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Have a load of data to send? communication provides a better
For quantities like this, over a way. For a look at the rapidly
short distance, your best bet is growing fields of data communi-
probably a truck. But under less cation and digital transmission,
extreme circumstances, electronic see the report starting on p. C1




Thevr
on our shelf

The "special” audio transformers you need
are “"standard” at UTC.

Whenyou're readytospecifytransformers
and inductors, before you turn to costly
specials, check UTC. Chances are there’s
a standard unit that fits your special
electrical and mechanical requirements
exactly.

UTC has over 500 audio types in
stock, ready for immediate delivery. And
UTC engineers are constantly adding to
the line. Microwatts to kilowatts. Less
than ¥4 Hz to greater than 1 MHz.
MIL-T-27 or industrial. Metal-encased or
open frame. Input, output, mixing, match-
ing, modulating, phase shifting, hybrid,

baluns, ring modulator. All in continuous
production for sample or high-volume
requirements.

If the specific unit you need isn’t on
our shelf, we'll tailor a standard unit to
your special requirements—saving the
time and costs of starting from scratch.
Check your local distributor for immedi-
ate off-the-shelf delivery. For catalog,
write: United Transformer Company,
Division of TRW

INC.. 150 Varick TRw
Street, New York, ®

N.Y. 10013. UNITED TRANSFORMER COMPANY
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The Fog Cutter...

Sees through noise! When you need
to cut through the fog of random
noise, use the HP 3410A AC Micro-
voltmeter. This instrument measures
300 nanovolt repetitive signals
buried in noise. You can measure
3 wV to 3 V full scale—with an accu-
racy of 3% —over a frequency range
of 5 Hz to 600 kHz. RMS noise volt-
ages up to 20 dB above full scale
have no effect on readings.
Simply adjust the front panel
tuning control within 1% of signal
frequency and phase-lock circuits

lock-on the input to separate the
signal from the random noise. The
3410A remains locked on an input
signal which has as much as +5%
frequency variation. The phase-lock
circuits accommodate a 0.5%/sec
change in signal frequency, without
a change in voltmeter accuracy.
The meter has two outputs on the
rear panel—one is a dc recorder out-
put for monitoring long-term drifting
ac voltage amplitudes. The other

Ak

Measure 10 mV, 5 Hz
amplitude modulating
1V, 400 Hz.

1 kHz.

Measure
frequency of
signal in noise up
to 560 kHz by
using square
wave output, i.e.
as a counter
preamplifier.
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Measure 300 nanovolts,
10 kHz signal super-
imposed on 10 uV,

output drives an electronic counter
for precise frequency measurements.

Clear the fog out of your low level
repetitive signals. Get full specifica-
tions on the HP 3410 AC Microvolt-
meter from your nearest HP field
engineer. Or, write to Hewlett-
Packard, Palo Alto, California 94304.
Europe: 1217 Meyrin-Geneva, Switz-
erland. Price HP 3410A, $875.

HEWLETT \hp; PACKARD

ANALOG VOLTMETERS

Measure 1 uV,
500 kHz signal out of
40 dB noise.
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3410A AC MICROVOLTMETER
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Put time on your tape for $1495
...al\d l'ead it tOO! New Model 8350 generates and reads

serial time code with unprecedented economy. Enables you to find recorded data at
search speeds up to 250 times the recording speed. Displays real time when record-
ing and recorded time when searching. Takes only half the rack space usually
occupied by generator/readers.

Tapes containing high noise or flutter can be searched reliably, because Model
8350 will disregard as many as three consecutive garbled time frames and will
compensate for brief signal drop-outs.

Systron-Donner produces a complete line of time code equipment built
with modern integrated circuits. Shown in the photo at left are: 1. Digital
clock with BCD output and time stability of 2 parts in 10¢ per month. 2.
Battery-powered time code generator for field use. 3. Model 8350 described
above. 4. Generator/reader with switch selection of six different codes. 5.
Bi-directional tape search control for automatic data location. 6. Precision
generator with time stability of 5 parts in 10° per day.

Send for catalog.

SYSTRON @ DONNER

888 Galindo Street, Concord, California 94520. Telephone (415) 682-6161
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Look What You

Can Do Now With
High Voltage,

10-3 Silicon Power!

That’s right! . . . you can now put standard, inherently-
economical, TO-3 packaged silicon power transistors — the
2N5629-31 series — right to work in high voltage operation
in your rugged, audio/servo amplifiers, inverters, converters,
choppers and switching and series pass regulators.

You can now reduce the size, cost and complexity of
input, output and filtering components without the use of
large, cumbersome — and costly — silicon power stud pack-
ages. Plus, reduce required current and keep your circuitry
more compact, lighter and easier to cool through elimination
of step-down componentry.

Performance? How about: 200-watt power dissipation
. . . 16-ampere collector current . . . 1-volt saturation voltage
... 20 to 100 beta at 8-amperes . . . 140-volt rating!

The 2N5629 series is a nimble switch, too, with fr a
minimum of 1 at 1 ampere and 20 volts. And, there’s no
“punch-through” (second breakdown) in your designs because
Motorola’s diffusion process allows acceptance of high volt-
ages even in the most demanding designs.

The new unit’s operating temperature range extends from
—65° to 200°C, making them ideal replacements for germa-
nium types in today’s “brute power” systems.

Scan these specs on the 2N5629-31 series and its 10-
ampere companion — then contact your franchised Motorola
distributor or the factory about evaluation or production
quantities of either economical, high power silicon transistor!

Write today for new data sheets!

INFORMATION RETRIEVAL NUMBER 248

Highlight Parameters 2N5629, 30, 31 I 2N5632, 33, 34
Polarity NPN

High Veeoaus) 100, 120, 140 V

High Ie(cont. 16 A | 10A

Fast Switching — f @ 1 A/20 V (min) 1 MHz

LowVeepat) @ lc = 10 A (max) 1v 2V

High P, @ 25°C 200 W 150 W

~ whene the priiceless ingnedliont d oane!
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You've Just
Discovered
State-of-the-Art,

50 A Silicon Power
Complements!

And you can now discover how easy it is to put extra per-
formance in — and take the cost and circuit complexity out
of — those rugged, new-design audio/servo amplifiers . . . with
the highest-rated, TO-3 PNP/NPN complements in the busi-
ness: the 60 and 80-volt, 2N5683-86 series!

A pair of these in your designs gives you unprecedented
power in compact, low-silhouette packaging — 300 watts of
DC to 50 amperes! Plus, you realize a higher degree of fre-
quency stability through elimination of expensive, impedance-
matching driver transformers. And you’re ensured lighter,
simpler, less-costly heat sinking in all designs through low
thermal resistance — ©sc of only 1.43 W/°C maximum.

When you’re looking for heavy muscle in switching appli-
cations, there’s no power/speed trade-off with either polarity
.. . at 50 watts, the units furnish a high minimum fr of 2 MHz
minimizing switching losses.

Both series ensure efficient, low-power-loss performance —
1.0 volt maximum saturation voltage at 25 amperes and pro-
vide the capability to swing down in voltage without the loss
of current gain to 2 volts at 25 amperes, important in low
distortion, audio amplifiers.

Motorola’s exclusive EpiBase* die fabrication process
affords minimum user cost while maintaining long-term
reliability and stability.

More than 30 PNP/NPN silicon power complements are
available for today’s cost and performance-conscious designer
from 1 to 50 amperes and 5 to 250 watts . . . they’re immedi-
ately available for evaluation from your franchised Motorola
distributor or in production quantities from the factory!

Write for data now!

INFORMATION RETRIEVAL NUMBER 249

Highlight Parameters 2N5683, 84 2N5685, 68
Polarity PNP NPN
High l¢ (cont.) 50 A

Low Vee(y @ Ic = 25 A(max) 1v

High P, @ 25°C 300 W

Fast Switching — f; @ 5 A/10 V (min) 2 MHz

High hy: @ Ic = 25 A 15-60

*Trademark of Motorola, Inc.

MOTOROLA

Silicon Power Transistors

Motorola Semiconductor Products Inc./P.O. Box 20912/ Phoenix, Arizona 85036
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The wreckless
rechargeable.

Sonotone’s Fastback”battery won’t wreck itself. Even under fast
charging. Over and over and over again.

Sonotone’s new nickel-cadmium sealed
cell is called the Fastback because it
gets back into action fast. In just five
minutes, it gets enough charge to start
a lawn mower or to operate a camera.
So your product goes to work today...
not tomorrow.

The Fastback’s safe, too. In laboratory
tests, it's been deliberately overcharged
for months at the 3-hour rate. Without over-
heating or blowing its top. Even after that,
it delivers full rated output under load.

And there’s no need for expensive,
bulky external charging apparatus. All

INFORMATION RETRIEVAL NUMBER 4

the charging capability is built right into
the Fastback. Already, the Fastback’s
found its place in many consumer prod-
ucts. Should it be in yours? Find out by
writing for full specifications and per-
formance charts. Sonotone Corporation,
Battery Division, EImsford, New York 10523.

CLEVITESONOTONE
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And you can take

your time turning off as well as on.

We weren't satisfied with giving you
just a 120-second time delay. Or merely
providing delay-on relays. So we've
added both delay-off relays and 300-
second relays to a line that was already
the most complete in the industry.

Our solid-state line includes four full-
size models with time delays adjustable
from 0 to 300 seconds; there are delay-
on and delay-off forms in both & 2% and
+ 10% accuracy ratings. '
Delay-on units can be supplied for
remote time-interval adjustment, making

them ideal for use on control panels, or
where space or environment prevent
direct access.

Where size is a factor, select our delay-
on miniature model, adjustable 0 to 120
seconds with & 2% accuracy.

Check our low-cost thermal line, too.
Available in plug-in and panel-mount
models. Rated 2 amps resistive.

Don't delay in ordering our time-delay
units. Call your Cutler-Hammer Sales
Engineer or Stocking Distributor soon.

~UTLER HAMMESR

C
Y

Circle the Reader Service Number below
for our free catalog.

Now we offer the 300-second break.

CUTLER-HAMMER

SPECIALTY PRODUCTS DIVISION. Milwaukee, Wis. 53201
INFORMATION RETRIEVAL NUMBER 5







to perfect performance

- —with Bodine fhp motors and D.C. Motor Controls Now...precise Power/controls for office machines
control of speed, torque and power for every fractional horse- B machine tools B electronic equip-
power need. Motor controls perfectly matched to characteristics of ment M electrical control devices
Bodine’s NSH line of D.C. shunt-wound motors. Or, for just reliable B medical apparatus B commu-
fractional horsepower, Bodine motors available in over 3,500 stan- nications equipment M data pro-
dard catalogued specifications. Plus numerous specials. Virtually cessing equipment M |aboratory
any type, size or rating: 1.45 milli-hp. to ¥4 hp., torques from 0.18 equipment M recording instruments
oz.-in. to 350 Ib.-in., speeds from 0.6 to 10,000 rpm. Also more B inspection and testing equipment
than 330 stock types and sizes. Write for Bulletin. Bodine Electric B musical instruments B scientific
Company, 2500 W. Bradley Place, Chicago, lllinois 60618. apparatus®many other applications.

Bodine Motors Wear Out—It Just Takes Longer

BODINE MOTORS/CONTROLS

INFORMATION RETRIEVAL NUMBER 6
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WE HAVE QUITEA

Match your systems design installation with a
CRT Display custom-ordered to the most narrow
specifications [] The Benrus concept is simple.
You determine the bandwidth and sensitivity re-
quired—as far as 1 mv div and up to 25 MHz
Then select a unit to your rack dimensions and
choose from a virtually endless range of channel
amplifier combinations. Add any number of avail-
able options, such as sweeps, heat dissipators,
screwdriver controls [] The result? A system

designer's dream. .. the disappearance of Instal- s H cn Lo
lation Frustration through unequalled versatility. il
Catalog 802 lists 3110 variations. o

S|SIems

...and a few others for that matter.
RAPROMATIC® oscilloscope camera systems are also available in
building block variations. The Rapromatic film process, applied to any
oscilloscope, permits rapid photography, developing, fixing and imme-
diate viewing of processed film. Provides permanent records of wave-
forms, 24-hour time information, four digit counter readout, or written
data.

The LA-40A Spectrum Analyzer offers systems designers a wide range
of unique advantages...such as dynamic range exceeding 70 db;
simplified, single tuning control; 10 cps resolution; sweep rates and
resolution automatically optimized for calibrated spectrum widths of
0.5 Kc. to 100 Kc.

spedcor electronics, inc.
Lavoie Analab Benrus Instrument Division
70-31 84TH ST., GLENDALE, NEW YORK 11227  212-894-8100
INFORMATION RETRIEVAL NUMBER 8
10

We Nave Hllil_ﬂﬂlllill [or
63100, OUr* DENrus
GRT DISPLAY, for one

ACTUAL SIZE
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- Shaft Encoders, 34 tvnes

- Sunchro-to-Dioital Converters. 6 tvnes
- Analoo-to-Dioital Converters. 10 tvpes
- Solid-State Dioital Modules. 136 tvnes

We call it the DECITRAK® SYSTEM

Selecting from hundreds of off-the-shelf digital
transducers and circuits, we assemble a remarkably

DESIGNERS I  low-cost, customized digital system for control/dis-
PORTFOLIQ play/logging. DECITRAK can perform as simple a job

ON as providing remote digital display of antenna pedes-
DECITRAK tal position. Or, as impressive a task as the precise

control of massive prime movers in response to
punched-card commands.

Need a computer interface? A code converter? A
typewriter driver? Set-point controls? Let a Theta Ap-

% ‘f plication Specialist tailor a system to your specific
INSTRUMENT copp | needs from the field-proven line of DECITRAK digital
. components.

More than 1,000 of these systems are now in use
in nuclear installations, satellite tracking stations,
wind tunnels, and aboard ships.

% INSTRUMENT CORPORATION
FAIRFIELD, NEW JERSEY 07006 - PHONE: 201-227-1700  +  TELEX: 138353

INFORMATION RETRIEVAL NUMBER 9
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Includes copy of
““A Primer on Shaft Encoders”’




The year 1711 was way before Bul-

ova’s time, but what we’re doing with
the fork today is still revolutionary!
Since 1937 we have been advancing
Fork developments and broadening
their application. From time/fre-
quency control to light modulation
and scanning, Bulova continues to
engineer for applications yet to come.
An example of this is our unique line
of light light choppers that provide
long life, low power requirements, and
more efficient handling of light, in a
small, lightweight device.

FORKS

In frequencies up to 20KHz, with ac-
curacies typically #+.02% (up to
+.001% for specialized uses), Bulova
ATP forks provide low cost, small
size, light weight, and remarkable
long-term stability. Bi-metallic or

qual ~
performance, Bulova fork

noted for their low power
drain. For example, the FS-
200, a subminiature fork oscillator
uses less than 8 microwatts! This
same oscillator takes up about %2 cu.
in. of space and weighs in at 1 ounce!
Accuracies are typically +.02%.

BuLova

oscillators are especially

( rgybeams. Two advan-
: ‘tages over motor-drive types—
no wearing parts and no lubrication
needed. Another variation — a tor-
sional fork scanner with a uniform
repeat rate.

Bulova is the source for tuning

forks, fork oscillators and fork light

choppers. Call American Time Prod-
ucts at 212-335-6000, check EEM Sec-
tion 2300 and 3800 or write today!

BULOVA :vierican ive probucTs

Electronics Division of Bulova Watch Company, Inc.
61-20 Woodside Ave., Woodside, N. Y. 11377 (212) 335-6000

Go Bulova, and leave the designing to us!

INFORMATION RETRIEVAL NUMBER 10
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For the engineer whose responsibility is checking out
incoming precision components, the new Fluke 3330
Programmable Constant Current/Voltage Calibrator will
shorten your day and heighten your nights. For the first
time, computer programmed checkout over a wide range
of voltages and currents is available with an off-the-shelf
low priced quality instrument.

The Fluke 3330 is unique. It can be operated in either a
constant current or constant voltage mode. Modes can
be changed without turning the unit off. Voltage range
is 0 to 1000 volts in three ranges with 10% overranging.
Voltage accuracy is £0.005%. Resolution is 0.1 ppm.
Stability is 25 ppm per month. Line and load regulation
are 2 ppm of range. Ripple and noise are less than 50
uVv. Voltage trip is adjustable from 1 v to 1000 v. Output
current is 100 ma in the 10 and 100 v ranges and 50 ma
in the 1000 v range.

In the constant current mode, ranges are 0 to 100 ma
in three ranges with 10% overranging. Accuracy is
*0.01%. Resolution is 1 ppm. Stability is 50 ppm/month.
Line and load are 2 ppm of range. Compliance voltage
is 1000 volts on the 1 and 10 ma ranges and 500 volts
on the 100 ma range.

Crowbar effect through a programmable relay shorts
output to limit voltage while changing loads.

Programmable functions are output range, mode, level
and polarity, voltage and current limit, crowbar, and
standby/operate. Programming time is tens of milli-
seconds. Price is $2,995.

For full details write or call us today.

Fluke. Box 7428, Seattle, Washington 98133.
Phone: (206) 774-2211. TWX: 910-449-2850.

In Europe, address Fluke Nederland (N.V.), P.O. Box 5053,
Tilburg, Holland. Phone: (04250) 70130. Telex: 884-50237.
In the U.K., address Fluke International Corp., Garnett Close,
Watford, WD2 4TT. Phone: Watford 27769. Telex: 934583.

+ > E
4
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PRECISION TESTING
AND CALIBRATION
MADE EASY...

or how the new Fluke
programmable constant
current, constant
voltage calibrator goes
to work calibrating

and testing precision
instruments, semi-
conductors, resistors
and

sub-assemblies.




When You Buy a Power Supply,
Why Not Get the Best?

MFG SER NO. |

MFG PART NO, |

MFG MODEL |
INPUT RANGE 10|

MFG PART NO
MFG MODEL
INPUT RANGE |

| CPS. SINI

INPUT TERM + |
ouTPLT |

@ lames
OUTPUT TERM +| | —|%]
MAX BASE TEMP |

FUSE INPUT @ FUSE INPUT @

JAMPS MAX

BL1D-27.6A
(109,890 Hrs.)

MEG SER NO |

i

@l o james
ouTPUT TERM. + [ [=] |
MAX. BASE TEMP.|

U2DS-22A
(73,585 Hrs.)

MFG SER. NO. [17 0 |

MFG PART NO.[20v. |
MFG. MODEL [5°T 1151 107 ]
INPUT RANGE 1 1T ) LTo
INPUT TRANSIENTS 60V — 01 SEC

:10"
E WAVE 10

OUTPUT TERM. + |
MAX. BASE TEMP.|

FUSE INPUT @] | |AMPS MAX

IAMPS MAX

S3D-115A-400
(61,387 Hrs.)

Abbott’s New Family of 100°C Units—

are designed to operate in the strin-
gent environment required by mili-
tary and aerospace systems — (per
MIL-E-5400 or MIL-E-5272C)
from —54°C to +100°C.
RELIABILITY — MTBF (mean time
between failures) as calculated in the
MIL-HDBK-217 handbook can be
expected in excess of 50,000 hours
at 100°C for many of our power
modules. The hours listed under the
photos above are the MTBF figures
for each of the models shown. Addi-
tional information on typical MTBF’s
for our other models can be obtained
by phoning or writing to us at the
address below.

QUALITY CONTROL — High relia-
bility can only be obtained through
high quality control. Only the high-
est quality components are used in
the construction of the Abbott power
module. Each unit is tested no less
than 4/ times as it passes through
our factory during fabrication —
tests which include the scrutinizing
of the power module and all of its

Please write for your FREE copy of this new
catalog or see EEM (1968-69 ELECTRONIC
ENGINEERS MASTER Directory), Pages
1727 to 1740.

AP XEl transistor I

LABORATORIES., INCORPORATED

5200 W. Jefferson Blvd./ Los Angeles 90016
(213) WEbster 6-8185 Cable ABTLABS

component parts by our experienced
inspectors.

NEW CATALOG — Useful data is
contained in the new Abbott Catalog.
It includes a discussion of thermal
considerations using heat sinks and
air convection, a description of
optional features such as short circuit
protection and remote output adjust-
ment as well as operating hints for
power supplies and a listing of envi-
ronmental testing costs.

WIDE RANGE OF OUTPUTS — The
Abbott line of power modules
includes output voltages from 5.0
volts DC to 10,000 volts DC with
output currents from 2 milliamperes
to 20 amperes. Over 3000 models
are listed with prices in the new
Abbott Catalog with various inputs:

60 to DC, Regulated
400-5 to DC, Regulated
28 VDC to DC, Regulated
28 VDC to 40045, 1¢ or 3¢
60 to 4003, 14 or 3¢

Designer’s
Datebook

JUNE 1969
Sun | Mon| Tue | Wed | Thu | Fri | Sat

MAY 1969
Sun | Mon| Tue | Wed | Thu | Fri.| Sat

Nl 2 s TF2] 9 45 6] ¢

41 5| 6| 7| 8| 9|10 8 91011 [12]13 (14

111213 ]| 14 15(16 |17 15|16 | 17 (18|19 |20 | 21

18 (19|20 | 21| 22|23 |24 22|23 |24 (25|26 |27 |28
25(26| 27| 2829|3031 29|30

TO: Abbott Transistor Labs., Inc., Dept. 67
5200 West Jefferson Blvd.
Los Angeles, California 90016

IS’IIL:ase send me your latest catalog on power
supply modules:

NAME
COMPANY
ADDRESS

CITY & STATE

DEPT..
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For further information on meet-
ings, use Information Retrieval Card.

May 14-16
Spring Joint Computer Confer-
ence (Boston, Mass.) Sponsor:

G-C AFIPS, T. D. Bonn, Honey-
well EDP, 200 Smith St., Wal-
tham, Mass. 02154.

CIRCLE NO. 391

May 19-21
Aerospace Electronics Conference
(NAECON) (Dayton, Ohio) Spon-
sor: G-AES, Dayton Section, J. E.
Singer, 5705 Coach & Four Drive
E., Kettering, Ohio 45440

CIRCLE NO. 392

May 19-22

Imagery in Medicine Symposium

(Ann Arbor, Mich.) Sponsor: ISA

& University of Mich., Ernest E.

Sellers, BSIS Host Chairman, Box

618, Ann Arbor, Mich. 48107
CIRCLE NO. 393

May 26-28

Laser Engineering & Applications

Conference (Washington, D. C.)

Sponsor: G-Ed, G-MTT, W. B.

Bridges, Hughes Res. Lab., 3011

Malibu Canyon Rd., Malibu, Calif.
CIRCLE NO. 394

June 9-10

Chicago Spring Conf. on Broad-
cast & Television Receivers (Des
Plaines, 1Ill.) Sponsor: G-BTR,
N. T. Watters, Zenith Radio Corp.,
6001 W. Dickens Ave., Chicago,
I11. 60606

CIRCLE NO. 395

June 9-11

Int’l. Communications Conference
(Boulder, Colo.) Sponsor: G-Com-
Tech, Martin Nesenbergs, Inst.
for Telecommunications Sci.,, R-
614, Boulder, Colo. 80302

CIRCLE NO. 396
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For the first time, Varian has combined three Pulse-TWT improvements,
illustrated in this cutaway photo, which greatly improve duty cycles
and provide better pulse radar performance: (1) Latest focusing
techniques decrease size and weight. (2) State-of-the-art fabrica-
tion provides better heat dissipation, more reliable environmental
service. (3) Advanced slow wave structures allow higher gain and
efficiency in shorter tubes, with outstanding stability.
Here are some examples of our line, each with at least 50 dB
gain. One standard L-band TWT puts out 5 kW at 5%
duty. An 8 |Ib S-band model delivers 3 kW at 10%, a
5lb C-band tube at 6% duty gives 1% kW. This
capability extends through X-band and Ku-band,
where we have an off-the-shelf 1 kW model
with a 1% duty cycle. And each tube in our
line is broadband enough to cover an entire
radar band. So get what your pulse radar
really needs from any of our more than
30 Electron Tube and Device Group
Sales Offices throughout the world,
or from our TWT Division,
611 Hansen Way, Palo Alto,

California 94303. @

1. Lightweight focusing
2. Improved heat conduction
3. Ultra-stable high gain circuits

-/ reasons we Can

guarantee better radar
performance.




16

For micro-accuracy...
Starrett measures up

When it comes down to the ultimate in measurement control,
or even for fine increments of movement with or without
linear measurement, it’s time for Starrett. Starrett micrometer
heads are precision built to give you the preciseness that

your design requires. Starrett is world-known as the leader

in precision tools. When you just can't afford to be wrong,

be precision-perfect with Starrett.

Starrett micrometer heads are stocked in a wide range of
standard designs, and custom-built heads can be manufactured
for special applications.

Write today for additional information about what Starrett can do
for you to make your design better.

The L. S. Starrett Company,
Athol, Massachusetts.

INFORMATION RETRIEVAL NUMBER 14

INFORMATION RETRIEVAL NUMBER 234 »
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PLUG-IN OSCILLOSCOPES

New Tektronix 560B Series
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TYPE 5618 OSCILLOSCOPE
h

Solid-state, large screen (8 x 10 cm), internal gra-
ticule, dual plug-in oscilloscope defines the new

Type 561B. Use of solid-state components
throughout offers low-heat dissipation for reliable
operation to further expand the performance ca-
pabilities of this oscilloscope. Short-proof cir-
cuitry has been designed into all low-level power
supplies, providing lower output impedance and
minimum signal crosstalk. The addition of a
quick-change line voltage selector permits oper-
ation from any of the following voltage ranges: 90
to 110V, 104 to 126 V, 112 to 136 V, 180 to 220 V,
208 to 252 V, or 224 to 272 V over a line frequency
range from 48 Hz to 440 Hz. The Type 561B cali-
brator accuracy has been significantly improved
in both frequency and amplitude. The 1-kHz fre-
quency is held to +=1%, while the amplitude is
maintained at 1% %.

Total measurement capabilities, through the use
of more than 25 different plug-in units, offer the
user complete versatility in measurement appli-
cations. The dual plug-in unit feature allows con-
ventional displays or X-Y displays with either sin-
gle-trace, dual-trace or four-trace units. Sampling
displays, as well as spectrum analysis and raster
generation, are also possible with the Type 561B.

The Type 564B offers all the advantages of the
Type 561B, plus an added split-screen storage
feature. Greater versatility is thus provided in that
either half of the 8 x 10 cm display can be inde-
pendently controlled, allowing stored or conven-
tional displays on either the upper or lower half.
The contrast ratio and brightness of the stored
displays are constant and independent of viewing
time, writing and sweep rates, or signal repetition
rates.

Automatic erasure, after a preselected viewing
time of 1 to 12 seconds, is added to the Type
564B MOD 121N. Also incorporated is a SAVE
mode which interrupts the automatic erase cycle
and preserves the stored information. Remote
operation of the erase function is also possible
with the Type 564B MOD 121N.

Both the Type 561B and Type 564B have rack-
mounted counterparts that occupy only seven
inches of rack height.

Type 561B .......civiiimniiiirriiineese s $ 560
TYPB BBAB  ..w. v ¢ s wimempiscs 5 s wataisn s & 5 5 ARSE 5 5 5t $ 995
Type 564B Mod 121N ........................... $1150

U.S. Sales Prices FOB Beaverton, Oregon

—~

please open for additional information




ement Capability
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DIFFERENTIAL
PLUG-IN DF BANDWIDTH 1S PRICE
2A63 1 mV/div|DC to 300 kHz | 1.2 us|$ 175
3A3 100 xV/div|DC to 500 kHz | 0.7 us| 850
3A7 1mV/div|DC to 10 MHz | 35ns| 695
3A9 10 uV/div|DC to 1MHz |350ns| 490

Differential operation is useful for measurements be-
tween two above ground points and for cancellation
of in-phase signals such as hum pick-up at the sig-
nal source.

The Type 2A63 is a low-cost DC coupled differential
unit. It provides 1 mV/div deflection factor at a band-
width of DC — 300 kHz. The common-mode rejection
ratio of this unit is up to 250:1.

The Type 3A3 is a dual-trace differential unit with
deflection factors of 100 .V/div to 10 V/div at a con-
stant bandwidth of DC—500 kHz, and up to 50,000:1
CMRR.

The Type 3A7 adds to its capabilities of up to 20,000:1
CMRR and deflection factors of 1 mV/div to 50 V/div,
an internal comparison voltage for use as a differential
comparator.

The Type 3A9, a state-of-the-art differential plug-in,
provides selectable upper and lower frequency limits
from DC to 1MHz, 10 xV/div to 10 V/div deflection
factors, and a CMRR of up to 100,000:1. A separate
current probe input provides AC current readings
from 1 mA/div to 1A/div using available Tektronix
current probes.

TIME-BASE UNITS

PLUG-IN FASTEST RATE MAGNIFIER PRICE
2B67 1 us/div X5 $ 225
3B3 0.5 us/div X5 650
3B4 0.2 us/div X1 to X50 450
3B5 0.1 us/div X10, X100 950

lines normally preclude the need for a pretrigger.

The Type 3S2 and its programmable counterpart, the
Type 3S5, use the new sampling head principle. Both
units are dual trace and will accept any of 6 available
heads: the Type S-1 head is 50-Q input, 350-ps t,; the
Type S-2 head is 50-Q input, 50-ps t.; the Type S-3
head includes a captive probe with 100 kQ, 2.3-pF in-
put impedance, 350-ps t.; the Type S-4 head is 50-Q
input, 25-ps t,; the Type S-50 head is a 25-ps pulse gen-
erator with a 400-mV, 100-ns wide pulse; and the Type
S-51 head provides trigger countdown for stable syn-
chronization from 1 GHz to 18 GHz. When using the
S-1, S-2, S-3 or S-4 heads both the Type 3S2 and 3S5
provide deflection factors of 2 mV/div to 200 mV/div.

Companion sampling time bases are the Types 3T2,
3T5 and 3T77A. The Type 3T2 provides for either
random or sequential sampling with sweep ranges
from 20 ps/div to 100 us/div. The Type 3T5 is a
programmable counterpart of the Type 3S5 and pro-
vides 10 ps/div to 100 ;s/div sweep ranges, as well
as a calibrated sweep delay. The Type 3T77A provides
calibrated sweep ranges of 20 ps/div to 10 .s/div.
Each of these time bases includes a time expander
that provides 10X expansion of the time scale while
maintaining a constant number of dots/div.

Time-base plug-ins are linear sweep generators that
provide a wide range of calibrated time ranges for
accurate time measurements.

The Type 2B67 is a low-cost time base providing cali-
brated sweep speeds from 1 .s/div to 5s/div. A 5X
magnifier operates over the full time base and in-
creases the fastest rate to 0.2 us/div.

The Type 3B3 is used to generate normal and de-
layed sweeps from 0.5 us/div to 1s/div. A 5X mag-
nifier increases the fastest rate to 0.1 .s/div, while
an incorporated single sweep function facilitates pho-
tographic recording of waveforms.

The Type 3B4 features a direct reading magnifier
of up to 50X operating over the full range of 0.2 s/
div to 5s/div and extending the fastest range to 0.05
pns/div. A single sweep function and a calibrated
external horizontal input are also incorporated.

A companion to the Type 3A5 vertical unit, the Type
3B5 operates automatically from 0.1 us/div to 5 s/div.

SPECIAL PURPOSE

PLUG-IN DF BANDWIDTH T: PRICE
3A8 20 mV/div|DC to 3.5 MHz | 100 ns|$ 650
3C66 10 pstrain/div [DC to 5 kHz 70 us| 450

The Type 3A8 provides two operational amplifiers,
each with an open loop gain of 15,000 at DC and an
open loop gain bandwidth product of 10 MHz or
greater.

The Type 3C66 carrier amplifier unit with suitable
transducers allows for measurements as broad as the
mechanical field itself. The Type 3C66 provides cali-
brated deflection factors from 10 pstrain/div to 10,000
pstrain/div at a bandwidth from DC to 5 kHz.




( MULTI-TRACE

PLUG-IN DF BANDWIDTH T PRICE

r

3A3 Dual-Trace [100 xV/div|DC to 500 kHz | 0.7 us |$ 850

3A6 Dual-Trace |10 mV/div|DC to 10 MHz | 35ns| 525

3A72 Dual-Trace |10 mV/div|DC to 650 kHz |0.54 us| 295

3A74 Four-Trace |20 mV/div|DC to 2MHz |0.18 us| 650

Multi-trace plug-ins provide a time-sharing method
of displaying output signals of two or more channels
with a single gun CRT. It may be done in one of two
ways: alternate mode of operation—switching is done
in sequence after each sweep; chopped mode—switch-
ing is done in sequence at a rate not referenced to
the sweep.

The Type 3A3 contains two independent high-gain
differential amplifier channels with FET inputs. Deflec-
tion factors of 100 .V/div to 10 V/div at a constant
bandwidth of DC—500 kHz as well as 50,000:1 com-
mon-mode rejection ratio are features of this plug-in.

The Type 3A6 can be operated in any one of five
modes for variety of single- and dual-trace displays.
The Type 3A6 has 10mV/div deflection factor, 35-ns
risetime and internal vertical signal delay lines.

The Type 3A72 is a general-purpose dual-trace plug-
in featuring 10 mV/div— 20 V/div deflection factor
with DC — 650 kHz bandwidth.

The Type 3A74 provides four separate but identical
channels. Each channel has a deflection factor of
20 mV/div from DC to 2 MHz. An internal trigger signal
can be selected from one of two sources.

SINGLE TRACE

PLUG-IN DF BANDWIDTH T PRICE
2A60 50 mV/div|DC to 1 MHz [0.35us|$ 125
3A5 10 mV/div |[DC to 15MHz | 23ns| 825
3A75 50 mV/div |DC to 4 MHz 90ns| 195

TEKTRONIX PRODUCT REPORT—b560B SERIES

The Type 2A60 is a low-cost general-purpose plug-
in with a DC — 1 MHz bandwidth and decade deflec-
tion factor steps from 0.05 V/div to 50 V/div.

The Type 3A5, an automatic plug-in unit, features
a bandwidth of DC — 15 MHz and deflection factors
from 10 mV/div to 50 V/div in its seeking mode. A
manual control provides additional deflection factors
of 1, 2 and 5 mV/div. Programmable functions include
V/div, input coupling and AC trace stabilization by
contact closure to ground.

Complete Measui
with Tektronix 560

= . o=

SPECTRUM ANALYZERS

: : SAMPLING

The Type‘ 3A75 is a wideband general-pur.pose plug- PLUG-IN DF BANDWIDTH T PRICE

in unit with deflection factors of 50 mV/div to 20 V/ -
div and a bandwidth from DC — 4 MHz 381 Dual-Trace | 2 mV/div|DC to 1 GHz |350 ps|$1,195
. 3S2 Dual-Trace 2 mV/div |S-Series Heads 850
SPECTRUM ANALYZERS 3S5 Program 2 mV/div |S-Series Heads 1,550
PLUG-IN FASTEST RATE MAGNIFIER PRICE
PLUG-IN DF CENTER FREQ PRICE 372 0.2 ns/div X10 $1,000
3L5 10 uV/div | 50 Hz to 1 MHz $1,125 3T5 Program 0.1 ns/div 1,650
3L10 —100 dBm | 1 MHz to 36 MHz 1,275 3T77A 0.2 ns/div X10 700

Spectrum analyzer plug-ins provide a method of study-
ing the energy distribution of a given electrical sig-
nal by plotting relative amplitudes against a frequency
base.

The Type 3L5 operates over a center frequency range
of 50 Hz to 1 MHz and provides accurate spectral and
time-base displays from 10 Hz to 1 MHz. A deflection
factor of 10 xV/div to 2 V/div and a dynamic range
of 60 dB makes the Type 3L5 applicable for vibration
studies, waveform analysis and noise measurements.

