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In 1709, Giovanni Poleni
had a wild idea.

Poleni’s passion.
Wind it up, and you
could automatically
compute the four
fundamental
arithmetic operations
to three figures.

The Varian Data 620/i is the latest word in 1969.
It may give you some even wilder ideas.

Imagine a system-oriented computer that takes only 1012
inches of rack space, yet will out-data any machine in its
class. A computer with hardware indexing, over 100 instruc-
tions, 1.8 usec cycle time, 16/18 bit words, easy interfacing

capability, optional multilevel priority interrupts, a 4 to
32K memory, and is available in a ruggedized version.

Congratulations. You've just imagined Varian Data’s
620/i computer. Now you know why there are over 500
delivered.

Now here’s something else that may boggle your imagi-
nation. The 620/i costs only $13,900 with ASR 33 TT.

Write for your brochure today. Then tomorrow you can
start figuring the money you’ll save.

varian _
data machines

a varian subsidiary/
2722 Michelson Drive/Irvine/ California 92664
(714) 833-2400

SALES OFFICES: U.S., San Diego, Santa Monica and San Francisco, California; Vernon and Westport, Connecticut; Chicago, !llinois; Houston, Texas; Fort Washington, Pennsylvania;
Washington, D.C.; Waltham, Massachusetts. INTERNATIONAL: Australia, Belgium, Canada, France, Germany, India, ltaly, South Africa, Sweden, Switzerland, United Kingdom and Ireland.
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VRC BUILDS DRUMS
...BY THE HUNDREDS

Vermont Research Corporation is a volume
producer of drum memories. Now operating in
three plant facilities, we’re growing faster than
at any point in our 9 years of drum production.

The reasons? VRC’s broad line of drum ca-
pacities, from 2.6 to 67 megabits ... a standard,
interchangeable, digitalinterface for all models . . .
complete documentation and customer support . . .
outstanding reliability . . . and the ability to fill
your order for drums by the hundreds.

We’ve had several like that recently.

Computers are known by their MEMORIES...

W'l Vermont Research

CORPORATION

DRUM MEMORIES * SYSTEMS ¢ DISK PACKS

Box 20a, Precision Park, North Springfield, Vermont 05150 » Telephone 802/886-2256 « TWX 710-363-6533

ortunities (and the good life, North Country style), the place to come is Vermont

Research Corporation. For specif tact: RICHARD A, STOVER, Vice President-Engineering.

Research Corporation. For specific information, con
CIRCLE NO. 2 ON INQUIRY CARD




Oh, you'll put it together, all right, and after a while, it'll. work, more or less.
Then you'll take the prototype to engineering for board design, get it back, attach the components,
test it, make a few compromises, try it again. What you have then is an engineering model.
Then the manufacturing design. Back to engineering for debugging. More testing. Parts
procurement. Incoming inspection. Telephone calls. Late deliveries. More testing. Heartache.
‘ Final release and the module is ready for manufacture. Maybe.

All this time, an already designed, fully debugged, guaranteed, computer-tested, solid
state module sits on Digital’s shelf. Fifty engineers in offices around the country wait for
your call to help. Application notes, installation drawings, catalogs sit in our mail room,
Power supplies, hardware, racks are piled high in the stock room.

M Series modules are the most complete, fully compatible, fast, all IC, TTL, inexpensive
solid state logic available anywhere. With.a few million modules in our recent history,
and a few million dollars worth of test equipment, we really know how to put them out.
Read all about them in the new Logic Handbook. Free.

dlilgliltlall

COMPUTERS - MODULES

1GITAL EQUIPMENT CORPORATION,
ynard, Massachusetts 01754, Telephone:
897-5111 / Cambridge, Mass. / New i
n/ Washington, D.C. / Parsippany, Palisades ’
k, N.J. / Princeton, N.J. / Rochester, N.Y. / Long
and, N.Y. / Philadelphia / Pittsburgh / Cleveland /
Dayton / Huntsville / Cocoa, Fla. / Chicago / Denver /
Ann Arbor / Salt Lake City / Houston / Albuquerque /
‘Los Angeles / Palo Alto/ Seattle. INTERNATIONAL,
" Carleton Place and Toronto, Ont. / Montreal,
Quebec / Edmonton, Alberta, Canada / Reading and
" Manchester, England / Paris, France / Munich and
~Cologne,' Germany / Oslo, Norway / Stockholm,
Sweden / Sydney and West Perth, Australia.
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The 500 NSEC
speed demon:

the fastest core stack available today.

Ferroxcube’'s new 2%D core
stacks using fast 18 mil cores not
only run full cycle in 500 nanosec-
onds, but provide a proven design
for your next high speed system.
Capacity sizes range from 8K words
by 9 bits/word to 16K by 36.

In any capacity size, we give you
a really compact package. For in-
stance, the 8K by 18 stack is only
127x9"x 2%2”. Connect just a few
plugs and you're in business.

Full select current is less than
800 ma. Throw a worst case disturb

pattern at our stack using a current
rise time of 50 nsec and see a mini-
mum output of 25 mv. Operational
temperatures cover the range from
0° to 100°C.

Another bonus: By using off-the-
shelf components we can offer you
some very significant time and pro-
duction economies.

Also, we throw in the selection
diodes as part of the stack package.

And since we control the entire core,
plane and stack process from the
powder to the core. to the stack,
every unit performs like the proto-
type you approved.

All in all, our 500 nanosecond
Speed Demon can give you a mem-
ory that performs like an angel. For
chapter and verse, write or call us
for Bulletin 500.

Ferroxcube &

Saugerties, New York

Baltimore—Eastern Components, (301) 322-1412; Burbank, Calif.—(213) 849-6631; Englewood, Col.—(303) 771-2000; Lansing, Mich.—(517) 482-7140; Minneapolis—(612) 920-7955
Northlake, 111.—(312) 261-7880; Philadelphia—Eastern Components, (215) 927-6262; Phoenix—(602) 264-3120; San Francisco—Wm. J. Purdy Agents, (415) 863-3300; Saugerties, N.Y.—
(914) 246-2811; Unlon, N.J.—(201) 964-1844; Waltham, Mass.—(617) 899-3110; Winston Salem, N.C.—(919) 725-6306; Toronto, Ontario—Philips Electron Devices, Ltd. (416) 425-5161.
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TheFerroxcubeFI-3

The World's First Plug-Out Memory

The FI-3 comes as a complete
memory system ready to plug-in or
you can plug-out those capabilities
which exist within your system.

The flexibility of the FI-3 is limited
only by the versatility of the system
with which it will be used.

If your system already has +6
volts or —12 volts or both, we'll sell
you the FI-3 without the plug-in
power supplies.

If your system requirement is for
a self-contained memory, we'll plug-
out the 19-inch rack-mounting
chassis.

If you don’t need 8192 words by
18 bits, we'll plug-out enough mem-

ory to give you only 1024 words by
6 bits or some capacity in between.

In fact, if you have the capability,
we'll plug-out everything but the
stack and give you the drawings for
the rest.

For those busy engineers who
want us to do the work, we'll be glad
to plug-in all the modules and IC
logic cards and supply an FI-3 with:
e 3 usec full cycle time
e 2 usec half cycle
e multimode timing with full, half

or split cycle
e address register/ counter
e random or sequential operation

option

iy

ok
50

tade

i n‘};i?
%3]

® memory retention

e 3D, 4-wire construction

e 30-mil low temperature coeffi-
cient cores

MTTR is enhanced by having only
five card types. Field adjustments
and temperature compensation are
unnecessary. Over 100 catalog-
standard FI-3 models to choose
from.

And we'll do it in less than 60
days for as little as $2,000 per unit.
The lowest price in the industry.

Write to Jack Buckwaiter.

Ferroxcube &

Systems Division, Englewood, Colorado

Baltimore—Eastern Compdnents, (301) 322-1412; Burbank, Calif.—(213) 848-8631; Englewood, Col.—(303) 771-2000; Lansing, Mich.—(517) 482-714Q; Minneapolis—(612) 920-7955;
Northlake, 11l.—(312) 261-7880; Philadelphia—Eastern Components, (215) 927-6262; Phoenix—(602) 264-3120; San Francisco—Wm. J. Purdy Agents, (415) 863-3300; Saugerties, N.Y.—
(814) 248-2811; Union, N.J.—(201) 964-1844; Waltham, Mass.—(617) 899-31.10; Winston Salem, N.C.—(919) 725-6306; Toronto, Ontario—Philips Electron Devices, Ltd. (416) 425-5161.
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If you want better designs,

Fairchild MSI lets you design a system in the time
you used to spend designing a circuit. A few MSI
building blocks will do more work than a hun-
dred ICs. We have versatile, compatible off-the-
shelf devices that function like shift registers,
counters, decoders, latching circuits, storage ele-
ments, comparators, function generators, etc.
Just about all you need for any digital applica-
tion. Like a scanning keyboard encoder:

If you'd like a simple method of converting
keyboard switch closures to a binary code, you
need only 5 of our CCSL building blocks and the
logic diagram on the right. (Conventional design
techniques would require about 30 conventional
ICs to do the same job.) Besides simplicity, this
design provides fast rollover, insensitivity to
contact bounce, and eliminates ambiguity when
several keys are depressed.

The two major elements of the design are a
64-position matrix and a six-bit synchronous
counter. (The counter is composed of a 9316
four-bit binary counter and a 9020 dual JK flip-
flop.) The three Most Significant Bits of the
counter output address the 1-of-8 decoder (9301)
forming one side of the matrix, sequentially
driving its outputs “low’’. The three Least Sig-
nificant Bits address the 9312 scanning multi-
plexer (the other side of the matrix), sequen-
tially looking at its eight inputs. With this
arrangement, all multiplexer inputs are scanned
once for every change in the decoder output.

Each intersection of the decoder outputs and
the multiplexer inputs can be used as a key posi-
tion. If one of the keys is depressed, a “low”’
from the decoder is detected by the multiplexer
and converted to a “’high’” on its negation out-
put. This triggers a one-shot that inhibits the
counter from advancing further and provides a
“data ready” signal. The duration of the one-
shot is set to cover any possible contact bounce.
The output of the counter can now be used as

the encoded signal, and the matrix can be
arranged so that any key closure provides any
binary code from 000 000 to 111 111.

The code that appears corresponds to the
first key depressed. As long as that key remains
down, the retriggerable one-shot continues to
receive reset pulses that hold the counter at the
count independently of any other switch clo-
sures on the board. Once that key is released,
the counter resumes its scanning after the one-
shot time period has run out.

The addition of a few more MSI elements
would add even greater capability to this
design. As an example, the addition of another
9312, 9316 and 9601 can result in a single serial
binary PDM output group in response to each
key depression. Additional control inputs could
be used to restrict the range of the scan counter
if only certain keys should be enabled in a cer-
tain mode as is the case in key punch machines.
Addition of a 9304 Read-Only Memory would
allow the selection of any code output with a
single keyboard design. A single monolithic
parity generator could be added to provide
parity at very little additional cost. Or, you
might want to add two Read-Only Memories to
drive a character display and a normal output
simultaneously.

Our universal CCSL logic blocks let you build
circuits that you couldn’t even consider with less
complex or less flexible ICs. We now have 15
off-the-shelf MSI devices that you can use to
lower costs and increase performance. More are
on the way. Write for additional specs and appli-
cation notes. We'll put you on our list for future
mailings, too.

FAIRCHILD SEMICONDUCTOR /A Division of Fairchild
Camera and Instrument Corporation;
Mountain View, California 94040, FA|RCH|LD
(415)962-5011/TWX: 910-379-6435 SEMICONBUGTOR
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use fewer components.
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TINKERS.. Shiish
TO EVERS..
TO CHANCE

Calmont’s winning combination of
available and unique wire and cable

is just about as famous as the great

combo-play, Tinkers to Evers to

Chance. And when Calmont's own .
‘‘big three'’ are fielding, no one can

beat 'em to the bases.

SILIFLEX (-

Siliflex is small, lightweight, and has
great flexibility with long life. Ease
of stripping, combined with faster
tinning . . . by dipping without dam-
age to insulation ... results in real
savings. Excellent for connecting
vibrating units. —60°C to 200°C.

“— {) SUPERFLEX

Using a conventional PVC insulation,
the properties of this cable are such
that it enjoys a wide range of tem-
perature, —40°C to 105°C. Excellent
for delicate linear or reciprocating
motion. Minimum resistance to
bending.

TEFLEX

Smaliness (38AWG 15/50), lightness,
toughness, and extreme flexibility
make Teflex ideal for pots, resolvers,
. encoders, electrodes, memory sys-
tems and other similar applica-
tions. For delicate instrumentation.
To 200°C.

o, U [
Gt Lo Drive!
This whole advertisement is a cou-
pon. Just check off any of those that
interest you, tear it out of the book,

and mail it with your letterhead and
your name to Calmont.

ONT

WIRE & CABLE, INC.

420 EAST ALTON STREET ;
SANTA ANA, CALIFORNIA 92707

custom wire and cable ® extruded
plastics ® tubing e insulations
....0........0.....'...........
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LETTERS TO THE EDITOR

To the Editor:

The B6500 Design group has read
your HTTI article with great interest,
and would like to point out the fol-
lowing:

1. There exists a class of external con-
ditions of such low priority that it is
not desirable to provide interrupts.
In the B6500, this class includes the
READY-STATUS of unassigned pe-

ripheral devices. In a multiprocessor.

system, the first processor to reach the
idling state should loop on an interro-
gation of these conditions.

2. The IDLE-UNTILINTERRUPT
operation is performed by the initial-
load function.

3. On occasion, it becomes necessary
for the (current) ‘Master’ processor to
tell the others to ‘Get out of the way.’
This occurs, for instance, during a

. system ‘breakout’ or ‘checkpoint.’

4. It is definitely not desirable, in a
non-dedicated machine, to allow user
programs to idle. The goal of the sys-
tem is to maximize throughput, not
just to exhaust time quanta.

5. If the processor is capable of a non-
interruptable state, and attempts to
idle in that state, interrupts should be
temporarily allowed.

These considerations, as well as
those you mention in your article, were
involved when we included the idle
until interrupt in the instruction
repertoire of the B6500—two years ago.

William C. Price :
Programming Systems Department
Burroughs Corp.

Pasadena, Calif.

To the Editor:

The technical note in Computer De-
sign/February 1969 on the Halt Til
Interrupt instruction was read with
interest. Further information on Uni-
vac 1100 series hardware and software
will be of obvious interest to you.

The Univac 1107 had a WAIT in-
struction which is very similar to the

HTI instruction you proposed. In-

- struction execution in the 1107 halted

when a WAIT instruction occurred,
until resumed by an interrupt. The
1107 is designed for multiprogram-
ming, but never multiprocessing.

We decided to omit the WAIT in-
struction during design of the 1108.
The 1108 is a unit processor multi-
programming and multiprocessor sys-
tem. It was. felt that the functions of
the WAIT instruction could better be
performed through other sequences.

-EXEC-8 of the 1108 Operating Sys-
tem has an idle loop consisting of one
Black Transfer instruction and a small
loop of five tests. The Block Transfer
consists of a register to register trans-
fer which is completely harmless in
that index register zero is used for the
from and to addresses. One core
memory reference is required to fetch
the instruction, but no data references
to core memory are needed for the
index registers are internal processor
flip flop registers. We can create an
arbitrarily long time duration instruc-
tion which requires only one core
memory reference using the Block
Transfer instruction in this manner.
The current repeat count used is 1000.
The fact that the repeat register of the
processor must be used is of little con-
sequence in this case for being in an
idle state, we cannot predict for whom
the register should be loaded as we -
are waiting for the external signal to
enable some program to again operate.
The five test ‘instructions are described
later.

The EXEC-8 Block Transfer Instruc-
tions then becomes within one memory
cycle of being the ideal WAIT in-
struction. This idle loop code while
contained within the Executive oper-
ates at a priority level similar to that
of the user program. At the same time,
a flag is set indicating that no user pro-
gram is in control. Therefore, at an
interrupt . the idle loop sequence is
merely aborted; no attempt is made to
save the state of the idle loop, and
control moves to the top of the D
spatcher which is our routine for pro-
gram switching. The D spatcher scans
through the Switch List looking for a
program which can use processor time.
When no activity is found the idle
loop is re-initiated. ’

There is one remaining problem in
this technique, and is the reason why

continued on page 10

COMPUTER DESIGN /MAY 1969



T201B

T201A

T103F

T202C

SANGAMODEMS...

the most complete line
of Bell compatible data sets!

Have you been purchasing data sets here and there?
You don't have to! SANGAMO can supply 93% of
your data set requirements with guaranteed Bell
compatible units now.

Check this listing :

103A1 201A1 202D4 202C7
103A2 201A2 202C1 202C8
103F2 201A3 202C2 401E2
20181 201A4 202C3 401E3
201B2 202D1 202C4 401E4
201B3 202D2 202C5 401E5
201B4 202D3 202C6 401H1

We can also supply customized variations of these

standard sets, with obvious economies for unlimited
applications.

Field Service Contracts available on request.

Need Data Sets? Let’'s communicate ! " T63.05

CIRCLE NO. 7 ON INQUIRY CARD

T401E

T202D

T401H

Communication Systems
SANGAMO
Electric Company

Springfield, llinois 62705

217 544-6411
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LETTERS TO THE EDITOR

continued from page 8

the five tests mentioned above must
be in the idle loop. In a multi-proces-
sor, a processor should be stimulated
by an input/output interrupt or by
another processor. The second proces-
sor may create more activities in need
of processing. The active processor
must interrupt the idling processor,
or the idling processor watch the
Switch Lists to observe the introduc-
tion of a new activity. In the current
EXEC this interrupt scheme from the
active to inactive processors does not
exist. Each idle processor during the
cycle through the idle loop makes a
test on each of the five Switch Lists
to catch the introduction of the new
activities.

We hope this information on Uni-
vac systems will be helpful, and stim-
ulate thoughts on an efficient solution
to the problem mentioned.

John M. Macgowan Jr.,
Univac Div., Sperry Rand Corp.,
Roseville, Minn.

To the Editor:

Re the article, “HTI: An Order to
Improve Multiprocessor Performance,”
Computer Design/February 1969. Mr.
Peters has overlooked one of the com-
puters which is used in the pre-launch
checkout of the Saturn missiles.

This instruction is called a Halt In-
terruptible (HTI) and is the same as
the Halt instruction (HLT) except
that it can be resumed either by de-
pressing the START button on the
Maintenance and Control panel or by
an interrupt request. When an inter-
rupt occurs, the location of the HTI
is stored in a standard memory loca-
tion depending on the interrupt level.
When the interrupt has been serviced,
the program can return to the HTI
location or any other memory location
by using the Return After Interrupt
(RATI) instruction. If the START but-
ton is used to resume operation, the
program begins with the next sequen-
tial instruction.

Very truly yours,
M. M. Williams
Cocoa Beach, Fla.

COMPUTER DESIGN/MAY 1969



Announcingavalue
breakthrough...
the $6000industrial

computer

The versatility and reliability of the SPC-12
mini-computer has put it to work in over 50
major corporations . . . for applications never
before realized . . . from control of broadcast
stations to warehouse automation to count-
ing hamburgers. We call it the “new value”
computer.

* New value because the SPC-12 will do more
work for you at less cost than any mini-
computer on the market.

* New value because the SPC-12 offers full
automation safety features unmatched by any
other mini-computer . . . large or small.

* New value because the SPC-12 is the only
mini-computer with a complete family of off-
the-shelf mini-controllers (systems interfacing
units).

* And the SPC-12 is the only mini-computer
with large scale industrial computer organiza-
tion and control features. It can execute stored
programs in excess of 230,000 instructions per
second, input and output data in excess of
460,000 words per second . . . and its “‘shared
command’ increases memory capacity as
much as 509,.

* Another important value of the SPC-12 . ..
factory sales and service offices are located in
major cities throughout the United States to
provide you dedicated, expert application and
sales service.

You can put full-blown computer power in your
product today for only $5,000. To see how easy
itis ... just call or write. There's a sales office
near you.

GENERAL AUTOMATION, INC.

Automation Products Division
706 West Katella, Orange, Calif. (714) 633-1091

Sales Offices: Waltham, Mass. (617) 899-6170 ® Willow Grove, Pa. (215) 657-2657 ® New Rochelle, N.Y. (914) 235-9300 ® Eau Gallie, Fla. (305)
727-3205 ® Wheeling, lIl. (312) 537-3500 ® Cleveland, O. (216) 333-8366 ® Dallas, Tex. (214) 358-0271 ® Los Altos, Calif. (415) 941-5966 ® Orange,

Calif. (714) 633-1091
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If you're a computer system de-
signer, every one of your systems is
special. But that doesn’t have to
mean costly, custom hardware for
implementation. Electronic Memo-
ries has the broadest, most versatile
memory line in the industry. A com-
plete line of systems, stacks and
cores, built for aerospace, military
and commercial applications.
Chances are good that one of our
standard products will fit right into
the slot in your system.

A. There's our SEMS 5, built
small and reliable for airborne and

- satellite computing applications.

131,062 bits with a cycle time of
2us in 132 cubic inches. And pack-
aged to meet the applicable portions

of MIL-E-5400, MIL-E-4158 and
MIL-E-16400.

B. If you need a ground-based
militarized system, look at our
SEMS 7. It's not as small as the

SEMS 5, but has more storage.

(327,680 bits with a 2us cycle time).
And it meets all the applicable por-
tions of MIL-E-4158, MIL-E-16400
and SCL-6200.

C. For more speed, there’s our
NANOMEMORY™ 2650 System. It's
built with IC electronics, uses a 2%2D
drive and stores up to 294,902 bits
with a cycle time of 650ns. You can
even get it with a built-in self-tester.

All in a 2% cubic foot module that -

does everything bulkier systems do.
D. And for low cost systems, use

our MICROMEMORY™ 1000. You get
up to 32k bits of storage with a cycle
time of 2.5us occupying only 400
cubic inches and dissipating 35W.
We use a special 3 D technique that
both lowers the component count
and increases the MTBF. The
MICROMEMORY 1000 comes with
no case so there are no special cool-
ing requirements, while true random
access and a simple 1/0 interface
make for easy integration into your
system. )

E. If you're starting further back
than that, pick one of our stacks.
2% D or 3 D. Military or commer-
cial. Miniaturized, heated, folded
or split into modules. Whatever’s
exactly right for your application.

COMPUTER DESIGN/MAY 1969
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F. Or, if you're working right
from scratch, we’ve got cores. 18
to 80 mil magnesium-manganese
cores that operate from 0°C to
+65°C, with cycle times that range
down to less than 600ns. 18 to 30
mil lithium ferrite cores that oper-
ate over the full temperature range
from —55°C to +125°C. We've
made cores for all the major com-
puter programs and most of the
satellites. And we're building them
for our own systems. Right now and
in volume.

If you need more information,
circle the reader service number.
We'll send a complete collection of
our literature. If you need the hard-
ware, call us collect.

THE MEMORY SQUAD

. Em mwammon*f@

If you're not at the hardware
stage yet, maybe we can help with
your design. The group below is our
Memory Squad, our senior engineer-
ing staff. Write and we’ll send you
the whole group for a day. They'll
give you a one-day seminar on mem-
ories in your plant. It
will cover

" CIRCLE NO. 9 ON INQUIRY CARD

everything from cores to memory
systems, with the emphasis on the
practical aspects of implementing
designs. They've designed and built
equipment for the full range of
applications from satellites to com-
puters to submarines. Write request-
ing the seminar and get some of
their experience into your sys-

w. tems now. They’re standing by.

ELECTRONIC MEMORIES INC.
12621 Chadron Avenue
Hawthorne, California 90250

(213) 772-5201 Em




«..and another ATON first!

20418
BIT
RO

READ ONLY MEMORY

Now, for the first time — off-the-shelf customized
LSI memory chips organized for low-cost, quick-
turn-around, mass production . . . available only from
General Instrument.

¢ Qutputs can drive TTL, DTL or MOS without interface
hardware

* Up to 11 bit decoding matrix

¢ Expandable to 2048 x 8 ROM modules without additional
hardware

¢ Power Dissipation 120 mW @ 1MHz
¢ 1 microsecond access time
¢ Non-volatile, non-destructive memory

General Instrument’s exclusive 2048 bit ROM (Read Only
Memory) cell is a four phase MTOS array consisting of 11 bits

of two dimensional addressing (5 and 6 bits respectively) and 8
outputs. It permanently stores 2048 bits of information in a 64
bit x 32 bit matrix positioned into 8 segments, each of which
contains an 8 bit x 32 bit matrix and an output stage. The ROM
chip outputs have internal “‘wire-or”" capability which allows
the formation of ROM modules without any other component

14 ‘ COMPUTER DESIGN/MAY 1969
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ROM ORGANIZATION CHART

No. of Bits | No.of | No.of No. of
No. of No.of Bits | Available | Bits Words Chips | Total Bits

Qutputs | of Addressing ( For Chip Per Per Per Per

Per Chip | Used Per Chip | Select Word Chip Module Module

1 11 - 1 2048 1 2048
2 10 1 2 1024 2 4096
4 9 2 4 512 4 8192
8 8 3 8 256 8 16384

EXAMPLE OF MODULE (2048 x 2)

ADDRESS
ﬁ {11 LINES)

1024 x 2
CHIP NO.I

1024 x 2
CHIP NO.2

v v
BIT | BIT 2
ouT out

additions. This organization permits an extremely wide range
of operating variations with a modular capability applicable to
virtually all ROM systems.

Since any and all changes to the ROM chip, both data pattern
and ‘‘chip-select,’” are made by alteration to a single mask only,
low cost, quick-turnaround time is guaranteed for customized
ROM circuits.

General Instrument’s 2048 bit ROM cells are designed to
undercost and outperform cores, drums, delay lines and com-
plex logic functions, while providing dramatic savings in space
and weight.

Write for full information. (In Europe, to: General Instrument
Europe S.P.A., Piazza Amendola 9, 20149 Milano, ltaly.)

*At quantities in excess of 25,000 ROMs.

GENERAL

INSTRUMENT

GENERAL INSTRUMENT CORPORATION « 800 WEST JOHN STREET, HICKSVILLE, L. I.,, NEW YORK
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We've never met
a stepper motor
Droniem we

Almost.

Of course, you can’t win 'em all. But we sure try. That's
why our stepper motors have features like high-holding
torque, high stepping speed and fast response.
Designed for applications in business equipment, office
machines and small peripheral devices...their 15°
stepping angle is compatible with all 24 tooth sprockets.
And the Dieh! computer program determines the exact
amount of damping required by calculating

the exact value for your specific
load and stepping time rate.

BVE 20

‘Other Features
Bi-directional
Low Inertia

Permanently lubricated
ball bearings

Stainless steel shaft
Dampers available

Some Suggested Applications
Positioning

Counting

Tape readers

Small line printers

Stepper motor problem? Call your Diehl repreéentative today.
Or call us.

THE SINGE R COMPANY

Diehl Division

Finderne Avenue, Somerville. N.J. 08876/(201) 725-2200 ¢ TWX 710-480-9325

' CIRCLE NO. 11 ON INQUIRY CARD
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CONFERENCE
CALENDAR

May 22-23—Workshop on Applied
Magnetics, Sheraton Park Hotel,
Washington, D.C. IEEE Magnetics
Grp. Info: G. 1. Duncan, GE Co,,
Fort Wayne, Ind. 46804.

May 26—Computer-Aided Device Anal-
ysis and Design Seminar, Stevens Inst.
of Technology, Hoboken, N.]J. IEEE
N.Y. Section, Stevens Inst. of Tech.
Info: Rene Colen, Hewlett Packard
Co., 100 Locust Ave., Berkeley Heights,
N.J. 07922

June 3-5—Conf. on Microclectronics,
Congress Theater, Eastbourne, Sussex,
England. IEE, IERE, IEEE U.K. Info:
IEE, Savoy Place, Victoria Embank-
ment, London, W.C. 2, England.

June 8-12—6th Annual Design Auto-
mation Workshop, Hotel Carillon, Mi-
ami Beach, Fla. ACM, IEEE, SHARE.
Tech. Info: Dr. H. Frietag, IBM
Watson Research Ctr., P. O. Box 218,
Yorktown Heights, N.Y. 10598,

June  9-11-Int’l  Communications
Conf., Univ. of Colorado, Boulder,
Colo. IEEE Communications Tech-
nology Grp. & Denver Section. Info:
A. J. Estin, Radio Stds. Eng. Div,,
NBS, Boulder, Colo. 80302.

June 17-19—IEEE Computer: Cont.,

"Leamington  Hotel,  Minneapolis,

Minn. IEEE Computer Grp. Info:
K. S. Foster, Honeywell Inc., 2345
Walnut St., Roseville, Minn. 55113.

July 14-15—Workshop on Computer
Reliability, Santa Ynez Inn, Pacific
Palisades, Calif. ACM, UCLA. Info:
Prof. Algirdas Avizienis, Dept. of Elect.

“Eng., U. of Calif. Los Angeles, Calif.

July 23-25—Conf. on Digital Methods
of Measurement, U. of Kent, Canter-
bury, Kent, Eng. IERE, IEE, UK. &
Rep. of Ireland Sec. Info: Conference
Registrar, IERE, 8/9 Bedford Sq.,
London, W. C. 1 Eng.

CIRCLE NO. 12 ON INQUIRY CARD >



Lockheed vs. Lockheed

1. Capacity: 4,096 words x 16 bits. 1. Capacity: 4,096 words x 16 bits.
2. Available in capabilities of 4, 8, 2. Available in 4K by 16 or 18 bits.

16K with 8 to 32 bits. 3. Size: 19”7 x 5% x 13”. \
3. Size: 19”7 x7” x 13”. 4. Speed: 900 nanoseconds.
4. Speed: 1 microsecond. 8. Random access time: 400 nanoseconds.
8. Random access time: 450 nanoseconds. 6. Market Response: Too early to form |
6. Market Response: Excellent. any sort of judgment. ‘

VERDICT

The CE-100 has been the most successful low-cost memory unit on the market (and with good reason).
But since the CP-90 is faster, smaller, and since the 16-bit version costs less
—it is our considered opinion that the CP-90 will become one of Lockheed’s all-time best-selling memory units.

For further information write: Memory Products, Lockheed Electronics Company,
Data Products Division, 6201 East Randolph Street,
Los Angeles, California 90022. Telephone (213) 722-6810.

LOCKHEED ELECTRONICS COMPANY

G& A Division of Lockheed Aircraft Corporation
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Honeywell infroduces Uttramation

for under *10000.

It's the new H316 computer. And when
Honeywell hangs an under-$10K*
price tag on a 16-bit computer, you
get big-computer-company backup
for the first time. That means on-time
delivery of one H316 or hundreds . ..
world wide support. .. a full line of
proven peripherals.

That’s Ultramation . . . the ultimate in
automation by Honeywell computers.
The H316 is the newest and smallest
member in the Honeywell Series 16
family of computer systems. It's
logically identical to the DDP-516 —
same organization, instruction
repertoire and interface
characteristics. Result: More than 500
programs you know will work. And you
can grow into larger Series 16
computer systems without costly
reprogramming. =
Typical applications: industrial,

mil /aero and other real-time

control systems; research, scientific
data acquisition, hybrid, data storage
and retrieval, and communications.
Key Specifications:

Word length — 16 bits.

