the ROM
—it comes with the entire package.

The ROMs from Motorola appear
to offer the widest range of capa-
bilities. Seven ROM-based pro-
grams are available. The smallest
is the monitor included with the
Educator 2. It has six commands
that are intended to handle binary-
entered instructions and data.
Jbug, which comes with the two-
board Evaluation Kit 2, offers
eight commands and is designed to
handle data from a hex keyboard.
Available with the Micromodule uP
board is Microbug, a monitor and
assembler with 13 commands and an
RS-232 interface routine.

Two versions of Minibug, one
that uses the peripheral interface
adapter as an RS-232 port and one

(terminal interface monitor), com-
municates with you over a full-du-
plex port and adjusts the data
speed to that of your terminal. I/0
routines similar to SC/MP also
come with TIM. Coming soon are
ROM-based line editors, assemblers
and even a mathematics package.
Even nonmicroprocessor manu-
facturers are developing firmware
that helps you cut uP-program de-
velopment time. Wintek, Lafayette,
IN, for instance, has ROM pro-
grams called Fantom I and Fantom
IT designed to support the 6800 uP.
Fantom I is similar to Motorola’s
Mikbug, and has five basic com-
mands that let you load, examine,
print and display data and instruec-
tions as well as initiate programs.
Fantom II is a 1-kbyte loader and
diagnostic program that, in addi-
tion to the commands used in Fan-
tom I, permits you to operate the
pP in the single-instruction step
mode, examine instructions in
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memory, dump memory to console,
and examine/modify the A, B, con-
dition-code and, index registers
and program counter.

ROMs limit programming ease

Most of the ROMs in the small
systems permit you to work only in
hexadecimal—a severe limitation
when you have to develop a lengthy
program. The next step up is to
get a system that offers a program
that can assemble and then com-
pile assembly language listings.

The program necessary to do the
assembly usually requires several
kbytes of memory. Resident pro-
grams in Motorola’s EXORciser,
Intel’s Intellee-MDS, Zilog’s de-
velopment system, Fairchild’s For-
mulator and RCA’s development
system are often sold with a mini-
mum of 4 kbytes of RAM in addi-
tion to the resident ROM pro-
grams. Resident-assembler/editor/
compiler programs require up to 4
kbytes of ROM and up to 1 kbyte
of RAM working space to store
variables. The rest of the RAM is
allocated by the monitor program
for your own workspace (program
development).

One of the largest program de-
velopment systems available is
Intel’s 8080-based MDS-800. The
minimum system consists of 16
kbytes of RAM, 2 k of ROM, an
8080-based microcomputer, hard-
ware interfaces and software driv-
ers for TTY, CRT, floppy discs,
line printer, high-speed paper-tape
reader/punch, and PROM pro-
grammer. A system monitor is in-

cluded in the resident ROM for
program loading, debugging and
execution.

A resident assembler, written in
Intel’s PL/M, a high-level system
programming language, occupies
12 kbytes of RAM and translates
symbolic 8080 assembly-language
instructions into machine-opera-
tion codes. Also available is a text
editor that permits manipulation of
entire lines of text or individual
characters within a line. The text
editor requires 8 kbytes of RAM
and is also written in PL/M.

A resident PL/M compiler pro-
gram that is designed to operate
on the dual floppy disc-based MDS
system has been introduced recent-
ly by Intel. However, a full 65-kbyte
memory is necessary to support the
$10,000 system. Specially developed
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Development programs for M6800 microprocessors are available in just about
every format from Motorola.

routines in the disc control system
permit up to 200 files to be packed
onto the disc. To provide maxi-
mum code storage, the disc-moni-
tor program keeps track of the
empty space and the location of
files.

Zilog’s recently introduced de-
velopment system uses a single Z-
80 uP for driving both the user
hardware and the resident monitor.

PL/M=80 COMPILER

FACTORIAL

The system monitor permits pro-
grams to be entered into memory,
then edited, assembled and loaded
for execution.

A debug ROM module allows
user-designated operations to be
stored in an independent memory
and the user to specify an opera-
tion that can stop processing and
cause the system to go into the
monitor mode. In addition, all oper-

GENERATOR = PROCEDURE

SOBJECT(:F1:FACT.082)

STITLE(*FACTORIAL GENERATOR = PROCEDURE®)

PROCEDURE (NUM,PTR) PUBLIC?
DECLARE NUM BYTE, PTR ADDRESS:
DECLARE DIGITS BASED PTR (161) BYTE:

1 =
DIGITS(I) = DIGITS(I) *¥ M + C;
C = DIGITS(I)/10;

DIGITS(I) = DIGITS(I) = 10 * C;

DIGITS(NUMCH) = Z;

C = DIGITS(NUMCH)/10;
DIGITS(NUYCH) = DIGITS(NUMCH) =~ 10 * C;

SDEBUG
SXREF
SPAGEWIDTH(30)
1 FACT:
DO;
2 1 DECLARE NUMCH BYTE PUBLIC?
3 1 FACTORIAL:
4 2
3 2
6 2 DECLARE (I,C,M) BYTE;
7 2 NUMCH=1; DIGITS(1)=1;
9 2 DO M =1 TO NUM;
10 3 C=0:
11 3 DO 1 TO NUMCH:
12 4
13 4
14 4
15 4 END;
16 3 IF C <> 0 THEN
L 3 DO;
18 4 NUMZH = NUMCH+1;
20 4
21 4
22 4 END;
23 3 END;
23 2 END FACTORIAL;
£ 4= 1 END:

Programming in PL/M, Intel’s high-level language, can slash the time needed
to develop 8080 software. English-like commands replace many lines of hard-
to-write assembly-language statements. A PL/M compiler in the Intellec de-
velopment system can cut the cost of time-shared program development costs.
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Need electric wave filters for
critical, complex situations?

TRW /UTC has a stock answer.

The more complex the equipment or system, the
greater the demand for an electric wave filter you can
count on.

Almost 40 years of specialization in selective networks,
from image parameter design to modern network syn-
thesis, results in the superior performance, miniaturiza-
tion, stability, and reliability of TRW/UTC electric wave
filters produced today.

TRW/UTC Filters are miniaturized, lightweight, tem-
perature stable, and manufactured to MIL-F-18327 for

critical applications such as telemetering, fire control and
medical instrumentation. Available in flat configuration
with heights as low as 3/8", and with straight pin terminals
for mounting on PC boards. Operating temperature range
from -55°C to +105°C.

Check your authorized TRW/UTC local distributor for
immediate off-the-shelf delivery or contact TRW/UTC
Transformers, an Operation of TRW Electronic Com-
ponents, 150 Varick Street, New York, N.Y. 10013.

Area Code: 212 255-3500.

TRW urc TRANSFORMERS

ANOTHER PRODUCT OF A COMPANY CALLED TRW
CIRCLE NUMBER 45




ations preceding the suspension are
stored in an independent memory
and can be examined to find errors.

With two 2650 mPs to speed pro-
gram development, the Twin sys-
tem from Signetics can offer many
advantages. Software includes an
operating system, a file-manage-
ment system, debugging software,
a text editor and a resident macro-
assembler.

The dual-uP structure provides
a common (user) memory space
and a master processor/operator
system that is independent of the
user system.

Mini-like micros have software

For the uPs that approximate
full minicomputers, such as the
6100 from Intersil, Cupertino, CA,
the LSI-11 from Digital Equip-
ment Corp., Maynard, MA, the
TMS-9900 from Texas Instru-
ments, Dallas, TX, and the micro-

A resident Fortran compiler for 8080
software development is available on
a floppy-disc system offered by Real-
istic Controls.

Nova from Data General, South-
boro, MA, a wealth of available
software and programming aids al-
ready exists.

Data General, for example, has a
diskette-based disc-operating sys-
tem for the microNova with such
utilities as an editor, assembler, re-
locatable loader and symbolic de-
bugger. A real-time Fortran IC
program also can run on the micro-
Nova.

Digital Equipment Corp.’s user
library, DECUS, provides many
programs that can be used on the
6100 since the 6100 emulates, to a
great extent, the PDP-8 minicom-
puter originally developed by DEC.
And for LSI-11 program develop-

24

Software Definitions

Machine code: commands for the
uP  system, often written in
binary or hexadecimal format.
Machine code is often referred
to as machine language or object
code.

Assembly language: commands
for the wP system written in
mnemonic form. Typically, three
letter abbreviations, called mne-
monics, are used to represent
each instruction, and each mne-
monic can usually be equated to
one machine-code instruction.

High-level: commands for com-
puter systems where each in-
struction is actually equated to
many machine-code instructions
strung together.

Monitors: programs that control
the operation of the entire com-
puter system. They often con-
tain routines that tell the com-
puter how to communicate with
the outside world and how to al-
locate resources.

Editors: programs that permit
data or instructions to be
manipulated and displayed.
Their most common use is in the
preparation of new programs.

Assemblers: programs that per-
mit you to represent instruec-
tions, addresses and data in
symbolic form (character strings
that represent machine instruc-
tions, addresses, data, among
others). An assembler auto-
matically translates symbols into
their corresponding numerical
values. It permits symbolic ad-

ment, DEC offers a wide range of
compatible PDP-16 software.

A new language, developed by
RCA and Forth, Manhattan Beach,
CA, is designed to run on the Cos-
mac development system. Dubbed
microForth, this language is an in-
teractive program that can compile
assembly-language statements di-
rectly into RAM. An 8 kbyte system
is recommended to hold microForth.
About 2 k of RAM workspace is
available.

Other new languages are being
developed by outside (non-IC manu-
facturers) companies and individ-
uals to make programming easier.
One such program is a string-
oriented language called SLP that

dressing by assigning values to
labels used to indicate program-
jump locations.

Compilers: programs that usual-
ly translate an assembled pro-
gram into a complete machine-
code listing. No matter how
many times a section of code is
used in the assembled program,
it will be translated only once
and put in its proper place.
Interpreters: programs that,
much like the compiler, trans-
late an assembled program into
a complete machine-code listing
on a line-by-line basis. If a
statement is used in a program
10 times, it will be translated 10
times.

Disassemblers: programs that do
the opposite of compiler pro-
grams. Given a machine-code
program listing, the disassem-
bler turns it back into an assem-
bly listing, with mnemonic rep-
resentations, for troubleshooting
purposes.

Debuggers: programs that help
track down and eliminate errors
that occur in the normal course
of program development.
Cross-assemblers and cross-com-
pilers: programs that are usually
designed to run on a large com-
puter for the purpose of trans-
lating instructions for use on
another processor, usually a uP.
Simulators: programs that help
to evaluate a uP by duplicating
all logic operations within the
software of a large computer.

permits large arrays of instruc-
tions to be assembled with fast and
compact listing.

Scelbal, developed by Scelbi
Computer Consulting, Milford, CT,
and originally intended to run on
the older 8008 wP, is similar to
Basic in capabilities. The language
operates in an interpretive mode—
both the user and the resident pro-
grams must be held in RAM. When
a run command is given, the resi-
dent program converts each line of
high-level language program into
executable code.

Slam, a symbolic language adap-
ter for microcomputers, works on
8080-based equipment. Developed
by Penn Micro, Lancaster, PA,

ELECTRONIC DESIGN 2, January 18, 1977



FAIRCHILD

JUST CANNED

A WHOLE FAMILY OF
5-AMP REGULATORS.

Introducing the very first family of 5-amp
PowerVoltage Regulators in TO-3 cans.
These new Fairchild hybrids include three
fixed voltage devices at 5, 12 and 15 volts and
one adjustable regulator with output selection
from 5 to 20 volts. All pin-for-pin compatible
with the industry standard 7800 Series
monolithic Voltage Regulators in TO-3 packages.
But with more power and better performance.

IT TAKES LESS TO DOMORE. »
Our new 5-amp regulators Az«
save you a considerable amount
of fime. You won't have fo fool
around with extra components,
trying fo make 1-amp and 3-amp
regulators add up to 5. And you'll
be able to short-cut your approach
to short-circuit current limiting and
thermal shut-down requirements. - ===

In brief, you'll have better specs than prevnous high-
current regulators gave you (50-watt power dissi-
pation, low drop-out voltage, etc.) with none of the
design disadvantages.

COME AND GET THEM.
Your very favorite Fairchild distributor can fill your
palm with 5-amp regulators whenever you're ready.

Device | Volts | Price(100Quantity) ﬁ\f these prices,
AT78HO5KC 5 $7.00¢0. ow can you not

WATBHIKC | 12 $7.00¢a. be ready?
WATBHISKC | 15 $7.00e0.
WATBHGKC | 520 $750ea. If you have

lower current
requirements, don't forget Fairchild's pA7800 and
pA7900 1-amp Series. Our pA78M00 and pA79MO0
0.5-amp Series. And our pA78L00 100 mA Series.

For more information, write or call your Fairchild sales
office, distributor or representative

CIRCLE NUMBER 14
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ks RN
today. Use the direct line at the
botiom of this ad fo callour Hybrid FAARCEHILD
Products people. FcnrchlldI |Comercr NSNS
& Instrument Corp., 464 Ellis Street
Mountain View, CA 94042. Tel: (415) CALL US ON IT.
962-3641. TWX: 910-379- 6435 (4|5) 962-3641




Slam is an interpreter-type lan-
guage with editing capability and
English-like instructions.

Pull apart programs to debug

Not only is there a wide variety
of languages that assemble assem-
bly-language listings, but there is
also a specialized group of pro-
grams called disassemblers that
rip apart an assembled listing to
help in the debugging. MOS Tech-
nology’s MDT development system
has such a program. Tranti Sys-
tems, North Billerica, MA, has a
similar program in its Model 8000
universal programming system.

The MDT system’s assembler as-
sembles from a source tape or
RAM, has six character labels and
symbols, permits free-form entry
of the source statement, delivers a
symbol table, puts error flags on
listings and delivers an assembled
program in executable code. Once

the assembler has done an assem-
bly, the disassembler can pull the
listing apart and give back the
mnemonics from the hex code. Of
course, the disassembler does even
more, such as setting program
traps, goes forward or backward
one instruction, shows next or last
cycle of operation and more.

A text-editor program comes
with the MDT. Available text-
manipulating routines include load
text buffer, insert or delete a line
or character, step forward or back-
ward one character or one blank,
go to top or bottom of text index
up or down one line, find a specified
string of characters and provide
output to printer/punch.

Time-sharing cuts capital costs

Because of the accessibility of
large computers or time-sharing
services, many of the uP vendors
have developed programs written in

LEVEL T ASSEMBLY LANGUAGE

FL LOC COSMAC CODE
0000

0000 0
0000 3
0000 4 .
0000 ey
0000 6
0000 7
0000 42 8
0001 E2 9
0002 F4 10 ADD
0003 F6 11 SHR

0004 B3 12 PHI R3
0005 13 .. ===

. THIS SAMPLE CALCULATES THE ARITHMETIC
.. AVERAGE OF TWO NUMBERS.
.. STORED IN TWO ADJACENT LOCATIONS

. POINTED TO BY REGISTER R2. THE
RESULT IS STORED IN THE HIGH ORDER BYTE
OF REGISTER 3.

LNNO SOURCE LINE
1

THE NUMBERS ARE

LEVEL IT ASSEMBLY LANGUAGE

FL LOC COSMAC CODE
0000
0000
0000
0000
0000
0000
0000
0000 42E2F4F6B3
0005

Voo~NOOTBWN—

LNNO SOURCE LINE

THIS SAMPLE CALCULATES THE ARITHMETIC
.. AVERAGE OF TWO NUMBERS.
.. STORED IN TWO ADJACENT LOCATIONS
.. POINTED TO BY REGISTER R2. THE
.. RESULT IS STORED IN THE HIGH ORDER BYTE
. OF REGISTER 3.

@R2!+Q" R2/2->R3.1

THE NUMBERS ARE

FORTH LANGUAGE

THE EXAMPLE BELOW CALCULATES THE AVERAGE OF ANY TWO NUMBERS.
THE NUMBERS ARE ENTERED FROM THE TERMINAL AT EXECUTION TIME.
THE FIRST LINE STATES THE FORTH DEFINITION.

THE SECOND LINE IS AN EXAMPLE OF ITS EXECUTION AND PRINT OUT.

: AR+ 2 /
12 46 AVR . 29

Programming the Cosmac uP from RCA can require knowledge of assembly
language, a higher symbolic assembly language, or an interactive language
called microForth—depending on the money spent for software development.

26

PL/1, Fortran, Cobol and other
languages that will deliver micro-
processor-compatible machine code.
National CSS, Norwalk, CT; Gen-
eral Electric Information Serv-
ices, Bethesda, MD; First Data,
Waltham, MA; United Computer
Systems, Kansas City, MO; and
Tymeshare, Cupertino, CA, are just
some of the firms that offer a wide
variety of uP-development soft-
ware.

All the programs offered on time-
sharing systems are designed to
run on large computers—the IBM
360/370, the GE Mark 111a, and
even the DECsystem 10s. Cross-
assemblers, cross-compilers, debug-
gers, simulators and other pro-
grams are available for uPs and
bit-slice processors. Each com-
pany’s programs offer slightly dif-
ferent features, so make sure you
know the capability of the various
time-sharing programs before you
hook up.

The familiarity of engineers
with Fortran and PL/1 makes
these two languages the most popu-
lar choices, although Cobol is fav-
ored by most programmers. Cross
software typically operates faster
than resident software and often
has more commands or a library of
available routines to select from.

A high-level system often per-
mits you to develop the program
for a uP before the actual hard-
ware can be prototyped—some-
times even before a dollar is spent
for hardware, since complete simu-
lators are available for some uPs.
Cross-assemblers are commonly
available in Fortran, versions of
PL/1, and assembly language.
Some assemblers can even produce
more than one machine-code for-
mat to allow for absolute and re-
locatable code listings.

Compilers and integrator pro-
grams in PL/M, PL/W, PL/Z, MPL,
Forth, Cobol and Fortran are avail-
able, and there are probably others
still to be found. Programs in
PL/M, PL/W, PL/Z and MPL are
all optimized by the IC vendors to
work only for their uPs.

The last type of program just
starting to appear is a resident
form of Fortran. Motorola has
available a condensed form of For-
tran that runs on the EXORciser
system and is available on floppy
disc. However, it will burn up
quite a bit of RAM—about 16 k is
needed to hold the program. mm
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UNIVERSAL Making data move is the name of te game in today’s switched

or dedicated-line networks. If you'’re moving it at any speed up
MODEMS to 2400 BPS, Universal Data Systems has the proper modem for
reliability, economy and efficiency in your system.

UDS has more than 30,000 modems in active field service, and
the total is growing by more than 1,000 units per month. Our
product line includes CMOS 201s, plus 103s, 202s, ACUs and the
new 12:12, which permits full-duplex 1200 BPS communication
over only two wires. UDS also offers the multiple modem RM-16,
which contains up to 16 units in any configuration mix you desire.

In addition to our products, we’'re extremely proud of our

5\
Y .
¥

customer service. Check us out: Call us on the telephone. You'll
like what you hear.

nnnnnnnnn

IDCmA

universal nata susbems

4900 Bradford Drive « Huntsville, Alabama 35805 « Telephone (205) 837-8100 « TWX 810-726-2100

Crested by Hall & McKenzie Advertsing, Winter Park. Floride
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Intel 8080 peripherals

Now you can get microcomputer based products out
of the lab and into production faster than ever before.
Intel® 8080 programmable LSI peripherals give you
the competitive advantage by helping you reduce
design time, component count and manufacturing and
inventory costs. Most of all they'll help you get to
market first.

Intel 8080 programmable peripherals are soft-
ware controlled LSI replacements for hardwired SSI/
MSI logic assemblies. You simply attach the appropri-
ate peripherals to the system bus and the +5V supply.
Then, with system software, you personalize device
operating configurations to suit your applications.
Reconfiguration and design changes are made with
software. No expensive and time consuming hardware
redesigns are necessary.

One peripheral, the 8253 Programmable
Interval Timer, is the first LSI solution to system
timing problems. It counts out I/O servicing delays,
eliminating software timing loops and increasing CPU
throughput. It also saves hardware when you need
event counters, rate generators or real-time clocks.
Each 8253 contains three 16-bit timer/counters.

Our 8257 Programmable DMA Controller is
the lowest cost way to handle applications that require
high speed data transfer such as disks, magnetic tape,
analog interfaces and high speed communication
controllers. The four channel 8257 contains all the
logic necessary for bus acquisition, cycle counting and
priority resolving of the channel requests.

The 8259 Priority Interrupt Controller replaces
complex TTL arrays and minimizes component costs.
The CPU can change interrupt structure “on the fly”
to suit changes in the operating environment, such as
time of day or process control parameters. The 8259
handles up to eight vectored priority interrupts.
Multiple 8259's can control up to 64 interrupt levels.

Use the 8251 Programmable Communication
Controller for “serial [/O’ The first true USART in a
single chip, the 8251 implements all popular com-
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you to market first.

8255
PROGRAMMARBLE
PERIPHERAL \NTERFACE

 PROGRAMMABLE
DMA
CONTROLLER
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munication protocols, including IBM Bi-Sync. For
“parallel I/O] each 8255 Programmable Peripheral
Interface gives you 24 versatile /O lines to interface
relays, motor drives, printers, keyboard/display and
other parallel equipment.

Once you've selected the peripherals to fit your
application, use the Intellec® Microcomputer Devel-
opment System for both software and hardware
development. Using the Intellec CRT terminal, call
up the resident text editor. Write the source program
to initialize the peripheral and the subroutihes for
peripheral/system operation. Then you assemble or
compile the source programs into an object file using
resident macroassembler or resident PL/M compiler—
and store the object file on the Intellec diskette. With
the relocation and linkage capability of the Intellec
ISISII diskette operating system, these routines can be
added to a system library and called from user pro-
grams as needed. Once the main system program is
written, the new peripheral device routines are easily
linked in. The entire program is now ready to be run
on your prototype via the Intellec ICE-80™ in-circuit
emulation module. ICE-80 lets you debug your soft-
ware and hardware in your actual prototype environ-
ment. Move from system integration and debugging
to production in a fraction of the time previously
required.

Intel also provides applications assistance,
training programs, the largest user’s program library,
and volume production support. Intel’s 8080 program-
mable peripherals give you the competitive advantage
from start to finish. Be first to market.

To order the new peripherals, contact our
franchised distributors: Almac/Stroum, Components
Specialties, Components Plus, Cramer, Elmar,
Hamilton/Avnet, Industrial Components, Liberty,
Pioneer, Sheridan or L.A. Varah. For your copy of our
8080 System brochure write: Intel Corporation, 3065
Bowers Avenue, Santa Clara, California 95051.

(]

Microcomputers! First from the beginning.

®

CIRCLE NUMBER 16
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NEWS

Schottky diode mixer enables
imaging system to operate at 90 GHz

A GaAs Schottky diode-mixer
with a conversion loss of less than
8 dB sharpens the resolution of
radiometric imaging systems by a
factor greater than 2. Developed
by Aerospace Corp., El Segundo,
CA, the diode mixer’s low conver-
sion loss permits an operating fre-
quency of 90 GHz—the maximum
operating frequency of previous
imaging systems had been 35 GHz.

The 8-dB conversion loss over-
comes the main impediment to in-
creasing the frequency—hence, the
resolution—of radiometric imaging
systems, an inefficient mixer stage.

The advantage to 90-GHz opera-
tion is twofold. For a given-sized
antenna, the system’s resolution in-
creases directly with frequency to
permit the use of smaller antennas.
And terrain signatures peculiar to
90 GHz can be observed.

Variations in ground tempera-
ture cause corresponding varia-
tions in the amplitude of a wide
spectrum of emitted radiation. This
electromagnetic radiation is de-
tected and used to construct an
image of the terrain below: Each
detected frequency provides a dif-
ferent signature.

Developed in a cooperative effort
with NASA and Naval Research
Labs the diode mixer was built into
a radiometer and then tested in an
aircraft flown over Virginia’'s
Chesapeake Bay area.

The radiometer’s output was fed
into an on-board data processor,
which provided both a real-time TV
image and a tape recording.

“The real-time monitor gave us
a dramatic view of the terrain be-
low, even though it was obscured
by 2000 feet of opaque cloud cov-
er,” notes Howard King, head of

Dick Hackmeister
Western Editor

0
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Radiometric imaging system ‘looks’” through an open bay door to receive
electromagnetic radiation from Earth’s terrain. A wobbling mirror causes re-
ceiving antenna to scan both sides of flight path. The radiometer selects fre-
quency of interest and provides input raster to data processor. The system is
entirely passive; no radio transmission takes place.

This high-resolution radiometer needs only the small, cylindrical antenna at
left to ‘‘see’” Earth terrain signatures at 90 GHz. A new GaAs Schottky diode-
mixer stage permits an 88-GHz local oscillator to be mixed with the 90-GHz
reflections from the ground.

the Antenna and Propagation De-
partment at Aerospace.

The 90-GHz imaging system can
replicate ground features matching
geological survey maps of the
ground below. Flights were con-
ducted at various altitudes during
the field test, and the imaging sys-
tem was able to identify natural
terrain features and man-made ob-

jects smaller than 30 feet across,
as well as bridges, rivers, islands,
marshes, aircraft at rest and
ships at sea and their wakes.

A wobbling mirror is used to
focus the radiometer’s 6-in. anten-
na toward the ground and scan 32
degrees to each side of the flight
path. At a forward speed of 173
mph and a scan rate of 0.1 s per
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If the 2900 is
TTL processor

exchange second source, and the key family devices are available now.

Key M2900 devices available now

MC2901is the expandable four-bit microprocessor slice with a high-speed
eight-function ALU, a 16-word by four-bit two-port RAM, and shifting,
decoding and multiplexing circuitry.

MC2909is the expandable four-bit wide microprogram sequencer, an
address controller for sequencing through a series of microprograms stored
in ROM or PROM. It includes a register to hold a reference address, a
microprogram counter and a four-word deep push-pop stack for subroutine
linkage. It can jump to any address.

MC2902,the look-ahead carry generator, generates carries for three
MC2901s from the Generate and Propagate outputs, producing them in 8
ns from the G and P inputs.

M2900 prices are right on the money

All three introduced M2900 Family devices are available now from autho-
rized Motorola distributors and Motorola sales offices, at prices you'll find
right on the money. In 100-up quantities, the MC2901LC is $21.00, the
MC2909LC is just $12.98, and the MC2902LC is $3.78.

CIRCLE NUMBER 17
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12900 is Motorola’s second source for the popular Am2900 low power
Schottky T'TL four-bit processor family. It’s a contractual, mask-

Eight more in
M2900 Family
from now to May

Device Function

MC2905  Quad Bus Transceiver ~ May '77
MC2906  Quad Bus Transceiver ~ May '77
MC2907  Quad Bus Transceiver ~ May '77
MC2911 Microprogram Sequencer Feb. '77
MC2915  Quad Bus Transceiver ~ May '77
MC2916  Quad Bus Transceiver ~ May '77
MC2917  Quad Bus Transceiver ~ May '77

MC2918 4-Bit Register Feb.'77

For data, circle the reader service
number, or write to Motorola Semi-
conductor Products, Inc., P.O. Box
20912, Phoenix, AZ 85036.

MOTOROLA Semiconductors
—and you thought we were just a production house
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Send For New '77 Catalog or Call
our Hotline For Name Of Your
Local Representative Or Stocking
Distributor.

(201) 374-3311

CIRCLE NUMBER 18
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excursion, the differential tempera-
ture resolution of the system is 2.8
K, which can be enhanced with
longer dwell times.

For example, the Navy is plan-
ning to put a similar radiometric
imaging system aboard an Earth
satellite to monitor America’s pro-
posed 200-mile fishing limit. The
Navy is using the new imaging

system onboard aireraft to provide
electromagnetic maps of the globe.
Correlated radiometric images at
different frequencies (including 90
GHz) are revealing such natural and
man-made surface features as land
masses, icebergs, fault lines, cities
and underwater vessels. These are
now being catalogued for a wide
variety of purposes. mm

Temperature, not current
switches p-n-p-n element

A simple temperature-sensitive
switching device is similar in de-
sign to a thyristor but can be trig-
gered by temperature instead of
gate current.

Called Thermosenstor and de-
veloped by the Mitsubishi Electric
Corp., Itami, Japan, the three-ter-
minal device is said to have the
following advantages over conven-
tional solid-state temperature-sen-
sitive devices:

m It combines temperature-sensi-
tive and switching functions, so its
circuitry is less complicated than a
thermistor-based switching circuit.
For example, it does not require a
differential amplifier and a Schmitt
circuit.

m The turn-on temperature can
be remote-controlled through the
gate terminal.

® Once the Thermosenstor is
turned on, conduction is maintained
until on-state current is reduced to
almost zero—even though the tem-
perature falls below the switching
temperature.

® Below the turn-on tempera-
ture, the Thermosenstor can be
switched by gate current as in
a thyristor.

The Japanese device is construct-
ed with a silicon p-n-p-n structure
(see Fig.). The chip is 0.5 mm
square and 0.2 mm thick.

The minimum rated off-state
voltage is 50 V; the rated average
on-state current is 100 mA, at an
ambient of 87 C.

High gain at low temperatures

To obtain low turn-on tempera-
ture without increasing the applied
voltage requires high current gains
at low temperature. This reduced

AT awes = A ~ E
-—n(smn TER) .

NIBASE)

PIEMITTER)

N avooe

Thermosenstor is a new temperature
switch from Mitsubishi Electric.

temperature is accomplished in the
device by reducing the width of the
base layers and increasing the leak-
age current of the collector junc-
tion.

The turn-on temperature is regu-
lated by connecting a shunt resist-
ance from one of the gates to either
the cathode-emitter junction or the
anode-emitter junction. This gate-
shunt resistance shifts the turn-on
temperature upward under an ap-
plied forward voltage. The tem-
perature can be shifted from 50 to
150 C.

Like conventional thyristors,
once the Thermosenstor is turned
on in a de circuit, its conduction is
maintained until the on-state cur-
rent is reduced to almost zero—
even though temperature decreases
below the turn-on temperature.

When operating in an ac circuit,
the device will, of course, turn off
at the zero value after each posi-
tive half cycle if the junction tem-
perature falls below the turn-off
temperature, But this turn-off tem-
perature is not always identical to
the turn-on temperature. The dif-
ference between temperatures is
caused by the effects of the dv/dt
of the reapplied off-state voltage
following the termination of con-
duction. ==
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By sealing out liquids,

this Amphenol’ connector

keeps you out
of hot water.

While it ”

saves you some
cold cash.

It's the Amphenol 44 Series connector. It lets you
save money and still get a connection that's
waterproof. And resistant to lubricants, fuel,
abrasion, ozone. It even withstands salt spray,
vibration, and shock.

You can use it almost anywhere. Anywhere you
want a connector that’s both easy to service and
trouble-free. That's because 44 Series connectors
are self-sealing. They're molded of a resilient
material that stays tough. They're simple to mate
and unmate. And you can’t mis-mate them, either.
Rating for 44 Series connectors is 250 VDC,

200 VAC, 8 amps continuous.

The rightidea
atthe
right time.

 AMPHENO

CIRCLE NUMBER 19

There’s an insert arrangement right for you. Five
different ones—with 2, 3, 4, 5, or 6 easy-to-use
crimp Poke-Home® contacts. A complete line of
tools for crimping and contact insertion by
machine or hand minimizes installation costs.

Available in quantity. Available now. Just call
your Amphenol Industrial Distributor to find out
that low price and to get fast delivery. For further
information, see EEM Catalog 7677, Catalog
Volume, pp. 588-589. Or write or call: Ray Hayer,
Amphenol Connector Systems, Bunker Ramo
Corporation, 900 Commerce Drive, Oak: Brook,
Hlinois 60521. (312) 986-3749.

Connector [aunker




AMP component sockets

are sealed with silicone rubber.
And can be inserted at up to 7,000 an hour.

You can’t beat that.

AMP component sockets. They're the ones that come in strip form. You can insert them
at high speed and cut your costs. Use a bench press or, for really fast loading, a N/C
machine. AIMP can furnish the applicator and interface module for compatibility with
most N/C miachines.

And AMP keeps your product out of trouble by sealing its component sockets with
silicone rubber. Which ends solder flux contamination and solder flooding.

Of course:, they provide easy pluggability with either rectangular integrated
circuit leads or .016 inch-.019 inch diameter leads. Their small head diameters
permit .100 inch center-to-center mounting. Our sockets help you save on
board costs too, as they seat securely in wide tolerance holes.

For more data on AMP component sockets, ask your AMP Sales
Engineer. He's ready to help you in any way possible.
Or write or call AMP Incorporated,
Harrisburg, PA 17105.
(717) 564-0100.

CIRCLE NUMBER 20




Washington Report

FAA adds altitude warning feature to ground radars

A safety feature known as Minimum Safe Altitude Warning (MSAW)
has been added by the Federal Aviation Administration to Dulles Inter-
national Airport, Washington, DC, and Los Angeles International Airport.
Four more airports will get the feature in February.

Produced by Sperry Univac, St. Paul, MN, MSAW works in conjunction
with the automated radar terminal systems (ARTS III) to monitor air-
craft altitudes automatically and compare them to an altitude table pro-
grammed into the ARTS III computer. Monitoring begins as soon as the
aircraft approaches the terminal area and is picked up by the ARTS III
radar. The aircraft must be equipped with a 4096-code transponder and
altitude encoder. When the computer detects a potentially unsafe altitude
condition, an alarm sounds and the words “LOW ALT” appear above the
aircraft’s symbol on the air-traffic controller’s radar scope.

Defense contractor shifts keyed to foreign sales

Major shifts among the top defense contractors are reflected in the
Pentagon’s latest list of its 100 major suppliers. The reason—expanded
foreign military sales.

McDonnell Douglas vaulted into first place for the fiscal year ended last
June 30, as its sales rose from $1.4 billion the previous year to $2.5 billion
in fiscal 1976. McDonnell Douglas, which was in fourth place in fiscal 1975,
is supplying 25 F-15 fighters to Israel, which wants to buy 25 more.

The biggest gainer was Northrop, which rose from 12th place the year
before with $620 million in DOD contracts to third place with $1.4 billion.
The firm recently completed its 3000th F-5 fighter—most of them sold
abroad.

The Pentagon awarded $42 billion in prime contracts last year, and the
top 100 received $29.9 billion, or 69% of the total.

Army to fund helicopter avionics system

The Army expects to select two parallel development contractors about
the first week of March for a new day-and-night target-designation system
to be used in its future helicopters.

Known as the Target Acquisition and Designation System/Pilot Night
Vision System (TADS/PNVS), it will contain internal forward looking
infrared (FLIR) sensors, television units and laser subsystems that can
lock onto a target about 2 meters square from as far away as 5 to 6 km.

The TADS/PNVS will be installed initially in the Army’s new Advanced
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Attack Helicopter (AAH), which is being developed by the Hughes Heli-
copters Division of Summa Corp., to direct the laser-guided Hellfire mis-
sile to ranges that will be twice that of the present TOW missile fired from
Cobra helicopter gunships.

The target tracking system is also being considered for the Army’s pro-
posed Advanced Scout Helicopter (ASH). (Congress disallowed a program
to develop a similar system for the ASH last year, but did provide suf-
ficient funds for a TADS/PNVS to be used by both helicopters.)

Seven firms have submitted proposals on the new system to the Army
Aviation Systems Command in St. Louis: Ford Aerospace & Communica-
tions, General Electric, General Motors’ Delco Division, Hughes Aircraft
Corp., Martin Marietta’s Orlando Division, Northrop and Texas Instru-
ments. While the Army hopes to fund two of the companies for at least a
year of engineering development, it may be able to fund only one because
of a rumored shortage of money.

The winning contractor will outfit the 536 projected AAH helicopters,
plus an undetermined number of ASH helicopters if Congress approves
that program this year.

TWTA problems afflict NASA Mariner spacecraft

A variety of minor problems have cropped up during tests with the
Watkins-Johnson traveling-wave-tube (TWTA) amplifiers for NASA’s
two Mariner Jupiter/Saturn spacecraft to be launched in August and
September. The problems are serious enough for NASA to consider backup
units from Ford Aerospace & Communications and Hughes.

Both the X-band and S-band units have been afflicted, according to
Mariner program manager Rodney A. Mills. As a result, costs have been
driven up and deliveries delayed about nine months. The life testing still
has to be done.

NASA will have to decide by April if a substitution is necessary. The
first flight spacecraft is already in assembly at Jet Propulsion Laboratory
(JPL). The second will begin in January.

The possible X-band replacement is a Hughes unit used in the NATO
communications satellites. It has the same output as the Watkins-Johnson
TWTA, 20 W, but is less efficient. The Hughes substitute requires 100-W
input, the TWTA 70 watts. For an S-band replacement, NASA will con-
sider a device by Ford Aerospace that is comparable in efficiency, but low-
er in power—about 20 W vs the TWTA’s 29 W.

Under subcontract to JPL, Motorola will integrate the TWTASs into the
spacecraft’s radio subsystem.

Capital Capsules: The Army plans to build a 5000-m test range at Fort A. P. Hill, VA,
to accommodate high-energy research being relocated from Fort Mon-
mouth, NJ. . . . The Army’s Patriot anti-aircraft missile (formerly
SAM-D) has successfully knocked down a drone target while being jammed
by airborne electronic countermeasures during tests at White Sands Mis-
sle Range, NM. . . . The Navy’s controversial Seafarer extremely-low fre-
quency (ELF) system for communicating with submerged submarines has
received a qualified blessing from the National Research Council. NRC’s
preliminary report said the 0.07 volt per meter radiated by the communica-
tions grid would cause no biological damage but did raise questions about
the 15 V/m around the terminal points. The system of underground an-
tennas is being considered for Michigan’s Upper Peninsula, where local
residents have opposed it. A final report from NRC, an affiliate of the
National Academy of Sciences, is due this spring.
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Save Space. Save Weight. Increase Reliability.

Paralleling transistors doesn't pay
—not when an inherently rugged
single device can do the job far
more reliably, using much less
space, weight, and at lower total
system cost. That's why Power-
Tech’'s unique single-chip NPN
silicon high-power transistor is the
one way to go.

Used alone, our space-saving
single-chip device eliminates mul-
tiple failure sources while reducing
the environmental testing costs in-
herent in parallel arrays. Because
of their simplicity they're available
off-the-shelf pre-rated, pre-tested
and inventoried to meet virtually
any hi-rel JAN and JAN-TX hi-
current requirements without cus-
tom prices and long custom waits.

For information, application assist-
ance, and free design guide call
Sales Engineering. PowerTech,
Inc., 0-02 Fair Lawn Avenue, Fair
Lawn, New Jersey 07410; Tel.
(201) 791-5050.

(pk.) (hge = 10)

Type # e Veeo | Vee (sat) @ I
JAN-TX
2N5926 90A | 120V | 0.6V @ 50A
PT-7511 90A | 200V | 0.6V @ 50A
JAN-TX

2N5927 120A | 120V | 0.6V @ 70A
PT-6502 200A 80V | 0.7V @ 100A}
PT-9502* | 500A | 80V !0.5V @ 300A

350 Watt Power Rating

*625 Watt Power Rating

Guaranteed SOAR

Copper grid dis-
tributes current
most efficiently

for lowest Ve (sat).

|

Two choices:
570 mil diam.

or 820 mil diam. e,
/\_.v

e

single chips!

Void-free bonding
techniques elim-
inates hot spots.

Integral solid
copper leads and
heat sink make
pre-bond chip test
and inventory
possible.

TOUNPARALLEL
15 T0 SAVE:

Silicon transistors
to 500 amps with
lowest Vg (sat ]

PowerTech, Inc;
“BIG IDEAS IN

BIG POWER”
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New Sangamo Iype 300
Aluminum Electrolytic
Capacitors Slash Space and

In-Place Cost in Switching

RegulatorPC

Boards.

Now you can specify
economical Sangamo
Type 300 Premium-Grade
Aluminum Electrolytic
Capacitors for printed
circuit board mounting in

—
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Sangamo Type 300 Capacitors (actual size)

=

55sc 10 * (-

horizontal Type 301A
with the dummy lead on
the bottom for rigid
mounting without using
a strap.

If you're now using

switching regulator power supplies and
other applications from 10 to 100 kHz.

Type 300 Capacitors give you low ESR,
low inductance, high capacitance

and long life—in a unique
package that dramatically
reduces size, weight and
in-place cost.

The basic unit has three
radial leads arranged in an
isosceles triangle. Just plug
in and wave-solder. No
fumbling. No reversing. No
screw terminals. You can
even parallel them.

Or choose the Type 301
with two radial leads. Or the

Type 300 Capacitors
Electrical/Mechanical Specifications

Capacitance Range 130 uF to 16,500 uF

ESR Values at 10 kHz From .012 ohms

Impedance Value at 100 kHz| From .015 ohms

Typical Inductance 12 to 15 nanohenries

Max. Ripple Current

15.9 amps at 65°C;
Capability at 10 kHz*

11.6 amps at 85°C

Operating Temperature —55°C to +105°C

stacked foil, four-terminal or wet tantalum
capacitors, look into the new, economical
alternatives—Sangamo Type 300 Aluminum
Electrolytic Capacitors.

Write for specs and
engineering samples.
Sangamo Capacitor
Division, Box 128,
Pickens, SC 29671;
phone: (803) 878-6311;
TWX: 810-397-2496;
Telex: 57-0441.

Range

Voltages Available 6.3 to 100 VDC
Nominal .750” x 1.625"

Case Sizes (19.05 mm x 41.27 mm)

to 1.000” x 3.625"
(25.40 mm x 92.08 mm)

*For high ripple current applications, units
may be installed in parallel.

CIRCLE NUMBER 22

SANGAMO WESTON
Schlumberger



If you're using compression-type SCR's and diodes, there

is a Wakefield mounting clamp that is perfect for your
application. Used with a variety of heat sink extrusions, these
clamps provide clamping pressures from 800 Ibs. to 10,000
Ibs., and have mounting spaces from .66 to 8.50 inches
...enough space to accommodate 4 devices.

We have been developing and improving clamps
for over 10 years to meet the changing needs of
semiconductors. This experience has resulted

in significant product advancements.

For example, all Wakefield clamps include a

built-in force indicator which gives high accuracy
readings of the clamping force. Minimum insulation of .02”
conformal epoxy coats the crossbar and studs up to the
thread. This coating is rated class B for 40,000 hours at
130°C with specified working voltage of 2500V AC RMS.

Another good thing about these clamps is their price...as low as
$2.24 10 $23.00 in 100 quantity. For full details, send for catalog of our
standard clamps available from stock.

WAKEFIELD ENGINEERING INC.

77 AUDUBON ROAD, WAKEFIELD, MA 01880 (617) 245-5900. TWX 710-348-6713
AN JLEB:G COMPANY
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Gotcha, DEC!

SuperTerm

Yes, we gotcha DECwriter || and we did it
with such standard features as: matrix
impact printing (no thermal paper!), 132
column print width, microprocessor
electronics, portability (SuperTerm
weighs less than 45 Ibs), high speed (10,
15, 30, 45 and 60 characters per second
are standard with 120 and 180 cps being
optional), an IBM Selectric configured
keyboard, a 33 key alphanumeric “‘gear
shifted” key pad and a quick loading
cartridge ribbon system.