The Type 3L10 operates over a center frequency range
of 1 MHz to 36 MHz, with a CW sensitivity of —100
dBm. Calibrated dispersion and coupled resolution
on both the Type 3L5 and 3L10 make frequency
measurements as easy and accurate as time meas-

urements.
\__ _ad

Sampling plug-in units convert the Types 561B and
564B into sampling oscilloscopes. As opposed to con-
ventional or real-time oscilloscopes, sampling oscillo-
scopes do not display a waveform directly but rather
rely on a stroboscopic approach of looking at many
discrete portions of the input waveform to reconstruct
it. Compared with conventional oscilloscopes, sam-
pling provides better sensitivity with risetimes of 25 ps
and equivalent bandwidths of 14 GHz and beyond.
Time scaling, random-noise cancellation and better
overload-recovery capabilities are other advantages
offered by sampling techniques. However, as its name
implies, multiple samples must be taken with the re-
quirement that the input waveform must be repetitive.

The dual trace Type 3S1 is a nominal 50-Q input
unit with a risetime of 350 ps. Deflection factors of

L 2mV/div to 200 mV/div are available. Internal delay




Extra Values .....

CAMERAS

The C-12 and C-27 general purpose trace recording cameras
are suitable for use with the Tektronix 560 series oscillo-
scopes. Both cameras feature lift-on mounting, swing-away
hinging, comfortable binocular viewing, easily-accessible con-
trols, and lens and back options. A special beam-splitting
mirror in the C-12 reflects a portion of the image up through
the viewing tunnel, giving the viewer the impression of a
straight-on view of the CRT. This no-parallax binocular view-
ing is especially desirable when the oscilloscope has an
external graticule.

I o e Pyt $460

ELECTRIC SHUTTER/SPEED COMPUTER

An Electric Shutter/Speed
Computer is available for both
the C-12 and C-27 cameras,
permitting remote actuation of
the camera. It is intended for
use in areas where a large
number of cameras need to be
remotely controlled or when
there is limited access to the
oscilloscope and camera at
the time of use.

C-12-E Electric Shutter Camera ................... $665
C-27-E Electric Shutter Camera ................... $635

SCOPE-MOBILE® CARTS

Type 201 Scope-Mobile® carts feature tilt locking in any one
of nine tray positions. The adjustable tray locks in six 4.5°
steps in the upward direction
and two 4.5° steps in the down-
ward direction from the hori-
zontal axis. A storage drawer
is provided in the Type 201-1
while the Type 201-2 provides
both a storage drawer and a
plug-in carrier.

Type 201-1] o:sm 500005 $130
Type 201=2 ..voesmssns $140

U.S. Sales Prices
FOB Beaverton, Oregon

PROBES

Tektronix offers a choice of voltage and current probes
designed to be compatible with circuit measurement require-
ments. The probes are designed to monitor the signal source
with minimum circuit loading while maintaining waveform
fidelity.

A prime consideration in selecting the proper probe is
the circuit loading effect of the oscilloscope/probe combina-
tion. The probe with the highest input impedance will provide
the least circuit loading. Probe attenuation ratio is also an
important consideration. The oscilloscope must have enough
gain to compensate for the attenuation of the probe.

P6021/134

The P6021 AC Current Probe and Type 134 Amplifier provide
the facility for accurate current measurements over the wide
range of 12 Hz to 40 MHz without breaking the circuit under
test. Used with any plug-in unit having a deflection factor of
50 mV/div, the P6021/134 provides deflection factors from
1 mA/div to 1 A/div.

PBO2ATABA .csiivciom s o v in 5 605 550rm s 408 £ 0% 6558 % & 5 mvs w o $295

P6042

The P6042 DC-50 MHz current probe utilizes a variation of
the Hall effect, offering capabilities for making both high-
frequency and DC current measurements. The P6042 consists
of an amplifier with built-in power supply, six-foot probe cable,
and probe head. Deflection factors from 1 mA/div to 1A/
div are provided when the P6042 is used with a plug-in unit
having a deflection factor of 50 mV/div.

P6042 DC Current Probe . .................cc.co.... $625

To help you select the right probe for your application,
please consult Tektronix Catalog #28 or call your Tektronix
Field Engineer.

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

Tektronix, Inc.

committed to progress in waveform measurement

S31H3IS d09S—1HOd3d 1ONAOHd XINOHIM3L
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PENING

RCA'’s novel approach to Linear Integrated Circuits
Designers can now use ICs and still retain control over the technical aspects of their circuits. It is done by
providing a chip containing all the active elements and omitting the bias and load resistors to provide the

designer maximum application flexibility. An example of this approach is
RCA's transistor array CA3049, a dual independent differential amplifier.
(See schematic) The engineer who is reluctant to convert his discrete designs
over to integrated circuits because of their technical complexity can now
combine the advantages of discrete design with the valuable features of
monolithic construction which provides close electrical and thermal matching

SUBSTRATE (9)
AND CASE

of amplifiers. RCA is now making a complete line of linear arrays, call
them “building blocks" if you like, but remember, they are building blocks with new flexibilities and freedoms
for creative circuit designs. To help you make the transistion to this unique concept, RCA is offering a sampler
kit of linear arrays, QK2202. The kit consists of the following products and literature:

guan. gx%%% Ertongt_:Th giscwzﬂgu AN LITERATURE
ra-High-Gain Wide-Band Amplifier Arrays. A £
2 CA3018A 2 Isolated Transistors & a Darlington-Connected Transistor Pair. Linear Integrated Circuit Manual, 1C-41.
% CﬁgO;Q 2 Isolated Diodes & a Diode “Quad”. Integrated Circuit Product Guide, CDL-820B.
CA3026 Dual Independent Differential Amplifiers (to 120 MHz). Integrated Circuit Mounting & Connectin
3 CA3046 3 Isolated Transistors & a Differentially-Connected Pair. . :egéhni uelsr I(I:E-3gs & &
2 CA3048 4 Independent AC Amplifiers. d e g d
2 CA3036 Dual Darlington Array. Technical Bulletins
g %ﬁggig %Ulltr'a-gast, (Ljowtct?.zf)facita?p? Adattihfgd Di(?dessd0 e Application Notes
ual Independent Differential Amplifiers (to 2). ; i A , ST-395.
2 CA3051 2 Darlington-Connected Diff. Amps with Diode Bias String. e e s

The 23 products listed above sell for 51.70 at these quantities; the literature is worth 6.25. When you buy

the beautifully packaged sampler kit at 37.95, you save 20.00. Any of the Linear Arrays listed above

may be purchased separately. Call any Schweber office for immediate delivery.
Half-priced, half-size General Electric Relay

A plastic-encased, half crystal can size, microminiature relay with grid spaced terminals is now available from

Schweber at less than half the price of the stringent environmental type required for military applications. Model
3SBV will provide top performance in electronic applications where the environmental conditions are such that the
expense of a hermetic seal cannot be justified. 100-pc. price 4.69. Data sheet available. Circle #242.

Sensitron’s PTC Thermistor is here

Semiconductor designers have been looking for a good, reasonably priced, positive temperature coefficient
(PTC) thermistor for a long time. Not the type rated at a couple of hundred ohms, but all the way up to 10K.
Sensitron is now making such a device, and Schweber is selling them. The temperature coefficient of resistance
is 0.79%/°C; the wattage ratings are ¥s and %4 watt. They can be used wherever temperature compensating

and sensing is required, such as amplifiers, power supplies, telemetry, computers, thermometry, and the like.
Data sheet available, and of course, immediate shipment from Schweber stock. Circle #243.

Review of new catalogs: Fairchild’'s Second Generation LICs

A 28-page brochure listing Second Generation linear integrated circuits. Also included are eight pages
devoted to applications of LICs, and another three pages to “Tomorrow’s’” second generation circuits to be
released in the future. Watch out for page markings — they are not on the bottom of the pages as you would
expect, but half way up the page margins; also no holes punched for insertion in loose leaf books. Otherwise,
this is an interesting brochure well deserving of the descriptive cliche: chockful of information. Circle #244.

Theory and characteristics of Phototransistors

This application note from Motorola's famed Information Center will be welcomed by the growing number of
engineers interested in Opto-Electronics. Prices are down, efficiency of devices up, and products available
from Schweber stock. A short history of the photo effect in semiconductors is followed by sections on

"‘Static Electrical Characteristics of Phototransistors’ and ditto for the ““Dynamic Characteristics.” Circle #245.

Monsanto achieves isolation factor of 100 billion ohms

A new photodiode coupled pair — MCD1, offers the designer 5 nanosecond rise and fall times

together with over 3,000 volts isolation between input and output. The IR emitter and companion detector 5
are optically &:oupled through clear epoxy. The unit is then encased in opaque epoxy for maximum dark

resistance. It's ideal for high speed isolated switching and high voltage isolation. Circle #246. ELscTRoMES

4

Latest news on new products and prices from Schweber Electronics, Westbury, N.Y. 11590 (516) 334-7474 . . . Edited by Sam Kass




Sprague Hybrid Circuits
Illustration: 7 x

Look. Look into a 10-bit D-to-A with 2.8 M Hz count rate.

Get 10-bit accuracy with only eight packages. You
get ladder networks, ladder switches, and buffers. Just
add a PC board and the fastest Op Amp you can find.

Only 240 mW total power dissipation. There’s no

Other D-to-A hybrids from 4 bits...

can be made from our standard line of packaged lad-
ders, switches and buffers. Get the high accuracy tanta-

Call Sprague Info-Central (617 853-5000 extension 1969.

Or call your Sprague industrial distributor. He has the 10-bit 2.8 MHz circuits on
the shelf. For complete specification data, circle the reader service number below.
INFORMATION RETRIEVAL NUMBER 15

18

speed/power trade-offs with these new Sprague
Hybrids. And you save space, too. The circuits are in
14” x Y4 and 18" x V4" ceramic flatpacks, for opera-

tion —55 to +100° C.

lum resistor ladder alone, or a complete kit for up to 12
bits. Start your conversion to Sprague hybrids now.

THE MARK OF RELIABILITY
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U.S. military policy is to store gear abroad air. It's creating a need for electronics that

and, in case of trouble, to rush troops in by can be readily mothballed. Page 34.

~ i

Al (’"f‘ e
e [l

j

Overseas semiconductr firms display digital and Vhf/uhf direction finder has 1-degree
linear expertise at Paris show. Page 25. accuracy and 4200 channels. Page 32.

Also in this section:

News Scope. Page 21 . . . Washington Report. Page 41 . . . Editorial. Page 47.
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Wet-sintered-anode Tantalex” Capacitors

Buy the best.
And save money
doing it.

’
Hel'e S how: Select from the broadest
line of tantalum capacitors anywhere. From
Sprague. The lower your temperature

requirement, the lower your cost.

For operation to + 85 C

For operation to + 125 C

J
For operationto 4175 C

Type 145D

Volumetric efficiency up to
210,000 xF-volts per cubic inch.
For use in miniature com-
mercial/industrial printed wir-
ing boards, packaged circuit
modules, and wherever else
cost and space are prime con-
siderations. Elastomer end seal
capped with plastic resin in-
sures against electrolyte leak-
age and lead breakage. Avail-
able in voltage ratings from 6
to 75 VDC.

Type 109D

A superior design that meets
all the basic military require-
ments for capacitors within this
temperature limit. There is no
compromise in quality. Voltage
ratings from 6 to 150 VDC.

For extra large values of
capacitance, use Type 200D
or 202D package assemblies,
which consist of several
109D - type capacitor ele-
ments in a hermetically-
sealed case.

Type 130D

Exceptional electrical stability
due to chemical inertness of
tantalum oxide film to specific
electrolytes used, low diffusion
of TFE-fluorocarbon elastomer
seal, and special aging for
125C operation. Voltage ratings
from 4 to 100 VDC.

Dual temperature ratings of
Type 200D and 202D package
assemblies give you extra
high capacitance values for
+125 C operation.

Type 137D

Proven glass-to-metal hermetic
seal qualifies these outstanding
capacitors for use in satellites,
missiles, and other critical
aerospace applications. They
have greater volume efficiency
than has been previously avail-
able for wet-sintered-anode
capacitors in this temperature
range. Type 137D capacitors
exhibit extremely low leakage
currents. Available in voltage
ratings from 2 to 150 VDC.

INFORMATION RETRIEVAL NO. 821

INFORMATION RETRIEVAL NO. 822

INFORMATION RETRIEVAL NO. 823

INFORMATION RETRIEVAL NO. 824

Select the capacitor type that meets your temperature requirements. That's how
to save money. Specify Sprague Tantalex Capacitors.That's how to get the best.

For complete information on Type 145D Capacitors, write
for Engineering Bulletin 3750 (Type 109D, Bulletins 3700F

and 3700.2; Type 130D, Bulletins 3701B and 3701.2; Type
137D, Bulletin 3703A; Type 200D and 202D, Bulletin
3705B) to the Technical Literature Service, Sprague Electric
Company, 347 Marshall St., North Adams, Mass. 01247,

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS
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INFORMATION RETRIEVAL NUMBER 16

*Sprague’ and ‘(@' are registered trademarks of the Sprague Electric Co.
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Transistor-like device
has fused-in power

Imagine a transistor radio with
batteries built into the transistors
themselves and lasting for the life
of the equipment. And that’s only
a part of the possibilities painted
for a new radioactive device called
the Electristor.

Invented by Daniel E. Speers,
28-year-old director of research for
Danecho R & D Laboratories,
Miami, the device is at present a
laboratory model of a self-powered,
tiny, transistor-like unit that needs
no external power supply. Speers
sees practical devices resulting
from his concept within two or
three years.

Present models have been oper-
ated as amplifiers, oscillators and
detectors, but the power output is
still only on the order of a few
milliwatts, and response is in the
low-frequency ranges.

As described by Speers, the de-
velopmental Electristor is a radio-
active-powered device built in three
layers, on a wafer about the size
of a dime (see figure). The energy

RADIOACTIVE SOURCE SEMICONDUCTOR
(STRONTIUM 90) WAFER (Si OR Ge)
TRANSISTOR-
LIKE JUNCTION

NEGATIVE
CONDUCTOR
(ANTIMONY)

/
// ELECTRON
/ FLOW

LOAD

FEEI VY VR ——

INPUT ~y

~—_—||+—-—+|I||——~w—-6

Basic construction of the Electris-
tor (above) and its equivalent
circuit.

ELECTRONIC DESIGN 9, April 26, 1969

particles released by the strontium-
90 radioisotope break loose cas-
cades of electrons within the semi-
conductor wafer, thus creating
holes and free electrons.

A chip of antimony is fused to
the semiconductor layer because it
is an exceptionally good carrier of
electrons. Some of the electrons
disassociated by the atomic energy
particles reach the junction and
readily pass from the semiconduc-
tor layer, across the junction, and
into the antimony.

When the antimony and the semi-
conductor wafer are electrically
connected, electrons flow from the
former to the latter, completing the
circuit and providing the “battery”
which powers the Electristor.

For amplification, the signal is
applied to the junction, but Speers
declines to disclose, on proprietary
grounds, just how the junction is
modulated.

One of the problems with the de-
vice stems from the fact that it
requires shielding for the radio-
active source, thus limiting its
miniaturization—at least in its
present state. But Speers says he
has developed a thin-film radiation
screen to solve this problem in
practical devices.

Invention of the device is traced
by Speers to research that he was
doing on a photochromic battery.
It was intended to provide power
for areas of the world that have
plenty of sunshine but little eco-
nomic development. The photochro-
mic cell didn’t prove out, but it led
to the Electristor.

Satellite communications
for AF command planes

The Air Force’s Worldwide Air-
borne Command Post—the couple
dozen aircraft that are supposed to
house the nation’s commanding

generals in case ground headquar-
ters are destroyed in an atomic at-
tack—plans to swing over to satel-
lite communications.

The new terminals will permit
communication over thousands of
miles without atmospheric fading
that high-frequency sets are sub-
ject to. The terminals, designated
AN/ARA-64, will operate at 70
MHz with the uhf Les-6 satellite
and the uhf-shf TacSat I tactical
communications satellite. Les-6 is
in synchronous orbit over the equa-
tor west of Chile, and TacSat I is
over the equator a little farther
west.

Prime contractor for the satel-
lite terminals is Electronic Com-
munications, Inc., of St. Peters-
burg, Fla., a subsidiary of Nation-
al Cash Register. It is building 23
experimental terminals for the De-
fense Dept.

The same company helped the
Air Force Strike Command at Mac-
Dill AFB, Fla., build five air-trans-
portable satellite terminals that can
be flown to any trouble spot in the
world.

Talking digital voltmeter
developed in France

Not only are instruments be-
coming automated and more com-
pact. Now they’re even talking.

Schneider Electronique, a major
radio and TV equipment manufac-
turer in France, introduced a talk-
ing digital voltmeter at the recent
electronic components show in
Paris.

It’s only a prototype to prove
the concept, according to a Schnei-
der spokesman, but a number of
companies have expressed interest
in the idea.

The unit, called Digivox, consists
of a standard four-digit Nixie read-
out with a 15-channel tape re-
corder.

Recording is done on a continu-
ous drum wheel that is run by a
synchronous motor. The bed-coded
output of the DVM moves a record-
ing head in proper sequence across
each of the pre-recorded tapes. The
channels contain a spoken numeral
from 1 through 9 plus spare chan-
nels for periods and other vocal
items. The recording head rests on
each channel for about a half sec-
ond, so it takes about 2.5 seconds
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Digital voltmeter talks back

to read out a four-digit number in-
cluding the “period.”

One obvious use for such an in-
strument is in laboratory situations
where the engineer is too far from
DVM to read the display but close
enough to listen to it. It would also
be theoretically possible to inter-
rogate the instrument over a tele-
phone line.

The recording technique could
be used with any instrument with
a bed output, it was noted. The
instrument could sell for less than
$1500, according to a spokesman,
who also noted that the tapes could
be prerecorded in any language.

Collins-Honeywell merger
is under negotiation

Merger discussions between Col-
lins Radio and Honeywell, Inc. have
been brought to light by a joint
statement handed out by Arthur
A. Collins, chairman and president
of Collins, and James H. Binger,
chairman of Honeywell. In it, they
said, “. . . the terms of the trans-
action haven’t yet been arrived at,
and further announcements will be
made as negotiations continue.”

But in line with recent keen
Justice Department interest in
such activity, the merger may be
opposed as a violation of the Clay-
ton Act, according to observers of
the recent maneuvering of Collins
to resist a take-over by the Elec-
tronic Data Systems Corp., a much
smaller Dallas outfit.

In this case, application of the
Clayton Act—which bars mergers
that tend to reduce competition, or
which may result in a monopoly—
might stem from the fact that
while large divisions of Honeywell
are devoted to the manufacture and
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sale of computer equipment and
automatic controls, Collins recent-
ly announced plans to provide com-
puting services and computer-
control-process technology to
industry and government.

The offer of Electronic Data
Systems, a computer-services com-
pany was recently rejected by the
Collins board with a statement to
its shareholders that it was “evalu-
ating a number of other transac-
tions that might have an important
effect on the current situation and
the future of Collins.”

Riderless jeep makes
mine detection safer

Being in the driver’s seat may
be a great feeling—unless you
happen to be riding across a mine-
infested field. To cut down on casu-
alties, the Army is evaluating a
new electronic-controlled mine-
detecting system that would take
its men out of the driver’s seat.

The system consists of a jeep
with a mine detector that sweeps
back and forth in front of it. In-
stead of riding, the driver walks
behind the jeep—as far away as
300 feet. Or he can ride in another
vehicle. From his safe position, he
can start the jeep, engage the
cluteh, shift gears, steer, speed up
or slow down, apply the brakes and
move a searchlight—all with a 12-
pound remote-control transmitter
unit mounted on his chest.

When the magnetic direction unit
in front of the jeep passes over a
mine, the jeep stops automatically,
and the operator hears a beep tone
and sees a light on his control box.

The system, which was developed
by Ryan Aeronautical Co., San
Diego, Calif., can be used with any
convenient vehicle; it isn’t limited
to jeeps.

Computer unit will offer .
self-service parcel post

Within a year, the Post Office
expects to have small computerized
machines that will make possible
self-service parcel post.

Essentially a vending machine
designed for use in small, self-
service post offices, the module is
being developed by Design and De-
velopment, Inc.

of Washington,v

D.C., under a two-year, $250,000
contract.

“The unit is intended to com-
pute parcel post charges under a
variety of assumed customer op-
tions,” says the Post Office’s R&D
director, Dr. Edward M. Reilley.
“The vending machines will be
capable of computing all the dif-
ferent rates from point to point
and at varying package rates.”

Patrons will insert addresses in-
to the computer by push buttons,
and an electronic scale will telem-
eter the weight to the computer.
Because of the limited calculating
required, the computer under de-
velopment is a very small, special-
purpose device with a core memory
of several hundred words, Reilley
says.

The Post Office is looking to the
day when summary outputs from
self-service facilities and additional
computer-directed automatic de-
vices at manned postal stations
would be fed into centralized con-
trol computers.

$2 billion spending seen
for night-vision aids

The $240 million to $300 million
presently being spent annually by
the U.S. military for night-vision
aids may rise to $2 billion over the
next four to five years, according
to a report published by Frost &
Sullivan, a New York market re-
search firm.

The five-year forecast estimates
what will be required to continue
to extend the military’s capability
to fight at night and how much it
will cost.

The bulk of the expenditures
will be for direct-viewing, hand-
held scopes and weapon devices and
for remote low-light-level television
systems.

The purpose of the study is to
provide information to companies
planning to enter the expanding
night-vision aid equipment field.

Data to 3-D pictures

Scientists at Bell Telephone Lab-
oratories have developed a method
for converting equations, statisti-
cal and other data stored in a
computer’s memory into holograms
for 3-D viewing.
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This label of “quality””

EXCLUSIVE HOT MOLDED
RESISTORS
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World renowned for their
conservative ratings and
stable characteristics. Due
to uniformity of production,
long term performance can
be accurately predicted.
With billions of these resis-
tors in service, there is no
known instance of catas-
trophic failure. Rated Y4, %,
¥, 1, and 2 watts at 70°C.
Available in all standard
EIA and MIL-R-11 resis-
tance values and toler-
ances, plus values above
and below standard limits.

CERMET TRIMMERS
Type S and Type Z

Both units are one-turn
trimmers. The Type S is 3&"
in diameter, and the Type
Zis a %" cube. Enclosures
are watertight. Smooth ad-
justment—approaches in-
finite resolution. Tempera-
ture coefficient less than
250 ppm/°C for all resis-
tances and over complete
temperature range. Type S
rated Y% watt at 85°C and
Type Z 1, watt at 70°C. Re-
sistances from 50 ohms to
1.0 megohms.

ADJUSTABLE FIXED RESISTORS
Type R

Type R built to withstand
environmental extremes.
Resistance element and
terminals hot molded into
integral unit with insulated
mounting base. Has step-
less adjustment and is
noninductive. Watertight,
can be encapsulated.
Rated 4 watt at 70°C.
Values from 100 ohms to
2.5 megohms. Tol. +10
and 20%. Type N similar
in construction but for less
critical environments.
Rated Y3 watt at 50°C.

HOT MOLDED POTENTIOMETERS

Type J and Type K

Type J potentiometers
have solid, hot molded re-
sistance element. Smooth,
quiet control. Available in
single, dual, and triple
units, also with vernier
adjustment. Rated 2.25
watts at 70°C. Values to 5
megohms. Type K have
similar construction rated
1 watt at 125°C, 2 watts at
100°C, and 3 watts at 70°C.

HOT-MOLDED POTENTIOMETERS
Type G, Type W and Type L

Type G and W are miniature
controls with solid molded
resistance elements. Only
14" in diameter. Quiet, step-
less operation. Rated %
watt at 70°C. Values to 5.0
megohms. Type G qualifies
under MIL-R-94 for Style
RV6. Type W is a commer-
cial version with the same
characteristics. The Type L
is rated % watt at 100°C.
Can be used at 150°C with
“no load.”

HOT MOLDED TRIMMERS

Type Y

The Type Y single turn
trimmer has a low profile
which easily fits within the
commonly used 34" stack-
ing space. Can be sup-
plied with an optional
thumb wheel for side ad-
justment, or an optional
base for horizontal mount-
ing, or both. Also made with
a handy snap-in panel
mount. Rated !4 watt at
70°C. Resistances from
100 ohms to 5.0 megohms.

HOT MOLDED TRIMMERS
Type F

Type F trimmers are single
turn controls built to with-
stand severe environmen-
tal condition. Adjustment
approaches infinite resolu-
tion. Can be used at higher
frequencies where wire-
wound controls are imprac-
tical. Only %" in diameter.
Rated %4 watt at 70°C.
Usable from —55°C to
+120°C. Available in resis-
tances from 100 ohms to
50 megohms. Various
tapers can be furnished.

METAL-GRID THIN FILM

NETWORKS

A-B metal-grid networks
can provide complex pre-
cision resistive networks on
a single substrate. Simul-
taneous disposition re-
sults in high uniformity.
Tracking to 2 ppm/°C is
normal. Resistances to 2.0
megohms.

Please send for Publication 6024:

Allen-Bradley Co., 1201 S. Second St.

Milwaukee, Wis. 53204. Export Office:

1293 Broad Street, Bloomfield, N.J., U.S.A. 07003.
In Canada: Allen-Bradley Canada Limited.
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The case of
Lockheed vs. Lockheed

. Capacity: 4,096 words x 16 bits.

. Available in 4K by 16 or 18 bits.

« Size: 19”7 % 54" x.18".

. Speed: 900 nanoseconds.

Speed: 1 microsecond. . Random access time: 400 nanoseconds.
Random access time: 450 nanoseconds. . Market Response: Too early to form
Market Response: Excellent. any sort of judgment.

Capacity: 4,096 words x 16 bits.
Available in capabilities of 4, 8,
16K with 8 to 32 bits.

Size: 19 x 77 %x 13",

NhWNR

(-

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

m A Division of Lockheed Aircraft Corporation
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European technology is closing IC ‘gap’

Overseas semiconductor firms display digital
and linear expertise at Paris components show

Ralph Dobriner
Chief News Editor

Though European semiconductor
manufacturers are still considered
a year or two behind the U. S. in
complex MSI and LSI technology,
the “gap” in integrated circuits is
being narrowed. This was the be-
lief at the electronic components
show (Salons Internationaux des
Composants Electroniques et de
I’Electroacoustique), held earlier
this month in Paris.

Despite the assault of such
American giants as Fairchild, Mo-
torola, Texas Instruments and Sig-
netics on the European market,
such major semiconductor firms as
Marconi-Elliot, Plessey, Radiotech-
nique-Compelec, CSF-Thompson,
Siemens and Philips are producing
a line of digital and linear ICs that
are often considered technological-
ly competitive with U. S. circuits.

Marconi-Elliott of England, for
example, is developing complex
MSI custom circuits by means of
computer-aided design techniques.

Stephen Forte, manager of Mar-
coni’s custom IC division, said the
company is experimenting with
beam-leaded ECL devices mounted
on ceramic substrates with a 1.5-
ns speed.

“We will manufacture three mil-
lion ICs this year and six million
next year and are selling every-
thing we manufacture. The tech-
nology gap is definitely eliminated.
The biggest problem we have of
course is to compete with Ameri-
can production efficiency.”

He pointed to a 7-layer screen-
printed thick-film interconnect pat-
tern on a ceramic substrate that
will accommodate 20 chips. “It pays
us to take on specialized custom
circuits in limited quantities,” he
said. “The Americans can’t afford
to do this. They have delivery prob-
lems and often can’t fill orders on

time. But we can.” He added, ‘

“We're perfectly satisfied to be a

<« INFORMATION RETRIEVAL NUMBER 18

number two source in the market.”

Another major British semicon-
ductor supplier, Ferranti, display-
ed a line of DTL circuits with 9-ns
and 15-ns speed, and a TTL family
that is being mass-produced for
Type-1900 computer systems made
by International Computers Ltd.
The company also exhibited a va-

riety of MSI structures, including
a 64-bit memory, an 8-bit shift
register, a digital multiplexer and
a TTL monostable control device
for a memory matrix.

Finally, Plessey, another British
firm, displayed a family of bipolar
and MOS integrated circuits, in-
cluding an MOS driver, MOS shift
registers with up to 64-bit capaci-
ty and a family of standard RTL
circuits.

One of the real attention-getters

Complex microcircuits are designed at Marconi with the company’s Myriad
computer and graphical display system. Simon Bird, senior Marconi engineer,
is viewing a portion of an MOS device that contains some 1500 separate
devices on a silicon chip.
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(Paris components show, continued)
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This 64-bit MOS digital integrated shift register was developed by Radiotech-

nique-Compelec of France.

Handset portion of an experimental all-electronic ‘‘telephone of the future,”
designed by Northern Electric Ltd. of Canada, houses integrated circuits and
thin-film components.
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at the show was the display by
Radiotechnique-Compelec  (RTC),
an independent subsidiary of Phil-
ips and one of the largest semi-
conductor manufacturers in
France.

The company exhibited a line of
DTL logic circuits, including a 5-
bit comparator, 10-bit parity
checker, binary decimal decoder
and 4-bit binary memory. In fast
TTL, the company showed 4-gate,
6-ns circuits which, it says, is
equivalent to Sylvania’s SG and
SM lines.

By the end of the year, RTC
says, it will introduce EECL logic
circuits operating off a single 4-
volt power supply and containing
integrated voltage references in
each circuit. Propagation delays
will be on the order of 2.5 ns.

M. Fontan, an RTC sales engi-
neer, predicted that by 1970 the
company will have developed a line
of MOS circuits including a 64-bit
shift register and 512-bit NDRO
memory.

In the linear circuit area, Fon-
tan said, RTC will within a few
months start production of: an op-
erational amplifier equivalent to
the LM709; a medium-frequency
amplifier with demodulator and
preamp quadrature detector; a
double-differential amplifier for
memory applications and the
Compteur 27 series—an MOS bin-
ary frequency divider that will be
used in electronic musical organs.
The company also plans to manu-
facture linear circuits for the TV
market such as its TAA 470, a
processor that prepares RGB sig-
nals from the luminance and
chrominance signals in color TV
receivers.

Government help scarce

Compared with the massive gov-
ernment-supported R&D funding
of companies in the United States,
most European firms get virtually
no government help. This year, for
example, the British government
doled out the equivalent of only
$15 million to be distributed among
three semiconductor manufacturers
—Marconi, Ferranti and Plessey.

In France, only CSF-Thompson’s
microelectronics facility, Sescosem,

INFORMATION RETRIEVAL NUMBER 19 >
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NEWS

(Paris components show, continued)

The digital multimeter containing an LS| MTOS chip was a hit at the Paris
show. The 2-1/2-pound unit was developed by Schneider Electronique of

France.

is receiving any substantial gov-
ernment aid under a special pro-
gram to develop integrated circuits
for Plan Calcul—a government
scheme to develop a native com-
puter industry.

The military is also providing
some funds to French semiconduc-
tor firms. Among these is RTC,
which is developing 4-bit and 16-
bit IC memories and various other
IC devices for the Service Tech-
nique Telecommunications Air, a
military government agency.

Sescosem (Compagnie Generale
des Semiconductors) now produces
an estimated 150,000 ICs per
month. The company presently
makes some 80 different versions of
DTL and TTL logic. By the end of
this year, it says, it will have
available TTL logic with a 6-ns
speed, 400-mV noise immunity and
using 22 mW per gate.

Siemens AG of Munich, Germany,
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displayed a TTL family that it
says is equivalent to TI's SN74
series. The company plans to start
production soon on a new type of
low-speed (300-ns), 15-volt logic
with high dynamic noise immuni-
ty. Switching speed can be changed
by adding an external capacitor.
Siemens also exhibited a broadband
operational amplifier that it claims
is similar to the 709. The amplifier
has an 82-dB gain when operating
across a 2000-ohm load and can de-
liver up to 100 mA to drive a re-
lay directly.

Though it may take European
semiconductor manufacturers an-
other two years to catch up in MSI
and LSI technology, one French
company, Schneider Electronique,
couldn’t wait. One of the hits of
the show was the firm’s portable
digital multimeter that contains an
LSI MTOS chip. Containing 475
transistors, the chip is enclosed in

a 16-pin, dual-in-line package,
which was custom-designed for
Schneider by General Instruments
Corp. of Europe. The Digitest 500
multimeter performs counting,
logic A/D conversion and some
switching functions.

The unit weighs 2-1/2 pounds
and will sell for about $190. It will
be distributed in the U.S. by Hon-
eywell Corp. sometime in July. The
multimeter has 17 measuring
ranges, a resolution of 100 micro-
volts, 100 nanoamperes and 1/10
ohm. It can be operated off-line or
by eight 1.5-volt batteries.

Francis Barroux, assistant di-
rector of Schneider’s electronics
division, says the company—which
produces some 300,000 TV sets a
year—is studying the possibility of
incorporating ICs in the RF or
audio sections of TV receivers.

Concerning the so-called techno-
logical gap, Barroux noted: “A few
years ago it was a ten-year gap,
now it’s just a year and closing
rapidly.

‘Telephone of the future’

A miniaturized “all electronic
telephone of the future” contain-
ing integrated circuits and thin-
film components was unveiled by
Northern Electric Co. Ltd. of
Canada. The complete telephone
network circuitry is housed in the
handset, which weighs about half
as much as today’s version. A
push-button telephone dial is con-
tained in the underside of the
handset close to the ear piece.

The telephone circuitry develop-
ed by Microsystems International
Ltd. of Canada consists of three
silicon integrated circuits and five
thin-films joined together by a
double-sided flexible printed circuit
board. The ICs are used for ampli-
fying and transmitting, while the
tantalum thin-film circuits are used
for passive components and .con-
ducting paths.

The experimental telephone also
incorporates an ‘“electret” micro-
phone and associated circuitry in
the mouthpiece, which weighs one-
tenth as much as the conventional
carbon type of microphone in use
today. Electronic tone ringing is
also used. mm
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STANDARD RECOVERY
PIV to 600V
Rating 1.5A
Surge  25A

FAST RECOVERY (500 nsec)
PIV to 600V
Rating  1.0A
Surge  20A

ULTRA-FAST RECOVERY (75 nsec)
PIV to 200V
Rating 1.0A
Surge  20A

ELECTRONIC DESIGN 9, April 26, 1969

= 25 amp surge rating

Two bits
says
you've
never seen
alb amp
bridge
this small with

= 75 nanosecond recovery

= PIV’s to 600V

= Controlled avalanche

= Wired or board mounted

= Made entirely with individually
fused-in-glass diodes

= Reasonably priced

Now that you have seen it, don't you want to know more?
First of all, you can get our data sheet, just packed with all
kinds of specs and charts too detailed to put in this ad. Just

circle the reply card now.
Second . .

. if you send us your circuit requirements, we'll

see to it you get the right sample for the job.

And . . . if it's fast action you want, why not call Fred
Swymer collect at (617) 926-0404.
580 Pleasant St., Watertown, Mass. 02172, (617) 926-0404 ‘

UNIT

HERE'S WHAT IT LOOKS LIKE INSIDE

STeT
i

A

== W

TWICE ACTUAL SIZE
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AND HERE'S WHAT IT LOOKS LIKE

HARD GLASS FUSED
TO SILICON SURFACE

i/

TERMINAL PlNé METALLURGICALLY
BONDED DIRECTLY TO SILICON

INSIDE THE INSIDE

With the silicon die
metallurgically
bonded between
terminal pins of

the same thermal
coefficient, the

hard glass sleeve is
fused to the entire
outer silicon surface.
Result — a voidless,
monolithic structure.







We make

Everybody hates failures in
their electronic gear. It’s just that
some guys hate failures a little bit
more than others.

These are the guys that we
try to please.

At Corning, we make our re-
sistorsand capacitors to perform
like your whole system depended on
them, because many times it does.
We build an extra measure of per-
formance into all our components
to let you build extra reliability
into the equipment you design.