Cycle time — 1.6 . secs.

Memory size — 4-16K. 72 instructions.
Hardware index register. Multi-level
indirect addressing. Dual register
shift capability. Power failure
interrupt.

See all 3 models at SUCC (Booth
2801). Discover the meaning of
Ultramation in an under $10K
computer. Write for complete specs:
Honeywell, Computer Control
Division, Dept. 20, Framingham,
Mass. 01701.

*Rack-mountable version. Table top
and pedestal models also available.

Honeywell

AUTOMATI ON
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SIMPLIFIED COMPILER DESIGN
PROPOSED—A simplified method of
designing compilers for programming
of computerized automatic test equip-
ment used by airlines has been pro-
posed by the Columbus Laboratories
of Battelle Memorial Institute.

Details of an 18-month program,
aimed at developing the design of a
compiler based on a modular scheme,
were explained to representatives of
some 50 organizations involved in
avionics at recent meetings held at
the research center and in London.

‘According to Battelle’s Michael
Tikson, chief of computation research,
the modular approach will allow a
substantial part of the compiler used

INDUSTRY NEWS

in translating program language into

machine code to be standardized and

. developed independently of any par-

ticular piece of test equipment.

“The need for such compilers,” he
says, “stems from the increasing use
of a variety of testing equipment by
airlines and from the development of
the Abbreviated Test Language for
Avionics Systems (ATLAS) by the
Air Lines Communications Adminis-
trative Council. Current compilers are
tailored to adapt to each piece of test
equipment, and they represent a size-
able investment in time and money.
This cost can be significantly reduced
with the modular approach, making
for wider use of the ATLAS lan-
guage.”

" Battelle-Columbus proposes that a
group of companies share equally in
the cost and the results of the re-
search program. Budgeted at $240,-
000, the program would require the
support of at least 15 companies.

“Although the airlines will un-
doubtedly realize the greatest reward
from early implementation of AT-
LAS,” Tikson observes, “all members
of the commercial air-transport com-
munity should benefit from the pro-
gram, This includes airlines, airframe
manufacturers, avionics equipment
manufacturers, and producers of auto-
matic test equipment. The results of
the research will also likely find ap-
plication in other automatic test en-
vironments.”

IMPLEMENTATION OF CODE
FOR INFORMATION INTER-
CHANGE—On March 7, 1969, Sec-
retary of Commerce Maurice H. Stans
issued detailed instructions to heads
of Federal departments and agencies
for the implementation of the Federal
Standard Code for Information Inter-
. change and related media standards.

These standards were approved as
Federal Information Processing Stand-
ards by President Johnson on March
11, 1968, to take effect on July 1,
1969. Secretary Stan’s action is the
latest of a series of steps taken to
carry out the provisions of the Brooks
Bill (Public Law 89-306), which has
the objectives of economical and effi-
cient purchase, lease, maintenance,
operation, and utilization of auto-
matic data processing equipment by

Federal Government departments and

agencies.

The Federal information processing
standards program contributes to the
objectives of PL 89-306 through im-
proved cost effectiveness, extension
of the economic benefits of data proc-
essing, increased freedom of selection

90

- of data processing equipment, - and

greater flexibility in the use of equip-
ment and programs provided by all
suppliers. The basic necessities for
achieving compatibility of information
interchange are supplied by the new
standards.

They include a standard character
set, a standard coded representation

_ thereof, a method of representing the

coded character set in machine media,
and a standard collating sequence.
The new standards are to be used for
the interchange of information in ma-
chine-processible form within and be-
tween information systems. They do
not, however, extend to the internal
structure of the central processing
unit or peripheral devices.

- The standards and their implement-
ing instructions apply to all computers
and related equipment configurations
brought into the Federal inventory or
acquired or leased with Federal funds
as set forth in Bureau of the Budget
Circular A-54 revised June 27, 1967.
They also apply to data systems de-
veloped for implementation by or for
Government agencies, and to data de-

veloped outside the Federal Govern-
ment at Government expense if such
data are to be a part of the data base
of a Federal agency. Related equip-
ment includes all character-oriented
equipment in which magnetic tape or
perforated tape is produced for input
to a computer based data system or
received as output from a computer
based data system. They also apply
when transmission terminal equip-
ment and facilities are procured pri-
marily in support of a computer based

- data system.

The effective date is July 1, 1969.
Transition from existing equipment is
to be on an evolutionary basis as
equipment is replaced or added, com-
puters reprogrammed and data sys-
tems redesigned. Instructions are pro-
vided for new installations, replace-

_ments of computers, augmentation of

existing configurations, interchange
situations, and ADP/telecommunica-
tions interfaces. Provision is made for
certain specialized techniques such as
pure binary, packed numerics, or
floating point pending further stand-
ards development. '
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We call it AccurFrame.

i

And it can save you more than 1¢ per contact.

Our new AccurFrame takes the fuss and bother out of wire-
wrapping. It's easy, fast and error-free. And very simple to use.

Here’s why. Our HW Series Wire-Wrap* connectors have two
polarized alignment holes in the card insertion side of the block.
These fit over accurately positioned pins on the alignment tool.
There's no chance of a connector being placed wrong-end-to.

With connectors in perfect position, our frame is placed over
the. assembly; connectors are quickly attached with machine
screws. The frame and connectors lift off —ready for automatic
wire-wrapping.

Winchester’s long experience has made the whole thing so
sure, simple and fast that most users are saving 1¢ per contact
over other methods. And those pennies add up.

You'll like our Wire-Wrap connectors, too. They're available in
sizes ranging from 22 to 50 contact positions. Designed for auto-
matic equipment, high-strip force retention, bifurcated spring
contacts for superior interfacing, We integral-mold them in
diallyl phthalate SDG-F. Contacts are easily removed. Retained
by a 90° twist.

Get all the profitable facts about the Great Frame-Up from
your District Sales Office. Or from Winchester Electronics, Main
Street & Hillside Avenue, Oakville, Connecticut 06779.

WINCHESTER ELECTRONICS
LITTON INDUSTRIES

*Trademark-Gardner Denver Company
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RECORDING SURFACE FOR DISC
OR DRUM MEMORIES IN-
CREASES BIT DENSITY—A hard
metallic high density recording sur-
face for disc or drum memories, fea-
turing a thin-film nickel-cobalt record-
ing media that is chemically deposited
in ultra-thin layers, has been devel-
oped by Burton Magnekote, Inc.,
Culver City, California.

Providing a nominal increase in bit
packing capability of three times con-
ventional methods, the surfaces em-
ploy a special technique which per-
mits depositing the recording media
on any metallic substrate in a homo-
geneous film less than 0.2 microns
thick. This provides a bit density in
excess of 6000 flux reversals per inch
for saturation recording.

ACM TURING AWARD WINNER
NAMED—Dr. Marvin Minsky, Pro-
fessor of Electrical Engineering at
Massachusetts Institute of Technol-
ogy, has been named the 1969 A.M.
Turing Award winner by the Associa-
tion for Computing Machinery, The
award is presented annually by ACM
to the person deemed most deserving
for contributions to the field of com-
puter science and engineering. As re-
cipient of the award, Dr. Minsky will
deliver the A. M. Turing Lecture
which opens the 1969 ACM Confer-
ence at the San Francisco Civic Cen-
ter, August 26-28.

Born in 1927, Dr. Minsky served
in the U.S. Navy in 1944-45, received
a B.A. from Harvard in 1950 and a
Ph.D. from Princeton in 1954. He is a
Fellow of the Harvard Society of
Fellows, the Institute of Electrical
and Electronic Engineers, the Amer-
ican Academy of Arts and Sciences
and the New York Academy of Sci-
ences.

OCR TYPEWRITER RIBBON
STUDY <COMPLETED—Technical
work on optical character recognition
typewriter ribbons has been com-
pleted by the NBS Center for Com-
puter Sciences and Technology, U.S.

" Department of Commerce. The Cen-

ter's recommendations have been for-
warded to the GSA Federal Supply
Service for GSA’s use in preparing a
Federal Specification for OCR Type-
writer Ribbons.

OCR reading devices view type-
written images serially in very small
areas in contrast to the larger area
seen by the human eye. This makes
it necessary to measure line thickness
as well as imprint density in evaluat-
ing typewriter ribbons; consequently,
the traditional cross-hatched pattern

-test for optical density cannot be

used. One-time polyethylene-base
typewriter ribbon is the only category
of material covered by this study.
Equipment, test methods, and gages
are specified in the recommendations.

PRELIMINARY PROGRAM AN-
NOUNCED FOR 1969 IEEE COM-
PUTER GROUP CONFERENCE—

Based on the response to the call for -

papers for the 1969 Computer Group
Conference, Professor Donald L.
Epley, technical program chairman,
has announced four major sessions.
They are: Off-Line Computer Systems
.in Hospital Data Management; Real
Time Systems for the Management of
Acutely IIl Patients; Computer Model-
ing and Analysis; and Biomedical
Computing. :

The conference, which has as its
theme “Today’s World of Real Time
Systems,” will be held on June 17-19
in the Leamington Hotel, Minneapo-
lis, Minnesota. ‘

In addition to the four sessions, the
technical program will also cover
such topics as high speed data com-
munications, software testing through
functional simulation, small time-
shared systems, on-line information
retrieval systems, languages for proc-
ess control and new system designs
to meet specific real time require-
ments.

For more information concerning
the conference, contact Robert M.

Kalb, conference chairman, Univac’

Division of Sperry Rand, 2276 High-
crest Drive, Roseville, Minnesota
55113.

22

GENERAL CHAIRMAN OF ’69 ISA
CONFERENCE NAMED—Robert L.
Mallory, Southwest Area Vice Presi-
dent for Honeywell Inc., has been
named General Chairman of the 24th
Annual ISA Instrumentation-Automa-
tion Conference & Exhibit. Site of the
international meeting will be  the
Astrohall, Houston, Texas from Octo-
ber 27-30," 1969 and will highlight
“Instrumentation + Systems + Auto-
mation for Greater Productivity.”

Other chairmen announced as mem-

bers of the Conference & Exhibit Host
Committee include: H. Buntzel, Jr.,
Bonner & Moore Associates, Inc., Pro-
gram Chairman; J. Dvoracek, Rock-
well Manufacturing Co., Social Activ-
ities Chairman; J. W. Bergfield,
Maintenance Engineering Corp., Ar-
rangements Chairman; L. W. Lock-
wood, General Electric Co., Local
Publicity Committee Chairman; T. H.
Pierson, Coastal States Petrochemical
Co., Industry Advisory Council Chair-
man; K. K. Wolf, Powell Electrical
Manufacturing  Co., International
Committee Chairman; H. Cannon,
Texas Instruments Inc., Public Rela-
tions Committee Chairman; E. J.
Byrne, Brown & Root, Inc., ISA Dis-
trict VII Vice President.

1970 IEEE COMPUTER GROUP
CONFERENCE CHAIRMAN SE-
LECTED—Bob O. Evans, president
of the Federal Systems Division of
IBM, has been named chairman of
the 1970 annual computer conference
sponsored by the Computer Group of
the IEEE. The conference will be held
at the Washington (D.C.) Hilton Ho-
tel on June 16-18.

The technical program will em-
phasize the latest advances in com-
puter memory and peripheral equip-
ment technology. In addition to the
in-depth technical sessions that have
marked past Computer Group con-
ferences, this year, for the first time,
the Group will provide space for ex-
hibitors.

Evans has held his present position
with IBM since 1965. Previously, he
had been a vice president of the Fed-
eral Systems Division with the man-
agement responsibility for developing
large computing systems; the culmina-
tion of this work was the IBM/System
360. He joined IBM in 1951 as a
junior engineer and has held a variety
of engineering and management posi- .
tions within the corporation.
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youre stuck with more
wire than space...

Get around the problem, neatly, with Brand-Rex
ribbon cables.

‘ These slim space-savers bend into tight
corners. .. hug contours around obstacles . . . keep
wiring out of the way. They make high density
interconnections easier to handle.

Brand-Rex gives you a wide choice of vinyl-
insulated ribbon constructions (singles, pairs,
shielded wires, coaxials) . .. with 2 to 100
conductors . . . to meet a variety of commercial and
military requirements. Conductors can vary in type,
size and color (striped wires also) within a given
cable. They separate and strip easily, terminate in
standard devices.

Write for the facts on Brand-Rex
ribbon cable. And ask about any custom design you

- have in mind. Brand-Rex Division, American Enka
Corporation, Willimantic, Conn. 06226.

Connect for tomorrow.

BRAND-REX




3 ways to keep
indicator tube
orders from

drifting at sea.

Insist on delivery

by rocket...submarine...
or choose U.S.-made
Datavue™ Tubes.

Raytheon offers you prompt deliv-
eries of Datavue tubes and fast
turn-around service on all custom
alphanumeric, decimal, and special
character orders. Tubes are U.S.-
made, can cost less than $3.95 each.

All Datavue tubes are produced for
200,000 hours of reliable operation.
They feature: straight, stiff leads for
fast insertions; fully formed, high-
brightness characters for accurate
reading; rated for strobing operation.
More than 40 different sockets, includ-
ing right-angle types, are available.

Call your Raytheon distributor or
sales office. Raytheon Company, In-
dustrial Components Operation,
Quincy, Mass. 02169.

*Trademark of Raytheon Company

\RAVTHEON,

CIRCLE NO. 16 ON INQUIRY CARD
24

INDUSTRY NEWS

CALL FOR PAPERS

SEL ENTERS COMPUTER PE-
RIPHERAL FIELD—Systems Engi-
neering Laboratories, Inc. has an-
nounced its entry into the computer
peripheral field with the formation of
a subsidiary, Peripheral Dynamics,
Inc. PDI will develop, manufacture
and market disc storage systems, mag-
netic tape units, card readers and line
printers. Their initial market will be
Systems Engineering’s computer sys-
tems, but the subsidiary also plans
industrial sales to other computer
manufacturers. Peripheral Dynamics
will be located in Norristown, Pa.

NEW COMPANY TO MANUFAC-
TURE OPTICAL DEVICES FOR
PERIPHERALS—Optron Inc., Car-
rollton, Texas, will couple the optical
sensing capabilities of solid state de-
vices of its own manufacture to prod-
uct applications involving both light
emitting and sensing requirements.
These applications include computer
peripheral equipment, rotary trans-
ducers and industrial controls.

Optron’s product line will range
from silicon photo transistors and
diodes; optical detector arrays for
card and tape reader applications;
and light emitters, to custom products
and subsystems utilizing unique ap-
plications of optoelectronic devices.

CHAIRMAN OF U.S. COMMITTEE
FOR IFIP '71 SELECTED—Dr, Her-
bert Freeman of New York University
has been named Chairman of the
U.S. Committee for IFIP Congress
71, to be held in Ljubljana, Yugo-
slavia in August 1971.

IFIP—the International Federation
for  Information  Processing—was

formed in 1960 as a multi-national -

organization of professional and tech-
nical societies concerned with infor-
mation processing. Its aim is to ad-
vance the interests of member societies
through international cooperation in
the field, including sponsorship of
conferences, symposia and triennial
world congresses.

Technical papers are solicited for pres-
entation at the 8th Annual (1969)
IEEE Region 3 convention on Novem-
ber 19, 20, 21, 1969 in Huntsville,
Alabama at the Sheraton Motor Inn.
Papers are desired which are com-
mensurate with the convention theme
“Engineering for the Seventies” and
which represent innovative and ad-
vanced concepts of the technologies
in such areas as communications,
power, aerospace, control systems,
computers, quantum electronics,
microelectronics, bio-engineering, sys-
tems engineering and management.

Prospective authors should submit
abstracts of their papers, not to ex-
ceed 200 words, to the technical pro-
gram chairman no later than June 2,
1969 for consideration. Papers should
be amendable to an oral presentation
of 20 minutes in length. Authors will
be notified of paper acceptance by
July 12, 1969. Final abstracts, suit-
able for printing in the Convention
Record, are due September 22, 1969.
Send abstracts to:

Dr. John P. Hallowes, Jr.
P. O. Box 4132
Huntsville, Ala. 35802.

Papers are being invited for the
Brunel University international graph-
ics symposium to be held at Uxbridge
near London, England on April 14,
15 and 16, 1970. Areas of interest in-
clude: Applications of graphic display
devices; Case studies from commerce
and industry; Presentations by hard-
ware and software companies. Several
sessions will also be devoted to actual
and potential applications of graphics
in specific fields such as: Installations
in commerce; Computer-aided design;
Real time systems; and Management
information systems. Papers describ-
ing new work are invited for a special
technical session to be devoted to
current progress in computer graphics
technology.

The organizers would appreciate
early notice of possible interest in
submitting a paper.

Please contact: Professor M. L. V.

Pitteway, Computer Science Depart-

ment, Brunel University, Uxbridge,
Middlesex, England.
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MOS BRIEF 6

J. lrwin
National Semiconductor

ARITHMETIC FUNCTIONS USING MOS REGISTERS

An increasing number of desk calculators (and
related equipment) are using MOS shift registers
for data storage or memory. In most cases the
earlier equipment used delay lines for this func-
tion. In the transition, it was a natural tendency to
use a configuration similar to that used with delay
lines. This was reinforced by the penalty of
MOS-bipolar interfacing with the earliest MOS
registers.

The use of 100" material by National has pro-
duced directly compatible MOS/TTL registers.
Now the MM415/5615 has a structure that uti-
lizes the freedom of the MOS register with the
direct bipolar compatibility to simplify the hard-
ware necessary for arithmetic operations.

MM415/MM515 CONFIGURATION

The MM515 is a triple 64 bit MOS shift register.
Each of the three registers has independent con-
trol over recirculating data or loading from an
external source. In addition to the normal 64 bit
output, an early 60 bit output is available for each
register. While other functional uses are the
primary objective, a number of delay line lengths
may be made with the device by connecting the 60
or. 64 bit sections in series. The pin diagram of
Figure 1 illustrates the ease of interconnection,

particularly for a 192 bit delay line. (input to Pin

1, Pin 3 to Pin 4, Pin 6 to Pin 7, Pins 2, 4, and 9
to GND, Output on Pin 10.)

INPUT 1 ] ¢ ~ 16— Voo
QUTPUT 1
LOAD 1 —— 2 15— o BiTS)
QUTPUT 1 ) | outrut2
(64 BITS) (60 BITS)
| ourpuTa
INUT 2 ] 4 MMs15 13 )
LoAD 2 g TOPVIEW o,
0UTPUT 2
(64 8ITs) —1 & " ¢z
QUTPUT 3
INPUT 3 ——— 7 W e ai15)
GND eeme—y § L] LOAD 3

FIGURE 1. 16 Pin DIP

The primary usage of the device is as working
registers in a digit and bit serial format of 16,
4 bit, coded numbers. The three registers are suf-
ficient for the basic arithmetic operations. As an
example, one contains the multiplier, one the

©1969 NATIONAL SEMICONDUCTOR CORP.

multiplicand, and the other receives the product.
Normally these registers will recirculate with no
data change. However during the execution of
certain steps of an arithmetic alogrithm the data
will be loaded under a control command. The
input may be a digit from the keyboard, the con-
tents of another register, cleared (or zeroed) data,
or the output of an adder. Figure 2 is an example

+5V

60 4
BITS BITs| 3

« BCD BIT

SERIAL
3 ADDER
FIGURE 3

1.1

out

A+C—=B
B—C
A—-eA

THE ABOVE CIRCUIT WILL GENERATE THE FUNCTION:

Figure 2. Typical Arithmetic Configuration

showing some of these modes of operation. The
three registers are labeled A, B, and C. The data
input to A and B is connected to the output of the
adder. The Ioad control input to register 1 (Pin2)
is at a logic 0" while the load control for regis-
ter B (Pin 5) is at a logic 1", This forces the A
register to recirculate while the B register is loaded
with the output of the adder. With a logic “1” on
the load control for C (Pin 9) and the output of B
(Pin 6) to the input of C (Pin7) data would be
transferred from the B register to the C register.
With these connectlons and ‘control Ievels the
following data movement ‘occurs during the time
the controls are active. A reglster is recirculated
through its internal feedback path. The B register

is transferred to the C. The sum of the A and the C

registers will be placed in the B.
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Special emphasis should be placed on the outputs
used for the adder from the A and C registers. To
best understand the need for the data out of the
60 bit top, examine Figure 3. In performing coded
decimal arithmetic operations, a correction is
necessary in addition if the result is greater than 9,
or in subtraction, if a borrow is not generated.
When a bit serial configuration is used it is neces-
sary to wait until the last bit (T4) is available
before it is known whether correction is needed.
One of the simpler methods of handling this is to
store the result in a four bit shift register, as shown
in Figure 3. During the final bit time of the digit

O emmean
ADD FULL

B
SUBTRACT Cy
8

SUBTRACT | ADD

4 BIT SHIFT REGISTER

CARRY
No. 1
FF

of the data and it must be right shifted to get it
back in “sync’”’ with the remainder of the data.
This complicates the timing and control circuitry
in addition to taking some time in a synchronous
common clock system.

By taking the output from the 60 bit taps, the data
isavailable 4 bits earlier. If the selection of this data
is accomplished at the proper time, the output of
the adder/subtracter is correct in time to be inserted
back into the result register. Referring to Figure 2,
the 60 bit output of the A and C registers (Pins 15
and 13) are used for the inputs to the adder.

FULL CARRY
ADDER

—— No.2 |}
r ty Co

SUBTRACT

CORRECTION
FF

Ta
ADD

FIGURE 3. Bit Serial Adder/Subtracter

(T4), the digit is examined for potential correction,
If this is required, the correction FF is set and
during the next four bit times the proper value is
added to the result of this operation so that the
output is available four bit times after it went into
the adder/subtractor.

If a normal register/adder configuration is used,
the result of the addition (or subtraction) is
delayed by four bits. This amounts to a left shift

Figure 4 provides a more general configuration for
the arithmetic operation. Signals g and h select the
second source of data for the adder/subtractor.
Addition/subtraction is selected by signal i. These
signals must be activated four bit times before the
other control signals (a - f) that control data flow.

Write for more information on National's MOS
line of shift registers, ROM’s, gates, drivers, inter-
face circuits and analog switches.

BCD BIT SERIAL

FIGURE 3

il

ADDER/SUBTRACTER -1

A+({BorC)

FIGURE 4. BCD Arithmetic Functions Using the MIM515 for Register Storage.

National Semiconductor Corporation

2975 San Ysidro Way, Santa Clara, California 95051

(408) 245-4320/TWX (910) 339-9240
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June 156-19, 1969

Monireal,

Montreal, Canada is preparing to host
the 18th annual International Data
" Processing Conference and Business
Exposition sponsored by the Data
Processing Management Association
(DPMA). Scheduled for June 16-19,
the DPMA 1969 meeting will offer the
most expansive conference seminar
program and largest display of ex-
hibits in the association’s history.

An estimated 4,000 data processing
executives and management people
are expected to attend the 1969 meet-
ing headquartered at the Queen Eliza-
beth Hotel. The DPMA business expo-
sition is being staged at Place Bona-
venture with 20-25,000 exhibit viewers
expected. The event is being hosted
by DPMA’s Montreal Chapter, with
Eric Ustad, coordinator-systems and
special projects, Sir George Williams
University, serving as general chair-
man.

The Conference educational semi-
nar program will be the most expan-
sive in the association’s history, with
ten simultaneous seminars underway
for two and one-half days beginning
on June 17 and concluding on June
19. The seminar program is structured
in series form, covering broad topics
of current interest and concern to the
information processing and computer
management community. The series
are broken down into three separate
seminar offerings providing in-depth
analysis of subject matter.

Another program element provides
participants with a wide range of
“open selection” general interest semi-
nars covering such areas as general
management, personal improvement,
education, social implications of com-
puters, new technical trends, and the
computer utility for tomorrow’s busi-
ness. The overall effect provides a
“short course” concept in program-
ming designed to give concentrated
attention to technical and manage-
ment areas along with an overview on
industrywide matters of specific inter-
est to individual attendees.

Canada

A special seminar of exceptionally
wide-ranging interest has been sched-
uled for evening presentation on June
18 to enable greater participation.
The seminar will focus on the “Certifi-
cate in Data Processing” program
initiated by DPMA in 1961 as an in-
dustrywide effort to evaluate and rec-
ognize knowledge and proficiency in
the science of data processing. Panel-
ists for the seminar will include mem-
bers of the Certification Council com-
prised of recognized authorities in the
information processing field.

The DPMA 1969 business exposi-
tion will offer the largest display of
computers, peripheral equipment, sup-
plies and services in the association’s
history. Most major U.S. computer
manufacturers and service suppliers
will be represented in the exhibits,
along with a number of Canadian
organizations serving the data proc-
essing community. Several firms have
announced plans to unveil new prod-
uct lines in Montreal, which is consid-
ered traditional for the DPMA busi-
ness exposition. The exhibits will open
at 1:00 p.m. on June 16, in the East
Hall of Place Bonaventure.

Other highlights of the 1969 meet-
ing in Montreal will include an in-
dustry tours program for Conference
attendees, a special ladies activities
program for wives of participants, and
a traditional banquet topped by a pro-
fessional entertainment program.

Climaxing all official Conference ac-
tivity will be the traditional banquet
and entertainment program, scheduled
for Thursday evening, June 19. The
entire DPMA Conference schedule
has been advanced by one day over
past patterns for the 1969 meeting to
provide participants with additional
time and opportunity to explore the
many natural, historic and cultural
beauties which exist in the Montreal
area and throughout Canada.

Still Pay

“PREVAILING PRICES”
for STEPPING MOTORS
...YOU SHOULD BE
CRYING BY NOw !'!!

YOU CAN GET OUR
HIGHER QUALITY

APID | SYN

STEPPING MOTORS
AND DRIVERS
FOR A LOT LESS!!!

Look at these quality features:

« Class H insulation

» Precision 5 shielded bearings

« Corrosion resistant construction

« Torque ratings: .5 to 50 oz. in.

* 15 models from size 5 to 20
available from stock

* One unique driver for all 15
models for less than $50

* Endurance rating of 1 billion cycle
* Temp. rating of —55°C to+ 125°C

For more exciting news ahout price
contact us immediately.

Comput_er
Devices

11925 Burke Street, Santa Fe Springs,
Calif. 90670 - (213) 698-2595 - 723-6593

“The only real home stepping motors ever had”

CIRCLE NO. 17 ON INQUIRY CARD
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Space trade-offs
are a pain
in the rack

...and Fabri-Tek’s NEW 380 Core Memory System packs 655,380
bits of fast relief in a case that’s only 10%2” x 19” x 21”.... . includ-
ing complete power supply!

Or maybe you need even more capacity. Fine. The new 380 System is
expandable to over 2.6 megabits! Which is'a lot of storage.

And you don’t have to trade off reliability or maintainability to get that
kind of capacity, either. We've included plenty of plug-ins for fast
access to all subassemblies. Interchangeable printed-circuit cards to
help simplify trouble-shooting. A pluggable tester (optional) for fast,
on-line maintenance. Unique DC coupling in and out of the memory
stack (for stable operating margins, fewer components, and increased
reliability). Plus sliding mounting arms that permit the chassis to be
pulled out of the rack easily and tilted 90° either way for fast servicing.

The 380 also includes our automatic DATA SAVER™ feature to mini-
mize recovery time after any unpredicted temporary loss of external
power. (Guards against any loss of data, too — and there’s no manual
reset required to get back on line!)

Speed? 950 nanoseconds. And of course word or byte control plus
parity generation and checking are available.

If your storage requirements are less than 655,380 bits, you can save
even more rack space by going to our 370 system. It's got the same
major advantages as the 380 system scaled down to a 5'/4” x 19” x 21”
case with a capacity of 163,840 bits (field-
expandable in increments to 655,380 bits),
and speeds ranging from 750 nanoseconds to
1.5 microseconds. Both systems are ideal for
nearly any kind of data processing. See your
Fabri-tek Representative for complete specs,
or call or write us direct.

Fabri-Tek is a leader in advanced memory research, development and
production. Our experienced Application Engineers are ready to help
you find solutions to static and dynamic storage applications: Buffer
Memories * Extender Memories * Peripheral Mass Memories * Mil-
Spec Memories.

I

EABRISTEK

5901 South County Road 18 s Minneapolis, Minnesota 55436 o Tel: 612-935-8811 TWX: 910-576-2913
Blantyre Industrial Estate « High Blantyre, Lanarkshire, Scotland « Tel: Blantyre 2474 TWX: 851-778-448
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Meet the sizzling 7000. Newest member
of the hottest computer tape family on
the market.

7 or 9 track IBM compatible. 800, 556 or
200 bpi. Dual Density, too. Available with
write/read or read after write. Remotely
select up to 4 units from a single controller.
10 KHz data transfer rate. Only 83 inches
high. And priced at just $2,500%, including
data electronics!

From PEC. Who recognized the need for
high quality, low cost IBM compatible tape
units by both makers and users of small
computers, data terminals, and systems. We
quietly delivered hundreds of them while our
competitors were still in the talking stage.

*(100 unit price)

Other models in the elegantly
simple single capstan family have
81/, or 1014 reels. 1015

= reel models only $3400%.

§ Available as synchro-

§ nous or incremental.

PERIPHERAL EQUIPMENT CORPORATION
P EC | 9551 Irondale Ave., Chatsworth, Calif. 91311
(213) 882-0030 TWX (910) 494-2093
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Light Beams Deflected In
Thirty-Five Microseconds

An experimental device that could
become an important part of future
optical memories has been devel-
oped at the IBM Systems Develop-
ment Division Laboratory in San
Jose, Calif.!
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This diagram illustrates the basic op-
erating principle of the experimental
digital light deflector. When the plate is
in contact with the prism as shown in
position 1, the beam passes through
the prism into the plate and is reflect-
ed to Focus 1. If the plate is out of
contact as seen in position 2, the beam
converges on the back surface of the
prism and .is deflected to Focus 2.

The device, a digital light deflec-
tor, changes the location of a light
beam in 35 microseconds by a
unique method of moving a glass
plate in and out of contact with a
prism.

High-speed deflectors of this
type are potentially useful in fu-
ture optical memories to randomly
position a laser beam for data re-
cording and reading. Such beam
addressable memories are expected
to be many times faster than pres-
ent magnetic storage methods be-
cause of the relative speed of re-
locating a light beam in compari-
son to moving a bulky recording
head.

The experimental deflector works
on the principle of total internal
reflection which minimizes loss of
light. A converging light beam en-
tering a prism is totally reflected
at a right angle to its original path
and brought to a focus. If not fur-
ther diverted, this focal point can
serve as one location for reading
or writing information.

To change the position of this
spot, a glass plate is moved into

contact with the prism’s reflecting’

surface—in effect making the prism
larger. Light entering the prism
now passes through the interface to
the back of the plate and is re-
flected to a new focal position.