In addition, SuperTerm's unique “anvil”
printhead design is warranted for the life
of the terminal! This means that should
you ever encounter defects in printhead
workmanship, Intertec will replace or
repair the defective component(s).

OEM's will be pleased to learn that the
Intertec SuperTerm provides all of this
capability and more at an OEM price of
only $1,400.

Low cost options available on every
SuperTerm include: Super and sub-
scripting, horizontal and vertical tabs,
variable vertical pitch, forms control,
pagination, direct X/Y addressing, ad-
justable left and right margins, reverse
printing, double width characters,
automatic CR on end of line, and a font
programmable character set.

If your application calls for APL/ASCII,
SuperTerm has that too. In fact,
SuperTerm has got just about
everything—except competition.

Want more?. You've got it! A built-in
micro-cassette (Supercette) is available
to end users at only $700 in single
qguantities with OEM discounts available.

In addition to unparalleled price and
performance, every SuperTerm is
backed by Intertec’s nationwide factory
trained service network with over 160
service centers strategically located
coast to coast.

For more information on the total
performance and unparalleled low price
that make the Intertec SuperTerm the
very best buy for your terminal dollar, just
call Intertec Data Systems, the only
company with international sales, ser-
vice and revolutionary SuperTerm.

INTERTEC DATA SYSTEMS

1851 Interstate 85 South « Charlotte, North Carolina 28208
Telephone (704) 377-0300 « TWX: 810-621-7831
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The 8080As are not all alike;
you should know the differences

While the various 8080A chips are pin-com-
patible and essentially alike, there are several
logic differences in the flag flip-flops that are
set and reset by arithmetic and logic
instructions—as well as differences in speed,
power and noise immunity.

The 8080A, which has rendered the 8080
obsolete, is now available from Intel, Advanced
Micro Devices (AMD), National Semiconductor,
Nippon Electric Corp. (NEC), and Texas
Instruments.

“Many companies use the different vendors’
8080As interchangeably, once they understand
about the auxiliary carry flag,” says one industry
engineer. “But there are usually some problems
in incoming inspection because of the flag
differences. The tester shows up the fact that

the chips from different manufacturers treat
these flags differently.”

Furthermore, he believes, the 8080A, for
all its popularity, doesn’t quite have the status
of a production device. “When you go to
multiple-sourcing, you can’t just turn the
problem over to purchasing. You have to involve
engineering and the incoming-inspection people,
tm"’

Andrew Allison, AMD’s MOS pP marketing
manager, agrees. “The Intel 8080A and the
National device, which appears to be an exact
copy of it, have what we think is an internal
design error. Intel’s design allows logic operations
to disturb the contents of the auxiliary
carry-flag register. We developed our chip design

(continued on page 42)

Eliminate microprocessor bugs with system analyzer

Designed to develop and debug microcomputer systems
built around 6800 P, the AQ6800 system analyzer
from AQ Systems connects to the microprocessor via a
buffered, 40-pin clip-on probe. It also displays all address

and status data.

The system analyzer is interactive, and can transmit
or receive data from all 6800 internal registers; modify
the contents of any RAM location; examine any memory
location; and send and receive data from selected 1/0

ports.

Front-panel controls permit getting to the memory and internal registers, controlling
the microprocessor, setting the breakpoints and monitoring specific memory locations. An
optional sequence recorder can record up to 128 instruction addresses to help simplify

program tracing and debugging.

All circuitry is mounted on one motherboard. The entire system measures 19 x 10.5 X

1.875 in. and requires 5 V at 3 A.

Base price of the analyzer is $875 and delivery takes as long as six weeks. Although
the analyzer is made by AQ Systems of Yorktown Heights, NY, it can be ordered from

E & L Instruments.

E & L Instruments, 61 First St., Derby, CT 06418. (203) 735 8774.
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MICROPROCESSOR DESIGN

(continued from page 41)
independently, as did NEC, and neither of us
made that error.

“To sidestep this problem, you save the carry
bit before a logic operation and reload it into
the carry-flag register afterwards. Any program
that does this will work the same with all
8080As. The logic differences among the versions
become insignificant.”

Dave Millet, a uP product manager at NEC,
adds: “We included a decimal subtract flag in
the NEC 8080A that allows people to do decimal
subtraction more efficiently. This saves program
steps by storing the fact that the last operation
was a subtraction.”

Other differences in the available 8080As
may make a particular version the best for a
particular application. The AMD 9080A
dissipates only two-thirds as much power as
the Intel chip, and handles 3.2 mA on all outputs
—Intel handles 1.9 mA. So the 9080A can
drive two TTL loads instead of one. This
capability can save two or three buffer ICs
and reduce circuit delays. AMD’s minimum
voltage for a logic ONE is 3.0 V, Intel’s 3.3 V.
This means better noise immunity.

The NEC 8080A also specifies an input
voltage of 3 V for a logic ONE, uses fewer clock
cycles for some operations, and eliminates one
80-ns data-setup time requirement. To simplify
interfacing to CMOS, the NEC 8080A has no
internal pull-up resistors on the chip inputs.
Moreover, this unit operates over a temperature
range of —10 to 70 C, compared to Intel’s
0-to-70-C range.

Atmospheric-measurement system uses pPs to preprocess data

Providing detailed atmospheric profile measurements,
the WL-3DS Environmental System developed by Beukers
Laboratories, Bohemia, NY, uses five 6800 microprocessors.
The uPs are used to preprocess meteorological param-
eters sent in by five dropsondes—free falling sensors—
before the data are logged on tape and processed by a
Nova minicomputer.

The system continuously samples wind speed, direction,
temperature, humidity and pressure via the dropsondes.
Dropsondes can provide readings starting at altitudes

oS, = *""""‘"""’""'_ as high as 30,000 ft and dropping down to sea level.

Usually the dropsondes are released at five-minute intervals from an aircraft over the
measurement area. Using the retransmission of Loran-C long-range, navigational-aid
signals, the Beukers system determines dropsonde position, speed and direction. The Loran-C
signals are processed by an on-board minicomputer and then logged with the data.

Bipolar microprocessor k|t permlts system evaluation

—
oy -~ $9858088888
SR8 ~ -

Dubbed the 8X300KT100SK, this evaluation kit allows
designers to assess the 8X300 bipolar uP developed by
Signetics. The single-board kit includes all components
necessary to get a minimal system up and running: one
3 o - 250-ns, instruction-cycle-time CPU, four I/0 ports, 256
T~ ososee? Dbytes of RAM and a preprogrammed monitor system

' ' in ROM.

Controls in the evaluation kit for diagnostic and
instructional purposes include a wait mode for single stepping, the ability to change
program flow and to change or examine internal registers, and one-shot or repeated-
instruction jamming. The board layout permits simple system modification and expansion.

42
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DUAL GOIL
CIRCUIT BREAKER

reqacts to both
voltage and current

Smaller, Lighter, Less Expensive. The Airpax Dual Coil
Circuit Breaker is a single pole magnetic circuit protector
that reacts like a two pole breaker but is smaller, lighter,
and less expensive.

Wide Variety of Applications. In addition to conventional
circuit protection, the Airpax Dual Coil Circuit Breaker can be
used in conjunction with a temperature transducer to protect
heat-sensitive equipment such as power supplies. By
connecting a sensing device to the voltage cail, it can be
used in interlock circuits or can
react to pressure, flow, weight,
or fluid level.

=% Current Coil Ratings. The
= current coil ratings are from
0.050 to 30 amperes at

65V dc or 250V ac maximum,
60 or 400 Hz. (Other models to
100 amperes.)

For more detailed information, call
vour local Airpax representative or
contact Airpax Electronics, Cambridge

Division, Cambridge, Md. 21613.
Phone (301) 228-4600. Telex: 8-7715.
TWX: 865-9655. Other factories in
Europe and Japan. European Sales

Head ters: Ai S.ARL,
Tnn m IN MGTION 3 ;je?:ll;alraefr;isel,r'?g;;O Plaisir,

France.
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MICROPROCESSOR DESIGN

(continued from page 42)
All signals from the uP can be brought off the board. A bare section permits custom
interfaces to be built.

One of the few fixed-instruction bipolar microprocessors, the 8X300 has a 13-bit address
bus and a separate 16-bit instruction bus. An 8-bit interface vector bus, which is supported
by four additional control lines, and a clock perform data handling and I/0-device
addressing.

The evaluation kit costs $299 and is available from stock.

Signetics, 811 E. Arques Ave., Sunnyvale, CA 94086. Robert Lanford (408) 739-7700.
CIRCLE NO. 509

Compact software development system emulates the EA9002

Designed to speed up software development for the
EA9002 microprocessor, the EASE 2000 emulator
includes an Editor program and 2 kbytes of workspace.
The self-contained development/debug system from
Electronic Arrays also has its own hexadecimal keyboard,
14 special-function keys and an 8-digit hexadecimal
LED display.

There are two basic operating modes, Execute and
Edit, and a resident assembler is optionally available.

In the Execute mode, the program can run at normal
clock speeds, or it may be stepped one instruction at a time. In the Edit mode, both internal
and external memory can be examined or modified.

Specialized function keys include reset, jump, read, write, step, edit, continue,
memory-select, register-select, scratchpad select, TTY-select and breakpoint-select. Programs
can be loaded via the hex keyboard or with paper tape through a TTY port.

The entire EASE 2000 system is housed in a case almost as big as a large printing
calculator. All power supplies are built in, and all I/0 lines fully buffered. Base price is
$995, and the optional resident assembler package costs an additional $250. Delivery takes
30 days.

Electronic Arrays, 50 E. Middlefield Rd., Mountain View, CA 94043. Richard Eiler,
(415) 964-4321.

CIRCLE NO. 510

Micro Capsules
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A simplified version of Basic, developed for industrial users, is being readied by
National Semiconductor, Santa Clara, CA. Called NIBL (National Industrial Basic
Language), the program will fit in less than 4-k words of ROM and require 2-k words
of RAM workspace. . . . The Intelligent Breadboard, soon to be released by IMSAI, San
Leandro, CA, connects directly to the bus on the company’s 8080-based microcomputer. Two
forms of the breadboard will be available—a kit for $435 and a completely assembled unit
for $625. . . . A low-cost intelligent terminal, being developed by Southwest Technical
Products, San Antonio, TX, promises to be a boon to companies that need intelligence but
can’t justify paying several thousand dollars for a terminal. The terminal will be available
in kit form for under $300, less monitor. . . . The First West Coast Computer Fair, reportedly
the first west coast convention exclusively devoted to personal, home and hobby computing,
is scheduled for April 15 to 17, 1977 at San Francisco’s Civie Auditorium. Additional details
can be obtained by contacting Jim Warren at (415) 851-7075 or writing to him at Star
Route Box 111, Woodside, CA 94062.
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Designing
Inverters?

Here
COnces

help

NEW SHAPE—Now there’s a new, low cost ferrite shape that com-
bines the advantages of E Cores and Pot Cores. This low cost
component reduces copper loss and leakage inductance while
maintaining high efficiency and moderate shielding.

NEW PERFORMANCE—We've added this new shape to our
Inverter-Rated™ line. It's available now in our special ferrite ma-
terials designed for inverter operation with guaranteed inverter
specs, three temperature ranges and a choice of performance cost
options.

OLD EXPERTS—We can improve your inverter performance and
efficiency. We can decrease your component cost. Sometimes, we
can even do both. Check the Bingo Card for a copy of our new
design guide. Or call Application Engineering—(201) 826-5100 for
specific help.

=(n(n Indiana oeneral

a division of Electronic Memories & Magnetics Corp.
Keasbey, N.J. 08832 e (201) 826-5100
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CcCB servicing is PROFITABLE
with the

MODEL 1040 r.

$250
The B&K-PRECISION CB service-
master is designed for rapid pro-
grammed testing and trouble
shooting of any CB transceiver—
even 40-channel models!

When used with a scope
and signal generator,
you can:

® Measure signal-to-noise ratio
of CB receiver

® Measure audio output power

® Measure audio distortion
percentage

e Measure receiver sensitivity
® Check AGC

e Measure effectiveness of CB
noise limiter or blanker (when
used with an impulse noise
generator)

e Measure squelch threshold

e Measure adjacent channel
rejection on any channel

e Measure transmitter AM power
output—even mobile!

e Measure SSB power output with
TRUE peak-reading RF Wattmeter

e Check AM modulation

o Check SSB modulation with a two-
tone test—the only accurate way!

e Measure antenna SWR—even
mobile!

e Check the transceiver in the
car to determine if the problem
is in the antenna system or
the transceiver

You can save $500—$1,500 in
equipment costs because the
CB Servicemaster eliminates
many of the test instruments
you would otherwise need for
CB servicing. These instru-
ments, or their functions, are
built into the unit:

* Audio wattmeter - Audio gen-
erator - Distortion meter - RF
wattmeter/dummy load - DB
meter - SWR bridge

46

40-channel CB
Test Bench

These instruments—which you should have, if you don’t own them already,
are all you need to get the maximum use from your CB Servicemaster. And the
B&K-PRECISION CB Servicemaster is compatible with most oscilloscopes, fre-

quency counters, signal generators and power supplies on the market today.

MODEL 1403A—3", 5 MHz
Recurrent Sweep Oscilloscope

Checks CB modulation and
provides viewing of 27MHz CB
envelope when used with the
Model 1040. Small, compact and
inexpensive, it frees other scopes
for more effective use. $209

MODEL 1801—
Digital Frequency Counter

To quickly determine the exact
frequency of a CB channel, the
1801 automatically dlsplays it for
you in large, easy-to-read digits.

You can tune oscillators precisely,

conduct audio frequency analysis
tests. Six digit display is updated
five times per second. Accuracy
guaranteed to 40MHz; 60MHz
typical. $240

MODEL 1640—Regulated Power Supply

Designed especially for CB and other mobile
equipment, the 1640 eliminates changes in supply
voltage due to load variations. A stable power
supply is essential to precise testing of the
transceivers. Less than 0.8% variation from zero
to full load, 3 amps continuous, 5 amps surge.
Adjustable to any output from 11 to 15 VDC.
Suppressed zero scale for greater accuracy.
Overload protected. $100

MODEL 2040—40-Channel CB Signal Generator

Covers all 40 channels, AM and SSB with built-in
capability. Ultra-stable crystal-controlled, phase-
locked-loop frequency generation. Has 5 ppm
accuracy. Output attenuator and vernier provide
calibrated outputs from 100,000 »V to 0.1 uV for
receiver sensitivity measurements. Includes EIA
standard noise test signal generator to check
receiver noise suppression. Internal 400, 1000 and
2500 Hz modulating frequencies—can also be
externally modulated. Internal protection against
5W RF input. $47

[:{IWAY (1]l DYNASCAN CORPORATION

Makers of Cobra CB Equipment

6460 W. Cortland Avenue, Chicago, lllinois 60635 - 312/889-9087
In Canada: Atlas Electronics, Ontario
For additional information, contact your B&K-PRECISION distributor for our com-

prehensive brochure describing the operation of the Model 1040 CB Servicemaster
and the CB Service Center—or write us for your free copy.
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A revolutionary idea.
Stackpole“top-hat” networks
prove you can get more
resistance on less

real estate.

(A) Standard thick-film Flip our network’s lid and you can
networks have more hot see why. It's revolutionary.
B spots, current crowding T
1 h|gher capacitance than The more our L:'nlt is t |mmed., the
(B) our “top-hat” network. better your resistance. So ratings
of 200 watts/in2 are very realistic.

Compare (1) our “top hat” : M

I

[

to (2) a standard “L”-cut
and you see why ours
dissipates more heat,
faster. On a much
longer resistance
path.

Mini-SIP
A75" high.

\ ™ "Standard SIP
\% 350" high.

The secret is in the simple laser
cut in the middle of each “hat.”

In this and its horizontal geometry
you get lower capacitance without
hot spots, current crowding, or the
other power-robbing
things built into con-
ventional networks.

Now you can get equal
resistance in less space.
Or greater resistor
network performance

in the same space.

We're out to tip our “hat” to you.
With a full range of values, toler-
ances, sizes. In single or dual
in-line networks, custom designs
and even mini-SIPs that are only
.175 inch high.

Ask for a free sample of a revolu-
tionary idea. Stackpole Components
Company, P.O. Box 14466, Raleigh,
N.C. 27610. (919) 828-6201.

5 STACKPOLE

The revolutionary resistor people.
CIRCLE NUMBER 28




Great versatility
in charging methods.

More than 200
deep discharge
cycles.

[
|

|

Wide témperature range
- from —40°C to
+50°C.

More packaging
flexibility than
you might

have thought possible.

IMPORTANT

5, REPEAT 3 AND 4

6. PUSH BWITCH T(

7, KED PROT LAWK
o

Easy
" recharge,
~ plusawide
range of
discharge rates.




Fewer design problems,
fewer operating problems.

A watt-hour

per dollar value

that would warm

a comptroller’s heart.

| would like to know a

Thermal  Jid ; ; lot more about Gates’energy
runaway problems cells. Please send your FREE,
are a memory. , no-obligation brochure containing
battery features, application information,
ratings and specifications. ED-46
Name
Tough, Title
for rugged, safe -
performance. Address

7/ < :
Gy State/Zipt et S0 b b b il b Sk 'U

e s AR ot g Energy Products
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Hand us your interconnection
design problem.

We’ll hand you back
the solution.

At Fabri-Tek’s Ndtional Connector
Division, we do more than just

sell connectors out of the book. We’'ll
custom-tailor a complete interconnection
system from our wide line of plate,
molded, backpanel, and special connector
products. And we’ll handle your job

from start to finish:

m Design engineering and artwork

m Stamping and molding, numerically
controlled drilling, selective plating,
automatic subassembly, quality
assurance

m Field service, applications
engineering

Many “blue chip”
companies rely on us to
solve their special -
interconnection .
problems. Give us a -
chance to solve yours.
Call Peter Van Wyngeeren
at (612) 533-3533.

W T 114 -
GERCRSRISEIER(ORREI 0 Fraci il

oot gl ot (ot (i
PR PN SSTREN TN
m Integrated backpanel systems : = Y 4
m Metal backplanes and plate 3 - U — -
connectors Bl 3

m Special molded connectors /ﬁ: It PREmE) § § Jon
m Standard card edge : i Y # et 4 et 7 -
connectors $55) AT =
m Card cages

m I/0 connectors

m Telephone and military
connectors

Single and Multilayer P.C. Backpanels #201
Aluminum Backpanels #202

Snecial Malded Comactors #204 ﬁﬁ FABRI-TEK

Commercial #205 NATIONAL CONNECTOR DIVISION

Military #206 9210 Science Ctr. Drive Minneapolis, MN 55428 (612) 533-3533
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(Baliterial)

Are all men brothers?

I've always been deeply moved by the line,
“All men are brothers,” in the “Ode to Joy” at
the conclusion of Beethoven’s magnificent
Ninth Symphony. In this choral setting of
Johann Schiller’s poem, Beethoven emphasized
the brotherhood of man in receiving the bless-
ings of joy.

But I've always felt that in almost all other
ways as well, men are much the same all over
the world. The men I know in Europe and Asia
share with men in the States the same interests
—mainly women. After that, all people seem to
prefer good food, good wine, good entertain-
ment, good books, good everything.

I thought of this some weeks ago at a Motorola bowling party during
the Electronica Show in Munich. After an hour of beering and bowling,
I noticed that my buddies included a chap from England, one from France,
one from Finland, one from Sweden and three from Germany. What dis-
tinguished us were the facts that I, alone, could speak only English; my
bowling skill was worse than anyone else’s; and our Englishman could
hoist and put to proper use an enormous mug of beer. Beyond that, we
were indistinguishable.

A few nights later, I was dining with Dr. Friedrich Baur, a delightful
gentleman who runs the Components Div. of Siemens. And he shook me
up. “Why,” he challenged, “do people in different parts of the world buy
so differently ?” Taking time out to appreciate some delicate smoked trout
and some hearty venison, we talked of national differences that affect all
engineers designing for world markets.

In the States, most people buy cars with automatic transmission; in
Europe, relatively few do. In the States, “instant-picture” cameras are
enormously popular; in Europe, they’re not. In Europe, most full-size
television receivers are sold with remote control. In the States, almost
nobody buys remote control. Why?

Well, we kicked around some possible answers. It’s because the Euro-
pean demands quality, one of us suggested, and he’s willing to pay for it.
But that’s really no answer; it’s the doorstep to another question.

There’s no clear answer, we agreed. But is there, at least, a plausible
theory? I wonder if readers of ELECTRONIC DESIGN can offer one. Ideas

anyone? j %%

GEORGE ROSTKY
Editor-in-Chief
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Once A Linear WIDner,

The quads everybody copied. Motorola-originated MC1488/1489 Line
Drivers/Receivers set the RS-232 data comm standard since their
introduction in 1969.

0 MOTOROLA
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Always A Linear WINher.

Now there’s a new IC standard for RS-422/3 data comm. And Motorola’s got ith

A

Gnd c"""lcl D
Outpyyg /
//' "Puts € Inpyy p,

Output ¢

Outpyy
Conroy e

\ Output 4

Inpyg c

.

c"-'"!ne/
Outpysg

‘4

Gng

Input g

Ch,
//Ouf;""” B

AsB Co'mo,

. the M(C3486/87 quad

line-drivers/receivers that will be the 10 megabaud benchmarks for new generations of fast-data-rate,
two-wire systems. They feature four independent driver/receiver chains and are three-state

structured which are forced to high impedance states when the appropriate output control pin reaches

a logic zero. They’re MOS, TTL and PIA-compatible and offer PNP-buffered inputs to minimize loading.

The Driver...

Power up/power down protection is
ensured with the M(C3487 in addition to
typically fast propagation time of 15 ns. It
works off single 5 V supplies and meets
RS-422 standards.

The Receiver...

Each M(C3486 chain has internal hysteresis
circuitry to improve noise margin and dis-
courage output instability for slowly
changing input waveforms, It too offers fast
propagation time and works off 5 V supplies.
It meets RS-422 and -423 standards.

The Winner...

You . . . if you’re into RS-422 with
MC3486/87 units because the prices
couldn’t be better: $2.25 in plastic and
$2.50 in ceramic for either. That’s real com-
munication in anybody’s language.

tWith a second source—National.

We were first in RS-232. Now we're first in RS-422/3. Contact Motorola Semiconductor Products, Box 20912, Phoenix, AZ 85036 for data.

Once a winher always a winher.

Semiconductors

—and you thought we were just a production house

CIRCLE NUMBER 32
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( Technology )

for Microprocessors: Part 2

Solve software problems step by step—
just as you would approach hardware problems. ‘“Top-down’
design is a systematic procedure you can follow consistently.

Is there a secret to good software design?
Judging by the incantations that used to accom-
pany software design in the past, you might
think so. But the secret simply is to be systematic
and consistent in your design. Once you have
established a step-by-step procedure that works,
stick with it, even for “trivial” tasks. You will
find your programming faster, more efficient and
less error prone. And you can pay more attention
to the economic factors that separate success
from failure.

To establish a software design procedure that
works, you must learn to distinguish between
strategy and tactics. The strategy part of
software design is independent of the language
and the computer to be used. To develop the
strategy you look at the big picture, objectively
state the problem, and break it down into man-
ageable functional blocks that can be analyzed
individually.

Systematic software design strategy is often
called top-down design, because it follows the
procedure outlined in Fig. 1.

Once your strategy is established, you can
tackle the tactics—namely, the ways to imple-
ment the solution on a specific machine with a
specific language. Consistent tactics for good pro-
gram design require the discipline of structured
programming, which will be discussed later.

Step 1: Define the problem

Before you can solve any software problems,
you have to decide exactly what the finished soft-
ware system must do. Defining the system’s oper-
ational characteristics is called the “functional
specification.” Writing a functional specification
can be easy for small problems that require
specific solutions. But a large and complex prob-
lem may require judgment, conceptual design de-
cisions, and hardware/software tradeoffs. Simple
systems can be specified in a few pages, while

Robert W. Ulrickson, President, Logical Services Inc.,
711 Stierlin Rd., Mountain View, CA 94043.
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PROBLEM

f f

MAJOR MAJOR MAJOR
SYSTEM BLOCK SYSTEM BLOCK SYSTEM BLOCK

|

SYSTEM SYSTEM SYSTEM
SUB-BLOCK SUB—-BLOCK SUB-BLOCK
‘ T T
DEVELOP
ALGORITHM

CODE AND DEBUG

INTERFACE
AND DEBUG
MAJOR SYSTEM
BLOCK

!

SOLUTION

1. Solving problems systematically is the secret to good
software design. This flow chart illustrates the sequence
of events for the ‘‘top-down’’ design approach.

complex systems can require hundreds. So, the
following information should always be present
in any functional specification:

= Problem statement—one short paragraph
that concisely describes the problem the system
must solve.

» Hardware—a list of all hardware required,
including the characteristics of each input and
output signal or device.

m Software interfaces—when new programs
co-exist with other programs, the details of the
interfaces must be included in the specifications.
They may have a significant effect on the new
design.

m User’s description—the largest section of the
functional spec. It includes a complete description
of the system from the outside world’s point of
view. It should also describe user interaction,
data required, output produced, special features,
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error-condition handling, and so forth.

A thorough specification is the key to a success-
ful project. It is well worth spending the time to
specify the problem carefully and completely at
the beginning. Otherwise you will interrupt your-
self constantly, fill in the blanks of the problem
definition.

Once you have a completely functional specifi-
cation, stick with it. If you don’t, you are likely to
run into that dreaded software disease known as
“creeping features.” This infection occurs when
an inadequate problem specification permits or-
ganisms known as “neat features” to creep in,
after you’'ve started to work on the solution.

As a result, changes that are easily accommo-
dated in the planning stage may require massive
redesign efforts during the implementation stage.
The farther the work progresses, the worse the
problem becomes. The disease is often well ad-
vanced before detected, and has proven fatal to
many software projects. Marketing people who
are frequently the carriers have been known to
infect entire engineering departments. While you
certainly should incorporate advanced product
features, they must be designed in from the top,
not added from the side. If you do fall prey to
creeping features, then you probably should have
spent more time brainstorming during the speci-
fication stage.

Step 2: Partition the problem

Once the functional specification is complete,
divide the whole problem into smaller functional
blocks that can be analyzed and implemented in-
dividually. These blocks can be as complex as a
complete floating-point arithmetic package or as
simple as a few data-conversion instructions.

During program execution, control passes from
one functional block to another, so that the func-
tional block diagram can be considered the high-
est level of system flow chart. You continue par-
titioning the problem to as many levels of blocks
and sub-blocks until algorithm development for
each block becomes straightforward. If you are
new to the game, do not hesitate to partition

ELECTRONIC DESIGN 2, January 18, 1977

down to blocks that are almost trivial. You will
often find that the algorithm for each detailed
block becomes very simple. The partitioning
process is quite flexible and allows you to adjust
the level of block detail to the complexity of each
part of the problem.

The initial system blocks can usually be deter-
mined from the functional specification. You only
have to identify major system structures without
being concerned how they operate. Some common
initial blocks are: input operations; output oper-
ations; program functions (such as data trans-
fers, memory searches, arithmetic operations) ;
system timing and control ; and major data struc-
tures such as tables and lists.

Once the initial blocks are defined, they are

DATA TO SYSTEM

TAPE DATA IN —=

DATA INPUT

END OF TAPE
WRITE PROTECT
READY

TRANSFER DATA

TAPE DATA OUT
Ty DATA OUTPUT

~=——DATA FROM SYSTEM

DATA INPUT

END OF TAPE STATUS INTERRACE

TAPE ADVANCE

ERROR
__READ/WRITE DATA QUTPUT
INTERFACE
WRITE PROTECT
TRANSFER DATA
READY

2. The block diagram for a tape 1/0 system contains the
major functional blocks (top). A major block, i.e., “tim-
ing and control’”’ can usually be broken down into sub-
blocks (bottom).
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The economics of software vs hardware

Microprocessor-based systems tend to be either
hardware or software intensive because few en-
gineers are equally familiar with hardware and
software design. Almost any computer function
can be performed in either hardware or software,
but the choice should be based on economics, not
personal preference. The most valuable tradeoffs
between hardware and software can be made at
the block diagram stage of the “top-down” de-
sign procedure.

The total cost of a new product is the sum of
fixed costs and variable costs. Fixed costs include
all expenses independent of the number of units
manufactured—hardware design, tooling, soft-
ware design, system debug, documentation, and
most overhead costs. Variable costs are directly
proportional to the number of units manufactur-
ed and include the cost of components, materials,
direct labor, the remaining overhead, and (usual-
ly inexpensive) copies of the software.

Evaluate the effect of fixed and variable costs
on profits, with a break-even chart. By plotting
costs vs the number of units sold, you can deter-
mine how many units you have to sell before
loss turns into profit. Clearly, if you intend to
sell 100,000 systems, you must minimize the
variable cost of each system. You can spend
$100,000 on development for every dollar per sys-
tem saved in production. So, fancier software is
much less costly than additional hardware for
every unit sold.

On the other hand, if your production run is
small, you shouldn’t spend a lot on software de-
velopment. Using the breakeven chart and the
system block diagram together, you can decide
whether to implement each functional block with
hardware or software at an early stage of the
design process.

A well known hardware/software tradeoff in-
volves the decision to use a UART (Universal
Asynchronous Receiver Transmitter) for serial
interface to a terminal. The UART chip takes
care of all the protocol for serial communica-
tions with a TTY or a CRT terminal. It pro-
vides all the timing, control logic, and data paths
needed for parallel-to-serial conversion, start-
and-stop-bit formatting for transmitting, and
receiving serial data.

All of the functions performed by the UART
in hardware can be replaced by software
routines that require only a single bit of a hard-
ware 1/0 port. Increased software development
cost, more memory for program storage, and
tying up the processor during serial I/O may or
may not be less costly than using the hardware
UART. The answer depends on the number of
units produced and whether the processor can

SALES=UNIT PRICE x NO.OF UNITS SOLD

TOTAL EXPENSES

BREAK-EVEN
POINT,

FIXED
EXPENSES

VARIABLE
EXPENSES

1 1 1 1 1 1 1

e 1
100 300 500 700 900
NUMBER OF UNITS PRODUCED

be used to perform other tasks during serial I/0.

One of the thorniest tradeoffs involves system
speed, memory size, and software. High-speed
operations are usually equivalent to high-cost
operations in the microprocessor world. Most
Most single-chip microprocessors have clock
rates in the 2-MHz range, and it takes a bunch
of clock cycles to execute a string of instruec-
tions. Any operation you want the computer to
perform that takes less than 100 microseconds,
or must be repeated more often than every 100
microseconds, may tax the microprocessor’s
ability to respond. You can often overcome speed
problems by using a TTL microprocessor, adding
buffer memories, adding special-purpose hard-
ware I/0 devices and optimizing critical paths.

To develop your microcomputer system, you
need a software development system. You can
either use a time-share service, or buy your own.
Time-sharing offers faster software development
because a large, high-speed computer and power-
ful editing programs are available. On the other
hand, you can connect your own hardware-de-
velopment system to your I/0 devices and ter-
minals, and use it for real-time interfacing and
debugging during prototype design. It can be a
tough choice.

To better understand this tradeoff, assume
that time-sharing costs about $15 per hour for
connect time, plus about $200 per minute for
CPU time, plus about $25 per month per 100
k-bytes of storage. With these rates, you can
calculate the approximate cost of time-sharing
for your projected usage. Don’t be surprised if it
comes out in the range of $2000 to $10,000 per
month. Buying your own development system can
cost you between $4000 and $15,000 up front for
reasonable systems. If you plan to do a lot of
program development over many months, plan
to have your own system.
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interconnected to form the system’s block dia-
gram. You must make sure that this block dia-
gram is complete. It should contain blocks to im-
plement all the features of the functional speci-
fication. The blocks must also be detailed enough
for you to develop algorithms for them. If some
blocks seem vague or ill-defined, add sub-blocks
until they clearly and completely represent the
functional specifications.

For example, examine the block diagram for a
magnetic tape I/O driver program shown in
Fig. 2. The major system blocks are at the top.
The bottom section shows the second level of
blocking for the most complex major block.

So far, you have not decided whether to imple-
ment a block with hardware, software or any
combination of the two. Economic considerations
should determine the optimum combination. The
economics of hardware/software tradeoffs is a
complex subject, which is discussed in the box.

Step 3: Develop the algorithms

Having defined the problem, you can begin to
seek solutions in the form of algorithms for each
functional block. Each algorithm contains the
fundamental logic required for each block, but
remains independent of any specific computer or
language.

When you develop the detailed logic of an
algorithm, your most useful tool is the flow chart.
It provides a convenient notation that is easy to
document and check for logic errors. Flow charts
may be used at any level of detail, but are
especially valuable at a level that is more detailed
than the block diagram but not so detailed that
every line of code has its own block. To keep the
design procedure consistent, and help others
understand your work, you should adhere to the
standard set of flow chart symbols shown in
Hio 3.

Algorithm development is the most creative
part of software design, and experience plays a
big part in your ability to develop creative algo-
rithms. But some general procedures can help you
to translate a logical system block into an
algorithm :

®= Decide what the block should do. You have
done this to specify the problem, but now you are
dealing with a particular program segment in-
stead of the whole system.

® Determine how to obtain the raw data. Are
they read into the system? Passed from another
block ? Looked up in a table? You need operation-
al blocks in your flow chart to input the required
data.

® Determine if the data require any pre-proc-

essing before they can be used. Do they have to °

be complemented ? Rotated ? Masked ? Scaled ? If so,
insert the proper data-transformation blocks in

ELECTRONIC DESIGN 2, January 18, 1977

the flow chart.

m Decide how to transform the raw data into
the required outputs. This step requires process
blocks, data, and decision blocks.

= Decide what to do with the processed data.
Should they be re-formatted ? Saved ? Passed back
to the calling routine? Add the blocks that prepare
the data for output.

= Examine your flow chart. Make it your goal to
keep it simple, straightforward, logical and clear.
Be particularly careful about entering and exit-
ing routines.

If at first you don’t succeed . . .

Algorithm development accounts for the largest
portion of your work. It is an iterative process
and may require several tries before it is com-
plete and correct. Start by writing down the
sequence of operations in the order they will be
performed. For example, ‘“read data in, test
for control characters, then test for lower case
characters,” and so on. After you determine the
general steps to be performed, add the process
and decision blocks that actually perform these
operations to your flow chart.

Test your preliminary algorithm on paper
with actual data to make sure that it works. Con-
sider the extreme cases and try to imagine every

A=AX2 4

CALLTTI

ENTER TTI

3. Standard flow-chart symbols help clarify the sequence
of events in a program or algorithm, not only for the de-
signer but also for other engineers.
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possible data condition. Does the algorithm still
work? Be patient and thorough, or your algo-
rithm will cost you extra debug time later.

When your algorithm is complete you should
have a logic flow chart that looks something like the
example in Fig. 4. This chart solves the prob-
lem of reading a tape without reference to any
specific hardware. Each block of the flow chart
may require several instructions when translated
into a specific language.

When you have developed algorithms for each
program block, the complete strategy for solving
the problem is established. What’s left is tactics.
You now need to know what machine will be used
to solve the problem and what language will be
used to implement the solution.

Dig for gold—in your software

Not only hardware/software tradeoffs (see
box) but also software/software tradeoffs may
reduce your costs. One important consideration
is the speed of execution.

Within the constraints of your microproces-
sor’s clock rate, there are many ways to trade
speed for memory size without impacting the
other hardware. The best way to speed up a
‘“slow” program is to find a more efficient algo-
rithm. Selecting or designing a better algorithm
is invariably more rewarding than efforts to
squeeze the last byte of code out of a sloppy, or
ill-considered, algorithm.

For example, take a program that calculates
the sine of an angle to a given accuracy. Normal-
ly, an iterative algorithm evaluates a polynomial,
but it may take an excessive time to execute. And
improving the code will probably not save very
much time. An alternate, and faster, algorithm is
to look up the sine in a table. Now the question
is whether you have the additional memory to
store the table. ?

An important software/software tradeoff is
straight-line programming versus subroutines. In
straight-line programming, the program executes
each instruction only once as it proceeds through
the entire program. During execution you may
find that the same code is repeated several times.
If you sacrifice a little speed, you may be able to
save a lot of memory by writing a subroutine for
the repeated operation and calling that subrou-
tine from the main program each time it is needed.
The additional ‘“‘overhead” housekeeping chores
for the call and return process is usually a small
penalty to pay.

Subroutines and loops for repeated operations
may hide more pay dirt. When subroutines or
loops are used often in a program, the processor
may spend 80% of its time to execute 20% of the
code. So, if you have a speed problem, you should
first try to optimize the code that is repeated
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4. This flow chart for reading a tape deck is derived
from the block diagram shown in Fig. 2. Each flow chart
symbol may correspond to several computer instructions.

most often. If you can save one byte in a loop or
subroutine that is executed 100 times, you will
save 100 times more than if you save a byte in the
main program.

Your choice of language to develop your pro-
grams can also affecti system, cost greatly. Most
higher level language processors produce at least
1.5 to 2 times as much machine code as programs
written directly in assembly language, which
means that 1.5 to 2 times as much memory is re-
quired to store the program. Also the program
will take longer to execute. On the other hand, de-
velopment time will be less because you can write
and debug your programs much faster in a high-
er level language. And studies show that assembly
language is usually more cost-effective for high-
volume products, where minimum memory space
and fast execution are most important.

Hardware/software tradeoffs and your pro-
gramming strategy are vital steps in the over-all
design process. But the tactics you employ to im-
plement your strategy can be equally important,
and will be discussed in the next part of this
series, mm
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For High-Voltage, High-Current Interface
with PMOS, GMOS, TTL, DTL... Sprague
Darlington Transistor Arrays Have No Equal

A new exclusive Sprague develop-
ment, Series 2000 Transistor Arrays are
high-voltage, high-current integrated cir-
cuits comprised of seven silicon NPN
Darlington pairs on a common mono-
lithic substrate. They feature open col-
lector outputs and integral suppression
diodes for inductive loads.

Supplied in 16-pin dual in-line plastic,
these devices greatly reduce the num-
ber of discrete components used to

interface between digital logic and high-
voltage and/or high-current loads. In
some applications, all discrete com-
ponents can be replaced by a single
DIP, resulting in substantial space and
cost reduction.

With broad commercial/industrial ap-
plication, these unique arrays are an
excellent choice for interfacing to LEDs,
solenoids, relays, lamps, and small
stepping motors in printing calculators,

For more information, write or call George Tully, Semiconductor Division, Sprague
Electric Co., 115 Northeast Cutoff, Worcester, Mass. 01606. Tel. 617/853-5000.

For Engineering Bulletin 29304, write to Technical Literature Service, Sprague
Electric Co., 347 Marshall St., North Adams, Mass. 01247.

For the name of your nearest Sprague Semiconductor Distributor, write or call Roger

Lemere, Sprague Products Company, North Adams, Mass. 01247. Tel. 413/664-4481.

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

———
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cash registers, and control equipment.

Type ULN-2001A is a general-purpose
array, pinned with inputs opposite out-
puts to facilitate circuit board layout.
Type ULN-2002A is designed for use with
14 to 25V PMOS inputs. Type ULN-2003A
and ULN-2005A interface with TTL, low-
power Schottky TTL, DTL, or CMOS
operating at a 5V supply voltage. ULN-
2004A has series input resistor to allow
operation directly from CMOS and PMOS
outputs utilizing 6V to 15V supplies.

455-6112RI

SPRAGUE

THE MARK OF RELIABILITY
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DELCO'S NEW 25-AMPERE HIGH VOLTAGE
DARLINGTONS WITH THE SPEED

AND ENERGY CAPABILITY
YOU ASKED FOR.

Good news for motor
speed control designers who
have expressed a need to
upgrade horsepower ratings.
The 25-ampere gain of these
new Darlingtons permits
increased horsepower
ratings of existing AC motor
speed control systems and
a reduction in paralleling in
new designs. However,
grouping of t.« is available for
current sharing in designs

MAJOR PARAMETER LIMITS

e he Voo YCE igeo
e @26a @10a (sus) [S20, @600V
DTS4086 5 75 350V 35V 0.25mA
DTS4067 10 150 350V 2.0V 0.25mA
DTS4074 5 75 350V 35V 0.25mA
DTS4075 10 150 350V 20V 0.5mA

TYPICAL SWITCHING
DTS-4066 DTS-4074
DTS-4067 DTS-4075
- M s T R D B N
T e S e b O S s 3.2us
oe s R A S S 10
NPN triple diffused silicon Darlingtons are packaged in solid
copper cases conforming to JEDEC T0-3 outline dimensions.
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with parallel Darlingtons. A
speed-up diode is built
into the DTS-4074 and
DTS- 4075 permitting
data sheet t; typicals of
1.0 us. Drive circuit
technlques involving
le = 2 A and a Baker clamp
produce t; typicals in the
0.4-0.6 us range for the
DTS-4066, DTS-4067,
DTS-4074, and DTS-4075.

Our experience with
tolerances, faults, transients,
and start-stall conditions in
most systems convinces us
that these Darlingtons have
the right trade-off between
speed and peak power
handling capability. Note the
greater than 10 kVA region
of the reverse bias safe
operating graph. All this,
and you still get Delco’s
traditional solid copper
TO-3 hermetic package that
has a conservative 0.75°C/W
thermal resistance.

These Darlingtons are
already in high volume
production and are available
on distributor shelves.
Prices, applications litera-
ture, and data sheets from
your nearest Delco sales
office or Delco distributor
can complete the story on
these new Darlingtons.

R
PR i
mgf.:

#

o
e
€
o
a

Features
of Delco’s
new DTS-4066,
4067, 4074, 4075
Darlingtons.
L] Upgrade
existing
motor
speed
control
horsepower
L] Reduce n
ing in new sy
L] Offer sthchmg speed
improvements over our
earlier types.
L] Achieve greater than
10 kVA peak power
dissipation.
L] Available with t.:grouping
[] Delco hermetic copper
package with 0.75°C/W.
U] Currently in high volume
production.

208/220 Vac,
3¢ MOTOR SPEED CONTROL

6 STEP WAVEFORM 5 to B0 Hz—1.5% SPEED CONTROL ACCURACY

3
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3 BRINGE

ol BUFFER
| AMPLIFIERS
i
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UNLJUNCTION DRIVE
OSCILLATOR LOGIC

ELECTRONIC DESIGN 2, January 18, 1977



EMITTER

SPEED-UP DIODE
USED ON DTS-4074/4075 ONLY

3¢ DARLINGTON INVERTER
DTS-4066-4067

NOW AVAILABLE FROM THESE DISTRIBUTORS
IN PRODUCTION QUANTITIES.

ALABAMA

BIRMINGHAM

Forbes Distributing Co., Inc.
(205) 251-4104
HUNTSVILLE

Powell Electronics

(205) 539-2731

ARIZONA

PHOENIX

Sterling

Electronics, Inc.
(602) 258-4531

CALIFORNIA

" GARDENA
Electronics
Distributors Div.

Bell Industries

(213) 321-5802
GOLETA

R.P.S. Electronics, Inc.
(805) 964-6823

LOS ANGELES
Kierulff Electronics, Inc.
(213) 685-5511

R.P.S. Electronics, Inc.
(213) 748-1271

PALO ALTO

Kierulff Electronics, Inc.
(415) 968-6292

SAN DIEGO

Kierulff Electronics, Inc.
(714) 278-2112

R.P.S. Electronics, Inc.
(714) 292-5611
SUNNYVALE

Bell Industries

(408) 734-8570

MIAMI SPRINGS
Powell Electronics/Florida
(305) 592-3260

ILLINOIS

ELK GROVE VILLAGE
Kierulff Electronics, Inc.