Take our precision tin oxide
resistors, for example. They’re the
best of the metal film class. Because
the resistive tin film is completely
oxidized and molecularly bonded
to the glass substrate, our tin oxide
resistors are impervious to moisture
and environmental degradation.
No other resistor can deliver the
same stability and reliability over
load life. They offer guaranteed
moisture resistance across all
ohmic values to set a standard of
reliability that can’t be matched by
metal film, wire wounds, carbon
comps or metal glaze resistors.

After a recent 56-day-long heat

ELECTRONIC DESIGN 9, April 26, 1969

components for
guys who cant
stand failures.

test in an environment of extremely
high humidity, our tin oxide re-
sistors showed a resistance change
of just 0.2 per cent. And in an
ambient temperature test—now in
its ninth year—not one of the 600
tin oxide resistors being tested has
exceeded a resistance change of
1.5 per cent.

Take our glass capacitors. The
U.S. Air Force has found that our
glass capacitors have much better
stability and much higher insulation
resistance than the ceramic, mica
and the other capacitor types they
tested. That’s why glass capacitors
are designed into so many major
aerospace and missile projects.

And we've got something to
offer when economy and value are
the prime considerations. We've
developed the Glass-K™ capacitor to
give you the volumetric efficiency
and economy of monolithic ceramic
capacitors, but with the much
improved stability and reliability
that only a glass dielectric can add.
In resistors, our tin oxide resistors
already offer long term economy
over metal film, precision wire
wound and metal glaze resistors.
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Our new C3 resistors, in addition to
giving you a small case size, compete
costwise with carbon comps.

Another important Corning
development is the flame proof re-
sistor. These resistors can with-
stand overloads of up to 100 times
rated power without any trace of
flame. And because they open under
overload, they provide protection
for the rest of the system.

At Corning we make compo-
nents for guys who can’t stand
failures. Guys like your most impor-
tant customers. Guys like you.

So, next time you’re designing a
system, reach for your CORNING®
capacitor and resistor catalogs

and call your local Corning
authorized distributor for off-the-
shelf delivery. They’ll help you
design-in an extra measure

of performance.

If you don’t have our catalogs,
ask your Corning distributor for
copies or drop us a line at: Corning
Glass Works, Electronic Products
Division, Corning, New York 14830.

CORNING

EflsE DGR @SN @SS
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NEWS

Instant DF aid for combat pilots in trouble

Say an Air Force combat pilot
is in trouble. He’s lost and needs
directional guidance, or his jet has
just flamed out and he wants to tell
the nearest base where it can find
him after he bails out. Ground sta-
tions, using the best direction-find-
ing equipment available today,
have 10 vhf and 10 uhf channels
available at any one time to receive

equipment undergoing tests at Otis
Air Force Base, Cape Cod, Mass.,
they will have 4800 channels.

When zeroing in on aircraft with
present DF networks, the best ac-
curacy ground stations can hope
for today is 6 degrees. With the
new equipment, accuracy improves
to 1 or 2 degrees.

With present gear, the aircraft

such calls of distress. With new trace appears briefly as a line of
13 16
VHF  UHF
s, e,
UHF
ANTENNA DATA DISPLAY Augl']?,
COMMUTATOR RECEIVER PROCESSOR AND ———
CIRCUITS WHE, CIRCUITS CONTROL
DIGITAL
(560 kHz PULSES) SIGNALS TO
REMOTE
COMMUTATOR CONTROL SIGNALS STATIONS

1. New Air Force pseudo-doppler DF equipment scans 16 vhf and 16 uhf
dipoles electronically. Outputs are applied, through coaxial lines, to receiver,

processor and indicator circuits.

2. Antenna system for AN/TRD-24 DF equipment. At top, 16 uhf and, at
bottom, 16 vhf dipole elements. Antennas are scanned in the mast and outputs
fed through single coax to receiver.
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bearing on an oscilloscope tube and
then fades—sometimes forever.
The new DF gives the bearing as
a digital readout and then stores
it automatically in a memory; it
can be recalled indefinitely, even
after but one distress call.

The vastly improved equipment,
called AN/TRD-24 DF, is a
psuedo-doppler set that can be
taken any place in the world and
be put into instant operation. In-
stead of the plug-in, crystal-con-
trolled channels that the old sets
use, it employs a digital frequency
synthesizer with finger-tip control.

Developed by Cook Electric of
Morton Grove, Ill., for RCA, Bur-
lington, Mass., the new DF set is
part of the Air Force’s instant air
traffic control central—designated
AN/TSW-7, with RCA the prime
contractor (see “Light Air-Traffic
Tower Turns Strip into Airport,”
ED 4, Feb. 15, 1969, p. 22).

The AN/TRD-24 is called a
pseudo-doppler set because its 16
vhf and 16 uhf dipole antennas are
scanned electronically, in contrast
with the original Adcock DF set
with a mechanically spun dipole.
The electronic scanning is at the
rate of 560 times a second.

The inherent bearing accuracy
of the equipment is *1 degree,
and 90 per cent of the readings
fell within 1 degree during recent

operational tests in cooperation
with the Federal Aviation Ad-
ministration. FAA requirements

call for accuracy of =6 degrees
in zeroing in true north and =*10
degrees throughout the rest of the
azimuth bearings.

Alexander Kelley, project engi-
neer in the Air Force Command
Electronic Systems Div., says the
digital readout memory, which al-
lows a controller to recall the posi-
tion of an aircraft on the numeri-
cal display, is the single most
valuable combat feature of the new
equipment, With it, it will be pos-
sible to locate downed pilots with-
out continual use of beacons and
radars, which can also be pinponted
by the enemy. mm
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62568 DC POWER SUPPLY
HEWLETT+PACKARD  0-10V 0-204

CROWBAR...?

VOLTAGE ="

AMPERES

FINE

The One Inside is FREE

Not so many years ago, the prudent transmitter engineer
discharged a high voltage capacitor bank by dropping a
shorting ‘“‘crowbar’ across its terminals. Today’s “crow-
bar” is a protective overvoltage circuit found on DC
power supplies — usually at extra cost. Now HP in-
cludes a crowbar as standard on its recently updated
series of low-voltage rack supplies . . . at no change
in price.

Long established as preferred system supplies for
component aging, production testing, and special ap-
plications, these supplies have now been redesigned
and expanded to meet the stringent demands of today's
power supply user. Advantages include low ripple
(peak-to-peak as well as rms), well-regulated constant
voltage/constant current DC with outputs to 60 volts
and 100 amps.

Where loads are critical and expensive, the extra pro-

HEWLETT @ PACKARD

PO WE BRI SEUTPRPA HESS

Circle # for details 326

tection — say, against inadvertent knob-twiddling —
from a crowbar is invaluable. On all internal crowbars
in this series, the trip voltage margin is set by screw-
driver at the front-panel.

Pertinent specifications are: triggering margins are
settable at 1V plus 7% of operating level; voltage ripple
and noise is 200 xV rms/10mV peak-to-peak (DC to
20 MHz); current ripple is 5 mA rms or less depending
on output rating; voltage regulation is 0.01%; resolu-
tion, 0.25% or better; remote programming, RFI con-
formance to MIL-1-6181D.

Prices start from $350. For complete specifications and
prices, contact your local HP Sales Office or write:
Hewlett-Packard, New Jersey Division, 100 Locust
Avenue, Berkeley Heights, New Jersey 07922 or call
(201) 464-1234 . . . In Europe, 1217 Meyrin, Geneva.

Additional data sheets available upon request

CROWBARS

A Technical
Discussion

LAB SERIES

smaller package,
lower power,
optional crowbar

327 328 329

1969 Power
Supply Catalog

— includes total
HP power supply line.
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FOR ‘DUAL-BASED’ DEFENSE:

Mothball and fast-haul electronics needed
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Equipment, to be stored in allied lands or carried
by airlifted Gls, must be small, rugged and reliable

ELECTRONIC DESIGN 9, April 26, 1969

John F. Mason

Military /Aerospace Editor
With photos and on-the-scene
reporting by Thecla

There was trouble in Bavaria’s
Black Forest. Six-thousand ‘“ag-
gressor” troops had bivouacked near
the Czechoslovakian border. Hos-
tilities threatened. After a quick
but careful study, the commander
of the U. S. forces in Germany
asked the Pentagon for help.

That was the hypothetical prob-
lem posed by the military leader-
ship late in January. And the troop
maneuvers that followed were a
unique test of elecrtonic gear.

For a ‘“dual-based” defense—
heavy equipment stored in allied
countries with U.S.-based troops
ready to be rushed to the trouble
spot by plane—is shaping up as the
new policy. This will forestall a
dollar drain while the nation con-
tinues to honor its treaties with
allies throughout the world.

Electronic equipment from now
on must be more transportable
than ever—small, rugged and re-
liable, and it must be built to lie
moth-balled for months, or even

vears, and still operate when
needed.
When even bigger transport

planes are in operation, such as
the C-5, perhaps less equipment
will have to be stored abroad and
more of it carried over by air.
The January maneuvers involved
16,000 men from bases across the
the U. S. plus thousands of other
GIs in West Germany. The alarm
that sent them into action was part
of a procedure worked out in ad-
vance, to the smallest detail.

American forces in Germany
pulled tens of thousands of tons of
equipment out of mothballs—
radios, radars, missile site gear,
tanks, trucks. The equipment had
been stored by U. S. troops last
vear before they returned to the
States. Now, packed on trains and
trucks, the supplies were sent off
to the “battle” area, near the vil-
lage of Grafenwoehr.

Airlift to ‘battle’

Meanwhile in the United States,
Army troops and Air Force sup-
port personnel, along with 180 tons
of equipment, were loaded on 63
Air Force C-141 jets at scattered
bases. They were flown to McGuire
Air Force Base, N. J., where the
planes refueled. From there, they
hopped to Nuremberg. Trucks took
them to Grafenwoehr.

The movement consisted of
12,000 Army men and four tactical
fighter squadrons. To support F-4
fighter planes, 3500 Air Force per-
sonnel went over in the C-141
transport planes.

The exercise, called Reforger I
(for Redeployment of Forces in
Germany), lasted six days in the
field. It was a logistic nightmare,
but it worked.

“The big equipment—such as
radars, our fm AN/VRC-12 ve-
hicular radios and our big a-m
radios—were stored in Germany,”
Lt. Col. Harold B. Phillips, signal
commander for the 24th Infantry
Div., told ELECTRONIC DESIGN. “We
brought our multi-channel radio
telephone and teletypewriters over
with us.”

Asked whether there was any
difference in the condition of the

Against a backdrop of burning napalm, U. S. and Ger-
man pilots staged Europe’s biggest chopper exercise.
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Tens of thousands of tons of radars, communication and train to the ‘‘battle’” zone near the Czechoslovakian
units, tanks and trucks traveled 150 miles by convoy border. An unexpected thaw turned roads to mud.

AN /TPS-44 search radar, built for the Air Force 407L

Radar operations van, AN/TSQ-61, for the Air Force AN/
air control network, is operating satisfactorily.

TPS-44 search radar, includes five videos, remote controls.
36

ELECTRONIC DESIGN 9. April 26. 1969



equipment that was stored and the
equipment that was flown over,
Colonel Phillips said: “Very little.
A few of the AN/GRC-26 and -46
a-m radios were slightly damaged
by moisture and mildew, but this
was caused by a faulty shelter. We
also found a few wires and tubes
broken in these radios, but the
reason for this is that they're big
radios, not solid-state, and they
perform a lot of functions.

“They require high power. They
have several receivers and tele-
typewriter equipment. Crypto-
graphic devices have to be installed
on-line. And it just isn’t easy to
get everything going at once.

“We are looking forward to a
new series of a-m radios, the
GRC-106. These will be solid-state
and also provide us with single
sideband capability.

“We took 20 MRC-69 vhf radio
telephone terminals with us and
pulled seven out of mothballs in
Germany. All 27 worked well.

High-powered illuminator radar, (Hipar) illuminates enemy aircraft with elec-

“The VRC-12 series operated
with no problem whatsoever.”

One sergeant, interviewed while
using the VRC-12 vhf, fm vehicu-
lar radio in a chilly tent near
Grafenwoehr, wasn’t all praise:
“The audio connectors are too
small; they’re not rugged enough,”
he said. “The old radios we had
had more rugged speakers and con-
nectors. The ceramic materials
break in cold weather. Maybe they
should be made with rubber.”

The sergeant had another com-
plaint. The antenna connector and
the relay are built together. If a
small insulator inside the connector
breaks, the entire relay has to be
replaced. “It would be better,” he
said, “if the connector were tied
to the relay by a coaxial cable.”

It wasn’t all bad

The sergeant liked the fm

radios, though, because they had
a tone-operated squelch. “This is

e .y “Ts

tromagnetic radiation on which the ground-to-air Hawk missile can home.
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an improvement,” he said, “over
noise-operated sets. This way you
don’t have to listen to the tube
noise all the time.”

A Pulse Acquisition Radar, used
with the Hawk ground-to-air anti-
aircraft missile to detect enemy
planes at medium altitude, was
stationed high on a hilltop to scan
the skies—as well as to watch the
Czech border, which was lined with
equally watchful Soviet troops. The
operator said the Raytheon radar
worked well, except that “fog con-
densation on the antenna dripped
down into the radar, causing cir-
cuits to short.”

“What we need,” he said, “is a
waterproof radome.”

One thing this operator liked
was Bite (for built-in test equip-
ment). “I live by it,” he said. “It
shows me when something is going
wrong before it happens.”

Another radar used was the Air
Force’s AN /TPS-44 search model.
A year ago, this part of the 407L
air-transportable, tactical air con-
trol system was under test at Eglin
Air Force Base, Fla. (See ‘“Air
Force Getting War Network That
Can Travel,” ED 6, March 14, 1968,
p. .25),

At Grafenwoehr the radar, with
its collapsible 10-by-16-foot dish
antenna, was mounted on a 2-1/2
ton truck on a hill near the Hawk
radars. Alongside it was its TSQ-
61 radar operations van.

An operator in the van noted:
“We have remote control capability
for the radar so we can watch it
either here or in the communica-
tions van. We have communications
for dialing any channel we wish.
We have two scopes.

“And while the theoretical range
is 275 miles, we usually put it on
the 40-to-80 mile range for close
air support work with the forward
air controller. We turn the aireraft
over to him when he can see it.

“The radar maintenance shelter
is on another 2-1/2 ton truck, but
one generator and a power distri-
bution unit handles both vans.”

Did he like the TPS-44?

“It’s a good piece of equipment,”
the operator said. “At first it took
too long to erect, but now we can
do it in five minutes. We can have
the whole unit operational 35
minutes after we get to a site.”

At Eglin a year ago the goal
was one hour. mm
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Introducing pulling.




As opposed to pushing
and swearing a lot.

obvious.
ead of fighting your way
gh the back of a connector,
fou start from the front.
Our new Pull-Thru gun is the most
vious thing we've ever invented.
nd probably the longest overdue.
Here’s how it works.
You insert the Pull-Thru
barrel into the contaet'cavity from
the front and cock the trigger.

This activates a mechanism at the
- end of the barrel which grips the
contact body.

You whip it through and it’s
locked in place.

Simple enough?

It covers sizes 16, 20 and 22
contacts and has interchangeable

tips to handle either sockets or pins.

And it doesn’t work only on our
own connectors. You can use it on any
brand that features a similar retention
system.

We figure you'll be able to wire
connectors at least four times faster
than you used to.

Not to mention the language you're
going to clean up.

For pricing and delivery schedules
write Hughes Connecting Devices,
500 Superior Ave., Newport Beach,
California 92663.

If it’s happening in connectors,
it probably started at Hughes.

| HUGHES |

HUGHES AIRCRAFT COMPANY
CONMECTING DEVICES
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General Electric introduces a faster, more convenient
and less costly technique for production line encap-
sulating and potting. And the RTV's used in the process
are as tough as any previously available.

Called the RTV-800 series, the new liquid silicone rub-
bers do not need a catalyst to activate them, so no
premixing is needed.

They cure at temperatures ranging from 200°F to
450°F, so pot life is far longer than is customary with
RTV's. A typical deep section cure would be one hour
at 300°F. For really rapid cure, components can be
preheated and dipped into the RTV.

These three new products are supplied in both opaque
and clear grades, with viscosities ranging from very
pourable to pourable. They can be blended with
one another to suit your particular encapsulating job.

For more information about these new encapsulating
RTV silicones (they also make good short-run molding-

Now. He

no-mixing,

materials), write Section 300, Silicone Products Dept.,
General Electric Company, Waterford, N.Y. 12188.

TYPICAL PROPERTIES :
Uncured RTV-815 RTV-830 RTV-835
Color Clear Beige Beige
Consistency Easily Pourable Easily
pourable pourable
Viscosity, cps 3500 200,000 8000
Specific Gravity 1.02 1.28 18y
Solids, % 100 100 100
Shelf Life, months 4 4 4
Cured, =1 hr. @ 150°C RTV-815 RTV-830 RTV-835"
Hardness, Shore A 35 50 35
durometer
Tensile Strength, psi 700 800 500
Elongation, % 150 250 200
Tear Strength, Ib/in. 15 100 20

GENERAL @3 ELECTRIC

: t-curing,

igh-strength
RTVsi ’ cones.




Saturn, workhorse in space

Military space funds hold, despite cuts

After all the pluses and minuses in
Defense Department budget requests for
military space programs are totaled, the
final figure appears to remain something
well over $2 billion. In recent testimony
before the Senate Armed Services
Committee, Defense Secretary Melvin

R. Laird made the following changes:
the Air Force Manned Orbiting
Laboratory program was cut $20 million,
and planned launches were reduced from
seven to six (the revised total is now
$525 million) ; and the Air Force
Satellite Early Warning Detection
System was first increased $93 million
and then cut back $50 million. Other
military space programs remain largely
untouched.

Military interest in unmanned
satellites seems to be increasing,
according to the evidence.

In addition to the existing Navy
Navigational Satellite System, the Air
Force strategic and tactical satellite
communications systems—and its highly
classified SAMOS (Space and Missile
Observation Satellite) and MIDAS
(Missile Infrared Detection and
Surveillance) programs, a number of
other efforts are under way. One,
dubbed Project 417, is believed to be
an RCA-built surveillance satellite
based on the design of the weather
satellites, but its mission is unclear.
Another is Air Force Project 949, a
new Integrated Early Warning
Surveillance Satellite under development
by TRW, Inc. Aerojet General is
providing the first principal sensor
package, probably infrared. A third
undertaking, Air Force Project 920A,
may or may not be directly associated
with SAMOS, but it is a GE-produced
photo reconnaissance satellite. (The
original SAMOS was labeled Project

< INFORMATION RETRIEVAL NUMBER 23
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WASHINGTON BUREAU

720A and was built by Lockheed
Aircraft.)

Several other programs are under study
and may see active development within
the year. One, which may be related to
Project 417, is an Air Force plan for a
synchronous weather satellite system
that could provide data required by other
Air Force surveillance satellites.

Another, alluded to by Secretary Laird,
may be related to Project 949. Emphasis
in this effort would be ocean surveillance
using high-resolution radar to detect
enemy surface craft and sea-launched
missiles. A third is a satellite-to-
satellite data relay system to speed up
observational data from other surveillance
satellites to main Air Force data-
reduction centers.

New Department of Oceanography?

Last month Rep. Claude Pepper (D.-Fla.)
introduced a bill (H.R. 9482) to establish
a Dept. of Oceanographic Services with
Cabinet-level status. His intention,
Pepper said, is to centralize maritime

and marine interests now being carried
out by 11 separate agencies within the
government. ‘“Not one of these agencies
functions in any substantial part for the
total interest of a national marine science
policy,” he declared.

Under the Pepper bill, the department
would be headed by a Secretary, with
four Assistant Secretaries—one each for
Merchant Marine, Exploration and
Resource Development, Marine Fisheries,
and Port and Harbor Development. The
new department would be made up of
most of the existing agencies now related
to maritime and marine sciences and
operations.

The Pepper bill spells out its message
clearly. For example, in his Declaration
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Washington
nenorlCONTINUED

of Purposes and Policies in Section 2 of the
bill, he states ““. . . the development and

improvement of the capabilities, performance,

and efficiency of vehicles, equipment and
instruments for use in exploration,
research, surveys, the recovery of
resources, and transmission of

energy in the marine environments is
an integral and prerequisite part of the
national effort and is worthy of maximum
encouragement.”

Group studies mining-rescue techniques

The National Academy of Engineering,
under a $75,000 contract from the U. S.
Bureau of Mines, will perform a study
to determine how different technologies
might contribute to reduce fatalities in
mining disasters. The chairman of the
newly formed Academy Committee on
Mining Rescue and Survival Techniques
is Walter R. Hibbard, Jr., vice
president for R&D at Owens-Corning
Fiberglas Corp. and a former director
of the Bureau of Mines.

The Committee, says NAE president
Eric A. Walker, will concentrate on
improving rescue techniques and
increasing the workers’ prospects for
survival. The group, declares Walker,
will consider the use of technological
resources from a variety of fields, such as
space exploration, deep-ocean
submergence, telecommunications,
seismology and civil defense.

TV radiation still a problem

Although much of the noise accompanying
last year’s hearings on the Radiation
Safety Act has subsided, and the

act was passed, considerable concern
still exists about the hazard of X-ray
emissions by color TV sets.

The confused situation today is
reflected in three public statements
made last month. The U. S.
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Radiological Health Center near
Washington announced its studies
indicate that TV manufacturers have
reduced X-ray emissions on all sets
presently produced to a level well
within safety tolerance. The Suffolk
County, N. Y., Health Department
released a report revealing that 20 %

of home color TVs in that area were
found to radiate X-rays at hazardous
levels. Through a press release, Rep.
Benjamin Rosenthal and Rep. Edward Coch
(both D-N.Y.) castigated the Federal
Trade Commission and the Public Health
Services for their failure to act on
existing unsafe home TVs. In letters to
each agency, the congressmen asked
whether or not gauges might be

built into new TVs and made available
to owners of older sets to detect
hazardous X-ray levels.

Several months ago this columnist
talked with officials of the

newly formed Advanced Research Corp.,
headquartered in Washington. That firm
has developed and is now marketing
a simple radiation detector called
Ray-Alert, which is available for

$3.95 at drugstores and supermarkets
throughout much of the country.

The manufacturers claim that the
Ray-Alert is the next thing to

being “idiot proof.” The small, flat,
triangular plastic unit is provided with
three legs having adhesive footpads
that permit installing the device on

the center of the TV faceplate, five
centimeters from the surface. Contained
in the center of the unit is a square,
flat crystal of calecium fluoride,

doped with a manganese phosphor. The
crystal is sealed in with a 1/16-inch
film of polypropylene, which

serves as a spectral filter to X-rays.

To test the set, the instrument must
remain on an operating TV for

exactly ten hours. It may then be
removed, the legs dismantled, and the
instrument mailed to Advanced Research
Corp. for analysis of the erystal.

The laboratory service is a part of the
Ray-Alert purchase price, and results
are returned to the user within

two weeks. Using the National Radiation
Council safety limit of 0.5 mR

per hour, the analysis shows only
whether the set is or is not operating
safely. The firm claims an absolute
error factor of =10%.
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" The first plug-in unit that
transforms an existing
scope into a curve tracer—
at Y2to '3 the cost!

U-Tech plug-in

Model 681: $595.00*.
For use with Tektronix
560 series Oscillo-
scopes.

U-Tech plug-in

Model 682: $615.00*.
For use with Tektronix
530, 540, 550, 580 se-
ries Oscilloscopes.

U-Tech Console
Model 683: $625.00*.
For use with any X-Y
Oscilloscope.

“Prices apply to purchases &
US A fob

Now you can expand your present Oscilloscope to include

curve tracer capabilities. U-Tech plug-in and console units
enable any X-Y Oscilloscope to display the dynamic char-
acteristics of both NPN and PNP transistors, N Channel and
P Channel junctions, FETs, MOS-FETs, bipolars, unijunc-
tions, diodes. tunnel diodes and SCRs.

So, if it wasn’t in the budget before, now it can be, and
even if you were planning for a curve tracer, you can now
buy two, possibly three, of these units for the price of any
other characteristic curve tracer.

Ask your distributor about these U-Tech curve tracer
units or order direct.

BB oS em o e cms mw omm e OTU TR SEs e G B SDE G S e SEm G e =S o mm o e e —— =

: u T A Division of Industnal Physics

1 L and Electronics Company

§ 4190 South State Street, Salt Lake City, Utah 84107

!

1 [ Yes. send me curve tracer model

: _Enclosed is: [[]Check [JP.O. []Billme []Send literature
: Neme Title S
1

1 Company Name

: Company Address

1
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SIDELIGHTS OF THE ISSUE

Our woman in Germany

Thecla, whose dramatic
photographs of Exercise
Reforger I begin on page
34, was ELECTRONIC DE-
SIGN’s freelance repre-
sentative in Germany when
the U. S. military staged
its giant preparedness
games in late January.

Thecla Haldane of New
York City—she uses only
her first name profession-
ally—has had pictures in
several national magazines
including Life, Fortune,
National Geographic—
and Glamour. She also had
a picture story about Buic
IIT in ED’s March 1, 1969,
issue.

On this trip with the Air

= Force and Army to Nur-
% emberg and Graefenwoehr,
3 Germany Thecla not only
g took pictures of electronic
z equipment but also check-
=

ed on how it was operating
and how it could be rede-
signed.

We think you’ll enjoy
this report of a new trend
in U. S. defense—the quick
airlifting of troops to al-
lied countries where equip-
ment has been stored for
instant use. Thecla worked
closely on this story with
ED’s military-aerospace -7
editor, John F. Mason.

compensate for warm up drift, attenuator errors, fre-
quency response errors and the majority of other

causes of measuring uncertainty. The result is level
made by most precision “laboratory” type instruments.

The SPM-6 is, consequently, used in the lab and on
the production line as much (and maybe more) than

in the field.
instrument current technology allows and to back them

Our philosophy is to produce only the finest measuring
up with comparable service.

measurements 5 to 10 times more accurate than can be

How much data is a load?

The photo on the cover shows part of the Firestone
Tire and Rubber Co.’s 18,000-reel library of computer
tapes. According to the 3M Co., manufacturer of the
tapes, an average reel contains 2000 feet of tape, which
packs an average of 1000 bits to the inch. We calculate
that the library contains about 5 x 10'! bits. If this data
is transmitted over a high-speed (250 kb/s) line, it would
take over three weeks to send it all—assuming, of
course, that there are no transmission errors and that
reel-handling time can be ignored. Now turn to the
Special Section on p. C1. (Photograph by IBM Corp.)

represented in U.S.A. by W & G INSTRUMENTS, INC. 6 Great Meadow Lane, Hanover, N. J. 07936

rechargeable batteries or from the power
To accomplish it we developed a new au-
tomatic calibration system which contin-
ually readjusts the amplifier circuits to
Wandel & Goltermann west cermany

line in a field environment.

A field instrument with laboratory accuracy was our
objective — a selective level meter with —100 dBm
sensitivity and a phase locked, digitally indicated fre-
quency setting to 18.6 MHz that could operate from

<¢ INFORMATION RETRIEVAL NUMBER 25 ELECTRONIC DESIGN 9, April 26, 1969

18.6 MHz SELECTIVE LEVEL METER...

EXCEPTIONAL ACCURACY...

THE SPM-6
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This Howard Cyclohm Fan was engineered to run
10 years. So far it’s been running 12 years, 6
months, 21 days.

Our modest 5-year guarantee on Cyclohm Fans
and Blowers is based on an engineered lifespan
of 10 years. So, what do we tell our customniers
when they report the fans are still blowing strong
12 or even 14 years after installation? We tell them
we goofed—and they benefit.

There’s more to the Howard Cyclohm Fans and

INFORMATION RETRIEVAL NUMBER

DESIGN 9, April 26, 1969

Blowers success story than just long life. There’s
the high reliability of Howard’s unit bearing
motor that never needs maintenance or re-lubrica-
tion. And all metal construction. Indestructible
nylon blades. Standard mounting on 4-1/8"
centers. UL yellow card listing. And still more. All
the facts are in five newly-published bulletins that
are yours for the asking. Just write for the
Cyclohm Fans and Blowers Information Packet
No. ED49.  From Howard.

HOWARD

HOWARD INDUSTRIES

A DIVISION OF MSL INDUSTRIES, INC.

2420 18th STREET, RACINE, WISCONSIN 53403
414-632-2731 TWX 910-271-2387
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ANOTHER BOURNS FIRST...

10 MIL-SPEC

MIL-R-27208

RT26*

BOURNg TRiviPoT,

{ %"a“"' 2‘6\,@““; i

RJII

AVAILABLE FROM YOUR LOCAL BOURNS DISTRIBUTOR!

Bourns is the world’'s largest manufacturer of Adjustment
potentiometers with 22 years of leadership. Bourns is also
the largest manufacturer of MIL-Spec potentiometers backed
by a total of 10 RT and RJ models in our line.

The 6 RT and 4 RJ models not only meet the specifications
of MIL-R-27208 and MIL-R-22097, but each is designed and
manufactured to consistently exceed each facet of these
requirements.

As in the past, you can depend on Bourns to deliver the
potentiometer you need. In this tradition of service, we now
offer the MIL-Spec unit you may need for your next critical
application with 10 RT and RJ models.

Full data is available from the factory, local field office,
representative or your stocking distributor.

* Not yet stocked in depth by distributors.

BOURINS

BOURNS, INC,. TRIMPOT PRODUCTS DIVISION
1200 COLUMBIA AVENUE, RIVERSIDE, CALIFORNIA 92507
714 684-1700 +« TWX: 910 332-1252 « CABLE: BOURNSINC
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EDITORIAL

How broad is your concept
of the engineer’s job?

An engineer’s job is to design the best product that he can, in the
time available and at the lowest feasible cost. Right?

Many engineers, perhaps with a few frills or flourishes, would
be willing to accept this as a reasonable job description in brief.
Many of these same engineers might be seen at various gripe ses-
sions, either about the plant or at a local bar, complaining about
the quality of management’s thinking, or the ineptness of other
departments in their company.

Could it be that some of these problems stem from the views
these engineers have of their own roles? We contend that they
probably do. For today’s engineer or engineering manager must
take a broad view of his function in the company structure.

To see what we mean, look at some of the elements that are
usually necessary for a company to enjoy sustained success and
growth. Creative innovation is one for which engineers have a
primary responsibility. But in addition, factors such as empathy
with customers and users, marketing direction, financial skill and
loyal, responsive employees are crucial. Here’s where the engineer
with the broader perspective sees opportunities for expanding his
contributions to the firm.

Getting to know customers or users—learning how they think,
how they use his creations—gives an engineer a solid basis for
future design thinking. Studying market research reports can turn
up unusual responses. Tracking them down can lead to important
product changes, or even to new products.

A common lament of engineers is that the marketing people are
not selling the right features in the right way. This calls for com-
munication rather than griping. Do the marketing people know
something the engineers don’t? Or are they really off in left field
and in need of helpful suggestions?

In the financial area, engineers may never participate in making
up a balance sheet. Yet they play a major role in the over-all
financial scheme of the organization. Can some purchasing be
pooled among projects to get better prices? Is expensive test
equipment being bought that will be used very little? Or conversely,
is equipment not being bought that could save engineering time
and thus far more than pay for itself?

Loyal, responsive employees are a central element in building
for sustained success. Management should have clear objectives,
and the company must pull as a team to reach them. If you find
yourself griping frequently, stop and think for a few minutes
about what’s bothering you. Is your company really operating in
an unreasonable fashion? If so, you’d make better use of your time
and energy by finding another job. Or are you simply aware of a
lot of improvements that you could help to implement if you had
a broader concept of what you, as an engineer, might contribute?
If so, then expand your horizons.

ROBERT HAAVIND
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Our new mini-computers have
built-in programmers.

Most small computers are designed for programmers. Ours
are designed for people.

Just tell our 16-bit machines what you want done. The
CE16 and CF16 will do it, because their “built-in program-
mers” (a comprehensive set of sophisticated instructions) let
any engineer use them with ease. For example, the single
instruction “scan memory” makes our machines compare a
given number with the contents of the entire memory.

The CE16 and CF16 have 125 other heroic instructions
that specify comprehensive maneuvers. So you give fewer
instructions and use far less core memory than with any
other small computer. Problem run times are shortened and
Input/Output operations are simplified.

The CE16 and CF16 are designed to control and
exchange information with a large number of external
devices while doing related computation. Their “automatic
I/0O” enables them to talk back and forth between memory
and a group of interrupting peripherals, in order of priority,

without needing attention from the on-going program.

Automatic I/0 isn’t a high priced option. Neither is a
teletype, nor three priority interrupts, one of which is indefi-
nitely expandable. They’re all standard. The only thing you
might pay extra for is speed. The CF16 can do a fully signed
software multiply in 42 micro-seconds. But it costs a little
more than the CE16 which takes 126 micro-seconds (which
isn’t bad) for the same job.

Don’t take our word for all this. Drop us a line asking for:
* A brochure with straight from the shoulder specs so you
can compare.
* A representative with more information than could fit
in a brochure.
* Or a meeting between our sales
engineer and one from any competi-
tor you want, at your office. The com-
petition can even bring a programmer
along. We won’t have to.

Séientific Data Systems,
El Segundo, California
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Specify your trap filter the easy way. Use
computer tables to establish Q, notch depth,
attenuation and group delay. See page 58.

Also in this section:

A

Spring Joint Computer Conference special
section, including a detailed report on data
communication. See page Cl1.

Stabilize your op amp experimentally by using step-function response. Page 50.
Design bias circuits with nomographs for greater accuracy. Page 66.

Ideas for Design. Page 74.
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Stabilize your op amp experimentally.
Use step-function response under operating conditions

to determine component values.

In high-gain multistage operational amplifiers
each stage contributes phase shifts. The loop can-
not be closed down very far (increasing percentage
of feedback) before excessive phase shift (180°
at a gain of 1) and instability occur. To stabilize
the amplifier a compensating capacitor is usually
applied ; however, the size of the capacitor affects
the amplifier’s high-frequency response.

How then can the designer choose a compen-
sating capacitor which though small enough to
provide a high slew rate! will still assure the de-
sired amplifier stability (Fig. 1) ?

He could devote a lot of time and effort to a pain-
staking analysis, probably based on inaccurate
information, and follow this up with extensive
bench testing; or, to save time, he could try one
of the worst-case configurations specified by the
amplifier manufacturer. Often, though, he winds
up with too large a value of capacitance.

A faster, more effective method uses simple
oscilloscope measurements made under actual am-
plifier operating conditions. With this technique
the designer can quickly determine the optimum
parameter values required for a stable amplifier—
values that also serve to satisfy additional auxiliary
conditions ; namely, in this particular example, a
high slew rate.

Transient response peaks indicate damping rate

The step-function response of a damped oscilla-
tory system is shown in Fig. 2a. The more stable
the amplifier, the greater is the damping as indi-
cated on the scope by a more rapid decrease in
amplitude of successive oscillatory peaks. In the
method described in this article the designer
utilizes the damping ratio and natural frequency
of the amplifier—determined by correlating the
(specific component values or component configu-
rations, for example). Strictly speaking, the math-
ematical derivation outlined applies only to second

Karl Huehne, Senior Applications Engineer, Motorola
Semiconductor Products Inc., Phoenix, Ariz.
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order systems, characterized by means of linear,
second-order differential equations. Application
of this method to third-order systems, however,
yields results that are sufficiently accurate for
practical use.

Take only five basic measurements

Fundamentally the method consists of five basic
measurements. These are the amplitudes of the
first three successive peaks, V1, Vs, V,3 (Fig. 2b),
and the times, ¢; and t;, so that we can determine
ts —t;.