The glass plate is driven in and
out of contact with the prism by a

ceramic piezoelectric disk bonded
to the plate. When a voltage is ap-
plied to the disk, the ceramic ma-
terial expands causing the thin
plate to arch away from the prism.

The driver need only move the
plate about 35 millionths of an inch
to prevent the light beam from
crossing the boundary and entering
the plate. Despite this small dis-
tance, early models of the deflector
required some 4000 volts to sepa-
rate the two surfaces.

The San Jose researchers low-
ered this voltage to 300 volts by
introducing structural changes ih
the plate. For example, grooves
ground into the plate allow it to
bend more readily, and surface de-
pressions promote a “peeling” ac-
tion that makes lifting the plate
easier. Operating at the lower volt-
age makes it possible to use solid
state components rather than more
complex circuitry to activate the
driver.

At San Jose, prisms and plates
have been combined to form multi-
stage deflectors that produce high-
quality images at several locations
on a recording surface. Since the
number of spots increases geometri-
cally with additional prisms and
plates, deflectors capable of ad-
dressing more than a thousand lo-
cations are considered feasible.

1. See R&D Reports, Computer
Design, April 1964, p. 38.

Honeywell Targets New
Computer at Management
Information Usage

Honeywell EDP has introduced a
medium-scale computer, the Model
3200, that is targeted at satisfying
the demand for corporate-wide
management information networks
and communications-oriented data
processing.

“The new computer meets the
demand for fast, medium-priced,
communications-oriented  systems
that will find widespread use in the
1970’s,” said C. W. Spangle, vice
president and general manager of
Honeywell’s Electronic Data Proc-
essing Division.

30

“Computerized corporate-wide
management information networks
—a usage that will increase seven-
fold in five years, from 4 per cent
to 28 per cent of the number of in-
stalled systems—will require fea-
tures that are standard on the
Model 3200,” Spangle said.

“The total number of communi-
cations-oriented computer installa-
tions is expected to increase more
than nine-fold in seven years—

from 7,000 to 66,000 installed sys- °

tems by 1975, although the total
number of installed systems will
slightly more than double in the
same period,” he added.

The new central processor fits
between the Model 2200 and Model

4200 in price and performance in
Honeywell’s Series 200 family of
compatible computers. It is the
tenth member of the family and
the fourth to be added in the past
18 months. Features of the 3200 in-
clude main memory sizes ranging
from 131,072 to 524,288 characters.
of information, main memory cycle
time of one microsecond for two
characters, maximum input/output
data transfer rate of 1.5-million
characters per second, use of any
Series 200 peripherals, full use of
the Mod 4 operating system that
controls up to 20 concurrent data
processing jobs, and use of higher-
level programming languages,
Honeywell said.
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Was it inexpensive or was it cheap? ... . Was
the price just a down-payment and service
the real cost? . .. Are you worried about
your reputation because of reader down
time? . . . IF SO YOU SHOULD TALK TO
THE PEOPLE AT NAVCOR! They are com-
puter interface experts and they appreciate
the importance of precision and reliability in
a reader. These engineers are computer men:
first, last and always. They know peripheral
systems and appreciate that the reader may
be the most likely source of errors. That's
why reliability was designed into the Model
1220, Photoelectric Tape Reader shown here.

The 1220 is not just another mechanical
gadget designed as an afterthought for an
overall system. It is a reliable, flexible, modu-
larly designed piece of precision electronic
equipment, built by computer specialists—
interface experts—who will define your prob-
lems and provide the best equipment to
solve them.

The Model 1220 is bidirectional, with
synchronous or asynchronous operation. It
will read accurately to speeds of 300 char-
acters per second in local or remote locations
and can be operated in either in-line or
advanced sprocket formats. Completely mod-
ular, the Model 1220 can be tailored to fit
a variety of applications.

CIRCLE NO. 20 ON INQUIRY CARD

But the Model 1220 is not the whole
NAVCOR Paper Tape Reader story. There

are also low-cost,

compact photoelectric

and mechanical models. These little
wonders have the same reliability as the
high-performance Model 1220 reader. . .. And
soon a high-speed reader will become part of
the NAVCOR line. With high-speed efficiency
along with NAVCOR dependability, it will be
the best value in the industry.

To get the full NAVCOR Tape Reader
story, call 215-666-6531 or write, NAVCOR,
INC., Valley Forge Industrial Park, Norris-
town, Pennsylvania 19401.

NAVCOR, INC.

A DIVISION OF CORPORATION

/A
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Tl Develops LSI Avionics
Compufer

Using a discretionary-routing tech-
nique, Texas Instruments of Dallas,
Texas has developed a LSI avion-
ics computer under a contract
awarded by the Air Force Avion-
ics Laboratory at Wright-Patterson
Air Force Base. The computer,
chosen as a demonstration vehicle,
is similar to TT’s model 2502 which
previously had been built with con-
ventional ICs. It is composed of
34 individual arrays (14 different
types), with an average of over
200 TTL gates per array. These 34
arrays replace 1,735 IC flat packs.

The computer is a 16-bit ma-
chine with a 2 MHz clock rate that
has been designed to be compatible
with the MERA (Molecular Elec-
tronics for Radar Applications)
radar system which the Air Force
now has under development.

The LSI discretionary-routing
technique developed by TI offers
numerous advantages to equipment
designers in the form of customized
arrays to meet specific require-
ments. With design automation,
200 plus-gate arrays require only
a short cycle time from logic-equa-
tion inputs to finished prototypes.

High resolution processing is
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Composite pattern of the multi-layer discretionary routing on’ '

a typical LS| wafer.

used to fabricate unit cells, which
may be gates and flip-flops or
memory storage cells, either sepa-
rate or in combination on the full
1-1/2” silicon slice. After a LSI
wafer has been probe-tested to de-
termine the location of good cells,

this information along with cus-
tomer logic requirements is fed to
a computer. A high resolution CRT
at the computed output then gen-
erates the composite pattern of the
multi-layer discretionary routing
on a photomask.

High-Speed Elecirosiaiic
Prinier Developed

An electrostatic hard copy printer
that will deliver 4800 alphanumeric
lines per minute (80 lines of 86
characters) has been developed by
the Clevite Corp., Cleveland, Ohio.
The printer reproduces signals
from any source of digital input or
data transmission by telemetry,
radio microwave and/or land line.
It will accept serial or parallel digi-
tal data from computers, mag tape,
punched card readers, raster-type
CRT display memories, disc or
drum memories, and communica-
tion lines, and will generate hard
copy with graphic capability in-
cluding multiple alphanumeric
fonts, charts, graphs, schematics
and patterns.

32

‘A typical visual display page is
delivered complete in less than one
second; a 500,000 element 8.5 x 11
inch page in less than two seconds.

Optical Technique Eliminates
Light Do Glare

A new optical technique which is
capable of eliminating visual fa-
tigue encountered when small
transparencies are viewed on a
large illuminated area has been de-
veloped by Ingenuics, Inc., of Gai-
thersburg, Md.

According to Dwin R. Craig,
president of the company, there is
wide use foreseen for this masking
technique with light boxes used by
printed circuit designers.

He said light from areas sur-

rounding the film is prevented from
reaching the eye of the observer
regardless of shape, size or position
of the work. Besides eliminating
glare, thus reducing eye fatigue,
Mr. Craig said the technique also
improves contrast within the area
of interest because the reduction of
glare permits the eye to operate
with an open iris at maximum effi-
ciency. »

The masking technique works
with modern polyester film bases
such as Mylar, Cronar, Estar, Ples-
tar, and also works with translu-
cent materials such as tracing pa-
pers and cloth.

Patent applications are in proc-
ess and non-exclusive licenses for
a five-year period are being made
available to equipment manufac-
turers through Ingenuics, Mr. Craig
noted.
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MODULINE" Memory-drive Hybrid Circuit Modules
combine miniaturized inductive elements
with thick-film ceramic-based technology.

o el .

o—+— _—mw—o | You get pulse transformers and resistors
- o d- d d .' . . .

L v irwed (S e rerudng) in @ circuit

o IR o | tailored to your specifications.
e

A single module may contain up to four

identical circuits. They’re particularly

useful in memory systems where

a similar repetitive pattern exists.

FlexibiI%ty offered by modular concept

simplifies specific designs.

3 package styles: standard dual in-line,
jumbo dual in-line, molded case with

pin leads. They're all compatible with
conventional in-line circuit layout.

High component density permits
substantial size and cost reduction.

For complete technical data, write
for Engineering Bulletin 22210 to:
Technical Literature Service, Sprague Electric Co.,

555 Marshall St., North Adams, Mass. 01247. s p n n G u E®

jamm| THE MARK OF RELIABILITY
THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

*Sprague’ and (@’ are registered ks of the S, Electric Co.
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Multilayer Ceramic Wiring
Structures Developed

The DuPont Company has de-
veloped new multilayer ceramic
wiring structures, consisting of
high-alumina ceramic parts that
contain one or more layers of
buried hermetic wiring of high con-
ductivity.

“These structures are intended
for use in high density packaging
and interconnection of silicon inte-
grated circuit chips,” according to
Dr. John J. Cox, Jr., electronic
products development manager of
Du Pont’s Electrochemicals De-
partment. “The primary goal of
these structures is to facilitate
packaging of multichip Hybrid-
LSI (HLSI) arrays.” Patent appli-
cations have been filed covering
the new structure system.

One of the unique characteris-
tics of the structures is their ability
to be processed in high tempera-
ture oxidizing or reducing environ-
ments. This means that any one
of the three metal technologies—
thick film, thin film, or active metal
—may be employed on top and

In the exploded view of the two-layer circuit board, one layer of buried
metallized wiring appears in the figure on the top surface of the lower
piece. Risers connect the buried wiring to the top and bottom of the
assembled structure.

bottom surfaces for package sealing
and lead attachment.

The new structures are still in
the development stage and market
needs and extensions of the tech-
nology "are being researched and

pursued. Orders for small proto-
type quantities are being accepted
and plans are in progress to scale
up the DuPont prototype facili-
ties to accommodate increasing de-
mands.

Novel Isolation Methods Cut
Cost and Simplify Bipolar
Integrated Circuits

New integrated-circuit structures
that promise to reduce the cost of
bipolar circuits have been devel-
oped at Bell Telephone Labora-
tories, Murray Hill, N.J. The new
structures are simpler to process
than standard bipolar circuits, and
give two to three times as many
circuits on the same slice of silicon.

BTL scientists have found novel
ways of electrically isolating com-
ponents of bipolar circuits—the iso-
lation occurs as an integral part of
the process of making a component.
In standard bipolar circuits, spe-
cial isolation processing steps are
needed which increase processing
costs and the area of each compo-
nent, and tend to reduce the yield.

Two major techniques have been
established, and a modification of
one yields a third approach. Each
of the three fabrication methods re-
sults in circuits specifically suited

34 .

for a major area of application, de-
termined by operating power levels
and speeds.

The first method, collector-diffu-
sion isolation, is suitable for cir-
cuits having moderate switching
times and moderate power dissipa-
tion. Proposed about a year ago
and verified in practice since then,
collector-diffusion isolation yields
circuits that may have wide uses
in telephone switching systems.

Circuits made with collector-
diffusion isolation use a P-type
substrate and a P-type epitaxially
grown upper layer. One N-type
diffusion step is used to achieve
several things at once. This step
sets up the collector-contact areas,
which also serve as isolating re-
gions, and defines the base of the
transistor by creating the isolated
region inside the collector-contact
ring. The same step is also used to
form resistances elsewhere on the
substrate.

With collector-diffusion isolation,
one or two of the critical mask-
ing operations can be eliminated,

and a transistor needs only about

'1/4th the area of standard buried-

collector types.

The second basic method, base-
diffusion isolation, has not been
disclosed previously. It can be used
for transistors with or without bur-
ied collector layers.

With a buried collector, the
structure is suitable for applica-
tions requiring very fast switching
—Iless than a nanosecond—such as
high speed pulse-code modulated
(PCM) communication systems.

Without the buried collector, the
structure is designed for circuit ap-
plications emphasizing very low
power consumption—as low as a
few fractions of a microwatt. With
this approach, a complete IC can
be formed just as simply as a
single transistor, since up to three
masking steps can be eliminated
from the standard process. Low
power integrated-circuit memories
and shift registers are among the
specific applications under investi-
gation.
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Digitally Controlled Power Sources
e ~ mmiagy describedin

| 11§ aNEW
16-page
brochure

DESCRIPTION

How they work, what they do.. .
computer interface, input/output
isolation, storage, voltage and
current D/A conversion, bipolar
power amplification. :

FEATURES

Full-sized photos illustrate
operational controls and describe
functions of the five
interchangeable plug-in boards.

APPLICATIONS
Detailed description' and
schematics of applications
ranging from simple to complex;
automatic component testing,
computer curve-plotter, digitally
controlled modulator, and more.

ANTERFACING

Every DCPS 'is factory
pre-interfaced to your computer
or programmer. Section
describes. in detail, interfacing
with HP and other computers.

TECHNICAL DATA
All details of three models: —10

- to +10V. @ 10mA, =50 to 450V
@ 1A, —100'to -+ 100V @ 0.5A. .. .
Prices start at $1200.

| HEWLETT (hp; PACKARD
For your copy of this brochure, and im- : - -
mediate information on these new Digitally . - '
Controlled Power Sources, contact your
local HP Sales Office, or write, Hewlett-
Packard, New Jersey Division, 100 Locust
Avenue, Berkeley Heights, New Jersey
07922. In Europe: 1217 Meyrin, Gene
Switzerland. :
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PDP-10 can handle
63 users simultaneously.
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What a memory.

What a system.

Digital’s PDP-10 and Bryant’s 2-A disc file.

The most versatile system available for time-sharing, batch
processing and real-time operations—all at the same time.

The 2-A disc file provides unlimited on-line storage for
the PDP-10 at the lowest possible cost per word. In fact,
Bryant has the best price /performance ratio of any
memory system in the industry.

Plus one of the highest reliability rates.

Plus the largest single unit capacity ever offered in a
disc file—104,000,000 words.

Plus a response time of just 180 milliseconds and a transfer
rate of 50 to 250,000 words per second. (Perfect for
PDP-10’s multi-programming capabilities.)

Find out what else Digital likes about Bryant.
Write 850 Ladd Rd., Walled Lake, Michigan 48088.
There’s always room for one more Bryant Believer.

BRYANT
COMPUTER PRODUCTS

, PA N
A match for any computer
XLO,

EX-CELL-O CORPORATION
CIRCLE NO. 22 ON INQUIRY CARD



EECO 3000
Mllltary Serles
Punched Tape Readers

in AN\( POSITION

To load computers....establish test sequences....program flight check-
out....these lightweight readers are traveling by ship, plane, tank, van,
cart and even suitcase. Up to 50g shock....up to 10g, 500 Hz vibration
and between —40°C and +85°C, EECO’s 3000 series readers are
very dependable performers with photoelectric reading and clutch-free,
belt-free, brake-free and solenoid-free tape drives.

There are already over 25 differerit design 3000 series readers can read in either direction....a single character

variations in active use. Ready adaptability to at a time or up to 200 characters per second....with manual or remote
specific package, MIL-spec, control and power . control....AC or DC power. No wonder so many military and related
requirements is a key 3000 series advantage. programs are finding more and more use for these highly reliable,
Send for new 3000 series folder covering versatile and adaptable punched tape readers.

specifications, prices and examples of
design variation.

INSTRUMENTS DIVISION

-ELECTRONIC ENGINEERING COMPANY OF CALIFORNIA
1601 EAST CHESTNUT AVENUE - SANTA ANA, CALIFORNIA 92701 - (714) 547-5507 .

CIRCLE NO. 23 ON INQUIRY CARD
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Our new printer is designed for original
equipment manufacturers. It makes it easier for
computers to talk to people and easier

for people to talk back to their computers. .

It's the UNIVAC® 0769 Incremental Printer

It's a low-speed asynchronous device that can
print at a rate of up to 25 characters per second.
Making it a pretty fast low-speed printer.

Its basic simplicity of design makes it
very flexible. For example you can use it with a
keyboard as a remote input device to a central
processor.

Or it can be a low-speed output printer.

Or an integral part of a communications terminal.
Or part of a magnetic-tape data recording system.

It has a changeable font. So if your
customers suddenly decide to talk to their
computers in mathematical symbols, they can.

The UNIVAC 0769 can handle up to 132

FSPERRY RAND

~ Speech therapy for
computers.

print positions. 52 positions more than
you usually get.

It has an ink-impregnated roller that takes
only a few seconds to change.

And we designed it to produce an original
and five good clean copies. |

We're offering the 0769 to OEM customers
as a basic mechanism, without controlling
electronics, power supplies or cabinetry. We can
also supply intimate electronic circuits for
the 0769, primarily amplifiers and drivers, on a
single plug-in printed circuit assembly.

If all this sounds interesting, write to
Univac, OEM Marketing Department,
P.0. Box 8100, Philadelphia, Pennsylvania 19101.

We offer Readers, Punches, Printers,
Communication Terminals, Graphics, Memory

Devices and, of course, u N IVAC ,

a little therapy.
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This article describes a new technique for non-restrictive coupling
within a computer system which increases transfer rates and reduces

tailgate hardware.

EVW TOOL [

COWMPUTER

BUSSING: THE MULTIRLEZ

DIRECTIC

A new tool for linking system components, now being
used in the system 360/model 85, provides several sig-
nificant advantages over usual bussing techniques, in-
cluding increased transfer rates and configuration
flexibility, improved dc isolation and noise rejection,
increased loading and long-driving capability, and 50
percent reduction in “tailgate” hardware.

The device, known as a directional coupler, has
long been used in microwave transmission. Since the
coupler’s operation depends upon the steepness of
pulse rise and fall times, its use was not feasible for
digital transmission before the achievement of nano-

Howard Nick is an advisory engineer in
large computer development at the IBM
Laboratory in Poughkeepsie, N. Y. In addi-
tion to multiplex coupling, he has worked
in such areas as circuits, logic design, pow-
er, cooling, diagnostic programming, aond
capacitor read-only storage.

Mr. Nick attended New York University
and Brooklyn Polytechnic Institute, and has
done graduate work in electrical engineer-
ing at Syracuse University and Rensselaer
Polytechnic Institufe.

Murray Bolt is a staff engineer in custom
communication systems in IBM’s development
laboratory in Research Triangle Park, N. C.
For the last several years, he has been ap-
plying microwave fechniques to high-speed
data communication, including the imple-
mentation of the directional coupled bus on
the System/360 Model 85.

Mr. Bolt received a BS in Engineering
Physics from the University of Manitoba,
Winnipeg, Canada, and an MSEE from the
University of lllinois.
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second rates. In data processing systems, the direc-
tional coupler has been used, in the past, for such
tasks as serial-to-parallel code conversion rather than
for transmission among separate units.

Previously, such devices as central processing units
and memories have been interconnected by drive and
stub transmission lines. The drive lines are serially
passed (“daisy-chained”) through the various devices
while the stubs are coupled to these lines through a
T-connector. While such systems have been satisfac-
tory, they have had certain disadvantages—aggravated
by the newer data processing speeds—which the new
coupling technique reduces or eliminates.

For one, fast rise and fall times are needed for high-
speed transfer in the usual serially-conected system.
Consequently, stub lines must be short. A common
length is around six inches.

Another reason for such stub-length limitation is
that information transfer speed is high relative to
cable lengths, causing any reflection from a line dis-
continuity to degrade pulse waveforms. Two 90-ohm
lines, meeting in a T, for instance, would give a 45-
ohm junction—an intolerable mismatch. To prevent
this, all receiving units must be placed near the main
bus, each with a high-input impedance so as to pro-
duce a near-perfect transmission line, with minimum
reflection at receiver stubs.

The short cable and stub lengths in the usual sys-
tem—relative to the speed of data transfer—also im-
pose additional configuration and packaging limita-
tions. Since cabling is passed through the devices to
the stubs in each device to provide input and output
connections, pulses arrive at the devices at different
times. As-a result, layout often is fixed because of
critical data transfer timing.
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The multiplex coupler consists of two parallel,
printed-circuit strip lines sandwiched between two
ground planes. These planes are inductively and ca-
pacitively coupled in such a way that the edges of
fast pulses propagating along one line, produce posi-
tive and negative pulses in the other line. The lines
are back-coupled: i.e., pulses propagate along the
second line in an opposite direction to those on the
first line.

The coupler can be used several ways to intercon-
nect a number of data processing units such as mem-
ories, channels, or central processing units. In one
application, a transmission line is connected to a
driver in one of the data processing units. At each of
the other units in the system, the transmission line
is connected through a directional multiplex coupler
to a receiver. The impedances of the couplers are
matched to that of the line to minimize any reflec-
tions. The impedance of each coupler is not depend-
ent’in any critical manner upon the length of stub
between the actual coupling and the receiver, thus
avoiding any problem of stub-length limitation.

Two types of pulses (Fig. 1) can be used with the
directional coupler: one has both leading and rear
edges whose rate of change are fast enough to induce
positive and negative pulses through the coupler; the
second type of pulse has one operative edge and one
edge whose rate of change is too slow to produce an
effective pulse through the coupler. The first type of
pulse produces an output across the coupler which
duplicates at least the width of the driver pulse, while
the second type can be used for control, turning a
latch on and off for variable periods of time.

In another application, two drivers are arranged
to propagate pulses along a transmission line in op-
- posite directions, and a single receiver is coupled so
as to be responsive to pulses traveling along the line
in either direction. Such a system can be further com-
bined with additional receivers and directional cou-
plers that are responsive to pulses traveling in only
one direction.

Information can even be sent down a single line in
both directions at the same time (Fig. 2). This can be
done because the coupler is directional; that is, the
coupled pulse only appears in the backward direction
and zero voltage is coupled in the forward direction.

The inherent flexibility of directional couplers per-
mits driving long lines without changing driver or
receiver circuits. This is done by tying together two
couplers to produce twice the pulse width or height

(Fig. 3).

THEORY OF THE MULTIPLEX COUPLER

The directional coupler is a strip-line device which
has been well-described in the literature. Each con-
sists of two sections: one connected on each end to a
_ transmission line, the other connected between a stub
line and a resistor.

A strip-line coupler is operated by the edge of a
wave passing along one of the lines; the output fol-
lows the input if the rise or fall time is no more than
twice the propagation time down the coupler. Advan-
tage can also be taken of the lack of coupling from

[ ] [N
Driver |
it
A
| |
I 1 1! L
Coupler ——
| !—l ! -r/‘
I I }
I 1
Receiver I |
(Latch)

Fig. 1 Waveforms of a system using a directional coupler.

950 COAXIAL CABLE RECEIVER .

LATCH

RECEIVER
LATCH

BACKWARD DIRECTION
OF COUPLED PULSE

: ?
o B

DRIVER DRIVER

Fig. 2 Multiplex bus with capability of driving in both
; directions.

—r 21 2v

DRIVER DRIVER

Fig. 3 Two couplers in series with long-drive capability.

slower pulses, using the coupler to screen out, for
example, line transients arising from noise or power
switching.

The width or duration of the pulse produced by
the coupling is determined by the lengths of the two
sections in parallel. The performance of the coupler
is related to the impedances offered to signals on the
transmission lines and the coupling ratio, which are
determined by the width of the lines in the coupled
region, the thickness of the lines, the distance between
ground planes, and the relative dielectric constant
of the material. The coupling between the lines alters
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DRECTIONAL
COUPLER

 Fig. 4 Typical configuration for multiplex directional
e _ coupler bus. E Ry

»

‘Noisé‘ A'(frorﬁ termindror) ' e Noise C (Frém driver)

N se B ('Fr‘dm"re&e’pv'er)‘ .

Fig. 5 'Dyi‘agr'a:m‘“iIIUStra"tih‘g,noise, rejection of coupler.

Fig. 6 Complete 100-coupler package.
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their characteristic impedance—and their coupling;
to compensate, their widths are made narrower at the
coupling. A typical system configuration using multi-
plex couplers is shown in Fig. 4.

If Block A is a driver, then Blocks B, through B,
are receivers. Or, if Block A is a receiver, then Blocks
B, through B, are drivers.

The maximum length allowed through any coupler
(n ='n + 'n) will depend on a number of parameters:
e The type of coupler used (i.e., the coupling co-

efficient and length).

e The number and type of couplers the signal must
pass through.

e The driver output characteristics (minimum out-
put swing).

e The receiver input characteristics
threshold).

e The minimum driver on or off time.

e The frequency response of the cable being used.

The directional coupler used in the System/360
Model 85 has strip lines with a 95-ohm characteristic
impedance. Each coupler will emit a minimum out-
put pulse of 8 nanoseconds and a maximum output
pulse dependent on the total line length and maxi-
mum loading.

(maximum

ADVANTAGES

A number of the advantages of the directional cou-
pler, compared to usual bussing techniques have al-
ready been mentjoned: greater flexibility and transmis-
sion speed, better noise suppression, increased load-
ing and long-driving capability, and hardware reduc-
tion. Two of these advantages—flexibility and noise
rejection—will now be considered in more detail.

Because the coupler is matched to the transmission
line, there is no reflection at the coupler junction.
Thus, stubs do not have to be limited to any required
length, and various devices can be located at different
distances from a transmission line. Stub lines con-
nected to couplers nearest to a driver can be made
longer than more remote ones so that pulses can be
received simultaneously by various system compo-
nents. In addition, the effective transmission length
through a system can be further varied by changing
coupling ratios—thus, the amounts of energy trans-
ferred.

The long-stubbing capability eliminates the need
to bring cables into and out of a machine in order to
attach a driver or receiver circuit; instead, only one
input—the connecting stub—is needed between the
transmission line and each component for each driver
and receiver. This minmum-path bussing makes in-
stallation more flexible and improves access time—two
major disadvantages of traditional bussing techniques.

Noise suppression is obtained by both the coupling
and directional characteristics of the coupler. Spuri-
ous signals traveling in the direction of transmissions
are reduced by the attenuation characteristics of the
coupler, since they would have to be as strong and
have the same rise and fall characteristics as the driv-
ing voltage to be equally transferred. Any noise sig-
nals traveling in the opposite direction would be
dissipated in terminating resistors.
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If Block A in Fig. 4 is a driver and the input im-
pedance to each receiver is high, the coupled signal
will reflect totally from each receiver and again cou-
ple onto the main line. To appear as noise in another
receiver, the signal must reflect from the driver and
recouple onto a receiver line. The inherent isolation
is therefore equal to (k') The relatively low cou-
pling factors used (.25 to .125) imply that the coupled
output can be left open-ended or short circuited with-
out affecting the main bus. Consequently, power-down
problems do not exist; defective units can be removed
by simply disconnecting input lines.

By maintaining a high input impedance at the re-
ceiver for both positive and negative input wave-
forms, a voltage-doubling effect is created which mini-
mizes the necessary output voltage swing from the
driver. Because the coupler is a matched device, noise
coupled onto the main bus must pass through the
couplers in order to upset the receivers, and noise
coupled onto the connecting cables is a problem only
when coupled in one direction. Noise spikes A and
B (Fig. 5) will terminate in the line’s characteristic
impedance, while noise G will be reduced by the
coupling ratio.

PACKAGING

Part of the directional coupler’s uniqueness is in its
packaging, which provides high density and minimum
interference between couplers for the size of the pack-
age. Figure 6 shows a package containing 100 couplers
complete with cable connectors, end-of-line termi-
nator caps, and thin throw-away caps (placed on all
ports to allow easy modification for use of less than
100 couplers). It is only 12 by 12 by 1.5 inches.

Each coupler package contains three circuit boards
which are parallel and in register with one another
(Fig. 7). Each of the outside boards contains 25 cou-
plers which wind back and forth between input and
output the number of times required to obtain the
desired coupling length, density, and package shape.
In the unit illustrated, each coupler is 30 inches long
and makes three traverses of the package. The center
board has the input and output connections for the
couplers.

The coupler boards consists of an etched circuit
sandwiched between two thin, copper ground planes.
A feature of the packaging is the arrangement of the
couplers in spaced groups so that identically-manu-
factured boards can be located opposite each other
with minimum interference. Connections on one cou-
pler board do not interfere with those on the facing
board because the grouping of the couplers causes
the lands on one to be opposite the spaces on the
other. The distance from the land to the beginning
of the coupling varies with each coupler in a package.
These differences are compensated by varying the
lengths of the winding loops, in order to prevent
skewing the pulses from different couplers.

CONCLUSION

A number of advantages of the multiplex directional
coupler have been cited: increased configuration flexi-

Metal

" Cover

< Rubber

Cushion

Lominated epoxy=
glass boards
containing couplers
and ground plones

Cable
Connectors

T Felt separator
to insure
water=tight
connection

Fig. 7 One-half of a coupler assembly.

bility, noise suppression, faster data transfer, and a
significant reductiqn in hardware. In addition, com-
plete parity checking of information flowing along the
bus can be performed without the use of additional
logic circuits at either the sending or receiving end
of a data transmission.

As computers become faster, directional couplers
will become smaller and more easily packaged; as data
processing systems and tele-processing networks. be-
come more complex, with increasing numbers of ter-
minals and other I/O units, there will be an even
greater need for non-restrictive coupling techniques
such as the multiplex directional coupler.

Finally, the directional coupler can also add a new
dimension to computer logic in other ways, in addi-
tion to interconnecting a number of data processing
units: in . adders, exclusive “OR” configurations, -
parity check mechanisms, and programmable clock
generators—to name a few of the possible applica-
tions.
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Some of the ideas basic to the implementation of digital signal .
processing are discussed in this article, with emphasis on the application

of various techniques involved.

DIGITAL SIGNAL PROCESSING

Signal processing involves various operations used to
extract a wanted signal from a background of other
signals and noise and until quite recently, analog
equipment was used almost exclusively to carry out
these operatlons

The recent increase in the use of digital 31gna1
processing has occurred for many reasons. These in-
clude:
1. The ability of digital systems to achieve a very
large dynamic range. Each additional bit used in the
calculations increases the dynamic range by 6 dB.
2. The flexibility of digital signal processors. Re-
sponses can be changed or bandwidths adjusted by
modification of the numeric constants used in the
processing.
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8. The compatibility of the output with the digital
computations that are often required subsequent to
the processor.

4. The ability to process very low frequency signals
where analog elements would be of inconveniently
large size.

5. The increase in ability to process reasonably high
frequency signals. Here, the limits are set by the
speed of A/D converters, and the expense of using
paralleled digital hardware. The advent of integrated
circuits with the resulting feduction in the cost of
digital hardware has been of great importance in
extending the frequency range.

6. The insensitivity of digital hardware to environ-
mental conditions. . ‘

Because of the growth in the use of digital signal
processing, the techniques used are becoming of more
general interest. This article examines some of the
ways to perform this processing.

Digital signal processing can be viewed as a digital
simulation of analog operations, either by a general
purpose or a special purpose computer. The special
purpose computer can achieve operating speeds about
two orders of magnitude faster than can a general
purpose computer. The choice between them de-
peénds on considerations of the trade-off between
speed and cost.