NEW JERSEY

CINNAMINSON

(215) 627-1920

3 CLIFTON
(S:?(]é:(?éw 0200 Wilshire Electronics/
Bell Industries q (Zglew3.‘)‘%|'_s]eg)bo
(E'.Ble]czt;'ozrgggaléglbutors Div. (212; 244-8930
INDIANA NEW MEXICO
ALBUQUERQUE
lcf}’{DrI‘ANAElTOUS ¢ Sterling Electronics
rgugg; Iﬁcctromcs (505) 345-6601
(317) §34-8202 NEW YORK
MARYLAND BINGH,E,;,\TON
arvey Electronics
BALTIMORE K
RESCO/Baltimore !(36(?;2- Z:g iy
(301)823-0070 Summit Distributors, Inc.
MASSACHUSETTS {#19) Ma2400
FARMINGDALE
BILLERICA Wilshire Electronics/

Kierulff Electronics, Inc.
(617) 935-5134

(617) 667-8331

NEWTON

The Greene-Shaw Co., Inc.
(617) 969-8900

MICHIGAN
LIVONIA

Pioneer/Michigan
(313) 525-180f

MINNESOTA
AR MINNEAPOLIS
DENVER Stark Electronics Supply Co.

Kierulff Electronics, Inc.
(303) 371-6500

(612) 332-1325

MISSOURI
CONNECTICUT KANSAS CITY
NORWALK Walters Radio Supply, Inc.

Harvey Electronics
(203) 853-1515

FLORIDA
CLEARWATER

Diplomat/Southland
(813) 443-4514

(816) 531-7015
ST. LOUIS
LCOMP-St. Louis
(314) 647-5505

CLAMPED INDUCTIVE
SWITCHING PERFORMANCE
%
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Long Island
(516) 293-5775
FREEPORT
Mil ra%//Hew York
(51%) 46-6000
WOODBURY
Harvey Electronics
(516) 921-8700
(212) 895-9260

OHIO

CINCINNATI

United Radio, Inc.

(513) 761-4030
CLEVELAND

Pattison Supply Co.
Industrial Electronics Div.
(216) 441-3000
DAYTON
Pioneer/Dayton

(513) 236-9900

OREGON

PORTLAND
Almac/Stroum Electronics
(503) 292-3534

PENNSYLVANIA

PHILADELPHIA
Almo Electronics
(215) 698-4000

PITTSBURGH
CAM/RPC Electronics
(412) 782-3770

SOUTH CAROLINA
COLUMBIA

Dixie Radio Supply Co., Inc.
(803) 779-5333

TEXAS

DALLAS
Sterling Electronics
(214) 357-9131

HOUSTON
Harrison Equipment

Co., Inc.
(713) 652-4700
Sterling Electronics
(713) 627-9800

WASHINGTON

SEATTLE
Almac/Stroum Electronics
(206) 763-2300

Kierulff Electronics, Inc.
(206) 763-1550

SPOKANE
Almac/Stroum Electronics
(509) 928-0679

IN CANADA:

Zentronics Ltd.

Toronto (416) 787-1271
Ottawa (613) 238-6411
Montreal (514) 735-5361

OVERSEAS:
EUROPEAN
INQUIRIES:

European Parts &
Accessories Marketing
Grou

General Motors Continental

Plant 2, Noorderlaan,
Postbus 9

B-2030, Antwerp, Belgium

ALL OTHER
OVERSEAS
INQUIRIES:

General Motors Overseas
Operations

Parts & Accessories Dept.

767 Fifth Avenue

New York, N.Y. 10022

(212) 486-4412

DELCO ELECTRONICS
REGIONAL SALES
OFFICES

Charlotte, North Carolina
8209

2
4600 Park Road
(704) 527-4444
Van Nuys, California 91404
Box 2968
(213) 988-7550

GENERAL SALES
OFFICE

700 E. Firmin, Kokomo,
Ind. 46901
(317) 459-2175

Electroni

Division of General Motors

Kokomo, Indiana
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Microprocessor Basics: Part 10

Develop systems around the SC/MP.
Two versions permit performance selection, and the versatile
instructions allow simple addressing of the 65-k memory.

Available in either PMOS or NMOS, the
SC/MP (simple, cost-effective microprocessor)
enables you to choose an 8-bit uP by performance.
And the multiprocessing capability of the uP,
combined with its low cost, lets you put comput-
ing power where it’s needed.

The SC/MP comes in a 40-pin dual in-line
package with a set of 46 instructions. Both the
p and n-channel parts are pin-compatible (except
for three minor signal reversals), so system up-
grades are simple—just pull out the p-channel
unit, plug in the n-channel version and modify
the ground and power lines. The NMOS uP can
operate at clock rates of up to 4 MHz while the
PMOS version is limited to 1 MHz rates.

Both the SC/MP and its development tools are
easy to use. All necessary timing and clock sig-
nals are generated by SC/MP’s built-in clock that
can be either crystal-controlled or capacitively
tuned. Like the 6100 uP, the SC/MP uses a 12-bit
address bus. But it also uses four bits siphoned
from the data bus to make a 16-bit address and
thus address 65-k words of memory.

Of the 40 pins on the SC/MP, 20 are needed
for data and address, two for power, two for
clock generation, two for a serial I/0, three for
flag lines and the remaining 11 for system con-
trol (Fig. 1a). All data transfers between memo-
ry and the puP are controlled by just two timing
signals—negative address strobe and negative
write or read data strobe (Fig. 1b).

Systems assemble easily

Input/output procedures and memory interfac-
ing are straightforward. A minimal system can
be built from the SC/MP, along with some ROM
and RAM (Fig. 2). For applications that require
just a few words of RAM, pointer registers in-
side the uP can be used instead of external RAM.
Then a two-chip system is possible.

Systems that require more than 4-k words of

Dan Moss, Design Engineer, and Hash Patel, Microproc-
essor Product Marketing Manager, National Semiconduc-
tor, 2900 Semiconductor Dr., Santa Clara, CA 95051.
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Table 1. SC/MP hardware support

Price
Product Description (100-up)

SC/MP 8 bit CPU chip $ 9.00
MM2102-1 1024 x 1 500-ns static RAM 2.45
MM2101-1 256 X 4 500-ns static RAM 3.20
MM2111-1 256 X 4 500-ns static RAM 3.20
MM74C89 16 x 4 CMOS static RAM 4.50
MM74C920 (256 X 4 CMOS static RAM 12:15
MM1702A 256 x 8 erasable ROM 29:25
MM5203 256 x 8 (512 X 4) erasable

ROM 25.25
MM5213 256 X 8 maskable 5203 ROM| 12.50
MM5204 512 X 8 erasable ROM 29.50
MM5214 512 x 8 maskable 5214 ROM| 17.50
MM2708 1024 x 8 erasable ROM o
MM5242 1024 x 8 MOS ROM 12.50
MM5246 2048 x 8 MOS ROM 21.25
DM8597 256 X 8 bipolar ROM 15.85
DM8596 512 X 8 bipolar ROM 27.00
DM85S28 1024 x 8 bipolar ROM 27.00
DM74S287 256 X 4 bipolar PROM 3.22
DM748471 256 x 8 bipolar PROM 8.25
DM74S570 512 X 4 bipolar PROM 6.98
DM81LS95-98 | Three-state octal buffers 1:35
DM8542 Quad 1/0 register 4.50
DM74LS374 |Three-state octal register 1.75
DS8833 Three-state quad bus trans-

ceiver 1.90
DM8334 8-bit bit-addressable latch 3.20
DM8131 6-bit unified bus comparator 2.56
DM8546 Three-state 8-bit 1/0 shift

register 3.84
MM5307 Baud rate gen./prog. real

time clock 12.00
MM5303 UART 6.00
MM74C922,3 |16 & 20-key keyboard

encoders 3.80
DS8692,3,4 |Seiko printer interface set 2
MM5357 8-bit a/d converter 7.95
CD4051 8-channel analog mux/demux i
DP8212 8-bit 1/0 port *

* To be announced

ELECTRONIC DESIGN 2, January 18, 1977



RAM must use an external quad latch connected
to the data bus (the four lower-order bits) to
hold the block number of the 16, 4-k memory
blocks.

No nonstandard peripheral circuits are requir-
ed to support the SC/MP, so common latch cir-
cuits and RAMs and ROMs work with no inter-
facing problems (Table 1). All lines of the
SC/MP are TTL compatible and can each handle
one TTL load. When larger loads must be serv-
iced, standard unidirectional and bidirectional
buffers can be used to drive the bus. Both the ad-
dress and data-bus outputs from the SC/MP use
three-state logic to present minimal loading on
the buses.

Several lines on the uP permit a few SC/MPs
to be cascaded—all with direct interface to the
address and data buses (Fig. 3). If the SC/MP
is the only bus controller, the bus access control
line can be hard-wired in the active state. All
that’s needed for using the SC/MPs in a multi-
processing mode are three control lines—enable
in, enable cut and bus request.

To power up the SC/MP, you can choose from
several options. The PMOS units operate from
+5 and —7 V supplies (Fig. 4a and b). The
NMOS version of the SC/MP requires just a 5-V
supply and can interface directly to most 5-V
logic families (Fig. 4c).

Three signals control data flow

Before the uP can transfer data to or receive
data from memories or peripherals, it must have
access to the system-address and control bus. Bus
access is controlled by three signals—the bus-re-
quest (BREQ), the enable-input (ENIN), and
the enable-output (ENOUT). For simple systems
with a single uP, the BREQ and ENOUT lines
need not be used and the ENIN line can be per-
manently enabled.

(continued on page 64)

NWDS ;'_- —‘PVGG
NRDS | — — | NADS
ENIN | — — X2
ENOUT | — —1 X1
BREQ | — —1 ADII
NHOLD | — —! ADIO
NRST | — —! ADO9
CONT | — — | AD OB
DB7 |— —, ADO7
DB6 | — —| AD 06
DB5 | — — | ADOS
DB4 | — —1 ADO4
DB3 | — — | ADO3
DB2 | — — 1| AD 02
DBI | — — 1 AD Ol
DBO | — —} AD 00
SENSE A | — — | SIN
SENSE B | — — 1 SOUT
FLAG-0 |— — | FLAG-2
%s 2671 ) FLae-t

12 BIT ADDRESS BUS 16 BIT

LATCHED
ADDRESS

i
™

SC/MP NADS

o
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8 BIT DATA BUS
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p
=

NEGATIVE-TRUE

ADDRESS STRO_BE—_j_/
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NN % /R
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AT e HIGH 23

WRITE DATA
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1. Because the SC/MP is crowded into a 40-pin package
(a), only a 12-bit address bus is used. To get full 65-k
addressing capability, four bits of the data bus are used
in addition to the 12 address lines (b). Only two lines, at
the most, are necessary to control all the 1/O timing
(c): negative-true address strobe and negative-true read
(or write) data strobe.

ADII-ADOO ADDRESS VALID

DB7-DBO

NEGATIVE-

READ DATA
STROBE

DB7-DBO HIGH ZY

| MHz
X2 AD
(-wmz)Dl_——- :¢ ey G R
S, o i g L
| I
b AD I ek * = IEEZ | | I | I
BREQ I oy ADG® AD7---------AD@| AD7-~----~ AD@
I |t BREQ)
] Voo (Vec) BN MM5204 L cEl MM 2101 L cel MM 210l
5v) o, sc/MP | ? 512x8 EPROM 256x4 RAM 256 x 4 RAM
N0 Vs L —]o0
5v o-:unow SR 10k DB7—= === DB Y R/W pB7----DB4 rR’W DB3--- DB
N WDS - i
it N RDS i I l |
5V ENIN DB 7 1 '
(GND) (N ENIN) i e by i,
DATA | ———= iy L
all == ' i
PMOS NRST DB§
(NMOS)

I————O RESET

2. Building a minimal operating system with the SC/MP
requires few external circuits. If little RAM is needed, the
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NOTE. ALL ITEMS IN PARENS REFER TO N-CHANNEL VERSION OF SC/MP.

on-chip oscillator and pointer registers permit even
smaller systems than the one shown.
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“Bmn 1 2
BREQ, BREQ, BREQy
ENIN; ENOUT, ENINz ENOUT, H{-{ENINy ENOUTy—
SC/MP | SC/MP 2 SC/MP N

BREE T R B e

ADDRESS AND CONTROL BUS [/

(] (] L]
READ ONLY READ/WRITE ERALS
MEMORY MEMORY Sy
(ROM) (RAM)
4 ‘ : DATA BUS PP ERSHTER ET By
BREQl / ENlNl LJ J l
BREQ e o A
PeH=R BY SC/MP 2 BYSC/MP N
ENOUT, /ENIN,
ENOUT, /ENINy gk : I |
5. 3.9 L
L e {SCIIMP = I_{sc;mp __u__{sc'/‘mi}

3. Several SC/MPs can be connected to common buses
for multiprocessor systems. The bus-request and enable
lines permit simple control of the various uPs.

In large systems, especially those with periph-
erals that transfer data at high speed, direct-
memory access (DMA) can be implemented with-
out involving the SC/MP. When a DMA is exter-
nally requested, the SC/MP requests bus access
by bringing the BREQ line high. This signal
alerts the DMA controller, and if the bus is idle
(no peripheral is currently transmitting or re-
ceiving data) the ENIN line goes high and
grants the bus access.

When the DMA transfer is completed, the
BREQ line goes low and bus access is terminated.
Peripherals can also request a DMA operation by
using the peripheral-request and peripheral-en-
able lines on the user-designed DMA controller
circuit.

The SC/MP can use readily available memo-
ries. For slow memory systems the SC/MP has
several features that can circumvent the long ac-
cess times. For example, its NHOLD (negative-
true hold) input line lengthens the input/output
cycle. When low, it holds the I/0 cycle by delay-
ing the rising edge of the NRDS or NWDS
(negative-true read or write data strobe) pulses.

The NHOLD signal can also be used to add a
simple debugging circuit to a SC/MP system. All
the bus signals remain valid while NHOLD is
low, so if LEDs are connected to each buffered

SC/MP software and instruction set

Although it only has a 12-bit address bus, the
SC/MP microprocessor can directly address up
to 65-k words with the addition of just a quad
latch. The uP handles both serial and parallel
data transfers, has DMA capability, five flexible
addressing modes, and can operate in multiproc-
essor systems. The software set has 46 com-
mands, including some special instructions.

Three instructions, increment and load (ILD),
decrement and load (DLD) and delay (DLY)
provide some unusual capability. For instance,
the ILD and DLD commands are useful for loop
counters. These two instructions can fetch the
loop count from memory, increment or decrement
it and store the new value in the accumulator
(AC) and the RAM. A “jump if AC = 0” in-
struction (JZ) completes the loop-count test.

The DLY instruction can delay processing by
a variable length of time, which is computed
from the contents of the AC, and the second
style of the instruction with the following
formula:

DLY = 12 + 2 (AC) + 2 (displacement)
+ 29 (displacement).

The delay can range from 13 to 131,593 micro-
cycles.

The SC/MP can address any byte in memory
with only a two-word instruction: It uses one of
the pointer registers and an offset value speci-
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fied in the second byte of the instruction.

The SC/MP instruction set contains single
and double-byte instructions. A single-byte in-
struction consists of an 8-bit operation code that
defines an operation the SC/MP will execute.
The double-byte instruction consists of an 8-bit
op code and an 8-bit data or displacement field.
When the second byte represents a data field, the
data are processed by the uP during execution
of the instruction. If the second byte represents
a displacement value, the byte is used to calcu-
late a memory address that will be accessed dur-
ing execution of the instruction.

The five addressing modes include:

m PC-relative, which forms an address by
adding the current contents of the program
counter to a displacement value specified in the
second byte of the instruction. The displacement
range is from —128,, to +127,, locations
around the PC value.

® Immediate, during which the second byte of
a double-byte instruction is used as the operand
(data).

®m Indexed, which permits any memory loca-
tion to be addressed. It uses a pointer register
(PTR) and a displacement value, but otherwise
works like the PC-relative method. A double-byte
instruction specifies both the PTR and an 8-bit
displacement to that pointer.
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address and data line, they will show step-by-step
program execution.

Serial-data transfers under program control
are also possible with the uP. The serial-input
and output pins (SIN and SOUT, respectively)
work in conjunction with the extension register
built into the SC/MP. A serial input/output
(SIO) instruction shifts the contents of the ex-
tension register ones bit position. The contents of
bit position @ are shifted into a built-in output
flip-flop that holds the bit for the SOUT line. At
the same time, data present at the SIN line are
shifted into bit position 7 of the extension register.

Transfers on the data bus don’t have to be syn-
chronized to any particular timing sequence; de-
vices with widely different data rates can all con-
nect to the common bus.

System timing starts with the clock

The SC/MP’s built-in clock can operate at fre-
quencies of up to 1 MHz for the PMOS version
and 4 MHz for the NMOS model. For both
models, either an external crystal with an equiv-
alent series resistance of 600 Q) can be used for
precision timing, or a capacitor can be connected
across the clock terminals.

All necessary timing signals are generated by

m Auto-indexed, which provides the same capa-
bilities as the indexed mode, along with the
ability to increment or decrement the designated
PTR by the value of the displacement. In the
indexed mode, the value of the PTR remains
unchanged. However, in the auto-indexed mode
the PTR value changes. If the displacement is
less than zero, the PTR is decremented by that
value before the contents of the effective address
are fetched or stored. When the displacement is
equal to or greater than zero, the PTR is incre-
mented by that value after the contents or the
specified location are fetched.

® Implied, which specifies only internal regis-
ters. For example, the copy status register-to-
accumulator (CSA) command defines the status
register as the originating operand and the ac-
cumulator as the destination operand.

The SC/MP can handle interrupts. When one
occurs, the contents of PTR 3 are automatically
exchanged with the PC to do a subroutine jump
to the interrupt service routine. A jump-to-sub-
routine command also follows the same exchange
procedure, except that any PTR can be used. For
subroutine jumps, however, the PTR should be
set to a value one less than the subroutine-start-
ing address: The PC is incremented prior to the
instruction fetch cycle.
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the on-chip clock and timing generator. If de-
sired, the on-chip oscillator can be disabled and
the uP’s timing generator driven by an external-
ly generated clock.

Inside the P, instructions are executed in
multiples of microcycles. In the PMOS unit, 1
microcycle is twice the period of the oscillator; in
the NMOS unit, the microcycle equals four times
the clock period.

To start up the uP first bring the reset input
(NRST) low to clear the internal status and all
registers on the SC/MP. When NRST goes high,
the first instruction is fetched from location @gf1.
The continue (CONT) input permits the SC/MP
to be halted without losing any internal data on
status info. Bringing CONT high for one micro-
cycle allows a single instruction to be executed.

The CONT line, since it is an asynchronous
input, provides a simple way to step through a
program. If an interrupt is requested while
CONT is low, the first instruction of the user-

Double-byte instructions

Mnemonic Description Format
Memory reference instructions 321076543210
LD Load oh gtr| disp |
ST Store
AND AND
OR OR

XOR Exclusive-OR

DAD Decimal add

ADD Add

CAD Complement and add

D R e e Y

HALT  Halt 000
CCL Clear carry/link 000
SCL Set carry/link 000
DINT Disable interrupt 000
IEN Enable interrupt 000
CSA Copy status to AC 000
CAS Copy AC to status 000
NOP No operation 000

Memory increment/decrement instructions 21076543210
ILD Increment and load O|ptr dis,
DLD Decrement and load 0
Immediate instructions
Load immediate 11000100 data
ANI AND immediate 11010100
ORI OR immediate 11011100
XRI Exclusive-OR immediate 11100100
DAI Decimal add immediate 11101100
ADI Add immediate 11110100
CAl Compl and add i di 1151221 1.00
Transfer instructions 7654321076543210
JMP  Jump 100100[ptr| disp |
JP Jump if positive 100101
JZ Jump if zero 100110
JNZ Jump if not zero 100111
Ai instructions 7654321076543210
DLY Delay 10001111__disp |
Single-byte instructions
Extension register instructions 76543210
LDE Load AC from extension 01000000
XAE Exch AC and i 00000001
ANE AND extension 01010000
ORE OR extension 01011000
XRE Exclusive-OR extension 01100000
DAE Decimal add extension 01101000
ADE Add extension 01110000
CAE Compl and add 01111000
Pointer register move instructions 76543210
XPAL  Exchange pointer low 001100[ptr]
XPAH  Exchange pointer high 001101
XPPC  Exchange pointer with PC 00111
Shift, rotate, serial 1/0 instructions 76543
SIo Serial input/output 00011
SR Shift right 00011
SRL Shift right with link 00011
RR Rotate right 00011
RRL Rotate right with link 00011
Single-byte miscellaneous instructions 76543
00
00
00
00
00
00
00
01

OrrEer 00O (N~ mo |-
OO0~ |~|=~000O |~
O~O~O~OO|loI~O~0O~|o




5v TO TTL AND
SUPPLY |- +5V CMOS
CIRCUITS
Vss
i SC/MP
A =
NOMINAL Vee
7V SUPPLY |—
+
5V —— TO TTL
SUPPLY |-— Vss AND
+5V
% SC/MP =L CMOS
+ REGULATOR |— Y
B (LM 320) s TO PROM
o) 3
+
5v ™ TO TTL AND
SUPPLY 66 CMOS
SC/MP I COWERPING
(NMOS)

L s

4. No ground pin is available on the PMOS SC/MP
(a and b), but operation is possible with a +5 and —7 V
supply. On the NMOS version the V., pin is used as the
ground and the V. line to +5 V (c).

generated-interrupt service routine is automati-
cally executed.

The first operation performed by the uP for
each I/0 cycle loads the 12 least significant ad-
dress bits onto the address bus and the four most
significant address bits, along with four special
status-flag bits onto the data bus. While all the
bits are loaded, the NADS (negative-true address
strobe) output is brought low to indicate that ad-
dress and status information are valid.

The four status bits, R, I, D and H-flag, indi-
cate the following : RFLG—when high, the current
I/0 cycle is a read cycle; when low, a write cycle.
IFLG—when high, the instruction op code
(single-byte instruction or first byte of double
byte instruction) will be output from memory
after a NADS signal. DFLG—when high, a delay
instruction is being executed. HF LG—when high,
the processor is held in the halt mode.

Systems based on the SC/MP can handle exter-
nally generated or program-initiated interrupts.
When set, the internal-interrupt enable (IE) flag
lets the sense-A line serve as an interrupt-request
input (Fig. 5). When reset, the IE flag stops the
SC/MP from detecting any interrupts.

While the IE flag is set, the sense-A input gets
tested prior to the fetch phase of each instruc-
tion. Upon detection of an interrupt request, the
IE flag gets reset, the contents of the program
counter are exchanged with the contents of
pointer register 3, and the contents of the pro-
gram counter are incremented by 1 to address
the first instruction of the user-generated service
routine, thus handling the interrupt.
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The various addressing modes of the SC/MP
(see software box, p. 64) allow the uP to rapidly
access any location in memory. The pointer regis-
ters are considered very powerful because all
memory-reference instructions specify either a
pointer-register or the program counter. An ex-
ample might help illustrate the uP’s versatility.

An example illustrates the pointer

The example lets the SC/MP load a number from
a RAM location into the accumulator (AC), add
it to the value in the extension register (E), push
the result onto a software stack and, finally, call
a subroutine.
To set up the program, first make some point-

er-register assignments:

P1 = RAM address pointer.

P2 = Stack pointer.

P3 = Subroutine pointer.
Next, write the program (the indexed address-
ing mode should be used) :

LD 5(P1) ; Load data stored at (pointer
register 1) +5 into AC
ADE ; Add value previously stored

in E to AC
ST @-1(P2) ; Push onto stack with auto-
increment (@) addressing
XPPC B3 ; Jump to subroutine
To pull the value dumped onto the stack, use
LD @ 1(P2).
However, since P2 always points to the top of the
stack, make sure that no other operations take
place to change P2 before you access the stack.
If possible, the three pointer registers should
be assigned so that each points to an important
block of RAM or ROM, such as a subroutine,
RAM variable list, a table, stack or I/0 device.
For example, if all I/0 devices are within a
255-word block of memory, one pointer can ac-
cess all devices by using indexed addressing. A
pointer must be loaded in two parts. The follow-
ing list shows P2 being loaded from “lower” and
“upper” RAM locations, which use P1 as their
base pointer:
LD lower (P1) ; Load lower 8 bits into AC
XPAL P2 ; Exchange AC with lower
half of P2
LD upper (P1) ; Load upper 8 bits into AC
XPAH P2 ; Exchange AC with upper
half of P2

Load immediate (LDI) instructions can be used
if data are in the program, not in RAM.

System support comes in all forms

Since the SC/MP is designed with low system
cost in mind, a variety of low-cost development
aids are available to you (Table 2). The cheapest
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What goes on inside the SC/MP microprocessor?

The SC/MP microprocessor,

RDNJ)??BESS 12-BIT
in either its p or n-channel ver- r § ADDRESS
sions, forms an almost complete PR S0 2
minimal microcomputer system. GUTRIT Anecss @

The chip has all the registers, A Q
the arithmetic and logic unit é PROGRAM COUNTER PROGRAM COUNTER _@Vss
(ALU), an oscillator and enough = {HIGH) < = (LOW)
. 9| |POINTER REGISTER | 8 § POINTER REGISTER|
buffers to drive one TTL load o (HIGH) z 2 (LOW)
on every pin. = PGNTED‘:H:RGF’:"(§ISTER2 @ 9 POINTEFLCI}EIG)lﬁERZ VGG
. . ['4 o o

There are seven major regis- *| [PowTeR recisTER3| o w POINTER REGISTER3,
ters in the SC/MP uP: a 16-bit (HIGH) w g __(Low)
program counter (PC), an 8-bit o T
accumulator (AC), three 16-bit AND SHIFT

pointer registers (PTR), an 8-
bit extension register (E) and
an 8-bit status register (SR).
Like other microprocessors, the
PC holds the address of the in-
struction being executed. How-
ever, the PC’s output is divided

x1(@ OSCILLATOR

ACCUMULATOR
xa(3)—|_TIMING GEN ‘

sm
EXTENSION
REGISTER
souT
7)sENsE
1/0 ENSE
‘ | STATUS | E—.S
CONTROL REGISTER B

into a 4-bit, high-order address (®)FLaco
and a 12-bit, low-order address. iy
When incremented, only the 12 GATING
low-order bits act as a counter; [} I TN < e
no carry is generated to the four c0NT A CONTROL
high-order bits. e (R

For systems that require more @ AND (4-BITS)

NRST
memory than the 12 low-order s
bits can address (4 kwords), the A G PRl L
INSTRUCTION | DATA 1/0 }

four high-order memory-address L_R_EG1lS_T§B_} T HEERIERC. 8-BIT

bits can be loaded into a 4-bit
latch fed by the data bus when
the address strobe line is low.
They can also select any one of 16, 4-k blocks.

The AC is the main working register of the
pP and is used for storing the results of ALU
operations, as well as for data transfers, shifts
and rotates.

Three pointer registers can be used as tem-
porary memory storage, memory address-base
pointers and subroutine address pointers but
their primary use is in memory references.
Either the upper or lower eight bits of a PTR
can be exchanged with the contents of the AC,
which permits the PTRs to be used as either
address-storage or data-storage registers.

The E register, similar to the accumulator in
function, can be used three ways:

1. As an 8-bit extension of the accumulator
and to store a computation’s partial result.

2. To hold an address displacement value if
the second byte of a memory-reference instruc-
tion is equal to —128,,. (This feature applies to
PC-relative, indexed and auto-indexed address-
ing modes described in the box discussion on
software, p. 64.)

3. As a serial input/output port under soft-
ware control.

The last major register is the SR, whose eight
bits are used for various indicator and sensing
functions. Bits 0, 1 and 2 are software controll-

ELECTRONIC DESIGN 2, January 18, 1977

DATA
170

able flag bits (F0, F1 and F2). The next bit,
bit 3 (interrupt enable), can also be set or reset
under software control. When set, the uP will
recognize an interrupt request on the sense-A
input line (interrupt input).

Both the sense-A and sense-B bits (bits 4 and
5) are inputs and can be tested by copying the
SR into the AC. When the interrupt-enable bit
is set and sense A goes high, an interrupt
occurs. The sense-B input doesn’t have the inter-
rupt capability, but otherwise performs like the
sense-A input. The sense-A and sense-B bits in
the SR are read-only indicators and are not af-
fected if the AC is copied into the SR.

Bit 6 represents an overflow and is set if an
arithmetic overflow occurs during an add—
ADD, ADI or ADE—or complement-and-add—
CAD, CAI or CAE—instruction. It is not affect-
ed by decimal-add instructions—DAD, DAI or
DAE. (For mnemonic explanations see software
discussion, p. 64.)

The last bit of the SR is a carry/link bit,
which gets set if a carry from the most signifi-
cant bit occurs during an add, complement-and-
add or decimal-add instruction. It is used in the
link form with such AC shift instructions as
shift right with link (SRL) and rotate right
with link (RRL).
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INITIALIZE

INSTRUCTION NO
FETCH
TIME

)
NS

YES

INTERRUPT
SYSTEM
ARMED

SENSE A NO A)
INPUT
Hl% it
INTERRUPT——={ YES

RESET INTERRUPT ENABLE
EXECUTE XPPC3

INCREMENT PC
FETCH INSTRUCTION
EXECUTE INSTRUCTION

e

5. Halt and interrupt requests are processed in the
SC/MP by a continually monitored loop that checks the
sense-A input line for interrupt signals and the continue
input line for halt signals.

- : Ly 4

6. The SC/MP kit and keyboard kit combine to make a
low-cost minimal operating system. All that’'s needed for
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is the SC/MP kit, which is a minimal system
with a teletypewriter interface.

A recently introduced portable terminal, known
as the SC/MP keyboard kit, permits program
entry and register and address display. The com-
bination of the SC/MP and keyboard kits
(Fig. 6) provides you with a SC/MP uP, 256
bytes of RAM, 512 bytes of preprogrammed ROM
(containing Kitbug—a debug and I/0 program),
a teletypewriter interface, a voltage regulator, a
circuit card and all required discrete components.

The keyboard kit, which can replace the tele-
typewriter, links with the SC/MP via a cable and
some interface circuitry. The SC/MP kit is also
available completely assembled and tested.

For more extensive system development there
are three SC/MP application cards—CPU, RAM
and ROM/PROM. The CPU card contains 256
bytes of RAM and space for 512 bytes of PROM,
and can address the full 64-k of memory. The
RAM card contains 2-k bytes of RAM and all
necessary address decoding. The ROM/PROM
card has full address decoding built in and comes
unpopulated, but has space for 4-k bytes of ROM
or PROM. All application cards come factory-
assembled and tested.

A complete, stand-alone, low-cost development
system (LCDS) can hold the application cards
and give you detailed system control and soft-
ware-debugging capabilities. With a 6-digit hexa-

operation is a power supply. The keyboard’s built-in dis-
play shows addresses and data.
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decimal display and a control keyboard, you can
display and alter the contents of the SC/MP’s
program counter, register and accumulator, as
well as any memory location. You can also ini-
tiate program execution at any memory address,
set software breakpoints, load IMP-16 or Fortran
cross-assembler-generated paper tapes, and dump
programs onto the paper tapes.

LCDS I/0 is switch-selectable between the
front-panel keyboard and a user-supplied tele-
typewriter. Although all features on the LCDS
are available through the TTY, the TTY’s paper-

ELECTRONIC DESIGN 2, January 18, 1977

®

7. A typical industrial application may use the SC/MP
to control the speed of a dc motor (a). The controller
senses the motor speed via a tachometer and feeds it to
the SC/MP through an a/d converter. The SC/MP in turn
sends back a digital control to the SCR bridge. The en-
tire process, outlined in flow-chart form, shows one pos-
sible approach to the control (b).

Table 2. SC/MP system support

Price
Product Description (1-24)
SC/MP kits and development systems
ISP-8K /200 SC/MP kit $ 99
ISP-8K /220 SC/MP kit assembled 125
ISP-8P/301 SC/MP low cost development 499
system (LCDS)
ISP-8K /400 SC/MP kit keyboard 95
SC/MP application cards
ISP-8C/002 SC/MP RAM card (2-k X 8) 160
ISP-8C/004 SC/MP ROM/PROM card 125
(4-k x 8), with sockets for
eight MM5204 / MM5214
ISP-8C/100 SC/MP CPU card (includes 250

256 X 8 RAM and sockets for
512 X 8 of ROM/PROM)

SC/MP cross assembler software packages

ISP-8S5/100C,Q| SC/MP (IMP-16 based) 4-k 150
cross assembler (object paper
tapes/punched cards, and
listing)

ISP-85/101C,Q| SC/MP (IMP-16 based) 8-k 150
cross assembler (object paper
tapes/punched cards, and

listing)

ISP-8S/103C SC/MP (Pace based) cross 150
assembler

ISP-8S/102P SC/MP (ANS Fortran) cross 495
assembler

NIBL National Industrial Basic 25

tape reader and punch are needed to do cross-
assembler memory loads and dumps.

Software available for the SC/MP includes a
high-level interpretive language written especial-
ly for the industrial user, National Industrial
Basic Language (NIBL), which requires no in-
termediate files or paper tapes. NIBL fits into
4-k of ROM and uses 2-k of RAM for program
and variable storage.
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AVAILABLE

FROM STOCK 4OV P
SCHOTTKY V.
BARRIER

RECTIFIERS

—65 to +150°C OPERATING TEMPERATURES

Varo Schottky Barrier Rectifiers offer you many significant
advantages:

VERY LOW FORWARD VOLTAGE DROP (VF)

Because of the large metal-barrier-to-silicon junction, Vg
ranges are from 550 mV, i = 1 A, to 620 mV, ig = 40 A.
This results in less heat dissipation, low power loss, and
greatly improved efficiency.

EXTREMELY FAST RECOVERY TIMES (t;;)

Typically < 10 nsec. Schottkys are ideally suited for low-
voltage power supplies, free-wheeling diode and flyback
diode applications, and polarity protection in high-speed
switching circuits.

MAJORITY CARRIER CONDUCTION

In addition to fast recovery, Schottky barrier construction
results in high surge capacity and low stored charge.
Schottkys are not subject to conventional P-N diode for-
ward and reverse recovery transients caused by minority
carriers.

OTHER VARO SCHOTTKY FEATURES ARE:

e -65to +150°C junction operating temperatures

e 1A 3A 5A, 15A 30A and 40A (lp) ratings

e 20V, 30V, and 40V (VRRM) ratings

e Low reverse leakage

e Epoxy axial lead, DO-4, DO-5, and TO-3 package con-
figurations

e Competitive pricing

Try one in your circuit; you will see for yourself these

advantages and more.

For more information and data sheets on all Varo Schottky
Barrier Rectifiers call Mike Hawkins, 214/272-4551

Design us in . . . we'll stay there VARO

VARO SEMICONDUCTOR, INC.

P O. BOX 676, 1000 N. SHILOH, GARLAND, TEX. 75040
(214) 272-4551 TWX 910-860-5178

EUROPEAN OFFICE: UK: VARO SEMICONDUCTOR INTERNATIONAL, INC.
Deepdene House, Bellegrove Road, Welling, Kent, England DA163PY, 01-304-6519/0

CIRCLE NUMBER 36
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Conversational cross-assemblers that run on
IMP-16 and PACE-based minicomputers com-
plete the SC/MP support. The PACE version
also provides macro capability. Both minicom-
puter development systems have a floppy-disc
operating system to simplify extensive program
development.

Both versions of the cross-assembler come with
PROM-SOFT, a PROM programming routine.
With an optional PROM programming card, a
PROM can be generated for final system applica-
tion.

An ANS Fortran version of the cross-assem-
bler, on GE Timeshare and National CSS net-
works, is also available.

Applying the SC/MP

The following application puts SC/MP into an
industrial environment as a motor-speed control-
ler (Fig. 7a). The dc motor’s speed is controlled
by varying the power applied to it through the
full-wave SCR bridge. The power, in turn, is con-
trolled by timing, or phasing, the SCR gate
pulses. The microprocessor generates all of the
phase-control timing, senses the motor’s speed,
adjusts the applied power to bring the motor’s
speed to the set point, and provides a digital
readout to the operator.

The circuit operation starts with an interrupt
from the 60-Hz ac line. Upon interrupt, the
SC/MP computes the delay required for the
proper phase angle and sends this 8-bit value to
a digitally controlled delay circuit. This circuit
may be an oscillator and counter, or some form of
programmable timer. The delay circuit drives the
SCR gates, which apply power to the de motor.

The motor shaft is linked to a dc tachometer
that generates a feedback signal directly propor-
tional to the motor’s speed. A low-pass filter re-
moves any brush noise. This feedback signal is
presented, along with a motor-current feedback
signal, to an 8-bit a/d converter through an ana-
log multiplexer.

The SC/MP computes and displays the motor’s
speed from the tachometer feedback, then com-
pares the motor speed with the digital set point
and corrects the phase angle accordingly. The
loop starts over again. (The flow chart for the
actual program is shown in Fig. 7b.)

A SC/MP subroutine can give the desired
motor start-up, including corrections for back
EMF. The SC/MP can drive the digital readout
with a minimum of external hardware and re-
ceive digital set-point information from a key-
board or computer. Computations or conversions
on the incoming data can also be done. For ex-
ample, if the motor is driving a conveyor belt, the
SC/MP can compute and display the speed of the
belt in ft/min. ==
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There you are at 30,000 feet.

And whom do
you turn to?

The entertainment console

in the armrestof.your passenger seat

was most likely made by us. We've

supplied at least 85% ot all of the entertainment
consoles usediin today’swide-bodied commercial jet
aircraft: So you've had FECO experience all this time
. witheut knowing it.

We're telling younow becatise we thought it's time vou knew
that we do more thandlakggthumb\Whec! switches, tape
redders, angrpackaging hardware.

EECO is part of'vour life.

&

1441 East Chestnut Avenue, Santa Ana, Calitornia 982701

CIRCLE NUMBER 37 Phone 7714/835-6000
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What makes The

faster and easier?

..Rapidograph,
Rapidometric,
Rapidograph SL

Finest precision, highest quality
Technical Pens offer the most
complete range of line widths.
Points available in hard
chromed stainless steel,
sapphire jewel and

tungsten carbide.

..Pelikan and
Koh-I-Noor
Drawing Inks

Specially formulated for the
most exacting
requirements.

3084-F BLACK

— RS0k, )
“owtN 1‘},

RAPIDRAW
TNIK

DRAFTING FILM

ISBURY N J 08804

fl. 0z, (22 ml.)

..Rapidraw
Drafting Film

A virtually indestructible film with

a fine-toothed surface for maximum
precision and reproducibility in
engineering drawings.

| R
G [ | G o | TRP [P __——

KOH-F-NOOR
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“RAPIDRAW”

stem

To learn how The “Rapidraw” System can help you save money and achieve
highest quality engineering drawings, call Koh-I-Noor on our toll-free number
800-631-7646 or collect 201-479-4124.

..Koh-I-Noor
Ink Erasing
System

Erasures can be made on the film
with confidence and ease without
marring the film surface, as often

as required.

...Syslem_
accessories

Designed to make drafting with ink
on film even easier than you might
Suppose.

YOU GET MORE FROM

What makes
us the
authority?

Koh-I-Noor has developed
Rapidraw, a System of totally inte-
grated instruments and materials,
providing a remarkable simplifi-
cation of drafting techniques. This
System makes direct ink drafting
on film the most practical method
to achieve precision engineering
drawings, as confirmed by leading
industries. We would like to give
you a free manual completely
describing our System.

Direct Drafting with Koh-1-Noor
Rapidograph Technical Fountain Pens
nd Orawing Ink on Film

KOH-I-NOOR

The “Breakthrough” Company

Koh-I-Noor Rapidograph, Inc., 100 North Street, Bloomsbury, N.J. 08804
In Canada: Koh-I-Noor/Canada/Ltd., 4180 Ave. de Courtrai, Montreal, Quebec H3S 1C3.

CIRCLE NUMBER 150
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TECHNOLOGY

Control an intelligent teletypewriter with
a simple wP system. Pack all control and communication
functions into the system’s software instead of the hardware.

Low-cost, intelligent teletypewriters that re-
quire text storage and the printing of a few hun-
dred characters can benefit from a uP-based con-
troller. Not only can this type of controller
satisfy the requirements with minimal hardware,
but it also can supervise the storage with soft-
ware-based commands that are easily changed or
added as required.

Just five ICs complement the controller’s micro-
processor. And since the uP’s power isn’t ex-
hausted, it can do things that might otherwise
have to be done by extra single-function chips:

® Handle serial-input and output data commu-
nication.

= Recognize and execute typed commands.

m Control text storage in the controller’s
RAMs.

The system uses only six chips

The intelligent-teletypewriter controller (ITC)
uses the Signetics 2650 uP (Figs. 1 and 2). Two
static RAMs can hold up to 250 typed characters,
and one PROM with a 512-byte capacity holds the
uP’s program. Two NAND gates, in a package of
four, decode RAM-chip selects ; the other two buf-
fer the uP’s serial input and output lines to the
terminal.

The ITC connects with either a 20-mA current-
loop or lines capable of swinging +7.5 V around
the teletypewriter’s signal ground (V, Out—).
That signal ground is biased at 7.5 V above the
controller’s power-supply ground so that the
driver’s high state (15 V) and low state (0 V)
look like =7.5 V to the external receiver.

Since the current-loop is usually noisy because
of mechanical-relay switching in the terminal, the
TTY-In line is pulled below ground by a voltage-
divider network connected between —15 V and
+5 V.

A dual one-shot chip generates the system
clock. The 1-MHz clock signal drives the uP and
controls the serial baud rate. Changing a one-shot
timing resistor varies the character-transmission

Roy Blacksher, Applications Manager, Signetics, 811 E.
Arques Ave., Sunnyvale, CA 94086.
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1. The PC-board layout of the intelligent-teletypewriter
controller includes a pot that varies the system clock,
which indirectly changes the serial transmission rate.

rates from 110 to 300 baud.

Input and output serial-asynchronous lines car-
ry the standard teletypewriter language, which
begins with a start bit followed by seven data
bits, and ends with one or more stop bits (Fig. 3).
The pP synchronizes on the start bit. The subse-
quent bits are assembled into characters in an
internal register. An incoming character may
command the ITC to perform an operation, or it
may be a data character that must be stored in
memory. The six commands that control ITC re-
sponses are listed in Fig. 4.

The ITC program (Fig. 5) is designed with
structured programming techniques that require
self-contained subroutine modules to be written
for each function. The Out subroutine, for exam-
ple, formats the bits that go to the terminal. Each
subroutine is called by the main program, which
functions as a central switching center.
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2. The controller schematic shows the uP, with PROM,
RAM and support circuits. Standard 74-series TTL gates
drive and receive the serial lines.
Adding or changing modules requires very
little modification of the main program. If more START BIT

teletypewriter commands are needed they can be
programmed into additional PROMs. For exam-
ple, a command may be added to delete a line and
push the remaining lines together.