From these measurements, the values of ¢, the
damping ratio, and w,, the natural frequency of
oscillation, can be obtained. Knowing ¢ and w,, the
dB of peaking (relative increase in gain), the
small-signal unity bandwidth, and the phase shift
may be obtained from Table 1 or from Fig. 4a
and Fig. 5. The procedures for making the meas-
urements are as follows:

1. Wire up amplifier and auxiliary circuits
(Fig. 3).

The amplifier should be tested under conditions
that conform as closely as possible to actual oper-
ating conditions.

2. Apply step-function pulse to amplifier input.

The input pulse may be simulated by means of a
square-wave generator for which the rise and fall
times are of the order of 10 nanoseconds. A pulse
generator may be used as an alternate source, but
the pulse widths must be on the order of 100 micro-
seconds. Both the square-wave generator and the
pulse generator should be capable of frequencies
below 5 kHz. The purpose of the last two restric-
tions is to ensure that the response has sufficient
time to reach a steady state before the next
pulse appears.

The input amplitude should be small enough to
preclude effects of slew rate limiting or amplifier
saturation. Further, the pulse generator should be
terminated in its matching impedance, R, to obtain
quality pulses. The pulse width and frequency con-
trols are adjusted to allow sufficient time for the
amplifier to reach quiescent values.

3. Obtain transient response on oscilloscope
(Fig. 2b).

ELECTRONIC DESIGN 9, April 26, 1969
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1. Slew rate of a typical operational amplifier (maximum
rate of change of output voltage) is a direct function of
the compensation capacity. At higher frequencies, cur-
rent required to charge and discharge the capacitors is
limited to the current available from the internal current
source.

The key to accurate measurement lies in the
oscilloscope display of the output response. To
achieve maximum accuracy the response wave-
form should occupy as much of the oscilloscope
graticule as possible. To do this the graticule is
scaled with the initial value of the waveform at
zero and the final value at one, then the horizontal
scale is adjusted so that all of the three peaks
required for the determination of ¢ are visible.

4. Measure Vi, Vs, Vs, t1 and ts.

Calculate stability from damping ratio

To utilize the measurements, two fundamental
relationships have been derived (Box 1) :

logy, (V}n X Vpa)‘
- Vp2 . (
35, 1729
[101;2,0 (VLV—}E) + 1.86]
P

wn = 27/(ts — t) V1 — F 2)

The values of ¢ and w, may be calculated readily
by substituting into Eqs. 1 and 2. The value of
peaking in dB can be obtained from

p (dB peaking) = 20 logy, (1/2¢v'1 — ¢?),
where ¢ < 1/4/2. (3)

¢

It can also be determined from Table 1, which lists
“dB of peaking” versus ¢ for selected values of
¢, or from Fig. 5, which is a plot of Table 1 (Box 2).

After determining ¢,w, and the dB of peaking,
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2. Step-function response (A) helps to determine ampli-
fier stability; the more stable the amplifier, the greater
the damping, and the more rapid the decrease in ampli-
tude of successive oscillatory peaks. The pulse-response
waveform (B) should occupy as much of the oscilloscope
graticule as possible, to achieve maximum accuracy.

POWER
SUPPLY
PULSE AMPLIFIER
GENERATOR CONFIGURATION E3GILOCARE

3. Transient response of amplifier under test is deter-
mined through use of this setup.
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Equations 1 and 2, the cornerstones of this
method, are based upon analysis of the time
response of a second-order, linear system to a
step input.

The system response can be described by means
of a linear, second-order differential equation:

dx dx
p R et @

where ¢ is a step input.

Transient response is damped sinusoid

If the system is stable the transient response
may be expressed as a damped sinusoid,

z(t) = ketn'sin [(wa V1 =)t +9l, (5)

of frequencyws=w,v 1—i2and amplitude A =ke ¢!,

where w, is the damped frequency of oscillation,
¢ is the damping ratio, and w, is the natural (un-
damped) frequency of oscillation; note that w, =
,, when ¢ = 0.

In a stable system the amplitude of the oscilla-
tions must decay to zero (damped oscillations) ;
to insure this the exponent of the exponential,
—{w,, must be negative. If the exponent is zero or
positive the indication is that the oscillation will
either continue at some constant amplitude or will
grow, unless limited by other system constants.

Complete solution readily obtained

Equation 5 represents the transient response.
To obtain the complete solution the steady-state
response must be added to the transient response.

The steady-state output will be the product
of the input step-function and the closed-loop
de gain of the amplifier, V;, u(t) * Ay, Where
V., u(t) = input step-function, and A4 ,; = ampli-
fier closed-loop de gain.

The complete solution is given by

Vot) = Vin Aver u(?)
+ ke fentsin [(wa V1 — 2) & + o). (6)

The two constants, k and ¢, must be determined
from the initial conditions:

V.t) = 0, at t = 0+ (just after V, is applied),
v, (t)/dt =0, at t = 0.

Box 1. Analysis of Step Input Response

The first condition assumes that the system out-
put is zero immediately after the application of
the step function. Since the output was zero
immediately prior to the application of the step
function the output will not change instanta-
neously because of the system capacitance. This
constraint gives us the second initial condition.
The values of the two constants are found to be

¢ = COS~'¢,
k= = Vi dvor/NT =0,

Equation 6 therefore becomes

Vo®) = Vadver —
Vidver sin (wa V1 — g2t + cos7'y),
yi-gp

or

Vo (t) = V|'nAV(‘L [1 =

e—{w"t

VL=

sin (wav1 — 22t + cos—lg):|. (7

Peak values decrease with time

The peak values of the oscillation can now be
determined by differentiating Eq. 7, and equating
the derivative to zero. With the assistance of a
little bit of trigonometry, the formula for sin
(A — B), the derivative reduces to

sin (w1 — ¢2)t.
This is equal to zero when
waN 1l — 3t = max, andm = 0,1, 2,8 ...
or
t = mr/w.V1 —¢2, andm =10,1,2,3...
Substituting this value of ¢ into Eq. 7,
Vot) = ViAver [1 — emt/ V22 gin (mr + 0)],
(8)
where cos 6 = ¢ and sin 6 = Y1 — 2. Equation 8
simplifies to
Vit) = VaAver [1 — (cos mr) et/ VIoR2).. (9)
Normalizing V,(t) with respect to V;, Ayeor,
Voltn) = 1 — (cos mr) e/ ViThe,  (10)

refer to Fig. 4a and trace the log magnitude curve
for the calculated ¢ to where the curve crosses the
actual (non-normalized) 0-dB line of the amplifier.
The 0-dB line in Fig. 4A is the normalized low-
frequency gain. Therefore, the intended closed-loop
gain in dB must be added to each value on the log

52

magnitude scale to obtain the non-normalized dB
lines.

The horizontal scale is normalized to w/w,, so the
value of 1 on the normalized curve corresponds to
a frequency of w, on the non-normalized curve. The
abscissa at the point where the log magnitude curve

ELEcTRONIC DESIGN 9, April 26, 1969



The first three peaks of the transient response
(oscillation) are now seen to be, in normalized
form:

Voo = Vo) = 1 4 em/atre 4 o1,
b= m/wn (1 — 2)17;
Vor = Vo(ts) = 1 — g2ttt m =2,

ty = 2r/wn (1 — §2)'7%;

Vit = Violly) w10 i oW FEOS0OA L Ly 8,
by = 8n/wn (1 — {2)1/2.

The value of ¢ as a function of the three
measurements, V,q, V,,, and V3, note that:

Vi Vs -~ (B e EF () 4 it (NTP)

Ve ik 26w /VT2)
— g—tr/N17§82
Taking the natural logarithm of both sides:
ln Vpl o= V,.:j Sl (71’

Vi S

Since In N = 2.3 log;, N,

2D f DR O
log“’< v > . aie <1 = ;2> and

y | logio [(Vi1 — Via)/ (V)]
— {logti (Vi — Vi) / (V)] + 1.86 77

11)

Remember that the peak values are normalized,
so that

Vom

Vs =

Since the value of ¢ has now been found, o,
may be determined from the value of ¢ at m = 1,
the first peak, and at m = 3, the third peak,
as follows:

tn = mr/w. V1 — 2,

ho= r/wa V1 — g2,

ts = 8n/wn m,

wn = 2x/(ts — i) V1 —

The two parameters, ¢, the damping ratio, and
w,, the natural frequency of oscillation, completely
specify the response of the second order system.

for the calculated ¢ crosses the non-normalized 0-dB
line represents w. Since w, has already been calcu-
lated, ® represents the small-signal unity band-
wedth in radians/second.

In addition, the closed-loop phase shift for any
frequency of interest can be evaluated merely by

ELECTRONIC DESIGN 9, April 26, 1969
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4. Gain and phase shift of closed loop amplifier re-
sponse (A) are determined using design curves that
show normalized log magnitude and phase. Specific
curves for g = 0.2 are shown in (B).
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Box 2. System Stability

System stability is usually determined by means
of frequency response analysis.? The designer
utilizes the ¢-curves, Fig. 4a, to derive the small
signal unity-gain bandwidth, w, and the phase
margin. It is also possible to calculate the magni-
tude of the peaking (increase in gain), as a
function of ¢, Table 1, or Fig. 5.

In general terms, the response of a single pole,
(single-stage) open-loop amplifier can be repre-
sented as

Ao li) Am/(l +jwi), (12)
3 0

where Ay, (w)= open-loop voltage gain,
= ratio of change in output voltage
to a change in input voltage,
w, = open-loop bandwidth (frequency
where gain is down 3 dB).

The expression for closed loop gain is

~Avor (w)
1+ BAvor (w)
where 8 = portion of the output voltage fed back
to the input. The term BAy . (w) is commonly
termed loop gain. Instability occurs when the
value of the denominator is zero.

Avc'L(w) =

Use asymptotic sketch to determine stability

In order to analyze the stability of the ampli-
fier, an asymptotic sketch of the log amplitude
of the amplifier response as a function of the log
frequency, (Bode plot), Fig. P, is usually under-
taken. Since the maximum possible phase shift
for Eq. 13 is 90°, a closed-loop amplifier utilizing
this single pole, open-loop amplifier would be
unconditionally stable.

The response of a double pole (dual stage)
open-loop amplifier can be represented as

Avor ) = Avor/l(1 ”f’;’ a ”::_.”' (13)

The total phase shift of this amplifier approaches

180° as w increases. A closed-loop amplifier with
a gain as low as unity, at a frequency for which
the phase shift is 180°, would be an unstable
amplifier, Fig. QA. To assure closed-loop ampli-
fier stability, the slope of its open-loop asymptotic
response—as it passes through A,,,—must be
less than 12 dB/octave (Fig. QB) or the closed-
loop system will be only conditionally stable.

Find closed-loop gain as a function of frequency
Standard feedback theory! 2 states that the
closed-loop gain of a feedback amplifier is

Aver = Avor/(1 + BAvoL). (14)
Substituting Eq. 13 into Eq. 14 yields

1/8
wo + w

Aver = 1
1) 2
A’ﬁwow) e A’ Bwow: ()

(15)
1+ jw

Compare with standard theoretical formula

The response of a second-order linear system
in the frequency domain in terms of ¢ and w,, as
derived from the general theory?, turns out to be

2¢

Wn

Aver @) = Aver O /[1 +i0 2+ o] a6)

A term-by-term comparison of Eqs. 15 and 16
vields the following relationships:

Aver (0) = 1/8
i =V ARG
¢ = (wo+ wi)/2v ABwow:

where A = Ay, (0).
Neglecting the scale factor Ay, (0), the

finding the intersection of the “frequency of inter-
est line” (vertical on the log magnitude curve) and
the phase shift curve for the zeta of the amplifier.

As an example of this, assume that the following
values were obtained from the pulse response:

£=0.2,
Ta— 100 kHz.

Fig. 4B shows the two curves (obtained from Fig.
4A) for¢ = 0.2. Since the horizontal axis is a fre-
quency ratio, it can just as well be taken to be f/f,
rather than «/w,. Therefore the horizontal axis has
been scaled in hertz for convenience.

If the amplifier in question has a nominal closed-
loop gain of 10 (20 dB), the vertical log magnitude
scale must be modified to reflect this, as in Fig. 4B.

54

Table 1. Peaking (dB) versus

Zeta (¢) | Peaking (p) dB
0.01 34.0
0.02 28.0
0.03 24.4
0.04 21.9
0.05 20.0
0.06 18.4
0.07 17.1
0.08 15.9
0.09 14.9
015 10.6
0.2 8.1
0.3 4.8
0.4 2.7
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P. Single-pole amplfier is shown, by asymptotic
sketch (Bode plot), to be unconditionally stable,
since a slope of —6 dB per octave is associated
with a maximum phase shift of 90°.

normalized form of the response is obtained. The
characteristics of this function,

[1+ieZ s+ LGyl ap
Wn W' y

are treated extensively in the literature. Figure

4a shows both a magnitude and a phase plot versus

o/, for selected values of ¢, the “¢-curves” men-

tioned previously.

It is also possible to calculate the peaking, p,
in dB. This can be done accurately by setting the
derivative of Eq. 17 equal to zero and then solving.
The following result is obtained :

p (peaking in dB) = 20log.o [1/2¢vV 1 — 2]  (18)
Table 1 lists “dB of peaking” versus ¢ for selected

values of ¢, while Fig. 5, a plot of Eq. 3, demon-
strates graphically the effect of ¢ on peaking.

Q. Open-loop response (A) for operational amplifier
indicates marginal stability because of the 12-dB
per octave rolloff at a gain of Ay, or the possi-
bility of 180° phase shift at that point. Bode plot
of open-loop operational amplifier response (B)
shows a 6 dB per octave rolloff at a gain of 0 dB,
or a phase shift of less than 180°, indicating a
stable closed-loop amplifier for any value of closed
loop gain.

P PEAKING, dB

o 0.1 0.2 0.3 0.4 0.5 0.6 0.7

L DAMPING RATIO

5. Value of peaking is given by design curve as a func-
tion of £ .
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6. MC 1539G amplifier is used to determine the design
technique.




The following information may now be read from

Fig. 4b:
Frequency Phase Shift Gain
(kHz) (degrees) (dB)
10 2 20
50 18 22
100 90 28
200 165 10

Note the rapid increase in phase shift from 50 kHz
to 100 kHz, as well as the increase in phase shift
and rolloff in gain from 100 kHz to 200 kHz.

This example demonstrates how detailed infor-
mation regarding an amplifier may be obtained
once ¢ and w, have been determined.

Design example illustrates technique

The MC 1539G, a monolithic operational ampli-
fier has been chosen to demonstrate the technique.
Although the recommended compensation for a
closed-loop gain of 10, as stated in the amplifier
data sheet, is R, = 1k and C, = 2200 pF, the actual
values used were R. = 390 ohms and C, = 500 pF.
The amplifier configuration is shown in Fig. 6.

The observed pulse response is shown in Fig. 7,
with the following values read from the figure:

Vo1 = 1.867,
Voo = 0.366,
Vs = 1.534,
A 1.16 nS,
t; = 3.48 ps.
Substituting these values into Eqs. 1 and 2 yields
¢ = 0.029,
w, = 2.71 x 10% radians,
= 431 kH7;

For the above calculated value of ¢, Table 1 indi-
cates that approximately 24 dB of peaking should
be expected. The actual frequency response, as run
in the laboratory (Fig. 8), shows 20 dB of peaking
at 425 kHz. The theoretical analysis and experi-
mental results therefore agree quite closely.

The particular value of C, chosen, about 0.25 of
the recommended value, resulted in a low value of
damping ratio.

Lower values of the damping ratio are associated
with oscillatory peaks of greater amplitude and
higher peaking; thus, greater accuracy may be
achieved in reading the laboratory data. For more
stable amplifiers the experimental accuracy tends
to decrease. = =
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7. Pulse response of the 1539G amplifier configuration
shows the amplitude peaks at V., Vp,, and V..

8. Frequency response shows voltage gain in dB versus

frequency (peaking) for design example.

Test your retention

Here are questions based on the main
points of this article. Their purpose is to
help you make sure you have not overlooked
any important ideas. You'll find the answers
in the article.

1. What are the advantages of utilizing
an experimental test method of design?

2. What is true of the successive peaks of
the transient response of a stable closed-loop
amplifier to a step input?

3. What is the Bode plot criterion for
amplifier stability?

4. Given the values of { and w, how can
the peaking (in dB) of the operation ampli-
fier be determined?

5. For given values of { and w,, how can
the phase shift and gain of the operational
amplifier be determined at any specific
frequency?
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Last year, we sent some of our hybrids
into outer space.
This year, we’'ve come down to earth.

We started producing hybrids because
we had to be 101% sure about the
ones we put into aerospace projects.
(There are no retakes in outer

space.)

Guess what happened then.

We solved the tough circuitry
problems Hughes engineers gave us. Lived
up to their rigid reliability standards. And
met their often-impossible deadlines.

The word got around. Demand
for Hughes hybrids kept growing. Most
of all, in inner space.

We're reasonable people. So here
we are —a down-to-earth company, ready
to do business with you.

We're well established in
MOSFETS and flip chips. We make all the
other components that go into custom
circuits. We'll assemble, package and test
whatever you need.

Bring us your problem, and
we’ll deliver a guaranteed solution. Or,
if you like, we’ll work with you on an
a la carte basis. ..

We'll provide thin or thick film
substrates. Or substrates masked and
etched with capacitor, conductor and
resistor patterns. Multilayer circuits.

Or whatever.

Big order or small order, we offer

some pluses.

Experience in handling the
knottiest aerospace problems. Plenty of
practice living up to the highest reliability
levels. The research resources of a leader
in electronics and the manufacturing
facilities for big jobs.

We'd like to share all this, and
the hybrids themselves. But first, let us
send our brochure. Just address:

Hughes Hybrid Integrated Circuits,
500 Superior Ave., Newport Beach,
California 92663.

HUGHES AIRCRAFT COMPANY
HYBRID CIRCUITS



Specify your trap filter the easy way
by using computer-generated tables to establish
Q, notch depth, attenuation and group delay

Designing simple, resonant trap circuits to sup-
press undesired signals is normally a tedious, cut-
and-try job that involves juggling filter-Q and
insertion loss at the rejection frequency, and then
computing the performance at off-resonant fre-
quencies to see if the over-all performance is
satisfactory. To obtain group (or envelope) time
delays involves added computation.

But the computer-derived tables and design
method, described here, substantially simplify
the problem by presenting the already computed
factors that are required for design of the series-
resonant shunt trap (see Fig. 1) and the parallel-
resonant series trap (see Fig. 2). With these
tables, trap designs can be readily conceived and
evaluated—almost by inspection. The tabular
quantities, normalized for application to general
solutions, provide notch and skirt attenuations
ranging from -5 dB to —60 dB for trap Q’s of from
5 to 400, as well as factors for determining time
delays for the same ranges.

Trap circuit performances are identical

Two principal trap circuits—shunt and series—
are widely applied. For the shunt trap (Fig. 1) the
general response is defined by

€o R +/j (wL-—(%)
1

€

(= A). 1)

At trap resonant frequency o,, the loss is
R

e @

But maximum attenuation occurs at «,, at which

Q is defined by @ = w—;%é; 3)

and Q= { 4)
v LC

But Eq. 1 can be rewritten as

Jerome H. Howitz, Member, Technical Staff, Eastern
Technical Center, Bunker-Ramo Corp., Silver Spring, Md.
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w 0
e 1+ 5@ (*J: 1 -wv), 5)
e | ; w Do\
L
For the series trap (Fig. 2) the general response

is defined by

€o.. . il
¥ 1 R1/<R‘ TF/® 50 - 1/ij>' ©6)

at resonant frequency w,, the loss is
R,

Ao = RTFI. (7)
And the @ at maximum attenuation is
Q = Rw,C, ®)
and wWo = ——_%_——. (9)
v LC

But Eq. 6 can be rewritten to produce Eq. 5; thus,
the performances of the two traps are seen to be
identical. Consequently, the data in the tables can
be applied equally well to both trap designs. There
are six columns in the tabulation, of which col-
umns 1, 5 and 2 are directly related to the charac-
teristics of the basic attenuation curve shown in
Fig, 8.

Computer tables are key to design method

Column 1 lists the upper normalized fre-
quencies, or those incremental frequencies on the
higher side of the normalized resonant frequency
W,, as shown in Fig. 3. These are used in evaluat-
ing attenuation and time delay at increments
removed from normalized resonant frequency.
Actual frequency is given by : v = W * .

Column 5 lists the lower normalized frequencies
(= 1/W) for evaluating response at incre-
ments removed from the lower side of normalized
resonant frequency. The actual frequency is given
by: w0 = (l/W) W4

Column 2 lists trap attenuation 4, in dB, at the
upper and lower normalized, incremental frequen-
cies. The computation of A in dB begins with the
amplitude response, which is given by

A= {5

(5

(10)
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Combining Eq. 5 and Eq. 10, we have

( ke o )2 1/2
e gt
W=l E e (11)
it 2 a9
A20 + Q (w., Al >
At v = w,, note that A=A, so that A, is the response
at resonance, or maximum attenuation. And where
the actual frequency is much greater or less than

the resonant frequency, A approaches unity, or
zero attenuation.

Since Asp = 20 log, A (12)
e
and A, = 10 . (13)

Eq. 11 can be rewritten as :

L@ = “;)2
10_(Ao,da ’“’)+ Q (i o ﬁ'_)
Wo

w

AdB = 10 loglo ) ,(14)

which is the form used for computing A.

Columns 3 and 6 contain a time-delay product
(0o/Q) T, by which group-delay 7, normalized to
the resonant 3-dB bandwidth «,/Q, can be obtained
at desired incremental frequencies by multiplying
by a factor of Q/w,. Use columns 3 and 6 in com-
puting the performance of a trap at frequencies
other than resonant. Column 6 applies to the upper
normalized frequencies, while column 3 is for
the lower.

Column 4 gives a time-delay product (v/Q)T
normalized for both upper and lower normalized
frequencies. To obtain group-delay T here, simply
multiply the column values by Q/«». Use column 4
to evaluate a ti'ap at varying center frequencies.

These envelope delays are derived from Eq. 5.
The phase shift ¢ is given by

w w
Wo &l )]

¢ = arc tan [Q (
— are tan [A,,Q ( et w")].

Wo w

o
w

(15)

Delay T or more properly -, is given by :

e
e dw
= — %;arc tan [Q (:ﬂ " ‘::):IE

4= %3arc tan [A.,Q ( = w")]E (16)

Wo w

The derivative of the arc tan function is of the
general form:

1 L du
14+ 4 dx’
where the letter u represents the argument of the

arc tan function and x represents o.
So Egs. (16) and (17) give

% (arc tan u) = 1)
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1. Series-resonant shunt-trap circuit, at left, with equiva-
lent circuit at right. R, is source resistance; R; is input
resistance between source and network, which may or
may not be present; and R,, is load resistance. Attenua-
tion of circuit at resonance is equal to R/(R +R,)

2.Parallel-resonant series-trap circuit, at left, with equiv-
alent circuit at right. R, is source resistance; R, is cir-
cuit resistance in output, which may or may not be
present; and R, is load resistance. Attenuation of circuit
at resonance is equal to the relationship R,/(R + R),).

3. Generalized attenuation curve for shunt and series
trap circuits. Normalized frequency W, is equal to actual
frequency divided by resonant frequency, or w/w,. Op-
per and lower normalized frequencies are shown in
equal increments on each side of center frequency. Note
that the lower frequencies are reciprocals of the higher.
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4 —Q (ot AQ (- +4 ©
Tt e %)2 1+AMQ (=~ ‘:)2

Equation 18 can be normalized in the following
two ways:

-1 A,
2 [ @ Wo 2y 2038 2% wo \*
(re -5y e (- 9)

-1 A,
< § = He 1+ 2Q2 (-2 e 2>
L+ @ (o ni e et s )

(20)

Since Eq. 20 is geometrically symmetric about
w,, the values in column 4 are valid for both upper
(W) and lower (1/W) normalized frequencies.
But because Eq. 19 is not symmetric, separate cal-
culations are given in column 6 for the upper nor-
malized frequencies, and in column 3 for the lower.

In general, the data in the table are sufficient to
meet normal design needs for attenuation, @, and
accuracy. Thus the data are presented for resonant
(notch) attenuations of from 5 dB to 60 dB, in
5-dB increments, and for @ = 25, 50, 100, 200
and 400. The frequencies computed begin with
resonance, and follow progressive deviations off
resonance by octaves of 3-dB bandwidth; so that

W=i=1,1+§%,1+%,1+%,1+i...

i @ (21)
thus producing finer increments for higher net-
work Q.

Design example demonstrates method

To illustrate use of the table, let’s assume that
a resonant trap is to be designed with 40-dB
attenuation at a center frequency of 455 kHz, or
A, = 40 dB. Also, there is to be less than 1-dB
attenuation at 910 kHz. In this case, the normalized
resonant frequency W, of 455 kHz = 1, and the
upper normalized frequency W of 910 kHz = 2.

In the table, look up the A, = —-40.0 dB listing.
Under this heading, starting with the Q = 25 tabu-
lation, look in the A (attenuation) column for an
attenuation of 1 dB alongside a normalized fre-
quency W = 2. Inspection shows us that the solution
is not in the Q-listings of 25, 50, or even 100. But
under the @ = 200 tabulation, our desired value of
A =1 for W = 2 is in the neighborhood of A =
—0.918 dB for W = 1.64.

60

From this, we may estimate that the specific @
would be about 150, but we’ll be safe in designing
for @ = 200. However, to obtain such a high Q,
care in eliminating all internal circuit resistance
and in choosing high quality inductive and capaci-
tive components is necessary.

Having established the Q-value, we can proceed
in the following manner:

1. First, compute R, from Fig. 1 or Fig. 2.

2. Set attenuation A, = —40 dB.

3. Convert 4, from dB to a ratio by using Eq. 13:

A, =10 52920 =102 —0.01

4. From Egs. 2 or 7, compute the value of R, by
substituting A, = 0.01.

5. Having obtained R, now compute the values
of L or C, using Q = 200:

200 R

L = G455 X 10°

(Eq. 3)

x 200
~ R(2r)455 X 10°

6. Having obtained the value of L or C, deter-
mine the value of the other element necessary to
resonate at the desired frequency, from Eq. 4 or 9:

1. 112

v LC

7. To obtain the group delay at 910 kHz, as
normalized with respect to the 3-dB resonant band-
width, inspection of column 6 tells us that it will
lie between the values of 0.002583 (Q/w,) and
0.000810 (Q/w,). Or, using the column 4, the value
will lie between 0.004236 (Q/w) and 0.001847
(Q/w).

C

(Eq. 8)

We

The tables follow on the mext four pages.

Test your retention

Here are questions based on the main
points of this article. Their purpose is to
help you make sure you have not overlooked
any important ideas. You'll find the answers
i the article.

1. What are the two principal types of
resonant trap filters?

2. What are their maximum attenuations
based on, at resonant frequencies?

3. What factors are specified as the
starting point for design, and then obtained
from the table?

4. How are the time delays obtained?

5. For a given Q, how are the values of
L or C derived?
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Upper
normalized Atten.,
fregs. (W) dB
AD = =5.0 DB
Q = 25
1.0000 -5.000
1.0200 =3.205
1.0400 -1+602
1.0800 =0.556
1.1600 -0.163
1.3200 =0.047
1+6400 =D«014
242800 -0.004
Q = SO
1.0000 -5.000
1.0100 =3.194
1.0200 -1.582
1.0400 -0.538
1.0800 -0.153
11600 -0.042
13200 =0.012
1.6400 =0.004
9 = 100
1.0000 =5.000
1.0050 =3+139
10100 =1571
10200 =0+529
10400 -0+143
1.0800 -0.039
1.1600 =02.011
1.3202 -0.003
3 = 200
1.0000 =-5.000
1.0025 -3.186
1.00590 =1+566
1.0100 =2+525
1.0200 =0e145
1.0400 -0.033
1. 0300 -0.010
11600 -0.003
3 = 400
1.0000 =5.000
1.0012 =3.134
1.0025 =1.563
1.0050 -0e522
1.0100 =0+143
1.0200 =0.037
1.0400 -0.010
1.0300 -0.002
A0 = -10.0 D3
Q. = 29
1.0000 =10.000
1.0200 =7+438
1.0400 =4+553
1.0309) =1+954
1.1600 -0+ 642
1.3200 =-0.192
1.6400 -0.058
22800 ~-0.018
345600 =0.006
Q = 59
1.0000 =10.000
1.0100 =7«421
1.0200 =44516
1.0400 =1901
1.0800 -0+604
1.1600 =0e172
1.3200 -0.049
16400 =0.015
2.2800 =0.005
3 = 100
1.0000 =-10.000
1.0050 -7+412
1.0100 ~4+494
1.0200 -1.873
1.0400 -0.584
1.03800 =0.161
1.1600 =-0.044
1.3200 -0.012
1+6400 -0.004
9 = 200
1.0000 =-10.000
1.0025 =7+408
1.0050 ~4+483
1.0100 -1+859
1.0200 =0«574
1.0400 =0.155
1.0800 =0«041
1.1600 =0.011
1.3200 -0.003
2 = 400
1.0000 =-10.000
1.0012 -7+406
1.0025 -4.477
10050 =-1.852
1.0100 -0e5638
1.0200 -0.152
1.0400 =0.039
1.0800 -0.010
1.1600 -0.003

A0 = =-15.0 DB

Q = 25

1.0000
1.0200
1.0400

=15.000
=12.165
~3+643

D3
DB
08
DB
DB
DB
DB
DE]

DB
DB
D3
D8
DB
DB
08
RE]

DE]
D3
D3
b3
N8
DB
DB
03

D3
08
D3
D3
D3
n3
D3
D3

D3
DB
1=}
N8
D3
DE}
D8
D3

D3
DB
D3
DE]
DB
DB
D3
DB
DB

DB
DL
D3
D8
N8
D3
DB
D8
DB

DB
DB
DB
DB
b}
D8
D8
DB
0B

DB
DB
D8
DB
DB
DB
DB
D3
bE}

DB
o8
D3
DB
DE]
D8
DB
DB
DB

DB

DB
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Computer tables for evaluating trap filters

Time-delay
product for
1/W fregs.

8
Q

-0.875317
=0+154411
0+098656
0.077242
0.029600
0.010477
0.004290
0.002270

=-0+375317
=0+149948
0097629
0.072520
0.025731
0.003010
0002679
0.001080

=0+375317
=0.147732
0.097103
0.070213
0.023919
0.006928
0.002043
0.000673

~0+375317
=0e 146623
0096837
0.069032
0.023042
2006423
0.001765
0.000513

=0.875317
=0+146076
0096703
0.063517
0+022611
04006179
0.001635
0.000443

=1+367544
-0.+442635
04045954
0.139036
0071751
0.027952
0.011773
0.006282
0.004390

~1+367544
-0.433303
0.048912
0132254
0.062390
0.021462
0.007366
0.002991
0.001573

~1+367544
~0.429413
0.050348
0.128913
0.058712
0.013605
0005624
0.001866
0.000751

=1.367544
-0.427225
0.051054
0.127255
0.056684
0.017269
0.004860
0.001423
04000463

=1367544
=-0.426132
0.051405
0. 126429
0.055686
0.016624
0.004505
0.001229
0.000357

=1+644344
=0.678323
-0.099392

Time
delay
product

()

~0+875317
~0.151383
0.094862
0.071520
0.025517
0007937
0.002616
0.000996

=0.875317
=0+1438464
0.095715
0.069731
0.023825
0+006905
0.002022
0.0006538

=0.375317
=0+146997
0.096141
0.0638342
0022999
0.006414
0+001761
0.000510

=0e875317
=0e 146262
0096355
0.063393
0.022590
0.006176
0.001634
0.000443

=0+875317
=0+145894
0096461
0.063176
0.022338
0+006053
0.001572
0.000410

=1+ 367544
=-0+433956
0.044136
0.128737
0.061855
0.021176
0.007179
0.002755
0.001233

~1.367544
=0+ 429508
04047953
00127167
0.058232
0.018502
0.005530
0.001324
0.000692

=1.367544
=0.427277
0.049849
04126335
0.056454
0.017227
0.004843
0.001414
0.000458

=1+367544
=0.426159
0.050800
04125995
04055573
0016605
0+004500
0.001227
0.000355

=1+367544
=0+ 425600
0.051277
0. 125800
0+055135
0.0162938
0.004331
0.001138
0.000308

=1+644344
=0.665022
=0.095570
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Lower
normalized

fregs. (1/W)

1.0000000
« 9303922
« 9615385
+ 9259259
«8620690
«7575753
+«6097561
+ 4385965

1.0000000
« 9900990
« 9303922
« 9615385
9259253
«8620690
« 7575758
« 6097561

1.0000000
« 9950249
« 2900990
+ 9803922
+ 9615385
« 9259259
« 8620690
«7575753

1.0000000
9975062
« 9950249
« 2900990
« 9303922
+ 2615335
« 9259259
+3620690

1.0000000
+ 9987516
« 9975062
« 9950249
+ 9900990
+ 9803922
« 9615385
« 9259259

1.0000000
« 9303922
+« 9615385
« 9259259
«3620690
«75757538
« 6097561
+ 4385965
+ 2803989

1.0000000
« 9900990
« 9803922
+ 96153385
+ 9259259
«3620690
«7575758
«6097561
« 4385965

1. 0000000
« 9950249
« 9900990
« 9803922
« 9615335
+ 9259259
« 8620690
« 7575758
«6097561

1.0000000
+ 9975062
+ 9950249
« 9900990
«9803922
+ 9615335
+« 9259259
+8620690
« 7575758

1. 0000000
9987516
+9975062
« 9950249
+9900990
+9303922
« 96153385
« 9259259
«8620690

1.0000000
« 9803922
+9615385

Time-delay
product for
W fregs.