‘The digital simulation differs from the correspond-
ing analog situation in that the data is represented as
a sequence of discrete samples of the input signals.
Because of this, difference equations and summations
are more descriptive of the process than differential
equatlons and integrations. Another consequence of
this representation is that the signals must be band-
limited, and sampled at least at the Nyquist rate if
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unambiguous results are to be achieved. Fortunately,
these requirements rarely cause difficulties.

The simulation can be set up in two distinctly
different forms. The first form directly implements
the difference equations, which describe the system.
This process is similar to system- simulation on an
analog computer. The second form uses a method
analogous to the Laplace transform. The input data
is transformed from time domain representation to
frequency domain representation using a discrete
Fourier transform. A discrete Fourier transform is
quite similar to the Fourier series of the input data
samples. ‘

The first method is direct in that the contribution
of each input data point can be traced through the
system to the output. The second method is indirect
because the individual input data points are com-
bined during the transfer from time domain repre-
sentation to the frequency domain, where they are
not individually recognizable. Recently, a new algo-
rithm, the fast Fourier transform (Reference 6 and 9),
has significantly reduced the amount of computa-
tional effort required to make the transition between
the time and frequency domain representations of the
signal. This permits the system response to be shaped
either in the time domain, or in the frequency do-
main. This freedom of choice permits the operations
required to process the signal to be performed in the
domain where they can be done with a minimum of
effort. The net effect of this algorithm has been to
permit a significant increase in the bandwidth of
digital processors without the necessity for a corres-
ponding increase in" hardware speeds.

The fast Fourier transform operates on a batch of
data samples rather than on a continuous set of
samples as does the difference equation method.
Fortunately, there are broad classes of practical prob-
lems in the signal processing field for which useful
solutions tan be generated using batched data.

The relative utility of these two approaches in any
particular application depends on the amount of cal-
culation required, and the applicability of batch
processing. When the impulse response of the net-
work extends over a small number of samples, the
difference approach is more attractive. When the
impulse response extends over a large number of
samples, the transform approach -is more attractive.
In one of the examples examined below, the trans-
form approach is more attractive even when the im-
pulse response has a duration of only 16 samples.

DIFFERENCE EQUATION SOLUTIONS

One of the simplest of the difference equation signal
processors is the two-pulse, or single-delay canceller
used in radar MTT systems. Figure 1 is a block dia-
gram of this system. .
The operation of the canceller is analogous to that
of an analog delay-line canceller, although it is not
subject to the phase-delay variation of a delay line.
In operation, a succession of samples of the input
signal is supplied to the system. Each output is gen-
erated by forming the difference between the current
samples and the corresponding previous sample

DIGITAL MULTIPLIER

STORAGE
REGISTER

DIGITAL QUTPUT SIGNAL

>DIGIIAL INPUT SIGHAL

Fig. 1 Two-pulse canceller

10
SINGLE PULSE
CELLER

DOUBLE PULSE
CANCELLER

o L7AS 2T
RELATIVE FREQUENCY

Fig. 2 Response of 2-pulse and 3-pulse cancellers

Fig. 3b Three-pulse canceller cascade form

which has been stored in the storage register. The
frequency response of this system is given by

H(w) = k sin w_;I_‘

where
w = the radian frequency of the input signal from
which the samples were taken.

T = the time period between samples.

The response is plotted in Fig. 2. Above w = 2r/T
the response repeats periodically. This approach can
be extended to include three pulses or two delays to
give the system shown in twa different forms in Fig. 3.

The three pulse canceller has a response given by

H(w) = k sin? ‘“2_T
This response is also shown in Fig. 2.
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 Fig. 4 Canonical fitter

S S

Fig. 5 Filter form for a linear FM pulse

The canonical form of filter can be extended in
length and feedback paths added to produce the gen-
eral form shown in Fig. 4.

In some instances the a; multipliers can be re-
grouped and expressed in simpler forms so that multi-
plications can be replaced by additions. Further re-
ductions can be achieved if the dc gain of the filter
need not be controlled.

An example of such a filter! might be a low pass
Tchebysheff filter having 0.5 dB ripple in the pass
band from 0 to 100 Hz when operated with a 1000
Hz sampling rate. This filter can be realized using
Fig. 4 with the multiplier constants listed in Table 1.

TABLE |

Scaling Term Value
ao 0.025584

0 3 x 0.025584

S a , 3 x 0.025584

as 0.025584

bs 1.604882

by 3.169418

b —2.446283

by 0.728243

The filter when implemented using the multipliers
of Table 1 has a gain of unity at dc. If gain at dc is
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acceptable, the filter can be implemented using three
multiplications and a moderate number of additions.

The required number of hardware multipliers will
depend on the rate at which samples are gathered and
the speed of the hardware multiplier. The filter of the
example with its 1000 Hz sampling rate could have
been implemented on a general purpose computer
without any hardware multipliers. If the sampling
rate were 10 MHz as it is in some radar applications,
each multiplication in the filter would require its own
hardware multiplier and each of these would operate
at about the full speed capability of today’s hardware.

The filter of this example is relatively simple. As
the requirements on the frequency response become
more severe, more delays and more multiplications
would be required.? If the requirements necessitate a
10-pole filter rather than a 3-pole filter of the exam-
ple, 22 entries would be used in the scaling table that
corresponds to Table 1.

A characteristic of these filters that implement the
difference equations is that they produce a time do-
main output from a time domain input. Indeed their
operation can be viewed as a convolution of the input
signal against an impulse response described by the
scaling factors. It is quite possible to arrange the
impulse response so that a matched filter results. For
instance, a matched filter for a linear FM pulse, could
consist of a configuration of the type shown in Fig. 5.

A signal of this type that extended for N samples
would employ a filter having N - 1 storage registers
and would perform N multiplications to produce one
output. For signals that have a large number of
samples this requires a large amount of computation.
A comparison between the amount of computation
required for the difference equation method and for
the fast Fourier transform method is given later in
this article.
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FREQUENCY DOMAIN MODELLING

The fast Fourier transform algorithm provides the
tool necessary for the economic application of digital
methods to the frequency domain. In order to under-
stand how this comes about, the discrete Fourier trans-
form must first be considered.

Discrete Fourier Transform

The processing operations in the time domain use
discrete samples of the time function. Suppose now
discrete samples of the frequency spectrum are con-
sidered also. If the time function f(t) is represented by
N samples f(nT), and similarly if the spectrum F (w)
is represented by F(kQ), where n and k are integers
between the limits 0 == n=N-],and 0=k =N . ],
the discrete Fourier transform is defined by,

F(kQ) = 1 f(nT) e—ik o (1)

where T is the sampling interval in the time domain,
Q the sampling interval in the frequency domain, and
NQT = 2x. v

The expression (1) is completely discrete, both in
time and frequency, and is therefore suitable for
digital computation, It is important to note that be-
cause of this sampling, the functions are represented
as periodic functions, both in time and frequency.
Other than this, the properties of the discrete Fourier
transform parallel those of the continuous Fourier
transform. Thus, the properties of frequency selec-
tivity, lmearlty, and convolution all have their coun-
terparts in the discrete transform. Further, an inverse
discrete Fourier transform exists that maps a discrete
Fourier transform back into the sequence from which
it was computed. It is given by

f(nT) = % E}:F(kﬂ) +in i @)

which differs from (1) only by a scale factor and the
sign of the exponential. This corresponds to the in-
verse Fourier transform of a continuous function.

The Fast Fourier Transform ¢ %

The direct evaluation of equation (1) requires N2
complex multiplications and additions and for a
moderately large N the cost in computer time would
be prohibitive. Recently, however, algorithms have
become available that reduce the number of opera-
tions required, particularly when the value of N is
highly composite. For example, when N is a power of
2, the fast Fourier transform algorithms require a
number of computations proportional, not to N2, but
to N logs N. Thus for N = 1024 — 219, there is a
computational saving of 99 percent.

These dramatic savmgs account for the large up-
surge of interest in processing via the frequency
domain.

Fast Convolution or Correlation 7- 8 10

The convolution operation is used very frequently in

signal processing applications. Since the convolution .
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of two functions corresponds to the multiplication of
their Fourier transforms, the convolution operation
can be exchanged for three Fourier transformations
and a multiplication:

Figure 6, which illustrates tlie arrangement in more
detail, shows two N-sample inputs, each with its own
discrete Fourier transform operation, a multiplication
(point by corresponding point) of the two discrete
Fourier transforms, and an inverse discrete Fourier
transform operation. Note that the inverse transform
uses the same algorithm; only the sign of the complex
exponentials has been changed. Furthermore, since
correlation and convolution are related by a change
in the sign of the time variable, the system can handle
correlation equally as well. The N output samples
represent the results from the convolution of the two
input sample series.

The application of various modifications of this
arrangement to typical signal processing  problems
encountered in radar is discussed in the next section.

SPECIFIC APPLICATIONS

Three examples have been chosen to illustrate the
frequency domain method. Although one particular
artifice has been introduced in each examplé, any one
of them can be used in all of the systems described.

Three-Transform Application—Flexible Matched Filter

In many signal processing applications, the use of a
matched filter yields optimum results.> A matched
filter has a frequency response which is the complex
conjugate of the spectrum of the input signal.
Because the requirements of system characteristics
such as detection capability, clutter rejection, range
resolution, range rate estimation, etc., usually conflict,
modern radar systems are often called upon to work
in many different modes—the emphasis on particular
signal parameters changes from mode-to-mode in
order to optimize the performance in each one. A
suitable processor can be implemented by a slight
modification of the general processor illustrated
earlier. This variation is shown in Fig. 7. Suppose
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that the radar signal has a large time-bandwidth
product, i.e., the transmitted signal has a large band-
width (for good resolution) and a long time duration
(in order to increase the energy without increasing
peak power, or to provide good range-rate resolution,
or both). Typical examples of such signals are the
linear FM sweep and the series of discrete coded
waveforms.* The bandwidth of the signal governs
the sampling rate, and the duration controls the
minimum batch size. Samples are taken of the re-
ceived signal, at a rate compatible with the band-
width, and in sufficient number to span the range
interval to be examined. As noted later, this batch
size is usually. made somewhat longer than the mini-
mum size. Indeed, it is a characteristic of this method
of processing that long batches can be processed with
just one pass through the processor yielding informa-
tion for all ranges at once. These samples undergo a
discrete Fourier transformation and yield samples of
the received signal spectrum, which are then multi-
plied point by point by a set of numbers held in
storage. (This set of numbers represents the response
of a matched filter, which has been computed in

48

advance.) The result thus corresponds to the spectrum
of the signal after being filtered, and a further in-
verse discrete Fourier transform brings it back into
the time domain, where there is a one-to-one corres-
pondence between the position of the processed target
echoes and their position in the original sequence of
the received signal.

The transmit waveform is derived from the set of
numbers held in storage by means of an inverse dis-
crete Fourier transform (heeding the required con-
jugate response characteristic) and a digital-to-analog
conversion operation. Since the received signal is a
delayed and attenuated replica of the transmit wave-
form, the operation is indeed that of matched filter-
ing. By changing the set of numbers held in the vari-
able storage, any desired waveform characteristic can
be achieved on demand.

To illustrate the economy of effort afforded by this
method of operation, suppose that the sampling rate
has been chosen to be compatible with the system
parameters, with one sample per range resolution
element. Further, suppose there are n samples within.
the duration of the transmit waveform (or in the
impulse response of the matched filter, which is the
same thing) and suppose that the range interval to be
examined contains N samples. If processing is carried
out by a correlation in the time domain, n multipli-
cations are required per range resolution element.
There are (N — n + 1) independent elements con-
tained in the N samples so that the total number of
multiply operations required is n(N — n + 1). In the
equivalent frequency-domain processing, there are
two N-point discrete Fourier transforms and an N-
point multiplication which require N + N/2 [logs
(N — 3)] + 2 multiply operations for one form of the
fast Fourier transform algorithm. It can readily be
verified that the transform method is much more eco-
nomical. For example, if the batch size is N = 2n,
even such a small value of N as 64 requires 1056
multiplications for correlation to produce data for
33 range resolution elements. The corresponding
number of multiplications in the transform method is
162. Even more striking savings are realized with
larger batch sizes.

Two-Transform Application—Processing for a
Known Signal

If the signal to be detected is known a priori, the
previous system can be simplified as shown in Fig. 8.
The same operations are carried out on the received
signal, except that the multiplier stage operates with
input from fixed storage.

As an example of a system which operates with a
large time-bandwidth product, consider a linear FM
signal of 256 us duration and frequency sweep of 0.5
MHz. The resolution of this system is 2 us; that is,
the matched filter output is a compressed pulse of
2 ps duration. Such a system has been simulated on
a digital computer, using a sampling rate of 1 MHz.
A range interval of 1024 ps was selected, so 1024 sam-
ples were taken, with 256 samples representing the

COMPUTER DESIGN/MAY 1969



received signal that was arbitrarily chosen to fall in
the center of the interval. After processing as de-
scribed earlier (1024 point FFT, 1024 point multipli-
cation by the conjugate spectrum function, followed
by a 1024 point inverse FFT), the result was plotted
as shown in Fig. 9. The peak occurs at the center of
the interval corresponding to the input signal time
delay and shows clearly the result of pulse compres-
sion. This plot includes the effect of another opera-
tion that can be incorporated without any increase
in complexity (a slightly mismatched filter to improve
the sidelobe response). The output of the normal
matched filter closely approximates the (sin x)/x
form, which has high sidelobes, the largest of which
is some 13.5 dB below the mainlobe. Thus, a small
target could be obscured by the sidelobes of a larger
target. It is known that such sidelobes can be reduced
by application of a spectrum weighting function. A
Hamming weighting function was chosen to illustrate
the method and applied by modifying the conjugate
spectrum function suitably so that the sidelobes are
reduced to about 40 dB, below the main response,
as shown in the figure.

One-Transform Application—Spectral Analyser

Finally, the system may be reduced to just one fast
Fourier transform box (Fig. 10), which corresponds
to a spectrum analyser. If N is the number of samples
of the time function used and T is the time between
samples, then NT is the input time duration and the
fast Fourier transform box can be regarded as giving
N filters spaced 1/NT apart. The response shape of
each filter corresponds to the function (sin Nx)/sin x,
so that the zeroes of one filter fall on the maxima
of the other, and vice-versa.

If required, the sidelobe response can be modified
in a manner similar to that described in the previous
section by the addition of a multiplier box so that a
weighting function may be used. Figure 11 shows the
response of one filter from a bank of 256 when a Tay-
lor weighting function® of 30 components and a de-
sign sidelobe ratio of 80 dB was used.

SUMMARY

In this brief survey, some of the ideas basic to the
implementation of digital signal processing have been
discussed. These systems operate on samples of the in-
put signal and can be considered in two main classes.
Historically, the first method to be used employed
difference equations and summations with a time
‘domain representation, but the recent advent of fast
Fourier transform algorithms enables processing to
be carried out economically in the frequency domain.
Several examples of each approach were chosen to
illustrate these concepts.
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Display processing subsystems which serve as a link between the
computer and other subsystems and devices found in the computer data

display are described in this article.

DISPLAY PROCESSING SUBSYSTEWMS

FOR COMPUT

In the modern computer data display, computer
data is converted into the signals required to provide
visual data on a cathode ray tube. This data conver-
sion process involves the use of special purpose sub-
systems and devices within the display system.

The first step in the conversion of computer data
into display data is accomplished in the “display
processing subsystem.” Here, the computer input data
is processed and put into the form required by the
other display subsystems. Also, the display processing
subsystem accepts data entry device data and sends it
to the computer.

The subsystems and devices which may be found
in a typical computer data display are diagrammed
in Fig. 1. The block diagram includes: (1) a CRT,
(2) a Z-axis subsystem, (3) a deflection subsystem, (4)
a character generation subsystem, (5) a line genera-
tion subsystem, (6) data entry devices, (7) data entry
subsystems, and (8) the display processing subsystem.

The presentation of data on the CRT is controlled
by the deflection and Z-axis subsystems. Deflection
subsystems are used to control the direction of the
electron beam as it passes through the tube and onto
the viewing screen. The beam is controlled hori-
zontally and vertically, that is, in the X- and Y-axes

Samvuel Davis received his B.S.E.E. at Case
Institute of Technology (now Case-Western
Reserve University) in 1956 and has done
graduate work at the same school and UCLA.
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of a rectangular coordinate system. The intensity of
the beam, and therefore the brightness of the visual
presentation, is controlled by the Z-axis subsystem.
The main components of these subsystems are X and
Y (horizontal and vertical) deflection ampllﬁers and
the Z-axis (Vldeo) amplifier.

The conversion of computer-originated data into
driving signals for the deflection and Z-axis subsystems
are provided by the character and line generation sub-
systems as well as by the display processing subsystem.
Under the control of computer data, character gener-
ation subsystems generate the necessary signals to pro-
duce character presentations on the CRT. These
presentations may include symbols and alphanumerics
(alphabetics and numerics). Line generation subsys-
tems provide the signals required to produce line
presentations (sometimes called vectors).

Data entry devices are used to transmit data to the
computer via the display system, resulting in some
modification of the display presentation. These de-
vices include alphanumeric keyboards, function
switches, line data entry devices, and pointer devices.
Pointer devices include the light pen, track-ball joy-
stick, voltage pen, and the ultrasonic pen.

Data entry subsystems are used to produce non-
computer-controlled data on the CRT. These sub-
systems may be used to present maps, grids, or special
patterns. Included in these subsystems are those that
produce a TV raster as a background for computer-
generated data or project a slide as background data
on the CRT screen. Another type of background
might be the presentation of a radar display.

*A4 condensation from a forthcoming 1969 publication,
Computer Data Displays by Samuel Davis. Reprinted by
permission of Prentice-Hall, Inc., Englewood Cliffs, New

Jersey.
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DISPLAY PROCESSING SUBSYSTEMS

Display processing subsystems provide the input-
output interface with the computer in a computer
data display system. This subsystem accepts computer
data, processes it, and then puts it into the form re-
quired to drive the deflection, Z-axis, character gener-
ation, and line generation subsystems. Display proc-
essing subsystems also accept data from the data entry
devices, process this data, and then transmit it to the
computer. This two-way communciation function is
accomplished by the use of logic, storage, and digital-
to-analog conversion circuits.

The major sections of display processing subsystems
are computer interface logic, computer data storage,
and data position generation. Computer interface
logic consists of logic circuits which are used to trans-
fer data into and out of the display system. Computer
data storage is accomplished by memory circuits
which store the computer data for use by the display
system. Data position generation circuits are used to
convert computer-originated position data from a
digital to an analog voltage.

The configuration of the display processing sub-
system depends on the relationship between the com-
puter and the display system. There are two basic
computer-display relationships which are employed in
computer data displays. In one arrangement the
“stand alone” display station interfaces directly with
the computer and no additional hardware is required
in order to present data. In the other arrangement,
the multistation display, the computer interfaces with
a display control unit which then controls the presen-
tation on all display stations tied to it. Figure 2 shows
a block diagram of a “stand alone” display station
and Fig. 3 shows a typical multistation display system.

Stand alone display stations contain their own
Z-axis, deflection, character generation, line genera-
tion, and display processing subsystems along with
data entry devices. The display processing subsystem
contains computer interface logic, computer data
storage, and data position generation circuits all
within the display station. In this way each of these
display stations can truly stand alone and provide
visual data when operated with a computer.

In a multistation configuration, the display proc-
essing subsystem is divided between the display con-
trol unit and display stations. Figure 3 shows one
variation of the many possible multistation configura-
tions. In this figure the display control unit contains
the computer interface logic and computer data stor-
age sections of the display processing subsystem. The
character generation and line generation subsystems
are found in the display control unit.

When the display control unit contains a single
character generation and line generation subsystem
along with a single computer data storage section,
only one display station can be serviced at a time.
Therefore, the maximum number of display stations
which can be serviced by a single display control unit
depends on the required refresh rate and the time
required to present data on each station. The total
display time depends on the character and line gen-
eration times, the data positioning times, the time re-
quired to communicate with the computer, and the
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time for data to be stored and retrieved from the
computer data storage section. Another factor which
influences the display timing is the amount of time
which must be allowed to send data from the data
entry devices through the display control unit to the
computer.

In another multistation arrangement, each display
station contains its own character and line generator
as well as the computer data storage and data posi-
tion generation sections. In this case the display con-
trol unit acts as a multiplexer and contains the com-
puter interface logic section along with the necessary
switching circuits to route computer data to each of
the display stations. In this way each station can si-
multaneously provide its own presentation inde-
pendent of other display stations. Computer data
storage sections of each of these display stations not
only store computer data but also refresh 1t provid-
ing flicker-free presentations.

51



COMPUTER INTERFACE LOGIC

Computer interface logic within the display process-
ing subsystem contains the necessary logic devices to
accept computer input data, process it, and then
route the resulting signals to the computer data stor-
age and data position generation sections. This logic
also contains the devices necessary to transmit data
from the data entry devices to the computer. This
logic consists of decoding circuits, registers, line driv-
ers and line receivers. When the logic levels of the
display system do not match those of the computer,
level translators must also be used.

Not only does the design of the interface logic
depend on the computer being used, it also depends
on whether serial or parallel data transfer is used.
With serial data transfer, a single pair of lines trans-
fer data between the computer and the display sys-
tem. This is the case when telephone lines are used
to connect a remote display to a computer in a time-
shared system. However, telephone lines permit data
transfer rates of ‘150 to 4800 bits per second. On the
other hand, parallel data transfer uses a multiplicity
of lines, but they can transfer data in excess of 500,-
000 bits per second per line.

For serial data transfer, received serial data is con-
verted to a parallel data format by the dlsplay proc-
essing subsystem. A parallel data output is required
because the deflection and intensification of the CRT
are parallel operations. In the display processing sub-
system the computer interface logic receives the se-
rial data and then passes it along to the computer
data storage section. The serial-to-paralle] conversion
usually takes place in the output of the computer
data storage section. When data is to be transmitted,

computer interface logic converts the outgoing data to .

a serial format for transmission to the computer.

In parallel data transfer, incoming data is received
in the computer interface logic. Parallel data words
(ranging from 8 to 36 bits) are decoded in the com-
puter interface logic and sent to the computer data
storage section. In this case, the computer data is al-
ready in a parallel format so no data conversion. is
required. When parallel data is transmitted, the com-
puter interface logic drives the data lines going to
the computer.

COMPUTER DATA STORAGE

Computer data storage in the display processing sub-
system can be used merely to store display data or it
can also be used to refresh the display presentation.
In a conventional CRT, the light output decays after
electron beam impact. Therefore, data placed in the
screen must be continually repeated, or refreshed, in
order to maintain a flicker-free appearance. When the
display system contains its own refresh memory, only
one cycle of computer data is necessary to. store an
entire presentation. The circuitry associated with the
refresh memory then takes the stored computer data
and refreshes the display. If the display system has no
refresh memory, the display is refreshed by the com-
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puter with a continuous recycling of data. In many
cases computer refresh is undesirable because of the
excessive time loading on the computer. By using an
internal refresh memory the computer need only
service the display to update the presentation.

A number of computer data storage techniques are
employed in display systems, including flip-flop regis-
ters, magnetic core memories, delay lines, shift regis-
ters, and magnetic drum memories. These techniques
vary according to the time required to store and re-
trieve data, storage capability, complexity, and cost.

The setreset flip-flop is the simplest storage tech-
nique; it can be used when parallel data stored in a
display system is refreshed directly by a computer. In
a typical sequence, computer data enters the display
system via the interface logic and is stored in the flip-
flop register. After the display presentation is com-
pleted, the register is reset and the next data word is
entered, and the cycle continues.

The magnetic core memory is one form of memory
which is used when stored information is refreshed
within the display. In this situatjon, a block of com-
puter data is stored in the memory and continuously
refreshed by sequentially reading out data from the
memory. New data can be stored either by erasing
the entire memory and then inserting a new block of
data, or by selectively erasing specific memory ad-
dresses and re-inserting new data. Compared to other
computer data display storage techniques, the mag-
netic core memory offers the fastest data storage and
retrieval times of large volumes of data.

The delay line memory is used in display process-
ing subsystems where, for the amount of data to be
stored, it is less costly than magnetic core storage. A
typical delay line storage system consists of a delay
medium, an arrangement for inserting data into the
medium, and an arrangement for recirculating the
data through the medium once it has been inserted.
Delay mediums used include glass, quartz, or mag-
netostrictive materials. This type of storage is usually
found in alphanumeric displays where the storage
requirements are less than 2,000, 8-bit characters.

MOS or discrete component shift—registers can be
arranged to operate as a memory in a manner similar
to that described for the delay line memory. That is,
data is inserted serially, propagated through the shift
register, and then recirculated. Storage in the shift
register is provided by individual flip-flops and propa-
gation of the data is accomplished by means of the
clock pulses. In the delay line, signals are applied

“to the input of the line and the delay medium itself

produces the storage propertles

The magnetic drum is used in some dlsplay sys-
tems where low cost storage of a large amount of
computer data is required. One way that a magnetic
drum memory can be used is to have the drum rotate
at the refresh rate of the display. Bits corresponding
to.computer data are then stored on the drum tracks
and are retrieved from the drum as it rotates. Thus,
parallel data lines corresponding to stored computer
data are obtained from the drum which are refreshed
at the drum rotational rate.
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DATA POSITION GENERATION

The positioning of computer data on the screen of a
CRT is usually accomplished by means of a random
scan, textual scan, or raster scan. With random scan,
computer data is placed at random positions on the
CRT screen. In the textual scan mode, data is posi-
tioned incrementally, in an ordered fashion, one line
at a time. With raster scan a fixed pattern of hori-
zontal lines is presented on the CRT and data is ob-
tained by intensifying the CRT beam at the proper
times.

When random scan is employed, the computer
specifies the X and Y viewing screen coordinates
where data is to be presented. This position data is
obtained by the display system in the form of an X
and a Y digital code. A position code of 10 bits both
for X and Y provides a capability to present data on
a 1,024 by 1,024 matrix. Po'sitioning of the CRT beam
is accomplished by converting the digital data into
analog voltages which are then applied to the respec-
tive X and Y deflection amplifiers. The conversion
process is provided by the use of D/A converters.

Textural scan is usually used only for the presenta-
tion of alphanumerics in a “page print” format. Po-
sitioning for this format is accomplished without the
use of specific computer-derived X and Y position
data. Instead, positioning of the CRT beam is de-
rived from internally generated X and Y position
signals. With this method of positioning, the CRT
beam moves across each line and from line-to-line
and passes through every position where alphanu-
meric data may be presented. By ordering the alpha-
numeric data in the sequence corresponding to its
location on the screen, a presentation is obtained
without specific position information.

When raster scan is used in the display system, po-
sition, character, and line generation data are con-
verted from a digital to a video format. Data posi-
tion generation is produced by the circuitry required
to form the raster. The positioning of data on the
CRT is obtained by intensifying the CRT beam at
the proper times, producing characters or lines as a
series of closely-spaced dots.

DISPLAY PROCESSING SUBSYSTEMS FOR ALPHA-
NUMERIC, GRAPHIC, AND SITUATION DISPLAY
SYSTEMS

CRT computer data displays may be placed in three
general categories: alphanumeric, graphic, and situa-
tion displays. The alphanumeric display provides a
formatted, typewriter-like presentation. In the graphic
display, lines may be presented along with randomly
placed alphanumerics and symbols. A situation dis-
play contains alphanumerics, symbols, and lines along
with some form of background information.

-Display processing subsystem conﬁguratlons vary
according to the type of display system. A comparison
of display processing subsystems used in alphanu-
meric,” graphic, and situation display systems will be
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presented here. In these examples, either stand alone
or multistation arrangements may be used, but will
not be specifically considered.

Flgure 4 shows a block diagram of the display proc-
essing subsystem for an alphanumeric display. The
computer interface logic is used to transmit data to
the computer from the data entry devices or to accept
computer data. When computer data is received, it
is entered into the memory. The timing and control
unit controls the insertion and extraction of alpha-
numeric data from the memory as well as increment-
ing the horizontal counter. Alphanumeric data taken
from the memory is applied to the alphanumeric
decode logic and the decoded data is sent to the al-
phanumeric generator. The horizontal counter drives
its D/A converter and also the vertical counter. DG
outputs from the horizontal and vertical D/A con-
verters provide the positioning voltages for the deflec-
tion subsystem.

The display processing subsystem for a graphic dis-
play system is shown in Fig. 5. The computer inter-
face logic is used to send data entry commands to
thé computer or to receive. computer input data.
When computer data is obtained, it is stored in the
computer data memory. This memory is used to store
character data, line data, and X and Y position data.
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Fig. 7 Block diagram—Digital-tov-video display processing
subsystem.

The timing and control unit controls the data going
into and out of the memory. The character decode
logic processes the stored data and delivers alphanu-
meric and symbol command data to the character gen-
erator. Line data is processed in a similar manner
and applied to the line generator and X and Y posi-
tion data is stored in the respective position registers.
DC output voltages are obtained from the X and Y
D/A converters whose input is derived from the posi-
tion registers.

Figure 6 shows the display processing subsystem for
a situation display system. This subsystem is similar
to that of the graphic display of Fig. 5 with the addi-
tion of a deflection input control unit. This unit is
used to control the position data applied to the X
and Y deflection amplifiers. X and Y external input
signals are also applied to the deflection input control
unit along with an interrupt control signal. This con-
trol signal is used to normally allow external input
signals to go to the deflection amplifiers. When com-
puter data is received, the external signals are inter-

rupted to display computer data. When the computer

data presentation is concluded, the external input
signals are once again applied to the deflection am-
plifiers. Using a single-gun CRT with this time-

shared technique provides a display which appears
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as though both the fixed background (obtained from
the external input signals) and the dynamic com-
puter data are superimposed.

DIGITAL-TO-VIDEO DISPLAY PROCESSING
SUBSYSTEMS

The display processing subsystems which have been
discussed to this point have all produced displays in
which characters were composed of continuous lines
or dots. However, a computer data display can also
be obtained where information is presented in a tele-
vision raster. To achieve a television presentation,
computer (digital) data is converted to television
(video) data, hence the name, digital-to-video display
system.

A block diagram for a simple digital-to-video dis-
play system is shown in Fig. 7. Under control of the
timing and control unit, computer data is entered
into the memory in an ordered sequence correspond-
ing to the horizontal and vertical position of the
data on the viewing screen. Then the timing and
control unit initiates a horizontal and vertical mem-
ory scanning process. Every time a horizontal scan
is initiated, a horizontal synchronization pulse is
generated and whenever the end of the bottom line
is reached, a vertical synchronization pulse is gener-
ated. The horizontal and vertical synchronization
pulses are then used to trigger corresponding sweeps
which drive the deflection amplifiers, and in turn the
CRT. The result of this scanning, synchronization,
and sweeping process is a raster presentatlon on the
CRT.

In order to obtain information from the CRT, its
Z-axis must be turned on and off at the proper time
in synchronization with the sweep signals. Two meth-
ods may be used to obtain the required Z-axis control
signals.

In one method, computer data is stored in the
memory on a one-to-one relationship with spots to be
intensified on the CRT. That is, a 1,000 by 1,000 bit
X-Y memory matrix would provide the capability to
intensify any of a 1,000 by 1,000 spot matrix on the
CRT. In this method, the Z-axis control signals are
extracted from the memory by the character generator
during the horizontal and vertical scanning process.