At power up, the main program branches to an
initialization routine that performs necessary
housekeeping tasks. Then control returns to the
main program, and the ITC enters a ‘“do forever”
loop that includes several subroutines.

The In subroutine takes the serial data

The subroutine, called In, loads a character into
one of the uP’s registers. When the character is
accepted, the program executes the appropriate
operation, then returns to the start-bit search
routine.
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3. The serial-data format between controller and tele-
typewriter is standard. Communication starts when the
start bit, always a logic ZERO, is received.

75




Figure 6 shows the flow chart for this subrou-
tine. Because the uP’s Sense-input line goes di-
rectly to bit 7 in the upper byte of the program-
status word (PSU), this bit can be tested by the
software. (Similarly, the Flag-output line con-
nects to bit 6 of the PSU, so the flag can be
driven by software commands.)

The subroutine checks for a start bit. When
the Sense line stays at logic ZERO for two suc-
cessive checks, character accumulation begins.
This check prevents a noise spike from triggering

Keys Function performed
depressed

Rubout Erase last character in memory and
echo the erased character. Ad-
ditional preceding characters can be
erased by continuing to depress the

delete key.
CTRL and E
CTRL and B

Erase entire memory.

Used to indicate the beginning of an
inserted message. The command is
not printed, but stored in memory.
Stops printout when read from
memory. Required once for each
unique information entry point.

CTRL and C | Continues printout of memory after

entry of unique information.

Prints out contents of text stored in
memory.

CTRL and P

CTRL and R Software reset. Clears text buffer

and restarts program.

4. The ITC has six commands. The last five are entered
by holding down the control key, labeled CTRL, while
simultaneously pushing the letters. Similar to using a
shift key on a typewriter, this operation generates an
ASCII code different from the letter's code.

the serial-input routines. The samples are sepa-
rated by a time corresponding to one-half the
bit period. Two instructions initiate the search
routine:

® Store program status upper (SPSU).

m Branch on condition true, relative
(BCTR,N).

The first instruction stores the contents of the
program-status word’s upper byte into register
zero (R,). If a start bit is not present on the
Sense line at the time it is tested, bit 7 is a logic
ONE. Since bit 7 is recognized by the 2650 as the
sign bit, a negative value is reflected by the two-
bit condition code (CC,, CC,) which monitors the
status of all register operations.

The second instruction branches back to the
first -instruction if the condition code indicates
that the word loaded into R, is negative. If a start
bit is not detected, therefore, the routine is re-
peated. When a start bit i¢s detected, the loop is
broken, and the uP proceeds to the instruction
following the branch.

The start bit now loads into register 1 (R,),
and the program begins to accumulate bits. To
make room in the most-significant-bit position,
R.’s contents are shifted right one bit position for
each of the seven subsequent data bits.

The Sense line gets sampled every bit period.
Since the start bit is not accepted until after a
half-bit delay, the bits that follow are sampled in
mid-period.

Label | Instruction| Operand| Comments
(sub-

routine
name)

INITIALIZE TYPEWRITER

Unconditional branch to
initialize subroutine.

MAIN| BSTA, UN [INIT

DO FOREVER

DO WHILE CHAR = NULL

[ INPUT CHAR.

Unconditional branch to
input char: subroutine
(put char in R,).

LOOP|BSTA, UN |[IN

CHECK FOR CONTROL CHAR.

CONTROL
CHAR?
YES NO

COMI, R, |[NULL [Compare R, with ASCII

for null (00).

If a null. Go back and

BCTR, EQ |LOOP
look again.

PRINT MODE
ON?
YES 0

If not a null check for
control char.

BSTA, UN [CNTL

PUT CHAR. IN
SAVE BUFFER

BCTR, Z |[LOOP |[If a control char. go

back and get next char.

ROOM IN
BUI-;FER

NO YES

If not a control char check
to see if print mode.

LODA, RO |PMOD

BCTR, N [LOP1 |[If print mode set don't

save char, just echo.

RING
¢ | BELL

(ECHO)

BSTA, UN [SAVE If not set, save in buffer.

OUTPUT CHAR.

A A

BCFR, Z |[LOOP |If no room in buffer go

back to find next char.

5. The structured flow chart of the main program (left)
and instructions (right) shows the order in which the
subroutines are called.

76

Print out char either
saved or printed.

LOP1|BSTA, UN |OUT

BCTR, UN|LOOP |Go back and find next

char.
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( SERIAL INPUT PROCESSING)
3z

1
| TEST SENSE LINE |

START BIT?
YES

I DELAY 1/2 BIT TIME l

[

l TEST SENSE LINE ]

START BIT
NOISE P
NO

INITIALIZE
R =0
Rp=7

]

[ DELAY | BIT TIME j

l SERIAL TO PARALLEL CONVERSION I

SEVEN BITS
RECEIVED 2

DELAY | BIT TIME

6. The flow chart for the subroutine In shows how serial
data are entered into R,. Register 2 serves as a seven-
bit counter, allowing only the seven data bits to fill up R;.

Register 2 (R.) is initially loaded with a
binary 7. For each bit transferred, R, counts
down. When all seven bits are accumulated
(R, = 0), control returns to the main program.

Now the main program must decide what to do
with the character. So the program branches to
subroutines that compare the contents of R,
against a list of possible character types. Sub-
routine Null determines if the character has the
ASCII code, 00 (hex). If it does, the program ig-
nores the character and looks again.

Other subroutines match R,’s contents against
a known list of control characters. An identified
control function is serviced by its subroutine.

If the character isn’t a control or null, then
it must be a data character. The program then
proceeds to store it in RAM. The main program
gets a pointer that indicates the first RAM loca-
tion available for storing the data. That pointer
is first compared with a RAM location containing
the number of available buffer locations. If that
number isn’t 0—the buffer isn’t full—the char-
acter is stored in RAM. The pointer is increment-
ed, and the buffer-number indicating buffer size
is decremented. A final instruction sets a condi-
tion code that indicates if the memory has room
for more characters.

If the buffer is already full, the program
branches to a subroutine that directs a bell on
the terminal to ring. The bell also rings if the
operator requests printing when there are no
stored characters, or if he wants to delete more
characters than are stored.

When a print command from the teletypewriter
sets a print-mode flag, all characters in the ITC’s
memory are printed until a stop command is re-
ceived. The print flag is reset at the end of the
routine that transfers characters from the save
buffer to an output-holding register.

The character-output subroutine called (Out)
is similar to the In subroutine, except that it is
reverse order. The eight bits of data in the out-
put register go through the uP’s Flag line to the
serial-output line.

Before starting an output routine, the pro-
gram first ensures that two stop bits have been
sent after the last output subroutine. This delay
gives the terminal time to complete such mechani-
cal functions as moving a hammer to the print
head.

A start bit is first sent out by clearing the flag
bit in the PSU. The flag output now stays low for
one bit period. The first bit of the ASCII charac-
ter is then shifted to the MSB of R,. If it is a
logic ZERO, the flag line stays low. If it is a logic
ONE, the flag is set high, and a one-bit delay is
performed before transferring the next bit. When
all seven bits are output, the main program
again takes control. mm=

Table 1. Program listing for the intelligent teletypewriter controller

THIN RSSEMBLER VER 2.0 ITSCE - 2650 INTELLIGENT TYPEWRIT PRGE A@dl
LINE ADDR OBJECT E SOURCE

2062 B B L R e e

anaz + INTELLIGENT TYPEMRITER SYSTEM - MODEL C - VERSION 6
L I 2 L hddaadsaas ey SRR LR LS e e FRREERRRY PO PR EEN RO ok
885 + PPOCESSOR SYMBOLS

BRBE B ] EOU B PROCESSOR REGISTERS

Ba07 ARa1 Pl EQU 1

ARRS (082 F2 EQU 2

A9 (Aaz R2 2cl] 2

0016 4829 SENS  EQU H/88° SU - SENSE

o911 A34a FLAG EQU H7 48" FLAG

0812 0820 11 EQU H 2’ NTEFRUPT INHIEIT
8242 aaa7 - Eou Hare ALK POINTER

914 9600 cC E0l H LR’ S NDITION CODE

9315 3629 C e H 28’ PEL - INTERDIGIT CARRY
5 G RS EQU H’18" PSL - REGISTER BANK SELECT

ELECTRONIC DESIGN 2, January 18, 1977

4017 A0S e EQU H/B2’ FEL - 1=WITH CARRY, G=WITHOUT
318 60nd oF  EM H 84 FEL - OVERFLOW
@ M e H'B2’ POl = COMPHRE, G=ARITHMETIC COMP
C £y H’@t’ FSL - CRRRY/RORROM
Z EQu 1] ERANCH CONDITIONS - ZERO
3 EQU 1 FOSITIVE
N EQU z NEGATIVE
E0 2el] a EQUAL
a7 EQ) 1 GREATER THAN
L7 =22] 2 LESS THAN
N EGU 3 UNCONDITIONAL
¥
* 170 SYMBOLS
NULL  EQU H@a’
ce E0U H8D’ CARRIAGE FETURN
LF EQU H @8R’ LINE FEED

SPAC  EQU H 2’ SPACE KEY
06424 W7F DELE  EOU H7F DELETE KEY

(continued on page 78)
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78

8129 0856 2FEASA
0170 0859 17
M3

BSTA/ N [LAY DELAY 1#1/2 BIT TIMES TO END OF PARITY EIT
PETC, N

+ FND F KFYBORRD PROCESSING MODULE

8025 0902 CILe  EW Haz CONTROL+C KEYS

0026 0085 CTLE EQU H85° CONTROL+E KEYS

8027 0816 P EQU H18” CONTROL+P KEYS

8828 0812 CTLR  EQY H12* CONTROL+R KEYS

9929 0913 ClLs  EQU W13’ CONTROL#S KEYS

0049 0807 BELL EOQU L4 QUTPUT CHAR TO RING BELL

g; 0868 RN EQU g KEO/PTR CHARACTER LENGTH INCL FARITY BI T
*

9943 *

0044

0845 6009 RG L FAM PORTION OF PROGRAM

346 * YARTABLE STORAGE IS DEFINED AT LOC H’798’

2947 * FOR PROTOTYPING SYSTEM CHECKOUT ONLY. ITS

2848 * PERMANENT ADDRESS MILL BE H’208’.

349 + YARIABLE STORAGE

4950 8768 VSTR  EQU $ START OF YARIABLE STORAGE

8851 + GLOBAL VARIABLE

0052 6768 PMOD  PES 1 PRINT MODE SWITCH=® IF OFF, =H'FF* IF ON

2053 * SAVE BUFFER MODULE VARIRELES

8854 6701 SOPT  FES 1 POINTER FOR FILLING SAVE BUFFER

9955 @762 SIPT  RES 1 POINTER FOR PRINTING SAVE BUFFER

9856 e7a3 SBUF  RES 259 SAYE BUFFER FOR LATER PRINTING

THIN RSSEMBLER VER 2.8 17506 - 2650 INTELLIGENT TYPEWRIT PAGE 665

LINE AOOR OBJECT E SOURCE

132 * DELAY POUTINE - 70 PROVIDE TIMING FOR 11 BAUD SERIAL INPUT/QUTPUT
0124 * BASED ON A AMHZ INFUT CLOCY. ENTRY AT DLAY PROVIDES A ONE EIT
8125 * DELAY; ENTRY AT DHAF PROVIDES A HALF BIT DELAY AND REQUIRES THAT
2136 * P@ BE PREYIOULSY SET T0 @

9437 295A 20 DLRY ECRZ Fa

043¢ FETE EORR,PB ¢

8439 885D FE7E EORR.RE ¢

0149 GASF FETE OHAF  EOPR.RD ¢

8141 0861 BAES LODLPS  HES’

0142 0062 FETE BORR,RE ¢

0147 9965 17 CETC. 1M

THIN ASSEMBLER VER 2 8 ITSCE - 2650 INTELLIGENT TYFEWRIT PRGE 0906

THIN RSSEMBLER VER 2.6 17506 - 2658 INTELLIGENT TYPEWRIT PAGE pa@2
LINE ADOR (OBJECT E SOURCE

857 B7FD
0958 87F0

SEND  EQU §
VEND  EQU £

END OF SRYE BUFFER
END OF VAPIRBLE STORAGE AREA

THIN ASSEMBLER VER 2 @ ITSC6 - 2650 INTELLIGENT TYPEWRIT FRAGE @983

LINE ADDR OBJECT E SOURCE

80968 @7FD ORG 13 PROM/ROM PORTION OF PROGRAM

238 *

0962 2000 1FeRA2 RSET ECTRLUN  MAIN PESET ENTRANCE - MAIN PROGRAM

[ 0x3 +

064

0065 * MAIN PROGRAM - INTELLIGENT TYPEWRITER SYSTEM

2966 *

B067 0902 Foezl MAIN  BSTA.UN  INIT INITIALIZE TYPEWRITER

G862 0006 2FeE23 LOOP  BSTR/N IN GET INPUT CHRR INTO P1

GAE0 ARR9 ESER COMLRL ML IF ITS A NULL

0079 8A08 1879 BCTR.EQ  LOOP THEN GET MEXT CHAPRCTER

0871 9980 2F@a37 BSTR,UN  ONTL IF CONTROL FUNCTION - EXECUTE FIN
0872 8910 1874 BCTR.Z LOOP AND GET NEXT CHARACTER

8672 6212 60700 LODR P8 PMOD IF PRINT MCOE ON

8074 0815 1R8S ECTRAN  LOPL THEN DONT SAYE CHAR - ECHD CHAR ONLY
8675 0A17 2FACS ESTA/ N SAVE ELSE PLACE CHAR IN SAVE BUF IF ROOM
8076 0B4A 9%6A ECFR, 2 LOOP IF NO ROOM, DONT ECHO CHAR

9877 0040 2FOREI LOPL  BSTRVN  OUT ELSE ECHO LITERAL CHARACTER

2972 081F 1BES BCTR N LOOP AND GET NEXT CHARACTER

2879 *

920

(<258 + INITIALIZE SYSTEM

@82 GB24 7629 INIT PPN 1T INHIBIT INTERRUPTS

6a83 0823 7518 Pl HCRS SELECT BNK® REGS + ARITH/ROTATE W/0 CRERY
Ba4 2925 7702 PPSL Com SELECT LOGICAL COMPARE

0685 6R27 A7FD LODLRZ  VEND-VSTR  R2=LENGTH OF VRRIRBLE STORMGE
0026 2929 20 EORZ L

BS7 A2 CF4709 INIL  STRA.RE  VSTR.RZ,-  ZERO YWRIRBLE STORFGE FPER

9293 9820 SE7B EFNR.RZ  INIL

B899 OA2F 2FRE36 ESTR/IN  ITIN INITIALIZE INPUT DEVICES

9990 4932 IFOREE BSTA,UN  ITOT INITIALIZE QUTPUT DEVICES

9891 0835 17 RETC, N EXIT

2092 * END OF INITIALIZATION MODULE

TWIN RSSEMBLEFR VER 2 9 1TSCE - 2650 INTELLIGENT TYPEWRIT PRGE G004

LINE ADDP OQBJECT E SOURCE

8094

855 * INPUT CONTROL MOOULE

M9 * THE FOLLOWING SUBROUTINES WOLLD NOPMALLY SMITCH INPUT CONTROL
0997 * BETHEEN THE YRRIOUS INPUT DEVICES SINCE THERE IS ONLY ONE INPUT
9092 * DEYVICE THESE FOUTINES ARE EQUATED DIRECTLY TO THE YEVBORRD ROUTINE
P99 *

0160 086 1FAGIC ITIN BCTR.UN  ITKY FOUTINE TO INITIRLIZE THE INPUT CEVICE
0161 839 1FOAZD N ECTR.UN  KYIN POUTINE TO GET AN INPUT CHRRACTER

982 + END OF INPUT CONTROL MODULE

8162 *

2404 TAE

6185 + YEYBORRD PROCESSING MODULE

2166 *

@167 * NO KEYEDRRD INITIALIZATION NECESSARY

2102 8930 17 ITKY  RETC,IN

8169 *

o110 + GET R KEYBORRD CHARACTER

858 *

0112 * THIS ROUTINE SERIALLY INPUTE R CHARACTER FRCM THE KED THRU THE
8112 * SENSE EIT.  THE ROUTINE DOES NOT INPUT THE PRRITY BIT

2114 920 568 KYIN LOOLPL @ FL WILL HOLD CHAR ON EXIT

@115 OIF 8567 LOOLP2  CRLN-1 R2=CHAPRCTER LENSTH-PRRITY BIT

2116 9944 12 kYl SPSU GET SENSE BIT (BIT 7)

8447 9942 1A7D BCTRN KYIL IF NOT A START BIT-LOOP UNTIL IT COMES
112 9044 20 EORZ 2] DELAY 1/2 BIT TIME TO MIDDLE OF START BIT
9119 8945 2FEASF ESTR.UN  DHAF

3128 0948 12 SPeU IF NOT STILL R START BIT

0121 0049 1A76 ECTRN  KYIL THEN IT WHS NOISE, SO YEEP LODKING

G122 B4B IFOECA KYl2 EBSTR.UN DLAY DELAY 4 BIT TIME TO MIDDLE OF NEXT BIT
6122 @A4E 12 SPEU GET SENSE BIT

0124 DO4F 4480 0L RS SENS

0125 9851 61 10RZ RL AND SHIFT IT INTO R

8126 9952 C1 STRZ RL

6127 8052 51 PRR:. RL

09128 9854 FA?S BORR.R2  KYI2 IF ALL BITS ARENT IN-CONTINUE RT K¥I2

LINE RODR OBJECT E SOURCE

9145
146
0147

w57

0158

59 B8EC 7640
9160 GOCE BSA0
8161 0879 2FBE79
62 9672 856
G162 0675 2FEA79
B1E4 0672 17

8163

B1€9 979 0608
8170 0678 IFOASA
171 0A7E 2FOASA
8172 0684 7440
8172 0622 ZFOASA
0174 6006 51
9175 9087 1A4
76 0983 7440
0477 9058 1862
9178 988D 7640
#4179 B0EF FA72
0489 291 2FoesA
2121 P34 7640
0162 0896 17
8182

Moy

THIN ASSEMBLER VER 2

LINE AODR (OBJECT E

8194 2097 ESTF
6192 0095 3303
#4492 DA% 2FOOF3
2494 PAOE ZFO0E3
@195 BoRL 1821
8196 MORZ ESAS
#4197 POAS 3805
8192 GR7 2FOGEL
8199 BeRA 1B18
8200 0BRC ES10
A291 ARE 9805
0202 6AE9 2Fe1eR
8202 GAB 1B6F
9204 BABS ESEZ
4205 09e7 9895
8206 BOE9 IFR125
@287 BABC 1BGE
4208 AABE ES12
0209 BaCA 9894
6210 08C2 9808
8211 9ac4 28

8212 0acs 17

8213 BCE B4FF
0214 002 17

THIN RSSEMBLER VER 2.8

LINE ADDR OBJECT E

f1e

* QUTPUT CONTROL MODULE

* THESE ROUTINES OULD NORMALLY SWITCH QUTPUT CONTROL BETHEEN THE YARIOU
¥ OQUTPUT DEVICES  SINCE THERE 1S ONLY ONE OUTPUT DEVICE THESE

* ROUTINES ARE EQUATED DIRECTLY TO THE FRINTER ROUTINES

*

10T ECTAUN  ITPR INITIALIZE OUTPUT DEVICE

T ECTA.M  POUT WRITE fi CHARACTER TO OUTPUT DEVICE

* END OF QUTPUT CONTROL MODULE

*

* PRINTER PROCESSING MODULE
*

* PRINTER INITIALIZATION POUTINE
1TPR  PPEU FLAG ASSURE STOP BITS ARE BEING SENT T0 PRINTR

LOOLRL  CR QUTPLT CARRIAGE RETURN PND LINE FEED
BSTR:IN  POUT CRLL POUT DIRECTLY SIMCE THIS IS PRINTER
LOOLRL  LF PECULIAR INITIALIZATION

BSTR.UN  POUT

RETC. UN EXIT

* PPINTEP OUTPUT ROLTINE
THIS POUTINE SERIALLY OUTPUTS THE CHARRCTER IN RL THRU THE FLAG

* BIT T0 THE PRINTER

POUT  LODL.P2 CRLN

CHARRCTER LENGTH TO P2 FOF COUNTER

BSTR,UN  DLAY ASSURE 2 STOP BITS 'ﬁ DUTRYT
BSTR.UN LAY
cPey FLAG SEND STRRT BIT
PO BETA N DLRY DELAY 4 BIT TIME
PRR, PL SHIFT NEYT BIT OUT TO MSD POSITION TO TEST
ECTR.N  POU2 IF ITS A 1 THEN BRANCH
cPsy FLAG QUTPUT R ZERD BIT
ECTR, N POLT
P2 PPSY FLAG OUTPUT A 4 BIT
POUZ  BOFR.RZ  POUL IF ALL BITS OF P4 NOT SENT, CONTIMGE AT POUH
BSTR.UN  DLAY DELAY 1 BIT TIME
PPSY FLAS QUTPUT STOP BIT
PETC, IN

+ END OF PRINTER PROCESSING MIDULE
*

8 17306 - 2650 INTELLIGENT TYPEWRIT PRGE G067

SOURCE

R R R

* INPUT CHARACTER DECODE MODULE
*
+ CONTPOL FUNCTION POUTINE - CHARACTER IS IN PL UPON ENTRY
IF CHARACTER MOT A CONTPOL CHAPACTER, RETURN CC MOT=i ELSE (=0

CN’TL COML.RL  [ELE IF DELETE CHARACTER:
ECFP.EQ  CNTL
ESTA.IN  DCHR THEN DELETE LAST CHAR FROM SAYE BUFFER
BETRIN  OUT ECH) DELETED CHAR (OR BELL IF BUF FULL)
eCTRIN  CERI

CNTL  COMLRL  CTLE IF ERRSE FUNCTION
ECFR.ED  CNT2
BSTR/UN  ERAS THEN EFASE ENTIRE SHVE EUFFER AND PESET PTF
ECTR N CEXI

CNT2  COMLPL  CTLP IF FRINT FUNCTION
BCFR,EC  CNT2
ESTR,UN  PRNT THEN PRINT SAVE EUFFER FRONM THE TOP
BCTR.UN  CEXI

ONT:  COMLPRL  CTLC IF  CONTINUE FUNCTION
ECFR.E0  CNTE
BSTR,UN  CONT THEN FRINT SAYE BUFFER FROM LAST STOP
BCTR,UN  CEXI i

CNT6é  COMLPRL  CTLR IF RESET FUNCTION
ECFR.EQ  CNT7
ZBRR RSET EXECUTE SOFTMARE RESET

CEXI  EORZ L] SET CC=9 TO INDICATE CHAR WRS A CNTL FON
PETC, N

CNT?  LODLR®  HFF’ SET CC NOT= 8 TO INDICHTE NOT R CNTL CHAR
FETC.IN

* END OF INPUT CHARACTER DECODE MODULE

e 1

ITSCE - 2650 INTELLIGENT TYPEWRIT PRGE GRe2

SOURCE
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@219 * SAVE BUFFER MODULE

82208 *
8224 * SAVE BUFFER POLTINE
0222 + THIS POUTINE SRVES LITERAL CHAPRCTERS FMD OUTPUT CONTROL

@223 * N ZINT COMMAND IS INPUT.
8224 * ON EXIT (L= IF ROOM FOR C ER. NOT=8 IF BUFF FULL
8225 BACY AFA7AL SAYE LODALRZ  SOPT GET SAVE B TER

8226 @aCT E7FA COMILRZ  SEND-SBUF  [F BUFFER FULL

9227 BACE 1209 L e SPL THEN BRANCH

6228 @906 01 Lopz R PLACE CHAR FROM RY INTO
4229 @1 CF2702 STRA.R®  SBUF-4,R3, +

9239 paDd CFOTAL STRA.RZ  SOPT SAYE NEW EUFFER POINTER

9221 0807 20 EORZ Fa (=0

8232 808 17 RETC. LN

0222 @309 8587 SFL  LODLPL BELL RING BELL - BUFFER 1% FULL
6224 GODR :FAGET BSTR,IN  OUT

@235 PADE B4FF LODL P HFF” CC NOT= @ TO SHOW BUFFER FULL
4236 0GAEG 17 PETC, 1N EXIT

8237 *

6238 * ERASE POUTINE ¥

* THIS ROUTINE EPRSES THE ENTIRE SRVE BUFFER AND S BOTH POINTER

6239 3
6249 99E1 O7FA ERAS LODLRT SEND-SBUF  ZERD SAVE BUFFER

G241 @OEZ 20 EORZ )

6242 BOE4 CFA7O2 EFRL STRA.R@  SBUF.PZ.-

0242 M9E7 SETB BRNR,P2  ERAL
0244 AYES CFA7A2 STRARZ  SIPT ZEPD SAYE BUFFER PRINT POINTER
0245 QOEC CFO7AL STRA,PZ  SOPT FER LOAD POINTER
724€ DOEF CCe7eR STRA.F8  PHOD T PRINT MUE
9247 09F2 17 PETC, UN
8248 *
0249 *DELETE CHARACTER POUTINE
6259 * THIS ROUTINE DELETES THE LAST CMARACTER IN THE SAVE BUFFER
25 * AND PETURNS THE CHARACTER IN P4 .~ IF THE BUFFEP IS EMPTY,
9252 * IT RETURNS WITH THE BELL CODE IN PA
9253 0OFZ oFETRL DCHR  LODAPT  SOPT GET EAFFER POINTER
#254 OFe E7OR COMLPT @ IF BUFFER EMPTY
9255 aaFe 1890 ECTR.EQ  DCHL THEN ERANCH
Q256 AFA BF4782 LODA.RA  SBUF.P2,- ELSE GET LAST CHAR AN DECREMENT POINTER
. STR2 CHAR 1
LO0L. RO AND PEPLACE IT WITH A AL
STER, PR
STPR. B2 SRYE. NEM POINTER
@261 a1ee 17 PETC.LN
8262 @167 2567 DCHL  LODL.P4  BELL OUTPUT BELL FOR IMPROPER PEQUEST
# FETC. LN

-
* PRINT SRVE BUFFER POUTING
* THIS POUTINE PRIN
* UNTIL THE END OF CATS
a

SEUF, P2

THE BEGINNING

(FFER

CHA 1T INCR INDEX
ML IF BUFFER EMPTY
PEEL THEN

W/ TN N FRY

EF

for fast, low cost connection of
R T R I in-line pins on DIP socket boards

e and connector arrays.
+ CONTINUE FRINTING POUTINE
LES PRINTING THE ZRUE &

PRINT

TIN

E REQUEST LEFT €

T0P CO0E 15 PEACHED B low installed cost*
SIPT SET PRINT PCINTE
IF SRVE BUFFEF EMPTY

THEN ERFNCH
INTER AT END OF EUFF
PHCH

B fully insulated contacts

m

]

B extremely reliable — shock and vibration
resistant

B 18 gauge current capacity

B strips can be stacked for increased

capacity
* Installed cost runs between
2.5¢ and 11¢ per connection.
IS FERCHED i
£ e e e Write on c_ompanylletterhead for free sample.
THEN EXT For more information, contact product specialist.
-1 B2+ GET NET CHAR FROM CHUE BUFFER
IF END OF DRTA PERCHED @
2208 2148 1809 THEN EXIT
8269 814 E412 IF STOP COCE IN BUFFER
246 B14F 14 THEN EXIT
8244 8150 C1
0212 Y451 2FoRED
#54 1860
b5 2 o e T ROGERS CORPORATION
o T RN e Chandler, AZ 85224
, Phone: (602) 963-4584
+ END SAYE BUFFER MODULE EUROPE: Mektron NV, Ghent, Belgium. JAPAN: Nippon Mektron, Tokyo
0224 Ma2 EN[\'""";F'{IH :

TOTAL ASSEMELY ERRORS = 0089

CIRCLE NUMBER 38
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ITT CANNON
FOUND OUT...

- Electronic Design
§ 1SBEST READ
BY ITS

CUSTOMERS
AND
PROSPECTS

—

L2 b
Theodore Knudson, an American dedicated to assisting the European aerospace community at ESTEC, Noordwijk,
Holland, states: ““l usually read each issue of Electronic Design for its unique features. | also find E.D. useful in the form

of a resource material depicting recent state-of-the-art advances that is not totally theoretical and therefore can be
suggested for application in our real life designing and procurement processes.”

If you read Electronic Design, you're in good company. Almost 90% of those firms who have taken
the trouble to find out which magazines their customers read, rank Electronic Design in first position.

For example: ITT Cannon mailed 1,000 questionnaires to a portion of their prospect list (respondents
to advertising and publicity releases in many publications).

The survey asked: “Designate in order of importance those publications which you are now receiving
and read on a regular basis.” Here are the top winners:

PUBLICATION READ REGULARLY
(ITT Cannon Prospect List)
REPLIES RANK
ELECTRONIC DESIGN 732 1
EDN 668 2
ELECTRONICS 416 3

PASS THE WORD

Maybe your advertising brass doesn’t know as much about the power of Electronic Design as
you do. If your company wants to reach engineers and engineering managers . . . pass the word.
Tell your sales, marketing and advertising people which publication will bring highest readership
among the engineers who make the wheels go round in this industry . .. Electronic Design.

Electronic Design

BEST READ ELECTRONICS PUBLICATION IN THE WORLD
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How to turn a computer into a disk jockey.
The pPD372 Floppy Disk Controller.

Now you can turn almost any micro
or minicomputer into a genuine floppy
disk jockey with the help of just one
small chip.

Our «PD372 Floppy Disk Controller.
Or if your computer prefers playing
tapes, we also have the uPD371 Tape
Cassette Controller.

Either one can take the place of from
50 to 60 TTL packages to save you
space as well as money. The 372 is

alt Lake City, Wheatridge CO), Diplomat
unnyvale, Woodbury NY

Diego, Santa Ana, tle.
icomp (Newport Beach CA) §

les, Milwaukee, Minneapolis

completely compatible with IBM,
Minifloppy,™* and other formats and
controls up to 4 floppy disk drives.
The 371 controls up to 2 tape cassette
drives. They come with complete
documentation and— best of all—
they’re available now.

The wPD372 and 371 are just part
of our complete family of micro-
processor products including 8080As,
dynamic and static RAMs, ROMs,

5

Electrically Erasable PROMSs, and
8212, 8214, 8216, 8224, 8228/38,
8251, 8255 and other support chips.
All backed by full documentation,
applications support, and software.
The uPD372. The uPD371.
And the hits just keep on comin’.

NEC Microcomputers, Inc.
Five Militia Drive, Lexington, MA.
02173. 617-862-6410

*TM Shugart Associates

lectronic Compone
)9; Canada—R.F.Q. Ltd. 416-

/), Future Electronics (Montreal, Ottawa, Rexdal
S rvale) Lionex (Burlington MA), G
niconductor Spec

hnico (Columbia MD, Roanoke VA), Zeus Components (Elmsford NY).

s (Burlington MA, Chicago, Dallas, Dayton, Farmington MI, Ha
ittsburgh; Malton Canada), Sterling Electronics (Albuquerque, Dallas, Houston, Los Angeles, New Orleans, Phoenix, San Diego, Seattle,

Chicopee Falls, Clearwater FL, Dayton, Elk Grc
da 7

), Mirco Electronics (Phoenix), Resco (Raleigh),
wood MO, Indianapolis,




TECHNOLOGY

Marry your .P to monolithic a/ds.
Size, price and power compatibility team up with simple
interfaces to give you an efficient on-line system.

Interfacing microprocessors to the world of
analog data requires a new approach. The hun-
dreds of data-acquisition systems and modules
that have served minicomputers well are inap-
propriate for micros. They’re too expensive, too
power-consuming or too large.

The new monolithic a/d converters stand
apart with their combination of cost, efficiency
and size (under $10, in hundreds, for an 8-bit,
20-mW DIP). With monolithic converters in your
micro-based system, you get the size and cost that
have prompted you to go to the uP in the first
place.

But the monolithics are slow—1.8 ms is a typi-
cal conversion speed for an 8-bit unit. So, instead
of treating the a/d as a memory location as you
would for us-conversion devices,' interface your
micro to a monolithic a/d as you would to a slow
peripheral. Assign the converter an input/output
(I/0) address, decode the address in the inter-
face, and let the uP go about its other business
while a conversion takes place. After the conver-
sion, when the resulting data are in the convert-
er’s output latches, request an interrupt. When
the processor is ready to service the interrupt,
have it address the converter’s I/0 port to read
the data.

For multiple-input channels, don’t tolerate the
errors and complexity of multiplexing into a
single faster converter. Assign each one a dedi-
cated monolithic a/d. If priorities are necessary,
implement them in the software. Eliminate read-
ing stale data with simple storage and compari-
son circuitry in the interface.

The converter/uP system

Obviously, you need both circuitry and service
routines to integrate monolithic converters into
your uP-based system. Fortunately, the hardware
is not complex, and the software is equally sim-
ple. Consider, for example, Teledyne Semicon-
ductor’s 8-bit 8700 a/d in an 8080A-based system.

Dave Guzman, President, lasis, 815 W. Maude Ave., Sun-
nyvale, CA 94086.
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1. Busy, Data Valid and Initiate Conversion control sig-
nals link the 8700 a/d converter to a microprocessor.
The a/d stores its binary outputs in latches.

The 8700 a/d converter is an 8-bit monolithic
CMOS device. An integrating converter (Fig. 1),
it accepts an unlimited voltage input, which is
changed to a current input by a scaling resistor,
and produces latched parallel-binary output.

In addition to the buffered data output lines,
three handshaking (control) signals pass be-
tween the converter and the host uP:

= Initiate Conversion, an input to the converter
that starts the conversion cycle. A positive-going
pulse of at least 500-ns duration causes the con-
version to begin. With this input tied high, con-
versions occur in a free-running mode at approxi-
mately 50 per second.

s Busy, an output that, when high, informs
the uP that a conversion is in progress.

m Data Valid, an output that, when high, in-
forms the uP that the converter’s output latches
contain valid data. Normally, Data Valid is high
for the entire cycle except for about 5 us before
the end of the conversion, when data in the latch-
es are updated.

Control of the a/d is simple. Pulsing Initiate
Conversion starts the cycle. Data Valid and Busy
give the processor the converter’s status.
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2. The basic interface for a monolithic converter/uP sys-
tem decodes the micro’s address bus to access the a/d.

The 8080A is an 8-bit uP with two internal
buses.? One carries 16-bit memory addresses, and
the other 8-bit data. During each machine cycle,
the address bus transports the number in the pro-
gram counter to the memory, which receives the
address and returns the contents of the selected
memory location via the data bus. During an in-
struction-fetch cycle, the returning data are in-
terpreted as an instruction.

The uP system plugs into the outside world by
means of 1/0 ports that are addressed on the ad-
dress bus. The I/0 instructions use 8-bit address-
es, which are duplicated on both the low and
high-order address lines of the 16-bit address bus.

With a set of control signals, the uP also com-
municates with its memory and I/0 ports. Two
control lines, DBIN and WR, enable the I/0
ports. A ZERO on DBIN enables the addressed
port to input to the uP. WR functions similarly
for outputs from the microprocessor.

The basic interface

Conversion starts on command from the uP to
the Initiate Conversion input of the converter.
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Data pass from the converter port to the processor on
the data bus, which the uP services with interrupts.

The interface logic for a single-channel data-ac-
quisition system is shown in Fig. 2.

When the conversion is complete, the converter
requests an interrupt via its Data Valid output.
In the uP, an interrupt service routine transfers
the current data from the working registers to
the stack memory, and the a/d input port is read.
A control signal is then sent to the Initiate Con-
version input to restart the conversion, and the
main-program activity is resumed.

If the data bus is shared by many devices, in-
clude inverting drivers/receivers (such as the
8228) in the 8080A system to service this bus.
Use 80198 buffers at the a/d to drive an inverted
input over the data bus, and provide the three-
state function. Where inverted signals are not
needed, use the version of the 8700 that has three-
state outputs.

For selection, assign each port an address and
decode the address bus accordingly. For the input
port (Fig. 2) to the uP, the 80L98s are enabled
by the low output of the address decoder. This
output is low only when all the decoder’s inputs
are high, as a result of address FF,,.

To initiate a conversion in the a/d, employ the
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Table 1. Interrupt service routine

Label Mnemonic Operand Explanation
Initiation
MVI A 80H The conversion
out OFFH is initiated
MVI A 0D by sending a
out OFFH brief pulse
to port FF
Interrupt
PUSH B The processor
PUSH D registers and
PUSH H status are saved
PUSH PSW in the stack, and the
IN OFFH data are read and
MOV B,A stored in reg. B.
mvi A 80H The conversion is
out OFFH initiated and
MVI A0 the data are
out OFFH processed.
.
.
.
POP PSW When complete,
POP H the registers
POP D are restored, the
POP B interrupts enabled
RET and program
control returned
to the main program.

output port whose address is also FFy. By defin-
ing both the input and output ports as address
FFy, you can use the same address decoder for
both functions. In this case, the decoder’s output
and the OUT signal, gated by the out gate, clock
flip-flop 1.

The D input of the flip-flop is tied to the D;
line of the data bus, so in effect, the flip-flop is a
one-bit output port. Sending the data word, 80y,
to port FF; with an output (OUT) instruction sets
flip-flop 1, and thereby supplies an Initiate Con-
version signal to the a/d. Send 00, to the same
port with a second output instruction. This proc-
ess resets flip-flop 1 and removes the Initiate
Conversion signal. After beginning the conver-
sion, the uP is free to perform other operations.

After completing its conversion cycle, the a/d
latches the results onto its internal output latches.
Its Data Valid output goes high. This output trig-
gers flip-flop 2 and clocks a ONE from the D input
(tied high) onto the uP’s Interrupt Request line.

Consequently, the microprocessor is interrupt-
ed when the conversion is complete. The interrupt
service routine shown in Table 1 saves the CPU’s
working-register contents by pushing them onto
the stack, and then reads the output of the a/d.

To read the converter port, simultaneously put
FF,; on the address bus and send out a ZERO on
the DBIN control line. Use the combination of the
address decoder and in gate to supply a ZERO
to the enabling input of the three-state input-port
buffers on the outputs of the converter. Send the
same ZERO to the Clear input of flip-flop 2 on
the Interrupt line. In this way, you put counter
data on the data bus and remove the interrupt
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request, after it is serviced.

After reading the converter data, save it in one
of the registers. Then let the system again pulse
the a/d’s Initiate Conversion input and start the
next conversion. Have the uP restore its stack
with a series of POP instructions, and reset the
internal interrupt-enable flip-flop. Thus, the
micro reads the converter after newly converted
information becomes available. The rest of the
time the processor is free.

The multichannel interface

In systems with multiple analog inputs, many
older designs use an analog multiplexer feeding
a single, high-speed a/d converter. This approach
is error-prone, of course, and requires complex
interface logic. Now, with small low-cost mono-
lithic converters, you can use a/d’s for each ana-
log line.

For example, the system in Fig. 3 has a battery
of eight converters supplying data in parallel to
the uP. The interface contains many of the same
elements as the basic input port of Fig. 2. As be-
fore, feed the converter’s data outputs to 80198
buffers, which in turn drive the bus. The buffers’
three-state feature allows you to make them inert
selectively.

The decoding circuitry is slightly more com-
plex. Apply the five high-order address lines as
the inputs to a 7430 gate that enables a 7442
BCD-to-decimal decoder. To perform the final
port-selection decoding with a 7442, select the
appropriate a/d when an INPUT instruction is
executed to one of the output ports, F8; to FF,.
Also, tie the converter’s Initiate Conversion in-
puts high, so that the devices operate in the free-
running mode.

Construct each of the eight interrupt-input
ports of a flip-flop (1/2 74L74) with its D input
wired high. Clock each flip-flop independently
with the appropriate converter’s Data Valid out-
put. Gate the output of each flip-flop onto the line
that requests the uP to interrupt (INT). Thus,
you can request an interrupt whenever an a/d
completes its cycle. Buffer the flip-flop outputs
with an 8098 AND-tied to the data bus; enable
this buffer, with the 7430 and 7400 gates, to re-
spond to the input instruction at address 7F,. In
this way, let the uP determine which flip-flop has
caused an interrupt and which converter has com-
pleted its cycle.

Use an interrupt service routine (see Table 2)
to save the contents of the working registers with
a series of PUSH instructions. Then determine
which port causes the interrupt with an input in-
struction to address 7F,,. This instruction loads
the status of each converter’s Data Valid output
from the 8098 into the accumulator. At this point,
have the uP test the word, bit by bit, until it finds

ELECTRONIC DESIGN 2, January 18, 1977
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3. This eight-port a/d converter system is derived from
the basic single-port interface. The maskable priority in-

a ONE. Thus, the uP determines the address of
the correct a/d input port and reads that port
by means of an INPUT instruction. At the conclu-
sion of the service routine, reset the flip-flop by
sending a ZERO to the appropriate bit position
of output port 7Fy. Finally, restore the stack and
reset the internal interrupt-enable flip-flop.

With this arrangement, then, the flip-flop tied
to the second port can be set when one of the
converters completes its cycle while another a/d
port is being read. The second completed conver-
sion generates an additional interrupt request
signal—but the uP will not respond.

The uP’s internal interrupt-enable flip-flop is
automatically disabled by the first interrupt re-
ceived—which locks out any further interrupts.
You must reset the flip-flop with an EI instruc-
tion. End the first interrupt service routine by
resetting the Status flip-flop and enabling the in-
ternal interrupt-enable flip-flop. Consequently
you remove the source of the first interrupt. Then
the second Status flip-flop causes a new interrupt
which must be serviced in turn. Thus the uP will
respond to each input port, even when several
conversions are completed in a short time.

So far, the a/d ports have been equally im-
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terrupt feature lets you program the microprocessor’s
servicing sequence for interrupt requests.

80L98 -

DATA VALID
LSB| [
TO
; 8080
8700 DATA
a/d BUS
MsB 2
Come[] -
74175
%
D —_

L TO 8080
DATA BUS

7430 7405

4. To avoid wasting processor time, monitor a slowly
changing channel with this comparison scheme. Previ-
ously read data are latched into the 74175s by the wP.
An interrupt request for this port is generated only when
the converted data are different from those stored.
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Table 2. Priority service routine for

eight interrupting ports

Instruction l Operand

Label Explanation
POLLED: PUSH B Save processor
PUSH D registers and
PUSH H status.
PUSH PSW
IN 7FH Read input port
MVI D,0 to find which
STC caused interrupt.
CMC Set D to zero
and Carry to zero.
LOOP 1: RAL Determine which
INR D port caused interrupt
INC LOOP1 by rotating accumulator
left and testing
for presence of
Carry. Increment
D each time.
LXI H, STABL | Load H and L with
LXI B,3 starting address
of jump table and
B and C with 3.
LOOP 2: DAD B Add B and C to
DCR D H and L, decrement D
INZ LOOP2 and test for
PCHL zero. Exit loop
by transferring
to appropriate
jump command
in jump table.
STABL: JMP ONE Jump table
JMP TWO consisting of
JMP THREE 3-byte jump
JMP FOUR instructions,
IMP FIVE
JMP SIX
JMP SEVEN
JMp EIGHT
RSTR: POP PSW Restore registers
POP H and exit.
POP D
POP B
RET
ONE: IN OF 8H This is the
MOV B,A service routine
MVI QFEH for port #1.
out 7FH It loads the
El priority mask
3 with 1111 1110,
° enables interrupts
. and processes
. data. At conclusion,
. the program jumps
JMP RSTR to RSTR.
TWO: IN OF9H This is the
MOV B,A routine for
MVI OFCH port #2. The
out 7FH priority mask
El is 1111 1100 which
° keeps port #1
. from interrupting.
L]
.
.
JMP RSTR
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portant. To assign the ports priorities, you have
to make only a slight change in the program; no
hardware changes are needed.