S

=0.875317
=0.148415
0.091213
0.066222
0.021998
0.006013
0.0015 95
0.000437

=0.875317
=0.146994
0.093838
0.067049
0.022060
0.005953
0.001537
0.000401

=0+375317
=0+ 146266
0.095190
0.067492
0.022114
0+ 005933
0.001518
34000387

=0.875317
=0 1453397
0.095875
0067721
0.022147
0.0059338
0.001513
0.000331

=0.875317
=0.145712
0.09%6221
0.067337
0.022166
0.005939
0.001512
04000330

=1.367544
=0+ 425447
00042487
0.119201
0.053323
0.016042
04004377
0.001208
0.000346

~1¢367544
=0.425255
0.047013
0.122276
0.053918
0.015950
0.004227
0.001112
0.000304

=1367544
=0+425151
0049356
0. 123907
0.054282
0.015950
0.004179
0.001071
0.000279

=1.367544
=0+425096
0.050548
0. 124747
0.054483
0.015966
0.004167
0.001057
0.000269

=1.367544
=0.425069
04051149
0.125174
0.054589
0015979
04004165
0.001053
04000265

=1+644344
=0+651983
~0.091894

Upper
normalized
fregs. (W)

1.0800
11600
1.3200
16400
2.2800
3+5600
6+1200
Q9 = SO
1.0000
1.0100
1.0200
1.0400
1.0800
1.1600
1.3200
1.6400
2.2800
3.5600
100
1.0000
1.0050
1.0100
1.0200
1.0400
1.0800
1.1600
1.3200
1+6400
200
1.0000
1.0025
1.0050
1.0100
1.0200
1.0400
1.0800
1.1600
1.3200
400
1.0000
1.0012
1.0025
1.0050
1.0100
1.0200
10400
1.0800
11600

Q =

Q2 =

Q=

AD0 = =20.0
9 = 25
1.0000
1.0200
1.0400
1.0800
1.1600
1.3200
16400
2.2800
35600
61200
11.2400
9 = 50
1.0000
1.0100
1.0200
1.0400
1.0800
11600
1.3200
1.6400
2.2800
35600
6+1200
100
1.0000
1.0050
1.0100
1.0200
1.0400
1.0800
1.1600
1.3200
16400
22800
200
1.0000
1.0025
1.0050
1.0100
1.0200
1.0400
1.0800
1.1600
1.3200
1.6400
Q@ = 400
1.0000
1.0012
1.0025
1.0050
1.0100
1.0200
10400
1.0800

9 =

Q=

Atten.,
dB

~4.674
=1.881
-0.622
=0.196
~0.062
=-0.020
=-0.006

=15.000
=12.145
~8.586
=4.576
-1.782
=-0.559
=0.165
=-0.050
=0.016
=0.005

-15.000
-12.135
=8+557
=4+526
=1.730
-0e525
=0e147
=0.042
-0.013

-15.000
-12.130
-8.542
-4.500
-1.704
=0.507
=0.138
-0.037
-0.010

-15.000
-12.127
-3+535
=4.437
=1.690
=0.498
=0.133
=0.035
-0.009

DB

-20.000
=17.075
-13.309
-8.604
~4.398
~1+756
=0.603
=0.198
=0.064
=0.019
-0.006

=-20.000
=17+054
=13.246
~3+476
=4.217
=1596
=0.512
=0.159
-0.050
-0.016
=0.005

=-20.000
=17.044
-13.213
-3409
=4.120
=1.508
=0.459
=0.134
=-0.040
-0.013

-20.000
-17.038
=13.197
-8.375
=4.070
=1+463
-0.430
=0+119
-0.034
=0.010

-20.000
-17.036
=13.189
-84357
=4.045
-1.439
=0.416
=0.112

DB
DB
DB
DB
DB
08
DB

DB
DB
b8
DB
D8
DB
D3
DB
DB
DB

DB
DB
DL
DE]
D8
L]
DB
DB
DB

DB
DB
DB
D38
D3
D8
nB
D8
D3

N3
D3
DB
DB
DB
08
03
DB
D3

nB
D3
DB
D8
D3
DB
D8
DB
n3
DB
D3

DE
DB
DB
I}
DB
03
D3

D3

Time-delay
product for
1/W fregs.

5
Q

0.125423
0.109907
0.053447
0.024300
0.013282
0.009354
0.008004

=1+644344
=0.666739
~0.091746
0.121937
0.098020
0.041504
0.015238
0.006337
0.003365
0.002348

~1.644344
=0.660981
=0.087991
0.120256
0.092345
0+036199
0.011709
0003960
0001601

~1+644344
=0.658111
~0.086130
0¢1193383
0.089575
0.033707
0.010137
0.003022
0.000999

=1+644344
~0+656678
-0.085203
0118953
0.088206
0.032501
0.009403
0.002611
0.000762

=1+300000
=0.328192
=0.228958
0.051855
0.109333
0.078313
0042779
0.025007
0.018014
0.015529
0.014725

=1.800000
=0.815033
=0.213211
0.0533%6
0100056
0.062343
0.027322
0.012010
0.006496
0.004559
0.003897

~1.800000
~0+803493
=0.212923
0.054102
0095570
0.055123
0.021110
04007537
0.003096
0001640

=1+300000
=0.805234
=0.210301
0054440
0.093364
0.051700
0.018362
0.005765
0.001934
0.000780

=1.300000
~0.803606
=0.208995
0.054605
0.092270
0+ 050034
0.017074
0.004987

Time
delay
product

()

0+116133
0.094747
0040490
0.014817
0.005826
0.002627
0.001308

=1+644344
=0.660137
~-0.089947
0117295
0.090759
0.035779
0.011532
0.003364
0.001476
0.000660

~1.644344
=0+657693
=0.087119
0117398
0.088794
0«033517
0.010094
0.003000
0.000976

=1+644344
=0+656470
~-0.085701
0+118206
0.087318
0.032411
0009386
0.002605
0000757

~1+644344
=0+655853
~0.084991
0.113361
04087332
0.031864
0.009042
0.002417
0.000657

=1+800000
=0.811953
=0.220152
0.048014
0.094252
0.059332

© 0.026085

0.010968
0.005060
0.002537
0.001310

=1.300000
04806964
-04213933
0.051342
0092644
0.053744
0.020699
0.007323
0002349
0.001231
0.000637

=1.300000
~0+804471
=0.210815
0+053042
0.091894
0+ 051040
0.013193
0.005710
0.001388
0.000719

=1.800000
=-0.303225
=0+209255
0.053901
0.091533
0.049711
0.017002
0004970
0+001465
0+000476

=1.300000
~0.802603
=0.208474
0.054333
0+091356
0+049053
0.016417
0.004618

Lower
normalized
fregs. (1/W)

+9259259
«8620690
« 7575758
« 6097561
+ 4385965
«2808989
« 1633937

1. 0000000
« 9900990
« 9803922
«9615385
« 9259259
+ 3620690
+ 7575758
+ 6097561
+4335965
+ 2803939

1.0000000
« 9950249
+92900990
« 9303922
« 9615335
« 9259259
«8620690
«7575753
« 60975561

1.0000000
+ 9975062
« 9950249
« 9900990
« 9303922
« 9615335
« 9259259
«3620690
«7575753

1.0000000
9937516
+2975062
«9950249
+ 9900990
« 9803922
+ 9615385
« 9259259
+3620690

1.0000000
+9803922
9615385
+9259259
+8620690
+7575758
«6097561
+4335965
+2803983
1633937
+ 0339630

1.0000000
« 2900990
+9303322
+ 9615335
9259259
+3620690
+7575758
«6097561
+ 4385965
« 2308932
« 1633937

1. 0000000
+ 9950249
«9900990
«9303922
+ 9615335
« 9259259
+83620690
«7575753
«6097561
+ 4335965

1.0000000
« 9975062
+ 9950249
+ 29009290
« 9803922
« 9615335
« 9259259
+ 3620690
«7575758
+ 6097561

1.0000000
« 9987516
« 9975062
« 9950249
+ 9900990
« 9303922
« 9615385
«+ 9259259

Time-delay
product for
W fregs.

5

0.107530
0.031679
0.030674
0.009035
0.002555
0.000738
0.000214

=1+644344
=0.653601
-0.083183
0.112784
0.034036
0.030844
0.008774
0.002356
0.000647
0.0001835

=1.644344
=0+ 654420
~0.086257
0115587
0.085379
0.031035
0.003702
0.002273
0.000595

=1+644344
=0+654832
=0.085275
0117036
0.086096
0.031164
0.008691
0.002246
0.000573

=1644344
=0.655039
~0.084779
04117773
0.086468
0.031239
0.003694
0.002233
0.000566

=1.300000

=0.796032

=0.211684
0044457
0.081252
0.044943
0015905
0.004311
0.001421
0.000415
0000117

=1.300000
~0+793974
=0.209738
04049368
0.085732
0+046331
0.015681
0. 004465
0.001250
0+ 000360
0.000104

=1.300000
=0+300469
~0.208723
0.052001
0.083359
0.047259
04015683
0.004326
0.001151
0.000315

=1.300000
-0.801222
-0.208213
0.053367
0.089738
0.047799
0.015743
0.004284
0.001110
0.000290

=1.300000
=0+801601
=0.207954
0.054063
0.090452
0+048091
0.015786
0.004276

61



Upper
normalized
fregs. (W)

1.1600
1.3200

AQ = =-25.0
Q= 25
1.0000
1.0200
1.0400
1.0800
11600
13200
16400
2.2800
3.5 600
641200
112400
21.4800
Q = SO
1.0000
1.0100
1.0200
1.0400
1.0800
11600
1.3200
16400
2.2800
35600
6+1200
11.2400
Q = 100
1.0000
1.0050
1.0100
10200
1.0400
1.0800
11600
1.3200
16400
2.2800
3.5600
9 = 200
1.0000
1.0025
1.0050
1.0100
1.0200
1.0400
1.0800
11600
13200
1.6400
2.2800
Q = 400
1.0000
1.0012
1.0025
1.0050
1.0100
1.0200
1.0400
1.0800
1.1600
1.3200
1.6400

A0 = -30.0
Q= 25
1.0000
1.0200
1.0400
1.0800
1.1600
1.3200
1.6400
2.2800
3.5600
641200
112400
21.+4800
41.9600
Q@ = S0
1.0000
1.0100
1.0200
10400
1.0800
11600
13200
1+6400
2.2800
3.5600
61200
11.2400
21.+4800
Q = 100
1.0000
1.0050
1.0100
1.0200
1.0400
1.0800
1.1600
1.3200
1.6400
2.2800
3.5600
6+1200
Q = 200
1.0000
1.0025

Atten.,
dB

-0.030
-0.008

=~25.000
-22.046
-18.197
-13.202
-8.183
=4.127
=1.686
=0.602
-0.199
-0+061
~0.018
=0.005

=-25.000
=22.025
-18.132
=-13.060
=7+940
-3.828
=1.455
=0.487
=0.159
=0.051
-0.015
~0.004

=-25.000
-22.014
-18.099
-12.986
~7.809
=3+659
=1.319
-0.412
=-0.127
=0.040
-0.013

-25.000
-22.009
-18.082
-12.948
=T.741
=3.570
~1.244
=0.369
=0.107
-0.032
=0.010

=-25.000
=22.006
-18.073
-12.929
=7.707
=3.524
=-1.205
~0.346
=0.095
=-0.027
=0.008

DB

~30.000
-27.037
=23.161
=18.067
-12.716
=7.801
=3.986
=1677
=0+ 602
-0+191
=0+055
=0+015
-0.004

-30.000
=-27.015
-23.096
=17.920
~12.444
=7.389
=3+544
~1387
=0.484
=0.158
-0.049
=0.014
=0.004

30.000
27.005
23.062
17.844
12.296
=7.152
=3.272
=1+ 198
=0.391
-0.126
-0.040
-0.012

nAVEE N

=30.000
-26.999

DB
DB

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DE
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

DB

DB
DB
DB
DB
DB
DB
DB
DB
DB

DB
DB

Time-delay
product for
1/W fregs.

S5
Q

0.001475
0.000487

~1.887532
-0.915866
-0.313756
=0.020430
0.070684
0.081090
0.061424
0.042335
0.032522
0.028669
0.027381
0.026996

=1.887532
=0.901819
-0.301216
=0.015376
0.066676
0.066988
0.040589
0.020703
0.011804
0.008432
0.007248
0.006867

-1.887532
=0.894838
=0.295044
=-0.012952
0.064710
0.060500
0.032009
0.013149
0.005655
0.003038
0.002128

=1.887532
=0.891359
=0.291982
=0.011765
0.063736
0.057391
0.028156
0.010127
0.003544
0.001447
0.000765

~1.887532
-0.889622
=0+290457
=0.011178
0.063251
0.055870
0.026336
0.008793
0.002708
0.000903
0.000364

~1.936754
=~0.965791
-0.363832
=~0.069290
0.028744
0.058606
0064590
0.059916
0.053973
0.050736
0049517
0.049139
0.049034

=1.936754
=0.951245
=0.350280
=0.062172
0.028771
0.050181
0.044963
0.0305 45
0019952
0.015000
0.013123
0.012502
0.012318

~1.936754
=0+944016
=-0.343608
-0.058742
0.028736
0.046277
0.036655
0.019964
0.009698
0.005432
0.003857
0.003309

~1.936754
=-0.940413

Time Time-delay
delay product for
product Lower W fregs.
(ﬂ) normalized (Wo 1l
Q freqs. (1/W) Q
0.001271 «8620690 0.001096
0-.000369 +7575758 0.000279
-1.887532 1.0000000 =-1.887532
~0-897907 +9803922 -0.880301
~-0.301688 +9615385 -0.290085
-0.018916 29259259 =-0.017515
0060935 8620690 0.052530
0.061432 «7575758 0+046539
0.037454 +6097561 0.022838
0.018568 + 4385965 0.008144
0.009135 + 2808989 0.002566
0004685 + 1633987 0.000765
0002436 + 0889680 0.000217
0001257 + 0465549 0.000059
-1.887532 1.0000000 =1.887532
-0.892890 +9900990 =0.884049
=-0.295310 +9803922 =-0.289520
-0.014784 +9615385 -0.014216
0.061737 « 9259259 04057164
0.057748 + 8620690 0.049783
0.030749 «7575758 0.023295
0.012624 +6097561 0.007698
0~005177 +4385965 0.002271
0.002368 +2808989 0.000665
0.001184 « 1633987 0.000194
0.000611 « 0889680 0.000054
-1.887532 1.0000000 =-1.887532
-0.890386 +9950249 ~0.885956
-0.292123 +9900990 =-0.289231
-0.012698 +9803922 =0.012449
0.062221 «9615385 0.059828
0.056018 * 9259259 0.051869
0027594 +8620690 0.023788
0.009962 «7575758 0007547
04003448 «6097561 0.002103
0.001332 +4385965 0.000584
0.000598 +2808989 0.000168
-1.887532 1.0000000 ~-1.887532
-0.889136 +9975062 -0.886919
-0.290530 +9950249 -0.289084
=0.011649 + 9900990 =0.011533
0.062486 + 9803922 0.061261
0.055184 +9615385 0.05 3061
0.026071 «9259259 0.024140
0.008730 +8620690 0.007526
0.002685 «7575758 0.002034
0.000882 +6097561 0. 000538
0.000336 +4385965 0.000147
-1.887532 1.0000000 -1.887532
-0.888511 +9987516 =-0.887402
-0.289733 9975062 =-0.289011
-0.011123 +9950249 -0.011067
0.062625 +9900990 0.062005
0054775 + 9803922 0.053701
0.025324 +«9615385 0.024350
0.008142 9259259 0.007539
0.002334 «8620690 0.002012
0.000684 «7575758 0000518
0.000222 +6097561 0+000135
-1.936754 1.0000000 -1.936754
=0+ 946854 «9803922 ~-0.928288
=0.349838 «9615385 ~0.336383
-0.064157 «9259259 =-0.059405
0.024779 +8620690 0.021361
0044398 +7575758 0.033635
0.039384 «6097561 0.024015
0.026279 + 4385965 0.011526
0.015161 +2808989 0.004259
0.008290 « 1633987 0.001355
0.004405 « 0889680 0.000392
0.002288 + 0465549 0+000107
0.001169 « 0238322 0.000028
=1¢936754 1.0000000 ~1.936754
-0.941826 «9900990 -0.932501
=0.343412 9803922 -0.336678
-0.059781 «9615385 =-0.057481
0.026639 « 9259259 0024666
0.043259 +8620690 0.037293
0.034063 «7575758 0025805
0.018625 «6097561 0.011357
0.008751 +4385965 0.003838
0.004213 «2808989 0.001184
0-002144 +«1633987 0.000350
0.001112 « 0889680 0.000099
0.000573 « 0465549 0.000027
-1+4936754 1.0000000 =-1.936754
=0.939320 +9950249 -0.934646
=0+ 340206 « 9900990 =-0.336838
=0+057591 +9803922 -0.056461
0.027631 + 9615385 0.026568
0042849 « 9259259 0.039675
0.031600 +8620690 0.027241
0.015124 « 7575758 0.011458
0.005914 «6097561 0.003606
0.002383 + 4385965 0.001045
0.001083 +2808989 0.000304
0.000541 « 1633987 0.000088
=1+936754 1.0000000 =-1.936754
~-0.938068 +9975062 -0.935729

il
f

Q

Q

Q

Q

Upper
ormalized
regs. (W)

1.0050
1.0100
1.0200
1.0400
1.0800
1.1600
1.3200
1.6400
2.2800
35600
= 400
1.0000
1.0012
1.0025
1.0050
1.0100
1.0200
1.0400
1.0800
1.1600
1.3200
16400
2.2800

11.2400
= 200
1.0000
1.0025
1.0050
1.0100
1.0200
1.0400
1.0800
1.1600
1.3200
16400
22800
3.5600
6+1200
= 400
1.0000
1.0012
1.0025
1.0050
1.0100
1.0200
1.0400
1.0800
1.1600
1.3200
16400
2.2800
3.5600

1.1600
1.3200
1.6400
2.2800
3.5600
6+1200
11.2400
21.4800

Atten.,
dB

=23.045
-17.804
-12.219
=7.025
=3.120
=1.076
=0.330
=0.101
-0.032
-0.010

30.000
264997
23.036
17.784
12.130
-6+958
=3.039
~1.014
=0.295
-0.085
=-0.025
-0.008

N IS

DB

-35.000
=-32.034
-28.150
-23.024
=17557
-12.281
=7+603
-3.964
=1.674
=0.579
=0.173
=0.0483
=-0.012
-0.003

-35.000
=-32.013
=-28.084
=-22.875
=17.274
~11.813
~6+983
=3.406
-1.376
=0.483
=0.152
-0.044
-0.012
-0.003

-35.000
-32.002
-28.050
-22.797
=17.121
=11.542
=6+587
=-3.008
-1.132
-0.387
=0.126
=0.039
=0.011

-35.000
=31.996
-28.033
-22.758
=17.040
-11.394
=6+361
-24765
~0.969
-0.312
=0.100
=-0.032
=0.010

-35.000
=31.994
-28.024
=-22.738
=16.999
-11.318
=6+239
-2.629
=0.873
=0+263
-0.080
=0.025
=0.008

DB

=-40.000
-37.033
=33.146
-28.010
=22.505
=17.103
=-12.055
=7+571
=3.958
~1.616
-0.526
=0.149

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
D3
DB
DB

DB
DB
0B
DB
DB
DB
DB
DB
DB
DB
DB
0B
DB

-}
DB
DB
DB
DB
0B
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

DI=]
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

Time-delay Time

product for delay

1/W fregs. product
(wa (w T)

Q Q
-0.340299 =-0.338606
~0+057059 =-0.056494

0.028703 0.028145
0044400 0.042693
0.032861 0030427
0.015640 0.013483
0006135 0004648
0.002593 0.001584
0.001339 0.000609
0.000971 0.000273
=1+936754 =1.936754
-0.938615 =-0.937443
-0.338650 -0.337806
=0.056226 =0.055946
0.023691 0.023407
0.043480  0.042623
0.031051 0. 029856
0.013708 0.012692
0.004714 0. 004064
0.001626 0.001232
0.000661 0.000403
0.000349 0.000153
~1+964434 =-1.964434
=0¢993978 =0.974438
-0.392434 =-0.377340
-0.098451 =0.091158
=0.000540 =-0.000465
0.032096 0.024315
0.048681 0.029683
0.063073 0027664
0.075771 0.021284
0.083610 0.013662
0.086899 0.007731
0087965 04004095
0088267 0.002104
0088347 0.001065
~1+964434 =-1.964434
=0¢979151 =0e969456
-0.378312 =-0.370894
-0.090163 =-0.086695
0.001916 04001774
0.028453 0.024529
0.035548 0.026930
0034286 04020906
0.029216 0.012814
0.025085 0.007046
04023106 0.003775
0022393 0.001992
0.022176 0.001032
0.022115 0.000527
=14964434 =-1.964434
=0.971783 =-0.966948
-0+371360 =-0.367683
~0.086164 =-0.084474
0.003037 0.002920
0.026747 0.024766
0.029930 0.025302
0.023513  0.017813
0.014713 0.003971
0.009220 0+004044
0.006820 0.001916
0.005932  0.000969
0.005642  0.000502
=1+964434 =1.964434
-0.968111 =0.965696
-0.367910 =-0+366080
-0+084200 =-0.083367
0.003572 0003502
0.025923 0024926
0.027349 0.025323
0.018989  0.016370
0.009534 0.007223
0.004461 0.002720
0.002466 0.001081
0.001743  0.000490
04001493 0.000244
12964434 =1.964434
=0¢966277 =0+965071
-0.366193 =-0.365279
-0.083228 =-0.082813
0.003834 0.003796
0025519 0025019
0.026114 0.025110
0.016932 0.015678
0.007431 0006406
0.002814 0.002132
0.001178  0.000718
0.000627 0.000275
0.000438 0.000123
=1.980000 =~1.980000
=1.009849 =-0.990048
-0.408597 -0.392882
=0¢115164 =-0+106633
-0.018205 =0.015694
0.013091 0009917
0.029047 0.017712
0.048222 0.021150
0.079744 0.022400
0.117780 0.019245
0.143532 0.012770
0+154014 0.007170

ELECTRONIC DESIGN

Lower
normalized
fregs. (1/W)

« 9950249
+9900990
9303922
+9615335
+ 9259259
«8620690
+«75757538
« 6027561
«4385965
+2803989

1.0000000
« 9987516
« 9975062
+ 9950249
+9900990
« 9803922
+ 9615385
« 9259259
«8620690
«7575758
«6097561
+ 4385965

1.0000000
+ 9803922
-+ 9615385
+ 9259259
+8620690
+«7575758
«6097561
+ 4385965
+2808939
« 1633987
« 0889680
« 0465549
+0238322
+0120598

1. 0000000
+9900990
« 9803922
+9615385
9259259
+8620690
«7575758
« 6097561
+4385 965
+2808989
« 1633987
+ 0889680
« 0465549
« 0238322

1. 0000000
+ 9950249
+9900990
« 9303922
« 9615385
9259259
+ 8620690
«7575758
6097561
+4335965
«2308989
« 1633987
+ 0839650

1.0000000
+ 9975062
+ 9950249
+ 9900990
« 9803922
+9615335
« 9259259
«8620690
«7575758
«6097561
« 4385965
+2808989
+ 1633987

1.0000000
9987516
« 9975062
« 9950249
+ 9900990
« 9803922
«9615335
+9259259
«8620690
«7575758
«6097561
« 4385965
+ 2808989

1.0000000
« 9803922
« 9615385
9259259
«8620690
«7575758
«6097561
«4385965
+ 2808989
+ 1633987
+ 0889680
« 0465549

9, April

Time-delay
product for

W freqs.

&)

Q

~0.336921
~0+055935
0027593
0041051
0.028173
0.011623
0.003521
0.000966
0.000267
04000077

=1.936754
-0.936272
~0.336964
~0+055663
0.023125
0.041792
0.028708
0.011752
0.003503
0.000933
0.000246
0.000067

=1.964434
=0.955381
-0.362827
-0.084406
-0.000401
0.018421
0.013100
0.012133
0.005979
0.002232
0.000688
04000191
0.000050
0.000013

=1+964434
=0.959853
=0.363622
-0.083361
'0.001643
0.021146
0.020402
0.012747
0.00562C
0001979
0.000617
0.000177
0.0000438
0.000013

=1.964434
~0.9621338
=0.364042
-0.082818
0.002808
0.022931
0.022243
0.013495
0.005470
0001774
0.000538
0.000158
0+000045

~1.964434
-0.963283
~0e364259
-0.082541
0.003434
0.023963
0.023447
0.014112
0.005472
0001659
0000474
0.000133
0.000040

~1.964434
=0+ 963866
~0+364369
-0.082401
0.003758
0.0245238
0.024144
0.014517
0.005522
0.001615
0.000438
0.000121
0.000035

=1.980000
=0.970635
=0.377771
=0.098734
=0.013530
0.007513
0.010800
0.009276
0.006292
0.003145
0.001136
0.000334

26, 1969



Upper
normalized
fregs. (W)

41.9600
82.9200
Q@ = 50
1.0000
1.0100
1.0200
1.0400
1.0800
1.1600
13200
16400
2.2800
3+5600
641200
11.2400
21+4800
41+9600
2 = 100
1.0000
1.0050
1.0100
1.0200
1.0400
1.0800
1.1600
1.3200
16400
2.2300
345600
641200
11.2400
2144800
Q = 200
1.0000
1.0025
1.0050
1.0100
10200
1.0400
1.0800
11609
1.3200
1.6400
2.2800
3.5600
61200
112400
2 = 400
1.0000
1.0012
1.0025
1.0050
1.0100
1.0200
1.0400
1.0800
1.1600
1.3200
1.6400
2.2300
3+5600
6+1200

AD = =-45.0
9 = 25
1.0000
1.0200
1.0400
1.0800
1.1600
13200
1.6400
2.2800
3.5600
61200
11.2400
21.+4800
41+9600
82.9200
164.8400
2 = 50
1.0000
1.0100
1.0200
1.0400
1.0800
1.1600
1.3200
1.6400
242800
345600
641200
11.2400
2144300
41.9600
82.9200
2 = 100
1.0000
1.0050
1.0100
1.0200
1.0400
1.0800
1.1600
1.3200
1.6400
2.2300
3.5600
641200
11.2400
2144800
41.9600

Atten.,
dB

-0.039
=0.010

40.000
37.012
33.080
27861
22219
16+614
11+344
~6+782
=3.383
=1.373
=0.464
=0.137
=-0.038
-N.010

=40.000
=37.001
=33.046
-27.783
=22.064
=16+329
~-10.882
=6+191
-2.382
=1.122
-0.386
-0.121
-0.035
-0.009

40+ 000
36.996
33.029
27.743
21+932
16174
10.614
=5.813
=2.529
-0.913
-0.309
~-0.100
=-0.030
=-0.009

-40.000
=36+993
=33.021
=27+723
-21.941
~16.094
-10.469
=5.601
=-2.315
=0+783
-0.248
=0.079
-0.025
-0.0083

312]

~-45.000
~42.032
=38.145
~-33.005
=27+489
-22.045
~16.866
-12.018
=7+.562
=3.849
=1+483
=0.454
=0.123
-0.032
-0.008

=45.000
42.011
38.079
32.856
27.202
21.549
16.121
11.110
=6+749
=3.377
=1.324
=0.421
=0.118
-0.031
=0.008

(R TN PN

-45.000
=42.001
=38.045
-32.778
=-27.045
=-21.260
-15.633
=10.411
=5.998
=2+861
=1+120
=0.371
=0.109
-0.030
=-0.008

DB
D8

DB
DB
DB
DB
D8
DB
DB
DB
DB
D8
DB
DB
DB
DB

DB
0B
nB8
D8
DB
N8
P}
DB
D3
DB
DB
08
D3
DB

D3
DB
D8
D8
0B
DB
D3
pl=]
b3
D3
03
D83
D3
DB

D3
DB
DB
DB
DB
D8
DB
DB
DB
DB
DB
DB
DB
D3

ELECTRONIC DESIGN

Time-delay
product for
1/W fregs.

(%
Q
0.157225
0.158097

~-1.980000
=0.994364
-0.394155
=-0.106216
=0.014363
0.012424
0.021951
0027769
0.032816
0+03656¢€
0.038526
0.039276
0.039511
0.039577

-1.980000
-0.987417
-0.337045
-04101897
-0.012584
0.012074
0.018904
0.019967
0.017551
0.013934
0.011507
0.010433
0010057
0.009943

=-1.980000
=0.983706
=0.383517
=0+099775
=0.011729
0.0118397
0.017506
0.016650
0.011889
0.006947
0.004211
0.003075
0.002663
0.002529

=1.980000
=0.981853
=0.381760
-0.098724
=-0.011310
0.011308
0.016838
0.015130
0.009527
0.004470
0.002030
0.001110
0.000782
0.000669

=1.988753
=1.018777
=0+417701
=0.124619
=0.028365
0.001524
0.014763
0.029744
0.061381
0.125375
0+205463
0256359
04275437
0.280963
0.282427

-1+988753
=1.003703
-0+403078
=0.115300
-0.023739
0.002576
0.011582
0.017752
0026757
0.041053
0.056398
0. 065707
0.069274
0.070343
0.070631

=1.988753
=0+996213
-0+395879
=0.110801
-0.021590
0.003004
0.010191
0.013153
0.015137
0.016638
0.017347
0.017587
0.017657
0.017676
0.017681

Time
delay
product

Ca)
Q
0003747
0.001907

=1.980000
=0.985013
~0.386426
=0.102131
=0.013299
0.010710
0.016629
0.016932
0.014393
0.010271
0.006295
0.003494
0.001839
0.000943

=1.980000
~0.982505
=0.383213
=0.099899
=0.012100
0.0111890
0.016297
0.015127
0.010702
0.006111
0.003232
0.001705
0.000895
0.000463

=1.930000
-0.981253
=0.381609
=0.098787
-0.011499
0.011439
0.016209
0.014353
0.009007
0.004236
0.001347
0.000864
0.000435
0.000225

-1.980000
=0 930627
~0. 380808
-0.098233
=0.011193
0.011576
0.016191
0.014010
0.008213
0.003387
0.001238
0.000487
0.000220
0.000109

=1.988753
~0.998801
=0.401636
=0.115338
=0+024453
0.001155
0.009005
0.013045
0.017242
0.020486
0.018280
0.011935
0.006564
0.003388
0.001713

=1.938753
=0993765
=0+395175
=04110866
-0.021981
0.002220
0.008774
0.010824
0.011735
0.011532
0.009215
0.005846
0.003225
0.001676
0.000852

=1.938753
=0.991257
~0.391960
-0.103628
=-0.020759
0.002782
0.008785
0.009964
0.009260
0.007297
0.004873
0.002874
0.001571
0.000823
0.000421

9, April 26, 1969

Lower
normalized
fregs. (1/W)

« 0238322
«0120598

1.0000000
« 9900990
+ 9803922
« 9615385
« 9259259
+B8620690
7575758
« 6097561
+4385965
+2808989
« 1633987
+ 0889680
« 0465549
+ 0238322

1.0000000
9950249
+9900990
9803922
+9615385
9259259
+8620690
+7575758
+6097561
4385965
2308989
+1633987
0889680
+0465549

1.0000000
« 92975062
« 9950249
« 9900990
« 9303922
+ 9615335
+92592539
«8620690
«7575753
«6097561
« 4385965
« 2308989
+ 1633937
« 0889630

1.0000000
« 9987516
+9975062
+9950249
+ 9900990
. 9803922
+9615 385
49259259
+8620690
+7575758
+6097561
+ 4385965
+2808989
« 1633987

1.0000000
+9803922
« 9615385
« 9259259
«8620690
«7575758
«6097561
+4385965
+2808989
« 1633987
+ 0839680
+ 0465549
- 0238322
«0120598
+ 0060665

1.0000000
+ 9900990
« 9803922
« 9615335
» 9259259
+8620690
« 7575758
+ 6097561
« 4385965
+ 28089389
« 1633987
+ 0889680
« 0465549
«0238322
0120598

1.0000000
+9950249
« 9900990
+ 9303922
+9615385
« 9259259
«8620690
« 7575758
«6097561
« 4385965
+ 2808989
« 1633987
+ 0889680
« 0465549
» 0238322

Time-delay
product for
W fregs.

S
Q
0.000089
0.000023

=1.980000
~0.975261
-0.378849
=0.098203
~0.012314
0.009233
0.012598
0.010325
0.006313
0.002885
0.001029
0.000311
0.000086
0.000022

-1.930000
-0.977617
-0.379418
-0.097940
-0.011635
0.010351
0.014049
0.011460
04006525
0.002680
0.000908
0.000279
0.000080
0.000022

=1.980000
=0.973806
=0.379711
~0.097809
-0.011273
0.010999
0.015009
0.012373
0.006324
0.002583
0.000310
0.000243
0.000071
0.000020

-1.980000
=0.979403
=0.379859
-0.097744
=0.011087
0.011349
0.015568
0.012972
0.007080
0.002566
0.000755
0.000214
0. 000062
0.000018

=1.988753
=04979217
=-0.386188
-0.106841
~-0.021080
0.000875
0.005491
0.005722
0.004843
0.003347
0.001626
0.000556
0.000156
0.000041
0.000010

=1.988753
=-0.983926
=0.387426
~0.106601
=0.020353
0.001914
0.006647
0.006600
0.005147
0.003239
0.001506
0.000520
0.000150
0.000040
0.000010

=1+983753
=0.286325
=0.333079
=0+126498
=0.019961
0.002576
0.007573
0.007549
0.005646
0.003201
0.001369
0.000470
0.000140
0.000038
0.000010

Q

Q

A0 = =50.0

Q9

Q

Q

]

Upper
normalized
fregs. (W)

= 200
1.0000
1.0025
1.0050
1.0100
1.0200
1.0400
1.0800
11600
1.3200
16400
2.2800
3.5600
641200

11.2400

214800

= 400
1.0000
1.0012
1.0025
1.0050
1.0100
1.0200
1.0400
1.0800
1.1600
1.3200
1.6400
2.2800
3.5600
641200

11.2400

= 25
1.0000
1.0200
1.0400
1.0800
1.1600
1.3200
16400
2.2800
35600
61200

11.2400

21+4800

41+9600

82.9200

164+8400

328.6800

= 50
1.0000
1.0100
1.0200
1.0400
1.0800
1.1600
13200
1.6400
2.2800
3.5600
6+1200

11.2400

21+ 4800

419600

82.9200

164.8400

= 100
1.0000
1.0050
1.0100
1.0200
1.0400
1.0800
11600
1.3200
1.6400
2.2800
3+5600
61200

11.2400

21+4800

41+ 9600

82.9200

= 200
1.0000
1.0025
1.0050
1.0100
1.0200
1.0400
1.0800
1.1600
1.3200
1.6400
2.2800
35600
61200

11.2400

21.+4800

41+9600

= 400
1.0000
1.0012
1.0025
1.0050
1.0100
1.0200
1.0400
1.0800
11600
1.3200

Atten.,
dB

=45.000
=41.995
~-38.028
-32.738
=26+ 964
=21102
=15.349
-9.958
=5.439
-2.417
=-0.910
~-0.308
~0.096
-0.028
~0.007

45.000
41.993
38.020
32.718
26.922
21.020
15.194
-9.696
-5.087
-2.108
-0.742
-0:246
-0.079
-0.024
-0.007

DB

~-50.000
=47.032
-43.145
=-38.004
=-32.484
=27.027
=21.805
=16.827
-12.008
~7+411
-3.592
-1.298
=0.378
-0.100
-0.025
=0.006

50.000
47.011
43.079
37.855
32.196
26.528
21.048
15.874
11.070
=6.739
=3.278
=1.211
-0.363
-0.098
=-0.025
=0.006

ORI RS W B Y ]

50.000
47.001
43.045
37777
32.040
26+237
20.551
15133
10179
-5+965
-2.856
-1.078
-0336
-0.094
-0.025
=0.006

50.000
464995
43.028
37737
31.958
264079
20.261
14.647
=9+495
=5.257
-2.399
-0.908
-0.296
-0.086
=-0.024
~0.006

=-50.000
-46.992
-43.019
-37.717
-31.916
-25.997
-20.104
=14.365

=9.053

=4.736

DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
0B
DB
DB
DB
DB
DB
DB

Time-delay
product for
1/W freqs.