In another method, the computer data is stored as
6 to 8-bit coded data corresponding to each character
to be presented on the CRT. Here again the data is
arranged in the order in which it will appear. In this
method, when the memory is scanned, the coded data
is extracted and applied to the character generator.
The character generator converts the coded computer
data into Z-axis control signals corresponding to the
character required.

The digital-to-video system lends itself to multi-
station display systems. By combmmg the X and Y
synchronization pulses with the Z-axis control signals,
a single signal line can be used to connect the display
station to the display control unit. In the display sta-
tion the synchronization pulses and the Z-axis signal
are separated and applied to the respective sweep and
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Z-axis circuits. By supplying the display controller
with multiple outputs, a number of display stations
can easily be tied to a single controller.

One factor in the use of a digital-to-video system
is the number of horizontal scanning lines which are
used. The greater the number of horizontal lines, the
better the resolution of the display. However, increas-
ing the number of lines causes a corresponding in-
crease in the bandwidth required of the deflection
and Z-axis subsystems (if the vertical scan rate re-
mains constant).

With ‘the digital-to-video system, interlaced scan-
ning is usually used to reduce flicker. In interlaced
scanning, first one field consisting of every other hori-
zontal line is produced, then, the missing lines are
inserted in the next field. Thus, in two successive
fields the complete presentation is made. With com-
mercial television, interlacing reduces the eftects of
flicker by providing a 60 Hz field rate which does
not flicker, although the frame rate is 30 Hz (one
frame equivalent to two successive interlaced fields).

Digital-to-video display systems offer some advan-
tages which are not available with conventional dis-
plays. Background data can be superimposed on the
computer data by merely combining video signals.
Display stations can be slaved to a main station when
a common synchronization and Z-axis control signal
line is used. An advantage of the digital-to-video sys-
tem which stores each spot is that the amount of data
which can be presented is limited only by the num-
ber of spots which are available.

CONCLUSION

In the computer data display, the display processing
subsystem provides the interface between the com-
puter and the other display subsystems and devices.
Since the configuration of the display processing sub-
system affects the data that can be presented, there
are a number of design factors that should be con-
sidered.

One consideration is whether a multistation or
stand-alone arrangement is to be used. For stand-alone
displays, the number of display stations that can be
accommodated should be known. In the multistation
system, the characteristics of the display control unit
and the number of display stations are important.
Another multistation question is whether the char-
acter and line generator are contained in the display
control unit or display stations.

Another consideration is the type of data transfer
that is employed; is it serial or parallel? For parallel
transfer, the number of bits per word and their cod-
ing are necessary. For serial transfer, the bit transfer
rate, bits per character, and start and stop bit ar-
rangement are necessary. In either data transfer
method, the coding and arrangement of data trans-
mitted from data entry devices are important.

The coding of data and the arrangement of control
signals for that data must be accounted for in the
display processing. subsystem. The combination of

computer control and data signals are used to put the
received computer data into the proper formats for
the character, line, and position generators. Along
with the coding, the timing of computer data and
control signals affects the design of the display proc-
essing subsystem. .

Another computer-display interface factor is the
compatibility between the logic levels of the two sys-
tems. This is an important factor since both line re-
ceivers and line drivers are usually required for two-
way communication with the computer.

Another display processing subsystem design factor
is the data storage method to be used. If a refresh
memory is to be used, its refresh rate and storage ca-
pability must be known. The data storage and re-
trieval times will control the amount of data that
can be transferred from the computer to the display.
Each data storage method has its own unique proper-
ties which affect the design of the display processing
subsystem. In some display systems there is no data
storage requirement and the computer itself furnishes
the data storage property.

A final consideration involves the data entry de-
vices that are employed. These devices usually require
special logic to put data into proper format for trans-
mission to the computer.
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Helipot offers tne widest variety of
off-the-shelf miniature ladder networks.
From low cost networks with 9-bit
accuracies to precision 14-bit units. Either
binary or BCD designs. And with a

variety of stock resistance values and a
selection of standard temperature ranges.

They typically feature:

= 60 ppm accuracy (initial worst

case accuracy at 25°C)

= 0.6 ppm/°C tempco

n 50 nanosecond settling

n 20 ppm per year stability

a low profile

They are contructed of Helipot's exclusive
cermet thick film passive elements and
fused to alumina substrates at extremely
high temperatures. By screen printing

all resistors on each network simultaneously,
uniform electrical characteristics and
excellent stability.are achieved. In
addition, every unit is 100% tested at 5
temperature points and serialized accuracy
tapes are available for only $1.00 more.

For more information, contact your focal
Helipot Sales Representative or Distributor
or circle the Reader Service No.

e e ——me .. -

= "AmEua ]

INSTRUMENTS, INC.:
HELIPOT DIVISION
FULLERTON, CALIFORNIA * 92634

INTERNATIONAL SUBSIDIARIES: AM ; 3 :
SCOTLAND; LONDON; MEXICO ch;SLEu".ﬁ'éﬂ; ﬁ::fsf%Vgéﬁfo"fr‘«'ﬁg&fg;“ﬂ?m
Model 811:
A'12-bit Binary
Ladder Network %
for use in DAC/ADC j
applications
requiring fast
switching and
high accuracy
over a wide
temperature range.

Model 812:

A 12-bit R-2R
Binary Ladder
Network designed
specifically for
MOSFET switch

applications.

Model 813:
A Conductance
Ltadder designed
to be used with
Fairchild’'s pA722
10-bit current
source.

Model 814:

An Ultraprecision
14-bit R-2R Binary
Ladder Network
with accuracies to
+30 ppm from
—20° to +-80°C.

BCD Ladder Networks are also available
in many standard configurations.
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APPLICATION NOTE

An 1IC Driver for Wagnetic
Wlemory Systeims

This application note briefly de-
scribes the SN75 324 monolithic
integrated-circuit memory driver
and illustrates how to use it to ad-
dress and drive a magnetic mem-
ory. A functional diagram of the
driver appears in Fig. 1.

This unit is designed specifically
to replace . traditional discrete
transistor-transformer circuits in
magnetic memory systems; how-
ever, it can also be used as a lamp
driver, relay driver, or high-fan-
out logic gate. It consists of four
fast, high-current switches con-
trolled by seven logic inputs (de-
noted A through G) that are com-
patible with 54/74 TTL and other
standard logic systems with pre-
cautions mentioned under “Logic
Input” below. One pole of each
switch leads outside the unit (out-
puts W,X,Y, and Z). On their op-
posite poles, two of the switches
connect to the memory current
source, and the other two connect
to ground. Thus, two outputs are
sources and two are sinks for mem-
ory drive current.

"The decoding circuitry is ar-
‘ranged so that any or all of the
switches in a package may be con-
" ducting at any given time. How-
ever, the unit will overheat if
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James Talley

Bill Whittekin

Texas Instruments, Inc.
Dallas, Texas

Using Positive Logic For Inputs A Through G:

(Source Y Conducting) = ABEF G
(Source X Conducting)=BDEF G .
{Sink Z Conducting) =ACEF G
(Sink W Conducting)=CDEF G

B Sttt 1 :
. A H Ve¢ b—mat14 v
Logi¢ Inputs \ 3
Used For F
Timing Or : : : ) :
Package Selection G 8 e Source Collectors

"z (sink)

Logic Inputs Used
. For Addressing
Switches Or
+Selecting Source/.
Sink (That Is,
Direction Of

Current) And D C
Switch Pair . i

—:D_C ‘ Y {Seurce)
=O—{

;

prtem=0 X (Source) i

: W (sink)
S swirchpaie J Y ! :
Gl Selection ] gue——"d 1 :
. Direction gia N [ b5 g
o (Source/Sink{"_‘—, s L_-.._; SRR <. R
Selection)’ : R e T

Interconnection With - - -
i+ Inverters Js One Way
To Prevent Simultaneous
~+ Conduction In More -
~ .. Than One Switch And
i Also Simplify Addressing
Procedure el e

Fig. 1 Simplified functional diagram and logic table for
. SN75 324 with typical interconnection of address inputs.
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At 811, 9.30 MAC makes every httl’”’ blt coimt

4 Why is MAC great though small?
~ Price, surely. But look at what else makes
- MAC the best Multi-Application Com-
puter in its class:

Its standard 4K-memory of 16-bit
words is expandable to 65K. Fast? The
fastest. Memory cycle time is 1 psec. Add,
2 psec. Full-word shift, 5 psec. Interrupt
response, 6 usec. That’s a big head start:
capacity and speed.

tions and most-wanted options: hardware

multiply /divide, automatic bootstrap,

multiplex data channel, direct memory

access channel. And MAC’s prog ammed,

data channel has 255 1/0 'ddress

Now, add 72 basic hardware 1nstruc-'

Then con51der a basxc quartet of true-
nesting priority interrupts, expandable to
64 levels if needed.

And MAC is compatible with almost .
any real-time systems environment—data:

communication and acquisition, instru-
mentation, automatic test, or you name it,

MAC’s third-generation software and
documentation are ready now, all checked
out and debugged. FORTRAN 1V, load-
ers, debugging and editing programs,
utility routines, I1/0 drivers, and LEAP,

- a macro-handling assembler that’s. way
ahead of others in the MAC class. Plus (
. LOCKHEED ELECTRONICS COMPANY

LEAPFORT, to prepare new MAC pro

grams off-line on large machmes, and' g

MACSIM, whlch Tets you use a larfre com-

puter to simulate MAC in operation.

In every feature and function, MAC
gives the systems user his greatest
measure of value. As a long-standing pro-
ducer of computer memories and printed
circuits, we've learned to make every lit-
tle bit count. In performance, reliability

- and flexibility —and at a good price.

For more information, write to MAC,
Lockheed Electronics Company, Data
Products Division, 6201 East Randolph

Street, Los Anveles, California 90022,

of Lockheed Aircraft Corp
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Fig. 2 Typical application of SN75 324 in Membry-drive:
a selection scheme for 16 drive lines.
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This 16 x 16 Grid Is An Expansion OF The
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Dots Are Omitted, Drive Lines And Buses
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System inputs Py, Q1, and Ry control SN75 324 inputs E, F, and G to select one of
eight SN75 324 packages. System inputs S selects one source /sink pair in that package
by acting through unit inputs A and Dy. System inputs P2, Q2, Rz, and 52 perform
analogous selection among the other eight SN75 324 units, System input V controls
inputs B and C on all 16 SN75 324 units, thus deciding the direction of current flow in
the selected drive line. Thus when each input Py, Q1, Ry, $), P2, Q2, R2, 52, ond
V2 is held at some logic level (comprising altogether a 9~digit binary number), current
flows in a particular direction in one particular drive line,

Fig. 3 SN75 324 serving 256 drive lines in a magnetic
memory, with hypothetical logic interconnections to show
input flexibility.
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Fig. 4 Details of connection of drive-lines to drivers in
‘Fig. 3.
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more than one switch at a time
carries memory current. Therefore,
the system must be designed to
prevent this occurrence by such
means as the external logic in-
verters shown in Fig. 1.

MEMORY-DRIVE APPLICATIONS

In memory-drive applications, the
SN75 324 can be connected in any
of several fashions. Typically, how-
ever, sources and sinks are ar-
ranged in pairs from which many
drive lines branch off, as shown in
Fig. 2. Here each drive line is
served by a unique combination
of two source/sink pairs, so that a
selection matrix is formed. The
size of such a matrix is limited
only by the number of drive lines
that a source/sink pair can serve.
This number in turn depends on
the capacitive and inductive load
that each drive line of the particu-
lar system imposes on the driver.

A larger selection matrix is
shown in Fig. 3 and 4. The hypo-
thetical interconnection of logic
inputs demonstrates one way to
take advantage of the multiple
logic inputs of the SN75 324.
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...of perforated tape readers! Tally not only offers the most complete
line of perforated tape readers (for paper, foil, or plastic tape), but the broadest and best
performing line of perforators too. So whatever your needs, in the field of perforated tape
technology, write or call us today. Please address Tom Tracy, Tally Corporation, 1310 Mercer
Street, Seattle, Washington 98109. Phone: 206-624-0760. In Europe and the U.K., address
Tally Ltd., 6a George Street, Croyden, Surrey, England. Phone: (01) 686-6836.

TALLY@
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Regardless of the particular
line-selection and logic scheme,
the SN75 324 can be densely
mounted on printed-wiring boards
along with monolithic diode arrays
and IC logic packages. The result
normally is a system that is cheaper,
faster, smaller, more reliable, and
simpler to connect than a con-
ventional discrete transistor-trans-
former version.

LOGIC INPUT FROM 54/74 TTL

Because of the high-noise environ-
ment in which the SN75 324 is in-
tended to operate, the input logic
levels have been purposely de-
signed to be somewhat higher than
standard 54/74 TTL logic levels.

The higher logical 0 input level,
Vi) of the SN75 324 guarantees
a dc noise margin of 600 mV when
driven from 54/74 TTL. However,
the higher Vy,,, of the SN75 324
(8.5 V) leads to some minor diffi-
culties when using 54/74 TTL.
The minimum guaranteed logical
I level of 24 V at a 54/74 TTL
output falls short of the 3.5 V min-
imum level required at the SN75
324 input. However, this problem
can be readily solved by the proper
selection of a pullup resistor at
the gate output as shown in Fig. 5.

Because of the high logical 0 in-
put current of the SN75 324 (12
mA for the timing inputs, 6 mA
for the address inputs), it may be
desirable to drive the inputs from
54/74 TTL buffer gates (SN7440
or SN74H40) to assure adequate
sink current capability. Each
SN7440 buffer gate output is speci-
fied at 0.4 V maximum V) at a
sink current of 48 mA. The V)
for the SN74HA40 buffer gate is 0.4
V at a sink current of 60 mA. If
additional sink current is required,
the inputs and outputs of both
gates in the SN7440 or SN74H40
package may be paralleled for 96
and 120 mA capability, respec-
tively. (This parallel connection
requires no significant sacrifice, if
any, in switching characteristics,
but the outputs of these gates
should not be paralleled without

also paralleling inputs. Otherwise
one or both of the gates can be
damaged because of the active
pullup or “totem-pole” output
configuration.)

A large number of SN75 324 in-
puts may also be driven from the
output of any of several 54/74
TTL decode/drivers. For example,
the output of the SN7445 BCD-to-
Decimal Decode/Driver can sink
80 mA at V,u ) of 0.9 V or sink
20 mA at Vg0 of 0.4 V. Since the
maximum Vj,, of the SN75 324
is 1.0 V, the SN7445 can drive the
SN75 324 with a pull-up resistor.

When a pullup resistor is used
at the driving gate output, its
value must be determined to en-
sure proper logic levels. The worst-
case resistor values may be readily
calculated using available driving-
gate data sheet information, as ex-
emplified below.

The maximum resistor value is
calculated to ensure that suflicient
current is available when the driv-
ing gate output is high (off). This
current must supply the SN75 324
input as well as the driving gate
output. For a logical 1, it is neces-
sary to maintain 3.5 V minimum
at the SN75 324 input. A suggested
method of calculating the maxi-
mum resistor value is shown in
Fig. 6. The minimum value of the
resistor is calculated to ensure that
its current plus that from the
SN75 324 inputs will not cause the
output voltage V() of the driv-

ing gate to exceed the maximum
of 1.0 V. (See Fig. 7).

After determining the worst-
case minimum and maximum pull-
up resistor values, any value be-
tween the limits may be selected.
(Obviously, the calculated mini-
mum value must be below the cal-
culated maximum value to be
practical). Selecting a resistor value
near the minimum limit will raise
the logical 1 voltage and thereby
improve the logical 1 noise mar-

gin.
An example of an SN74H40

buffer gate driving eight SN75 324
address inputs is shown along with
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Asiume The Following:

N = 8 Address Inputs
M=1

I, = & mA Per Address Pin
in{0)
Driving Gate SN74H40:

ipk = 80 mA

V53,5V Minimum V. =0.4Y Maximum
out(h) ut0)
1oy ™ 2000 Per Addees Pin faunqty = 25008 (Asumed)
SN75324
025V Address Inputs
A
o \
5N7‘H40
..... ,
=
o :
S o Only One Gate Recuired Far Drive In This Example
Maximum & Minimum R
Vee outing ™ Vour(n) L Yec may ~Vourt)
Yot ™ Tinty Mo N o
L 475235 o 5:25-0.4
QB EOI))] &Y =8 8
L LSy 4,85V
A TZmA
« 4§75 = a0

Fig. 8 Sample calculation of pull-up
resistor value for SN74H40.

sample calculations in Fig. 8. If, in
this example, a value of 400 Q is
selected for the pull-up resistor,
the guaranteed logic levels at the
SN75 324 inputs are 0.4 V maxi-
mum for Vi, ¢, and 4.0 V minimum
for Vy,),. This resistor results in
guaranteed dc noise margins of 600
mV at the logical 0 level and 500
mV at the logical 1 level at worst-
case conditions.

CIRCUIT-BOARD PRECAUTIONS

In any memory-drive application,
circuit-board mounting of the
SN75 324 should be judiciously
considered to satisfy the problems
of signal transmission, noise, and
thermal management. If flat packs
are used, they should be mounted
flat on a wide copper lamina using
a thermal compound, or “base-up”
with high-velocity air flowing
across them. A row of flat packs
should run perpendicular to the
cooling air stream rather than
along it to avoid accumulated heat-
ing of air. If a copper lamina is
used, it should be expanded to fill
the empty area on the circuit board
to enlarge the cooling surface.
Furthermore, because memory

drive and logic currents share the

same electrical ground in a direct-
coupled system exemplified in Fig.
2 through 4, it is necessary to take
special care to minimize ground
noise.

- ":’){]’”q ﬂ“ {m”l 1 1l HPD 1=
JEbd ik O b
L £100

“”JU
IELAT LiNES

(Immediately available from stock)
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Here are distributed delay lines that give excellent spurious response charac-
teristics. They are extremely attractive in printed circuit board applications

because of their modest cost and compact size.

For greater total delay rise time ratio in a high density
Engineering offers its lumped constant delay lines. They are
for computer or military applications.

package, Pulse
equally suitable

Both the distributed and lumped constant delay line series are fully en-
capsulated in epoxy resin to protect them from environmental contamination
and vibration breakdown. They are available in dual in-line circuit packaging.

Standard 10-45 nanosecond distributed delay lines cost $6.50 each in
quantities under ten. The 50-100 nanosecond delay lines are $7.50 each in

quantities from one to ten. Larger quantities are even lower

in price. Qrders

are shipped the same day from our well-stocked inventories.

For complete information,

including volume discount prices, write Pulse

Engineering, Inc., 560 Robert Avenue, Santa Clara, California 95050. For ultra-

fast response, call Dick Harris at (408) 248-6040.
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cut out

cut-through.

With Kynar®. A tough insulation! For even the finest
computer wire.

Kynar has twice the cut-through resistance of totally~
fluorinated plastics. It's tough against abrasion.
Twists and bends without splitting. Yet strips quickly,
smoothly, and cleanly. And it's compatible with hand

tools and any wiring machine —semiautomatic or
automatic.

Kynar stands up to cleaning solvents and corrosives,

CIRCLE NO. 29 ON INQUIRY CARD

too. Operates at temperatures from —80° to 300°F.
And won't degrade with age.’ '

So don’t let cut-through short circuit your back-
plane computer wire. Specify insulation of Kynar.
For samples and information, write to the Plastics

Department, Pennwalt Corporation, 3 Penn Center,
Philadelphia, Pa. 19102.

®Kynar is Pennwalt’s registered trademark for its vinylidene fluoride resin.

KYNAR?.. the fluoroplastic that’s tough!

)= [MENNWALT-

ENGINEERING PLASTICS
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COLLECT DATAFASTER W|TH These three new MINIVERTERS™ combine multiplexer,

sample-and-hold amplifier and analog-to-digital converter
A NEW 12'B|T 90, 135 OR 180 KHZ with throughput rate choice of 90KHz, 135KHz or 180 KHz.
: ™  And each unit goes faster when short cycled; for example,
MINIVERTER the 180 KHz MINIVERTER runs at 360 KHz with 8-bit
resolution.

They come in 19” by 5§14 ” drawers only 17” deep. And that
includes power supply, exhaust fan and input/output cable
breakout. Mode selection, short-cycle and channel selec-
tion switches; data display indicators and other controls
and indicators are availabie as options.

R

These new high-speed data acquisition instruments are
more of the fast-moving products in our great digital sys-
tems kit for 1969. Write or call today. Raytheon Computer,

2700 S. Fairview St., Santa Ana, Calif.
92704. Phone (714) 546-7160. Ask @
for Data File DK-169.

CIRCLE NO. 30 ON INQUIRY CARD




Only one man

in a thousand

needs this kind ,

of performance In a
digital-to-synchro converter...

the other 999 heave a sigh of relief knowing its there

CIRCLE NO. 31 ON INQUIRY CARD
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If you thought it cost
$200,000, you've just made
a pile of money.

$50,000 Buys You The Litton
Precision Scanner/Recorder.

It’s true, we really are offering a
precision flying spot scanner/recorder
for that price. The standard sys-
tem includes: 0.0009” resolution;
10,000,000 element format; 0.01 %
repeatability; 400 Kilohertz Deflec-
tion Bandwidth; 15 Megahertz Video
Bandwidth; choice of film format, CRT
phosphor; and screen size.

Options, at extra cost, include:
0.0007” resolution; 0.03 % linearity;
1 Megahertz Deflection Bandwidth;
64 Gray shades; color separation; and
digital interface.

If your application is in the areas

of character recognition, document scanning, densi-

tometry, document storage and retrieval, or video recording, you may have passed up a flying spot
scanner before because you thought it cost up to four times what we’re offering it for now. But now
you know. To know more, contact Information Systems Department, Electron Tube Division, 960

Industrial Road, San Carlos, California
94070. Telephone (415) 591-8411.

LITTON INDUSTRIES
ELECTRON TUBE DIVISION

CIRCLE NO. 32 ON INQUIRY CARD
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The micro-revolution in disc memories

Data Disc’s new Micro-space heads
skim a measured half wavelength of
light above the disc—far closer than
heads in any other disc memory. That
precision brings new reliability and
new economy to disc memories. New
reliability because heads so close to
the disc can record sharp, well-
defined magnetic regions and repro-
duce strong, clean signals. New econ-
omy because bits are packed closer —
100,000 per track—to give you 50%
more capacity per dollar invested.

As one of many rigorous tests, our

quality control technician reads light
interference patterns through a micro-
scope to measure the space between
head and disc precisely.. Only heads
spaced 10 to 15 microinches pass.
Data Disc’s Computer Products Di-
vision memories store 100,000 bits on
each of 8, 16, 32 or 64 tracks for a
maximum capacity of 6.4 million bits
per disc. Data Disc’s Display Division
memories store a whole TV frame on
each of 72 tracks —in either digital or
analog form. Complete memories usu-
ally occupy 10"2 inches of rack space.

Data Disc helps you design our
memories into your system and pro-
vides all necessary service at a mod-
est fee.

For complete information contact
Dave Redick, Computer Products Di-
vision or Chuck Masters, Display Divi-
sion, 1275 California Ave., Palo Alto,
Calif. 94304. Phone (415) 326-7602.

O DATA DISG

Micro-space precision
creates more memory
for your money.
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A digital computer based on
highly flexible microprogrammed
techniques has been designed for
direct integration into control and
processing system applications such
as data communication, data ac-
quisition, automatic testing and
numerical control.

The MICRO 800 features a 1.1
microsecond full cycle core mem-
ory with a micro-command execu-
tion time of 220 nanoseconds. Core
memory is expandable from zero
to 32,768 bytes (8, 9 or 10 bits) in
4096 byte increments to meet the
configuration for any application.
Read-only storage is expandable
from 256 to 1024 words in modules
of 256 words. File registers are a
set of 16 general-purpose 8-bit reg-
isters.

Its microprogramming allows
adapting internal organization and
instruction repertoire to achieve
both speed and core memory efhi-
ciency impossible with conven-
tional computers with fixed in-
structions. With microprogram-
ming, I/O interface hardware is
reduced to a minimum in any ap-
plication. The 800 may also be
programmed with a standard in-
struction set to provide macro-level
software solutions. Additionally,
the computer may be programmed

<= CIRCLE NO. 33 ON INQUIRY CARD

CD PRODUCT FEATURE

by creating problem oriented
macro-instructions and I/0 facili-
ties which supplement a standard
instruction set to give an optimum
software/firmware  programming
mix. ‘

Mechanical and electrical con-
struction of the 800 reduces system
costs by providing standard mod-
ules for system options such as di-
rect memory address, memory pro-
tect, power fail detect/re-start and
external interrupts. These ele-
ments can be mounted in the basic
enclosure along with special sys-
tem interface boards.

i Microprogrammalble
~ Digital Computer

MICRO SYSTEMS, INC.
Santa Ana, Calif.

The computer is designed to op-
erate between 0° C and 45° C,
and 10-909, relative humidity.
Power requirements are 115/230
Vac, 50/60 Hz. The basic cabinet
measures 8% h x 173% w x 28” d,
including power supply and fan.

The basic system consisting of
the CPU with 256 words of ROS
memory is $2,950. Core memory of
4096 bytes may be added for an
additional $2,500. OEM discounts
to 409, are available.

For additional information circle
No. 199 on inquiry card.

4,0% Bytes Core Lach

Direct Memary Access  {
of Connector for Additional

Processor {4 Bits)
Controt

Pracessor {4 Bits)
Processor Qptions

Read-only store
or System Interfaces

System Interiaces

o VN A

T System Interface

Rear view of MICRO 800 enclosure,
power supply removed
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If you’ve got something to say to a computer
you can say it best with a Datapoint 3300 — Here’s why

+ The Datapoint 3300 is the first data
terminal to be designed specifically

for interactive time sharing use.

+ The Datapoint 3300 is engineered to
be fully compatible with all time sharing
services now using Teletype equipment
as terminals.

In developing the Datapoint 3300,
Computer Terminal Corporation sought
a terminal that would amplify the
productivity of the professional as he
worked upon problem solutions in
interactive dialogue with a computer.
We sought to remove the traditional
barriers to effective man/machine
communications. We succeeded.

A central feature of the 3300 is the
CRT display capacity of 1800 characters

" in a 25 line/72-character-a-line format.

(A high “refresh’ rate provides
characters that are at once stable and
easy to read.) In this expanse of data,

a complex program or problem can
easily be expressed, and comprehended
at a glance. The interactive user, working
the standard 64-character-set keyboard,
can easily add, delete, correct or

manipulate characters and lines of data.

The remote computer becomes a
powerful and flexible extension of the
human thought process, directly
responsive to and controlled by the
user sitting at the Datapoint 3300.

Because the 3300 is not shackled by
the limitations of a mechanical printer,
it can make available data transmission
rates of up to 600 bits per second

standard, and up to 4800 bps with
optional speed buffer. This means the
interactive user enjoys faster response
from his remote computer; accordingly,
his “on-line’’ time will shrink while his
productivity goes up.

The 3300 is noiseless — no hum or
clatter of keys to intrude upon the
user's concentration. It comes packaged
in a handsome, totally self-contained
unit, comparable in size to an executive
typewriter, which blends well with
today’'s office environment. The female
help will love the 3300's appearance,
as well as its ease of usage. :

We think you'll like it. For further
information, simply write to Computer
Terminal Corporation, P. O. Box 6967,
San Antonio, Texas 782089.

Computer
Terminal
Corporation
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) NEW PRODUCTS

MOS READ-ONLY MEMORY

The MM521, arranged as 256 x 4-bit words is con-
structed on a single silicon chip using a thick oxide P-
channel MOS process. Programming of the memory contents
is accomplished by changes in one mask during the device
fabrication. This procedure produces a non-volatile data
storage. Gate protection diodes are used on all inputs to
protect against static charge build up.

Key performance features include dc coupled logic on
chip with no clocks required and high speed operation of
less than 1 usec. The MM521 is completely compatible
with DTL or TTL logic. Temperature range of the ROM
is —25°C to +70°C. National Semiconductor Corp., Santa
Clara, Calif.

Circle No. 200 on Inquiry Card.

MODULAR PC CONMECTOR

Designed for array-mounting on a mother board, Series
6308 MOJOTM card-edge receptacle combines the advan-
tages of modular design with a completely new contact that
eliminates soldering when contact tails are press-fitted into
plated-through holes in the board.

The contact tail combines a square wire-wrapping post
with a specially designed shoulder which, when press-fitted
into the plated-through hole in the mother board, provides
a permanent, gas-tight electrical connection without solder-
ing.

Two module sizes are available: connector end modules
incorporate 4 dual-readout contacts (two .150”-center card
positions) and one molded-in card guide. Center modules
incorporate six contacts (3 card positions) and are open-
ended. Elco Corp., Willow Grove, Pa.

Circle No. 201 on Inquiry Card.

GRAPHIC DISPLAY SYSTEM

The ADDS /900 (Advanced Data Display System) features
unique mixed mode and time shared operation of one or
more displays, high speed function generation, a variety
of editing devices, and a small integral computer with
comprehensive software for the system. The system is com-
prised of four basic elements—a display processor, display
generator, data entry devices, and display indicators.

The display processor, with a 1.8 us cycle time, features
a 16-bit word display ‘processor, and a standard memory
capacity of 4096 words expandable to 32,763 words, or
20,480 words with a dual port core.

_ The display generator is capable of generating character,
symbol and line vector information with a dynamic writing
speed range of 64 to 1 in multiple steps under control of
the display processor. Character generator time is 2.4 ps
typical and vector generator time is 40 us for full screen on
axis. Sanders Associates, Inc.,, Nashua, N.H.

Circle No. 202 on Inquiry Card.
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NEW PRODUCTS

SCHOTTKY SWITCHING DIODE

The MA4-A200 is a planar passi-
vated silicon diode, utilizing a unique
combination of two Schottky barriers
and a P/N junction. The diode has
the high breakdown voltage (>25V)
and operating temperature characteris-
tics of silicon, combined with the low
turn-on voltage of germanium and the
ultrafast speed of a schottky barrier
device. The diode is well suited to
pulse and digital circuits such as
clamping, clipping, speed-up, steering
and sampling. Microwave Associates,
Inc., Sunnyvale, Calif.

Circle No. 264 on Inquiry Card.

N/C TAPE PREPARATION UNIT

The Datawriter N/C-1, designed
exclusively for numerical control, re-
produces tape from master copies and
allows tape editing and correcting.

The 10 character-per-second unit has

an alphanumeric keyboard which is
arranged for ease of numerical control
program preparation; special symbolic
characters are available. The 72 char-
acter per line printer provides the
operator with hard copy of the pro-
gram being prepared.

The 10 character per second punch
will punch any tape conforming to
EIA standards (RS-227) and features
“On,” “Off,” ‘“Tape Release,” and
“Backspace.” The tape reader reads
punched tapes so that master tapes

can be duplicated and errors corrected

or removed from N/C program tapes,
The reader controls feature both con-
tinuous or single step operation and
provide for a free position allowing
tape to be moved manually through
Reader skipping characters in error.
Datron Industries, Inc., 'Greensburg,
Pa.