The priority problem

Hold the Reset inputs of selected Data Valid
flip-flops low to prevent those ports from causing
interrupts. Load output port 7F with a priority
mask. Begin each interrupt service routine by
loading a different priority mask into the output
port and resetting the internal enable-interrupt
flip-flop. For example, if the priority mask for
port 3 is 11111100, ports 1 and 2 cannot interrupt
the processing of port-3 data; ports 4 through 8,
however, can cause more interrupts.

You can guarantee that no data are ever lost by
making a slight modification that places the con-
version cycle under the control of the CPU. Tie
the Reset inputs of the Status flip-flops to the
Initiate Conversion inputs of the flip-flop’s cor-
responding converters. Resetting a Status flip-
flop after its port has been read causes the con-
verter for that port to restart its cycle.

The throughput

When either your uP processes a large amount
of data or a large number of a/d input ports are
connected to the bus, you might feed more data
to the system than it can process. But if the ana-
log inputs on some of the ports change slowly,
you can add logic that increases the effective
capacity of the system. Add a latching output
port with the same address as its corresponding
a/d input port (see Fig. 4). Then, after you read
the input port, generate an output instruction
to the same address. The data are thereby dupli-
cated in the 74175 latches. A pair of 9386 quad,
exclusive-NOR circuits with open-collector out-
puts compares the output word from the a/d with
the word stored in the 74175 latches. The open-
collector feature of the 9386 allows it to be col-
lector-ORed; ONEs at all 9386 outputs signify
that the data in the a/d latches match the data
in the output ports. This condition means that
there has been no change in the analog-input volt-
age, so there is no need to reprocess the data.
When the a/d bits do not match the correspond-
ing bits in the 74175, the output of the 9386s
goes to ZERO. This output clocks the 7474 Status
flip-flop, which in turn interrupts the uP. From
this point the operation is unchanged. mm
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Here’s a miniature 3% digit portable
multimeter that delivers extraordinary
performance and value for only $189.

Data Precision proudly presents a
0.1% accurag multimeter that brings

the same high performance and value
to 3%z digit portable instruments

that our Model 245 brought to 4%~
digit multimeters. The same levels

of reliability, the same small size, the
same great convenience and flexi-
bility. The Model 175 has it all...and
more for just $189.00.*

High performance

The Model 175 gives {lou 32 ranges of
measurement capability, six func-
tions, 0.1% DCV accuracy guaranteed
for one year, and 100 microvolts
resolution. You can measure DCV
from +100 microvolts to 1000V,
ACV from 100 microvolts to 500V
with a frequency response of 30Hz

to 50kHz, DC Current from +100
nanoAmps to +2A, AC Current from
100 nanoAmps to 2A with a frequency
response of 30Hz to 50kHz, Resist-
ance from 100 milliohms to 20
Megohms in two excitation voltages.

*Price U.S.A.

FOR A DEMONSTRATION, CIRCLE 224

FOR ADDITIONAL INFORMATION, CIRCLE 225

Real miniature portabilit

Here is true miniature portability
that delivers lab performance wher-
ever you take it. And you can take it
anywhere. The 175 operates from AC
line, or rechargeable NiCad batteries
for 6 hours of in-spec operation.

Add this to the remarkably small size
13%"H x 5%2"W x 3%2"D, 34 cu. in.,
weight 22 0z. (4.45x13.97 x 8.89cm,
552cc, .63kg.) exceptional operatin
temperature characteristics, rugge
construction...and you can see

that this is real portability.

Right at home in the lab

Connect the 175 to an AC line and
¥ou have a great bench instrument.

t’s always recharging when line
connected and ready to go into the
field whenever you need it.

3 (=DaTaPrecision

And the Model 175

gives you a lot more.

* Easy to Read, Big, Bright Display:
0.43" {ED display for easy read?ng in
dim light or bright light.

* Hi/Lo Resistance Measurement:
Measure resistance in two modes.
Hi excitation 2.5V (exceeds semi-
conductor forward threshold) and
Lo excitation 300mV (below silicon
junction threshold), for in-circuit
resistance measurement without
turning on semiconductor junction.
No need to unsolder resistor.

e Automatic Zero

* 100% Overrange

¢ Overload Protected

¢ Overload Indication

* Recharging Indication

* A Complete Package:

accessories supplied include:
rechargeable N1Cad battery module,
line cord recharger, test leads carry-
ing case and documentation.

Data Precision Corporation, Audubon
Road, Wakefield, . 01880, USA
617 (246) 1600 Telex (0650) 949341.

mV

100 @

k Q(Hi v)

kQ(Lo v) /7
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ACmA

Actual size, front view.
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- See for yourself the reasons why: —

1. MICROPROCESSORS: New Directions 9. MINICOMPUTERS: Structure and

for Designers by Edward A. Torrero, #5777-6, paper, Programming, by T.G. Lewis and J.W. Doerr,
1975, 144 pp., 8%z x 11, illus., $10.95. #5642-7. cloth, 1976, 288 pp., 6 x 9, illus., $12.95.

2. GAME PLAYING WITH COMPUTERS 10. PATTERN RECOGNITION by
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11. DIGITAL SIGNAL ANALYSIS b
3 FUNDAMENTALS AND APPLICATIONS Samuel D. Stearns, #5828-4, cloth, 1975, 288 pp., 6 )?I 9,

OF DIGITAL LOGIC CIRCUITS by Sol Libes, %15 o
#5505-6, paper, ($6.95), #5506-4, cloth, ($9.95), 1975, 192 = o
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4. COMPUTERS IN ACTION: How LANGUAGE by James S. Coan, #5872-1, paper,

Computers Work by Donald D. Spencer, #5861-6, (§7.95), #5873-X, cloth, ($9.95), 1970, 256 pp., 6 x 9, ilus.
paper, 1974, 160 pp., 6 x 9, illus., $5.50.
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Ledgard, #5522-6, paper, 1975, 144 pp., 6 x 9, illus, $6.50. l 5 DIGITAL TROUBLESHOOTING:
7. PROGRAMMING PROVERBS FOR Practical Digital Theory and Trouble- ;

FORTRAN PROGRAMMERS by Henry F. shooting Tips by Richard E. Gasperini, #5708-3.
Ledgard, #5820-9, paper, 1975, 144 pp., 6 x 9, illus., $6.50.  paper, 1976, 180 pp., 8%z x 11, illus., $9.95.

8. COBOL WITH STYLE: Programming 16. DIGITAL EXPERIMENTS by

Proverbs by Louis J. Chmura, Jr., and Henry F. Ledgard, Richard E. Gasperini, #5713-X, paper, 1976, 192 pp.,
#5781-4, paper, 1976, 144 pp., 6 x 9, illus. $5.45. 8% x 11, illus., $8.95.

~— Write for 15-day examination copies of any of these books! —

At the end of 15 days, please remit payment accompanies order, we pay postage and
plus postage and handling, or return the handling. Outside USA, cash must

books and owe nothing. Prices subject to accompany order — include $2.00 per book
change without notice. If payment for shipping and handling.

Havden Book Company, Inc.
50 Essex Street, Rochelle Park, New Jersey 07662
phone: (201) 843-0550
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T1 introduces
the Face Gripper.

TI, the world leader in dual-in-line sockets, brings you a new
version of an old idea: Face Grip Sockets. Tin or gold contact
surface, extremely reliable, redundant contact points,
champhered entry design, low insertion force,
high retention, built-in anti-wicking feature, U.L.
approved 94V-0 insulator material, 8 to 40
position availability, and priced to sell. Which
means we now can offer you a full line of
dual-in-line wire wrap and solder tail
sockets for your next application.

For free samples of our new Face
Gripper; specs and literature, write to
Texas Instruments Incorporated,

Mail Station W-1, Attleboro,
MA 02703. Or call Connector [0
Systems Marketing, (617) %@
222-2800, Ext. 268 or 269.

‘Patent Pending

TEXAS INSTRUMENTS

INCORPORATED
CIRCLE NUMBER 43




Ideas|for, Design

Control 10 to 10,000 Hz digitally
and get complementary output frequencies

A digital-to-frequency converter (see figure)
provides two output frequencies that are fre-
quency ‘“‘complements” of each other. One fre-
quency output is proportional to a 10-bit digital
input number, N, while the frequency of the
other output is proportional to the number, 1023-
N. Excellent linearity is obtained over three dec-
ades, from 10 Hz to 10,000 Hz, for digital-number
inputs 1 to 1000. A 556 dual timer provides either
pulse or sawtooth output waveforms.

An AD7520 d/a converter provides an output
current, I,, proportional to N, and another cur-
rent, 1., proportional to 1023—N. The transistors
Q, and Q. and op amps A, and A. not only charge
capacitors C, and C., but also maintain a zero-
voltage sink to absorb the d/a converter outputs.
The timer circuits discharge the capacitors to
1/3 V.. whenever the voltage reaches 2/3 V.. at
a frequency proportional to the currents I, and
I.. Since the charging current is proportional to
the digital input, linear digital-to-frequency op-
eration is achieved.

D. R. Morgan, Senior Engineer, General Elec-
tric Co., Electronic Laboratory, Syracuse, NY
13201. CIRCLE No. 311
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Complementary frequencies proportional to digital
inputs are provided with only three DIP IC pack-
ages and two transistors.

Watchdog circuit guards

uP systems against looping

Lightning discharges or even man-made EMI
can totally scramble commands and produce a
looping condition within a mini or microcomput-
er’s program. Component or peripheral equipment
failure can cause the microprocessor system to
hang up in a loop. And even though all due cau-
tion is exercised during program development,
bugs may reside for years without being dis-
covered.

Therefore, an automatic “watchdog” circuit is
imperative in unattended systems and is quite
useful in most other systems.
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The watchdog circuit (Fig. 1) is built around
an LM555 timer. Applied to National Semicon-
ductor’s PACE microprocessor, the timer is
periodically reset by the uP’s F-12 flag signal via
capacitor C, and transistor Q,. Should the flag
signal fail to appear within the 555’s timeout
period, an output labeled EXINIT is generated.
And should the system fail from other causes
with F-12 high, coupling capacitor C, prevents a
system lockup.

EXINIT “pulls down” C. and fires the Schmitt

(continued on page 92)
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Our KH series.

Nobody satisfies
your 4PDT relay

needs any better.

P&B gives you more contact, terminal, socket,
rating, enclosure choices than anyone else.

With all the available op-
tions, you can virtually
design your own KH relay.
Need bifurcated crossbar
terminals for low-level
switching? PC board ter-
minals? Push-to-test but-
ton? No problem. These
options and dozens more
are tooled, ready for pro-
duction.

KH relays are rated up to 3 amperes at
30V DC or 120V AC, resistive. Contact ar-
rangements include DPDT and 4PDT. KHU
relays are UL recognized and CSA certified.
KHX relays are UL recognized for opposite

polarity ratings.

This is an original
Potter & Brumfield design.
No wonder we've made
more, with more varia-
tions for special applica-
tions, than anyone. KHU
and KHS (hermetically
sealed) relays are available
from authorized P&B dis-
tributors.

Complete specifying

information is available from your local P&B
representative or call Potter& Brumfield, 200
Richland Creek Drive,
Princeton, Indiana 47671.
812/386-1000.

Potter & Brumfield

Potter & Brumfield
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1. Watchdog circuit monitors subroutine time.
Should an F-12 signal fail to appear within a pre-
determined limit, looping is indicated and the sys-
tem is reinitialized.

trigger as does the manual switch, INIT. Invert-
ed by G,, INIT, reinitializes the processor via the
#P input, NINIT; DTS (data transfer strobe) to
G, prevents an initialization during a data trans-
fer, which prevents a short write cycle from pro-
ducing errors.

With “top-down” programming, the resetting
command for the watchdog is located in the ex-
ecutive program between subroutine junctions
(Fig. 2).

The watchdog’s timeout period might be criti-
cal, depending on how long the system user can
wait before deciding that the system is looping.
As a rule of thumb, the watchdog timer should be
set 20% longer than the longest legal routine. A
greater safety margin may be needed in systems
not having crystal-clock timing.

In a large system with many relatively fast-
response modules, the longest legal routine might
take as long as 500 ms. But each loop might take
only 10 ms to execute. Here, several reset com-
mands can be distributed within the executive
routine to allow an over-all shorter watchdog
time.

Locating the watchdog reset command and set-
ting the timeout period in ‘‘tree-oriented” pro-
gram logic are more difficult and more critical.
Parallel subroutines and greater programming
difficulty allow a high probability of error and
inadvertent program looping. In limited pro-
grams, the watchdog reset commands are located
at the main branch points. On more extensive
programs, the reset commands are integrated
into several branch points located within the tree
structure.

An ancillary software or hardware counting
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rates watchdog reset commands within the execu-
tive program. To accommodate the timing of dif-
ferent job loops, multiple watchdog resets (shown
dotted) may be required. Tree-oriented logic re-
quires watchdog resets at major branch points.

circuit, set for a predetermined number of
NINIT-signal counts is a valuable checkout tool.
If, say, three counts occur during a fixed time-
period, a high possibility exists that the system is
malfunctioning. Visual and aural indications can
then be given, and the equipment shut down, es-
pecially when malfunctioning, can be dangerous.
Coding, of course, depends upon the device and
program concept. For a PACE, the coding is:

« TITLE WDRST» ' WATCHLCOG RESET VIR2 TPXVSI21876A"

;5 DEMONSTRATION OF CODE TO RESET WATCHDOG
5 TIMER USING F12 AS RESET SIGNAL

START:

VRN LM -

@eec Fl2=12 3 ASSEMBLER ASSIGNMENT
0200 3Coe A PFLG Fl2 7 TO RESET Fl2 IF HIGH
1¢ 0001 sCee A NOP 3 TIMING
11 2062 3CE0 A SFLG Fl12 3 STARTS RESET PULSE
12 2003 SCee A NOP 5 TIMING
13 2004 3C@@ A PFLG Fl12 3 ENDS RESET PULSE
14
15 eoee «END START
START goee T Fl2 eeec A

NO ERROR LINES
SOURCE CHECKSUM = 5622

Ensure that nothing in the executive or any of
the subroutines can alter the flag chosen as the
reset signal. The designer may use both the editor
and de-bug programs.

The watchdog circuit is useful also in system
checkout. Routines and subroutines can progress
automatically, with the watchdog calling atten-
tion to the loops as they develop. Time is saved
not only when the watchdog reinitializes the sys-
tem on random disturbances, but also when com-
ponent failure or hidden faults are exposed in the
operating program.

Victor E. Shiff and Richard H. Parr, Engineer-
ing Department, Teleplex Corp., 33 Danbury
Road, Wilton, CT 06897.

CIRCLE No. 312
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The Naked DIP Handler.
Ambient or Environmental.

e
}.l

W

{\\\\i\\ |

Increased throughput with fewer operators Environmental test capability ?

means lower test cost. The 2608 Naked You've got it. With the 2608E. The handler
DIP handler hands it to you at the rate of allows for testing in temperatures ranging
10,000 devices per hour at zero test time. from ambient to +125°C. It includes an

And even with continuous operation at input storage tray with capacity for up to
this high speed, the 2608’s simple, 400 fourteen-pin devices. Best of all,
functional engineering makes it a most the basic 2608 can be upgraded to a 2608E
reliable handler. Compatible with virtually whenever your test requirements dictate.
any IC tester, the 2608 handles 8 to 40 pin For detailed information, please contact:
DIP’s with minimum hardware changes, Siemens Corporation, Computest Products,
and sorts tested DIP’s into as many as 8 3 Computer Drive, Cherry Hill,

categories. What more could anyone ask for? New Jersey 08034 (609) 424-2400.
The 2608 is manufactured by Micro Component Technology, Inc. S I E M E N s
Siemens Corporation is the sole worldwide distributor.

CIRCLE NUMBER 123
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Circuit allows program-halt
and single-instruction mode on uP

The ability to halt program execution and then
to proceed one instruction at a time is a valuable
capability of any computer system. In a micro-
processor system, this capability is normally
implemented by controlling its run/halt input.

The Fairchild F8 uP, unlike most other 8-bit
uPs, doesn’t have a run/halt input. Nevertheless,
the circuit in Fig. 1 provides such a run/halt and
single instruction capability for the F8.

With the circuit’s switch, S,, in the Run posi-
tion, the F8 executes normally. When it is in the
Halt position, instruction execution is effectively
“halted.” Then the momentary-contact switch, S.,
can be used to initiate a single CPU (central proc-
essor unit) instruction and then to return the uP
to the halt state.

Although the processor can’t directly halt exe-
cution, the system can be “halted” by forcing the
CPU to execute a sequence of no-ops. And be-
cause the program counter is not contained with-
in the F8 CPU chip, the counter isn’t advanced
during this no-op situation.

To halt the F8, an instruction-fetch request
from the uP’s output ROMC control bus is detect-
ed and translated by the control circuit into a
system no-op. At the same time, a processor no-op
instruction (2B hexadecimal) is placed on the
data bus. The F8 CPU reads the data bus and
executes the no-op instruction. After executing
the no-op, the CPU’s fetch-request for another
instruction again translates to a no-op, and so on.

The instruction-fetch code of all ZEROs on the
F8s ROMC output lines is detected with a simple
NOR gate, G,.

After appropriate synchronization, the control
circuit translates the instruction fetch into a
system no-op code (1C hexadecimal) with the use
of the three OR gates, G, G, and G,. Also, a proc-
essor no-op code (2B hexadecimal) is placed on
the data bus by the control circuit’s 745241 three-
state buffer, 1C,.

The control circuit’s pulse synchronizer, IC,,
and IC.,, provides all the necessary synchroniza-
tion. If S, is in the Run mode, IC., passes pulses.
The CPU clock occurs during a Write pulse, so
IC,, is continually clocked LOW, thus clearing
the Xlate signal to allow normal operation. When
S, is placed in the Halt mode, IC., continues to
pass pulses until a negative transition of the
reset input G; occurs.

A reset occurs when an instruction fetch is de-
tected by G,. When IC., stops passing pulses, 1C;,
is clocked HIGH, thus setting Xlate and halting
the processor.
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When the processor is halted, switch S. can
single step the system. With S. pressed, IC.,
passes one pulse, which resets IC,,. Since IC;, is
reset, IC., passes the next Write pulse, which
causes the F'8 to begin normal execution. Execu-
tion continues until another instruction-fetch
cycle is detected.

The Reset input of IC,, should be connected to
the F8 CPU reset line to ensure proper system
reset.

Terry Dollhoff, Director of Computer Science,
Acuity Systems Ine., 11413 Isaac Newton Square,
Reston, VA 22090. CIRCLE No. 314
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1. A control circuit translates the instruction-fetch
code into a sequence of no-op’s to obtain a uP-sys-
tem “halt” and to allow single-instruction action.
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Beckman introduces precision
film networks.

The board geography savings are obvious.

But our standard, 16-pin Series 698 Precision
Film Resistor Networks mean much more.
First, they're competitive in purchase cost with
thin film discrete resistors. And, when you
consider inventory and handling costs, lead
bending, QC and other factors, they mean
about a 30% savings in “on-the-board” costs.

That isn’t all. Beckman precision networks
have better performance and stability than
unmatched discretes. With =5 ppm/°C tracking,
the matched resistors in our dual in-line
packages feature (1) absolute 1% resistance
tolerance ratioed to 0.5%, and (2) =50 ppm/°C
tempco.

The two models (see schematics) are standard
size and pin-spaced for automatic insertion.
Series 698-1 comes in 17 stock resistance

Now, an alternative
in the precision resistor world.

values; Series 698-3 in 20 stock values. And
these parts can be coupled, in series or parallel,
to obtain other values in gain-setting, summing
and feedback circuit applications.

The 1,000-piece price: just 65¢ for the 698-3
(8 resistors), 81¢ for the 698-1 (15 resistors).
Compare with discretes!

And remember: they’re standard...for quick
delivery, off the shelf through our widespread
distribution.

072 0L v o (L5 e O s N e 2 {175 B oo 1] i I o B s ) o O 8
R15 % R9

} R1 R8| % [
R1 % R8|
{9 2§ TS ) e ) g 5 | V% (o 5T o o ) £ £ 0 5 i PR ¢

Get into the world of precision resistor
networks. For more data, and applications
information, contact your local distributor or
Beckman Helipot today at (714) 871-4848,
Extension 1776.

BECKMAN-"

HELIPOT DIVISION
CIRCLE NUMBER 46
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IDEAS FOR DESIGN

Simple solid-state relay circuit
can be built with few components

A sensitive-gate triac such as the 2N6071B
makes possible the construction of a simple, in-
expensive solid-state relay where the triac gate
is driven directly by an opto-isolator. No ampli-
fier is necessary, nor is the circuit complicated
by the need for a dc power supply (see figure).

Current to trigger the triac flows directly
from the line through capacitor C, and resistor
R.. The capacitor introduces a leading phase shift
into the gate current to make the current maxi-
mum near the zero-voltage crossing of the line
voltage. Resistor R, and varistor RV, limit the
voltage applied across the opto-isolator transis-
tor, and also protect the isolator from power-line
transients and surges, especially any occuring
when power is first applied. Varistor RV, can be

any general-purpose type that limits voltage
peaks to about 20 V.

Bridge diodes D, through D, (low-cost general-
purpose types) route the gate current in the prop-
er direction through the opto-isolator transistor.
And components R,, C,, C.,, and C, prevent the
triac from triggering for a half-cycle when power
is first turned on. These components can be
omitted if the half-cycle of power to the load
can be tolerated.

The circuit can control ac circuits that draw
about 2 A (nominal), although with proper heat
sinking the triac can handle 4 A.

Dale Hileman, Sphygmetrics, Inc., 6311 J De-
Soto Ave., Woodland Hills, CA 91367.
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A solid-state relay built with a sensitive-gate triac needs no amplification between opto-isolator and triac.

IFD Winner of September 13, 1976

J. E. Buchanan, Westinghouse Electric Corp.,
Defense & Electronics Systems Center, Friend-
ship International Airport, P.O. Box 746, Balti-
more, MD 21203. His idea “Build a Voltage-Con-
trolled Oscillator with only One TTL-Inverter
Package” has been voted the Most Valuable of
Issue Award.

Vote for the Best Idea in this issue by circling
the number for your selection on the Reader
Service Card at the back of this issue.

SEND US YOUR IDEAS FOR DESIGN. You may win a
grand total of $1050 (cash)! Here's how. Submit your
IFD describing a new or important circuit or design
technique, the clever use of a new component or test
equipment, packaging tips, cost-saving ideas to our
Ideas for Design editor. Ideas can only be considered
for publication if they are submitted exclusively to
ELECTRONIC DESIGN. You will receive $20 for each
published idea, $30 more if it is voted best of issue
by our readers. The best-of-issue winners become
eligible for the Idea of the Year award of $1000.

ELECTRONIC DESIGN cannot assume responsibility for circuits shown nor represent freedom from patent infringement.
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ONLY $3 495

<

HOBBY-WRAP

COMPLETE WITH BIT AND SLEEVE

OK MACHINE & TOOL CORPORATION

\ 3455 Conner St., Bronx, N.Y. 10475 / (212) 994-6600 / Telex 125091

Model
BW-630

Now you, the hobbyist, can do
wire~wrapping professionally with
our easy to use Hobby-Wrap gun.

025 sq. post,
AWG 30 wire
(batteries not included)

CIRCLE NUMBER 47

WE KNOW A LOT
ABOUT A LITTLE.

Magnetic shielding materials,

for instance.

If you have the problem of shielding electronic
devices from stray magnetic fields, we supply a
wide variety of highly effective shielding mate-
rials, vacuum-melted to assure product purity
and repeatable properties, with performance
guaranteed lot to lot. Our Mu Guard®80 and
Permalloy 80, for example, are excellent for criti-
cal applications. For medium shielding effective-
ness, we offer Alloy 48 and Mu Guard 48.

In fact, we can HIGH-PERMEABILITY MATERIAL
tailor alloys to meet A-
your specific needs— A"
annealed for form- :
ing or fullyannealed.
For more about our
single-source ca-
pability, write
Magnetics, Metals
Division, Butler PA
16001.

LINES OF FLUX

Very special
specialists
in shielding materials.

MAGNETICS
w ) /) |

A DIVISION OF SPANG INDUS TRIES INC

CIRCLE NUMBER 48
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- WE KNOW A LOT
ABOUT A LITTLE.

Photoetched parts. Lead frames
and magnetic head frets, for instance.

For openers, we're big enough to take on any
photoetch job, regardless of quantity. And we
have the expertise to etch all standard mate-
rials. In short, we're a one-stop shop, geared
to save you time and money. We compound,
melt and roll our own metal alloys. So if you
call for a special composition or thickness, we
have the capability—in house—to meet your
exacting specs. Need artwork? We do that, too.
Want your magnetic head frets stacked and
bonded? Our process
will give you abso-
lute uniformity and
precise thickness
batch after batch.

Put us to the test—
send your drawings
and let us quote.
Write Magnetics,
Components Division,
Butler PA 16001.

Very special

§ Almost any

| part that

can be

drawn can be
photoetched.

MARGNETICS

specialists
in photoetched parts. ey

CIRCLE NUMBER 49
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Interxnational Technology =

New method speeds uP
software development

A radical technique that speeds
up microprocessor software devel-
opment has been introduced by
Quarndon Electronics of Derby,
England.

Known as direct assembly, the
British technique combines the
two separate, basic programs used
in the conventional method of gen-
erating uP software:

m The Assembler, which con-
verts mnemonic instructions and
symbolic addresses into absolute
machine code.

m The Editor, which allows as-
sembly-language programs to be
modified without re-entering the
entire program.

In their place, a single Direct
Assembler simultaneously converts
each mnemonic instruction or each

symbolic address to machine code
as it is entered, and checks for
syntax errors. Errors can be cor-
rected on the spot before entering
additional mnemonics. Standard
monitor functions, such as break-
points are also included.

Direct Assembler programs have
been developed by Quarndon for
the 8080 and 2650 systems run on
Nova minicomputers. A resident
8080 Direct Assembler has also
been developed that occupies only
3 kbytes of PROM.

Quarndon’s resident Direct As-
sembler is used with a single-
board 8080 microcomputer that
doubles as the development system.
Work is now in progress to pro-
duce resident Direct Assemblers
for 2650 and 9900 systems.

Demand for 3-D semi observation is answered

Observing, measuring and dis-
playing three-dimensional semicon-
ductors are now possible with a
stereoscopic observation and meas-
uring instrument that connects to
a scanning electron microscope.

Developed by the Central Re-
search Laboratory of Hitachi, Ltd.,
Tokyo, the instrument measures
three-dimensional (3-D) images,
magnified up to 500,000 times, to
a maximum height of 300 A and
a maximum length and width of
30 A.

The instrument has two 3-D-
image memory devices, a time-se-
quential television with a PLZT
electro-optical shutter, and a meas-
uring unit. (PLZT is a piezo-
electric material composed of lead
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lanthanum, zirconium and titan-
ium.)

An object can be observed three-
dimensionally with the scanning
electron microscope because each
eye views the object from a dif-
ferent angle. The specimen is tilt-
ed in the microscope column, and
electron beams are directed at it
from two different angles. As a re-
sult, two images are stored in the
image-memory devices and shown
on a television monitor. Each im-
age is presented alternately at
1/60th of a second and synchro-
nized by the PLZT shutter.

The 3-D measuring unit com-
putes distances automatically and
gives digital readings.

Unlike Hitachi’s instrument, a

conventional dynamic stereo micro-
scope cannot tilt the specimen, but
must deflect the two incident elec-
tron beams before the specimen
can be viewed from different
angles. But as a result, the resolu-
tion drops about 10,000 times to
about 1000 A.

Hitachi’s instrument can even
measure and display heights of less
than one micrometer, such as
scratches on a polished surface.

Schottky-barrier anode
device doesn’t suffer

A planar, gallium-arsenide,
Gunn-effect device by Fujitsu Lab-
oratories, Kawasaki, Japan, does
not suffer from the usual high
electric-field layer near the anode
that causes current saturation at
high bias and incoherent oscilla-
tion. A Schottky-barrier anode con-
tact in Fujitsu’s device eliminates
the high field.

The device is formed by n-GaAs
layers—grown on (100) crystalline-
oriented surfaces of chromium-
doped, semi-insulating substrates
—whose carrier concentrations are
8 to 15 X 10 ecm® with thick-
nesses of 3 to 5 um. The cathode
contact is formed from an alloyed
gold-germanium-nickel film; the
anode contact is an evaporated alu-
minum film. Straight, bar-shaped
active areas, 35-um long, are
formed by mesa etching.

Measurements of the current/
voltage (I/V) characteristic under
de-biased conditions show that the
I/V curve is linear over a range
of more than 15 V—better than
the 5 V recorded for the earlier
devices with ohmic-anode contacts.

While the earlier devices produce
only noisy waveforms, the Schott-
ky-barrier anode devices produce
coherent waveforms with a typical
period of 750 ps.

Because of its stable operation,
Fujitsu’s Gunn-effect device looks
promising for very-high-speed log-
ic applications.

CIRCLE NUMBER 51 P



WHEN IT’S FINALLY ON THE SCREEN,
YOU DESERVE FAST HARD COPY.

Gould's electrostatic printer/ terminalinaslittle as 4 seconds,
plotter is the fastest graphic regardless of image complexity.

hard copy peripheral available In an on-line CPU configura-
today for your Tektronix 4000 tion, you can plot at up to 3.25

Series interactive graphic paper in./sec. and print at up
terminal. You get permanent to 1600 lines per minute.
graphics direct from the Yet Gould's hard copy still

possesses exceptional
resolution and ex-
tremely high contrast.
Only Gould offers you
both unmatched speed
and unsurpassed
image quality.

And Gould lets you
select a 0° or 90°
image orientation at
will. In 90° mode,

images are enlarged

For more information and a

sample graphic output, contact

Gould Inc., Instrument Systems Division,
3631 Perkins Ave., Cleveland, Ohio 44114.
Or Gould Advance Ltd., Raynham Road,
Bishop Stortford, Herts United ngdom.

FOR FREE BROCHURE CALL GOULD
TOLL-FREE AT (800) 325-6400 Ext. 77.
In Missouri: (800) 342-6600

up to 72%. You are able to select
1024 or 2048 point sampling
and high or low speed graphic
operation, letting you optimize
image size, resolution and
speed.

As with all Gould systems,
your software is all-Gould. You
never need worry about third
party variables.

Gould images don't deterior-
ate. The system requires no
warm-up. Gould paper costs a
fraction of silver paper. Up to 2
interfaces are accommodated in
the plotter, allowing you to use
it with up to 8 Tektronix ter-
minals or 4 terminals and a
minicomputer, or 2 mini-
computer CPU's.

Your CRT work deserves
the best hard copy you
can get. You get it
from Gould.

== GOULD

The product development company
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100

. Plastic Sealed

. High Contact

Arrow-M Amber Relays

4. Long Life
108 mechanical
operations.

High Sensitivity
Minimum operating
power NF2E 190mw,
NF4E 310mw.

With N2 gas enclosed.

Capacity
2 amps @ 30VDC re-
sistive. Can switch up
to 220V AC/DC. Avail-
able in 2C, 4C and
Form D (MBB) contacts.

— 5. Negligible

Chattering

Lift-off card system and
rebound absorbing
structure minimizes
contact bounce.

! —6. Low Stable
’ Contact Resistance

Bifurcated gold clad lift
off contacts. Applicable
to low level circuits.

You know better components make a better alarm system. So it pays to
install the most reliable relays available today: Arrow-M NFE Amber
Relays . . . supported by our unique and advanced manufacturing
techniques. They offer you:

Reliability — The secret is a unique automated modular assembly
coupled with lift off bifurcated contacts and a rebound absorbing
mechanism. Installed in a sensitive alarm, it can go unused for long
periods of time and still work when needed.

Sensitivity — NFE Amber Relays use only half the power of ordinary
relays.

Automatic Wave Soldering— NFE Amber Relays are plastic sealed with
N2 gas.

High Packaging Density PC Board Mounting — flatpack NFE Amber
Relays are only 0.425 inches high.

The proven dependability and sensitivity of Arrow-M Amber Relays is
based on more than 50 years of meeting the advancing needs of modern
technology. Sofor relays that make it easier to make a better alarm, rely on
Arrow-M NFE Amber Relays.

Relays for Advanced Technology

CIRCLE NUMBER 52

For evaluation samples, or

for more information on exact
specifications, write or call your
nearest Arrow-M office.

Arrow-M Corporation
250 Sheffield Street
Mountainside, N.J. 07092
(201)232-4260

Western Office:

22010 S. Wilmington Ave.
Suites 300 & 301

Carson, Calif. 90745
(213) 775-3512

Arrow-M

Member of Matsushita Group
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(New Produets )

Programmable gate arrays
add flexibility, cut complexity

Signetics, 811 E. Arques Ave., Sun-
nyvale, CA 94086. Napoleone Cav-
lan (408) 739-7700. P&A : See text.

In addition to read-only mem-
ories and programmable logic ar-
rays now used as low cost replace-
ments for discrete logic, a new tool
has become available to the logic
designer—the programmable gate
array (PGA). Developed by Sig-
netics, this circuit contains nine
16-input AND/NAND gates, each
with its own output.

Although the PGA and PLA
seem alike at first glance, there are
some major differences. The PGA
is a one-level gate array that per-
forms AND or NAND combina-
tions, while the PLA is a more
complex two-level array that per-
forms AND/OR, NAND/OR and
other dual combinations.

Each of the nine PGA gates has
16 inputs, but each of the 16 in-
puts can appear in either its true
or complement form. And, any or
all of the 16 inputs for each gate
can be programmed for don’t-care
conditions by electrically discon-
necting them from the gate input.

The output of each NAND gate
goes into an Exclusive-OR gate,
which can be programmed to be-
have as inverter to convert the

ELECTRONIC DESIGN 2, January 18, 1977

NAND output to an AND. If the
Exclusive-OR gate is left unpro-
grammed, the NAND gate output
remains unchanged. Programming
is done in much the same way as
in PROMs and PLAs—zapping
nichrome fuse links that were de-
posited on the chip during fabrica-
tion.

There are two versions of the
PGA available—the 82S102 and
the 828103. The 82S102 has open
collector outputs, and the 825103
three-state outputs. Both versions
have an output-enable control line
that permits output strobing.

Two operating temperature
ranges are also available. Units
with an N prefix operate over a
0-to-75-C range while units having
an S prefix function over —55 to
+125 C. N-series units have a
maximum propagation delay, in-
put-to-output, of 30 ns, and a maxi-
mum input loading of —100 yA. S-
series PGAs have a maximum delay
of 40 ns and a maximum input cur-
rent limit of —150 wA. Typical
power dissipation for all units is
about 600 mW.

All PGAs operate from a 5-V
TTL power supply and are fully
TTL-compatible on all inputs and
outputs. For gate programming,

however, the supply voltage must
increase to 8.75 V and the output
voltages must be brought to about
17 V. Fusing current must be lim-
ited to about 175 mA.

Available in plastic or ceramic
28-pin, 600-mil-wide DIPs, the ar-
rays cost $7 each and up for the
commercial plastic version in 100-
unit quantities. Delivery is from
stock.

CIRCLE NO. 303

LED flashing circuit
doubles battery voltages

Lithic Systems, P.O. Box 869,
Cupertino, CA 95014. Robert
Hirschfield, (408) 257-2004. Less
than $0.50 (lge. qty.); stock.

The LS3909 monolithic LED
flasher circuit is a direct second-
source for the LM3909 from Na-
tional Semiconductor. The flasher
can blink 1.6-V LEDs from a bat-
tery voltage as low as 1.1 V, by
use of a voltage-doubling technique.
The LS3909 is available in 8-pin
mini-DIPs, TO-100s, and individual
chips.

CIRCLE NO. 304

Motor controller handles
brushless ac motors

Photo-Therm, 110 Sewell Ave.,
Trenton, NJ 08610. Roman Kuzyk
(609) 396-1456. $6 (1000-up); %
wks.

Control the loading of any
brushless ac motor with the power
controller. The circuit, housed in a
14-pin DIP, can turn off the motor
upon overload (settable to 1% of
load), provides line voltage opera-
tion, has zero-crossover firing for
inductive loads and contains two
delay circuits, one for overcoming
starting surge and a second to
override short-term overloads. A
patented technique that measures
the power factor of the motor is
used by the IC.

CIRCLE NO. 305
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SEMIPACK"

is the answer

What was your
question?

SEMIKRan

SKKT 40/06 82

SEMIPACK is the standard multi-
function power semiconductor
building block for controlled and
non-controlled systems. Standard
circuit configurations are:

-G,
QO_L"]_—E l#‘._o_
—o0 G,

ANTI-PARALLEL PAIRS

3

HALF-CONTROLLED BRIDGE

1S ] T
HALF-BRIDGE

+ O- ‘K Sy

FLYWHEEL DIODE

SEMIPACK is a modular concept,
electrically isolated and mechanically
compatible for simple assembly into
single and three-phase bridges
suchas...

e HALF CONTROLLED

e FULLY CONTROLLED

¢ DIODE BRIDGES

e AC CONTROLLERS (2 to 4 wire)

Module rating: 25 to 90A per device
to 1600 PIV. Typical applications
include: phase and inverter motor
controllers, electrical heating and
lighting controls . . .

For further information or technical
literature write or call . . .

Tel: 617 337-7220

SEMIKRON

INTERNATIONAL INC.

A MAJOR DESIGNER AND MANUFACTURER OF POWER
SCR's, DIODES, AND MULTIFUNCTION ASSEMBLIES
OF SEMICONDUCTORS

P.O. BOX 59
South Weymouth, MA 02190

CIRCLE NUMBER 53

INTEGRATED CIRCUITS

IC does both f/v & v/f
conversions to 100 kHz

Intech/FMI, 282 Brokaw Rd.,
Santa Clara, CA 95050. (408) 244-
0500. From $6.50 (100-up),; stock
to 4 wks.

Capable of operating over a
near-de-to-100-kHz range, the A-
8402 voltage-to-frequency or
frequency-to-voltage converter
requires only a 4-to-18-V supply.
An analog input voltage of
0 to 10 V can be converted into a
pulse train of 100 kHz, maximum.
Key specifications include a
+0.05% maximum nonlinearity at
10 kHz, a +200 ppm maximum
tempco on gain, and a digital out-
put compatible with DTL, TTL,
and CMOS. The A-8402 operates
over 0 to 70 C and an extended
temperature range version (A-8402
ET1) is available for —25 to +100
C operation. The v/f/v converter is
housed in a 14-pin ceramic DIP.

CIRCLE NO. 306

Monolithic tachometers
switch at desired speed

National Semiconductor, 2900
Semiconductor Dr., Santa Clara,
CA 95051. (408) 737-5000. $1.65
(100-up); stock.

By combining a frequency-to-
voltage converter, a high-gain op
amp and a comparator on a single
chip, National Semiconductor has
developed the LM2907 and 2917
monolithic tachometer speed switch-
es. When the circuits are used with
a floating transistor as an output,
either a supply-referred load of 50
mA or a swing-to-ground for zero
frequency can be handled. Both
circuits are specifically designed to
operate relays, lamps, and other
components when the input fre-
quency reaches or exceeds a select-
ed rate. The main difference be-
tween the two devices is that the
LM2917 includes an active shunt
regulator to clamp the supply. The
regulator is not included in the
LM2907. The tachometer circuits
are also available as 8-pin models
(2908 and 2918). Models 2907 and
2917 have 14 pins. All units oper-
ate from 12 V and have a maxi-
mum frequency input of 10 kHz.
Nonlinearity for a 10-kHz input is
1% maximum.

CIRCLE NO. 307

FIFO memories operate
at rates to 20 MHz

o

Memories,

1165 E.
Arques Ave., Sunnyvale, CA 94086.
John Kosek (408) 739-3535. $28
(100-up) ; stock.

A first-in, first-out memory, the
67401, is organized 4-bits wide and
64 words long. It is pin compatible

Monolithic

with the Fairchild MOS 3341
FIFO, but at its typical speed of
20 MHz is about 20 times faster.
The 67401 is suitable for synchro-
nous or asynchronous operation,
uses a standard 5-V power supply
and is TTL compatible on all in-
puts and outputs. The memory is
available in a standard, 16-pin,
side-brazed package.

CIRCLE NO. 415

Multidecade latched
counter handles 8 digits

LSI Computer Systems, 1235 Walt
Whitman Rd., Melville, NY 11746.
Alvin Kaplan (516) 293-3850. $8.15
(100-up); stock to 6 wks.

A six-decade, dc-to-5-MHz up-
counter, the LS7031, has a built-in
8-digit multiplexer. All counter
outputs are latched and data are
available in multiplexed BCD for-
mat. Two additional on-chip quad
latches, in the two LSD positions,
allow the latching of BCD data
from off-chip prescalers, thus per-
mitting a count rate well above 5
MHz. Digit strobes are guardband-
ed so they occur totally within
valid BCD data. The multiplex scan
counter is driven by an external
clock or an on-chip oscillator whose
frequency is determined by an ex-
ternal capacitor. Maximum multi-
plex frequency is 500 kHz. The
MSB of decades 6, 7 and 8 are
available for overflow and carry
functions. The circuit operates
from a single power supply, be-
tween +5 and +15 V de and comes
in a 40-pin DIP.

CIRCLE NO. 416
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High voltage display
drivers handle 200 V

Dionics, 65 Rushmore St., West-
bury, NY 11590. (516) 997-7474.
From $2.06 (1000-up); stock.

The DI-300 and DI-500 families
of monolithic high voltage display
drivers offer programmable con-
stant-current outputs. For exam-
ple, the DI-302 level-shifted seg-
ment driver is a pin-for-pin
replacement for the Sprague UDN-
7T183A, 7184A and 7186A but it
also offers a programmable con-
stant-current output of 0.1 to 2.5
mA. The DI-300 has the same pro-
grammable constant-current output.
Both are housed in 18-pin DIPs and
are designed for eight-channel dis-
plays. The level shifter portion of
the DI-300 circuit has an operating
voltage capability of 200 V; the
DI-302 is rated for 125 V. The
DI-500/505/510 series of level-
shifted digit drivers feature full
200-V level shift capability. The
DI-502/507/512 drivers have a 125
V capability. These devices are di-
rect pin-for-pin replacements for
the Sprague UDNG6144A, 6164A
and 6184A circuits, respectively.
They also functionally replace the
Signetics 585 Series. All DI-500
family types are available in 4, 6
and 8-line versions.

CIRCLE NO. 308

ICs for remote control
provide 31 functions

Siemens AG, Zentralstelle fur In-
formation, Postfach 3240, D-8520,
Erlangen 2, Federal Republic of
Germany. Joachim Ullmann.