S5
Q

~1+988753
=0.992479
=-0.392308
-0.108590
=-0.020554
0.003196
0009548
0.011198
0.010798
0.008770
0.006545
0.005234
0.004686
0.004498
0.004442

~1.988753
=0.990615
=0.390529
=0.107495
=0.020047
0.003287
0.009241
0.010306
0.008937
0.005876
0.003235
0.001908
0.001380
0.001191
0.001130

=1.993675
=1.023799
=-0. 422823
=0.129946
-0.034119
-0.005147
0.006037
0.016271
0.038482
0.097798
00224946
0.376103
0+462959
0.493070
0501458
0.503630

=1.993675
=1.008675
=-0+408099
=0.120419
-0.029052
~-0.003122
0.005141
0.009976
0.017338
0.033570
0.064008
0.097598
0.116716
0+123488
0+125414
0.125919

=1993675
=1.001159
-0.400850
=0.115818
~0.026694
=-0.002253
0.004713
0.007540
0.010200
0.014455
0.020709
0.026629
0.029871
0.031050
0.031397
0.031491

=1+993675
=0.997414
-0.397253
=0+113557
=0.025557
=0.001853
0.004507
0.006503
0.007481
0.008103
0.008273
0.008125
0.007977
0.007911
0.007889
0.007883

=1+993675
~0.995544
~0+395462
=0.112437
-0. 025000
=0.001661
0.004407
0.006030
0.006330
0.005704

Time
delay
product

()

=1.988753
=0 990004
=0.390356
=0.107515
=0.020151
0.003073
0.008841
0.009654
0.008180
0. 005348
0.002870
0.001470
0.000766
0.000400
0+ 000207

=1.988753
=0.989379
=0+389555
=0.106960
-0.019848
0.003223
0.008886
0.009543
0.007704
0.004452
0.001973
04000837
0.000388
0.000195
0.000101

=1.993675
=1.003724
=0.406561
-0.120320
-0.029413
-0.003899
0.003681
0.007136
0.010810
0.015980
0.020013
0+017509
0.011033
0.005946
0.003042
0.001532

=1.993675
-0+ 998688
=0.400097
=0.115787
=0.026900
=0.002691
0.003894
0.006083
0.007604
0.009430
0.010459
0.008683
0.005434
0.002943
0.001512
0.000764

=1.993675
~0.996179
~-0.396881

=0e113547 |

=0.025667
~0.002086
0.004063
0.005712
0.006220
0.006340
0.005817
0.004351
0.002658
0.001446
0.000748
0.000380

=1.993675
=0.994926
=0 395277
=0.112433
=-0+025056
=0.001781
0.004173
0.005606
0005668
0.004941
0.003628
0. 002282
0.001303
0.000704
0.000367
0.000188

=1.993675
=0.994301
=0.394476
=0.111878
=0.024752
-0.001628
0.004238
0.005583
0.005457
0.004321

Lower
normalized
fregs. (1/W)

1.0000000
+ 9975062
« 9950249
« 9900990
« 9803922
« 9615385
« 9259259
+8620690
«7575758
+ 6097561
+ 4385965
+2808989
+ 1633987
+ 0889680
« 0465549

1.0000000
«9987516
« 9975062
+ 9950249
« 9900990
+ 9803922
+ 9615385
« 9259259
«B8620690
+7575758
«6097561
+ 4385965
+2808989
+ 1633987
+ 0889680

1.0000000
« 9803922
+9615385
«9259259
+8620690
«7575758
+ 6097561
+4385965
«2808989
+ 1633987
« 0889680
+ 0465549
0238322
«01205 98
+ 0060665
+ 0030425

1.0000000
+ 9900990
« 9803922
+9615385
« 9259259
+8620690
« 7575758
+6097561
+4385965
+2808989
« 1633987
« 0889680
+ 0465549
« 0238322
0120598
+0060665

1.0000000
+ 9950249
+ 9900990
+«9803922
+ 9615385
« 9259259
«8620690
+«7575758
+6097561
+4385965
+2808989
« 1633987
« 0889680
« 0465549
« 0238322
+0120598

1.0000000
«9975062
« 9950249
+ 9900990
+ 9803922
+ 9615385
+9259259
«8620690
«7575758
« 6097561
+4385965
+2808989
« 1633987
« 0889680
+ 0465549
« 0238322

1. 0000000
+9987516
+ 9975062
* 9950249
+ 9900990
« 9803922
+9615385
« 9259259
+8620690
«7575758

Time-delay
product for
W fregs.

%)

=1.988753
=0.987535
=0.388414
=0.106451
~0.019756
0.002955
0.008186
0.008322
0.006197
04003261
0. 001259
0.000413
0.000125
0.000036
0.000010

=1.988753
~0.988144
~0.388583
~-0+106428
=0.019652
0.003159
0.008544
0.008836
0+006642
0.003372
0.001203
0.000367
0.000109
04000032
0000009

=1.993675
=0.984043
=0.390924
=0.111408
=0.025356
~0.002954
0.002245
0.00313C
0.003036
0.002611
0.001781
0.000815
0.000263
0.000072
0.000018
0.000005

=1.993675
=0.988800
=-0.392252
=0.111334
~0.024908
=0+002320
0.002950
0.003709
0.003335
0.002649
0.001709
0.000773
0.000253
0.000070
0.000018
0.000005

=14993675
=0.991222
-0+392951
=0+111320
=0+024680
=0.001932
0.003502
0.004327
0.003793
0.002781
0.001634
0.000711
0.000236
0.000067
0.000018
0.000005

=1.993675
=0.992445
=-0.393310
=0.111320
=0.024565
=0.001713
0.003864
0.004833
0.004294
0.003013
0.001591
0.000641
0.000213
04000063
0.000017
0.000004

-1.993675
-0 993059
-0.393492
-0.111321
-0.024507
<0.001596
0.004075
0.005170
0.004704
0.003274

63



Upper

normalized

freqs. (W)

16400
2.2300
3+5600
6+1200
11.2400
21.4800

11.2400
21.4800
4149600
3249200

16443400
32846300
65643600

2

= S0
1.0000
1.0100
1.2200
1.0400
1.03800
11690
13200
16400
242300
3.560)
6+1200
112400
214300
413600
329200
16443400

328+6300
1 = 100

1.2000
1.0050
1.0100
1.0200
10400
1.0800
1.1600
13200
16400
242800
3.5600
6+1200
112400
2144800
41+ 9600
3249200
1643400

9 = 200

2

1.0000
10025
1.0050
10100
10200
10400
1.03800
11600
1.3200
16400
2.2800
3.5 600
61200
112400
21+4300
4192600
32.9200
= 400
10009
10012
1.0025
10050
10102
10200
1.0400
10300
11603
1.3200
1.6400
242300
3.5600
61200
11.2400
214300
419600

64

Atten.,
dB

=24+011
=0.735
=0.245
=0.076
~0.022
~0.006

nB

=55.000
-52.032
=48. 145
=43.004
=37.432
-32.021
-26+735
-21765
-16+317
-11.335
=7.049
=3.225
=1.098
-0.308
-0.030
=0.020
-0.005

-55.000
-52.011
-43.079
-42.354
-37.194
=31.522
-26.025
-20.796
-15.332
-11.060
-64594
-3.043
-1.056
-0.302
-0.079
-0.020
=0+005

=55.000
=52.001
=48+ 045
=42.7176
=-37.233
=-31.230
=25+525
=20.041
=14+334
-10+139
=5+956
=2767
=0.934
=-0.289
=0.077
=0.020
=0«005

=55+000
=51395

=14143

=92.263

-5.226
2374
«374
=0.268
=2.074
=0.019
=0+005

=355.000
=3 1s992
=45.019

=19.255
=13.667
=3.602
=4.567
~1+3774
=0+733
-0+235
=0.063
=0e219
=0+005

DB
DB
D3
D3
DB
D3

DB
D8
Dz}
D3
DB
03
DE]
D3
03
D3
D8
DB
DB
D3
03
D3
b3

PE]
03
D3
D3
D3
03
03
n3
03
D3
nB
B8
DE]
D3
DE]
DL}
pE}

D3
08
08
03
03
23
03
03
03
0B
D3
03
08
08
03

0B

28
03
PE}
D3

Time-delay
product for
1/W fregs.

S5
Q

0.004302
0.003039
0.002367
0002098
0.002007
0.001930

=1.996443
=1.026623
-0.425704
-0.132943
=-0.037362
-0.003928
0000994
0.008026
0021775
J.062163
0.130132
0.429353
0693311
0.836323
0881795
0893977
0327097

=1+996443
-1.011470
=0+410923
-0.123299
-0.032047
=0+006355
0.0014901
0.005117
0.010004
0.021902
0.052969
0113730
De177122
0.209391
0220565
0.223519
0+224230

~1+996443
=1.0039%41
403645
=0.113641
-0.029572
=0.005233

0.001520

0.003962.

0.006000
0.009772
0.013013
J.032117
). 0455809
0.052855
- 55235
0.055901
J+ 056075

=14996443
-1.000133
=0+400035
=0.116352
=0.023373
=0+004720

0.001562

0.003464

0.007663
0.010271
0e012433
0.013511
D«013386
0.013994
0.014024

=1.796443
=0+998315
=0e393237
=0.115213
00277392
=0.204471
J.001579
0«303237
0.003327
0.004150
Q.004247
0.004045
203768
0.003501
0203536
0003516
0.003510

Time
delay
product

()

0.002623
0.001333
0.000665
0+000343
0.000179
0.000092

=1+996443
-1.006493
-0+409331
=-0.123096
-0.032208
=0.006764
040292606
0.003520
0.206117
0+010158
0.016026
0.019989
0.016642
0.010092
0.005342
0.002720
0.001367

-1+996443
=1.001456
-0.4023865
-0.118556
=04029673
=0+005473
0001061
J.003120
0+ 0043838
0.006152
0.008655
0.010123
0.0032456
0.005000
0.002660
0+001356
0000632

13796443
-0998947
-0e397649
=0«116314
=0+ 028434
=0«004350
0.001310
0.003001
0093659
0.004236
0.005061
0005243
0. 004076
0.002461
0.001316
0+ 000674
0.000340

~1996443
=0e 997694
=) 393045
=0+ 115200
=0.027322
=0«004539
0.001446
D« 002987
0.003333
0. 003474
0+003363
2.002335
0.002032
0.001202
0+ 000646
J+100334
0000167

=129296443
=04997067
=0e397244
=Je114645
=0.027517
=0+004333
J«001513
J+002937
0+203299
2.003144
0« 002590
J.001775
0001053
0+0005383
0.000315
0.000164
J+ 000034

Lower
normalized
fregs. (1/W)

+ 6097561
« 4335965
+2308982
+ 1633937
+ 0839630
« 0465549

1.0000000
+9303922
9615385
+9259259
+8620690
£ 7575758
+6097561
4385965
+2803937
+1633987
- 0889630
+0465549
+0238322
0120593
0060665
+ 0030425
0015235

1. 0002000
« 9300930
9303922
+ 9615335
9259259
+3620690
« 7575753
« 6097561
+ 4385965
+2308939
« 1633937
+ 0339630
« 04655492
« 0238322
«01205 93
«+ 0060665
+ 0030425

10000000
« 9950249
« 92900990
+9803922
+« 9615335
* 7259259
+3620690
«7575758
« 6097561
+ 4335965
+2308989
+ 1633937
« 0389630
« 0465549
+ 02338322
«0120593
« 0060665

10000000
« 9975062
* 9950249
« 39009290
« 2303922
« 7615335
+«9259259
+3620630
+7575753
« 6097561
«4335965
+ 2308939
« 1633987
+ 0849630
« 0465549
+ 0233322
+0120598

1+0000000
+ 9937516
« 2275062
*« 9950249
« 9900930
2303922
« 2615335
9253259
+8620690
« 7575758
+6097561
4335965
+2303939
+ 1633937
«0339630
« 0465549
« 0233322

Time-delay
product for
W fregs.

(wg i
Q

0.001600
0.000585
0.000187
0.000056
0.000016
0000004

~1.996443
~0e936758
-0.393587
=0.113977
-0.027766
-0.005124
0000370
0. 001544
0001713
0.001660
0.001426
0.000931
00003797
0.000122
0.000032
0+000008
0.000002

~1.996443
=0e991540
=0e394966
=0.113997
=0.027475
=0.004722
J0.000304
0.001902
04001924
0.001723
0.001414
2000901
0000334
0.000119
0.000032
09000038
0.000002

~1+996443
~0993977
=0e395692
~0+114034
=0.027341
=0+004491
0.001130
0.002274
0.002231
0.001380
0.001422
0.000857
0.000363
0.000115
0.000031
0.000008
0.000002

=149376443
=0.995206
=0 396065
=0+114060
=0.027276
=0+004364
0.001339
0002575
0.002567
0002113
2.001475
0.000810
0000332
0.000107
0.000030
0+000003
0.000002

=1.996443
~-0.995324
=0e3%6253
-0e1149075
=0.027244
=0e004298
0«001460
0002775
0.002844
0.002382
0001579
0.000779
0.000297
0.000076
0.000023
0000003
0.000002

2

Upper
normalized
fregs. (W)

2144300
419600
82.9200
164.8400
328.6800
656+36900
311.7200

= 50
1.0000
1.0100
1.0200
1.0400
1.0800
1.1600
1.3200
1+6400
242800
343600
6+1200

11.2400

21+4800

419600

329200

16443400
328.6800
6563600

3 =100

4

]

1.0000
1.0050
1.0100
1.0200
1.0400
1.0800
1.1600
1.3200
16400
242300
3.5500
641200
112400
21+4800
419600
3249200
164+3400
3236300

= 200
10009
1.0025
1.0050
1.0100
1.0200
1.0400
1.0300
11600
13200
1+6400
22800
3.5600
501200

11.2400

214800

4149600

32.9200

16443400

= 400
1.0000
1.0012
1.0025
1.0050
1.0100
1.0200
1+0400
1.0800
1.1600
1.3200
1.6400
22800
35600
641200

11.2400

214800

4149600

82.9200

Atten.,

dB

03

=60.000
=57.032
=53.145
=48.003
~42.482
=37.019
=31.779
=264745
=21+ 8%
-16+636
=11.420
-6+516
-2.810
=0.909
=0.248
-0.064
-0.016
=0.004

-60.000
=57.011
-53.079
-47+854
-42.194
=36+520
=31.017
=25.772
-20.754
=15.821
-10.890
=6+250
-2+720
-0.890
=0e246
=0«063
-0.016
=0.004

=60.000
=57.001
-53.045
-47+776
=42.037
-36.228
-30.517
=-25.011
=-19.787
~14.842
=-10.123

=60.1000
=56+995
-53.028
=47.736
=414955
-36.070
=30.224
=24.511
-19.232
-13.901
=9s229
=5.213
=2316
=0.796
~0230
=0.061
=D.016
-0.004

-60.000
=56.992
=53.019
=47+716
=41+914
=35.987
~30.066
=24.220
-18+537
~13.172
=8.381
=4+533
=1.990
=0.705
-0.213
~0.059
=0.015
=0.004

D3

ns
DE]
DB
bB
D8
0B
DB
DE}
D3
0B
D3
DB
o8B
D3
DB
DB
DB
D3

D8
D3
08
D3
D3
D3
D8
D3
D3
DB
03
03
DB
03
D3
03
D3
DB

D3
03
DB
DB
D3
ns
DB
D3
DB
D8
DB
D3
03
D3
D3
D3
o8
D3

DB
DB
D3
nB
D8
D8
DE]
D3
N8
D8
D3
DB
D3
D3
DB
DB
DB
DB

Time-delay
product for
1/W fregs.

3
Q

=1.998000
=1.023211
=0.427324
=0.134629
=0.032187
=0.011060
=0.001866
0.003262
0.011543
0.035386
0.116517
0+357634
0.837613
1296855
1.509586
1.575092
1.592491
1596916

=-1+998000
=1.013043
=0.412510
=0e124919
-0.033733
=0.008173
=0.000723
0.002290
0.005415
0.012807
0.034388
0096731
0.214815
0.326034
0377763
0393840
0398135
0.399232

=1.993000
=1+005506
-0.405213
=0. 120229
=0.031191
-0+ 006922
-0.000296
0.001367
0.003303
0.005312
0.012219
0+ 028275
0056657
0.082559
0.094631
04093509
04099544
0+099310

=1+9298000
=1.001749
=0.401599
=0.117924
=0.029965
=0+006333
=0.000115
0001677
00024921
Je 003452
0.005412
0.009529
04215863
0.021290
0.023339
0024667
0.024395
06024955

=1+993000
=0.999873
-0.399797
=0.116732
~0.029364
=0.006057
-0.000032
0.001588
0.002148
0.002556
0.003132
0.004007
0.005013
0.005752
0.006083
0006200
0.006232
0.006241

Time
delay
product

()

=1+993000
=1.003050
=0.4108883
=0. 124657
=0+033782
~0.008379
~-0.001133
0.001431
0.003244
0+005864
0.010366
0.016650
0.019962
0.015640
0+0091538
0.004792
0.002426
0.001217

=1.998000
=1.003012
=0+ 404422
~0+120114
=0.031234
-0.007050
-0.000548
0.001336
0002375
0.003597
0.005701
0.008606
0010001
0007770
0.004556
04002389
0.001211
0.000608

=1.993000
~1.000503
=0.401206
=0+117371
=0.029991
-0.006409
=0.000255
0.001414
0002014
0+002549
0.003432
0.004620
0.005041
0.003344
0.002256
04001138
0.000604
0.000304

=1.993000
=0.999251
=0.399601
=0+116757
=0.029378
=0.006094
=0.020106
0+001446
04201387
0.202105
De002374
04002677
0+002593
0001824
0.001110
0.000583
0.000300
0«000151

=-1993000
~-0s9298625
-0+398300
=0+116201
=0+029073
=0.005938
=0.000030
0+001470
0.001351
0.001936
0.001910
0.001757
0.001410
0000940
0.000542
0.000239
0.000149
0.000075

Lower

normalized
fregs. (1/W)

1.0000000
+ 9803922
« 9615385
+ 9259259
+8620690
«7575758
« 6097561
+4335965
«2308989
« 1633937
+ 0889630
« 0465549
+ 0238322
«0120598
« 0060665
« 0030425
+0015236
« 0007624

1. 0000000
+ 9900990
« 9833922
+ 9615335
+ 9259259
+8620690
«7575758
6097561
+ 4335965
«2308989
« 1633937
+ 0339630
« 0465547
- 0233322
«0120598
- 0060665
+ 0030425
+ 0015236

1.0000000
« 9950249
« 2900990
« 9803322
+ 9615335
+9259259
«3620690
«7575758
+ 6097561
« 4335965
+ 2308989
« 1633937
« 0339680
+ 0465549
« 0233322
0120598
+ 0060665
+ 0030425

1. 0200000
« 9975062
+ 9950249
+9900990
«9303922
+ 2615335
* 9252259
«3620690
« 7575753
«6097561
«4335965
« 2308939
« 1633937
« 0839630
« 0465549
«0233322
« 0120598
+ 0060665

1.0000000
« 9987516
« 9975062
« 9950249
+ 9900990
« 9803922
«9615335
« 9259259
«3620690
+7575758
«6097561
+4385965
+2308989
« 1633937
« 0889680
+0465549
« 0238322
+0120598

Time-delay
product for
W fregs.

(5

=1+993000
=0.938234
=0+395085
=0.115423
-0.029122
=0.006347
=0.000694
0.000627
0.000911
0.000958
0.000922
0.000775
0.000476
0000189
0.000056
0.000015
0.000004
0.000001

-1.998000
-0.993032
-0.396492
-0.115494
-0.028920
-0.006077
-0.000415
0000851
04001042
0.001011
0.000931
0.000766
0«0004566
0.000185
0.000055
0.000014
0.000004
0.000001

=1998000
=0.995525
=0¢397233
=0+115560
=0.023333
-0.005934
=0.000220
0.001072
J.001223
0.001118
0. 000964
0.000755
0000443
0+000179
2. 000054
0.000014
0.000004
0.000001

=1+993000
=0996759
-0.397613
=0¢115601
=0.023302
=0+005860
-0+000093
0.001246
0.001430
0.001234
J« 001041
J+000752
0.000424
0.000169
0.000052
0.000014
0.000004
0.000001

=1+993000
=0.997378
=0+397806
=0e«115623
=0.028785
=0.005322
=0.000029
0.001361
0.001596
0.001467
0.001165
0.000771
0.000396
0.000154
0.000048
0.000013
0.000004
0.000001
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Electronic Development & Manufacturing
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Design bias circuits with nomographs.
They take the guess-work out of design, and give

stable and speedy results as well.

Designing the bias circuit for a transistor
amplifier is a complex procedure. Not only do
transistor parameters vary, but so do the biasing
resistors. This results in complex equations that
include all the variables but do not make clear
which factors are dominant. Many engineers, in
desperation, resort to rule-of-thumb techniques,
or arbitrarily select stability factors without
knowing if the correct value has actually been
chosen.

A far better solution is the use of nomographs.
Those given here are based on design equations
which consider the critical biasing parameters.

By combining the nomographs with a simple
step-by-step procedure, bias circuits can be de-
signed that are accurate within specifications
selected by the designer.

Operating point comes first

In using the nomographs, the object is to de-
sign a bias circuit for a given operating point,
usually defined in terms of V., and I,. The pre-
cise operating point is determined by noise figure,
gain requirement, available power supply voltage,
ete. Once the operating point is selected, the bias
circuit must hold it within a prescribed tolerance.
The chief factors that determine operating point
stability are Ahgg, Alco, AV and AR (the varia-
tion in the biasing resistor values). These
changes are caused by temperature variations, as
well as normal component production tolerances.

The following factors are considered in the
nomograph bias design:

= Maximum and minimum expected Az, and
its variation with temperature.

® Maximum expected I, and its variation
with temperature.

m Maximum expected Vs and its variation
with temperature.

= Tolerance of the bias resistors.

The basic bias circuit used for design purposes,

M. G. Golden, Design Engineer, 3M Research Center,
St. Paul, Minn.
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suitable for all class-A situations, is shown in
Fig. 1. Practical versions of the basic circuit are
shown in Fig. 2. Other circuits may also be
analyzed in terms of the basic circuit, if reduced
to a Thevenin equivalent.

Nomographs based on general equations

In the specific circuit being used, nominal
values of I, Ry, V.z and V. are chosen to satisfy
the design requirements. The values of V; and R,
required for a given circuit stability are then
expressed by the following equations:

Yl AVBH

B (o(mazy—Ip(min)) Re + (V gocmaz)—V BE(min))
e

Ih'(min) IE(mar)

Ico(mar) = \hrmmin) +71 oh hph‘(ma,r) —+ 14
AX

(1)
2

1- Y
R .} ————(2)
= [m + RE] Iyminy + V5 man

These equations have been reduced to nomo-
graph form to eliminate tedious calculations.
(The brackets over the equations define the pa-
rameters used in the nomographs). Since this
analysis is based on small signal operation, varia-
tions of Az with increased current or thermal
runaway problems are not considered.

The three nomographs given on pages 69-71
form the basis for this bias circuit design tech-
nique. Step-by-step procedures for using the
nomographs, together with a specific design
example, are presented on page 68. mm
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Ic =alg+Icgy
Ic = heelpHheg+ ) Igq

a
h D —
S T=a

1. Basic bias circuit can be used to analyze any
class-A common emitter bias configuration.

R Re Vee R, *Vee
: Rl =Rg
R3=Rg
Ry =R¢
Vec=Ve =Ve
Vee

[
Lyt | :
l Lee Re
1 i
R +R3=Rg¢ : Ve
RI= | R3=Rg- Re
et £ Vg-V
2\, = |
Vee ™8 % ' Vee g
f3 L Vee-Va
— Ner® Ve R_c V,
— - g c*RB 8

O'Vee

i Vec® Ve

i

! Rl = = (Rg-Rg

|

i R2 = 52y (Rg-Rs)
1

L R3:= Rg

:_ RL = Re

2. A variety of practical bias circuits can be de-
signed with the nomograph technique. The equa-
tions show the relationship between the actual
circuit values and the values of the basic circuit.
All resistors which are represented by Ry in the
basic circuit are shown by dashed lines.

100

4

N | | H
\_.

Ll

Al
N

N Uy O

N wbh o0

T
\\
|

N oo b O o—
T
N

NORMALIZED I¢gg (pA)

08
0.6
04— =
03 ,I

= /
02 / -
0.0
008
0.06

|

y 4
v 4
v 4

v 4

L

0.04f—
0.03A

0.02

| | | | | ]
-20

0.00I

-40 80

(o] 20 40 60
MAXIMUM TEMPERATURE (°C)

4. Temperature dependence of l.;, for germanium de-
vices must be considered in the bias circuit design. For
silicon transistors it can be neglected.

Ve Vee
3k 1oV 10V
RI43k5%3
Ik \ ;
5V
z.5vt 2k R2 15k 5-/.5 R3 2k 5%

®

5. Completed bias circuit is shown for

general case (a)
and final design (b). g

Standard resistor values

=407 =30 520510 ) 10, 20" 30

TEMPERATURE (°C)

3. Temperature dependence of h,; for germanium
devices must be considered in the bias circuit de-
ign. For silicon transistors this may be neglected.

40 50

e / ;
g’ ‘B /1 :
2 os— —
g 5 Ly / -—
z bt —
0.7_,1/ =
osl—l L L | L |

60

5% 10%
1.00 1.80 3.30 5.60 1.00 3.30
1.10 2.00 3.60 6.20 1.20 3.90
1.20 2.20 3.90 6.80 1:50 4.70
1330 2.40 4.30 7.50 1.80 5.60
1.50 2.70 4.70 8.20 2.20 6.80
1.60 3.00 5.10 9.10 2.70 8.20

(Continued on next page)
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Step-by-step procedure includes example \\

Step Procedure Design example
1. Select the transistor type. 2Nxxxx is a suitable gerrhanium device.
2. Specify the temperature range. Requirements are T,,;, = -30°C, T,,,, = +60°C;
SO AT—902C ;
3. Decide on acceptable minimum and maximum le(miny = 0.9 MA, g naxy = 1.0 MA; so,
acceptable emitter currents, considering Al = 0.1 mA
resistor tolerances.
(a) For 5% resistors, multiply lg ..,
by 0.85 and lg i, by 1.15.
(b) For 10% resistors, multiply lg ..,
by 0.70 and I¢ i, by 1.30.
4. Determine hegpiny @nd heggmay From the manufacturer's data sheet:
(a) For germanium, extend hge limits to hegcming = 90, heg(maxy = 180
account for hge temperature dependence Use Fig. 3 for temperature correction:
(Fig. 3). at —30°C hgg(piny = 0.73 X 50 =36.5
(b) For silicon, disregard h: temperature at +60°C heg (o) = 1.16 X 150 = 240
dependence.
5. Use Nomograph 1 to determine AX. AX =22 A
Xonax is based on hee i, @and g i) -
Xnin is based on heg( sy @and lg -
AX = xmax_xmin
6. Select R R.=2kQ
R is chosen to satisfy the V¢ requirement:
Vee=Ve—Ile (Re +Re)
7. Calculate Y on Nomograph 2, using R: and Alg. Y =200 mV
8. Calculate AVg:. AV = 2.5 X 90 = 225 mV
AVge=2.5mV X AT (AT from step 2)
9. AddY (from step 7) to AVg: to obtain Y. Y, =200 + 225 =425 mV
Y =Y+ AVg
10. Determine lco max From manufacturer’s data sheet, lco (o) = 2 pA at 25°C
(a) For silicon, use manufacturer’'s Iqo. Using Fig. 4 for temperature correction,
(b) For germanium, compensate for at 60°C, lco =8 X 2 yA = 16 A
temperature dependence, using Fig. 4.
11. Using Nomograph 2, calculate AX,. ‘From step 10: lco pa, = 16 pA
AX, = lcomany + AX Fromstep 5:AX =22 ,A
so, AX, = 36 4A
12. Using Y, and AX, find Rz on Nomograph 2. From step 9: Y, = 425 mV; From step 11: AX, = 38 4A
so, R; =11 kQ (this is the shunt input impedance
due to the bias resistors)
13. Using Nomograph 3, find Z. First use heg i, Z—2.3 KO
and Rg. Then add R; to Z:
14. Using Nomograph 3, find V;. V=25V
This is determined from I ., and Z.
15. Select the bias circuit according to Fig. 2. For example, if Fig. 2e is the desired circuit, and R = 0,
If circuit desired is not included in Vee = Ve = 10V
Fig. 2, derive the Thevenin equivalent. R, = (Vc/Vp)Rs = (10/2.5)11K = 44 kQ
R, = (Vc/Ve—Vp)R; = (10/10-2.5)11K = 14.7 kQ
R; = Re=2kQ;and R, = Rs=3kQ
16. Select the closest standard value resistors. If 5% resistors are used, R, =43 kQ, R, = 15 kQ,
The completed bias circuit is shown in Fig. 9. R; =2k, R, = 3 kQ.

68
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. “Model 811-A12, 100 piece price.




Helipot offers the 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

= 50 nanosecond settling

= 20 ppm per year stability

= 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 local
Helipot Sales Representative or Distributor
or circle the Reader Service No.

Beckman®

INSTRUMENTS, INC.
HELIPOT DIVISION
FULLERTON, CALIFORNIA * 92634

INTERNATIONAL SUBSIDIARIES: AMSTERDAM; CAPE TOWN; GENEVA; GLENROTHES,
SCOTLAND; LONDON; MEXICO CITY; MUNICH; PARIS; STOCKHOLM; TOKYO; VIENNA

Model 811:
A 12-bit Binary
Ladder Network ¥

for use in DAC/ADC
applications P
requiring fast
switching and
high accuracy

over a wide
temperature range. g

Model 812:

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

applications.

Model 813:
A Conductance
Ladder designed
to be used with #§
Fairchild's uA722 |
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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Fast a/d converter provides

parallel-digital output

The output of an analog-to-digital converter
is often required to be in parallel-digital form.
Such a conversion can be accomplished in vari-
ous ways. Many a/d converters perform a serial-
to-parallel conversion as an intermediate step in
producing the parallel-digital output. This inter-
mediate conversion, though, is time consuming.
The successive-approximation method is much
faster, but the settling time of the analog cir-
cuitry limits the clock rate, and one clock pulse is
needed for each bit. Using the approach shown
in the illustration, an analog input can be con-
verted directly into a parallel-digital output with
good accuracy and at high speed.

In the circuit, all resistances, R, are equal,
and' L fogs Ly, Tey, Lsriands Iz, are gatedrcurrent
sources that are normally OFF. Under quiescent
conditions (analog input is zero), V, = iR,
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V,=2iR, V, — 4iR and V; — 8iR. Also, com-
parators X,, X., X, and X, are OFF.

When the analog input exceeds the threshold of
any comparator, that comparator is turned on.
Each comparator that is ON turns on its associ-
ated gate current sources, which feed back cur-
rents proportional to that comparator’s binary
significance to all less significant comparators.
The feedback, in turn, automatically switches
each comparator to the state that provides the
proper digital output.

For example, assume that an analog signal
slightly greater than 10 ‘R but less than 11 iR
is applied at the input to the converter. When the
input is initially applied, X,, X., X,, and X. all
turn:ON.' X then turns on I, lep and Iy X,
turns on /,, and I,;,; and X. turns on I.,. Current
I, adds to I, to produce a new reference, V, —

ELECTRONIC DESIGN 9, April 26, 1969
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a function generator

with the
accenton

FUNCTION

The array of features on the Hewlett-Packard 203A
Variable Phase Function Generator make it one of the
most useful and versatile function generators available.
It's a fast, practical way to get high-quality test signals
for a variety of field and lab applications.

First, the 203A gives you simultaneous sine and square
waves from 0.005 Hz to 60 kHz. Or from 0.00005 Hz
with optional bands for tests at extremely low frequen-
cies. Two additional outputs give you a continuously
variable phase shift of each signal from 0° to 360°.
Yet total harmonic distortion is less than 0.06%.

Second, you get 1% frequency accuracy from a dial

HEWLETT ﬂ

S G ENEATIE

calibrated in 180 divisions and precision vernier drive.
All four outputs float with respect to the power line,
and each has a 40 dB continuously adjustable attenu-
ator. With all its features, the solid-state 203A fits
neatly and economically into medical, geophysical and
servo applications as well as audio and vibrations test-
ing. Price: $1250 (options 01 and 02 for lower fre-
quency decades, $50 and $150, respectively.)

For complete details on each and every function, call
your local HP field engineer, or write Hewlett-Packard,
Palo Alto, California 94304; Europe: 1217 Meyrin-
Geneva, Switzerland.

PACKARD

SSOURGE'S

INFORMATION RETRIEVAL NUMBER 32

ELECTRONIC DESIGN 9, April 26, 1969

75



IDEAS FOR DESIGN

(8¢ 4+ 4¢) = R = 12 iR, at the input to X,. Since
the analog input is slightly greater than 10 iR,
X, is turned OFF again.

Simultaneously, I:; adds to I, to produce a new
reference, V, —= (8¢ 4+ 2i¢) R — 10 ¢R. Since the
analog input is slightly greater than 10 iR, X, is
kept ON. Similarly, X, turns on I,,, and I.,, Is4
and I, all add to produce a new reference, V, —
(82 -+ 2t 4+ 1) R = 11 iR, at the input to  X,.
Since the analog input is less than 11 iR, X, is
forced OFF. The delay circuit allows time for all
transients to disappear before gates G,, G., G,
and G deliver the parallel-digital output.

With this technique and using precision cur-
rent sources, precision resistors and fast opera-
tional amplifiers, it should be possible to build an
8-10 bit a/d converter that has 1-bit accuracy,
good temperature stability and a conversion time
of less than 2 us.

This work was performed under the auspices
of the U.S. Atomic Energy Commission.

Donald E. Trinko, Argonne National Labora-
tory, Argonne, Ill.

VOTE FOR 311

180-Hz synchronous switch drives two loads alternately

In control systems, the need frequently arises
for a circuit that will alternately switch two
loads on and off: that is, while one is ON, the
other is OFF, and vice versa. A relatively inex-
pensive circuit that will do this at the rate of
180 cycles per second—one that is synchronized
with the ac supply line—is described here.

The circuit (Fig. 1) is basically a symmetrical
collector-coupled astable multivibrator running
at 180 Hz, which supplies base drive to two npn
power switches. The output of these switches is
synchronized with the line by an intentional
ripple voltage from a low-level, zener-clipped
power supply.

The circuit is supplied with a full-wave recti-
fied signal from a diode bridge, formed by
diodes D1 through DJ4. This signal is lowered by
the IR drop resistor R,, and filtered and clipped
by the parallel combination of zener diode D7
and capacitor C,. The output voltage developed
by capacitor C, supplies power for the multi-
vibrator section.

The value of the C, filter capacitor is chosen
so that a ripple voltage appears between nodes
3 and 1 of the circuit. This ripple voltage then
synchronizes the switching of the multivibrator
with the line voltage.

The active elements in the multivibrator por-
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60Hz [ .
' i
o—] $RI A .
¢ 5k | |
5w | |
® os & LOAD LOAD 7 ¥
Pl 1 2 ! i
500 | |
c2 1 !
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82k 2 2 8.2k IL
Cl L R2 i. $R3 N
SOuF — R4
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10%c . @ 330 @
S 8 T AAA— Ql
1L9I4
RS
® 330 ®
| a 6 AAA Q2
or ®
6.5V ZENER
ol | £
N\
2
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The two loads are switched ON alternately by transis-
tors Q1 and Q2, which are in turn controlled by the
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nL914 astable multivibrator. The switching is synchro-
nized with the ac supply line.
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New random-noise
generator with flat
output from 20 Hz
to20 MHz

Wide frequency range, calibrated output, and carefully
specified Gaussian amplitude distribution are the key
features that distinguish this new random-noise generator
from others available. The 1383 generates white noise of
uniform spectrum level out to 20 MHz, particularly useful
for tests in video- and radio-frequency systems. It is also an
ideal broad-band, high-level noise source for use in amplifier
testing, noise measurements, tests of signal-detection
schemes, distortion measurements, and signal modulation
to produce noise sidebands at higher frequencies. The 1383
contains a temperature-limited thermionic diode as a noise
source, semiconductor amplifiers, an output meter, an
80-dB attenuator, and power supply, all enclosed in a
conveniznt cabinet for bench use or rack mounting.
Frequency Range. The spectrum is flat (constant energy per
hertz of bandwidth) +1 dB from 20 Hz to 10 MHz, +1.5 dB
from 10 to 20 MHz.

Calibrated Output. The maximum output is one volt, open
circuit, from a 50-ohm source impedance.

Carefully Specified Gaussian Distribution. The noise source
provides symmetrical Gaussian amplitude distribution,
specified to *3 ¢ as measured with a “window’’ of 0.2 o.
Price: Bench model, $775; rack model, $795.

Prices apply only in the USA. All GR products are subject
to a quantity discount ranging from 3% for 2-4 units
to 20% for 100 units. For complete information, write
General Radio Company, W. Concord, Massachusetts
01781; telephone (617) 369-4400. In Europe: Postfach
124, Ch 8034 Zurich 34, Switzerland.