Circle No, 249 on Inquiry Card.
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BALUN TRANSFORMER

A pulse transformer series designed
to reduce noise in computer memory
circuits is available in a four trans-
former module compatible with inte-
grated circuits as well as in discrete
miniature cases. The balun transform-
ers feature ratios of primary induct-

" ance to leakage inductance as high as

6600:1.

Balun transformers with primary in-
ductances of 20 microhenries to 2,000
microhenries are available from stock.
Pulse Engineering Inc., Santa Clara,
Calif.

Circle No. 268 on Inquiry Card.

DIGITAL ISOLATION SWITCHES

Model 601 is an isolating digital cir-
cuit with 500 ns response, capable of
transmitting dc logic levels. Eight
models provide all combinations of
inversion, translation and bipolar op-
eration. Dimensions are 0.4” x 114" x
114”. Proper operation requires power
be supplied separately on both input
and output sides.

Model 602 provides an isolating in-
terface for digital logic signals with
100 ns response. Input-to-output isola-
tion prevents signal contamination in
interface processes by eliminating
ground loops. Input has variable
threshold Schmitt trigger characteris-
tics. Output is fully floating—power is
carrier-derived from the input side
and is sufficient to provide a dc to 3
MHz response. A single 602 can be
used to provide signal inversion, trans-
lation, compression or expansion as

- required, with simple external adjust-

ments. Dimensions are 2” x 214" x 34”.
Dynamics Instrumentation Co., Mon-
terey Park, Calif.

Circle No. 265 on Inquiry Card.

IC DUAL ANALOG GATES

The CAG13 SPST FET switch hy-
brid ICs, designed for analog gating,
contain two complete circuits in one
low profile TO-b package. Each circuit
features 50 ohms maximum on-resist-
ance, =9 volt signal range, 300 ns typi-
cal switching time, and direct opera-
tion from DTL or TTL logic. The
unique circuit configuration provides
break-before-make switching action
and higher off-impedance to high fre-
quency signals. This hybrid microcir-
cuit uses all military grade semicon-
ductors. Crystalonics, A Teledyne Co.,
Cambridge, Mass.

Circle No. 269 on Inquiry Card.

SWITCHING MOS FETS

Two p-channel enhancement type
MOS FETs for analog and digital
switching applications are: the 3N167
which has a maximum drain-source
ON resistance Tpgoyy) of 20 ohms;
and the 3N168 with a maximum
Ipgcon) Of 40 ohms. The 3N167 has a
drain or source cutoff current I,qq or
Igpg of less than 0.5 nA; the 3NI168
less than 1 nA at room temperature.

The potential problem of oxide
breakdown, due to static-charge ac-
cumulation on the gate, is eliminated
by a built-in Zener diode between gate
and body. Gate protection is assured
because the 85-volt diode breakdown is
much lower than the oxide destructive
voltage. Drain-source, gate-source and
gate-drain breakdown voltages are all
30 and 25 volts minimum for the
3N167 and 3N168 respectively. Gate
threshold voltage is 6 volts maximum.
Package is a TO-72. Siliconix Inc.,
Sunnyvale, Calif.

Circle No. 250 on Inquiry Card.
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3 good reasons why you
should build your own
systems’ power system:

Genisco three phase transformers.
Our three phase transformers are practically all you
need to build your primary power system. They come
in ranges from 3 to 37.5 KVA, either open or enclosed.

Genisco Control Transformers.

These dry type transformers can do the secondary
power system job. Three different groups to choose
from. Ratings from 0.250 to 5.00 KVA.

Transient free switch/controller.

This handy device makes sure that all switching on
or off occurs at zero crossovers. That way noise-
generating discontinuities are eliminated.

Put these components together, add a few transistors
and diodes, and you have your own, built in-house
power supply. No need to pay someone else to do it.
For more reasons why you
should build your own
consider economy, suita-
bility, availability, and
complete control over
your product. For more
information on our
products, circle the
reader service number
shown below.

GENISCO TECHNOLOGY CORPORATION O COMPONENTS DIVISION O 18435 SUSANA ROAD, COMPTON 0O CALIFORNIA 90221
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Is it the
reliability or
the low cost
that makes
Varo computer
power

supplies so
desirable?

Definitely.

Together they’re probably the most
important factors in any computer
power supply buying decision.

Neither one comes easy.

But we’re now building a 4% regu-
lating ferroresonant transformer, the
Varoformer,™ that does the same job
as conventional units, and takes up
30% less computer space doing it.

The Varoformer is not only con-
siderably smallerand simplerindesign,
but requires much less resonant ca-
pacitance, and is highly reliable and
competitive in price with conventional
off-the-shelf units.

We also take this same high reli-
ability-low cost approach in custom-
designing regulated computer power
supplies.

We’re building this kind of supply
with multiple outputs, on-off sequenc-
ing, and remote sensing for the com-
puter/peripheral industries.

If you’re in the market for computer
power supplies, we have a great reli-
ability story for computer engineers
and designers.

And another great one for purchas-
ing agents.

Want proof?

Contact our sales manager.

VARO

STATIC POWER DIVISION 1600 DALLAS NORTH
PARKWAY, PLANO, TEXAS 75074 (214) AD1-5111
TWX 910-860-5640

CIRCLE NO. 36 ON INQUIRY CARD
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NEW PRODUCTS

VIDEO OUTPUT TRANSISTORS

Three high voltage video output
transistors are designated as the SE-
7055, a 220 V unit with a low collector
base capacitance of 3.0 pF; the SE7056,
a 300 V unit with a 3.5 pF capacitance;
and the SE7057, a 450 V unit with a
2.5 pF capacitance.

All three transistors feature power
dissipation of 7.0 watts at 25°C case
temperature (or 1W in a 25°C am-
bient temperature) and a typical fre-
quency response of 80 MHz while driv-
ing up to 10 mA. Package is a standard
TO-39.

Typical applications for the devices,
in addition to TV video drive circuits,
can be found in storage tube drivers,
image converter tube drivers, electro-
illuminescent displays, and high vol-
tage indicator tube drivers. Fairchild
Semiconductor, Mt. View, Calif.

Circle No. 215 on Inquiry Card.

BINARY COMPARATOR

A sign or equality binary compara-
tor may be interconnected to compare
any number of bits and is available
in a variety of options to assure sys-
tem compatibility.

The Model 714 binary comparator
subtracts two parallel input numbers
and converts the difference to one of
three non-simultaneous outputs: A>B;
A=B; and A<B. It is available with
edge-tab or pin type connectors. Com-
pact size is 514" x 414" x 74”. Com-
puter Central, Detroit, Mich.

Circle No. 224 on Inquiry Card.
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IC DISPLAY/PRINTER

A three axes position display printer
for machine tool application, employs
TTL IC logic and will display three
axes of machine slide motion and
print this information on command.
The print command can be intro-
duced by a panel mounted push but-
ton, by a remote push button, or by
a miscellaneous function programmed
on a numerical control.

The VU-POINT display printer is
easily adapted to numerical controlled
or operator controlled machine tools.
This device then becomes an in-process
inspection tool. The displays show
the machine slides to be in proper
location and the printed record as-
sures that proper coordinate locations
were held. Remex Electronics, Haw-
thorne, Calif.

Circle No. 235 on Inquiry Card.

IC SWITCHING CARDS

A series of integrated circuit switch-
ing cards, designated MUI through
MUS6, provide an isolated digital in-
terface between major elements of a
data processing system. Each card con-
tains either two ar four IC Iso-
Switch(®) cards. These mate directly
with DTL and TTL input and output
circuitry.

The cards eliminate noise problems
commonly encountered when dis-
similar data processing equipment is
provided with common ground loops.
The switching cards solve this noise
problem by eliminating such common
loops and essentially isolating the
equipment.

Six cards are available in the series.
Operating currents are 50, 100, and
150 mW, with one two-switch and one
four-switch card available at each cur-
rent level. Raytheon Computer, Santa
Ana, Calif.

Circle No. 237 on Inquiry Card.
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We offer over 200 talking pictures.
Pick one that speaks your language.

Our CRT's have been articulate
right from the start. Our first,
thirty years ago, told us we were
onto a good thing. Some people
didn't believe it, but that one
spoke our language.

Since then we've gone on to
develop and produce CRT's that
make up an electronic United
Nations.

One speaks to the weather-

CENERAL

TRONICS

man. Another to a heart special-
ist. There's one that sits on a
desk and talks to bookkeepers
or accountants. And one that
communicates with aircraft con-
trol tower personnel. One that
strikes up a conversation with
geologists. And even one that
displays nuclear explosion data
to anyone who cares.

That's asking a lot from a CRT.

But then we've always done that.
And we'll go right on doing it.
Because even as our customers
tell us, there's almost no limit to
what a CRT can talk about.

Want to start a conversation
with a CRT2 Call or write us
to arrange a meeting ... anytime.

Electronic Tube Division, @
General Atronics, Philadelphia,
Pennsylvania 19118

GENERAL ATRONICS

CIRCLE NO. 37 ON INQUIRY CARD
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HIGH PRECISION

Sprockets
BY 5{@%\%&

for driving-
Tapes,
Films,
Charts

Whether your tapes,
charts or films have
round or rectangular
perforations, the ideal
drive units are LaVezzi
sprockets — Precision
parts with every tooth
perfectly formed, ex-
actly sized and wholly
free of burrs. Inquiries,
quote requests invited.
Stock items or made
to your specs.

BROCHURE SENT
ON REQUEST

LAKE
(A

CIRCLE NO. 38 ON INQUIRY CARD

NEW PRODUCTS

MINIATURE PUSH BUTTON

A miniature push button switch
features a standard 1%42” hole mount-
ing but has the rear panel space re-
quirements of miniature switches.
These push button DPDT switches
have a conservative 6 A @ 125 Vac
rating and feature solid silver contacts
and new type turret lugs to simplify
wiring. High voltage barriers are be-
tween terminals inside as well as out-
side. The one-piece unitized case style
houses multiple circuits and easily fits
in compact areas. Alco Electronic
Products, Inc., Lawrence, Mass.

Circle No. 231 on Inquiry Card.

MINIATURIZED PRINTER

The HSP 3608 is capable of operat-
ing in a zero “G” hard vacuum envi-
ronment for prolonged durations and
provides 24 columns of printout with
48 characters (ASCII code) and speeds
of 10 to 40 characters per second,
serially.

Flight version of the 19 1b. unit in-

cludes internal cooling system, acoustic
enclosure as well as fuel cell power
converter. Nominal input of fuel cell
power is 40 watts. The complete
printer, including mechanism, power
supply and electronics, measures 6”
wide by 974” high by 16” deep. Potter
Instrument Co., Inc., Plainview, L. 1.,
N. Y.

Circle No. 233 on Inquiry Card.

RUGGEDIZED GP COMPUTER

A ruggedized version of the 620/i
computer is functionally identical to .
the standard “civilian” computer. Cir-
cuit cards are identical; however, the
packaging of the cards and the exterior
chassis design are completely different.
The chassis itself is constructed of
heavy aluminum members, assembled
into a container 19 inches wide, 153/
inches high, and 24 inches deep. The
container is designed to slide in and
out of a standard RETMA enclosure
on ball-bearing slides.

The assembled unit weighs under
100 pounds. It is designed to meet the
shock requirement of 5G, 11 millisec-
ond perpendicular hammer blows and
5G, 11 millisecond horizontal hammer
blows. Operating temperatures range
from 5° C to 55° C. The non-operat-
ing temperature range is —40° C to
+75° C. Humidity can range up to
1009,. Varian Data Machines, Irvine,
Calif.

Circle No. 234 on Inquiry Card.

DATA SET

The FM-300 Data Set is intended
for low speed data communications
applications up to 300 bits per second
as required by such terminals as- tele-
typewriters with EIA interfaces. It is
compatible with Western Electric 100
series data sets. With usage of a sim-
ple data access box provided by the
telephone company, the FM-300 can
easily be incorporated onto a dial up
network.

The FM-300 will transmit data over
3 KHz voice bandwidth channels con-
ditioned to meet the specifications of
type 3002 communications circuits. No
conditioning is required. Rixon Elec-
tronics, Inc., Silver Spring, Md.

Circle No. 245 on Inquiry Card.
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The Fairbanks Morse
Caprocon system speeds
the processing of cargo—
automatically,

for United Airlines.

A key to the system
is Kleinschmidt

For high speed in automated
communications, there’s only one
answer: Kleinschmidt.

Take the Fairbanks Morse
CAPROCON™system. At United
Airlines Cargo Terminal in Los
Angeles, Caprocon, aided by Klein-
schmidt data printers, brings new
speed and efficiency to the processing
of random parcels.

Working at a rate of 800 parcels per
hour, Caprocon weighs and measures
parcels instantly. It feeds the infor-
mation on cubage and density to
Kleinschmidt data printers. Bills,
labels, and shipping instructions are
printed out automatically. Result:
more efficient palletizing, more
economical aircraft loading, faster
service than ever before.

Kleinschmidt 311™ Data Printer
works at speeds up to 4 times faster
than most other teleprinters. And,
with 70% fewer moving parts, it’s
extremely reliable.

Like other Kleinschmidt data
printers, the 311 is compatible with
all makes of telecommunication
equipment. You can fit it directly into
your present system or into one being
designed for you.

If you have a problem in
telecommunications, shouldn’t you
communicate with Kleinschmidt?

®
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Toko Woven Plsted-Wire Memory
System HS-500 is aow svsilsble.

Toko’s woven plated-wire memory
planes and stacks are already well
known for their low-cost, high-
performance characteristics. Now to be
marketed for the first- time is Toko’s
complete memory system, with a capac-
ity of 4096 words by 16 bits expandable
‘| to 8192 words and 20 bits. Cycle time
is a remarkable 500 ns. Other character-
istics are 2D organization, destructive
read-out operation, and TTL logic level
interface. Cost of the system is remark-
ably low, and fast delivery can be
guaranteed.

Besides this standard woven plated-
wire memory system, Toko canunder-
take the manufacture of custom-made
systems according to your specifica-
tions. Complete technical details from
our New York office.

r\'.l'rOKo INC.

Head Office: 1-17, 2-chome, Higashi-Yukigaya,
Ohta-ku, Tokyo, Japan

TOKO N.Y., INC.
350 Fifth Avenue, New York, New York 10001

CIRCLE NO. 40 ON INQUIRY CARD
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NEW PRODUCTS

SHIFT REGISTER MODULE

The M212 Shift Register is an in-
ternally connected left-right shift reg-
ister/bugger consisting of six edge
triggered D type Flip Flops. The M-
212 features parallel selection and
loading of either of two independent
six bit sources, or serial loading and
shifting of data in either the left or
right direction. Four functional en-
able inputs define the operation of the
module. Vec: +5 volts. Digital Equip-
ment Corp., Maynard, Mass.

Circle No. 227 on Inquiry Card.

SERVOMOTOR-TACHOMETER

The E-525 is a motor-only version of
the earlier 550 series motor-generator,
with a continuous rated output of 37
watts (Y5 HP) at 3300 rpm. 18 V rat-
ing is standard; 12, 24, 36, 48 and 66
V versions are optional. The motor’s
acceleration from stall is 10,700 rad/
sec2, and the unloaded inertial time
constant less than 50 ms.

Standard voltage gradient is 14.2
V/krpm, with a maximum unfiltered
ripple component of 5%, peak-to-peak,
at 11 cycles per revolution. A silver
generator commutator is used and
both motor and generator brush life
exceeds 10,000 hours at rated speed.
Electro-Craft Corp., Hopkins, Minn.

Circle No. 216 on Inquiry Card.

CARTRIDGE INDICATOR LIGHT

An indicator lite that provides up to
25,000 hours of operation at 105-125
volts, Series CM32 Industri-Lite, is
available in either long macrodome
(CM32-1) or short macrodome (CM
32-2) cap styles.

The CM 32-1 is a compact unit that
accepts C7A (NE-20) or CY9A (NE-2])
long midget flanged base lamps. It is
designed for mounting in a 194»” keyed
hole in panels up to 184" thick, and
is available with built-in 62K or 27K
voltage dropping resistors.

The CM322 is similar to the
CM32-1, but accepts AIG or AlIH
short midget flanged lamps, mounts in
panels up to 932” thick, and is avail-
able with built-in 47K or 150K re-
sistors. Both units feature 34” center-
to-center mounting and black anodized
aluminum casings. Chicago Miniature
Lamp Works, Chicago, Il

Circle No. 258 on Inquiry Card.

MODULAR POWER SUPPLY

A modular, dual output power sup-
ply, LCD-A Series, is offered in 8 dif-
ferent models with wide voltage out-
put ranges from 0 to 120 Vdc, and is
multi-current-rated at 40° 50°, 60° and
71°C with current ratings to 1 A. The
LCD-A features an integrated circuit
to provide the regulation system ex-
clusive of input and output capacitors,
rectifiers and series regulation tran-
sistors. It measures 334¢” x 334" x 614"
and weighs 5 lbs. '

The unit is all silicon and convec-
tion cooled, with no external heat
sinks required. Regulation is 0.019, -
1 mV, line or load. Ripple and noise
is specified at 250 pV rms; 1 mV p-p.
AC input is 105-132 Vac; 57-63 Haz.
Temperature coefficient is 0.019, +
300 pV/°C with external programming
resistor. Lambda Electronics Corp.,
Melville, N. Y.

Circle No. 229 on Inquiry Card.
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The beautiful revolution
rolls on —

Kennedy Model 3110

Meet the newest member of our revolt against high-priced, low-per-
formance recorders — the Kennedy Model 3110 Continuous Magnetic
Tape Recorder.

Capable of operating at synchronous speeds up to 25 ips with its
high-performance single capstan drive, Model 3110 has read/write rates
up to 20 KHz at 800 BPI. Gapping is internally generated. Forward and
reverse high-speed search operations can be accommodated at 120
ips. Tape motion is bidirectional with no program restrictions and is
under capstan contro!l at all limes. Reel size of the Model 3110 is 10%2”
(2400"). Sound good?

Model 3110 is beautifully simple to interface, and its rugged construc-
tion guarantees thousands of hours of trouble-free operation. At $2800,
it's the finest low-cost recorder anywhere. Write or phone for complete
information.

I<ENNEDY CO.

540 WEST WOODBURY ROAD, ALTADENA, CALIFORNIA 91001. (213) 798-0953

CIRCLE NO. 41 ON INQUIRY CARD
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san fernando

€lectric manufacturing company

Electronic components
of proven reliability

Aluminum Electrolytic
c“p“ . fors ' The rugged CAPACITORS by West-Cap
<

that have built-in reliability and dur-
ability. Because of their all-welded

construction they will withstand more vibration and shock. The elements

are made from 99.999% pure etched aluminum foil sealed in high grade

aluminum cases.

SERIFS WHC Computer Grade Electrolytic.

A superior line of energy storage and filter
electrolytics which meet all the specifica-
tions set by MIL-C-62. In addition, this
series will meet all the standard telephone
quality standards set by the telephone in-
dustry. This electrolytic will meet the most
exacting ripple standards.

Ratings: 200 mfd to 100,000 mfd
from 5 VDC to 150 VDC
Voltages in excess of 150 VDC
to 500 VDC on special order

SERIES MAC Axial Lead Electrolytic.

They are available in miniature size with
14" x 5" case and larger.

Ratings: 2 mfd to 70,000 mfd
from 3 VDC to 150 VDC

The manufacturing process is completely quality-
controlled in West-Cap's modern new facility in the
Tucson International Airport Industrial Park. This
facility was designed and equipped primarily for the
manufacture of high quality electrolytic capacitors
at competitive prices.

Call your representative of West-Cap high reliability
components, or contact West-Cap Arizona, where
service and quality count.

WEST-CAP ARIZONA

SUBSIDIARY OF SAN FERNANDO ELECTRIC MANUFACTURING CO.

2201 EAST ELVIRA ROAD, TUCSON, ARIZONA 85706
CIRCLE NO. 42 ON INQUIRY CARD

NEW PRODUCTS

GRAPHIC INPUT DEVICES

Two graphic input devices, the
Mouse and the Joystick, are to be
used with ARDS and similar CRT
display systems. The Mouse is a sim-
ple two-dimensional controller for
positioning a cursor on the screen.
Moving the Mouse around on any flat
surface causes the cursor to follow in
an identical manner. Three buttons
are mounted on the top of the Mouse
which allow the user to transmit the
cursor position or its vector value to
the computer.

The Joystick is an alternate graphic
input positioning device. Like the
Mouse, it provides analog voltage to
control the cursor. The same three
push-button controls for generating
graphic input messages are provided
on the Joystick housing. In addition,
switches are provided for selecting
solid line input, dotted line input, and
returning cursor control to the com-
puter. Computer Displays Inc., Wal-
tham, Mass.

Circle No. 225 on Inquiry Card.

CRT DISPLAY

The SYS-2113-10 CRT display adds
instant graphic display capability to
the SYS-2113 .data acquisition and
control system, used in conjunction
with IBM 1130 computers for time-
sharing in process monitoring and con-
trol.

The SYS-2113-10 displays data on a
10-inch screen in a brief portion of
the time required to produce the in-
formation by conventional on-line
plotters. Graph after graph can be
quickly projected while adjusting
parameters and changing variables.
Or, as an alphanumeric display, with
an associated keyboard, it performs
data retrieval, test formatting, etc. An
optional joy stick permits display posi-
tion control and polaroid cameras are
available for hard copies. SYS Asso-
ciates, Inc.,, Fort Lee, N. J.

Circle No. 244 on Inquiry Card.
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Information Displays Without Refreshing

CRT Storage Affords

flicker-free displays of both
complex graphics and
high-density alphanumerics

The Type 611 Storage Display Unit is designed to
function as a readout device for computer con-
soles and remote terminals. With X, Y and Z
inputs provided by peripheral equipment, this
new instrument produces displays of high den-
sity alphanumeric and complex graphic infor-
mation without drift or annoying flicker.

I yypE 611

. T
Y sronace DISPLAY UNITH

,’n

The Type 611 Storage Display Unit features an 11-inch,
magnetically deflected, bistable storage display tube.
This new storage tube offers high information density
and excellent resolution on a 21-cm x 16.3-cm screen.
4000 characters, 90 x 70 mils in size, may be clearly
displayed with good spacing. Resolution is equiva-
lent to 400 stored line pairs along the vertical axis
and 300 stored line pairs along the horizontal axis.
Dot settling time is 3.5 us/cm + 5 us and dot writing
time is 20 ys. Time required to erase and return to
ready-to-write status is 0.5 seconds. Operating func-
tions are remotely programmable through a rear-panel
connector. A “Write-Through” feature provides an
index to the writing beam position without storing new
information or altering previously stored information.

Type 611 Storage Display Unit ................... $2500

U.S. Sales Prices FOB Beaverton, Oregon

For a demonstration, contact your nearby Tektronix field engineer or write: Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97005.

Tektronix, Inc.

committed to progress in waveform measurement

CIRCLE NO. 43 ON INQUIRY CARD
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Lavoie
Analab
Benrus.

e | ldeally suited for multiple installations
because of their modest heat dissipa-
tion requirements, the small size,
weight and cost of these scopes also
makes them adaptable for use in lab,
test and inspection...anywhere that
these qualities are more important than
great versatility.

(And that's not including variations due to
options!)

With the Benrus solid state CRT Display, you
select the necessary panel height—choice of
3%" 5%" and 7", as designed to exact modu-
lar dimensions [] Select your own amplifier
characteristics in a range of bandwidths and
sensitivities for either or both channels O
And a choice of 40 speed ranges in either
“A" or “B" channel sweep I Result? A cus-
tom-assembled, off-the-line, quality-manufac-

tured unit to your own exacting requirements.

| Request catalog 802 for complete details.

| ALSO AVAILABLE WITH “BUILDING
| BLOCK" OPTIONS...the Benrus line
_ | of ultra-compact, solid state monitor

| oscilloscopes for panel installation. A
| wide range of amplifier, sweep and
| trigger plug-ins make economy without
compromise possible.

spedcor electronics, inc.
Lavoie Analab Benrus Instrument Division
70-31 84TH ST., GLENDALE, N. Y. 11227 « 212.894-8100

CIRCLE NO. 45 ON INQUIRY CARD
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NEW PRODUCTS

MAGNETIC TAPE SYSTEM

Model MTS 10/1130 is a complete
magnetic tape system tailored expressly
to IBM 1130 requirements. Completely
plug compatible, the MTS 10/1130
provides data transfer rates up to 20K
Hz, and 2400 foot storage capacity.

The system utilizes the Model 3110
tape transport, together with inter-
face matching 1130 I/O. The interface
will handle one or two transports; to
add a second transport it is merely
plugged into an existing connector in
the interface unit.

Provided as standard in the MTS
10/1130 are two byte per word or
packed operation (7 channel, 1800
mode), character assembly/disassembly,
record chaining, and parity check.
Connections are made to the storage
access channel for the greatest flexibil-
ity of operation. Tape format is com-
pletely IBM-compatible, with either
556 bpi, 7-track or 800 bpi, 9-track
available. Kennedy Co., Altadena,
Calif.

Circle No. 239 on Inquiry Card.

OPERATIONAL AMPLIFIERS

A fast settling time amplifier, the
FST-100, for high speed A/D conver-
sion and multiplexed data acquisition
systems, provides a typical gain of
500,000, with 300,000 minimum guar-
anteed. Stable unity gain frequency of
10 MHz and minimum common mode
rejection of 90 dB are specified. It has
a minimum slewing rate of 20 V/us,
yet its unity gain (inverting) settling
time to 0.019, is less than 1 ps for a
0 to =10 V step (output), with no
appreciable overshoot or ringing. It
also features low noise and drift char-
acteristics. Control Logic, Inc., Natick,
Mass.

Circle No. 232 on Inquiry Card.
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‘The Friden 1150
Digital Printer:

fast, reliable-

and inexpensive.

The Friden* 1150 Digital Printer has a printing speed of
50 characters a second.

Because it has fewer moving parts than ordinary
medium-speed printers, it is easier to maintain. This means
less downtime for your OEM product. The unit contains a
single 20-character print wheel and a synchronized print
hammer. Both are driven across the tape from right to left
at a uniform speed.

The hammer's short impact time ensures quality print-
ing from the continuously rotating wheel. Your output looks
good and is easy to read. And we have even eliminated
ribbons with a disposable ink roller.

Logic requirements are simple, making it easy for you
to integrate the 1150 into your OEM product.

The 1150 is a completely tested and proven printer—

Friden Component Products. One way Singer serves OEM.

" a vital component of Friden electronic printing calculators

for nearly two years. And Singer’s Friden Division provides
maintenance backup throughout the world.

With its low initial cost and desirable operating fea-
tures, the 1150 gives you a price/ performance ratio that
is unique among OEM printers.

We'd like you to have complete specifications. Just
write Friden Division (Component Products), The Singer
Company, San Leandro, California 94577. Ask for Speci-

fication 1001. S l N G E R

FRIDEN DIVISION

#A TRADEMARK OF THE SINGER COMPANY
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What makes low-cost
Dialight readouts

so reliable

and easy-to-read?

Reliable because of simple module construction and long life lamps. Designed
for use with neon or incandescent lamps to meet circuit voltage requirements.
Easy-to-read from any viewing angle. 1” high characters are formed by unique
patented light-gathering cells, and may be read from distances of 30 feet. Sharp

contrast makes for easy viewing under high ambient lighting conditions.

Dialight Readout Features

1. Operate at low power.

2. 6V AC-DC, 10V AC-DC, 14-16V AC-DC, 24-28V
AC-DC, 150-160V DC or 110-125V AC.

3. Non-glare viewing windows in a choice of colors.
4. Available with RFI-EMI suppression screen.
5. Available with universal BCD to 7 line translator driver.

6. Can be used with integrated circuit decoder devices
now universally available.

7. Caption modules available; each can display 6 messages.

Send for catalog

Catalog-folder contains complete specifying and ordering data
on numeric and caption modules, translator drivers, . mount-
ing accessories. Dialight Corporation, 60 Stewart Avenue,
Brooklyn, New York 11237. Phone: (212) 497-7600.

DIALIGHT

CIRCLE NO. 47 ON INQUIRY CARD

NEW PRODUCTS

MOTOR-GENERATOR SYSTEMS

An expanded line of load isolation
motor-generator sets, typically consists
of a motorgenerator in common
frame, common shaft construction,
with complete controls for both motor
and generator within a NEMA type
steel enclosure of either free standing
or wall mounted.

The M-G set illustrated has an in-
put of 220/440 volt, 3 phase, 100 H.P.
synchronous motor with a generator
output of 62.5 KVA, 120/208 volt, 400
cycle, 3 phase. Both motor and gen-
erator have separate rotating brushless
exciters to supply the 40-pole motor
field and the 6-pole generator field.
Output voltage is regulated within =
19, of rated output voltage. Both in-
duction and synchronous motor units
can be supplied in -both common
frame and in separate frame direct
coupled drive. Kato Engineering Co.,
Mankato, Minn.

Circle No. 218 on Inquiry Card.

KEY-TO-TAPE SYSTEM

The Mark I key encoder, compati-
ble with any major manufacturer’s
computer, permits the key-punch op-
erator to determine exactly what data
is being programmed. It also indicates
errors automatically, and points out
the nature of the error, allowing in-
stant correction.

Its equipment includes a typewriter-
size encoder which records on cassett.
tape, and a translator, which pools
the cassett’s information on computer
tape. Cybercom Corp., Sunnyvale,
Calif.

Circle No. 242 on Inquiry Card.
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There’s a Product Improvement Wiring Termination System made for any high density I
wiring application — just fill out this form describing your production needs and we'll
fire back our recommendations plus current literature. |
After all, who's better qualified to assist you in making a machine selection? Product
Improvement developed the first practical semi-automatic system, is the only source I
for both moving-table and moving-too! designs, and has more units in the field than
all others combined. Now — latest models are available with manual, semi-automatic I
and automatic terminating heads.
§ TELL US YOUR APPLICATION— §|
TYPE OF WIRE PANEL SIZE(S) I
I [ soLID ‘ [ 18”x18”” OR UNDER I
[] STRANDED [J OVER 18”x18"” BUT LESS
[ PAIRS ‘ THAN 22"x36" I
[] COLOR CODED ] OVER 22"x36"
TYPE OF TERMINATION I
I PRESENTLY USED AVERAGE WIRES PER PANEL
E \é\/Lflilf)\IZ)N PRODUCTION NEEDS I
- IND
I [0 TAPER PIN INSERTION % gEI:EA?;: ';Ulﬁ- FEW |
’
I [ SOLDER ] MULTIPLE RUNS I
PRESENT WIRING METHOD
| ] MANUAL PRESENT WIRING COSTS |
I [] OTHER $ PER WIRE l
Name Firm.
I Address. City. State Zip. I
I Mail to: Product Improvement Corporation, 150 E. Stevens Ave., I
L_ Santa Ana, Calif. 92707 _I

Model 2302 — A medium- Model 2701 — A moving Model 3182—A small

sized moving head system head system for wiring moving table system with
with dual wiring tools. large panels; also available dual tool heads; also avail-
Single tool head also with dual tool heads. able in a single-headed
available. ' version,

All models are available with either incremental or absolute type numerical control units.
Various options include side loading or end loading bits, remote readout, foot switch control,
wire bins with indicator lights, and card reader input. Product Improvement will also provide
all programming and start-up services you may require.