Two MOS ICs, the S556 and
S554, can be used to form an in-
frared remote control system. The
S556, when used with two to four
LEDs, functions as the transmitter
and the S554, with a photodiode,
serves as the receiver. Up to 31
control functions are possible and
binary coded outputs can easily be
decoded. The 18-pin S556 draws
only 10 MA; the receiver circuit
comes in a 28-pin DIP.

CIRCLE NO. 309
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A NEW
GENERATION
OF IMAGE
SENSORS

SIMPLICITY OF USE

Requiring less than a dollars worth of
circuitry to drive—and barely more than that
for video processing—is just one of the key
features of our new “G” series image sen-
sors. Compare the non-critical single TTL
clock needed for the “G” device o the
complex multi-phase clocks prescribed by
others.

y N
I N
oS

[@ You need

all these
for others
HALF THE PRICE

Or even less will bring you 256, 512, 768, or
1024 sensor elements on 25u centers or up to
1728 elements on 15u centers in our “H”
series.

SUPERIOR PERFORMANCE

Low dark current allowing low light level
operation, on-chip noise cancellation, and
smooth spectral response from visible
through infrared makes this new generation
the unquestionable choice.

APPLICATIONS

Page readers, facsimile, OCR, point of sale
readers, non-contact measurements and
inspection and many others.

RETICON

910 Benicia Avenue, Sunnyvale, California 94086
PHONE: (408).738-4266 TWX: 910-339-9343

You need
only this
e for Reticon

CIRCLE NUMBER 54
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BIG
POWER
SUPPLIES

LITTLE
PACKAGES

AC-DC and DC-DC

miniaturized power converters

that deliver 3.9 watts

per cubic inch.

W AC inputs: 115-220 VAC, 47-500 Hz.
W DCinputs: 12, 28, 48, 115 & 150 VDC.
W 1 to 6 isolated and regulated DC out-

puts from 4.2 to 300 VDC.

W Line and load regulation to 0.1%.

W Up to 800 watts per output.

B Efficiencies to 85%.

W Design-As-You-Order construction

from standard sub-modules . . . over
1200 possible configurations.

B Completed converters provided in

tested and encapsulated, conduction
cooled packages in just days.

See for yourself how we've packed the
power and performance in . . . request
our actual size “little black box™ punch
out kit and catalog today!

Call us collect . . . ask for Jim Dunn.

ARNOLD ’ MAGNETICS

ARNOLD MAGNETICS
CORPORATION

11520 W. Jefferson Blvd.

Culver City, Ca. 90230 @ (213) 870-7014
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Data logger changes role
with drop-in card modules

Digitec/United Systems Corp., 918
Woodley Rd., Dayton, OH 45403.
(513) 254-6251. See text.

It’s rare today to get more for
less, but that’s what the Digitec
Datalogger 1000 gives you—more
data logging capability for about
109 less dollars than its closest
competitor, the Doric Scientific
200.

At $1995, the 1000 comes with
10 channels, field-interchangeable
modules for multiparameter meas-
urements (one at a time), an in-
ternal crystal clock that reads out
real or elapsed time and a 20,000-
count (4-1/2 digits) display. These
features are just a sprinkling of
what the 1000 offers.

By contrast, the 12-channel Dor-
ic 200 sells for $2290 with an op-
tional clock, and displays just 3-1/2
digits. The 200 also appears to be
less accurate than the Digitec
unit.

The signal-conditioning modules

(PC boards) of the 1000 aren’t
found on other units. The Digitec
approach lets you go from dc to ac
voltage, to true-rms, to dc auto-
ranging or to temperature meas-
urements (RTD, thermistor or
thermocouple) at will. Extra mod-
ules range from $130 to $275 (tem-
perature modules cost $175).

If you need more channels, the
Digitec lets you expand up to 100;
the Doric to only 24. Program time
intervals are switch selectable on
the 1000. Nine intervals are avail-
able, ranging from 1 min to 5 h,
and you can choose from manual,
continuous and automatic-cycle
modes.

Single-point, repeat printing is
also standard in the Digitec unit.
This feature selects a data point
of interest, continuously interro-
gates that point and displays and
records—at a selected interval—all
pertinent information. The dis-
plays of time, channel number and
measured data are simultaneous—
not time-shared as in other units.

Resolution of the 1000 is 1 uV
de, 10 wV ac and 0.01° for tem-
perature. Systems dc accuracy—at
23 C and < 85% relative humidity
—is *0.019% of reading *=0.005%
of full scale on the higher ranges;
it gets slightly worse on the more
sensitive scales.

With autoranging, another fea-
ture not found on the Doric unit,
the 1000’s accuracy again suffers
slightly. Note that ‘“systems” ac-
curacy doesn’t include items like
thermal EMF or offset voltages
contributed by scanning cards. Ac-
curacy of the Doric 200 is listed
as +0.1% of full scale 5 uV, with
an additional tempco of +0.0025%
of reading/°C.

The Digitec’s 60-Hz CMR isn’t
very high—only 80 dB versus the
Doric’s 59-Hz spec of 120 dB. How-
ever, Digitec specs CMR at 1000-Q
imbalance, the most accepted way,
while Doric uses a 100-Q value.

Optional features—alarms, BCD

(continued on page 106)
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Ise introduces
five new ways to make

the competition
furn green.

Your competition probably already thinks All 17 of them on the 17-digit Itron.
they're using the perfect display All 5 on the FG-512Al.

in whatever it is they make. Next comes an Alfa-Numerical Itron.
Let them keep thinking it. A Linear-Analog Itron. And a Digital Clock Itron.
While you prove them wrong Five ways to be heartless if you put
with a new Itron display. a little heart into it.

They're designed to make
the competition turn green.

@ ®
Which also happens l r ” ”
to be the color of the segments.

Alfa-Numerical Display

FRrrrps e ey riwivivy VUL Luudus £ : FEZ“SMZ
| ef=10V
ec=eb=40Vp-p
ic=10mAp-p
ib=8mAp-p
Wd. 205mm
~ = Lg. 40mm
AT it A i : Segment 9mm
Instruments & Large Calculator Display
- e FG179F2
ef=7V
ec=eb=35Vp-p
ic=7mAp-p
ib=5.5mAp-p
Wd. 170mm
Lg. 40mm

Segment 9.5mm

Digital Clock Display
, FG425A1
FG512A1 ef=5.5V
ef=3.5V ec=eb=35Vp-p
=eb =24Vr ic=8mAp-p
ec—_eb_—24Vp-p ib=6.5mAp-p
BamAL Wd. 140mm
=3mAp-p :
Wd. 100mm i

Lg.40mm

Segment 25mm
Segment 12mm

FG120S1

ef=55V
ec=eb=35Vp-p
ic=4mAp-p
ib=0.2mAp-p
Wd. 140mm

Lg. 40mm
Segment 8mm

NORITAKE CO.,LTD. ISE ELECTRONICS CORP.

H 2 H ivici London Office H Ki Offi
Electronics Office (U.S.A.) Electronics Division o NORITAKE (UK ) LTD Room 1403 Shing Loon Bidg
22410 Hawthorne Bivd. Torrance California 90505, 1-1. Noritake-Shinmachi, Nishi-ku, Nagoya-City. Noritake House 2. York Street W1H 1 Be , England 24~ 26 Stanley Street, Hong Kong
USA Japan Phone: (01) 935-7543 Cable: “LUCTUAL" LONDON Phone: 5-232420 Telex HXB3161

AW ja Muenchen Office Taipei Offi
Phone: 3,313) 373-6704 Phone: NAGOYA (052) 561-7111, c/0 NEUMULLER GmbH_ 8 Muenchen 2. Karlstiasse 65, 72-0 SEC. 3. JEN Al RD. Taipes
Telex: 230674910 Telex: J59738 NORITAKE West Germany. Phone: 592-421 Telex 522106 Phone 3510293 Telex 11176
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Rching!

How do you reconfigure four %

data acquisition channels and 500-600 *
transducer leads from each of eight test
stations — frequently, reliably, quickly,
without distorting low level analog signals?
Easy. Integrate your system with a matrix
switch using 60-circuit T-Bar “Pluggables”

that mate directly with wrappable

connectors.

T-Bar makes high density multi-pole
switches and relays — designs and
fabricates special switching systems —
reliably and economically. That's all we do.
And we've been doing it for 15 years.

If you switch a lot of lines — all at once
or a few at a time — write or phone
today for T-Bar's new Series 6900
Pluggable Switching Cataiog.

} INCORPORATED

SWITCHING COMPONENTS DIV.

141 Danbury Road Wilton, CT 06897
Phone: 203/762-8351

See us at the EDN Caravan in your area.
CIRCLE NUMBER 57
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(continued from page 104 )

outputs and more—further expand
the 1000’s capabilities. For its per-
formance, the 1000 is surprisingly
compact. The unit measures 8-1/2
x 11 x 14 in., and weighs but 22-
1/2 Ib. Delivery takes two weeks,
starting Feb. 15.
For Digitec

For Doric

CIRCLE NO. 301
CIRCLE NO. 302

Unit scales or corrects
errors in count source

by

Durant, 901 S. 12th St., Water-
toun, WI 53074. (414) 261-4070.
From $400; stock-8 wks.

Series 1100 scaler/error correc-
tor alters a count received from a

signal source (transducer) and
compensates for error factors in
the measuring system. The 1100
provides a metric output even
though the input supplies Ameri-
can units. Series 1100 is not a
counter itself, but is used to inter-
face between the count source and
a counter to scale pulses into us-
able engineering units, such as
inches, feet or meters. Standard
units have count speed to 6 kHz,
five digits of preset for correction
setting and are available in desk
or panel mounting.

CIRCLE NO. 310

Filler

We hear from Bob Pease of Na-
tional Semiconductor that a Na-
tional spy has just returned from
Signetics with ome of its secret
processes. He says that, by mak-
ing a« NOR gate with Insulated
Gate transistors, you get an IG-
NORe gate which, of course, is the
key to the Signetics Write-Only
Memory.

Now that we have the secret,
Pease confides, we can second-
source the WOM and make more
than twice the profits that Sig-
netics did.

Miniature DMM
reads true rm

£ 7,

=,
» »
] - o [}
:" ;" \1
LT LA N

Data Precision, Audubon Rd.,
Wakefield, MA 01880. (617) 246-
1600. $345.

Model 248 provides true-rms
measurement of ac volts and cur-
rent. Measuring only 1-3/4 X
5-1/2 X 3-1/2-in. deep, the unit
offers 4-1/2-digic resolution on all
parameters, and it features 10-uV
sensitivity de and ac. Basic one-
year accuracy is *0.05% of input.
Maximum crest factor is 5 at full
scale ac voltage and current range
input, and 2-1/2 at the 100% over-
range level. The rms-to-de conver-
sion is accomplished with a calcu-
lating converter LSI module.

CIRCLE NO. 417

Unit analyzes for
electrical safety

= —_ .
Bio-Tek Instruments, 500 Shel-
burne Rd., Shelburne, VT 05482.

(802) 985-8014. $497; 4-8 wks.
Model 250MA electrical safety
analyzer performs all safety tests
as described in the National Elec-
trical Code, the NFPA 76BT and
in AAMI Safe Current Limits.
With simple pushbutton control,
you can perform leakage-current
testing, potential-difference test-
ing, voltage measurement, ground-
wire resistance measurement and
power conduct-to-chassis resist-
ance. Model 250MA also measures
current consumption at the push

of a button.

CIRCLE NO. 418
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Two models join
generator line

. [ I o o | Az
Marconi, 100 Stonehurst Ct., - il o ot -~
Northvale, NJ 07647. (201) 767- 1 ‘ ,-l_“_, ,_' 1114 '— ,L.'- _' ACV
7250. 2015/1, $2250; 2015/2,
$2250; 60-90 days. o I ot A N

Two new AM/FM signal genera- , “_'- 'PSI ’ _' _'- ' _, GPM

tors, based on the Model 2015,

cover 10 to 520 MHz to meet the ',-' I 17 : i -

specialized modulation require- = 120=l. 1=l °C +11Z 71, ZI°F -

ments of telemetry systems and

narrowband mobile radios. Model ‘ P — S B | A i o et s

2015/1 is particularly suitable for 'l —"',-,' "—, AMPS '—' '—, "" ,' "—" '—' RPM
L = — b == ol B Vo v

use in the production and servic-
ing of narrowband transceivers. It
has full-scale deviation ranges of _' i | 2= i

25, 5 and 25 kHz. Model 2015/2 is I~ I- I-I.1-1 OZ/SEC I _ll-l _I1LBS
a wide deviation version suitable
for tests on wideband telemetry
receivers. It features full-scale
deviation ranges of 20, 100, and

- | United Systems'’
oo | Indicators Will:

e MEASURE voltage and current; ac, true rms or dc.

e CONVERT the output of any transducer/transmitter to dis-
play in engineering units.

e DISPLAY temperature (C or F) directly from thermocouple,
RTD, or thermistor sensors.

¢ INTERFACE readily into your system by optional “‘single line
enable’” parallel BCD output.

¢ INDICATE when a predetermined limit is exceeded, through

relay closure or logic level output from optional internal
comparator alarm.

And with United Systems’ exclusive adaptors these indi-
cators change, in the field, to perform any measurement
listed above and more!

Julie Research Laboratories, 211 For additional information contact your United Systems Rep-
W. 61 St., New York, NY 10023. resentative or call the factory (513) 254-6251.
(212) 245-2727. $10,000.
Computer graphics has been add-
ed to the company’s LOCOST auto-
mated test systems. The graphics
software uses pictures and alpha-
numeric display to direct the inter-
connection of cables and equip-
ment; identify and direct the ad-
justment of internal controls; iden-
tify and direct the use of each
panel control; describe in English
any necessary keyboard action; and

explain when and how to make any UNITED
pertinent observations. The system DigirecO SYSTEMS

uses alphanumerics and line art— CORPORATION

including simplified three-dimen- AUR S R

sional drawings and flashing (513) 254-6251. TWX (810) 459-1728

graphics elements—to show the

operator what to do next. United Systems Corp: Precision measurements to count on
CIRCLE NO. 321 FOR INFORMATION ONLY CIRCLE #168 FOR DEMONSTRATION ONLY CIRCLE #1210
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let’s
talibrate

|

ki Model 82

PRECISION STANDARD
for AC/DC Voltage and Current

® Tests a wide range of analog and digital
meters

o AC and Bipolar DC voltage ranges of
100mV, 1V and 10V

e AC and Bipolar DC current ranges of
100uA, 1mA, 10mA and 100mA

o Nominal accuracies of 0.01% DC and
0.05% AC

® Percent error deviation dial

e Frequency variable from 40Hz to 1kHz

e Four fractional scale division ranges

e

Model 829G

Measure or supply

with one instrument

® AC or DC voltages from 10 mV to
1400V

® Current from 10 uA to 14A

© 10 cardinal resistance values from
0.01 ohm to 10 megohms

® 5.digit readout

COMPLETE
VOLTAGE,
CURRENT &
WATTMETER
CALIBRATOR

® For calibration of wattmeters from
0.05 watt to 14 kilowatts

® Consists of two Model 829G’s and a
Model 5058A Wattmeter Calibration
Module

® Available as individual units or, as
shown, in an attractive customized
enclosure with work table.

Call or write for full information
RFL Industries, Inc.
Instrumentation Division
Boonton, N.J. 07005

EST 1922

Tel: (201) 334-3100 / TWX: 710-987-8352
Cable: RADAIRCO, N.J.

CIRCLE NUMBER 59
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MICROWAVES & LASERS

Laser beam modulated
by acoustic signal

Thomson-CSF Electron Tubes, 750
Bloomfield Ave., Clifton, NJ 07015.
(201) 779-1004. $4325; 20 wks.
What your microfiche or optical
memory system needs is an opto-
acoustic deflector and modulator.
These devices use the optical inter-
ference between an acoustic wave
and a laser beam on a lead-molyb-
date substrate. The result is a
frequency-modulated light beam,
which is also deflected in propor-
tion to the acoustic frequency.
Modulation efficiency up to 90%
in the 150-t0-300-MHz band has
been attained.
CIRCLE NO. 322

Divide your power
and conquer

Sage Laboratories, 3 Huron Dr.,
Natick, MA 01760. (617) 653-0844.
$225; 45 days.

If your problem is to divide 3.7-
to 4.2-GHz power eight ways, you
can conquer with the Model FP-
2036. It features isolation of 25 dB
min (30 dB typ), insertion loss of
0.6 dB max (0.4 dB typ) and un-
balance of 0.25 dB max. The unit
can handle 1 W, and is equipped
with type N female receptacles.

CIRCLE NO. 323

The
Accuracy Policy
of
Electronic Design
Is:

® To make diligent efforts to
ensure the accuracy of editorial
matter.

® To publish prompt corrections
whenever inaccuracies are
brought to our attention. Cor-
rections appear in ‘‘Across the
Desk.”

® To encourage our readers as
responsible members of our bus-
iness community to report to us
misleading or fraudulent adver-
tising.

® To refuse any advertisement
deemed to be misleading or
fraudulent.

This statement of accuracy ap-
pears in every issue of Electronic
Design. Staff members are im-

bued with it, from their very
first day.
Electronic Design

50 Essex Street
Rochelle Park, New Jersey 07662
(201) 843-0550

el

CIRCLE NUMBER 60
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Track with a Staloc!
A what?

Yig-Tek Corp., 1725 De La Cruz
Blvd., Santa Clara, CA 95050.
(408) 244-3240. From $2400; 120
days.

A self-tracking automatic lock-
on circuit, that’s what. The Model
L183 automatically centers any
YIG bandpass or band-reject filter
at the desired frequency differen-
tial from a cw reference, over the
2-t0-18-GHz range. The new tech-
nique is similar to a phase-lock
loop, and can be used for preselec-
tors or remote tuning up to decade
ranges. YIG driver. and loop cir-
cuits are included. Drivers are also
available separately for $400, 60
day delivery.

CIRCLE NO. 324

HeCd laser radiates
deep blue yonder

—n

2
R

-

% ¢ XN

Liconixz, 14,00 Stierlin Rd., Moun-
tain View, CA 94043. (415) 964-
3062. $3000; 30 days.

The deep blue, 442-nm, light of
the Model 4110 HeCd laser s
ideally matched to silver-halide
films and photoconducting mate-
rials. This lower-priced version of
the 4100 lacks feedback control,
but has extended tube life and very
good environmental stability. A
number of options are available.
Inquire for volume discounts.

CIRCLE NO. 325
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CLAIREX OPTO-ISOLATORS

5 darlington, 10 transistor, 4 with a-c input

For logic
functions

2500V PAC
isolation
Characterized
CTRs @ 1 ma
and/or 10 ma
A-C input units
utilize 2 IREDs in
inverse parallel

Call (914) 664-6602

CLAIREX ELECTRONICS

A Division of Clairex Corporation

CIRCLE NUMBER 61

Hot Semis?
Get relief

IERC |=¢| Heat Sinks

INTERNATIONAL ELECTRONIC RESEARCH CORPORATION /A SUBSIDIARY OF DYNAMICS CORPORATION OF AMERICA/135 WEST MAGNOLIA AVENUE, BURBANK, CALIFORNIA 91502
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MICROWAVES & LASERS

Low-pass filter
handles 15 kW pk

3 Huron
Dr., Natick, MA 01760. Tony Cieri

Sage Laboratories, Inc.,

(617) 653-0844. $800;
days.

Can you use a low-pass rf filter
with 50-dB min rejection from 1.28
to 11.0 GHz? The Model FF1922
measures 7/8 x 14-1/2 in., includ-
ing HN connectors. It handles
power levels of 15 kW pk, 500 W
av in the transmission bands of
1026.5 to 1033.5 and 1085 to 1095
MHz. Passband VSWR is 1.25 max.
Maximum insertion loss is 0.5 dB
in the lower and 1 dB in the higher
channel.

30 to 60

CIRCLE NO. 326

Telemetry preamp for
L-band sports 2.5-dB NF

2426 Linden
Lane, Silver Spring, MD 20910.
Irv Kuzminsky (301) 587-6087.
$1095; 60 days.

Packaged for an outdoor envi-
ronment, the Model MDA-1415E
consists of a low-noise solid-state
preamplifier with a low-loss comb-
line preselector bandpass, and a
power supply. In the 1435-to-1540-
MHz range it provides 29-dB gain
with a 2.5-dB noise figure. Output
is 10 dBm, and the unit measures
7T X 7 X 2 in. Higher gain and
other frequencies are available.
CIRCLE NO. 327

Mu-Del Electronics,

L-band Xistor amplifier
gives 45 W swimmingly

Microwave Semiconductor Corp.,
100 School House Rd., Somerset,
NJ 08873. Richard B. Moffet
(201) 469-3311. See text; 90 days.

For your seaworthy houseboat,
the Model MSC91045 amplifier can
provide communications via the
Marisat system. With 45-W min
(ew) from 1.62 to 1.66 GHz, the
AM/PM conversion is still under
8°/dB. Small signal gain is 25 dB
and over-all efficiency is 35%. The
75 X 3.4 x 1-in. unit is designed
for marine environments. Price de-
pends on a number of design alter-
natives.

CIRCLE NO. 328
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HIGH ANALOG TECHNOLOGY #1

OUR ANALOG PRODUCTS
DELIVER
HIGH VOLTAGE.

Ideal
for all
markets—
games,
automotive,

medical,

appliances, audio.

Our digit drivers,

NE584 & 585.
MOS and TTL
compatible.
Plus our
power
amplifier,
NE541.

THINK
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@191"
Em asubsidiary of U.S. Philips Corporation
CIRCLE NUMBER 63
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OEM
DESIGNERS
Get this FREE

Design File

on our new
modular switching
power supplies

These compact, modular power
supply switchers simplify design
in 300-600 watt applications and
keep costs down too. (They're
priced at less than 90¢ per watt!)
Benefits to the end user include
low EMI noise levels (we are de-
signed to meet VDE STD 0875)

and highly reliable opera-

tion plus convenient main-

tenance and easy add-on

capability up to 1200 watts

in a single, 19 in. rack. Get

specs, prices and feature

details today from:

Jim Daly
phone (612) 830-5800
TWX 910 576 2978
or write: 7801
Computer Ave. So.
Minneapolis, MN 55435.

CONTROL DATA
CORPORATION

CIRCLE NUMBER 64
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Flat broadband coupler
is small and rugged

Narda Microwave Corp., Plainview,
NY 11803. (516) 433-9000. $175;
stock.

Available in 6 and 10 dB values,
the Model 4246 covers 6.5-18 GHz
with 0.3 dB flatness. It uses the
patented Narda Multi-Section cou-
pling structure and handles power
levels of 50 W cw, 3 kW peak.
Operation to 105 C and storage to
125 C without degradation are
guaranteed. The precision SMA
female connectors mate in compli-
ance with MIL-C-39012.

CIRCLE NO. 329

X-band FET amplifier
plugs into 110 V ac

Aercom Industries, 1050F E.
Duane Ave., Sunnyvale, CA 94086.
Dick Hassett (408) 736-7600. $3650
(1 to 4); 45 days.

The Model AT-12001-P offers
small-signal gain of 30-dB min
from 8 to 12.4 GHz with a noise
figure of 7.5-dB max. The 2.65 X
6.1 x 2 in. FET amplifier gives
+7-dBm min output, and plugs in-
to 110 V aec, 50 to 400 Hz.

CIRCLE NO. 330

Lightweight dummy
load is leakproof

Coaxial Dynamics, Inc., 12110 En-
terprise Ave., Cleveland, OH 44135.
(216) 671-3550. $148; stock.

The Model 4260 dry coaxial load
handles 200 W with less than
VSWR typ., from de through 512
MHz. Peak power -capability of
1000 W, no need for cooling fluid
and a weight of 6 b make the unit
especially suitable for field use.

CIRCLE NO. 331

Gunn source aims at
klystron oscillators

PRD 821

GUNN OSEILLATOR
POWER SUPPLY AND MODULATOR

PRD Electronics, 6801 Jericho
Tpke., Syosset, NY 11791. Wally
Weissman (516) 364-0400. See
text; 90 days.

The Model 917 Gunn oscillator
provides 50 mW min of rf power,
and is mechanically tunable over
the industrial/medical 10.5 0.2
GHz band. Together with the Mod-
el-821 power-supply modulator, the
oscillator serves as a general-pur-
pose signal source, and can be sub-
stituted for Kklystron oscillators.
The Model 821 provides 9 to 10 V
de at 900 mA, and an adjustable
square-wave signal of 1000 =100
Hz. The oscillator costs $350; the
power supply, $325.

CIRCLE NO. 332
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HIGH ANALOG TECHNOLOGY #2

ALCOSWITCH

Offers your best choice in compact 7/8" diameter
Oil-Tight Controls including; Pushbuttons, Turn to
Lock or Unlock, Wobble, Rotary Lever, Keylock,
Joy Stick, etc. Easy Snap-In contact blocks with
choice of options provide a 10A - 300 VAC rating.
Also in 600, VAC types, too. Meets requirement
per NEMA, U.L., etc. Call or write for full particulars.

Call (617) 685-4371

ELECTRONIC PRODUCTS, INC.

1561 0SGOOD STREET, NORTH ANDOVER, MA. 01845 U.S.A

Tel: (617) 685-4371 TWX! 710 342.0552

Revamanrer AUGAT .

CIRCLE NUMBER 65
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OUR ANALOG PRODUCTS
ARE LEADERS IN
HIGH SPEED.

The first

50 MHz digital l
phase locked loop

(NE564) and dual

comparators (NE521

& 522). Super fast on

and off. TTL compatible.

Use in data recording

communications

and other applications.

THINK

sigm!

©1976.
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Buy One.
Get Five
Free.

New for 8080 users.

Buy a «Pro-80 and you get-

= 8080 microcomputer = High level language
= Software development system = In-circuit
emulator = Field test system.

All five in one modular, portable package!

What a value. The uPro-80 Control/Display Module provides all
the functions found in a minicomputer front panel—and more.
Like breakpoint and program trace functions. And a push button
keyboard and hexadecimal displays so you can examine or modify
memory and CPU down to the status bit and register level. This tiny
module also eliminates bulky terminals in test and field service
environments.

Want more value? Add up your software development costs and see
how much you can save with our BSAL-80 programming language.
Developed especially for the 8080, this unique language can save
programming hours because it uses a non-mnemonic syntax that reads
the way programmers and engineers think. Also relocatability,
parametric macros and automatic memory allocation save coding time.
And assembly language efficiency minimizes execution time
and program memory size.

You don’t have to buy a uPro-80
to get a free brochure.
Why not send for
one today?

uPro Inc.

10340 Bubb Road = Cupertino, California 95014 * (408) 996-1137
CIRCLE NUMBER 67
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POWER SOURCES

Broad inv_erter line
has been improved

Nova Electric, 263 Hillside Ave.,
Nutley, NJ 07110. Ken Niovitch,
(201) 661-3434. From $375; stock.

The full line of more than 150
Nova inverters boasts three im-
proved key specifications. Frequen-
cy regulation, from no-load to full-
load is upgraded from 0.25 to
0.15% ; voltage regulation, which
was *29% is now *19%; and dis-
tortion has dropped from 6 to 5%.
The line of inverters provides out-
puts of 115, 220 or 240 V ac, at 50,
60 or 400 Hz.

CIRCLE NO. 333

Bipolar dc supply
tracks over 12-15V

Century Electronics, 2688 S. La
Cienega Blvd., Los Angeles, CA
90034. (213) 870-1083. From $32.95
(100 wunits).

Bipolar dc supplies of the LBA
series provide automatic tracking
with balance errors as low as 1%.
Of the over 200 standard models,
the 15 LBA-1 is shown. It has 2%
max tracking error, and is adjust-
able from *=12 to *15 V with a
single control. A model with less
than 1% tracking error (15LBA-
1A) is also available. The tracking
supplies are rated for 1-A load cur-
rent to 50-C ambient without de-
rating. Other specs include 105 to
125 V, 47-to-63-Hz input, +0.05%
line/load regulation, 0.5-mV rms
typical output ripple, and a tem-
perature coefficient of +0.029 /°C.

CIRCLE NO. 334
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Convection cooled
UPS is quiet

Clary Corp., 320 W. Clary Ave.,
San Gabriel, CA 91776. (213) 287-
6111. From $1650.

The Mini-UPS  uninterruptible
power system features a solid-state,
convection-cooled design that cuts
size and weight and eliminates
audible noise generated by fans
and blowers. The system is immune
to input voltage variations of
+159. Standard models have
single-phase outputs and are avail-
able in 625-VA, 1.25; 2.5 and 5-
kVA ratings. The unit mounts in a
standard 19 in. rack or can be sup-

plied in a stand-alone cabinet. A.

static-bypass switch and battery
packs are available as options.

Strappable switcher
spans wide outputs

e

Trio Laboratories, 80 Dupont St.,
Plainview, NY 11803. (516) 681-
0400. From $355; stock.

The 672 features a strappable
input of 115 or 208-V nominal at
45 to 400 Hz and delivers 2 to 48
V dec. In this single-output 175-W
switching-supply efficiency runs as
high as 80% and the MTBF ex-
ceeds 40,000 h with only self-cool-
ing. Overvoltage and overload pro-
tection are standard features along
with remote sensing and adjustable
output voltage.

Sub-C cell capacity
has been increased

General Electric, P.O. Box 861,
Gainesville, FL 32602. T. Traeger
(904) 462-4746. See text; stock to
8 wks.

The Super sub-C, rechargeable
cell delivers 1.4 A-h at 1.25 V. This
addition to the company’s 1.2 and
1.0-A-h line of sub-C, wound NiCd
cells is priced at $1.47 per cell
(10,000 qty). The 1.2 and 1.0 A-h
units are priced at $1.25 and $1.15
for like quantities. The 1.62-in.
high sub-C’s have 0.875-in. diam-
eters.

CIRCLE NO. 335
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Introducing the efficient
little
82900

It gives you an edge on
compactness, torque and price.

It's new. It's bidirectional. It has a 7.5° step angle. It gives you
maximum pull-in/pull-out torque of 23 o0z-in @ 200 pps. It's rated at
12.38w @ 5vdc and runs at lower than average temperatures.

The 82900 has a lot to offer, particularly in impact and non-impact
printers, small X-Y plotters and computer peripherals. It's powerful,
compact and moderately priced. And it's reliable. So reliable — in fact
— that it can also be used to control pumps and valves in medical
instruments and similar devices. In many applications it can replace
larger, bulkier steppers at much lower cost.

Standard construction provides 2-phase operation (requiring
simplified, low-cost circuitry), a 7.5° step angle and roller bearings.
However, 4-phase operation, a 15° step angle or sleeve bearings can
be furnished as options.

Write for information today!
A.W. HAYDON CO. PRODUCTS

NORTH AMERICAN PHILIPS CONTROLS CORP

“For_Immediate Need Cheshire, Conn. 06410 - (203) 272-0301 “For Information Only
Circle #207" Circle #208"
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I OUR ANALOG PRODUCTS |
ARE HIGH
ON CURRENT.

First,
our NE544
servo-amplifier
fills consumer and
industrial servo
needs. All functions
integrated into one.
Our new addition to the
standard 7800 voltage regulator
line, the new 78HV
high voltage
regulator offers
high breakdown
voltage for
better reliability.

THINK

Sinetics
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Clip coupon to letterhead for
complete Analog information and
fact sheets.

Name Title

Tel. M.S.
811 E. ARQUES, SUNNYVALE, CA. 94086
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DATA PROCESSING

Need a language tutor
for your 8080 nP?

muPro Inc., 424 Oakmead Park-
way,, Sunyyvale, CA 94086. Jim
Moon (408) 737-0500. From $975;
stock.

BSAL-80, a block-structured as-
sembly language program for the
8080 family of uPs, is an assem-

bler with a relocating or linking
loader. It permits the user to
write programs in high-level lan-
guage syntax while retaining the
flexibility and execution speed of
assembly code. BSAL 80 comes in
8080-resident or standard Fortran-
4 cross-assembler versions. Text
manipulation is facilitated by an
optional editor with automatic line
numbering and a special command
set ($275).

CIRCLE NO. 338

S'matches crystal
='specs to your
MIiCroprocessor.

And no waiting. CTS Industrial Distributors
supply a perfectly matched crystal at the
same time you buy the microprocessor,
because CTS carefully checks the crystal
requirements with each semiconductor
manufacturer before writing crystal specs.

CTSnow has a full line of standard crystals
I for microprocessors and clock IC's. CTS
Knights crystals feature low start-up re-
sistance, reliable CTS mil-approved manu-
facturing processes and gold frequency

"\ calibration for long term stability. Avail-

able in 17 standard frequencies, 1.0 to

22.1184 MHz. Other frequencies available
on special order.

CTS Knights crystals are available off the
shelf at these typical 100-piece prices:
from $5.50 each (1.0 MHz) to $2.75 each
(18.432 MHz).

See your nearest CTS distributor for full
information, or write CTS Knights, Inc.,
400 Reimann Ave., Sandwich, IL 60548,

phone: (815) 786-8411.

CTS Knights.
The frequency specialists.

CTS corrPORATION

Ikhart, Indiana

CIRCLE NUMBER 70
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Floppy-disc-storage
drive has rugged parts

Industrial Micro Systems, 633 W.
Katelle Ave., Orange, CA 92667.
(714) 633-0355. $2350 (1-24).

A floppy-disc-storage drive, the
Model 61-0010, has a die-cast car-
tridge guide and base plate. The
drive comes in a fully enclosed,
portable or rack-mounted case. The
unit stores 3.2 megabits per disc.
The controller supports up to three
drives. Communication goes
through a three-wire, full duplex,
9600-baud communication inter-
face. The signal levels are RS-232
or 20-mA current-loop levels. Pow-
er requirements are 115 V x10%
at 1.5 A.

CIRCLE NO. 339

Spectrum analyzer
system comes with mini

EMR Telemetry Div., Sangamo-
Weston, P.O. Box 3041, Sarasota,
FL 33578. (813) 371-0811. $19,000.
The Model 1510 digital real-time
spectrum analyzer system comes
with a DEC PDP-11/04 minicom-
puter. The analyzer operates on
signals up to 25.6 kHz. The includ-
ed software package computes oc-
tave and 1/3-octave spectrum anal-
ysis with ANSI Class III filter
characteristics. The Model 1510
also does power-density analysis
with automatic gain control. The
hardware consists of a spectrum
analyzer, computer and teletype-

writer.
CIRCLE NO. 340

Bug-killer offered for
IBM System/3 programs

Informaties Ime., 21031 Ventura
Blvd., Woodland Hills, CA 9136}.
Janet Wharton (213) 887-9040.
$199; stock.

Called XREF, this enhancement
program for Models 4, 6, 8, or 10
of the IBM System/3 generates
an alphabetical list of field names,
file names and indicators during
compilation. XREF is completely
compatible with Auto Report,
Total, and other RPG software en-
hancements, and even runs on sys-
tems that use only disc source
libraries.

CIRCLE NO. 341
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Self-sharpening cleaner
picks up debris and bugs

Data Devices International, 6301
De Soto Ave., Woodland Hills, CA
91364. Warren Sproul (213) 884-
5500. From $9295; 8 wks.

With the Century 22 automatic
cleaner/evaluator you can remove
loose oxide and debris from 1/2-in.
mag tape (IBM hub) and check it
for errors at the same time. Clean-
ing is accomplished with a self-
sharpening, rotating cylinder and
two self-sharpening grids, at speeds
up to 360 in/s (forward or re-
verse). An interlock provides fail-
safe operation. The head is guar-
anteed for 2000 h or 1 yr.
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Hard-disc drives
operate with floppies

Data General, Southboro, MA
01772. (617) 485-9100. See text.
A series of cartridge-disc sys-
tems can be mixed with flexible-
disc drives supervised by one con-

troller. The series consists of
Models 6045 (10 Mbyte), 6046
(20 Mbyte), 6047 (30 Mbyte) and
6048 (40 Mbyte). The Model 6045
consisting of cartridge-disc drive,
integrated power supply, controller
and cabling costs $9950. The unit
needs a rack height of 10.5 in.
CIRCLE NO. 343

Now you see the key-
board—now you don’t

Applied Digital Data Systems, 100
Marcus Blvd., Hauppauge, NY
11787. (516) 231-5400. $25 pre-
mium.

If you need a CRT display ter-
minal with a movable keyboard, the
D-option of the Consul series pro-
vides this flexibility. Separation
from the screen up to 2 ft is pos-
sible. Yet, when attached, the D-
option adds only 1 in. to the depth
of the standard TTY-compatible
Consul terminals (Models 520, 580,
920 and 980.)

CIRCLE NO. 344

New! Model 640 Low Cost*Loader
Reads 350 Characters per Second

All solid state photo-electronic components.
Reads all standard 5,6,7 or 8 level tapes.

Smooth,quiet, AC drive.

Provides reliable, high speed data entry. Data amplifiers
and “character ready” output available for CMOS or TTL

interfaces. Fanfold box available.

The Model 640 is the newest addition to the Addmaster

line of quality paper tape equipment.

*only $151! (1-49 units; substantial quantity discounts

available.)

Amplifier.

I WITH HIGH PERFORMANCE. 1
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I New heights in Analog performance. Our SE & NE535
:

$
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op-amps with high slew rate, low offset voltage

and bias current. SD5301 Analog multiplexer with all
control logic on one
chip. SE & NE558
& 559 quad-timers
and NE570 & 571
Compressor/
Expander Audio

THINK
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OUR ANALOG PRODUCTS :

PAY OFF

Clip coupon to letterhead for
complete Analog information and
fact sheets.

Name Title

Tel. M.S.
811 E. ARQUES, SUNNYVALE, CA. 94086

Addmaster Corporation, 416 Junipero Serra Drive, San

Gabriel, California 91776. Telephone: (213) 285-1121.
CIRCLE NUMBER 71
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salon inkernational oes

composan’rs
elec’rronlques 77

International Electronic Components Show
March 31 to April 6, 1977, Paris

The world’s first electronic event in 1977

O Electronic Components [ Equipment and Methods
J Measuring Instruments [ Press and Publications
[0 Materials and Products

The electronic meeting point of the world
An ever increasing number of visitor:

1974 : 57000
1975: 61000 permanent cards
1976 : 72000

Concurrently:
THE INTERNATIONAL SYMPOSIUM "ELECTRONIC + 5"

from March 28 to April 1.
Yes, | would like to receive more information on: >{

[0 The International Electronic 0J The Special travel
Components Show arrangements to these
[0 The Symposium "Electronic + 5" events

NET e e D WA s e L vl ok e e el N G i
Companye =t S MRS Ne ke T, e vy
AQress et l, nrths S S e o AR ARETY 0 IR [ P L .
Gifye e rsone Si it EStatentie - et i MEUAR

"INTERNATIONAL TRADE SHOWS IN FRANCE"
1350 Avenue of the Americas New Yors, N.Y. 10019

2 (212) 582.4960 - ™ 237 757 Fren Ur
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DATA PROCESSING

Disc-memory system
connects to minis

Data Systems Design Inc., 1122
University Awe., Berkeley, CA
94702. (415) 849-1102. $2795-up;
2-4 wk.

The DSD-210 diskette-memory
system works with DEC’s PDP-8
PDP-11 and LSI-11 minicomput-
ers. The system is compatible with
DEC’s instruction set and IBM’s
3740 disc-recording format. An 8-
bit bipolar wP controls all data
transfers, monitors read/write
head positionings, and performs
data-error checks. A self-test
microcode verifies the system. The
DSD-210 comes with single, double,
or triple diskette drives.

CIRCLE NO. 345

Digital cassette unit
features remote control

Techtran Industries, Inc., 580 Jef-
ferson Rd., Rochester, NY 14623.
(716) 271-7953. $950 (single qty);
45 days.

The Model 815 digital cassette
recorder features remote control of
read, write, rewind, fast-forward
and edit functions. It also has
switch-selectable data rates of 110
and 300 baud, dual RS-232C plug-
in interfaces, and a 20-mA termi-
nal interface. The unit stores
145,000 characters on one Philips-
style cassette. The 815 weighs 6
Ib and measures 5 X 7.25 x 11 in.

CIRCLE NO. 346
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Portable terminals
speak ASCII and APL

MINITERM 1201-APL

MINITERM 1203-APL

Computer Devices, Inc., 9 Ray
Ave., P.O. Box 421, Burlington,
MA 01803. K. Stofer (617) 273-
1550. From $1635 (see text).

As an extra-cost option, the APL
character set is available on several
Miniterm models, in addition to
the normal upper/lower case ASCII
and numerics. Prices range from
$1635 ($87 per month, if leased)
for the read-only Model 1201, to
$2435 ($135 per month) for the
portable time-sharing terminal,
Model 1203, with built-in coupler.

CIRCLE NO. 347

Paper tape reader has
only one moving part

Facit-Addo, Inc., 66 Field Point
Rd., Greenwich, CT 06830. Odd
Bjerkmann (203) 622-9150. $325
(unit qty); stock.

The Model-4030 paper-tape read-
er combines a small read-head with
a simple design: only one part
moves. With LED light sources
the head handles up to 60% tape
transmissivity. The basic unit con-
tains control electronics, and is also
available in a two-module (3-1/2
in.) rack panel. Another option in-
cludes a power supply and parallel
SP-1 interface.

CIRCLE NO. 348

Drum memory beats
other drums’ price

Vermont Research, Precision Park,
North Springfield, VT 05150. Ever-
ed W. Hinkley (802) 886-2256.
Reduced cost and small size (12-
1/4-in. high in a 19-in. rack) are
the main attractions of the Model-
4016 fixed-head drum memory. In
addition to 4.2 megabytes of stor-
age and 8.5-ms access time, the
drum features speed detection and
noncontact start/stop heads. All
electronic circuits are external to
the media enclosure. A wide choice
of controllers is available.
CIRCLE NO. 349

new data system

For production/traffic/experimental studies

NEW Count/Time Data System (C/TDS) counts switch
closings, totalizes ON/OFF time on up to 248 channels.
With it and your own switches you have everything you
need for a sophisticated production or statistical activity mon-
itoring system — with on-board printout, plus tape records,
calculatororcomputerfeeds. Even provides time-of-event

dataonselectedchannels!

Keyboard sets all channel inputs, crystal clock timing,
reset intervals, channel scale, outputs and more. Counts 10
events/channel/sec. The C/TDS is like a giant event re-
corder, but with output tabulated by channel the way you
want it. It's a low cost way to replace a roomful of counters,
recorders, timers, and man-hours. Request Bulletin B130
from Esterline Angus Instrument Corporation, P.O.
Box 24000, Indianapolis, IN 46224. Tel. 317-244-7611

r------------
HIGH ANALOG TECHNOLOGY #5

! oUR ANALOG PRODUCTS |
TUNE IN ON
CONSUMER NEEDS.

Offering all the benefits
of designing with
Analog for consumer
products. Games, auto-
motive control and
entertainment systems,
TV, CB, just to name
a few.

E{ ESTERLINE ANGUS
AN ESTERLINE COMPANY
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THINK

Silnetics

©1976.
Em asubsidiary of U.S. Philips Corporation = J
CIRCLE NUMBER 75

r---------

117




PACKAGING & MATERIALS

Spread your gold ink
down to 0.0003 in.