Other true random-noise generators:

o

1381 1382 1390-8

® 2Hz102,5,0r 50 kHz ® 20 Hz to 50 kHz ® 5 Hz to 5 MHz
® Gaussian distribution ® white, pink, or USASI ® 30-uV to 3-V output
® adjustable clipping spectra e *1.dB audio-spectrum-level
® 3.V rms output o Gaussian distribution uniformity
Price: $375, bench model ® 3-V rms output, balanced, o white spectra, and pink

$398, rack model unbalanced, or floating (with filter)

Price: $375, bench model Price: $375; $50 for
$398, rack model pink-noise filter

GENERAL RADIO
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tion of the circuit are contained in a xL914 dual-
input gate. The ul914 operates as an astable
multivator, as shown in Fig. 2 (Only the IC parts
that are used in this circuit are shown in the
diagram. Note that R, — R; and C, = Cs.

The rate at which switching occurs in the
multivibrator is determined mainly by the prod-
uct of R, and C; (or R; and C.), and by the
value of the voltage V,, (Fig. 1), according to
~ the relationship:

T.= RCsn [Vol o R%E Va4 Viicon) — V-n(,m]
Vo — Vi (turn-on)

‘which can be simplified to:

R;
Ty Va + 0.3}
Vo — 0.6

A complete cycle requires double this interval.
Fine adjustments in the switching rate may be
made by varying potentiometer P,, which is in
series with the supply to timing resistors R. and
J

Transfer of power into the two loads being

1%
T = RzCs In

- switched is controlled by two high-voltage npn

switches, Q1 and Q2. Base drive for these stages
is supplied from the two collectors of the multi-
vibrator stage, via resistors R, and R,. The

power transistors are either OFF or ON, de-
pending on the state of the associated portion of
the multivibrator. Diodes D5 and D6 are used
to suppress voltage transients, if the loads are
inductive. For resistive loads, they are not
necessary.

Robert B. Hood, Supervising Engineer, Appli-
cations, Fairchild Semiconductor, Mountain View,
Calif.

VOTE FOR 312

Simple circuit ‘tags’ beginning and end of square-wave signals

Frequently, it is necessary to determine the
beginning and end of a square wave of varying
width. The circuit shown (a) will produce a nega-
tive output spike at both the leading and trailing
edges of an input pulse of either polarity.

ginning and end of each input square wave (a). Positive

78

Negtive output spikes are produced at both the be-

The action of the circuit is straightforward.
The positive-going edge of the input pulse is dif-
ferentiated, to provide a positive spike to the
bases of both transistors. This turns on the npn
unit (Q1), and keeps Q2, which is pnp, off. The

3 P R L it A

output spikes are produced by the circuit of (b). The
circuits work with input pulses of either polarity.

ELECTRONIC DESIGN 9, April 26, 1969



Centralab’s substrates in 95% and 99.6% alumina, provide
unexcelled surface finish and reliability for hybrid microcircuits

Available in sizes and shapes to meet any design
requirement, these materials are available as
fired, glazed or metallized. (Glazed units are
available only in 99.6% alumina.) They have
high mechanical strength and good dimensional
tolerance control.

Surface Finish (y, in.)
Bodies As Fired Ground Glazed
95% Alumina 40 10* (not available in 95% Al.)
99.6% Alumina 10-20 2-5* 1 max.
*Lapped, diamond polished.

Exclusive processing

These precision substrate materials are produced
by an exclusive thin sheet process in specialized
alumina kilns. They meet demanding design
criteria of thick-film and thin-film hybrid cir-
cuit manufacturers and have been used in all
types of circuit deposition: brushing, screening,
dipping, spraying, vapor deposition, evapora-
tion, tapes, decalcomania, solution metallizing
and printing.

Glazed substrates have a 1'/2 mil maximum
glaze thickness. Edge meniscus is negligible.
Metallized units are available with up to 200 or
more terminals, and can be brazed with kovar,
nickel, copper or brass hardware.

All in all, for performance, variety and appli-
cation, your design is in for smooth sailing
when you specify substrates and ScoreStrates™
from Centralab.

TM-Scored substrates for multiple processing

P | N
AT

CENTRALAB
Electronics Division
GLOBE-UNION INC.

5757 NORTH GREEN BAY AVENUE
MILWAUKEE, WISCONSIN 53201
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For more information and/or design assistance on substrates and ScoreStrates, contact Centralab Application Engineering.
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trailing edge of the input pulse causes a similar
action, except that now Q2 is turned on and Q1
off. Both the leading and trailing edges of the
input pulse thus cause a negative spike at the
circuit output. :

To produce a positive pair of output spikes for

an input square wave, the circuit of (b) can be
used.

E. E. Barnes, Research Assistant, Penn State
University, University Park, Pa.

VOTE FOR 313

IC differential amplifiers yield matched zener pairs

The unique properties of monolithic transistors
that provide matched V,., s and matched gain
characteristics can also yield matched zener volt-
ages. This is accomplished by using the emitter-
base diodes of a typical differential pair of tran-
sistors as back-to-back zeners. The result is an
extremely well-matched diode pair—a combina-
tion that would be hard to duplicate with discrete
zeners, both electrically and economically.

Tests have been run on two representative IC
differential amplifiers; namely, the National
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The characteristics in the zener region tell the story of
matched zener pairs that are derived from IC differential
amplifiers.

80

Semiconductor LM171 and Signetics NE510A.
No difference could be detected between the two
emitter-base diodes on a Tektronix 575 curve
tracer. In addition, the zener knee was remark-
ably sharp and the slope very flat. This suggests
possible use as a hard back-to-back clamp, or as
a matched bidirectional clipper.

A curve from each test sample is shown.

Walter G. Jung, Engineer, MTI, Div. of KMS
Industries, Inc., Cockeysville, Md.

VOTE FOR 314

IFD Winner for January 4, 1969

Earl F. Carlow, Design Engineer, Motorola
Government Electronics Div., Scottsdale,
Arizona. His Idea “IC op amp simplifies de-
sign of crystal-controlled oscillator” has
been voted the Most Valuable of Issue
Award.

Vote for the Best Idea in this Issue.

yO

VOTE! Go through all Idea-for-Design entries, select the
best, and circle the appropriate number on the Reader-
Service-Card.

SEND US YOUR IDEAS FOR DESIGN. You may win a
grand total of $1050 (cash)! Here's how. Submit your
IFD describing a new or important circuit or design
technique, the clever use of a new component or test
equipment, packaging tips, cost-saving ideas to our
Ideas-for-Design editor. You will receive $20 for each
accepted idea, $30 more if it is voted best-of-issue by
our readers. The best-of-issue winners become eligible
for the Idea Of the Year award of $1000.
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The Sh-h-h-h
is already built in

High Noise Immunity of New TTL Cards is just one of the benefits you get
with Datascan

The only line of cards to give you an active power supply decoupling circuit
right on the card, is available now. You can get wide bandwidth without
the worry and cost of debugging system noise, typically found in TTL
systems. You get much more with our new TTL 600 Series Logic Cards.

T CZT | We probably have the most complete line of cards available — all with

@} ® é the Dynamic Decoupling™ benefit. And we’re heavy on function cards rather
GND ‘?7 than general purpose — this reduces the cost and trouble of back plane
wiring. The DTL — 200 Series, HTL — 400 Series as well as the TTL — 600

Series have additional benefits you can use — Pull-Up Resistor mounting
circuit eliminates high and provision on the card; maximum number of test points; 44 pin edge con-
low frequency noise for ex- nector; 3-slot interpin keying and color-coded 1/16” thick glass epoxy

tremely reliable system cards (G10).

operation. You get a clean : : Booth No. E13
B\ DO power buss:onesch See us at Spring Joint Conference Boo

card.

The Dynamic Decoupling™

Get your own copy of
Datascan’s new 210-page
Logic Card Handbook.

Dataascaan Tt Pt ol 7
1111 Paulison Avenue, Clifton, N. J. 07013
Telephone 201-478-2800

Other Datascan Products Include: DIGITAL VOLTMETERS AND PANEL METERS ¢ EQUIPMENT AND SYSTEMS

900

INFORMATION RETRIEVAL NUMBER 101



1969 Spring Joint
Gomputer Gonference

special report

Data GCommunication:
The medium and the message

by Michael J. Riezenman
Technical Editor

Data systems emerging fast from infancy. Digital trans-
mission looms as best choice for transfer of both analog
Al gl IOrMAION.......... o i s e C4

Why digital transmission? Greater security and auto-
matic error correction become possible and regenera-
tive repeaters can beused.................................... C6

Many problems confront data engineers. Dispersion,
propagation delay, errors and channel loading must be
dealt with to send signals efficiently.................... Cl4

The 99.9% effective communications system. Diversi-
fication and backup capabilities help keep NASA global

network going despite malfunctions.................... C28
products

Small general-purpose digital computer with 72 in-
structions adds in 3.2 microseconds.................... C40

Microfilm system processes computer output tapes
into readable filmimages................................... c42
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Dala systems
emerging fast
from infancy

Digital transmission looms as best
choice for transfer of both
analog and digital information

C4

Data communication—the transfer of infor-
mation in digital form—has barely started to
realize its potential. But already it is winning
wide acceptance.

Banks have started to use it to keep up-to-the-
minute track of customers’ accounts and to elim-
inate mounds of paperwork. Airlines, theaters,
professional ball clubs and others are finding it
useful to make instantaneous reservations for
buyers across the country. The Dept. of Defense
reports that the volume of military data traffic
is rising 25 per cent a year, compared with an
increase of only 10 per cent for voice and it is
already about 10 per cent of the total. And spur-
ring ever-higher growth is the fact that the
digital data can be sent over either a digital
or an analog transmission system. With a data
set that ties into the regular telephone line, any
phone user is a potential user of data communi-
cation. The Bell Telephone System reports a 30
to 40 per cent annual growth in the use of its
Dataphone sets. But there are problems in send-
ing digital data over analog systems. They in-
clude modem difficulties that restrict the signals
that can be handled and limitations on the speed
of data transfer.

The future appears to favor the digital trans-
mission system. For analog data can be sent over
the digital system, as well as digital data, and—
with the use of such techniques as pulse code
modulation—often with an improvement in the
quality of the received signal.

In a digital transmission system regenerative
repeaters are used, error-correcting codes may be
employed, signals can be multiplexed easily in the
time domain—in fact, a whole new bag of tricks
is available to the designer to improve the quality
and efficiency of both digital and analog com-
munications.

What does this mean to the design engineer?
For one thing, it means that if he is in communi-
cations, he is going to be devoting more of his
time to the design of systems that can handle
digital data. For another, it means that a com-
puter designer will have to devote more thought
to the problem of interfacing his machine with
a communications facility.

The paperless society

Data communication is already making it pos-
sible to use the computer more effectively; it has
started a trend toward what some people call the
“paperless society.” By putting computer users
in direct contact with the machines, data com-
munication is making it unnecessary to turn out
the reams of printed information that computers
now do every day.

ELECTRONIC DESIGN 9, April 26, 1969



Without data communication, an organization
such as a bank, which has considerable data
processing to do every day, usually processes its
data in a tape sequence. Each day’s work is
gathered together and batch-fed into a computer,
and the results are stored on magnetic tape.
Since tape-stored data is not very accessible, the
usual procedure is to print out all of the infor-
mation about all of the accounts every day.

This is not only cumbersome, but the informa-
tion is not up-to-the-minute; the record of a
day’s activities is not available to the bank per-
sonnel until the following day. A digital com-
munication system has obvious advantages. One
installed recently at the Beverly Bank in Chicago
—called BASIS (for Bank Automated Service
Information System)—works like this:

Touch-tone telephones, with card dialers, are
used to interrogate a central computer. The cards
are of plastic with punched holes and are in-
serted into the phones to establish a connection
with the computer. Each card contains a code
that identifies the user and prevents unauthor-
ized access to the bank’s records. The buttons on

the phones are used to read in data—such as the
customer’s account number and standard ques-
tions as to his account balance, mortgage status,
loan payments, etec.

A special IBM audio-response unit, formulat-
ing a reply from a library of prerecorded words,
tells the user orally what he wants to know.

Data communication for every man

And this is only the beginning of mass data
communication. Frank J. Militello Jr., assistant
vice president in charge of data-processing re-
search at the Beverly Bank, says that in the
not-too-distant future the bank will be selling
computing services to any customer with a
Touch-tone phone.

Of course, once people start using telephones
to get routine computing services, they may want
to start ordering and paying for food from a

.supermarket this way. And if supermarkets, why

not department stores and other businesses?
And after that, the future is anybody’s
guess. um

- Whatis data communlcatlon7

Analog data communication: Electrocardiograms can
be transmitted over standard telephone lines with a
special Bell Dataphone set.

'in the home of any patient who has a telephone.

To the Bell Telephone System, date is any traf-
fic that is neither voice nor video. Thus, according
to Leonard R. Pamm, director of the Data Com-
munication Engineering Center, Bell Telephone
Laboratories, Holmdel, N.J., data does not have to
be digital and digital signals are not necessarily
data.

Electrocardiograms are an example of analog
data. These signals can be transmitted over tele-
phone lines with a special acoustically coupled
data set. Such a device (see photo) can be coupled
to any telephone by simply placing the telephone
handset into a cradle in the data set. It can be used

The electrocardiogram can be transmitted to a
hospital where a cardiologist is available to inter-
pret it, and the cardiologist can advise the general
practitioner of the results over the same telephone
used to transmit the data. Because of the need for
very low distortion in electrocardiogram transmis-
sion, a frequency modulation scheme is employed.

Outside of the Bell System, most people in the
business of transmitting information consider the
terms digital and data synonymous. The Army, for
example, considers data traffic any information
transferred in digital form. Thus, to the Army,
voice signals are data if they are transmitted
digitally, as they would be with a pulse code modu-
lation (PCM) system.

ELEcTRONIC DESIGN 9, April 26, 1969
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Why digital
ransmission?

Greater security and automatic error
correction become possible
and regenerative repeaters can be used

Cc6

Item: Although a transmission system called
T1 is the only operational digital system in Bell
Telephone’s catalog of carrier facilities, it ac-
counts for approximately 150,000 new channels
each year—about half of all new carrier chan-
nels.

Item: In its long-range plans for a world-wide
military communication system, the Army is
looking to all-digital networks. For example, the
Mallard Project, which will provide tactical com-
munications in 1975-77, is going to be an all-
digital system.

Item: The Comsat Corp. is about to field-test
its MAT-1 system—a digital time-division, mul-
tiple-access approach to satellite communication.

Why all this interest and enthusiasm for digi-
tal transmission? Perhaps the most obvious rea-
son is simply that the amount of digital data that
people want to send to each other is increasing
at a very high rate. And under the present com-
munications setup, which mainly employs analog
transmission systems to handle the digital data,
the problem of crowding looms. For example, in
the Bell Telephone System’s Dataphone 50 serv-
ice, each time someone decides to use a wideband
data channel to transmit computer data at 50
kb/s, he uses up the bandwidth that would nor-
mally be occupied by 12 voice channels.’

Digital transmission is ideally suited for send-
ing these digital signals. Moreover, with tech-
niques such as pulse code modulation, a digital
system can send analog signals more efficiently
than an analog network can. And there are
these other advantages:

® The repeaters in digital transmission sys-
tems are superior to their analog counterparts
because they regenerate signals rather than
merely amplify them. :

=  Digital systems are more compatible with
the emerging satellite, waveguide and laser com-
munication techniques.

= For military networks, digital transmission
offers increased security in the handling of mes-
sages, because it is easy to mask the type of in-
formation and the rate at which it is being sent.

® There are techniques for correcting errors
in a digital system. No comparable techniques
exist for an analog system.

Regenerative repeaters reduce ruckus

In most transmission systems, the losses ex-
perienced by the signals as they propagate along
the transmission path must be compensated for
by repeaters. In analog systems these repeaters
are high-quality amplifiers with equalizing fil-
ters to compensate for both the losses and the

ELECTRONIC DESIGN 9, April 26, 1969



distortions introduced by the channel.

Unfortunately repeater amplifiers, like all
other amplifiers, introduce some noise into the
system, and this noise accumulates as the signal
is processed through a chain of repeaters. Also,
although the equalizers used in today’s trans-
mission systems are quite good, they aren’t per-
fect, and so distortion, as well as noise, increases
with the number of repeaters in the channel.
For a specified quality of over-all transmission,
it is clear that the longer the total path, the more
stringent will be the specifications for each re-
peater. If N repeaters are to be cascaded, the
maximum noise power that each can be allowed
to add is only 1/N times what would be allowed
in a one-repeater path.

In a digital transmission system, a completely
different set of rules applies. A digital repeater
does not amplify the signals it receives; it re-
generates them. Each time a pulse passes through
a digital repeater, it is born anew—the repeater
simply detects the presence of an input pulse
and generates a new output pulse. In this way

o ¥ v § &

A digital first: These are terminals for Bell's T1 carrier
system, which uses PCM to transmit 24 two-way tele-
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there is no accumulation of noise and distortion
between repeaters.

Of course, this assumes that the system has
been designed so that the signals reaching each
repeater exceed a certain detection threshold. As
long as this is true, the system will work prac-
tically without error; if it is not true, the sys-
tem won’t work at all.

It is difficult to overstate the significance of
digital repeaters. James Polyzou, an engineering
manager at ITT Defense Communications, Nut-
ley, N.J., points out that the specifications for
some very-long-haul military communication
links simply could not be met without digital re-
peatering.

Digits in orbit

Now let’s see why digital techniques are better
for exploiting satellite, waveguide and laser tech-
nologies.

In satellite communication the most precious
ingredient is power. Power affects weight (via
the required array of solar cells), and weight

L4
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phone conversations over two voice pairs. It's the first
widespread use of PCM in telephony.
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translates into dollars on the launching pad. To
squeeze as much power as they can from their
hardware, satellite designers operate output pow-
er amplifiers in a semisaturated mode. This
causes three problems when the traditional fre-
quency-division, multiple-access (FDMA) scheme
for sharing the satellite is used.

First, since the output stage is nonlinear, in-
termodulation results between the various car-
riers.

Second, about 1.5 dB of output power is wasted
by these intermodulation products. And third, to
hold the intermodulation to a tolerable level, the
output stage is operated only in a semisaturated
mode, and this is not as efficient as hard-limit-
ing. Furthermore, without a hard-limiting am-
plifier, the output power is dependent on the
input power, so that very tight control (= 1/2
dB) of the up-link power is required.

Much more serious than all of these factors,
however, is the inflexibility of a frequency-
division, multiple-access system. As John J.
Puente, manager of communications processing
laboratories for the Comsat Corp. explains it,
the problems associated with the system make it
impossible to adapt a satellite communication
network to changes in the flow of traffic.

For one thing, he says, fm receivers are built
to operate with a specified modulation index,
bandwidth and carrier-to-noise ratio. Therefore
satellite services come in a variety of fixed chan-
nel capacities:

= A 5-MHz channel, capable of carrying 24
telephone conversations.

= A 10-MHz channel, capable of carrying 60
telephone conversations.

® A 20-MHz channel, capable of carrying 132
telephone conversations.

From this, it is clear that if a satellite earth
terminal has to handle 25 telephone channels, it
must pay for 48 of them and waste 23. This isn’t
too efficient.

Also, the problem of minimizing intermodula-
tion is so difficult that a computer must be used
to draw up the plan that assigns frequencies to
the links passing through the satellite. Since the
wideband links use more carrier power than the
narrowband, great care must be taken to make
sure that the big carriers don’t bury the little
ones in cross-talk.

Time division to the rescue

What all of this implies is that once a satellite
is set up, changes can’t be made in the assign-
ment of channels. For if one station decided that
it wanted a wider frequency slot, the change
would require a completely new frequency plan,
which would require all other stations to buy

new equipment to operate on their new fre-
quencies.

Cc8

The way out of all these problems is to use
time-division multiple-access (TDMA), a scheme
in which the various users share the satellite by
occupying different time slots rather than dif-
ferent frequency bands. With this approach, the
necessity for frequency planning disappears, be-
cause everyone uses the same frequency. The
intermodulation problem is also eliminated, be-
cause only one user uses the satellite at any given
time. And the system becomes completely adapt-
able to the demands of traffic, because the time
slots can be assigned to any pair of earth sta-
tions as they are needed.

But time-division multiplexing is difficult in
the extreme, unless a digital mode of transmis-
sion is used. In Comsat’s prototype MAT-1 sys-
tem, a four-phase synchronous phase-shift-keying
(PSK) modulation scheme is used. In this, the
phase of the carrier can assume any of four dif-
ferent phases—spaced 90° apart—with respect
to a fixed reference. Since the phase represents
a one-out-of-four choice, each phase change car-
ries two bits of information.

Not only does the digital approach solve the
flexibility problem, it also uses less bandwidth
than the standard analog approach. And pulse
code modulation makes a more efficient trade-
off of bandwidth for noise immunity than fm
does. Comsat’s Puente points out that with fm,
a single voice channel takes up about 200 kHz
of rf bandwidth; with PCM, this is reduced to
about 45 kHz.

Digital repeaters needed for waveguide

In their planning for future transmission fa-
cilities, scientists at Bell Telephone Laboratories
are seriously considering the use of buried milli-
meter waveguide. This waveguide, although ex-
pensive to install, would have a usable bandwidth
of perhaps 80 GHz and thus could prove econo-
mical because of its tremendous channel capacity.
According to Daniel F. Hoth, director of the
Special Transmission Systems Studies Center of
Bell Laboratories, Holmdel, N.J., losses of only
2 to 3 dB per mile can be obtained with circular
waveguide 2 inches in diameter if the TE,,
transmission mode is used. In TE,, mode there
are no longitudinal currents in the waveguide.

The big problem with waveguide, says Hoth,
is that it is a highly dispersive medium. Despite
the use of equalized repeaters, he explains, wave-
guide introduces too much distortion to be used
in a long-haul analog system. However, because
digital repeaters reshape and retime the pulses,
the distortion cannot accumulate, and thus digi-
tal transmission seems to be the best way to
exploit the full potential of this medium.

Current plans of the Bell Telephone System
call for placing the repeaters about 20 miles
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apart and for carrying about 250,000 telephone
channels simultaneously. An experimental all-
solid-state millimeter-wave repeater has been
built and tested by Bell. It operates at 51.7 GHz
and transmits binary PCM at 306 Mb/s.2 Of
course, this 306 Mb/s repeater would regenerate
only one of the many channels in a complete
waveguide system.

As system planners look toward the day when
Picturephone service and data communication
are so widespread that “conventional” methods
no longer provide enough channels, their thoughts

turn to that ultimate of high-frequency carriers,
the laser beam.? As is well known, the amount
of information that can be transmitted on a car-
rier increases as the frequency of the carrier
wave increases. If optical components had the
same percentage bandwidth that microwave com-
ponents have, there would be no problem in
realizing the potential of a laser. Unfortunately,
they don’t—at least not when they are used the
way conventional microwave components are
used.

One method being explored at Bell Labora-

Pulse code modulation (PCM) is a scheme for
converting analog signals into digital to improve
the quality of information transmission. The
process is basically a three-step operation:
(1) sampling, (2) quantization and (3) coding.

The sampling theorem tells us that a band-
limited signal is restricted in the number of
independent values that it can assume in a given
time period. A signal that contains no frequen-
cies above W, Hz can assume no more than 2W,
independent values per second. Thus if the signal
is periodically sampled at a rate of 2W, samples
per second (or faster), the samples will specify
the signal completely.

Assume that the analog signal is a voice wave-
form and that it contains no frequencies above
4 kHz. It can be sampled 8000 times a second
(every 125 us) without loss of information.

In the quantization step, the samples are
rounded off to the nearest ‘“standard” signal
level. Naturally this introduces some error,
which is called quantization noise. This error
can be made arbitrarily small by increasing the
number of standard levels, thus packing them
more closely together.

In the accompanying figure, eight levels are
used. These levels are represented by a three-bit
binary code. Other number bases can be used,
but binary is the easiest to implement. It is also
the most rugged in terms of noise immunity.

The effect of the PCM process is to convert
the original analog signal into a stream of
binary pulses. The latter are much more immune
to noise than the original signal, because one
has only to decide whether a binary pulse is
‘present or absent to receive it accurately. To
receive an analog signal accurately, its precise
value must be measured.

But there is a drawback to PCM, and that
is the quantization noise. This noise can be made
arbitrarily small by using an arbitrarily large
number of quantization levels. However, as the
number of levels increases, the number of bits
required to encode each level increases.

To send a signal of bandwidth W, by PCM,

Pulse code modulation: How it works

2W, samples per second must be transmitted.
If each sample is encoded into an n-bit code
word (corresponding to 27 quantizing levels),
then 2nW, pulses per second must be sent. Even
if the system is operated at the Nyquist limit,
this requires nW, Hz of bandwidth. With PCM,
therefore, noise immunity is being purchased at
the expense of bandwidth. The question is: Is
it a good deal?

In general, the answer depends upon the rela-
tive costs of signal power and bandwidth in any
given application. If, for example, legal restric-
tions have made spectrum space too expensive,
it might be better to buy noise immunity simply
by increasing the power of the transmitter.

However, if PCM is compared with wideband
fm—another scheme for trading off bandwidth
for noise immunity—PCM comes out on top. If
both systems are operated above threshold, with
the transmitter power proportional to the rf
bandwidth, the received S/N ratio varies as the
log of the bandwidth for fm but directly as the
bandwidth for PCM.?
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tories to exploit more fully the information-
carrying capability of a laser beam is PCM.
“Unlike a-m or fm system,” says R. T. Denton
of Bell, writing in The Bell Laboratories Record,
“a PCM system can take advantage of the laser’s
tendency to oscillate at several different fre-
quencies simultaneously. Contrary to popular
opinion, the laser is not naturally monochro-
matic. It has to be made so.”* What this means
is that the many frequencies emitted by a laser
can be locked in the proper phase relationship
to produce a chain of pulses. These pulses have
durations that are a small fraction of the time
between them. Since they are widely spaced, the
pulses can be modulated by an optical gate at

relatively low frequencies, and then the wide

spaces between the pulses can be filled with
pulses from other trains.

These other pulse trains can all be derived
from the same laser as the original train through
use of a series of beam splitters. The latter
merely split up the laser output into several
lower-powered pulse trains. Each train can then
be delayed by a different length of time. Each
can also be modulated by a separate optical gate,
and finally all can be recombined to form a high-
repetition-rate time-division multiplexed system
(see box).

This technique is only one of several under
study for the exploitation of lasers as a com-
munication tool. But a high-capacity laser sys-
tem, in which many optical carriers are proc-
essed together, would be very vulnerable to delay
distortion, and this could lead to serious cross-
talk problems. Regenerative repeaters are very
good at eliminating this type of cross talk, and
therefore PCM is a very strong contender for
use in any future laser system.

The military also favors digital transmission
over analog. The most important reason, accord-
ing to a researcher for the Army Electronics
Command, Fort Monmouth, N.J., is security.
With digital transmission, he explains, all traffic
looks the same. The information flow rate and
the type of traffic can easily be masked. One way
to do this is to add a pseudo-random bit stream
to the data stream (via modulo 2 addition) and
then to unscramble the data at the receiving end.
This method has the additional advantage of put-
ting out a continuous signal, whether the user is
transmitting or not. With this approach, the
enemy can’t tell if anything at all—let alone what
—1is being sent.

. . . goes round and round, and it comes out here. Only
those pulses whose polarity was changed by the modu-
lator (lower right) are reflected by the polarizing prism
into the photodetector (which is being adjusted here).
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However, there are other advantages to digital
transmission. One very important one is that it
permits effective forward error correction
through the use of redundant codes. At present,
there is no equivalent technique available for
analog systems.

What about digital switching?

It is desirable, when employing digital trans-
mission, to also use digital switching. In the case
of satellite communications, digital switching
offers increased flexibility over analog in certain
situations. Also, it is obviously wasteful of equip-
ment to convert a signal from digital to analog
form just for switching.

To multiplex many digital signals together,
their bit rates must be related by the ratios of
whole numbers. This can create problems at a
switching center if the bit streams have origi-
nated at different places. There are three basic
methods, now being evaluated by the military and
the commercial communications companies, to
attack this problem:

m Lock all of the clocks in the system to a
single master clock.

s Use extremely accurate clocks and buffer
stores.

s Operate the high-speed line at a slightly
higher speed than the ideal and stuff in extra
pulses when necessary.

The master clock approach is a good one when
the various data sources are fairly close to-
gether. But for large distances, the delay-time
variations will necessitate the use of rather
large buffer stores that might make the scheme
uneconomical at high bit rates. More important,
a nationwide system all tied to one master clock
sounds like an invitation to disaster. A failure
in one part of the system might prove difficult
to contain.

Atomic clocks can provide acceptable system
performance when used in conjunction with buf-
fer stores. The buffers would absorb the differ-
ences in bit rates until they either overflowed or
were depleted. At that time transmission would
have to be interrupted so the lost data could be
repeated.

If a clock with an accuracy of, say, 1 part in
10" is used, a 1-megabit signal would fill or de-
plete its buffer store at the rate of about one
bit a day. Obviously a memory with a capacity
of a few thousand bits can provide trouble-free
operation for many years. But such trouble-free
operation is costly. Atomic clocks aren’t cheap,
and many of them would be needed in a nation-
wide network.

Of course, the two preceding ideas could be
combined in a system where a nationwide net-
work would be broken up into a set of inde-
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Because the interval between pulses in a
phase-locked laser is long compared with the
pulse width, some type of time-division multi-
plexing can be used to increase the effective bit
rate. One way to do this is to use a series of
beam splitters (optical power dividers) to split
the output of the laser into a series of identical,
but lower-power bit streams.

In the diagram below, three beam splitters are
used. They are not all identical; this is neces-
sary so the resulting beams all have equal power.
The uppermost beam splitter reflects two-thirds
of the light incident upon it and transmits one-
third. The next splitter reflects one-half and

Multiplexing a laser: It's done with mirrors

transmits one-half. The last one is simply a
totally reflecting mirror.

Each pulse stream is modulated by its own
optical gate at the relatively slow repetition rate
of the laser. After this, the beams are differen-
tially delayed—by adjustment of their individual
optical path lengths—and combined to form a
high-speed bit stream.

To further increase the capacity of an optical
PCM system, several time-division-multiplexed
streams can be generated at different wave-
lengths and then multiplexed in frequency for
transmission. At the receiver, optical filters would
separate the beams for time-demultiplexing.

pendent regional networks. Each regional net-
work could have its own atomic standard, and all
of the local clocks in the region would be con-
trolled by it. This would confine the damage
caused by any clock failure to a single region,
while keeping the costs down to a lower level
than the all-atomic clock method.

Pulse stuffing uses a synchronizing slot

Pulse stuffing is a completely different idea.
It involves operating the multiplex clock at a
high enough rate so that there are more than
enough time slots on the multiplexed line for each
of the channels that are being combined. For ex-
ample, if five 10-kb/s bit streams are to be com-
bined into one 50-kb/s multiplex stream, a 51-
kb/s clock might be used. This clock will want
to put a pulse onto the line every 19.6 us instead
of every 20 us. For this system to work, a buffer
store would have to be provided for each of the
10-kb/s streams. Data could be put into those
stores at a 10-kb/s rate (one bit every 10 pus)
and could be read out at a 10.2 kb/s rate (every
5 X 19.6 = 98 us). Eventually the store would
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get depleted; at that time the multiplexer would
let a time slot go by without putting anything
into it. At this point it would be essential for the
multiplexer to tell the demultiplexer which of the
time slots on the high-speed line have been left
empty and must be ignored.

This information would be sent in a special
synchronizing slot, or slots, reserved for this
purpose on the high-speed line. For the case
under consideration, a sixth slot might be added
to the multiplexed bit stream; five information
streams and one control stream would thus be
transmitted together. Of course, the control
stream would be timed by the same clock that
provides the timing for the high-speed stream so
that no possibility of losing control pulses would
arise.

This method does not require large buffer
stores, it is economical and it’s not subject to
catastrophic failure. It will work so long as the
various input bit streams don’t exceed a certain
bit rate (10.2 kb/s in the example just cited). If
they get too slow, it simply means that a lot of
pulses will be wasted, but synchronism will still
be maintained. =m
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ITC

Industrial

Technology
Corporation

Riedon’s unique new
spring ring wiper

gives two times better resolution,
less than 20 ohms noise.

Quiet-trim is a remarkable new trimming
potentiometer that uses a ring of multiple
contacts around the resistance element as
the wiper. During adjustment, this ring

Designed for both military (per MIL-R- Other ITC Riedon products: Precision
27208) and industrial applications, these wirewound resistors, resistor networks,

rugged trimming potentiometers are temperature sensors, magnetic com-
available in lead, pin or panel mounts; ponents, filters and transformers.

makes many sequential con-
tacts on each turn of resistance
wire. As a result of this light
but constant contact, resolution
is increased and the unit is es-
sentially noiseless even under
extreme shock and vibration.

interchangeable with / For complete specifications and
most standard designs. e '5 prices, contact: ITC Riedon, a

They feature a dual division of Industrial Technology
metal end clutch, 50 Corporation, a subsidiary of Repub-
ppm/°C temperature %[5 lic Corporation, 7932 Haskell Ave-

A
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ITCRIEDON T

INFORMATION RETRIEVAL NUMBER 102
Cl13



Many probiems

coniront

tlala engineers

Dispersion, propagation delay, errors
and channel loading must be
dealt with to send signals efficiently

Cl4

The bulk of communication systems in use to-
day were not originally designed to handle digi-
tal signals. Anyone who wants to use them for
that purpose can, but he must compensate for
the restrictions they impose if he wants to
achieve anything approaching efficient communi-
cation. Among the more formidable problems are
these:

® Dispersive distortion, which limits the maxi-
mum data rate to far less than the channel’s the-
oretical capacity.

m Propagation delay, which is most severe in
satellite communication, where it limits the data
rate when an error-checking and retransmission
procedure is used.

= Error generation.

= Channel loading, a major problem in wide-
band communications over common-carrier fa-
cilities.

Dispersive distortion gets its name from the
fact that it tends to disperse—or spread out in
time—signals that were originally narrow pulses.
This phenomenon clearly limits the rate at which
data can be sent without intersymbol interfer-
ence. Sufficient time must be provided between
pulses to allow for the spreading that the chan-
nel is expected to cause.

Dispersion is usually caused by one of two
phenomena: multipath distortion or linear dis-
tortion. In the case of multipath (Fig. 1), more
than one transmission path exists between the
transmitter and receiver. Generally there will be
a different delay associated with each path, and
therefore signal spreading will result. This is
what causes ghosts in television reception. If the
delay difference of the two paths is sufficiently
large compared with a pulse width, two pulses
may be received for each one that is trans-
mitted.

Linear distortion is associated with transmis-
sion lines in which the phase response is not a
linear function of frequency. The delay intro-
duced by such lines is different for different sig-
nal frequencies. Since pulse signals contain many
different frequencies, they are very easily
“smeared” out in time by dispersive lines.

What can be done to reduce or eliminate the
effects of delay distortion? One thing that com-
munication companies have been doing for years
is to equalize the lines by placing filters in them
to cancel out the lines’ distortion. Ideally the
cascaded phase response of the filter-line com-
bination is linear and distortion is eliminated.

Of course, since no equalizer is perfect, some
dispersion always exists in any communication
channel. It is up to the communications system
designer to decide how much distortion the chan-
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nel will be allowed to introduce.

The designers of present telephone networks
allowed quite a bit of phase distortion in their
specifications because the ear is insensitive to
phase differences. Unfortunately, as we have seen,
pulse data signals are not insensitive to phase
distortion and it’s a little too late to change the
specifications on the equalizers in the existing
networks.