PRODUCT IMPROVEMENT CORPORATION
A SUBSIDIARY OF CAVITRON CORPORATION
150 E. Stevens Avenue, Santa Ana, California 92707
CIRCLE NO. 49 ON INQUIRY CARD
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NEW PRODUCTS

CORE MEMORY SYSTEM

The ICM-160 is a 4,096-word mem-
ory, available with 8, 12, or 16 bits
per word, and measures 234 by 5 by
9 inches. The system is field expand-
able to other word and bit sizes on a
modular basis. Full cycle time is 1.6
us with an access time of 550 ns

The system is self-contained and in-
cludes an address register, internal
timing and control, sense amplifiers,
and integrated circuit X-Y selection
switches. All logic, addressing, decod-
ing, control, X-Y selection switches and
sensing functions use integrated cir-
cuitry which provides a calculated
MTBF of 40,000 hours.

The memory is both electrically and
mechanically compatible with other
Honeywell Micro-Pac systems, and can
be operated from common system
power supplies. Honeywell Inc., Com-
puter Control Div.,, Framingham,
Mass.

Circle No. 243 on Inquiry Card.

HEX 1-INPUT INVERTER

A Hex l-input inverter, designated
S§G370 series in the SUHL I family
and SG380 series in the SUHL II line,
contains six gates consisting of a single-
input inverting gate with a cascade
pullup output network. Each gate
functions as a NAND element in posi-
tive logic, and each input is protected
by a clamp diode.

Both SG370 and SG380 series are
characterized by high speed at low
power, high noise immunity, and high
capacitance drive. The SG370 circuits
operate at 12 ns typical propagation
delay and 22 mW power dissipation -
per gate function. The SG380 devices
are rated at 6 ns and 22 mW.

The ICs are available in full mili-
tary (—55°C to 4+125°C) or industrial
(0°C to +75°C) temperature ranges,
and are available in 14-lead hermetic
flat pack or dual-in-line ceramic pack-
ages. Sylvania Electric Products, Inc,
Semiconductor Div.,, Woburn, Mass.

Circle No. 236 on Inquiry Card.
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Sounds obvious, doesn't it?

But in too many companies

it justisn't so ... there's no real
room for an innovative person
—and his company—to grow.
The Honeywell Man is expected to

contribute. That's why in 10 years time, -

Honeywell has grown; from 200 to
more than 10.000 people.

Honeywell is large enough to have the
facilities a technical specialist might
want or need, but is small enough that
everyone can make his achievements
known, That's another rare thing about
Honeywell—it's true.

Honeywell is looking for

people who want to get

involved, who will

contribute in the

following areas:

HARDWARE SPECIALISTS

(] Systems Design [J Communications
Subsystems Design [] Peripheral Control
Design [] Processor Design [] Logic Design
(] Maintainability [] Advanced Memory
Design ] Circuit Design (] Diagnostic
Programming [] Design Automation

Please forward your resume-to
Mr. Jack Wermuth.

The Other Computer Company:
Honeywell

200 Smith Street, Dept. CD-5 Waltham, Massachusetts 02154

Opportunities ex:st in other Honeywell Divisions Send
resumes 1o F E Laing. Honeywell, Minneapolis, Minne-
sota 55408 An Equal Opportunity Emplover 87
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® 900 nanosecond full cycle time.
® 300 nanosecond access time.

m Wide operating margins.

® Plug-in modularity.

The MSI-140 is a field tested memory module forming a basic low cost building
block for implementation of custom memory systems. Modularity allows for a
wide range of word capacity/word size configurations.

Address input, data input/output, mode control, and power are supplied
externally via a pc connector (specified by the user), providing maximum system
flexibility with minimum interface cost. Experienced engineering assistance is
available from MSI to support special integration requirements.

Standard memory systems using the MSI-140 are also available. These systems
are plug-in expandable and provide such optional features as internal data and
address registers, timing, power, and self-test.

Specifications
T 4096 x 8, 9, 10
Construction ......... ...l 3 wire, 3D, continuous stack wiring
CYCle TIMe .ot i et i 900 nanoseconds
Address Mode .........oiiniiiiii s Random access
Interface ... ..o e TTL Integrated

WRITE FOR COMPLETE DETAILS IN BULLETIN 140.

AASI

MICRO SYSTEMS INC.
644 East Young St., Santa Ana, California 92705 « (714) 540-6730

CIRCLE Né. 51 ON INQUIRY CARD
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NEW PRODUCTS

DECIMAL DISPLAY UNIT

The DM500 series decimal displays
are self-contained plug-in units. The
DM519 includes a decade counter with
BCD outputs available to the con-
nector as well as the decoder/driver
circuit. The DM529 accepts BCD in-
puts for decoding and display. Com-
puter Products, Inc.,, Ft. Lauderdale,
Fla.

Circle No. 252 on Inquiry Card.

A-TO-D CONVERTER

A series of miniature analog to digi-
tal converters typically measure 2.0” x
2.62” x 2.125” with dc-dc converter.
Final package outline and dimensions
are variable to match individual re-
quirements.

Specially designed for rugged en-
vironmental conditions, the A/D con-
verters will withstand temperatures at
altitudes from sea level to outer space,
from —54° to 100°C; shock of 100 g on
any axis; humidity of 0-95%, relative,
with condensation to 100°F; sine vibra-
tion of 40 G, 50 to 2000 Hz, any axis;
and random vibration of 3.2 g2/Hz to
3000 Hz, any axis.

Available models have resolution
ranges from 6 to 10 bits and are either
bi-polar or uni-polar. Power consump-
tion is 0.5 watts per unit for the high
speed R-2R types, and less than 0.3
watts for high speed current summing
types at 28 Vdc. Radix Telemetry
Corp., Anaheim, Calif.

Circle No. 256 on Inquiry Card.
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COLLINS NEW DATA PROGRAM

Collins’ C-8500 C-System gives users the first com-
pletely integrated system with virtually unlimited ex-
pansion capability.

This new concept in computer applications is creat-
ing exceptional career opportunities for:

DATA COMMUNICATION ENGINEERS (Digital)
Dallas/Cedar Rapids/Newport Beach

To perform advanced state-of-the-art R&D and pro-
duction improvement utilizing microelectronic com-
ponents applied to digital data communication and/
or data processing equipment. Project responsibili-
ties from design through production release. Experi-
ence desired in analog and digital circuit design of
active filters, D. C. amplifier modulators, oscillators,
digital logic and signal detectors. Prime responsi-
" bility would include the use of these microelectronic
components and circuits in the design of digital data
communications equipment. Computer facilities
available for analytical engineering design. Elec-
tronic, mechanical and analytical support groups are
available to assist the system and equipment project
engineers. BSEE or MSEE required. Advanced prepa-
- ration and/or 4 years experience desired.

LOGIC DESIGN ENGINEERS
Dallas/Cedar Rapids/Newport Beach

To perform logic design of fourth generation com-
puter peripheral equipment utilizing the latest
- microelectronic components. Responsibility would
include design through production release. Capabili-
ties should include experience directly related to the

logic design of digital subassemblies for computer

equipment. BSEE and 2 years experience required.

MOS INTEGRATED CIRCUIT APPLICATION &

DESIGN ENGINEERS
Newport Beach

Degree, MSEE preferred. Capable of working with
Collins equipment designs and application of MOS
integrated arrays. Will be responsible for design
and coordination of the fabrication of these circuits.
Experience in digital and logic design required.

Please send resume in confidence to Manager of
Professional Employment, Dept. #100, Collins Radio
Company, Dallas, Texas 75207; Cedar Rapids, lowa
52406 or Newport Beach, California 92663.

an equal opportunity employer

CREATING NEW OPPORTUNITIES

HARDWARE DIAGNOSTIC PROGRAMMERS
Dallas/Cedar Rapids

This position involves diagnostic programming for
factory and field checkout and maintenance of digital
hardware utilized in large multiprocessor computer
systems. Applicants must have the ability to de-
velop hardware test plans, write and document off-
line and on-line diagnostic programs, and assist in
specifying logic required for diagnostic aids. BSEE
degree, plus a minimum of 1 year applicable experi-
ence is required.

MEMORY DESIGN ENGINEERS
Cedar Rapids

Duties will involve the design and development of
high-speed random access memory systems, includ-
ing storage media, internal timing circuits, data and
address buffer register, parity circuits and associ-
ated logic. Requires BSEE degree, plus a minimum
of 1 year applicable experience.

TECHNICAL WRITERS
Cedar Rapids/Dallas/Newport Beach

Duties will involve preparation of original instruction
manuals and documentation for Collins systems used
in both industry and the military. Applicants must
have a strong electronics theory background and
previous technical writing experience. Degree

desirable.

COMPUTER INSTRUCTORS
Cedar Rapids/Dallas/Newport Beach

To develop and teach courses in computer engineer-
ing design aids, MOS logic design and computer
hardware and software. Instructors for engineering
design aids and MOS logic design courses should
have a Science degree and teaching experience.
Software instructors should have a degree, teaching
experience and preferably some programming expe-
rience. Hardware instructors should have a degree
and teaching experience on digital computers. Ap-
plicable experience will be considered in lieu of
degree for the hardware and software positions.

CIRCLE NO. 901 ON INQUIRY CARD
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NEW PRODUCTS

SYNCHROS AND RESOLVERS

A group of short length Size 8 syn-
chros and resolvers, identified as the
990 Series, are 34 inch in diameter and
less than an inch long. These compo-
nents include control transmitters,
control differential transmitters, con-
trol transformers, a transolver, and an
RC type resolver. All are housed in an

envelope having the same basic dimen-
sions, and occupy about 14 cubic inch
of volume. Operating at 400 Hz, all
models with the exception of CX types
require an input voltage of 11.8 V.
CX’s require 26 V. Available in accu-
racies of 5, =+7, or =10 minutes
maximum error from electrical zero,
all operate through a temperature
range of —55°C to 4+125°C, weigh 1.2

‘oz, and exhibit a rotor moment of in-

ertia of 0.6 gm cm2 Kearfott Div.,
Singer-General Precision, Inc., Little
Falls, N.]J.

Circle No. 248 on Inquiry Card.

NEW! LOW COST

DELAY LINES FOR DIGITAL CIRCUITRY

ESC's new Digit-Line series of epoxy molded delay lines
contains 17 different types covering a range of delays from 7
to 1000 nanoseconds. This series exhibits relatively fast
pulse rise time, exceptionally fine pulse fidelity and low
attenuation. Impedance is approximately 100 ohms. Most
important is the versatility of these units due to their fine
resolution taps, or adjustable sections. The smallest unit in
the series is only .490” L x .490” W x .370” H. All of the
units will meet the most frequently encountered military
specifications. ESC's staff of design engineers will also be
pleased to help you solve your-custom delay line and filter
problems. Write today for our comprehensive brochure.

ESC ELECTRONICS CORPORATION

a subsidiary of Simmonds Precision
534 BERGEN BOULEVARD ¢ PALISADES PARK, N.J. 07650 s (201) 947-0400
World’s Leading Designer & Producer of Delay Lines

CIRCLE NO. 52 ON INQUIRY CARD
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FLEX-CABLE CONNECTOR SYSTEM

A flex-cable connector system pro-
vides input/output to wire-wrap panels
and wire-wrap connector frames with
.100 contact centers. A male plug with
flat, flexible cable attached, interfaces
with a receptacle which can be
mounted on a wire-wrap panel or cir-
cuit board and has .025 square wire-
wrap posts which project thru the
panel or circuit board. A female plug
with flexible cable attached plugs onto
the .025 square wrappable posts of
the receptacle, leaving space for 2
levels of wrapped wire after engaging.
Digital Sensors, Inc., Los Angeles,
Calif.

Circle No. 260 on Inquiry Card.

DECODER/DISPLAY SYSTEM

The basic MIDGI-LITE® M Series
is a seven segment, direct viewing in-
candescent tungsten filament (light
bar) display. The light bars have a
design life of 100,000 hours per seg-
ment, or 11 years of continuous data
display. Model MG6-IC eliminates a
separate decoder package. And per-
forms all translation from 8-4-2-1 BCD
code to seven segment display within
the readout head; with a total com-
bined depth of only 3¢".

Design features include: combined
decoder/display power, less than 14
watt; 250 ft. lambert brightness per
segment; six of the coder-lites can be
stacked in less than one square inch-
digital character height is %¢”; mili-
tary specification performance: MIL-E-
5400 Class II. Pinlites Inc., Fairfield,
N. J.

Circle No. 214 on Inquiry Card.
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interested i

SCALING NEW HEIGHTS IN COMPUTER TECHNOLOGY?

Are you slogging along the trail of computer problems you or others have solved
many times before? Would you like to take a crack at advancing the technology of

Computer-Controlled Environmental Simulation

Computers for Controlling Advanced Radar Systems

Fingerprint Minutiae Reader Development

Mixed-Font Character Recognition

Specialized Real-Time Systems Synthesis and Evaluation

Modern Filter-Theoretic Concepts Applied to Radar Target Parameter Estimation
Advanced Assembly Language Programming Applications

360/65 0. S. Management and Systems Programming

Software/Hardware for Special Data Links to 360/65

If so, Cornell Aeronautical Laboratory’'s Computer Sciences Division has the chal-
lenges and the rewards. It doesn’t take a lot of experience or genius. What it takes
is initiative, a problem-solving viewpoint, and the desire to learn and innovate. If
you're interested, get the mud off of your boots and contact CAL.

Electronic Engineers, Mathematicians and Computer Scientists at all degree levels
are needed. Scientific programming experience is particularly being sought.

Write to Mr. H. B. Rentschler
Professional Placement

Cornell Aeronautical Laboratory, Inc.
Box 235, Buffalo, N.Y. 14221

CORNELL AERONAUTICAL LABORATORY, INC.
P.0O. Box 235, Buffalo, N.Y. 14221
An Equal Opportunity Employer
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NEW PRODUCTS

ELECTRONIC BREADBOARDING KIT

An electronic breadboarding kit has
leaf spring contact points which di-
rectly accept component leads up to
0.040 inches in diameter. The S-DeC
measures 414 x 314 x 34 inches and
has 14 independent junctions with 70
numbered connection points. Wear
and tear on components and board
is minimal and fllexibility is a main
feature of the system. Intratec Div.,
British  Aircraft Corp. (USA), Inc,
Arlington, Va.

Circle No. 213 on Inquiry Card.

MINIATURE TORCH

A tiny torch which welds metal
smaller than .002” wire and up to 16
gauge steel, called “The Little Torch”,
uses oxygen and a fuel gas (acetylene,
hydrogen, LP-Gas or natural gas) to
produce flame temperature to 6300°F.
It operates at pressures of 2 to 4 psi,
and uses gas at the rate of .023 to 2.54
cth. The Little Torch is equipped with
five different sized tips which swivel
360° for complete handling ease. The
two smallest tips (#1, #2) have sa-
phire jeweled orifices for extra dura-
bility and precision performance.
These jeweled orifices prevent oxide
contamination in the joint. Instrument
Div., Tescom Corp., Minneapolis,
Minn.

Circle No. 222 on Inquiry Card.

INTERFACING A DRIVE

WITH A COMPUTER?
RESPONSYN® STEPPING MOTORS

OFFER THESE ADVANTAGES..

LOW INERTIA — Basic design eliminates flywheel effect of heavy rotors found in

conventional motors.

HIGH RESOLUTION — Up to 2,000 steps per revolution for small step angle
positioning with a high degree of accuracy.

GREATER RELIABILITY —Simple drive replaces costly and complicated closed-
loop servo systems or mechanical clutch/brake drives.

HIGH RESPONSE RATE — Responds to input signals in less than

one millisecond. Instantaneous start rate of 2,000

steps per second.

HIGH TORQUE CAPABILITY — Peak torques
of up to twice rated capacity can be

handled.

HIGH SYSTEM EFFICIENCIES — Ex-

tremely rapid acceleration and
high torque from low horse-
power drive.
Compatible logic driver cards,
translators and pre-set index-
ers are also available.
FOR COMPLETE DETAILS
WRITE TODAY

USM Corporation
GEAR SYSTEMS DIVISION

101 Balch Street, Beverly, Massachusetts
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CHIP DELAY LINE

NPC series lumped-constant nano-
second chip delay line features typical
clock rates of 10 nanoseconds. De-
signed for printed circuit board mount-
ing with all standard sizes having tap
capability at any or all 2.5 ns incre-
ments, the NPC series also features
low profile packaging (.135 max.).
Length is from .815” to 2.615”, and
width .615”.

The NPC series has a cut-off range
of 125 MHZ, with output ripple 39,
typical, and output overshoot 5%,
typical. This series will meet or exceed
the requirements of MIL-Std 202 for
shock, vibration, temperature, moisture
resistance, life and humidity. Valor
Electronics, Inc., Costa Mesa, Calif.

Circle No. 226 on Inquiry Card.

LOW-SPEED MODEM

The TT-103 data set, a low-speed
asynchronous modem built on a single
PC card, transmits and receives data
up to 300 bps. It is compatible with
the Bell 103. The majority of the
data set is composed of TTL IC logic.
Connector pads are. provided at one
end of the card so that the data set
may be utilized either as a plug-in
unit or hand-wired within a terminal.

The data set may be used to trans-
mit data over either the switched tele-
phone network or via dedicated 3
KHz type 3002 unconditioned tele-
phone circuits. With either facility,
the TT-103 provides -full duplex data
transmission over a two-wire circuit.
To permit the transmission of data on
a dial-up network, the TT-103 has
been designed to operate with the
Bell Data Access Arrangement.

The digital input circuits (for sig-
nals from the terminal to the data
set) are compatible with RS-232B in-
terfaces. The output circuits are com-
patible with IC logic input circuits of
most terminals. Tel-Tech Corp., Silver
Spring, Md.

Circle No. 240 on Inquiry Card.
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Logic Design
Engineers:

Help IBM design
digital systems that
have never been
designed before.

Here’s your chance to get involved in ad-
vanced ground-based digital systems for both
military and commercial customers. In all cases,
these are systems that have never been designed
before.

New Engineering Center

At IBM’s new Communications and Engineer-
ing Sciences Center, near Washington, D.C.,
several high-priority projects are already under-
way. They range from an advanced reservations
system for a commercial airline to highly classi-
fied ground-based military systems. We are also
helping to develop greater mission capability
for the post-Apollo period.

Start-to-finish responsibility

If you qualify, you’d often sit down with the
customer and help work out the requirements
and specifications. Then you’d design the
equipment. Help coordinate the project. Partic-
ipate in the check-out and acceptance of the
equipment. Take part in systems integration.
And, finally, oversee maintenance training.

You should have a degree in electrical engi-
neering, physics or math, with two years’ ex-
perience in logic design, equipment design,
systems engineering—or related digital work.

Why choose IBM?

Today’s major growth industry is information
handling and control. And IBM is a leader in
that field. This growth environment can bring
out the best of your talents and abilities, be-
cause in a growth company like IBM you can
work constantly toward greater achievement.
This means more opportunities to achieve
distinction and personal recognition.

So if you’re a problem-solver who wants a
personal sense of achievement and recognition
for your hard work in an exciting growth com-
pany, consider IBM.

Call or write

If you're interested in working on new digital
systems, call Jim Dunn at (301) 921-7724 collect
any weekday between 9 and 4:30. Or, send a
brief letter or resume to him at IBM Corpora-
tion, Federal Systems Division, Dept. CE1015
18100 Frederick Pike, Gaithersburg, Maryland
20760.

An Equal Opportunity Employer

IBM.



NEW PRODUCTS

MIL-SPEC DIGITAL READOUT

Series 30 DiGIiCATOR® readout
modules are designed to meet various
environmental and performance re-
quirements common to military air-
borne and ground equipment applica-
tions. Character size is approximately
0.3 by 0.2 inches. Lamp characteristics:
20 mA maximum at 5 Vdc, rated life
of 50,000 hours. Available in white or
with red or green filters. Light out-
put from 10 FL to 200 FL with stand-
ard lamps, and up to 1,000 FL with
higher current lamps. Discon Corp.,
Fort Lauderdale, Fla.

Circle No. 267 on Inquiry Card.

A/D CONVERTER

Model ADC 13870 is capable of en-
coding =10V full range inputs into
13 binary bits of data with a minimum
thruput time of 14ps. Successive ap-
proximation measurement is used
which provides a resolution of 1 part
in 8,191 with an accuracy of +0.015%,
of full range. The converter also fea-
tures a low temperature coefficient of
=5 parts per million/°C; full range
input of *£10V, 0 to 10V, or to 5V
standard; 100 megohms input imped-
ance with optional amplifier; serial
and parallel outputs; 71,428 conver-
sions on command or continuous,
Phoenix Data, Inc., Phoenix, Ariz.

Circle No. 266 on Inquiry Card.

Replace paper
tape, delay lines,
drums, etc. with. ..

NEW

DIGI-STORE

Magnetic Tape BUFFER-STORE DS-3

B Independent-asynchronous bi-directional

read and write
N Integrated circuit reliability

B Minimum maintenance. ..
only two moving parts

N Self-contained special interfacing available

Ideal for:

Buffered rate change, data accumulation,
editing, message sorting/routing, and other

data handling applications.

9
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Write today for DS-3 Data

PORTABLE TERMINAL/DATA SET

A completely portable modified
Model 33 Teletype and acoustic data
set has a large range of options which
include: paper tape input-output;
automatic control of paper tape reader
and/or punch; friction or sprocket
feed; automatic form feed; 74 or 88
columns per line; mobile stand; sepa-
rate or built-in acoustic data set pro-
viding originate only or originate/an-
swer mode. Originally developed for
large volume users, the portable units
are now available in single quantity.
ComData, Inc., Niles, Il

Circle No. 223 on Inquiry Card.

EMI FILTERS

A line of miniature EMI filters of-
fer current ratings of .1, .5, 1.0, 5.0,
and 10.0 amperes in 50 Vdc, 100 Vdc
and 200 Vdc configurations. The light-
weight filters are designed to suppress
conducted electromagnetic interference
over a frequency range of 10 KHz to
1 GHz.

The hermetically-sealed units offer
a low dc resistance and a high inser-
tion loss and are designed for operat-
ing temperature ranges of —55°C to
+85°C, meeting applicable require-
ments of MIL-F-15733E. Genisco Tech-
nology Corp., Compton, Calif.

Circle No. 219 on Inquiry Card.
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Causes
an d c u res Based on a 3-part series of articles

in the 1964 September, October,
and November issues of COMPUTER

O' N O l S e DESIGN magazine, this handbook

serves as a practical design guide

i n D | g i t A I for solving one of the major problems
in designing digital systems. The
s y s t e m s author’s emphasis is on practical
tips for eliminating or minimizing
noise — generalized rules are
highlighted throughout the discus-
sion. In Part 1, the forms of noise
that are generated in wiring
backplanes are considered and
standard precautions that should
be taken in systems design are
given. Part 2 covers noise elimination
in digital modules, and Part 3
discusses the control of external noise.

2+

J. PAUL JONES

President
Navigation Computer Corp.
Norristown, Pa.

Y

PART 1

Systems Design Considerations

PART 2
Noise Elimination in Digital Modules

PART 3

Control of External Noise

SEND CHECK OR MONEY ORDER TO: Please send copies
Enclosed is my check for §
Computer Design Publishing Corp.
Baker Avenue 0
West Concord, Mass. 01781

$1.75 per copy

$1.50 per copy on bulk orders
of 11 or more. CITY............. STATE........ ZIP.......



NEW PRODUCTS

RACK MOUNTING CHASSIS

Rack mounting IC panel support
hardware features tilt out frame which
allows access to wire-wrap terminals or
plug-in sockets. Designed to mount in
19 inch panel width RETMA cabinets,
the unit requires 834 inches of panel
height and 3 inches of cabinet depth.
Ventilation is provided in top and bot-
tom flanges of frame and cover panel
(not shown). Tilt out frame locks in
open- and closed positions to allow
insertion/removal of DIP’s and wire-
wrap maintenance when mounted in
rack. Modular Systems Corp., Chestnut
Hill, Mass.

Circle No. 262 on Inquiry Card.

DIGITAL DISPLAY

The DA-3307 Logicator® Electro-
magnetic Digital Display features self-
contained drive and memory for high
speed data acceptance. The Logicator
display provides direct readout of digi-
tal computer signals with back-lighting
for optimum day and night readability.
The readout drum of this miniature
display is electromagnetically posi-
tioned directly from digital computer
level voltage.

Specifically, the DA-3307 accepts
and stores data at microsecond speed,
which means the computer data need
only be present for 10 us while it is
being read into the memory of the
Logicator. Bowmar Instrument Corp.,
Fort Wayne, Ind.

Circle No. 259 on Inquiry Card.

LOW COST,

HIGH RELIABILITY...

WITH MDS
LOW-SPEED
LINE PRINTERS

MDS 4320 Low-Speed
———= Buffered Line Printer

MDS Series 4000 Low-Speed Line Printers.. . with speeds
up to 300 lines per minute . . . are especially designed for
business or scientific applications where low cost, relia-
bility and performance take precedence over ultra-high
speeds.

The *‘heart” of the Series 4000, the MDS 4013 Printer
Mechanism, features a rotating drum, on-the-fly impact
printer with **built-in’’ long life and reliability. The 4013 is
available as a separate unit for integration in your own
system; in the MDS 4320 Console model, with ready strobe
serial buffer; or in the MDS 4300 Console model
(unbuffered).

Ask about these MDS Series 4000 features: Print ham-
mers with MDS Penetration Control ¢ 1 to 6 copies (in-
cluding original) e Tape Control Vertical Format Unit...
up to 12 channels ¢ Automatic ribbon tracking mech-
anism ¢ New Fibre Optics System...only 3 light sources.

Ask for: Folder-file on MDS Series
4000 Low-Speed Line Printers

MOHAWK/ V|

DATA SCIENCES CORPORATION
OEM MIARKETING
122 E. Ridgewood Ave. e Paramus, N.). 07652
Telephone 201/265-7333
Every MDS Office is an OEM Marketing Office
Digital Strip Printers e Buffered Tape Units
High-Speed and Low-Speed Line Printers
Card Punches and Readers
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POWER SUPPLIES

A bench top or system power supply
package offers four supplies in one-half
rack width.

Key features of the Model CPS
400-1 series include current overload
indications, floating outputs, remote
sensing and short circuit' protection.
The CPS 400-1 series output is adjust-
able in each section from 100 mV to
36V., 0 to 1.0 amps. Voltage regulation
specifications are stated at .05%, maxi-
mum or 5 mV under worst case com-
bination of 109, line variations during
no load to full load conditions,

Other specifications include 0 de-
gree C to 50 degree C operating tem-
perature, complete isolation of all
outputs, and current limiting adjust-
able from 109, to 1009, of supply cur-
rent capacity. Recovery time is 0.5 ms
from no load to full load and 5.0 ms
from full load to no load. Weight is
16 pounds and dimensions are 514”
high x 914" deep x 814" wide. Inter-
national Contronics Inc., Sunnyvale,
Calif.

Circle No. 270 on Inquiry Card.

UNI-TUNNEL DIODES

A new version of the Uni-Tunnel®
tunnel diode, identified as the U1001
through U1010 series, are silicon
“backward diodes” which exhibit high
reverse conductance at milliwatt levels.
When biased in the forward direction,
these diodes operate with leakage tun-
neling current of microampere magni-
tude.

Applications include computer logic,
modulators, detectors, clamping and
limiting circuits, and low temperature
coefficient reference voltage.

Furnished in the DO-17 package, all
units are hermetically sealed and have
gold-plated, weldable Kovar. Ileads.
This series is designed to meet or ex-
ceed the environmental exposures of
MIL-S-19500 and MIL-STD-750. Cen-
tralab Semiconductor Div., Globe
Unijon Inc.,, Milwaukee, Wisc.

Circle No. 209 on Inquiry Card.
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NEW PRODUCTS

OPTICAL SHAFT ENCODER

An optical incremental shaft encoder
features a choice of built-in solid-state
electronics. Outputs are generated from
two channels to produce a count which
1is accurate regardless of the direction
of shaft rotation. To optimize perform-
ance, only a single code disc is used
and internal gearing is not employed.

Specifications: Up to 1,000 counts
per turn; Rated speed, 4000 rpm;
Breakaway torque, .05 in..oz; Ambient
operating temperature, 0°C to 70°C;
Size 214 in. dia. by 114 in, long (4 in.
long with all electronic options). Theta
Instrument Corp., Fairfield, N.J.

Circle No. 254 on Inquiry Card.

THUMBWHEEL SWITCHES

A line of lever-action thumbwheel
switches, called Leverwheel, feature an
extended lever that replaces the tradi-
tional thumb indents found in regular
thumbwheel switches.

A single movement of the lever
through its 60° arc is all that’s neces-
sary for a complete 10-position cycle.
The lever feature also permits instant
reset of a complete bank of the Lever-
wheel rotary switches with a sweep of
the hand. A single downward move-
ment returns all the levers to a full
down position with every switch in the
bank returned to zero setting, ready
for easy, quick resetting. Cherry Elec-
trical Products Corp., Highland Park,
I11.

Circle No. 221 on Inquiry Card.

PHOTOELECTRIC TAPE READER

The Model 1220 Photoelectric Tape
Reader offers bidirectional operation
at rates up to 250 characters per sec-
ond asynchronous, 300 characters per
second synchronous, with stop-on-char-
acter capability.

The reader, tape handler, and con-
trol circuity are self-contained in a
single compact unit designed for
mounting in a standard 19” rack. In-
dustry standard tape formats of 5, 6,
7, or 8 levels can be accommodated
without any adjustments to the reader
or spooler. In-line or advanced
sprocket formats can be selected by a
simple mechanical adjustment. Navcor,
Inc, Div. of KDI Corp., Norristown,
Pa.

Circle No. 263 on Inquiry Card.

New Multi-Function
Go-No-Go

Logic
Test
Set

for DTL and
| TTL Systems

dataprobe’s STATUS SEEKER*

Designers Choice

What's best for your logic system design? CAMBION's

Logic Manual tells you all you need to know about CAMBION
DTL, TTL, HTL circuits, full MIL capability, complex functions
all types of cards for use in industrial controls, computers,
A-to-D converters; interfacing instrumentation, and automatic
check-out systems.

"

CAMBION's new Wire-Wrap* Products and Service Brochure
covers our prototype and production wire-wrap activity . . . plus
sockets, cards, files and racks for the designer developing

his own cards. Get these two free catalogs today. Cambridge
Thermionic Corporation, 457 Concord Avenue, Cambridge,
Massachusetts 02138. Phone: (617) 491-5400. in Los Angeles,
8703 La Tijera Boulevard 90045. Phone: (213) 776-0472.

*Registered Trademark of Gardner-Denver Co.