Engelhard Imdustries, Electro Me-
tallics Dept., 1 Central Ave., East
Newark, NJ 07029. Sanford Cole
(201) 589-5000. From $150/0z; 2
wks.

Four new gold inks, designated
A2763, A3319, A3360 and A3362,

yield a fired thickness of only 0.3
mil, thus covering up to 375 square
inches per oz. The new inks al-
so permit well-defined metallizing
widths of 5 to 10 mils, as a result
of their high-shear flow character-
istics. The four inks differ only in
printing and firing requirements,
and some secondary final proper-
ties. Price depends on quantity
and, of course, the gold price.

CIRCLE NO. 350
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CHEAP

Price is a lousy way to
buy keyboards. Because
the low-price buy can
turn into a costly night-
mare. You've got to look
for reliability...On the
job...100% testing at
every step. And you
need a keyboard with
the right features for
your product: Stand-
ard ROM that lets
you use any code
for any key. 28 un-
assigned keys for even
more built-in flexibility.
N-key rollover for error-
free high throughput.

When you find a
keyboard like this,
you've found a real
bargain, a custom key-
board off-the-shelf.
The Datanetics 75 Key,
Model 70/75. Then
start talking price*

*From $88 each in quantities of 1,000,
or 1 for $120.

Datanetics

Affordable reliability.

18065 EUCLID ST., FOUNTAIN VALLEY, CA. 92708
(714) 549-1191 TWX: 910-596-1301

CIRCLE NUMBER 76
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SMA feedthrough has
uniform impedance

Cablewave Systems Inc., 60 Dodge

Ave., North Haven, CT. 06473.
(203) 239-3311. $6.27 (500-up);
stock.

The SMA bulkhead feedthrough
adaptor, type 705627-101, has a
uniform impedance of 50 Q
throughout its length. The solder-
in glass seal has the same imped-
ance as the rest of the connector.
This contrasts with other connec-
tors that have a glass seal of about
44 Q. The hermetic unit has a leak
rate of 1 x 108 cc/s at 1 atm.
The center pin of the connector is
attached to the glass seal by weld-
ing. The hermetic SMA bulkhead
feedthrough adaptor has a max
VSWR of 1.25:1, from 2 to 18
GHz. Both connector ends have fe-
male matings.

CIRCLE NO. 351

Tool kit comes in
small-sized case

Specialized Products Co., 2324
Shorecrest, Dallas, TX 75235. (214)
358-4663. $77 (single qty).

The Model SPC-199 contains
more than 40 tools mounted in a
simulated-leather black-zippered
case measuring 11.5 x 10 in. The
tools include several varieties of
screwdrivers, nut drivers, wrench-
es, pliers, files, instrument oilers
and alignment tools. Also included
is a soldering iron.

CIRCLE NO. 352

Conductive-plastic
tray prevents static

Wescorp, 1601 Stierlin Rd., Moun-
tain View, CA 94040. (415) 969-
7717. $10 (1-24); 3 wk.

A plastic parts tray, Model
W5024-3, protects microcircuits
from static electricity during a
manufacturing operation. Called
SCAT, for a sectioned, conductive
anti-static parts tray, it is curved
to fit a “lazy Susan” parts table.
The tray has an outer semicircular
length of 18 in. The inner length
is 9 in. It is divided into three
equal-sized compartments. The
tray is made of opaque polystyrene
mixed with graphite and is black
in color.

CIRCLE NO. 353
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Christmas tree
replaces screws?

P
r=
gicﬁ

HOLDING TWO PANELS TOGETHER 60° MOVEMENT COMPRESSIBLE MATERIAL

Illinois Tool Works, Inc., Fastex
Div., 195 Algonquin Rd., Des
Plaines, IL 60016. LeRoy Rysell
(312) 299-2222. See text; stock.

The versatile “Christmas tree
clips” have molded flexible ribs
that deflect as the clip is pressed
into a hole, and spring back on the
other side of the panel. These
fasteners come in a wide range of
sizes and shapes, for insertion in
hard as well as pliable materials,
and just about any kind of hole.
Price depends on the specific
model.

CIRCLE NO. 354

Backplane holds twice
the cards for LSI-11

MDB Systems, Inc., 1995 N. Ba-
tavia St., Orange, CA 92665. (714)
998-6900. $295; 14 days.

A Dbackplane assembly holds
twice as many cards as the ver-
sion from DEC, for its LSI-11 uC.
The backplane holds eight quad
modules or 16 dual modules. The
unit has 10 power-supply terminal
posts. It also has full-length card
guides and a prewired multilayer
PC-backplane board.

CIRCLE NO. 355

Radiant solder system
outshines other units

¥

Radiant Technology Corp., 13906
Bettencourt St., Cerritos, CA 90701.
Joe Romance (213) 926-6518.
$6000.

If you work with printed-circuit
boards, but have no access to a
large soldering machine, the Model
F750 infrared solder system may
be your answer. It fits on a table
top and is relatively inexpensive,
vet completely automates the proc-
ess of fusing tin-lead to the copper
conductors of printed-circuit
boards, with widths up to 15 in.
The operator simply places the pre-
fluxed board on the conveyor at one
end, and picks up the finished prod-
uct at the other end.

CIRCLE NO. 356

~ Noise sensitivity

problems go away-
we guarantee it!

Topaz Ultra-Isolation Transformers provide an inexpensive
and reliable way to supply clean, noise-free AC power to
sensitive equipment such as computers, instrumentation,
communication and process control equipment.
Ultra-Isolation Transformers offer the
industry’s best noise attenuation: o
« Common-mode
noise rejection
greater than 145 dB.
* Transverse-mode
noise rejection
greater than 125 dB
at 1 kHz. |
« Standard models a .
125 VA to 130 kVA.
* Priced from $64.
Our guarantee: A Topaz Ultra-Isolation Transformer will
solve your noise sensitivity problems to your complete
satisfaction or we'll take it back— no questions asked.

O v S
SOLUTIONS TO
POWER PROBLEMS

ELECTRONICS
3855 RUFFIN ROAD, SAN DIEGO, CA. 92123 » (714)279-0831 « TWX (910)335-1526
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HIGH ANALOG TECHNOLOGY #6

OUR ANALOG PRODUCTS |
KEEP DATA PROCESSING

HUMMING.

Delivering all the
high voltage and
high speed you
need. Make design-
ing easier, and
obtain high perform-
ance at low system
cost. The list of
Analog benefits

goes on and on. I

l« | Attach coupon to letterhead for

3| complete Analog information and
fact sheets.

Name Title

Tel. M.S.
811 E. ARQUES, SUNNYVALE, CA. 94086

©1976.
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Our attenuators can be

If your design calls fowx of :
range, talk to Telonic firs ave 'em for handling'.1 dB
to 130 dB. The solid-state, thick film resistors we use give longer
service life, higher accuracies and power capabilities of 3 watts or
better. Prices start at $28.00, even lower in quantities. Our attenuator
catalog is yours on request. Write, or call toll free.
n 2825 Laguna Canyon Rd. * Box 277
i i Tel: : free, 800-854-
TelonicAltair Jl 7 5ol oo

Laguna Beach, California 92652
Telonic -the name for attenuators

CIRCLE NUMBER 79

A manu&cmner arw sapphor of
a-unique wire-wrap panel,
designed by users'who really
understand your problems. It's
not another:"'me-too’panel.
For mare information‘contact
the Hybricon Corporation,

410 Great‘Rd., P.O. Box 513,
Littleton, Ma. 01460, Tele-
phone: (617) 861-6692:

Wire-wrap is & Gardnher-Denver trade mark.

1§ (HYBRICON] &

CIRCLE NUMBER 80

| Dfrect hy—ﬂdnsﬁy mountmg
of discrete components
Plated through holes
Four. power busses
Two ground planes
Complete documentation

e Component mounting
without carriers

120

PACKAGING & MATERIALS

Bearings accept linear
and rotary motion

Linear-Rotary Bearings, Inc., 99
Urban Ave., Westbury, NY 11590.
(516) 333-6678. 1-9 prices: $5.05
(LR-4) to $217 (LR-64).

The LR series of rotary bearings
accepts shafts with diameters from
0.25 to 4.0 in. The bearing design
allows the shaft to rotate and move
in the direction of length. It is
said to have a life of 10-million
inches of relative motion, com-
pared to competitive models’ life
of 2 to 4-million in. The Model
LR-4 can accept a 0.25-in-dia. shaft
rotating at 3600 rev/min with a
14-1b load.

CIRCLE NO. 357

A series of plastics
conduct electricity

Emerson & Cuming, Inc., 809
Washington St., Canton, MA 02021.
(617) 828-3300. Sheets: $84-$239,
bars: $8.40-$30.00.

A series of five plastics, called
Eccosorb HF, has a volume re-
sistivity ranging from 10® to 107
Q-cm. The plastics come in sheets
measuring up to 12 x 12 x 1 in.
Or they come in bars with cross-
sections measuring up to 1 x 1 X
12 in. They can be used at fre-
quencies from dc through micro-
wave.

CIRCLE NO. 358

Silicone tubing shrinks
on exposure to air

Insulation Systems Inc., 1233
Reamwood Ave., Sumnyvale, CA
94086. (401) 734-5190. See text.

A line of silicone tubing, called
No Heat, shrinks down when it is
exposed to air. The tubing comes
packaged in air-tight pouches or
cans, and will start to shrink 5 min
after exposure. It reaches its final
diameter in 30 min. The silicone
tubing is nonflammable and has a
continuous operating range of
—1T75 C to +175 C. The tubing is
available with shrunk inside diam-
eters of 0.062 to 1 in. One type,
which costs $1.89/ft (500-up),
shrinks to an inside diameter of
0.25 in.

CIRCLE NO. 359
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Inexpensive fixture Inexpensive connector Neat epoxy adhesive
speeds PC assembly snaps into PC boards sticks—up to 190 C
P .

HIGH TEMPERATURE
L EPOXY __—

® e

Tra-Con, Inc., 55 North St. Med-
ford, MA 02155. (617) 391-5550.
Fort Wayne, IN 46825. Andrew S. Connector Corp., 6025 N. Keystone From $25; 1 wk.

Cir-Pax Systems, 11535 Leo Rd.,

Gall (219) 627-3607. From $49.50; Ave., Chicago, IL 60646. Bill Para- Tra-Bond 2248 is a high tem-
stock-2 wks. dise (312) 539-3108. 10¢ (small perature epoxy adhesive for bond-

For prototype IC systems, this qty); stock to 5 wks. ing and staking applications. It
compact work station not only The Model 107E65-4 rf/audio comes in pre-dispensed “Bipax”
keeps your desk or bench neat, it connector snaps instantly into PC packages that end the mess of mix-
speeds up assembly, too. The ter- boards, and allows both parallel ing two-component systems. The
minals provided fit holes with di- and right-angle connection. The dark brown, 100%-solids epoxy

ameters of 0.055, 0.073, and 0.093 clever design of the 107E65-4 pre- bonds to metal, glass, ceramics and
in. and the gripping fingers of the vents flux or solder from entering plastics. After curing at elevated
terminals hold component leads in the contact area, and provides temperatures, the 2248 resists wa-

the proper position. The assembly rigid mounting with three lugs. ter and many solvents, and retains
can then be turned over, and either The connector protrudes less than its mechanical and electrical prop-
hand or flow-soldered. 1/2 in. above the board. erties up to 190 C.

CIRCLE NO. 360 CIRCLE NO. 361 CIRCLE NO. 362
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HIGH ANALOG TECHNOLOGY #7

F“Il : OUR ANALOG PRODUCTS

MAKE INSTRUMENTATION
MEASURE UP.

circle.

HEY€O £
Universal voltage. high
spee
Bushings : and high
yco Nylon Universal current

come in Bushings snap lock into these S Hdhanas
these 6 hole sizes and solve most of of Analogg fit

your insulation problems right into your
O sizes. quickly, efficiently and instru mentation

inexpensively. U.L. recognized, requirements

C.S.A. approved. Scientific, -

medical, processing
instruments keep

on beam
with Analog.

THINK

Sifjnotics

FREE Test Pack

is yours for the asking.
Send for it today.

HEYMAN MANUFACTURING COMPANY

KENILWORTH, NEW JERSEY 07033 WAUKESHA, WISCONSIN 53186
(201) 245-2345 « TWX: 710-996-5986 (414) 542-7155 « TWX: 910-265-3668

CALL TOLL-FREE (800) 558-0917 e IN WISCONSIN CALL (800) 242-0985
©1976.
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MODULES & SUBASSEMBLIES

True-rms converter
handles dc to 2 MHz

National Semiconductor, 2900
Semiconductor Dr., Santa Clara,
CA 95051. Brent Welling (408)
737-5000. From $22.50; stock to 6
wks.

The LH0091, a true-rms convert-
er, computes the root-mean-square
value of virtually any combination
of ac or dc input signal from de to

2 MHz. Performance is guaranteed
to better than 0.29% accuracy to 30
kHz, with crest factors as high as
5. The frequency can be extended
to 200 kHz for 1% accuracy and
crest factors as high as 10. With
external trim, accuracy can be ad-
justed to 0.056% of the reading. An
uncommitted amplifier is provided
for filtering, gain, or high-crest-
factor configuration. The true-rms
converter comes in two kinds of 16-
lead DIPs.

CIRCLE NO. 363

all-electronic drive. And more.

(401) 847-8000.

Is there a, recorder
® just for spectrum
® gnalyzers?

The new 19" rack-mounting SPECTRUM ANALYSIS RECORDER
from Raytheon. It’s the first dry paper line scanning recorder
specifically developed for ~irect plug-in operation with commer-
cially available spectrum analyzers.

Any new or existing spectrum analyzer equipped with the
SAR-097 will have a lot more going for it. Like infinitely variable
100:1 speed range— 5 sec/scan to 50 millisec/scan...stylus position
encoder...automatic recorder synchronization...computer/
analyzer compatibility...high resolution and dynamic range...

If you design and build — or buy and use —spectrum analyzers,
you don’t have to settle for multi-purpose recorders any more.
The SAR-097 is here. For full details write the Marketing Manager,

Raytheon Company, Ocean Systems Center,
Portsmouth, Rhode Island, 02871. U.S.A.

CIRCLE NUMBER 83
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Accelerometers cover
wide range

LJCHEROMUEE"

NEW

£

Schaevitz Engineering, P.O. Box
505, Camden, NJ 08101. (609)
662-8000. From $539; stock.

Five models of ASB-series
closed-loop-servo angular accelerom-
eters measure from =*+50 rad/s* to
+1500 rad/s* full scale, with lin-
earity to +0.1% of full scale,
hysteresis to +0.02% of full scale,
and resolution to £0.0005% of full
scale. These units are intended for
measuring angular acceleration of
roll, pitch or yaw in aireraft or
aerospace control systems. They
operate from standard de¢ supply
voltage. Available options are 0.2-
to-4.8-V telemetry output, and out-
put-to-input isolation. An output-
bias option permits operation
around a nonzero level. Other out-
put variations are: unipolar, limit-
ing, bipolar (with single supply
voltage) and low-impedance. These
devices are 2.6 x 1.1 x 1.68 in.

CIRCLE NO. 364

Set relay’s delay
with thumbwheels

International Microtronics, 4018 E.
Tennessee St., Tucson, AZ 85714.
Dr. Otto Fest (802) 748-7900. $79;
stock-to-4 wks.

You set this solid-state time-
delay relay with direct-reading
thumbwheel switches. Series 280
Digilay times on-or-off delay
modes from 1 ms to 999 s with
accuracy and repeatability of
+0.59%. Power turn-on time is 30
ms and power-recycle time is 10
ms. An external frequency-modula-
tion feature permits fine tuning of
the oscillator’s base frequency, or
you can modulate the time delay
with an external waveform. SPDT-
relay, SPDT-reed-relay, and SPDT-
triac options provide switching
times ranging from 10 us to 1 ms.
The device operates from 12-V
+109% input power.

CIRCLE NO. 365
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Video sample-and-hold
works faster

ILC Data Device, Airport Interna-
tional Plaza, Bohemia, NY 11716.
(516) 567-5600. From $395; stock.

The Model VADC-150 is the fast-
est video sample-and-hold unit
available. It features a 100-MHz
small-signal bandwidth, 500-V/us
slew rate and 20-MHz sample rate
and is intended for video a/d and
pulse processing. The module’s
acquisition time can vary from 12
to 25 ns, depending on signal
change; apterture time or aperture
jitter is =60 ps. The VADC-150 is
a system-oriented modular device
that provides TTL-compatible con-
trol inputs and a FET input imped-
ance for video. Feedthrough atten-
uation is 50 dB at 10 MHz, linear-
ity is 0.1% and the drift rate is 0.2
mV/us. The unit meets the require-
ments of MIL-STD-202D. The mod-
ules are offered in two types, each
having its own temperature range,
the VADC-150-1 for —55 to +85
C, and the VADC-150-3 for 0 to
+170 C.

CIRCLE NO. 366

FET op amp delivers
high output

A-161
—
""‘i >eu.

Hintech

_;—M"
Intech/FMI, 282 Brokaw Rd.,
Santa Clara, CA 95050. (408) 244-
0500. $95 (1-29); stock to 4 wks.
FET inputs and a rated output
of £35 V at 150 mA are features
of the A-161 modular op amp. It
also boasts a min slew rate of 15
V/us and bias current of less than
20 pA. The unit operates over a
supply range from +12 to +40 V.
In addition, the amplifier, connect-
ed as a unity-gain follower, can
operate into a capacitive load of up
to 1000 pF.

CIRCLE NO. 367

Control small motors
without spiking

G.K. Heller, 7 Mayflower Pl., Flor-
al Park, NY 11001. (516)  775=
7170. $62 (singles); 3 to 4 wks.
The TSX controller maintains
the preset-speed of 1/40-HP per-
manent-magnet or shunt-wound de
motors with power transistors in-
stead of triacs and SCRs. There-
fore, you can use this controller
close to sensitive electronic equip-
ment without causing rf interfer-
ence. The unit provides speed regu-
lation within 1% for fluctuations in
torque within the motor’s rated
limits, or variations in ac-line volt-
age from 100 to 130 V. The device
is said to give you a wider range
of smooth rotational-speeds than
can be attained with SCR control-
lers. Standard features include
full-wave field-voltage supply, full-
wave-filtered armature supply, pro-
tection against transient voltages
on both the input line and the de
output, a line-voltage correction
circuit, and trimming adjustments
for max and min speeds.
CIRCLE NO. 368

FREE!

CATALOG 103

688 PAGES!
100,000 ITEMS.

ALL PRODUCTS LISTED
ARE STOCKED.

150 TOP BRAND NAME

LINES o

FEATURING
Sola Power Supplies

Sola offers dual and triple
output power supplies

for micro/processors and
accessories: RAM’s, PROM’s,
FPROM’s, clocks,
and 10 devices.

Fully isolated
independent outputs
for either positive or

negative operation.

Series or parallel
operation.

Plus remote

sensing programming,
and complete
serviceability.

All available from
your nearest
Newark branch.

NEWARK ELECTRONICS

500 N. PULASKI + CHICAGO, IL 60624
PHONE (312) 638-4411 « TELEX 25:3218
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HIGH ANALOG TECHNOLOGY #8

OUR ANALOG PRODUCTS

ANSWER
ICATION NEEDS.

Encode, decode,
display, switch, digitize
with analog
for highest
voltage,
speed and
current.
Products on hand

to keep telecommuni-
cations and communi-
cations systems talking.

©1976.
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How to get high

Signetics’ high technology products fit all markets.

We have a lot of things to talk about. From And, see how easy it is for you to take advantage of
our broad line of analog products available to fill all the benefits for yourself.
consumer, data processing, instrumentation and
communication requirements —including new prod-
ucts, exclusive products, interface products, indus- Just for example, there’s the
trial products, mlhtary products, you name it. nght Signetics NE541 Class AB monolithic power driver
down to our special applications assistance which that offers an operation up to 80 volts, low
includes detailed literature and our experienced standby current, and a wide power bandwidth.
engineering staff that’s always on-call to help you Perfect for driving large audio output stages and
on a one-to-one basis. similar applications. Signetics has many other

Then there are the specific benefits offered by analog pm(.iUCtS rated at high voltages to meet your
our analog products. In fact, when you see the high latest requirements.
voltage, high current, high speed and high perform- HIgh SP Signetics analog devices act faster
ance...you'll see why Signetics is “high on analog”’ to provide better performance when computer logic

So where do we begin?




on analog.

DIGITAL
DIGIT POWER PHASE DUAL SERVO-
DRIVERS AMPLIFIER | LOCKED LOOP |COMPARATORS| AMPLIFIER
(NE584 & 585) (NES41) (NES64) (NES21 & 522) (NES44)

HIGH
VOLTAGE COMPRESSOR/
REGULATOR 0P-AMPS MULTIPLEXER | QUAD-TIMERS | EXPANDERS
(78HV) (SE & NE535) (SD5301) (SE& NE558 & 559)] (NE570 & 571)

yes | yes

and memory function faster with low signal levels.
Signetics sense amps, dual comparators and other
products turn on and off faster. Perfect for data
recording and communication applications.

High current. Examine the NE544 servo-
amplifier that is a linear one-shot, all purpose servo
driver with all functions integrated into one, and
you will see it is truly unequalled. You'll also see
why Signetics is “high on current”’

High performance. There’s a whole list of
high performance analog products available from
Signetics. Multiplexers, quad-timers, compressor/
expanders, operational amps. They feature low input
offset voltage, low input bias current, TTL compat-
ibility, all logic on a single chip, economy, everything
to make designing easier.

yes

The more you know about analog, the higher
you get on it. Don’t wait. Start now by mailing
the coupon.
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337 more power fo the people.
Power/Mate presents
Econo/Mate I1.

The open frame power supply.

Now Power/Mate brings you 33%
more power in the same package size
with the second generation of our
Econo/Mate series.

The size is the same, the basic
components are the same for easy
interchangability. But that’s where the
similarity ends.

Econo/Mate Il adds features like
dual AC primary and a plug-in IC
regulator for improved regulation.

And Econo/Mate Il is tough.
Computer design, quality control, and
Power/Mate's experience helps
insure 100,000 hr. MTBF even at this
higher power output.

But for all its features, Econo/Mate
Il is still, most of all, economical.

We wouldn't call it Econo/Mate
if it wasn’t.

Econo/Mate Il is in stock, ready for

delivery. Send for our free brochure.

World's largest manufacturer of quality power supplies.
514 South River Street/Hackensack, N.J. 07601 /Phone (201) 343-6294 TWX 710-990-5023

Prices start at $19.95.

A

\:éé".ysaa 03

.
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Part ACE Tie DIP No. No. Board Size Price
No. Model No. Points Capacity Buses. Posts (inches) Each
923333 200-K (kit) 728 8(16's) 2 2 4-9/16x5-9/16 $18.95
923332 208 (assem.) 872 8 (16's) 8 2 4-9/16x5-9/16 28.95
923334 201-K (kit) 1032 12 (14's) 2 2 4-9/16x7 24.95
923331 212 (assem.) 1224 12 (14’s) 8 2 4-9/16x7 34.95
923326 218 (assem.) 1760 18 (14’'s) 10 2 6-1/2x7-1/8 46.95
923325 227 (assem.) 2712 27 (14's) 28 4 8x9-1/4 59.95
923324 236 (assem.) 3648 36 (14's) 36 4 10-1/4x9-1/4 79.95
Order from your A P distributor today.
Our distributor list is growing daily.
For the name of the distributor nearest you
call Toll-Free 800-321-9668.
Send for our complete A P catalog,
The Faster and Easier Book.
Box 110-F Painesville, OH 44077 (216) 354-2101 TWX: 810-425-2250
CIRCLE NUMBER 88
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MODULES & SUBASSEMBLIES

Amp lets you select
gain and bandwidth

Preston Scientific, Inc., 805 E.
Cerritos Ave., Anaheim, CA 92805.
(714) 776-6400. See text; stock to
30 days.

Gain of the DX-series Model-A
instrumentation amplifier can be
set at any of seven levels by a
front-panel rotary switch. Fixed
gains of 10, 20, 50, 100, 200, 500
and 1000 are standard. A continu-
ous fine-control lets you adjust
gain-settings between selector
levels, with a gain of 3000 max. A
six-position front-panel switch lets
you select bandwidths of 1 Hz, 10
Hz, 100 Hz, 1 kHz, 10 kHz or
“wideband.” A critically damped
12-dB/octave filter determines the
frequency response. In small quanti-
ties, the amplifier is priced at $295.
Dual outputs (one filtered, one unfil-
tered) are optional at $35. The am-
plifier boasts the following charac-
teristics: 0.056% accuracy; 0.005%
linearity; 1 uV max one-sigma
input noise. Tempco over the 0-to-
50-C range is 1 uV referred to the
input; 30-day stability is +3 LV
referred to input and £100 uV re-
ferred to the output. Additional
specifications include: output am-
plitude of =5 or =10 V with 100-
mA max current on both ranges;
output impedance of 1 Q; common-
mode rejection (at 1000 gain) of
130 dB at de, 120 dB at 60 Hz and
60 dB at 60 kHz; common-mode
voltage of 10-V pk; slew rate of 1
V/us; and settling time to £0.0197
of final value of 50 us.

CIRCLE NO. 369

ELECTRONIC DESIGN 2, January 18, 1977



Relay Miss
every

2-Billion Cycles

Relay
(actual size)

We tested 129 of our new Series E
Relays at loads from dry circuits to
3 Amps. After 35-billion operations,
only 10 single-cycle misses were
monitored.

Series E Relays offer:

Indefinite life

No contact bounce

Operation in all positions

Contacts stable to =0.015 ohms over life
Reliability at dry circuit or power loads
Self-healing contacts

Hermetically sealed contacts

1250V rms contact breakdown

Low cost

B e ——
“ LC2 Switch Capsule
(actual size)

Series E Relay uses a rugged LC2 welded
capsule rather than a fragile glass reed switch.
This patented design holds a film of mercury
securely to the metal walls of the capsule. With
every operation, the mercury film renews the
switch contacts. You get the reliability of
mercury relays, but with complete freedom of
mounting orientation. LC2 welded capsule re-
liability is proven by hundreds-of-thousands of
units in the field, as well as billions of cycles
under stringent laboratory conditions.

Send for a FREE SAMPLE of the LC2 welded
capsule on your letterhead. Circle the reader
service card number for Series E Relay

information.

Fifth Dimension, Inc.
P.0. Box 483
Princeton, N.J. 08540
Tel: (609) 452-1200
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Data-acquisition unit
needs no baby sitter

CSP, 209 Middlesex Tpk., Burling-
ton, MA 01803. (617) 272-6020.
From $4000; 120 days.

Series-500 Analog Data Acquisi-
tion Modules (ADAMs) provide
for crystal-controlled sampling (4.8
MHz) and processing of up to
eight analog signals, without su-
pervision from a host computer.
All of the hardware (including
up to eight sample-holds) and
software necessary to accomplish
data-acquisition and a/d conver-
sion are incorporated within the
ADAM. These modules digitize
input signals into a normalized
16-bit floating-point format using
the company’s MAP’s SNAP II
Fortran-compatible language. Proc-
essing rate for standard units is
125 kHz with 12-bit resolution,
while a higher-speed model offers
a 250-kHz digitization rate with
10-bit resolution.

CIRCLE NO. 370

Stable oscillator
takes the punches

Frequency & Time Systems, 182
Conant St., Danvers, MA 10923.
(617) 777-1255. $2400 (1 up)
stock.

The Model 1000 quartz-crystal
oscillator gives you stability: bet-
ter than 1 x 10-12 for averaging
times of 1 to 1000 s, and better
than 1 x 10-'° per day for 30-day
averaging. It boasts ruggedness:
meeting MIL-STD-810C, method
514.2, for ground-launched mis-
siles, cat.E, proc.4 and withstand-
ing random vibration of 23.9 g
rms from 20 to 2 kHz and peak-
shock with a pyrotechnic spectrum
of 2300 g at 1850 Hz. The unit
has spectral purity: less than 118
dB of phase noise 1-Hz from the
5-MHz output. The oscillator’s
spectral purity and stability point
to its use as a stand-alone basic-
frequency source for multiplication
up through the millimeter band.
Modules can be specially ordered
with lower phase noise, up to four
TTL-compatible outputs and with
output frequencies other than 5
MHz. Radiation hardened models
are available. The 3 X 3 X 6.9 in.
unit weighs 1.9 lb.

CIRCLE NO. 371

"LOW SIDE”
DIP
SOCKETS

Unique TEXTOOL design
offers high reliability . . .
maximum socket density

The new TEXTOOL “‘Low Side’ DIP socket
series is designed for test and aging applica-
tions requiring both high reliability and
maximum socket density.

Lower sidewall construction of the new
socket leaves a device body exposed for bet-
ter heat dissipation and more uniform airflow
during extended tests at elevated tempera-
tures. The sidewall is
high enough, however,
to act as a guide to the
tapered contact entry de- -
signed to accept bent or
distorted leads. :

The compact TEX- :

TOOL *‘Low Side'" DIP socket requires up to
15% less P.C. board area than similar sock-
ets, yet still combines a minimum profile
with low insertion force contacts for easy
loading and unloading without damage to
device leads. Since the contacts do not
extend above the top of the socket, they
are protected from possible bending or
breaking.

A center slot on the socket accepts all
currently available loading and unloading
tools. Its solid wall construction design sig-
nificantly reduces damage caused by mis-
alignment of a loading tool.

New TEXTOOL “‘Low Side"’ DIP sockets
are available in a choice of 14 or 16 pin
versions in materials capable of 300°C oper-
ation. Both models have mounting holes in
the socket body for applications requiring
other than P.C. board mounting.

Detailed information on these and
other products from TEXTOOL . . . IC, MS/
and LS| sockets and carriers, power
semiconductor test sockels, and custom
versions . .. is available from your
nearest TEXTOOL sales representative or
the factory direct.

PRODUCTS, INC.
1410 W. Pioneer Drive « Irving, Texas 75061
214/259-2676
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EVER NEED
STORAGE
"SCOPE
RESOLUTION
THATWASN'T
THERE?

In a storage 'scope you need
better, not lower, resolution
because what you capture will
be all you’ll see if the signal
occurs just once.

Nicolet’s EXPLORER general
purpose storage oscilloscope
provides 20 times better
resolution than the next best
storage 'scope. You can
electronically zoom in on any
detail of interest. Quickly and
easily, whether the signal is
stored or live.

To learn what hundreds of
happy EXPLORER users
already know about resolution,
write-through storage,
“hiding” a waveform,
automatic persistence, simple
signal capture and storing a
week-long
signal, call or
write for our

- \
vaavw,|

s =

new four- )
page ad LIS
reprint and SR N
descriptive P e
brochure. ORI XTI

NICOLET
« INSTRUMENT
CORPORATION

5225 Verona Road
Madison, Wisconsin 53711
Telephone: 608/271-3333
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DISCRETE SEMICONDUCTORS

Miqrowave trapsistors
deliver low noise
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Hewlett-Packard, 1501 Page Mill
Rd., Palo Alto, CA 94304. (415)
493-1501. $49: HTXR-5103, $105:
HTXR-6104 (10-24); stock.

Two silicon bipolar transistors
are suitable for low-noise ampli-
fiers in the 1-to-4-GHz range.
Model HXTR-6103, with a 2.2-dB
(max) noise figure at 2 GHz and
a 110 dB (min) associated gain,
can replace the Fairchild FMT
4005. Model HXTR-6104 has a 1.6-
dB (max) noise figure at 1.5 GHz
and associated gain of 13 dB
(min). Both devices are manufac-
tured with ion-implantation tech-
niques and titanium-platinum-gold
metallization. Packaged in the her-
metic HPAC-100 metal/ceramic
packages, both devices can meet the
requirements of MIL-S-19500 and
the test requirements of MIL-STD-
750/883.

CIRCLE NO. 372

Pnp power transistor
complement of 2N3373

Motorola Semiconductor Products,
Inc., P.O. Box 20912, Phoenix, AZ
85036. (602) 244-3465. $2.59 (100-
999); stock.

A pnp power transistor, the
2N6609, rated at 16-A continuous
maximum collector current and a
Vego of 140 V de minimum, is a
complement to the popular 2N3373
npn. The transistor features a dec
safe operating area of 1.5 A at a
Vee of 100 V. This 150-W capa-
bility is over three-times greater
than the power-dissipation capa-
bilities of earlier 16-A, 140-V
pnp’s. This performance has been
achieved by including base ballast-
ing with Motorola’s standard epi-
taxial-base process.

CIRCLE NO. 373

LED numerical displays
0.5 and 0.3-in. high

Spectronics Inc., 830 E. Arapaho
Rd., Richardson, TX 75080. (214)
234-4271. $1.25: SPX-300, $1.45:
SPX-500 (1000 up); 30 days.

Two series of red, seven-segment
LED displays feature 0.3-in. high
(SPX-300) and 0.5-in. high (SPX-
500) characters. The new devices
offer wide viewing angles, continu-
ous uniform segments and high
contrast. And they are categorized
for uniformity of luminous intensi-
ty. They are available in both
common-cathode and common-an-
ode configurations.

CIRCLE NO. 374

Power Darlingtons rated
to 1000V at 125 W
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International Rectifier, 233 Kansas
St., El Segundo, CA 90245. (213)
322-3331. $11.75 to $18 (100-999);
stock.

Very high-voltage monolithic
Darlingtons with power ratings to
125 W, designated the IR5063
through IR5066 series, have collec-
tor-to-base ratings to 1000 V and
collector-to-emitter ratings to 900
V. Peak collector current for
all units in the line is 20 A.
Hard-glass passivation of the sili-
con chip provides exceptional sta-
bility at high operating junction
temperatures. Processing is triple
diffused for high voltage with a
wide safe operating area and fast
switching. Small-signal current
gain for all the Darlingtons is 8
at 0.5 A, 10 V. Thermal resistance,
junction-to-case, is 1 C/W. Maxi-
mum power dissipation for all
units is 125 W. Packaging is in a
standard JEDEC TO-3 case.

CIRCLE NO. 375
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Short Story

J\ EMC's New

. Contact
for
Short

Leads

CShort Regular L“\
ontact Contact \
IC’s jarring loose? EMC's brand new short con-
tract grabs and holds IC leads even less than )
.10” long! We designed it into our patented
Nurl-Loc® terminal to provide the precise inser-

tion and withdrawal forces you need. And Nurl-
Loc® gives you 5 times the gripping surface to
prevent twist and spread the stress to eliminate
warping. Short contacts are available now in
EMC’s Wire-Wrap® Panels . . . and in our full

line of DIP and Transistor Sockets. Call Allan
Klepper (401) 769-3800 for the longer story, or
write Electronic Molding Corp., 96 Mill Street,
Woonsocket, R.l. 02895.

Wire-Wrap® Gardner-Denver Co.

Interconnection Specialists
CIRCLE NUMBER 92
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More and more engineers are asking themselves that
question when they see and learn of the advantages of
using P.S.G.’s Mercury and Solid State Thermostats.

ACCURACY t.05°Cto2°C
DIFFERENTIAL .05°Cto 10°C
SHOCK 100G
VIBRATION 20G at 2000 cycles per second
LOAD 5 M.A.to 5amps
SIZE length 5/16 and up -
diameter 3/32 and larger

All types of mountings. Simple, no moving parts and
they are low cost, ranging from $2.10 each up (de-
pending on model and quantity).
We find it simple to solve temperature control
problems. Let us have yours.

MANUFACTURER OF PRECISION THERMO AND ELECTRONIC CONTROLS

1225 Tunnel Road, Perkasie, Pa. 18944

"’%lll T

u-i 1 .Ea':f'-
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ALONE
AGAIN

in low cost 1-watt
Zener Diodes

SCHAUER

“Z" SERIES
ZENERS

DO-41 epoxy
molded case

ANY VOLTAGE

2.6 to 34.0
ANY TOLERANCE
1% 2% 5% 10%

At Any Test Current

Compare These Prices
On 1% Tolerance Diodes

Quantity Price each
1-99 91¢
100-499 83¢
500-999 77¢
1000 up 73¢

LARGE STOCK
GOOD DELIVERIES
Send for complete rating data

and other tolerance prices.

Semiconductor Division

SCHAUER

MANUFACTURING CORP.

4511 Alpine Ave., Cincinnati, OH 45242
Telephone 513-791-3030 Telex 21-4576

CIRCLE NUMBER 95
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COMPONENTS

Snap-action thermostats
sealed hermetically

Protective Controls Inc., Husky
Park, Frederick, MD 21701. (301)
663-5141. $6 to $6.50 (OEM qty);
2 to 8 wks.

Series 5100 thermostats are her-
metically sealed immersion-type
snap-action bimetalic disc units. A
new single-break switch design
gives improved reliability as well
as improved shock and vibration
characteristics. The devices with-
stand 20 g’s up to 2000 Hz and
meet MIL-STD-202, condition D.
Ratings are 3 A, 120 V ac; 1.5 A,
240 V ac; or 5 A, 30 V de—100,000
cycles with SPST single-break (NC
or NO) contacts. Quick-disconnect,
spade or screw-type terminals are
provided. The thermostats are fac-
tory calibrated within an operating
range of —20 to 350 F.

CIRCLE NO. 376

PB switches assemble
with contact blocks

Alco FElectronic Products, Inc.,
1551 Osgood St., North Andover,
MA 01845. (617) 685-4371. $3.85:
operator, $2 to $3.85: blocks (1-9);
stock to 6 wks.

Called the Series 2000, these oil-
tight pushbutton control switches
mount in 7/8-in. dia panel holes
popular in the industry. The
switches use Snap-Bloc contact
blocks that require no tools to
assemble and have UL and CSA
ratings of 10 A at 300 V ac nomi-
nal (3500 VA make; 360 VA
break). Virtually, any combination
of NO and NC contact blocks is
available.

CIRCLE NO. 377

PB lighted switches
wipe gold contacts

Dialight, 203 Harrison Pl., Brook-
lyn, NY 11237. (212) 497-7600.
$1.65 (1000 up); 2 to 3 wks.
Wiping-action with gold contacts
provides reliable switching at low
levels under a wide range of oper-
ating environments. The switches
are part of Dialight’s 554 series of
low-cost computer-grade illuminat-
ed pushbutton switches and incor-
porate the same features as the 554
Series snap-action switches. Appli-
cations are typically for 1-to-100-
mA (resistive) switched current at
1 to 30 V de. A choice of momen-
tary or tease-proof alternate action
with SPDT or DPDT arrangement
and solder-blade, quick-connect or
PC-board terminals is available.
T-1-3/4 incandescent lamps are
used.
CIRCLE NO. 378

Miniature crystals
operate at 2 to 3 MHz

Valtee, 75 S. St., Hopkinton, MA
01748. (617) 435-6831. $3.50 to
$15; 6 to 10 wks.

A series of miniature quartz
crystals, the VM6 series, can oper-
ate in the 2-to-3-MHz range with a
typical series resistance of under
200 Q. The crystals are packaged
in an HC-18/U holder with maxi-
mum dimensions of 0.53 x 0.435
% 0.183 in. This construction, pre-
viously only used for high-frequen-
cy crystals, permits use of the
crystals in high-density mounting
on PC boards.

CIRCLE NO. 379

ELECTRONIC DESIGN 2, January 18, 1977



do you need a
120 dB/OCTAVE LOW
PASS FILTER?

that kas

e Cutoff frequencies from 1 Hz to 15 kHz

e Pass band ripple
+ % dB typical

e Remote computer
compatibility

o Cutoff frequencies
switched in 10 us.

e Single channel
price of $850.00
(LP 120)

oA 2 to 16 channel version (LP-120 k)

Then consider the
UNIGON SUPER FILTER Model LP - 120
Get rid of noise, aliasing and unwanted signals.
Also consider our Model HP-120 high pass filter and our
BP 120 band pass filter with similar characteristics.

IF YOU WANT A FILTER OR A COMPLETE
FFT PROCESSING SYSTEM, CONTACT US TODAY —

UNIGON Industries, Inc.
1 Park Ave., Mt. Vernon, N.Y. 10550 / (914) 699-7545

CIRCLE NUMBER 96

WHO
MAKES WHAT
& WHERE TO
FIND IT

Volume 1 of Electronic Design’s GOLD
BOOK tells all. And, when you look up
an item in its PRODUCT DIRECTORY
you’ll find each manufacturer listed
COMPLETE WITH STREET ADDRESS,
CITY, STATE, ZIP AND PHONE. Save
time. There’s no need to refer elsewhere
to find missing information.

IT’S ALL THERE

in
Electronic Design
GOLD BOOK

ELECTRONIC DESIGN 2, January 18, 1977

Dialight
LED Displays

The widest choice for your every application.

e

730-6001

730 SERIES A new 0.600” LED

character in super bright red, seven-segmented readout
. low power . . . draws 10mA/segment or less . . .
operates with standard IC power supply levels. Very
high contrast ratio . . . visible from 40’. Available with or
without on-board decoder/driver, plus or minus bar, and
with bezel mounting. In 1000-lot quantities each LED
730-6007 . .. . $6.95. 730-6001 . .. . $2.55.

790

745.0014 \l\

745 SERIES A new 0.300” LED
character in a very bright red, seven-segmented readout
. . . low power requirements. Standard 14-pin DIP . . .
available with left and right decimal with = 1, and with
and without on-board decoder/driver. Compatible with
most TTL and DTL circuits. In 1000-lot quantities each
740-3006 . . .. $6.43. 745-0014 . . .. $2.10.

740-3006

~ Dialight, the company with the widest
= ‘i choice in switches, LEDs, indicator lights
Il and readouts, looks for needs . . . your
;5‘4 needs . . . and then they develop solut|ons
i for your every application. No other com-
I | pany offers you one-stop shopping in all
? these product areas. And no other com-
], pany has more experience in the visual
= display field. Dialight helps you do more
with these products than any other company in the
business, because we are specialists that have done
more with them. Talk to the specialists at Dialight first.
You won't have to talk to
anyone else. Send for your IJIAI IGI‘IT
free new COpy Of D|a||ght S Dialight, A North American Philips Company
CUrrent Catalog 203 Harrison Place, Brooklyn N.

See Dialight.

CIRCLE NUMBER 97
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SPRAGUE

THE MARK OF RELIABILITY

subminiature
EMI filters_
excel in &
IR@125°C

M

125 Astute users and specifiers
of EMI Filters know that insu-
lation resistance at high
ambient temperatures is one
of the most significant indi-
cators of the quality and life
expectancy of this type of
component.

By utilizing Monolythic®
ceramic layer-built construc-
tion in the capacitor elements
of Sprague Subminiature EMI
Filters, insulation resistance
at 125°C is substantially
50 improved.

Industry
Standard
(at 125°C)
5-80
megohms

100

15

Sprague
Standard
(at 125°C)

50-500
megohms

25

e JX2000 SERIES
Up to 15 amperes and
200 VDC @ 125°C

0 « JX3000 SERIES
Up to 15 amperes @
125 VAC/400 Hz/125°C

e M15733/23 QUALIFIED

-25 e M15733/26 QUALIFIED

For complete information on
Sprague EMI Filters, write for
Engineering Bulletin Series 8132
to: Technical Literature Service,
Sprague Electric Company,
347 Marshall Street, North
Adams, Mass. 01247.

-50
=55

4SF-6141
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Spectrum analysis

“Notes on Spectrum Analysis”
discusses the important design and
operational features concerning
the use of all spectrum analyzers.
A simple-to-follow question-and-
answer format is used. Ailtech,
Farmingdale, NY

CIRCLE NO. 380

Optically coupled isolators

How isolators can be applied in
circuits using thermocouples and
transducers in equipment for pa-
tient monitoring, adaptive control
systems and high-voltage current
monitoring is covered in a four-
page application note. Hewlett-
Packard, Palo Alto, CA

CIRCLE NO. 381

Machine controls

Machine Controls in the Manu-
facturing System discusses effec-
tive use of modern machine con-
trols as significant factors in
increased production, and describes
how computer-numerical-control
and programmable-control machines
can be applied in automatic manu-
facturing systems. Allen-Bradley,
Milwaukee, WI

CIRCLE NO. 382

Ultra-isolation transformers

The protection of sensitive elec-
tronic equipment from ac line
noise and transients is the subject
of the Noise-Suppression Reference
Manual for Ultra-Isolation Trans-
formers. Topaz Electronics, San
Diego, CA

CIRCLE NO. 383

JLP/display interface

Techniques for interfacing mi-
croprocessors to alphanumeric dis-
plays are described in a six-page
application note. Burroughs, Elec-
tronic Components Div., Plainfield,
NJ

CIRCLE NO. 384

AERET R

We squeeze time

I ‘compuTER ||
—--——LABS

MDS- 1240

‘COMPUTER
— - - LABS

MDS- 1240

"~ MDS-1240
D/A CONVERTER

12-Bits, 40NS

$149

COMPUTER
—<=t=—LABS
505 EDWARDIA DRIVE

GREENSBORO, N. C. 27409
(919) 292-6427

sl
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Semiconductor testing

A 16-page semiconductor testing
handbook tells what precondition-
ing and testing can accomplish, the
cost and risk factors, and guide-
lines as to the degree of testing
that various ICs require to ensure
against system failures. Microelec-
tronic Testing Laboratories, Irvine,
CA

CIRCLE NO. 385

Data processing

An Executive Guide to Dispersed
Data Processing describes in non-
technical language the dispersed
precessing concept and its signfi-
cance for the business executive.
The 20-page brochure includes ex-
planatory illustrations of function-
ing networks. Datapoint, San An-
tonio, TX

CIRCLE NO. 386

Minicomputers

The advantages of using a mini-
computer for small-business appli-
cations is described in nontechni-
cal language in a 12-page brochure.
Cincinnati Milacron, Lebanon, OH

CIRCLE NO. 387

Surge-suppression circuits

A six-page application note
shows how to design surge-sup-
pression circuits to protect thyris-
tors from load-induced faults. West-
inghouse Electric, Semiconductor
Div., Youngwood, PA

CIRCLE NO. 388

Dry plasma

The use of dry-plasma methods
for failure analysis of semiconduc-
tor devices is described in an ap-
plication note. Tegal, Richmond,
CA

CIRCLE NO. 389

Reinforced thermoplastics

Wear and friction properties of
internally lubricated reinforced
thermoplastics for applications in-
volving moving parts are covered
in a 20-page study. LNP Corp.,
Malvern, PA

CIRCLE NO. 390
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ble, automatic snap-action. ..
at a reasonable cost. Eimwood therrr_\tcr)‘sttr?és
fill your high limit or contro_l needg vs{| kg
right temperature range, differential, s
ance, terminals, bracketor_customé)g 3 :
All are 100% pre-tested, W}th ULf \;vo.rla
and European listings available o;\sk 1
trade, and conform to DIN norm|s.
prototypes. Elmwood Sensors, ;?.,02907
1675 Elmwood Ave., Cranston, :élmwoc;d
it 78I31-efr?%r:ineﬁlusro1%%e and Weatr,
Ltd., Nor g
il%nzsgos;g’A, England. Phone (089) 45-82821.

Fast, dependa
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LSI-1
Micro-
computer
Data
Acquisition
System

The ADAC Model 600-LSI-11 is

the first data acquisition system
available for use with the DEC
LSI-11/PDP-11/03 microcomputers.

Both software and hardware
compatible, the Model 600-LSI-11
A/D system plugs directly into the
bus of the LSI-11/PDP-11/03
systems.

Features include a 12 bit A/D
converter, high speed sample and
hold circuit, from 16 to 64 channels
of MUX., DC/DC power converter
and bus interfacing. A/D system
throughput rate is 35 Khz.

Optionally available are: one or
two 12 bit D/As and programmable
gain amplifier with auto zeroing
circuit.

Basic system price in single
quantity is $895.

Send for full technical data on
the Model 600-LSI-11 and other
ADAC minicomputer data acquisi-
tion and control systems and
modules.

ADAC Corporation,

15 Cummings Park, Woburn,
MA 01801. (617) 935-6668.

GSA Contract Group 66.

New,

Iiterature

corporation
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CATALOG NO. 501

b}

TRW rr semiconoucrors

(Y RF LINEAR PRODUCTS

Semiconductors

Complete data for hybrids and
discretes for rf linear applications
are covered in a 12-page catalog. It
includes specifications, application
block diagrams and reliability
notes. TRW RF Semiconductors,
Lawndale, CA

CIRCLE NO. 391

Software directory

Datapro Directory of Software
provides current, comprehensive and
objectively prepared profiles on
thousands of software products
and their vendors and applications,
along with an extensive survey of
software users. Sample pages of
the directory are available on re-
quest. Datapro Research, Delran,
NJ

CIRCLE NO. 392

Semi screening report

The third quarter Screening Re-
port Summary on integrated cir-
cuits, transistors and diodes in-
cludes both a tabulation of detailed
data on each lot processed by de-
vice type and part number. Conti-
nental Testing Laboratories, Fern
Park, FL

CIRCLE NO. 393

Data communications

Illustrations and descriptions of
data communications products can
be found in a six-page brochure.
Tele-Dynamics, Fort Washington,
PA

CIRCLE NO. 394

Semiconductor packaging

Custom transistor and hybrid re-
quirements are described in a
four-page brochure. Transistor
Specialtys, Peabody, MA

CIRCLE NO. 395

Antennas

Technical, system design and
product information for antenna
and transmission line systems are
covered in a 128-page catalog.
Andrew Corp., Orland Park, IL

CIRCLE NO. 396

Keytops

Included in a 16-page brochure
describing keytops is an applica-
tion guide and many photographs.
Key Tronic, Spokane, WA

CIRCLE NO. 397

Circuit boards

Sub-elements for making instant
circuit boards, pre-etched general-
purpose prototype and wire-wrap
socket boards, and PC drafting
aids for making circuit-board
master artwork are described in a
six-page catalog. Circuit-Stik/Cen-
tron Engineering, Torrance, CA

CIRCLE NO. 398

Power-supply periodical

A periodical, WATTS UP AT
SCI, provides information about
power-supply concepts, applications
and new-product developments.
Semiconductor Circuits, Haverhill,
MA

CIRCLE NO. 399

Power supplies

Specifications, outline drawings
and pricing of single, dual and
triple-output miniaturized power
supplies are given in a 20-page
catalog. Acopian, Easton, PA

CIRCLE NO. 400
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8 Bit A to D/D to A Converter-
the first priced at only $4.50"

The Ferranti Model ZN425E—an 8 bit dual
mode analog to digital/digital to analog
converter features:

M Single chip monolithic construction

M Typical settling time 1.0 us
for 1 L.S.B. step

8 bit binary counter,
R-2R ladder network
and switches

On-chip precision voltage reference
Self-contained, precision ramp generator
TTL and CMOS compatible

LOGIC

better by design &l
FERRANTI

LOGIC DIAGRAM

% l ANALOG
v
3300 S OUTPUT

e oI A R

|_oVger INPUT

l SWITCHES

O BIT | (MSB)

—OBIT 2

OBIT 3

e Lisssgszasts

BIT 4

LOGIC INPUT SELECT SWITCH

8 BIT BINARY COUNTER

COUNTER
| =0 WO E51E R U ) & o/FEatE

SemlcondUCtOrS *1000 piece price

FOR COMPLETE SPECIFICATIONS, CONTACT: FERRANTI ELECTRIC, INC. / SEMICONDUCTOR PRODUCTS
EAST BETHPAGE ROAD, PLAINVIEW, NEW YORK 11803 PHONE: (516) 293-8383 / TWX: 510-224-6483

CIRCLE NUMBER 103

FILTERS
LC &S CRYSTAL

COMSTRON = SEG's on-time delivery of “impossible” fil-
ters, from engineering conception to mathematical synthesis,
through quality oriented production, satisfies our most
demanding customers.

Whatever your needs . . . from spectral shaping and phase
correction to time-domain.synthesis . . . you can rely on the
filter experts at COMSTRON = SEG. Computer-optimized
custom designs from DC to 120 MHz with sharp roll offs,
phase correction, and narrow bandwidths, all in production
quantities with competitive pricing.

NAME IT AND COMSTRON = SEG WILL DELIVERIT
ON SCHEDULE!

Call or write today for information or 'applications
assistance on all your LC and Crystal Filter requirements.

200 EAST SUNRISE HIGHWAY = FREEPORT, NEW YORK = 11520
(516) 546-9700

CDMSTF!DN rSEG
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DO YOU NEED A RUGGED
CONTROL SYSTEM
SHAFT ENCODER?

BEI HAS IT!

BE| Series 3700 optical shaft,
incremental encoders will meet
machine tool specifications. . .

e rugged- 3.5"' dia. construction, sealed and pro-
tected against severe environments.

e rugged- industrial grade solid state light source.

e rugged- high shaft loads, 40 Ibs.

. plus dual inch/metric resolutions...plus direction
sensed counts to 12,700 per revolution...plus
noise immune, low impedance TTL line driver
outputs.

For best performance, best reliability in your
digital control system phone or write BEI today.

BEI! Electronlcs Inc.
CONTROLS AND INSTRUMENTS DIVISION
1101 McAlmont Street, Little Rock, Ark. 72203
Telephone: 501-372-7351 TWX: 910-722-7384

CIRCLE NUMBER 105
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DIGITAL MULTIMETERS

NLS proves NLS’ DMMs have more capability

at lower prices.
NLS’ Silver Jubilee Year

THE VOLKSMETER FAMILY

LM SERIES

Features Include:

® Super Rugged - ideal for field service use. @ Battery
powered with batteries and charger unit included. e Ex-
clusive NLS fuseless protection in k mode - up to 500 vde
or rms ac maybe applied without damage. @ Overload
indication. e Automatic zeroing and polarity. e Op-
erating temperature - 0° to 45°C. e Large 0.3" LED
display. ® Small size: 1.9"Hx2,7"Wx4,0"D.
® Six optional shunts for current measurement - LM-3.5
includes three shunts in values of 10 mA, 100 mA and 1A.

MODEL RANGES DC ACCURACY | RESOLUTION | DIGITS | PRICE
LM-3 SOOI VA +1% Rdg 1 mV 3 $125
LM-3.5 1V, 10V, 100V & 1000V +0, 5% Rdg 1 mV 3-1/2 $147
LM-40 OHMS +0,1% Rdg 100 pv 4 $190
LM-4 LRSI, 1000 LA < 20 Sl +0,03% Rdg 100 uv 4 $227

Non-Linear Systems, Inc.

Originator of the digital voltmeter.

25th JE2 = Box N, Del Mar, California 92014 Telephone (714) 755-1134

CIRCLE NUMBER 106

See your local distributor!
Distributor inquiries invited.

NEW!
INSTANT FREQUENCY
DIFFERENCE!

e
SN DFFRINCE TR
e ——

frequency difference
instantly, precisely.
For precisely $2,9 0.

stability analysis.

information.

guency, adjustment to a specific offset,
offset — all instantly. Plus both short-term and long-term
Internal oscilloscope extends precision
to 1 x 10-'2, Reference and signal frequencies need not be
the same. Write or call for full technical and application

Tracor Model 527 A measures Front-panel meter reads

directly to parts per 10'.

Allows adjust

ment of two

oscillators to the same fre-

Tracorlndustria! Instruments

6500 Tracor Lane ° Austin, Texas 78721 « AC 512/926-2800

determination of

CIRCLE NUMBER 107
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Wintek has scheduled its three-
day “Hands-On Microprocessor
Short Course with Take Home
Microcomputer” at nine loca-
tions in February and March,
1977. Tuition is $495. Course loca-
tions include Boston, Chicago,
Dayton, Huntsville, Los Angeles,
St. Petersburg Beach, Palo Alto,
Philadelphia and Washington, DC.

CIRCLE NO. 401

Mostek and Fairchild have an-
nounced that Fairchild’s MOS/
CCD Products Div. will second-
source the Mostek MK 4027, a 16-
pin 4096-bit dynamic RAM, which
has an access time of 150 ns.
CIRCLE NO. 402

Texas Instruments has lowered
prices of programmable control
system components. The single-
unit price of an input module
drops from $11 to $10, an output
module from $13 to $12 and an
interface module from $80 to $70.

CIRCLE NO. 403

Hundreds of microcomputer pro-
grams are available on paper
tape and in listing form through
a new expanded user’s library an-
nounced by the Microcomputer
Systems Div. of Intel.

CIRCLE NO. 404

Motorola is second-sourcing the
2900 four-bit uP slice family orig-
inated by Advanced Micro De-
vices.

CIRCLE NO. 405

Users of MSCS, PMS or CMSC
network analysis programs for
planning and control calculations
can now obtain graphic reports
(time-scaled networks, Gantt bar-
charts and cost/resource graphs)
automatically generated by Sys-
tonetlcs EZPERT on a “pay-as-
you-use”’ basis. This service is
available throughout the U.S. via
the McDonnell Douglas Automa-
tion (MCAUTO) computer net-
work.

CIRCLE NO. 406
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Annual and interim reports can pro-
vide much more than financial posi-
tion information. They often include
the first public disclosure of new
products, new techniques and new
directions of our vendors and cus-
tomers. Further, they often contain
superb analyses of segments of in-
dustry that a company serves.

Selected companies with recent
reports are listed here with their
main electronic products or services.
For a copy, circle the indicated
number.

Bunker Ramo. Information sys-
tems; electronic intelligence and
ocean surveillance systems; con-
nection and interconnection de-
vices.

CIRCLE NO. 407

Reynolds Metals. Aluminum prod-
ucts.

CIRCLE NO. 408

Control Data Corp. Computer
services.

CIRCLE NO. 409

Hazeltine. Electronic display sys-
tems; anti-submarine warfare sys-
tems; computer terminals and
equipment; electronic identifica-
tion and communications equip-
ment; transportation control sys-
tems and color-analysis equip-
ment.

CIRCLE NO. 410

General Electric. Products for
generation, transmission, distri-
bution, control and use of elec-
tricity.

CIRCLE NO. 411

CTS. Resistors and resistor net-
works, switches, microcircuits,
quartz crystal products, loud-
speakers, metal and plastic spe-
cialties.

CIRCLE NO. 412

Basic Inc. Refractory materials
and chemical and electronic prod-
ucts.

CIRCLE NO. 413

Burroughs. Products that record,
store, compute, process and com-
municate data.

CIRCLE NO. 414
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NOW!...Spectronics large numeric
displays in single and multi-digits

Spectronics has the VLEDS you need for large numeric display applications . . . in red
single and multi-digits.

Single-Digits SPX 300 and 500 series single-digit numeric displays feature wide
viewing angles, continuous uniform segments and high contrast. Plus, they are
categorized for uniformity of luminous intensity and are available in both common
cathode and common anode configurations.

SPX 300 characters are .3 inches high; SPX 500 characters are .5
inches high. Plus and minus — left and right decimal points offered.
Multi-Digits For multi-digit applications, Spectronics offers the SPX
766 and SPX 767. Both displays feature .7 inch-high characters,
colon, plus and minus. SPX 766 is common cathode, direct drive, 24
hour; SPX 767 is common cathode, direct drive, 12 hour,

Contact Spectronics today for price and delivery information.

[nAnMnnnaAnARARRNRNNANANANAARNNRAN

We make optoelectronics work for you with superior quality,
competitive pricing, fast deliveries!

3 Speetronies

(TN e RO ERL RO R AL T B S

830 East Arapaho Road Richardson, Texas 75080
(214) 234-4271 Telex 73-0890

CIRCLE NUMBER 108

{0tal Reflabilty In

B Farsed Time ncalor

gen i Event Gounter

Most dependable sub-miniature indicators you can
buy ... for critical HOW-LONG/ HOW-MANY records
for aerospace, military and industrial applications.
ETI's conform to MIL-M-7793D, operate in ambients
—65°C to +125°C, with digit or dial readouts.
Event Counters meet MIL specs, operate in
ambients up to 425°F, with 4, 5 or 6 digits. AC and
DC models, hermetically sealed, with wide choice of
mountings, housings and other modifications to suit.

Write or Call for full catalog

992 MINELCO DIVISION OF
GENERAL TIME
714 A TALLEY INDUSTRIES COMPANY

135 South Main St., Thomaston, Conn, 06787 Phone (203) 283-8261

CIRCLE NUMBER 109
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ELECTRICAL ENGINEERS
TEST EQUIPMENT DESIGN

ANALOG — Engineers to design test stands and associated electrical/
electronic controls and data acquisition systems. Experi-
ence in solid state closed loop analog control systems
is desired.

DIGITAL — Engineers to design the hardware and software of digital
computer based equipment used in the testing of high
speed rotating machinery and mechanical actuating equip-
ment. Experience in Assembly and Fortran programming
of minicomputers is required.

Responsibilities include the design, construction, installation and
checkout of test stands, instrumentation and control systems. Engi-
neers will be exposed to a broad variety of our aerospace and com-
mercial products. Technical exposure is ‘‘total concept’” without spe-
cialization.

SUNDSTRAND is a Fortune 500 company located in Rockford, lllinois,
about 90 miles northwest of Chicago.
Send Resumes to:

SUNDSTRAND CORPORATION

Peter L. Arthurs
4751 Harrison Avenue
Rockford, Illinois 61101

An Equal Opportunity Employer M/F

UTHOR'S GUIDE

e e If you've solved a tricky design
‘ problem, if you have developed
special expertise in a specific
i area, if you have information that
o | will aid the design process...
writing 1 share it with your fellow engineer-
for readers of Electronic Design.
Articles you have authored not

Elﬂcil‘ﬂnlﬂ Ilosl!ln only raise your own professional

status, but help build your com-
pany image as well. The readers
benefit, your company benefits.
| To help you prepare material
‘ that meets Electronic Design’s
high editorial standards, our
An : editors have prepared a special
I author’s guide entitled “Writing
Author’s 2 for E/ec;ronic Desigbnl." Itfcovers
- i criteria for acceptability, form,
<\ Guide | | jength, writing tips, illustrations,
b @/)jj" ‘ and payment for articles pub-

| AN lished. It's available without cost.
SIS It's easy to write for Electronic
Design, but it's often hard to get
started. Send for your copy of our
Author’'s Guide today.
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Electronic Design

ELECTRONIC DESIGN’s function is:

m To aid progress in the electronics
manufacturing industry by promoting
good design.

m To give the electronic design engi-
neer concepts and ideas that make his
job easier and more productive.

m To provide a central source of
timely electronics information.

m To promote communication among
members of the electronics engineer-
ing community.

Want a subscription? ELECTRONIC DE-
SIGN is sent free to qualified engineers
and engineering managers doing de-
sign work, supervising design or set-
ting standards in the United States
and Western Europe. For a free sub-
scription, use the application form
bound in the magazine. If none is
included, write to us direct for an
application form.

If you do not qualify, paid sub-
scription rates are as follows: $30.00
per year (26 issues) U.S., $40.00 per
year (26 issues) all other countries.
Single copies are $2.00 U.S., $3.00 all
other countries. The Gold Book (27th
issue) may be purchased for $30.00
U.S. and $40.00 all other countries.

If you change your address, send us an
old mailing label and your new ad-
dress; there is generally a posteard
for this bound in the magazine. You
will have to requalify to continue
receiving ELECTRONIC DESIGN free.

The accuracy policy of ELECTRONIC
DESIGN is:

m To make diligent efforts to ensure
the accuracy of editorial matter.

m To publish prompt corrections
whenever inaccuracies are brought to
our attention. Corrections appear in
“Across the Desk.”

m To encourage our readers as re-
sponsible members of our business
community to report to us misleading
or fraudulent advertising.

m To refuse any advertisement deemed
to be misleading or fraudulent.

Microfilm copies are available of com-
plete volumes of ELECTRONIC DESIGN
at $19 per volume, beginning with
Volume 1, 1952 through Volume 20.
Reprints of individual articles may beé
obtained for $3.00 each, prepaid ($.50
for each additional copy of the same
article) no matter how long the
article. For further details and to
place orders, contact the Customer
Services Department, University Mi-
crofilms, 300 North Zeeb Road, Ann
Arbor, Michigan 48106 telephone
(313) 761-4700.

Want to contact us? If you have any
comments or wish to submit a manu-
script or article outline, address your
correspondence to:

Editor
ELECTRONIC DESIGN
50 Essex Street
Rochelle Park, N.J. 07662

ELECTRONIC DESIGN 2, January 18, 1977



Step-by-step coverage of
defense radar system
design . . .

INTRODUGTION

10

DEFENSE
RADAR
SYSTEMS
ENGINEERING

James N. Constant

This all-inclusive handbook covers virtually
every facet of radar technology that must
be mastered in order to design a complete
defense radar system. In fact, it concludes
with a step-by-step procedure for specifying
and designing a complete radar system for
a given application. Separate chapters
cover target characteristics; radar detec-
tion; radar receivers; radar system error
model; flight of a ballistic missile; ballistic
reentry trajectories; trajectory prediction;
radar data processing; reflector antennas;
and array antennas. Order your 15-day
examination copy today! #9194, 344 pages,
cloth, illustrated, $22.95

Hayden Book Company, Inc.
50 Essex Street
Rochelle Park, N.J. 07662

O Please send me my copy of INTRODUCTION
TO DEFENSE RADAR SYSTEMS ENGINEERING
to read and use for 15 days. At the end of
that time, I'll send a check or money order
for $22.95, plus postage and handling, or
return the book and owe absolutely nothing.

O | want to save money! | have enclosed full
amount. Publisher pays postage and hand-
ling. | get a complete 15-day money-back
guarantee.

Name

Firm
Address
City/State/Zip

76-15
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Smallest 2
Reed Relay

! I

COTO’S NEW

I |
= uew g
MINIATURE Re'aus

Wide variety contacts
1A, 2A, 1C, or 1A (Hg. wet)

Uses only .17 sq. in. pc board space:
Package dimen..210” x.225" x.810"”

Choice of coil resistances at 5 or
12 VDC

Encapsulated in epoxy-coated
metal can

Electrostatic or coaxial shielding for
R.F. switching

Write or Call for Bulletin 14.1

COTO-COIL
COMPANY, INC.
59 Pavilion Avenue
Providence, R. |. 02905

Phone (401) 467-4777
CIRCLE NUMBER 111

KEEP

Electronic Design’s

GOLD BOOK
HANDY

When You Call

Save time when you contact
suppliers. Check their catalog
pages first in Electronic De-
sign’s GOLD BOOK. Maybe
the information you need is
right at your fingertips.
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New and current products
for the electronic designer
presented by their manufacturers.

~
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CERAMIC CHIP CAPACITORS. SPLIT-CHIP,
is a new concept in ceramic chip capaci-
tor technology. These new units have two
broad electrodes on one face and elimi-
nate conventional wrap-around end termi-
nations. This new concept provides lower
cost and easier assembly. SPLIT-CHIPS
are available in five standard sizes from
.040” x .030"” to .130"” x .090” and .015"
thick and in all popular dielectrics and
capacitance ranges. JOHANSON DIELEC-
TRICS, INC., Box 6456, Burbank, Ca.
91510 213-848-4465

CERAMIC CHIP CAPACITORS 181

X

World’s Smallest Displacement Transducer.
Make precision, noncontacting displace-
ment measurements at points never be-
fore possible. This new transducer, 0.080"
OD, gives accuracy of <100 pin. in a
range up to 0.020”. Temperature stable.
Repeatability and resolution is better than
10 pin. Price $485, including associated
electronics. Kaman Sciences Corporation,
P. O. Box 7463, Colorado Springs, CO
80933. (303) 599-1500.

TRANSDUCER 184

Scott T Transformer. 11870: 60HZ, 90v,
L-L in. 1.1x2.1x1.1. 50460: 400 HZ, 90v,
L-L in. 7/8x1-5/8x11/16. 50642: 400HZ,
11.8v, L-L in. 7/8x5/8-11/16. 10472:
400-HZ, 11.8v, L-L in. 3/4x1-1/2x3/8.
All with 6v RMS sine & cosine output.
MAGNETICO, INC., 182 Morris Ave., Holts-
ville, N.Y. 11742 516-654-1166.

TRANSFORMER 187

MEMODYNE INCREMENTAL LOW POWER
DATA LOGGER Model 2221, is ideal for
remote or unattended collection of spor-
adic measurements. Features 16 chan-
nels, 0 to +10 volt analog input, 12 bit
resolution, over 2 megabit capacity per
300 foot cassette. Standby current is less
than 50 microamps. Available for line or
battery operation. Unit price is $1670.00.
Memodyne Corporation, 385 Elliott Street,

Newton Upper Falls, Massachusetts,
02164. (617) 527-6600.
LOW POWER DATA LOGGER 182

Ehaﬁman

ANTI-STATIC
SYSTEMS

ANTI-STATIC SYSTEMS FOR PRINTERS,
OCR COM and other machines. Static
causes rapidly moving paper and film to
jam. . . cause arc tracks on undeveloped
film. . . attract and hold dust to photo-
graphic negatives causing imperfections
on printed circuit boards. Numerous prod-
ucts, of interest to both OEM and user,
are detailed in new 32 page catalog to
solve these problems quickly, reliably and
economically. Chapman Anti-Static Div.,
Portland Co., 58 Fore St., Bx 427, Port-
land, ME 04112. (207) 773-4726

ANTI-STATIC SYSTEMS 185
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MAGNETIC SHIELDING Take advantage of
Eagle's 23-year background in shield de-
sign and production. Custom and stand-
ard models. Full service includes design,
engineering, fabrication, heat treating,
finishing, testing. Also wide selection of
sheet and foil so you can form your own
shields. For helpful design and cost data,
request Bulletin E-77. Eagle Magnetic
Co., Inc., Box 24283, Indianapolis, IN
46224, 317-297-1030.

MAGNETIC SHIELDING 188

FLOPPY DRIVE TEAM! Now, drive motors
and stepping motors specifically for flex-
ible disc systems—both from EAD. The
drive motor has excellent torque, precise
repeatable speeds, 1/100 hp, 1500 rpm
@ 50 Hz, 1800 rpm @ 60 Hz. Stepping
motors are Size 18 and 20, with single
or multiple start lead screw, 3- or 4-
phase, 15° per step. Write or call: Eastern
Air Devices, Holtzer-Cabot motors, Dover
N.H. 03820, (603) 742-3330, TWX (510)
297-4454. Syn & Ind Motors e Gear
Motors ® Fans e Blowers.

DRIVE & STEPPING MOTORS 183

23:59:59
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VIDEO CHARACTER GENERATOR. Con-
verts up to 16 parallel BCD digits at TTL
levels into video signals for display on
monitors or for insertion into a video
signal. Fifteen fixed alpha-numeric char-
acters can also be included. Horizontal
and vertical positioning controls. Many
formats available. Chrono-log Corporation,
2 West Park Road, Havertown, Pa. 19083
(215) 853-1130.

VIDEO DISPLAY GENERATOR 186

Free 32 Page Catalog

FREE 32 PAGE CATALOG. WINDOWS -
PLATES - DISCS - OPTICS. Fused quartz,
optical glasses, pyrex Ultra-low expansion
materials, highly resistant to thermal
shock. High UV and IR transmission.
Chemically inert to most corrosive mate-
rials. Stocking center for lenses, prisms
and laser accessories. Complete ‘fabricat-
ing facilities. ESCO PRODUCTS, 181 Oak
Ridge Rd., Oak Ridge, N.J. 07438. (201)
697-3700

LENSE, PRISM CATALOG 189




New Capacitance Standard. The GR 1417
is a four-terminal capacitance standard
with direct reading accuracy of 0.025%,
at capacitance values of 1, 10 and 100.F,
1, 10 and 100 mF and 1F. This standard
is calibrated for use at frequencies of 100
Hz, 120 Hz and 1 kHz but may be used
over a frequency range from below 50
Hz to over 10 kHz. The GR 1417 also acts
as a standard for dissipation factor. Gen-
Rad, 300 Baker Ave., Concord, MA 01742
(617) 369-8770.

CAPACITANCE STANDARD 190

POWER/MATE CORP

Free New '77 catalog contains over 34,-
500 quality power supplies from the
world’s largest manufacturer, Power/Mate
Corp. Power Supplies for every application
including submodulars, open frame, vari-
rated, encapsulated, laboratory & system.
All units UL approved and meet most
military and commercial specs for in-
dustrial and computer uses. Power/Mate
Corp., 514 S. River St., Hackensack, NJ
07601 (201) 343-6294

POWER SUPPLIES 193

MINI/BUS® BY ROGERS, low-cost, low-
inductance, high capacitance printed cir-
cuit board bus bars for noise reducing
voltage distribution, are available in a
variety of ready-to-ship designs. Prototype
kits are also available from stock. Call or
write Mini/Bus product specialist for a
complete list. Rogers Corporation, Chan-
dler, AZ 85224. Phone: (602) 963-4584.
(EUROPE: Mektron NV, Gent, Belgium;
JAPAN: Nippon Mektron, Tokyo.)

BUS BARS 196

DATA SWITCHING SYSTEMS Whether you
want a Multiplexer or Matrix to switch
Low Level or High Frequency by Manual
or Computer control we have a switch to
meet your spécifications. The systems are
built up from a basic control unit into
which can be plugged many different
switching modules in the configuration
you require. |IEEE 488 interface available.
For further information and a complete so-
lution to your switching problems contact
A.D. DATA SYSTEMS INC. P.O. Bx 9209,
Rochester, NY 14625 (716) 381-2370

MATRICES 191

LOW COST TRIPLE OUTPUT DC-DC CON-
VERTER FOR MICROPROCESSOR FIELD.
Provides regulated +12V, +5V, and —5V
from unregulated 4 to 6V input. Will op-
erate from 4 cells for battery-operated
applications. Over 809, efficient. Other
outputs also available. Input filtered. Low
output noise. 1009 burn-in. Optional
power strobing. Encapsulated in rigid
case. Small (only 3.1" x 2.1” x 0.4").
Scientific Programming, Inc., 1499 Bay-
shore Hwy., Burlingame, Ca. 94010. (415)
692-1600.

MINIATURE DC POWER SOURCES 194

FLUORESCENT PHOTOELECTRICS. TRAN-
BAL INVERTER BALLAST; allows designer
to utilize fluorescent lamp for long photo-
electric light source by eliminating flicker
associated with 60 Hz Operation. Models
available for all lamps through 40 watts.
Input voltage 12 to 48 v.d.c. The Bodine
Co., 236 Mt. Pleasant Road, Collierville,
TN (901) 853-7211

FLUORESCENT PHOTOELECTRONICS 197

SHARP LIQUID CRYSTAL DISPLAY. We
have a wide range of standard displays
and can special design for a low design
cost. Quick delivery on all displays. Con-
tact:—Sharp Corporation, Semi Conductor
Division, Overseas Marketing, 2613-3,
Ichinomoto Tenri, Nara, Japan. Tel:
(07436) 5-1321 Telex: 5522364 SHAPEL J

STANDARD/SPECIAL DISPLAYS 192

NEW MOCTOR CONTROLS COST LESS!
KBGE AC Voltage Controls for motors,
heaters and lamp loads. KBGE modules
use high reliability triacs. Phase-controlled
circuitry is rugged and compact (3" x
2" x 1"). Versatile for power on voltage
control; many features. Samples: 120
VAC, $18.; 240 VAC, $20. Free data sheet
D-162. KB ELECTRONICS, INC., 5801
Foster Ave., Brooklyn, N.Y. 11234 (212)
968-8000.

MOTOR CONTROLS 195

Overcurrent Protector, manual reset elimi-
nates fuse replacement. Convenient panel
mounting. 19 fractional ratings from 0.1
to 5 amp. Other models up to 400 amp.
Trip-free and fool-proof, UL and CSA ap-
proved. High quality, low cost $1.39 ea.
in 1000 lots. E-T-A Products Co. of Amer-
ica, 7400 N. Croname Rd., Chicago, Il

60648. Tel: (312) 647-8303. Telex:
253780.
CIRCUIT BREAKER 198
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Electronic Design’s GOL OK

is very convenient and always on
my desk. | don’t have to go some-
where else to use it.

Mr. W. T. Noel is Senior Engineer at the Naval Air Systems Command, Arlington, Virginia.
He is involved with infrared avionics development and procurement for the Navy Depart-
ment. Mr. Noel states:

“l refer to the GOLD BOOK often and find it quite useful in my work. It's very
convenient and always on my desk. | don’t have to go somewhere else to use it.

“Navy avionics procurements are largely to specification. The performance sheets
and vendor sources provided by the GOLD BOOK are quite useful in the preparation
of these specifications.”

This is the Electronic Design audience working for you. (The GOLD BOOK goes essentially
to Electronic Design’s audience of engineer/specifiers.) Mr. Noel, like 78,000 electronics
engineers and engineering managers, purchasing agents and distributors throughout the
U.S. (plus 13,000 abroad) has his own personal copy of the GOLD BOOK.

The GOLD BOOK is there, at hand, ready when the need arises.

THIS IS THE ELECTRONIC DESIGN AUDIENCE
WORKING FOR YOU

Electronic Design /'GOLD BOOK

HAYDEN PUBLISHING COMPANY, INC.
50 Essex Street, Rochelle Park, New Jersey 07662 o Tel: 201-843-0550
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Product Index

Information Retrieval Service. New Products, Evaluation Samples (ES), Design Aids
(DA), Application Notes (AN), and New Literature (NL) in this issue are listed
here with page and Information Retrieval numbers. Reader requests will be
promptly processed by computer and mailed to the manufacturer within three days.

Category Page IRN Category Page IRN Category Page IRN
Components Inte'grated Circuits > greadboardiT 1;8 gg
ircui analog multiplexer 115 74 us connector
ggr%lg;n%ﬁikecrastalog 133 ﬁi array, programmable 101 303 bushings, universal 121 81
crystals 114 70 chips 125 86 clips, DIP 106 57
crystals, quartz 130 379 communication chips 123 85 component sockets 34 20
Darlingtons, power 128 375 | consumer chips 117 75 | connector 121 361
ferrite cores 45 26 | controller motor 101 305 | connector, rf 1dg. 351
keyboards 118 76 converter, v/f/v 102 306 connector systems 33 19
LED displays 128 374 converters, a/d, d/a 135 103 contacts ) 129 92
potentiometers I 262 data processing chips 119 78 drafting supplies 73 37
relays 91 44 drivers and amps 110 63 fastener 119 354
relays 100 52 drivers, display 103 308 heat sinks 109 62
relays 127 89 flasher, LED 101 304 hobby-wrap gun 99 51
resistor networks 47 28 instrumentation chips 121 82 interconnections 81 40
resistors, precision 95 46 LED displays 131 97 metallizing ink 118 350
stepper motor 113 68 | opto-isolators 109 61 parts tray ! 118 353
switch, PC 32 18 PLLs and comparators 111 66 plastic, conductive 120 358
switches pushbutton 130 377 quad-line-drivers / shrink tubing 120 359
switches, pushbutton 130 378 receivers 53 32 sockets, DIP 127 90
thermostats 130 376 | remote control 103 309 sockets, face-grip 89 43
transistor, power 128 373 ROMs 5 4 soldering machine 119 356
; switches, speed 102 + 307 tool kit 118 352
Data Processing transistor arrays 59 33 wire-wrap panels 120 80
cassette recorder Microprocessor Design
digital 116 346 | analyzer, uP 41 508 | Power Sources
computer program 114 341 microprocessor, bipolar 42 509 gg(:v';egiybgﬂlesries li'g 333
count/time data system 134 102 system, development 44 510 Dower Supplies 104 55

data'acquisition system 134 102 Microwaves & Lasers power Supply, bipolar 112 334

data terminals 117 347 ifi : :
hard disc drives 115 343 | ameiter ¥ 110, 339, | Bowersupply. Inverter 112 . 333
magnetic tape 115 342 | coaxial load EERAR 0 i
drum 117 349 ; power supply, UPS 113 335
memory : direct coupler 111 329 | transformers 119 77
memory system diskette 116 345 filter, low pass 110 326
modems 27 15 | He-cd laser 109 325 .
paper-tape equipment 115 71 | opto-acoustic module 108 322 | NEW l'terature
paper-tape reader 117 348 | power divider, 8-way 108 323
printer/plotter 99 51 | pnp’'s, 4 and 5-GHz 17 10 | antennas 134 396
spectrum analyzer preamplifier, L-bd 110~ 327 circuit boards 134 398
digital 114 340 | signal generator 111 332 | data communications 134 394
wuP program 114 338 | tracking filter 109 324 | keytops 134 397
. . ; power supplies 134 400
Dincoats Semlf:onductors Z}’c‘é}‘;}’jm‘;tgf bassembllesizz 364 | Power-supply periodical 134 399
Darlingtons, high-speed 61 34 5 4 semiconductor
Schottkv-barrier amp |r;|s.trumentat|on 126 369 ouakaging 134 395
rectifiers 70 36 con’{rol % mlotpr %2? 388 | semiconductors 134 391
SCRs and triacs 9 61 R e . 83 | semi screening report 134 393
silicon transistors 37 21 | converter, true-rms LoE T SRR | eofiware directon 134 392
zeners 130 95 giast;laa;sqwsutlon ]ig; 3;2
En;trume;;atign 2, S 1t:eilitjl“r;rssed time indicators lgg lgg apphcahon notes
test benc !
computer graphics 107 321 f!:ters, EMI 132 98 | jata processing 133 386
count scaler 160 310 | filters, LC and crystal 135 104 | 4.y plasma 133 389
gatal logger 10t11 30; :)mpaag;;ensors igg 32; machine controls 132 ggz
isplay scopes A minicomputers 133 7
displays 137 108 OS;:'”?.tor del %g; 32513 optically-coupled
DMMs 136 106 | [=ayuime deidy 115 isolators 132 381
entertainment console 71 37 | sample anc_]f‘hold 1 366 | |einforced thermo-
e e L e L 1
meter semiconductor i
indicators 107 168 | thermostats 133 101 spectrum analysis 132 380
oscilloscope 14 260 Packaging & Materials surge suppression
precision standard 108 59 adhesive, high temp 121 362 circuits 1133 388
spectrum analysis assembly center 121 360 ultra-isolation
recorder 122 83 backplane assembly 1192355 transformers 132 383
storage scope 128 91 bearings 120 357 wP/display interface 132 384
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eliminate
assembly problems

& save 60¢ per
connector

attained with the Molex
Dualcon"crimp/snap-in
28 position connector

The facts ... A study conducted at a major west coast peripheral
manufacturer clearly shows the labor and cost savings between the

Molex 4338 crimp/snap-in connector versus a solder eyelet P.C. Connector.
The evaluation was made on a fully loaded 28 position dual connector.

OPERATION SMETHOD CRIMB/STYLE

STRIP INSULATION 5:37 5:37
SHRINK TUBING ON WIRE 4:40 N/A
SELECT TERMINAL AND ATTACHWIRE 10:17 N/A
SOLDER WIRE TO TERMINAL 3:44 N/A
POSITION SHRINK TUBING 1:53 N/A
HEAT SHRINK TUBING ON FIRSTSIDE 1:00 N/A
HEAT SHRINK TUBING ON SECOND SIDE 0:16 N/A

| CRIMPWIRE TO TERMINAL® i N/A 2:12

| SELECTIVELY LOAD TERMINAL N/A 7:27
TOTAL OPERATION TIME 27:27 15:16
Using a $3.00 per hour labor rate ... it costs $1.38 per connector using the soldering method,
versus 78¢ per connector, using the Molex crimp/style snap-in. A savings of 60¢ per connector
.. or a 44% SAVINGS.

*Based on 1200 crimps per hour

The designer and manufacturing engineers answer to Options: The 5 Amp rated terminals are available with pre-tin gold

eliminating assembly operations, saving time and over nickel, or selective gold plating and will accommodate 18—24,

lowering cost and‘ 24—-30 AWG. Solder loop and split eyelgt type terminals are

The Molex Dualcon available. Inter-contact and on-contact polarizing keys are opgonal.

¥ \ The connector housing is available with or without mounting

The 4338 Series Dualcon is a new .156 crimp/snap-in dual flanges in 6, 8, 10, 12, 15, 18, 22, 24, 25, and 28 dual row positions.

readout edge connector for 062 P.C. cards. The snap-in type Application tooling is available for hand termination, semi-

contact allows greater production flexibility and at the same automatic bench machines (available on lease or purchase terms)

time reduced labor/assembly man-hours because you use only and fully automatic units for extremely high speed production.

the contacts you need.

Literature and Information — How much can you save on your //—\

present or future application? Ask your Molex Sales Engineer. _\,;ﬁﬁ",_,\_v.

For more information on the 4338 call or write MOLEX | J ] A ... Affordable T:C{-‘im@i@g}_}

INCORPORATED, 2222 Wellington Court, Lisle, IL 60532. \ y —_— 7

(Phone: 312/969-4550) \// CIRCLE NUMBER 263



23 PartI approvals in 13 months ...

Acceptance of

High Rel COS/MOS
is climbing fast.

In rapid succession, 23 RCA COS/MOS
circuits have become the first CMOS devices to
pass the rigorous environmental and life-test
requirements for QPL-38510, Part | Qualification.
That’s just more evidence oftheinherentreliability
of COS/MOS.

It means you can buy with even greater con-
fidence. And if you buy for military or other high-
reliability applications, you have a wide range
of options. The approved listincludes gates, multi-
vibrators, binary ripple and synchronous counters,
and multiplexers/demultiplexers.

It also means you have the assurance of a
dependable High Rel source. With a disciplined
organization. Tightly controlled environments
and processes. And a wholehearted commitment
to High Rel COS/MOS.

v/ You'll see the results of this
j g /4/,// commitment in our latest High Rel
4{?} data book (SSD-230), just off the

press. Contact your local RCA Solid
State distributor. Or RCA.

RCANo.  MIL-M-38510/ RCA No.  MIL-M-38510/
CD4000A 05201 CD4017A 05601
CD4001A 05202 CD4018A 05602
CD4002A 05203 CD4019A 05303
CD4007A 05301 CD4020A 05603
CD4009A 05501 CD4021A 05704
CD4010A 05502 CD4022A 05604
CD4011A 05001 CD4023A 05003
CD4012A 05002 CD4024A 05605
CD4013A 05101 CD4025A 05204
CD4014A 05702 CD4027A 05102
CD4015A 05703 CD4049A 05503
CD4050A 05504

Write: RCA Solid State. Box 3200, Somerville,
N.J. 08876; Sunbury-on-Thames, Middlesex
TW16 7HW, England; Ste. Anne de Bellevue
H9X 3L3, Canada; Fuji Building, Tokyo, Japan.

2

~~~~~

. First house in CMOS.

CIRCLE NUMBER 264