Standardize on

CamBIion:

The Guaranteed Etectronic Components

CIRCLE NO. 57 ON INQUIRY CARD

Model STS-28....$85.00

A compact, lightweight, hand-held
unit for field service operation,
laboratory and production testing.

STATUS SEEKER DOES MORE

= INDICATES Logic Levels, Pulse Trains as
well as Open Circuits

® DETECTS and Latches on Random Noise
Pulses and Level Transitions

® GENERATES Manually Controlled Logic
Level Transitions and 10 KHZ and 2 PPS
Logic Compatible Pulses

*Patent Pending

-z dataprobe,

inc ¥

290 Huyler St., So. Hackensack, N, J. 07606
(201 ) 489-5588

CIRCLE NO. 58 ON INQUIRY CARD
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NEW PRODUCTS

MAG TAPE TRANSPORT

The Model BI 830 tape transport
records incrementally at 1,000 sps and
continuously at 75 ips, with a data
transfer rate of 60 kHz. Data packing
densities of 1600, 800 or 556 bpi are
available. The BI 830 is a single cap-
stan recorder using three heavy duty,
high torque printed circuit motors with
the optical encoder, tachometer and
capstan motor on one rigid shaft. Tape
transport mechanics are mounted on a
machined heavy casting. There are no
mechanical adjustments. The unit is
also available with incremental read
at 400 sps and continuous read at 75
ips.

Continuous speeds are field adjust-
able. All tapes, on 814" reels, are fully
IBM compatible, 7 or 9 track, recorded
with a high density ferrite recording
head. Bright Industries, Inc., San Fran-
cisco, Calif.

Circle No. 253 on Inquiry Card.

2-WIRE STEPPER

A 2-wire stepper motor, Series 31300,
directly converts electrical impulses in-
to discrete angular steps of the output
shaft without need for control logic.
For each impulse the rotor turns 360°;
180° when power is applied and 180°
more when power is removed. No
power is consumed between pulses,
making it ideal for battery operated
systems when power is limited. Only
114 in. diameter by 1%z in. long, the
motor develops 5 inch-grams torque
with 6° step angle at pulse rates up to
15 per second. It has a power input
of 2 watts and is positively unidirec-
tional. Haydon Switch & Instrument,
Inc., Waterbury, Conn.

Circle No. 255 on Inquiry Card.

Our CRT Track-alls
withstand up to

30 times greater

pressure
- and
shock.

Only Librascope’s
2 axes ball to digital or
analog transducers have

rugged construction with an

exclusive bearing arrangement to
withstand greater pressure and greater
shock than any comparable models available.

Librascope offers a wide selection of
Track-balls based upon variations of four
basic designs. Ball sizes range from

1 to 3 inches in diameter. Outputs are

digital or analog. All models are

“coffee proof” sealed and permit
continuous rotation on both axes.

For all specs and application assistance,

write to Librascope Products,
Singer-General Precision, Inc.,
Dept. 10-415, 808 Western
Ave., Glendale, Calif. 91201.

SINGE

LIBRASCOPE

CIRCLE NO. 59 ON INQUIRY CARD
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HIGH SPEED MULTIPLIER

The MPY-10 digital multiplier ac-
cepts a 9 bit 2's complement number
and an 8 bit magnitude number and
outputs a 10 bit truncated 2’s comple-
ment product with a maximum delay
of 250 nanoseconds. No output control
signals are required and interface is
TTL, DTL compatible.

Power requirements are 5 volts @ 1.5
amps. Design specifications for the -
MPY-10 (Z = XY) are as follows: In-
put X, 9 bits including a sign bit,
negative values in two’s complement
form; Input Y, 8 bit magnitude; Out-
put Z, 10 bit truncated product in-
cluding a sign bit; Input levels, 0 <one

<0.8 volts, 2.6 <zero <5 volts; Out-

put levels, 2.5 <one <5 volts, 0 <zero
<0.8 volts; Input loading, 16 mA max;
Output drive, 20 mA min. Unigon In-
dustries, Inc., New York, N.Y.

Circle No. 257 on Inquiry Card.

DIGITAL INTERCOUPLER

Model 210 couples electronic in-
strument outputs to peripheral equip-
ment such as Teletype equipment,
card punches, incremental mag tape re-
corders, printers and line printers and
typewriters. With optional features,
the Model 210 can be used to simul-
taneously drive two output devices
such as a paper and card punch, or a
paper punch and digital printer.

The digital intercoupler is capable
of receiving coded data from standard
measuring equipment—DVMs, coun-
ters, scalers, timers—and translating the
data into computer compatible form
to drive the readout devices.

The intercoupler, which can be rack
mounted, stands 514" high, is 19” wide
and 17”7 deep. Depending on the out-
put device, typical operating speeds
range from 10 characters per second to
1000 characters. Daedalus Computer
Products, Inc., Syracuse, N. Y.

Circle No. 251 on Inquiry Card.
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DECODE DISPLAY MODULE

A decode display module using a 7
segmented neon tube display is avail-
able as a compact module with the
tube mounted on the printed circuit
board. All input and output is on a
rear connector.

Size of the module is 174 x 2114,
and the units can be mounted on a .5”
center. Input is BCD 8421 at typical
IC logic levels.

Key features include: bright, clear,
well-defined numerals; built-in decimal
point in lower right hand position
and a colon in the upper left hand
position; tube width of .5”. Integrated
Circuit Electronics, Waltham, Mass.

Circle No. 228 on Inquiry Card.

DISK DRIVE

The ISS 701, plug-to-plug compati-
ble with the IBM 2841 controller and
data interchangeable with the IBM
2311 disk drive, has an average access
time of 30 ms. It features a 15 second
start-up time and a data transfer rate
of 156,000 bytes per second.

Reliability is substantially improved
over other drives through use of an
electromagnetic actuator and an elec-
tronic  positioning control system
rather than the typical hydraulic and
mechanical devices. In addition, elec-
tronics have been substituted for the
least reliable mechanical parts, thereby
reducing particle generation and head-
to-disk interference.

The 701 utilizes the IBM 1316 disk
pack (or equivalent) as the storage
medium. Each pack has a storage ca-
pacity of 7.25 million bytes. Informa-
tion Storage Systems, Inc., Cupertino,
Calif.

Circle No. 241 on Inquiry Card.

DESKTOP CALCULATOR

The Busicom 162, a desktop 10-key
electronic calculator with two memory
banks can perform decimal placement,
rounding off, accumulation of products
and quotients, square root and squar-
ing, raising to a power, and automatic
constant in all operations. The ma-
chine will also strike a credit balance.

In the event an operator forgets,
the two memories in the Busicom re-
main even though the power is shut
off. Either memory can be cleared or
recalled .at the push of one button.
All operations, which include addition,
multiplication, subtraction, division,
extraction of square root and raising to
a power, are displayed instantly on a
16-digit operating register. Busicom
USA, New York, N.Y.

Circle No. 217 on Inquiry Card.

@
-

NANOSECOND THYRISTORS

The GA200 series of silicon pla-
nar passivated nanosecond thyristor
switches have the following unique
characteristics: rise time of 10 nano-
seconds to 1 amp or 20 nanoseconds to
30 amps; recovery time as fast as 0.5u
secs.; voltage capability of up to 2000
volts with no significant decrease in
speed when “series stringing” circuits
are used; and surge current capability
of up to 50 amps. They are ideal as
drivers for solid state lasers, harmonic
wave form generators, high-level digital
switching, thyratron replacements in
low to medium power radar pulse
modulators, and as reliable replace-
ments for avalanche transistors. They
are available in' TO-18 packages. Solid
State Products, Salem, Mass.

Circle No. 230 on Inquiry Card.

The only impact printer that
gives our optical printers a

run for the
money.

Litton Datalog’s MC 2400 — the 40 line a second,
state-of-the-art printer.

Here's the first impact printer that
approaches our fiber optics print-
ers in speed, reliability and state-
of-the-art design. Engineered to
be uncomplicated, the solid state
MC 2400 offers up to 40 lines per
second, 16 column capacity, truly
asynchronous operation, single
shaft simplicity, and electronically

controlled hammers that actuate
in microseconds.

It's the only third-generation

impact printer. Find out about it
today; call Datalog Division of
Litton Industries, 343 Sansome
Street, San Francisco, 94104,
(415) 397-2813.

DATALOG DIVISION

LITTON INDUSTRIES

CIRCLE NO. 60 ON INQUIRY CARD
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NEW PRODUCTS

HIGH-SPEED DATA MODEM

The AE-96 high-speed bps data modem is capable of
quadrupling the capacity of a 2400 bps voice grade line to
96060 bps. The modem achieves this capacity by means of a
specially developed digital adaptive equalizer which allows
the AE-96 to automatically measure and compensate for the
intersymbol interferences caused by circuit amplitude and
delay distortion which had previously limited high-speed
data transmission on telephone circuits to a maximum of
4800 bps. Initial circuit equalization requires 3.5 seconds.
Thereafter, the adaptive equalizer measures continuously,
and compensates for circuit changes eight times each second.

The AE-96 operates on international submarine cable
and satellite circuits as well as on U.S. telephone lines
and uses a multi-level single-side band amplitude modula-
tion system technique. In its 9600 bps mode of operation,
the modem transmits four bits per cycle of bandwidth by
means of four amplitude levels. A front panel switch pro-
vides an alternative transmission speed of 4800 bps, in
which case two amplitude levels are used.

The Modem meets the RS-23B Interface Standard (full
duplex) of EIA or MIL Standard 188B. The standard power
supply is 115 volts ACx 109, 50-60 Hz, 250 watts. Codex
Corp., Watertown, Mass.

Circle No. 206 on Inquiry Card.

COMPUTER-INTERFACE LINEAR IC

A system-interface ICG designated SN75324, is a 400 mA
core memory driver with logic and decode all in the same
packaging.

The SN75324 features the elimination of transformer
coupling—thus lower user costs—achieved by locating logic
and transistor switching in the same package. The elimina-
tion of transformer coupling also allows complete compati-
bility with TTL circuits.

Another advantage is increased reliability through use
of dual sink/source outputs. Other characteristics include:
typical output saturation voltage, 0.65 V; nominal output
sink or source current, 400 mA; typical average propagation
delay time, 60 ns; and operating temperature range, 0°C to
70°C. Texas Instrument Inc., Dallas, Texas.

Circle No. 208 on Inquiry Card.

NEW 21 BIT SHAFT ENCODER

I 21 Bit Whole Word, Natural Binary Output — .62 Arcsecond Resolution

R Accuracy — better than .4 Arcsecond

IR 'nstantaneous Readout On the Fly — Serial or Parallel
B !solated Mounting Ring — High Accuracy Coupling

The DIGISEC® RA21/150S Optical Shaft Encoder
measures angular position to an accuracy better
than .4 arcsecond standard deviation. This 15
inch diameter encoder develops 2* (2,097,152)
unique binary words in one rotation of the input
shaft. Integrated circuit electronics ancI highly
derated miniature incandescent lamps assure
long life and high reliability. Typica! applications
for this ultra-high accuracy instrument are
tracking systems, theodolites, and inertial
platforms. Incremental models are also available.
Send today for details.

Itek -

CHRISTINA STREET NEWTON, MASSACHUSETTS 02161

ITEK CORI"\\(\)RATION /WAYNE-GEORGE DIVISION

617 969 7300
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HIGH SPEED CORE MEMORY

Model 140 features 900 nanosecond full cycle time and
300 nanosecond access time. Capacity of the module is 4096
words x 8, 9, 10 bits. Address and timing inputs are sup-
plied by the user.

Design features of the Model 140 include: Full, half, and
split cycle modes of operation; random address; party line
data, address, and control line input/output; TTL IC inter-
face; 40 watts average power consumption; 0-50°C operating
temperature range. The unit measures 854” w x 174” h x
1214” d, and weighs 3.5 Ibs.

The MSI-140 may be ordered as a separate memory sub-
assembly or as part of a complete system. Standard memory
systems expandable up to 32K bytes at 900 nanosecond
cycle times, complete with power and [ull range of options,
are available. Micro Systems Inc., Santa Ana, Calif.

Circle No. 261 on Inquiry Card.

PAGE READING OCR SYSTEM

The 200 expandable OCR system reads upper and lower
case alphabetics, numerics, punctuation, and symbols, and
in a single font mode, OCR-A, OCR-B, Elite (10 or 12
pitch). 1403, and Hand-print reading capabilities are avail-
able. In a typical application, the error rate is from 0.0019,
to 0.00089, on a character basis. A flying spot scanner
reads documents at 400 characters per second while it is
held in position by vacuum.

On-line and off-line copy correction capabilities are avail-
able with the 200. If a character is broken or smudged and
therefore unrecognizable, the character in context is pre-
sented on a CRT monitor (with the questionable character
highlighted). The operator strikes the correct letter on a
typewriter keyboard and the information is recorded on
the output device. There is no need for physical retrieval
of the source document. A set of hand edit characters are
read optionally, allowing the user to control source input
from forms and text. Scan-Data Corp., Norristown, Pa.

Circle No. 204 on Inquiry Card.
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ecom 1.0

MEMORY - SYSTEM

,

WE TAKE
TRADE-INS
ON THE
'NEW 1969
‘ecom1.0

v~:1f2$10°°...ior any of these old models

.on the NEW 1969 ecom 1.0 that offers luxurlous features in a 5%4” chassis with up to

8192 words x 18 bits, including these fully powered extras: Full Cycle (1.0 us), Split Cycle,

Byte Control, Power Supply, Address Register, Data Register,
Data Saver, Register Displays and Self Tester.

List Price is $8,300.

STANDARD MEMORIES

I NC ORPORATETD
A Subsidiary of Applied Magnetics Corporation

15130 Ventura Boulevard
Sherman Oaks, California 91403
(213) 788-3010 TWX 910-495-1738

€C0Mm 1.0 is another in the family of Economical Core Memories from the Memory People.
CIRCLE NO. 62 ON INQUIRY CARD
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NEW PRODUCTS

g R

KW OUTPUT

A

thats wnat you get
from Deltron’s new
“hig brute”,

,5\ 1 . \ .' |
G’ \ BB W}
Choose from 720 models that give you the most comprehen-
sive coverage of voltage and current ratings ever to be offered
to the power supply user. Here are just a few features:

% Voltages up to 200 . . . amp ratings to 86.

# Overload protection — adjustable current CUTBAC circuit
reduces voltage and current — protects both power supply
and load — recovers automatically when fault is cleared.

% 0.019% regulation.
& Operates up to 71°C.
# ldeally suited for unattended operation.

i No overshoot on turn on, turn off, or power interruption.

# Multiple stacking through unique design — requires no
external fans.

& Remote sensing.

For more information . . . or to arrange a demonstration,
writeto ...

\\, P
Delftrori inc.

WISSAHICKON AVENUE, NORTH WALES, PENNSYLVANIA 19454
PHONE: (215) 699-9261 TWX: 510-661-8061
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PORTABLE ACOUSTIC DATA TERMINAL

The ADT 233 Acoustic Data Terminal meets the need
of the computer time-sharing user who wants a reliable,
page printer, teletype terminal, with ar without paper type
capability, all in one compact package. The unit is shock-
mounted in a sturdy, light weight fiberglass case with four
wheels for easy movability.

The built-in acoustic data coupler makes extensive use
of digital circuit techniques and integrated circuits, and
incorporates a digital filter, a digital discriminator, an ad-
jacent band energy monitor, and floating acoustic cups.
The terminal will not respond to telephone line or room
noise well above its sensitivity threshold for desired signals.
Error-free operation and high noise immunity are hall-
marks of the Portable ADT 233 design. The case includes
a paper tape reader guide, silent butler chad receptacle,
and carriage lock. Anderson Jacobson, Inc, Mtn. View,
Calif.

Circle No. 205 on Inquiry Card.

DATA DISPLAY TERMINALS

The 2000 series is a System-360 compatible data terminal
that - can display up to 2000 cursive-stroke characters or
graphs. Its capabilities include full editing and a true
typewriterlike tab that can be controlled by the System 360.
This tab permits the operator to move from anywhere on
the screen to the next variable field. To eliminate the
transmission of extraneous blanks, the CPU can be pro-
grammed to begin writing messages at specific display loca-
tions (automatic character addressing).

The 2000 series includes the Model 2020 stand-alone
display and the Model 2030 multi-station version, both of
which use cursive-stroke electron beams to form letters,
numerals and graphs on their P31 phosphor screens.

Series 2000 equipment is completely hardware and soft-
ware compatible with any IBM 360 computer and uses the
same software as the IBM 2848/2260 display. This prevents
disruptions caused by periodic improvements in System 360
programming. It maintains perfect interface with an IBM
2701 teleprocessing data adapter, and can accept or trans-
mit data at 1200 or 2400 bits per second, synchronous or
asynchronous, or any other rate up to 4800 bits per second.
Atlantic Technology Corp., Somers Pt., N.J.

Circle No. 203 on Inquiry Card.
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DATA COMMUNICATIONS ACCESSORIES

Error control for data transmission and automatic an-
swering of remote station teletypewriters are two key fea-
tures of a series of accessories, called Stuntronic Accessories.
The four basic units are designated SA-110, SA-120, SA-130,
and SA-140.

Stuntronic Accessories SA-110 and SA-120 are designed

for systems where data must be transmitted with great ac-
curacy (payroll, order processing, inventory control, etc.).
Both models respond to vertical parity signal errors by
generating timed pulses that activate various displays or
alarms. At the same time they register errors, the SA-110
and SA-120 improve the signal reception by regenerating
signals which have as much as 459, distortion.
. The two other units, the Stuntronic Accessory SA-130
and SA-140, provide complex control arrangements. Their
station selection and response function makes for a cool,
quiet operation in which terminal motors are turned on
only by the calling station or computer. All four compact
Stuntronic Accessory modules are easily installed within
Models 33, 35, 37 and the new high-speed Inktronic termi-
nal equipment. Teletype Corp., Skokie, Il

Circle No. 207 on Inquiry Card.

SYNCHRO TO DC CONVERTER

Model A205 transforms a 3-wire synchro or 4-wire re-
solver input to a linear dc output proportional to the
equivalent input angle. Output is completely smooth over
the entire 360° angular range and is without transients,
even at cardinal points. It is suitable for applications in
servo system testing, general computer use or any other
area where precise angle indication is required.

This miniature converter is all solid state, lightweight,
and features the use of precision multi-tapped toroidal
transformers. The high impedance wide band characteristic
of the transformers eliminate the need for high gain syn-
chro amplifiers with their resulting gain and stability prob-
lems. Consequently, there are no field adjustments required.

Accuracy of standard units is =6 minutes of arc at high
tracking speeds and retains calibration integrity under
voltage and frequency variations as high as 109],. Models
are available for 60 Hz or 400 Hz operation. Dimensions are
4”h x b”w x 5”d, and maximum weight is 4 pounds. Astro-
systems, Inc,, New Hyde Park, N. Y.

Circle No. 247 on Inquiry Card.

Sdays

can do a lot for your next 5 years.

If you're involved in systems and equipment
design, research, production or management
... five days at one of our Seminars may make
your next five years—and many more after that
—much more productive.

More and more key management and high-level
technical personnel from top companies all over
the United States are attending RCA Institutes
Seminars. Just as they are doing, you'll acquire
information and techniques of immediate value
in your work. You will also gain the kind of
knowledge that can help build your professional
standing in the years just ahead.

We believe we can increase your productivity
by providing you with a firm grasp of many of the
latest engineering techniques. Our experienced
staff maintains constant contact with “what’s
happening” in industry. The texts and audio-
visual materials are prepared exclusively by us
for each seminar.

You can attend RCA Institutes Seminars around
the country the year-round. Check your subject
and send along the coupon for your brochure.
Now—uwhile you're thinking about it.

RCA Institutes, Inc. Dept. COM-59
Institute for Professional Development

Box 962

Clark, N.J. 07066

For FREE descriptive brochure, check the Seminar in
which you are interested:

[1 Logic Design
[1 Digital Systems

[ Information Systems
for Executives

Engineering
[ Modern Optics
[ Integrated Circuits
O Reliability of
Integrated Systems

Name

[ Digital
Communications

[ Digital Electronics

[J Numerical Control
Systems

Title

Company.

Address.
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% LITERATURE

Data Media Storage Cabinet

A cabinet designed for general pur-
pose, flexible storage of data media
and computer room paraphernalia is
described in this product sheet. Tab
Products Co., San Francisco, Calif.

Circle No. 304 on Inquiry Card.

Miniature Vacuum Lamps

A 4-page folder features a new system
of customized miniature vacuum lamps
for applications in fiber optic and
photo-sensitive devices. Welch Allyn,
Inc., Skaneateles Falls, N.Y.

Circle No. 311 on Inquiry Card.

IC’s/Discrete Components

This 8-page booklet contains abstracts
of over 50 application reports and
notes related to solid-state devices and
integrated circuits. Texas Instruments
Inc., Dallas, Texas.

Circle No. 3810 on Inquiry Card.

Data Compression Bibliography

Three bibliographies covering the pub-
lished literature on data compression
are combined in a publication en-
titled “A Compendium of Data Com-
pression Bibliography.” Scientific Data
Systems, El Segundo, Calif.

Circle No. 305 on Inquiry Card.

Power Line Assemblies

A series of power line assemblies, de-
signed to shield and eliminate inter-
ference on power lines over the range
of 14KHz to 10GHz, is described in
this  catalog. Genisco Technology
Corp., Components Div., Compton,
Calif.

Circle No. 300 on Inquiry Card.

Century COBOL

A 20-page brochure highlighting
COBOL includes the stages of Cen-
tury COBOL, language considerations,
source configurations, divisions of the
language, compile time and cost per
statement, criteria for evaluating a
COBOL compiler and advantages of
Century COBOL. The National Cash
Register Co., Dayton, Ohio.

Circle No. 325 on Inquiry Card.

104

Delay Lines

Catalog NS-16 provides complete de-
tails and mechanical specifications for
a miniature series lumped constant
delay lines. Engineered Components
Co., Gardena, Calif.

Circle No. 301 on Inquiry Card.

Visual Image Processing

A 12-page color brochure describes and
illustrates visual image processing via
computer-based optical systems. Infor-
mation International, Los Angeles,
Calif.

Circle No. 303 on Inquiry Card.

Instrumentation Recorder

Complete specifications of the AV-
15000R instrumentation magnetic re-
corder are featured in a 6-page bro-
chure. Newell Industries, Sunnyvale,
Calif.

Circle No. 302 on Inquiry Card.

Ribbon Cable/Assemblies

Spectra-Sil flat ribbon cable and har-
ness assemblies made of individual
round conductors insulated with sili-
cone rubber are featured in Bulletin
070. Spectra-Strip  Corp., Garden
Grove, Calif.

Circle No. 308 on Inquiry Card.

High Reliability Transistors

This 74-page catalog describes nearly
400 types of high reliability silicon
transistors  including  specifications,
maximum ratings and electrical char-

acteristics. Raytheon Co., Semicon-
ductor Operation, Mountain View,
Calif.

Circle No. 307 on Inquiry Card.

Power Supplies

New products listed in this 32-page
catalog supplement include the COM-
PAK Mark II integrated-circuit power
supply LC series, the militarized COM-
Pak Mark II MIL-C Series integrated-
circuit power modules and three
power supply assembly systems, Lamb-
da Electronics Corp., Melville, N.Y.

Circle No. 329 on Inquiry Card.

CRT Data-Screen Terminals

Information and specifications for
Series 500 cathode ray tube data-screen
terminals are presented in Catalog 682.
Transistor Electronics Corp., Minne-
apolis, Minn.

Circle No. 321 on Inquiry Card.

Computer Port Selector

A high-speed method of switching to
expand the line-handling capacity of
a time-shared computer is described in
this bulletin. Technitrend, Inc., Penn-
sauken, N. J.

Circle No. 319 on Inquiry Card.

Commercial/Industrial Modems

A Modem Short Form Catalog de-
scribes standard commercial and in-
dustrial data sets (modems) operating
at speeds up to 4800. Rixon Elec
tronics, Inc., Silver Springs, Md.

Circle No. 324 on Inquiry Card.

Information Retrieval System

This 4-page brochure describes the
Model 103 high-speed information re-
trieval system, including hardware re-
quirements and illustrates its many
applications. Computer Corporation
of America, Cambridge, Mass.

Circle No. 306 on Inquiry Card.

PC Board Core Memory System

This bulletin details complete specifi-
cations, memory interface timing, con-
nector pin assignments, and complete
dimensions for ECOM-S a low cost,
random access economical core mem-
ory system. Standard Memories, Inc.,
Sherman Qaks, Calif.

Circle No. 323 on Inquiry Card.

Synchro to Digital Converter

This data sheet describing aerospace
applications and specifications for a
multiplexed synchro to digital con-
verter, contains complete information
on a new concept in analog conversion
featuring a maximum conversion time
of 10 ms for 180 degree change of in-
put angle. Astrosystems, Inc, New
Hyde Park, N. Y.

Circle No. 318 on Inquiry Card.
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Subminiature Lamps/Indicators

A catalog and price list, No. R-690,
describes the “Rodan” range of sub-
miniature lamps and indicator lights.
Inter-Market Inc., Glenview, Ill.

Circle No. 328 on Inquiry Card.

Stuntronic Accessories

How Stuntronic Accessories extend
the capability of data communications
systems is described in this literature.
Teletype Corp., Skokie, Ill.

Circle No. 327 on Inquiry Card.

Process Computer Transmitters

Two four-page, illustrated product
specifications  (E21-17 and E31-17)
cover an electronic transmitter for
differential pressure or for level meas-
urement. Bailey Meter Co., Wickliffe,
Ohio. :

Circle No. 330 on Inquiry Card.

Digital Graphics System

Bulletin 225 describes a high-speed
line printer and ultra high-speed elec-
tronic/microfilm plotting system. Cali-
fornia Computer Products, Inc. Ana-
heim, Calif.

Circle No. 317 on Inquiry Card.

IC Core Memory

Description, specifications and a tim-
ing chart of the Model RGX low-cost
core memory, designed for such appli-
cations as buffer memory in ground-
based and airborne data acquisition
systems, are contained in booklet
CO98. Ampex Corp., Redwood City,
Calif.

Circle No. 316 on Inquiry Card.

10-Key Solid State Keyboard

Mounting dimensions, power require-
ments, output capacity (for each of
the two isolated outputs per switch),
operating characteristics, key spacing,
and key assignments for a solid state
numeric keyboard are included in this
new product sheet. Micro Switch, a
division of Honeywell Inc., Freeport,
I

Circle No. 322 on Inquiry Card.

Alphanumeric/Graphic Display

This data sheet lists all specifications
and discusses features and applications
for a television display system. Data
Disc, Display Div., Palo Alto, Calif.

Circle No. 320 on Inquiry Card.

Military Punched Tape Readers

A series of military punched tape read-
ers are featured in an illustrated eight-
page brochure. Electronic Engineering
Company of California, Instruments
Div., Santa Ana, Calif.

Circle No. 314 on Inquiry Card.

Hybrid Microcircuits

The use of hybrid microcircuits for
light-weight and compact packaging
designs is the subject of a 24-page bro-
chure. Fairchild Semiconductor, Mt.

“View, Calif.

Circle No. 815 on Inguiry Card.

Computer Power Sources

An eight-page illustrated brochure de- -

scribing the advantages of motor gen-
erators for computer power sources in-
cludes photographs and performance
curves. Georator Corp., Manassas, Va.

Circle No. 313 on Inquiry Card.

Switches/Panel Components

This catalog lists an expanded line of
miniature switches, keyboard switches
and push button modules, machined
aluminum knobs, ceramic terminal
strips, readout indicators, pilot light
assemblies and miniature lamps. Alco
Switch, Div. of Alco Electronic Prod-
ucts, Inc.,, Lawrence, Mass.

Circle No. 312 on Inquiry Card.

Scan Converter Tube

A comprehensive 6-page catalog in-
cludes technical features, electrical
data, physical description and per-
formance parameters and application
of a new dual-gun, sub-miniature scan
converter tube, RW-13EM, with high
resolution (up to 1000 TV lines per
target diameter). Warnecke Electron
Tubes, Inc., Des Plaines, Ill.

Circle No. 309 on Inquiry Card.

NEW

from McGraw-Hill

DIGITAL
MAGNEIIE
1061

By DAVID R. BENNION,
HEWITT D. CRANE and
DAVID NITZAN
If you’re designing comput-
ers, amplifiers or other com-
ponents using magnetic core
circuits, you will find this
new book invaluable. It cov-
ersaclass of digital magnetic-
- core circuits that consist of
magnetic components and
interconnecting conductors,
and which offer extremely
high reliability, long life, and
adaptability to special envi-
ronments (e.g. high-intensity
radiation). Part | covers the
development of circuit syn-
thesis techniques and quan-
titative circuit-design meth-
ods. Part Il covers the phy-
sics of the devices and the
development of engineering
models for use in circuit
analysis.
320 pp., 6”x9”, $15.00

At YOUR BOOKSTORE
or Send Coupon for

=10 DAYS FREE EXAMINATION —

McGraw-Hill Book Co., Dept. 23-CD-569
330 West 42nd Street, New York, N.Y. 10036

Send me Bannion et al—DIGITAL MAGNETIC
LOGIC (046995) for 10 days on approval, In
10 days | will remit $15.00 plus a few cents
for delivery costs and local tax, if any, or
return book postpaid.

Name (print)

Address

City State Zip Code
23-CD-569

This offer good in the U.S. and Canada only.
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p Indicator
it

THE CORRECT LIGHT CAN MAKE ALL THE DIFFERENCE.
SI“AN The Sloan Company is totally concerned with the design
WGP E BRW and manufacture of the finest quality indicator lights.
Our in-house facility offers you complete selection —from the world’s
smallest indicator lights to Pee Cee lights with up-front replacement.
If you need an indication...let Sloan light it up — brilliantly.

o ‘ THE SLOAN COMPANY
. '@ 7704 San Fernando Road
@ N @

Sun Valley, California
Phone (213) 875-1123
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You would be surprised how
RCA’s ‘‘plug-in"’ compatibility
makes it easy and inexpensive to
add more memory capacity.
Experience shows thatevery com-
puter soon runs out of memory. If

~your computer has reached this
point, RCA Memory Products Divi-
sion can provide compatible high
speed memory systems for signifi-
cantly less than you would expect
to pay.

RCA offers standard off-the-shelf
memories with cycle time as fast
as 750 nanoseconds and access
time of 290 nanoseconds, capac-
ities of 4K x 4 to 65K x 40. We’'ll
quickly work out the ““plug-in”’
compatibility for you, including
voltage levels, timing and hard-
ware. Simply let us know what
yourinterfacingd requirements are,
and we’ll take .it from there. Or,

we’ll assist you, if you wish to do

CIRCLE NO. 67 ON [NQUIRY CARD

s your compuicr ready {or mMemory expansion?

the job’yourself. ,
An RCA Field Representative will
be glad to discuss your needs. Or,
call or write Marketing Depart-
ment(617-444-7200, Ext. 233) RCA
Memory Products Div., 150 “A”
St., Needham Hts., Mass. 02194,