Automatic equalizers reduce distortion

The solution is to add an extra equalizer at
the receiving end of the channel. This equalizer
can be used to reduce the channel distortion,
thereby permitting higher bit rates. The idea
works nicely on private lines, but if the user
wants to send data through the switched tele-
phone network, he must readjust the equalizer
every time he establishes a new connection.

Adjusting an equalizer can be time-consum-
ing; so an automatic equalizer is really the de-
sired solution.®™* Such an equalizer measures
the distortion of a line as soon as a connection is
established and then automatically adjusts itself
to minimize the distortion in accordance with
some criterion—such as minimum mean-squared
difference between the equalized line response
and some ideal line response. A higher level of
sophistication is embodied in the concept of an
adaptive equalizer, which continuously monitors
the line response and is constantly adjusting for
any changes that might occur.?' Adaptive equal-
ization is of particular interest to the military

‘ : TRANSMITTER

1. Multipath distortion results when more than one path
exists between transmitter and receiver. The reflector
can be almost anything: a building, a mountain or the
ionosphere.
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because many of its communication links involve
one or more moving parties. A radio link with
moving terminals is very likely to be subject to
a time-varying multipath situation.

The key to both automatic and adaptive equal-
izers is the transversal filter (Fig. 2). This is
made up of a tapped delay line, an “attenuator”
associated with each tap and a summing network.
The attenuators are actually amplitude adjust-
ment devices, not merely lossy elements. They
can provide loss, gain and polarity adjustment.
The delay line is tapped at regular intervals, 7
seconds apart. If an impulse, §(t), is applied to
the input of the transversal filter, the output
is given by

h(t) — 2, Cu & (t-n7)

This outx;'u'co is a train of impulses spaced 7
seconds apart and possessing completely inde-
pendent amplitudes. Therefore the transversal
filter can be set for any desired impulse response
whose duration doesn’t exceed the total delay of
the line and whose spectrum is limited to fre-
quencies below 1/27 Hz.

For instance, it can be set up to generate a
response that is the negative of the impulse re-
sponse of a given transmission line everywhere
except at t=0. The response at t=0 would be set
so that the sum of the transmission line and
transversal filter responses is unity at that point.
Of course, a low-pass filter, with cutoff frequency
f=1/27, would be required to convert the im-
pulse chain into the desired response. The filter

2. Great flexibility in equalizing transmission lines is
provided by transversal filters. The filter's impulse re-
sponse is adjusted by changing the weighting on each
tap of the delay line.
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does not have to be a separate item if the lines
and equipment with which the filter is working
are themselves band-limited.

When a transversal filter is used as an adap-
tive or automatic equalizer, a setup of the type
shown in Fig. 3 is needed. In the automatic mode
of equalizer operation, a “training” period is em-
ployed to adjust the equalizer. During this period
a known standard waveform is transmitted and
received in distorted form by the equalizer. It is
compared with a copy of the (undistorted) origi-
nal signal, and the resulting error signal is used
to adjust the filter. When the training period is
over, the control circuitry is disabled and the
equalized channel can be used for communication.
Of course, should anything happen to the chan-
nel’s transmission characteristic after the train-
ing period, the equalizer will not respond to the
change.

In the adaptive mode, the information signal
itself is used to adjust the equalizer. This idea
can be implemented in synchronous digital sys-
tems, where the pulse shapes and spacings are
predetermined, even though the actual occurence
of the pulses is not known beforehand. Another
equalization scheme, used to accomplish adaptive
equalization with nondigital signals, consists of
periodically interrupting the information signal
and substituting for it a short training signal.
While this scheme does not provide truly continu-
ous adjustment, it is good enough for most pur-
poses and does not restrict the type of message
traffic that can be handled.

To see how an actual controlled equalizer works
let’s consider the case of an automatic equalizer.
In this case a reference signal is generated, and
the received signal must be compared with it.

3. Automatic or adaptive equalization means putting a
servo loop around a transversal filter to adjust it to
changing line conditions. The reference signal is de-
rived from the input data in an adaptive equalizer; it is
locally generated in an automatic one.
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Obviously some form of synchonization or timing
recovery must be employed to provide a time
origin for the reference signal.

The error signal is formed by simply taking the
difference between the reference signal and the
equalizer output (Fig. 4). Then the cross corre-
lation coefficient of the error signal and each of
the delay line’s tap signals is formed. The weight-
ing of each tap signal is adjusted to minimize the
cross-correlation of that tap signal with the error
signal.

To understand why this procedure works, it is
necessary to consider that the signals at the
various taps combine linearly to form the error
function. Under a mean-squared error criterion,
the cross-correlation provides a measure of the
systematic contribution of each tap signal to the
error signal. Thus when all of the cross-correla-
tion coefficients have been reduced to zero, no
further adjustment of the attenuators can reduce
the error.m

Propagation delay causes problems

When a transmission link is perfectly equalized,
the delay encountered by all of the signals passing
through it is the same. It is not, however, zero.
There is a propagation delay in transmission that
is caused by the finite propagation velocity of
radio waves, and there is nothing that can be done
to reduce this. However, for certain modes of com-
munication, this delay does cause problems, and
they can be reduced with clever design ideas.

The total round-trip delay encountered by a
radio signal going through a communications
satellite at synchronous altitude is about 300 ms.
This doesn’t seem like much—it’s not a problem

4. The cross-correlation coefficient of the error signal
and each of the delay-line tap signals provides a meas-
ure of the contribution of each tap signal to the error.
Minimizing this coefficient will minimize the distortion
of the line.
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for voice communication—yet it has caused great
concern to people who want to send data. Why?

Because in sending data, it is always desirable
to include a certain amount of error detection in
the transmitted signal. The data is sent in blocks,
the blocks are checked at the receiver site for
errors, and a message is sent back to the trans-
mitter either confirming error-free reception or
asking for retransmission. This is equivalent to
one person asking another to repeat himself dur-
ing an ordinary telephone conversation.

It is now clear why propagation delay can be
a serious problem. Each block of data takes 300
ms to reach the receiver, 300 ms more is spent
waiting for the acknowledgements, and addi-
tional time might be needed if there is any error
in receipt of the acknowledgement.

One way to improve the efficiency of transmis-
sion under these circumstances is to increase the
length of each transmission block. This will in-
crease the amount of data that is sent between
the time-wasting turn-around periods. Unfortun-
ately, however, for a given error rate, the likeli-
hood of error increases as the block length
increases. Therefore, for very long block lengths,
there is almost certain to be an error in every
block and the efficiency will fall to zero as the
receiver keeps asking for retransmission of the
first data block.

It should be clear from this that for a given
error rate and propagation delay, there is an
optimum block length (Fig. 5). However, even
at this optimum, the efficiency is generally far
from 100 per cent, and something further must
be done to improve it.

One approach that can be used to solve this
problem is to combine the techniques of super

5. Errors limit communication efficiency. If there were
none, 1009, efficiency could be reached (upper line).
The lower line shows the effects of errors. As the likeli-
hood of error decreases, the peak gets larger and moves
to the right.
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blocking and selective retransmission.

As explained by Harold G. Markey, a systems
development division manager with IBM Corp.,
Research Triangle Park, N. C., this approach
involves sending many blocks of data at once,
without stopping between blocks, and then ask-
ing for the retransmission of only those blocks
found to contain errors. Of course, a few identi-
fication bits must be added to each block, so
they can be referred to by number when retrans-
mission is requested. A drawback of this ap-
proach is that it requires very large amounts of
buffer storage at the transmission site. The send-
er must retain all of the data in a superblock
until it has all been correctly received. If the
sender is planning to keep all of the information
anyhow—in a disk or drum file, for example—
then the need for much buffering poses no great
problem. But if this isn’t the case, then the
savings of efficient transmission must be weighed
against the cost of the necessary buffer memory.

A more attractive alternative in some situa-
tions is to use a full duplex communication
channel and to employ overlapping responses. A
full duplex channel is one in which both commu-
nications terminals can send and receive data
simultaneously. If the channel and terminal
equipment can operate in the full duplex mode,
then it is not necessary for the transmitter to
stop after each block of data and wait for a
reply.

For example, block No. 2 can be sent right
after block No. 1. Then, as long as the response
to block No. 1 gets back to the transmitter before
the transmission of block No. 2 ends, the trans-
mitter can be instructed either to retransmit
block No. 1 or to continue with block No. 3.

The drawback of this technique is that rather
sophisticated terminal equipment is needed for
full duplex operation. An ordinary telephone
circuit is a full duplex channel, but the terminal
equipment is a human who has to tell the dif-
ference between what he’s sending and what he’s
receiving. Machines find this rather difficult to
do, and full duplex is usually provided by using
two completely independent transmission chan-
nels. The overlapping response scheme, therefore,
requires a more expensive communications link
than the ordinary retransmission techniques do.

Detecting the errors

All of the various schemes for retransmission
involve checking the receiver data for errors.
There are many ways to do this, and each is
applicable under different channel conditions.
For example, if the predominant source of error
in the channel is white noise, then it is reason-
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able to assume that the errors will occur at
random and will usually be single-bit errors.
Under these conditions the ordinary parity
checking procedure is a good one to use.

This involves the addition of an extra “parity
check” bit to each character in a message. For
example, if the standard American Standard
Code for Information Interchange (ASCII) is
used, each character contains seven information
bits and a parity bit. The parity bit is generated
for each character by operating on the first
seven bits with some specified algorithm. The
usual procedure is to add up the seven informa-
tion bits and then let the parity bit be whatever
is necessary to make the sum of all eight bits
either even or odd.

Let’s say that even parity is used. Then, for
the character shown in Fig. 6a, a ONE must be
inserted into the parity bit slot. The receiver
knows that each received character must have
even parity, and so if one of the received bits
is in error, it can easily detect this and request
a retransmission.

There are two very important ideas in this
simple error-detecting procedure:

= Redundancy is being employed to detect an
error—that is, a piece of information is being
transmitted that can be calculated from pre-
viously transmitted information. The effective
rate of information transfer has been reduced
to increase the reliability of transmission.

= The scheme is limited in the number of
errors it can tolerate. It is obvious that two
errors in the same character will be interpreted
as no errors. That is why this scheme is recom-
mended for use only when the bit errors are
expected to occur singly and with a reasonably

6. Redundancy can detect errors. In (a) a simple parity
check is shown. In (b) longitudinal redundancy is added
to increase the resistance to impulsive noise. Even
parity is used in both cases.
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long time between them.

It is logical to ask at this point if increasing
the redundancy—adding more redundant bits—
can improve the scheme’s tolerance of errors.
The answer is yes. In fact, if enough redundancy
is used, it is possible not only to detect errors but
to correct them as well. Let’s first see how im-
proved error checking can be done.

The longitudinal redundancy check

It often happens that errors occur in bursts,
rather than singly. The reason for this is that
transients (impulses) commonly occur on com-
munication lines, particularly in the switched
telephone network. These transients, when intro-
duced into a band-limited channel, are spread
out in time in the form of the impulse response
of the channel. Thus, unless data is being sent
very slowly, each burst of impulsive noise can
be expected to affect several bits in a row.

The trick to overcoming this problem is to
form the parity check bits from a series of
information bits that are not close together in
time. One way to do this is to employ longitudinal
redundancy checking, as shown in Fig. 6b. In
this example, four 7-bit characters have been
sent, along with their associated parity bits, in
time sequence. The first character is the top row
of the matrix, the second is the second row, etec.
A fifth character has also been sent. It is entire-
ly derived from the other characters and has
been generated so that all of the columns, as
well as the rows, have even parity. The signifi-
cance of this idea is that the column parity
checks are done on bits spaced 8 bits apart from
each other and are thus not likely to be affected

7. High-speed data can be sent through the voice tele-
phone network by using a wideband carrier as a single
data channel. Care must be taken not to overload the
carriers and cause intermodulation.
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by the same burst of noise.

By pushing these concepts of increased re-
dundancy and operation on nonadjacent bits even
further, one can devise codes that can detect
many errors and correct a certain number as
well.'?

As is clear from our comparison of random
and burst errors, it is necessary to match the
error detecting or correcting procedure to the
error statistics of the communications channel.
Toward this end, the Army has been conducting
studies of the error properties of various chan-
nels. Bernard Goldberg, chief of the adaptive
techniques team of the Communications Auto-
matic Data Processing Laboratory, Army Elec-
tronics Command, Fort Monmouth, N.J., looks
forward to the day when an adaptive coding
scheme is devised to change the type of coding
as the channel error statistics vary. At present
his team is investigating the suitability of vari-
ous code schemes for different types of channels.

The Army is particularly interested in error-
correcting codes, Goldberg explains, because
much of its transmission is of the broadcast type,
which offers no opportunity for a request for
retransmission. Under these circumstances, for-
ward error correction is essentially the only way
to improve the reliability of transmission. An-
other way is simply to decrease the transmitted
bit rate, but a well-designed code makes more
efficient use of the total transmission time.

Data isn’t voice

In addition to the various random, burst and
other transmission errors that are not related
to the traffic on the communications system, there
is the problem of errors caused by intermodula-
tion noise resulting from overloading of voice
network. This is not much of a problem when
data is sent over a voice-band line, but if wide-
band data is to be handled, certain precautions
must be taken. Let’s see why.

It is generally known that carrier systems
are extensively employed in telephony to send
more than one message over a single wire pair,
cable or radio link. In the Bell System, accord-
ing to Daniel F. Hoth, director of the Special
Transmission Systems Study Center, Bell Tele-
phone Laboratories, Holmdel, N.J., a hierarchy
of carrier systems is employed, as shown in
Fig. 7. Actually the master groups are then fur-
ther combined for transmission over cable or
microwave radio. But the point is clear that
large numbers of voice channels are being trans-
mitted together over wideband facilities.

To make efficient use of carrier facilities, the
designers of the Bell System and other voice
communication networks take advantage of some
of the known statistical properties of human
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Extra bits can correct errors

Suppose that a message of m bits is to be
transmitted and the sender wants to add enough
redundancy to it to correct one error. How many
bits should be added? If » redundant bits are
added, they will be able to detect and correct 2r
possible contingencies. The total number of con-
tingencies that must be checked is m+7r+1 (no
errors, error in first bit, error in second bit,
ete.). Thus r must be chosen to satisfy the
relation

2" > m+r+1.

It is clear that error correction is not very
efficient for short messages but gets increasing-
ly attractive as the message size increases.

For a 4-bit message (m—4), three check bits
are required. Let’s say the message is 1101.
How are the check bits to be chosen? One way
is to set up a table defining a 3-bit error code.
This error code can assume 23—8 different
values corresponding to the eight possible error
conditions (including the condition of no
errors).

One possible form that the table might take
is the following:

Error digits Error location

-
D
©

No errors
my
m,
my
o
Ty

_ O O O

Ty

©C O M HHOO®
H O O - O M HOoS

0 T3

where the m-bits are the message bits and the
r-bits are the redundant bits. From this table,
the following equations can be written:

€ = My+My+m,+7,
€y = My+My+My+7,
€3 —= My + M5 -+ my + Ty

(all of these sums are understood to be modulo
2). Since the no-error condition is to be repre-
sented by e, — e, — e; — 0, the various 7 values
can be found by setting each of the three above
equations equal to zero. This yields:

ry=m; + My + M,

Ty = My + My + My

s = My + My + My

which, for the message 1101, yields r», = 0,
a0 and s =51

The transmitted message, complete with re-
dundancy, is therefore 1101001. :

Now let’s see what happens if an error sneaks
in. As an example, assume that the incorrectly
received message is 1001001. Plugging these
numbers into the three error-bit equations
vields ¢;.= 1, ‘e, = 1, ez '— L./ Consulting the
table, we can see that this means that m., is in
error. Therefore, we change it from a ZERO to
a ONE, and the error is corrected.
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Many services available

A variety of commercial services are already
available for data communication—and at rela-
tively low cost. Most of the transmission facili-
ties are supplied by the Bell System, but quite a
few manufacturers, in addition to Bell, make the
data modems needed to convert the data signals
into a form suitable for transmission over a tele-
phone line.

Until Jan. 1 of this year, modems made by
non-Bell System companies could be used only
over private lines. Since then, however, Federal
Communications Commission Tariff No. 263 has
allowed customers to supply their own modems
for use on the switched telephone network as
well.

For this setup, Bell supplies a service called
a Data Access Arrangement, which includes a
small interfacing box that contains some diode
clipping circuitry to prevent overloading of the
phone lines. The Data Access Arrangement costs
only $2 a month to rent.

A basic teletypewriter costs about $700 and
a low-speed (300 b/s) modem, about $350. Thus,
for a little over $1000, plus $2 a month, anyone
can have a teletypewriter data terminal attached
to his telephone. By making suitable arrange-
ments with a computer utility, this teletype-
writer terminal can give the user access to a
large time-shared computer right from his
office or his home.

Using the switched voice network, the fastest
data rates available today are on the order of
2000 b/s. Several manufacturers have indicated
that they expect to extend that figure by using
adaptive equalization. Speeds of up to 9600 b/s
have been reported over specially conditioned
private voice lines.

For really high bit rates, special wideband
channels can be leased from the telephone com-
pany. These channels, which must be used with
Bell System modems, can provide bit rates as
high as 250 kb/s. With the exception of Data-
phone 50, all of these high-speed services are
provided strictly on a private-line basis. The
Dataphone 50 is an experimental dial-up service
working at speeds up to 50 kb/s.

For further information on the lines of
modems made by various manufacturers, circle
the following Information Retrieval numbers:

American Tel. and Tel. Co. 290
Collins Radio Co. 291
General Electric Co. 292
International Communication Corp. 293
Lenkurt Electric Co. 294
RFL Industries Inc. 295
Rixon Electronics 296
Ultronix Inc. 297
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speech. They know, for example, that the average
phone user talks only about 25 per cent of the
time. Fifty per cent of the time he is listening.
And in the remaining 25 per cent of the time
he is pausing or remaining silent. Also, the aver-
age volume of a talker varies over a range of
40 dB, depending on who’s doing the talking and
what he has on his mind.

In selecting the operating levels for the carrier
systems, the designers use the average values for
a large number of talkers. The gains and satu-
ration levels of the broadband amplifiers are
adjusted to provide good performance under
average conditions, with sufficient margin so that
poor performance occurs only a small fraction of
the time.

In selecting the carrier levels for the various
carrier stages, the designers assume, of course,
that a fairly uniform distribution of power over
the bandwidth of the channel will be maintained.

As you might guess by now, the statistics of
data transmission are not the same as those for
voice. When a data set is on the air, it usually
puts out a signal until it’s finished, and then it
stops. Furthermore its average power output
level is the same as its minimum and maximum
levels. And worst of all, during periods when a
synchronous data set is not sending information,
it may want to remain in synchronism with its
receiver; so it sends a periodic “framing” or sync
signal. This is hardly a random waveform:; it
has most of its energy concentrated at one
frequency.

The trouble with sending a single frequency
over a wideband channel is that the amount of
noise in the channel will overpower the signal

Data communication today: This IBM 2265 display sta-
tion can be connected to most System/360 computers
through ordinary voice telephone lines.
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unless the signal is quite strong. But if enough
energy is concentrated at one frequency to over-
come the broadband noise, the amplifiers in the
carrier system which are limited in power
density as well as in total power, will be over-
loaded and intermodulation noise and crosstalk
will result. Thus if a 48-kHz group channel is
carrying wideband data and the transmitter
sends a periodic framing signal without lower-
ing its total power output from its normal ran-
dom-data level, cross modulation may occur
between two voice channels that happen to be
sharing the same supergroup or master group.
Under sufficiently bad conditions, the crosstalk
may even be intelligible.

Signal scramblers save the day

What can be done to overcome these problems?
As Jerry Randell, group manager of communica-
tions in the Univac Div. of Sperry Rand Corp.,
Philadelphia, explains, he doesn’t want to rede-
sign his computers to accommodate the peculiari-
ties of the transmission system. If he’s leasing an
expensive communications channel and wants to
send a periodic signal over it, he believes he
should be able to.

The solution is actually quite simple. Scram-
blers are employed to add a pseudo-random bit
stream to the desired bit stream on a bit-by-bit
basis. A device at the receiving end of the chan-
nel contains a stored replica of the pseudo-ran-
dom signal and uses this to recover the desired
message. Since a random signal remains random
even when a periodic signal is added to it, the
actual transmitted signal has an appropriately
wide frequency distribution and doesn’t disturb
the channel.

Overloading is not a big problem on voice
channels because the noise bandwidth is not too
great. This means that, even at the reduced levels
that must be employed when pure tones are
transmitted, no problems in reception are usually
encountered. The main factors to consider in this
case are the total power limitation (about 12 dB
lower for data than for voice) and the avoidance
of certain frequencies which are used for
signaling.

As Hoth of Bell Laboratories explains, avoid-
ance of the signal frequencies doesn’t mean that
no energy can be sent at those frequencies. It
just means that the energy at ony one of them
should not exceed the total energy in the rest
of the band. The switching system only considers
a signaling tone to have been received when the
tone power is more than half of the total received
power, Hoth explains.

In addition to solving the framing signal prob-
lem, the scrambler, by ensuring that transitions
are always occurring in the data stream, also
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solves the problem of providing clock recovery
when no data is being sent. As Univac’s Randell
points out, some early data modems could not
tolerate the transmission of more than 50 con-
secutive ZEROS in an even parity system, be-
cause this mean that there would be no data
transitions for the clock in the receiver modem
to synchronize itself with. However, since the
scrambler puts out a signal even when there is
no input, this problem is eliminated. ==
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At IEEE,

Hewlett-

'ackard unveiled

the revolutionary 5360A

Heres why 1t stole the show-

Using a revolutionary counting
technique made practical by an
internal computer, the 5360A
measures more rapidly, accu-
rately, and over a wider range than
counters ever did before. And it
can solve equations whose vari-
ables are the counter’s measure-
ments. Thus, it is a measuring and
computing device both in one
compact, ready-to-use package.
Everything a general purpose elec-
tric counter might be asked to do,
the 5360A does better—a hundred,
even a thousand times better.

EVER HAD BE}

For equal accuracy, the 5360A is
3 to 1000 times faster than count-
ers could be before, and for equal
speed it's up to 100 times more
accurate. For example, in 1 milli-
second you can make a 1 MHz
measurement to 7 digits! Pre-
viously, four digits was the limit.
This is because the 5360A’s accu-
racy is no longer limited to plus
or minus one count of the counted
signal.

AUTOMATICALLY MEASURES
PULSED CARRIERS WITHOUT
TRANSFER OSCILLATOR

Direct, automatic, digital measure-
ment of pulsed signals (even a
microsecond pulse length) is now
possible with the 5360A —up to
320 MHz. And with the same HP
frequency converter plug-ins used
in model 5245, 5246 or 5248
counters, pulsed signal or CW
range is extended to 18 GHz. No
tedious transfer oscillator manipu-
lation or calculation! And the
5360A will even measure a single
burst of signal —something trans-
fer oscillators cannot do.
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COMPUTING COUNTER

0.1 NANOSECOND
TIME INTERVAL
RESOLUTION

The 5360A gives the finest reso-
lution in time-interval and wave-
form period measurements ever
available in a direct reading digital
instrument. Furthermore, with the
model 5379A Time-Interval plug-in
(not needed for period measure-
ments) you get automatic error de-
tection and measurement of posi-
tive or negative intervals down to
zero seconds, at rates over 1000
measurements per second.

WIDEST FREQUENCY
RANGE OF ANY
COUNTER

Up till now, you had to use an
accuracy-destroying prescaler or
other accessory to measure up to
320 MHz. Not only is the 5360A’s
automatic measurement range
0.01 Hz to 320 MHz, but the
5360A also gives greater accu-
racy and speed than any previous
counting technique. Frequency
measurement range is extended to
18 GHz using the same spurious-
free HP frequency-converter plug-
ins originally designed for HP
models 5245, 5246 and 5248.

Prices: 5360A Computing Counter with 5365A Input
Module, $6500; 5367A Time-Interval plug-in, $750;
accessory keyboard, approximately $1000; accessory plug-in

program module, approximately $190.

The leader in counter technology has taken another revolutionary
step. If you missed the show, call your local HP field engineer.
Or write for our fully illustrated brochure and data sheet:

Hewlett-Packard, Palo Alto, California 94304;

Europe: 1217 Meyrin-Geneva, Switzerland.

A COMPLETE MEASURING
AND PROC SING SYSTEM
IN ONE PACKAGE

Now you can get answers direct in
final form without adding $10,000
worth of processing equipment.
The 5360A and its accessory plug-
in program module (available now)
or its keyboard (available later this
year) provide real-time solutions to
equations whose variables are the
5360A’s measurements. For ex-
ample, you can get direct digital
phase measurements or the rms
value of a series of measurements.

HEWLETT% PACKARD

ELECTRONIC COUNTERS
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Time was when
refractory metals
were used only
as filaments and
tube frame grids.

Times change.

Tungsten — for filaments, heaters, grids, etc. Rhenium Tungsten — Tungsten containing 3% Rhenium. Used in application where resistance to recrystallization,
room temperature, elongation, and pliability, after heating, are needed. Thoriated Tungsten — Tungsten confaining 1% or 2% thoria. Used where relatively high
electron emission is required. Molybdenum — Used as support for lamps and electron tube mandrels, for tungsten coil winding, traveling wave tube helixes,
furnace windings, tube grids, etc. Molybdenum Rhenium — 50% Molybdenum and 50% Rhenium used for grids, heaters, supports etc. where high electrical
resistivity and low thermal conductivity, ductility, weldability are of importance. Rhenium — Used for filaments in mass spectrographs and ion gauges and
other electronic ‘components where electrical resistivity, electron emission weldability and ductility are important. Tantalum — Used for heat exchanges.

Consider some more current design
applications. Evaporating boats
for vapor depositation. Spectro-
graphic analysis equipment.
Springs and washers in high
temperature environments. And
more.

Refractory metals could be the
answer to some of your tough
design problems. Examine the
family characteristics. All readily
lend themselves to forming,
machining and welding. Melting
point to 3410° C. Electrical
resistivity to 20 microhms/cm.

No other metals even approach

in corrosion resistance capability.
Or can hold a candle in high
temperature environments.

And the way we work them—
with precision tolerances down
to .00005“—there’s no problem in
getting predictable, repeatable
performance out of your circuit
designs.

You have a lot of flexibility,
too. Because within the family
each metal possesses a set of
unique qualities which could make
it a natural for your particular
application—if it can be formed to
just the dimensions you need.

That's where we come in. We
roll to the tightest specs in the
business. Ribbons, strips, what-
ever you need. Any width to
.006". Any thickness to .0005".
Any metal suitable for fabrication.
With such superior results even
the competition comes to us for
the tough jobs.

If you'd like to know more
about what refractory metals can
do for you in circuit design call
(201) 863-1134 or write H. Cross
Co., 363 Park Ave., Weehawken,
New Jersey. We'll take it from there.

Electron tube capacitors, filaments, grid wires and getters. Columbium — Used for getters in electron tubes and electrical rectifiers.
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The AMP point-to-point
most versatile

One Technique Covers Widest Range Of be applied against any particular or unusual interconnec-
Interconnection Requirements tion problems you may have in point-to-point wiring.
Whatever your interconnection requirements, TERMI- f
POINT* products can move in to fulfill them over the AMP Pre-Wired Panels And Component Service

widest variety of applications. The components shown If you prefer AMP to pre-wire panels or connectors, a
below are only a few of the applications now being used  special division in our Harrisburg plant offers complete
in industry. In addition, AMP Engineering is available to

TERMI-TWIST®
ONE PIECE PRINTED
CIRCUIT CONNECTORS

AMP-INCERT*®
M’ SERIES
CONNECTORS

JUNCTION BLOCKS

TWO-PIECE
PRINTED
CIRCUIT
CONNECTORS

DUALATCH*
CONNECTOR ONE-PIECE
PRINTED
CIRCUIT
CONNECTORS



wiring technique is the
in the world

facilities from taping specifications to finished product. Write For Special Point-To-Point Wiring Report
Fully tested panels will be shipped ready for installation And Complete Product Information

to give you the benefits of au'.comated. wiring at Iow.est Send for our 6-page special report, A Stored Energy
applied cost. Quotes on your point-to-point wiring require-  Connection for Point-to-Point Wiring’’ plus complete in-
ments will be supplied on request. formation including specifications and test data on TERMI-
POINT Clips, Tools and companion products. Write .....
INDUSTRIAL DIVISION, AMP INCORPORATED, HARRIS-
BURG, PA. 17105. *Trademark of AMP Incorporated

GRID PANEL

BUSS BARS

TERMI-PLATEX*
4 ) PRINTED CIRCUIT
CONNECTORS

FEED THRU BLOCKS

™\ TERMI-GRID®
INTERCONNECTION SYSTEM
TWO PIECE PRINTED
CIRCUIT CONNECTORS

INCORPORATED
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SJCC NEWS

The 99.9% effective communications system

Diversification and backup capabilities help keep
NASA global network going despite malfunctions

Charles D. LaFond, Chief
Washington News Bureau

Every time an Apollo spacecraft
boils up from a launching pad at
Cape Kennedy and arches into
space, more than 600,000 miles of
circuitry around the world clicks
and hums with activity. Voice, ana-
log and digital data race over this
network, along with teleprinter
messages. It is NASA’s communi-
cations, tracking and data-acquisi-
tion complex, and its performance,
according to L. R. Stelter, Chief of
the Communication Div. at the
Goddard Space Flight Center,
Greenbelt, Md., is 99.92 per cent
reliable.

To meet such demands, the sys-
tem is fully controlled by digital
computers, and critical electronic
subsystems and communications
circuits are redundant. But its suc-
cess depends in large measure, too,
on advance planning in the space

Cc28

RTCC, the Real Time Computer Complex, at NASA's
Apollo Mission Control Center in Houston is one of the
world's largest digital processing facilities. A portion of
the five IBM System/360-75s employed is shown in this

agency. Designers had to antici-
pate a requirement for handling
a vast data flow in real time.

NASA’s Associate Administrator
for Manned Space Flight, Dr.
George E. Mueller, notes: “The
computer complex that handled the
Mercury flights performed 1 mil-
lion calculations a minute. Today’s
Apollo system handles 50 times that
many—>50 million a minute, 80 bil-
lion a day.”

No longer can space agency com-
mands be sent by voice alone, and
no longer can spacecraft perform-
ance and biomedical data be proc-
essed after a flight. Mueller says:
“We have to know on a real-time
basis . . . how fast the hearts of
the astronauts are beating . .. how
much oxygen they are using and
how their muscles are responding
to their strange environment.”

So NASA invented a new kind
of “system,” one connecting sen-
sors to computers, to a communica-

tions network, and ultimately to
Mission Control at the Manned
Spacecraft Center near Houston,
Tex. The fallout from this ad-
vance is already evident.

“A  half dozen newly formed
companies are manufacturing
adapted space-created instruments
for the use of doctors and hospitals
here on earth,” Mueller notes.

An evolutionary system

In the early days of the manned
space program, the communica-
tions-computer support for Project
Mercury was relatively simple. By
the time Astronaut John Glenn had
become the first American to orbit
the earth, the total network con-
sisted of 16 land stations.

“At that time we placed our first
computer on the network,” recalls
H. William Wood, Chief of the
Manned Flight Operations Div. at
Goddard. “We really didn’t use it
as a computer. No computations

were performed on site, but we
used it to format data to send back
to the control center and to display

e c—
—\

wide-angle view. These machines provide flight control-
lers with solutions to spacecraft trajectory and all other
vehicle and biomedical problems requiring solution dur-
ing Apollo missions.

INFORMATION RETRIEVAL NUMBER 106



Sylvania presents
eight good imitations.

The only way our competitors could match
Sylvania SUHL integrated circuits was to copy
them.

They’re good imitations but we think our
circuits are still better.

For instance, we usc aluminum bonding wires
where others use gold. This eliminates the chance
of “purple plague” and gives better reliability, too.

The lower mass of aluminum wire also
improves shock and vibration characteristics.

We are the only maker that performs 100%

DC tests at temperature extremes. Of course,
we make 100% AC tests, too.

We use a metal-to-metal seal for better
hermeticity. We’ve been told that we have the best
package on the market, based on tests by large-

SUHL is a trade name of Sylvania Electric Products Inc.

scale users.

Our entire SUHL circuit line is available in
both flat packs and dual-inline packages.

And we have the broadest SUHL circuit line in
the marketplace. And that includes MSI.

All Sylvania MSI are completely compatible
with SUHL circuits. Which means, if you are
thinking of going the MSI route, Sylvania MSI is
the only way to go.

So why settle for good imitations when you can
get the real thing?

Sylvania Electronic Components,
Semiconductor Division, Woburn, Mass. 01801.

SYLVANIA
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(Apollo, continued)

that to flight controllers who were
located on site.”

The beginning of today’s system
really had its start in the Gemini
program in 1964. Gerald M. Trus-
zynski, NASA’s Associate Ad-
ministrator for Tracking and Data
Acquisition, recalls: “The addition
of digital data processing and digi-
tal command equipment increased
the flight control capabilities of
individual network stations and
permitted a reduction in the num-
ber of stations used for Gemini
support.”

The network at that time con-
sisted of 12 stations. Despite an
improved capability during Gemini
flights, Truszynski notes: “It was
not possible to transmit in real
time the volume of data required
for flight-control decisions.”

When the Gemini network intro-

duced the first computers, Sperry
Rand’s Univac Div. provided 14
Model 1218 systems for telemetry
receiving—one for each remote
tracking station. Univac also pro-
vided Model 418 computers for the
four regional switching centers
and a 494 computer for the pri-
mary message switching center at
Goddard.

Yet data flow then was really
very low. Wood says: “For Gemini,
we received what might be thought
of as a small paperback novel in
one minute. For Apollo, we receive,
normally, 51.2 thousand bits of in-
formation per second. This might
be thought of as a small encyclo-
pedia every minute.”

A multiplicity of computers

Following Gemini, the manned
space flight network added well
over 100 digital computers (see
table). Over 70 of these, installed
in 15 stations around the world,
are classed as medium to large

Redundancy is the name of the game. Here, at NASA’s Goddard Space Flight
Center one Univac 494 is actually in use, one is on hot standby and a third
is off-line backing up the other two.

Table. Apollo computer distribution

UNIVAC IBM

1230 1218 494 1108 418

360-75

Manned Spaceraft Center 1
(Houston, Tex.)

4 3 5 2 5

(Greenbelt, Md.)

Goddard Space Flight Center 5

Remote Network Stations 42
(14 land, 4 ships)

TOTAL | 48
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general-purpose systems.

Fourteen remote stations, four
instrumented ships and eight in-
strumented aircraft are required
in the network. Goddard is re-
sponsible for the entire operation
and handles all communications be-
tween the spacecraft and the Mis-
sion Control Center in Houston.
Wood estimates the cost of the en-
tire network at approximately $550
million.

NASA communications support
for Apollo missions is based on
use of the unified S-band system as
the primary link, with vhf as back-
up. For near-earth operations, an-
tennas 30 feet in diameter are
used; for translunar and lunar
operations, three dual 85-foot dish
stations, spaced 120 degrees apart
around the earth, are employed.

All tracking, telemetry, commu-
nications and command functions
are provided through a single car-
rier frequency in each direction for
both the command and service
modules and the lunar module: up-
link, 2090-2120 MHz; down-link,
2270-2300 MHz. Two sets of fre-
quencies, separated by 5 MHz, are
required on each directional link.
The down-link is referred to as
“telemetry,” the up-link as “com-
mand.”

To get data to and from the re-
mote tracking ships and range
ships, each station has four full-
duplex, 2.4-kilobit-per-second cir-
cuits. All data is transferred via
a variety of communication links
between Univac computers at the
remote sites to computers at God-
dard and finally to the Houston
computer facility. In general, pre-
processing and communications
computers are Univac equipment;
the real-time processing computers
at Goddard and at Houston are by
IBM.

These facilities combined handle
all processing required by the
Apollo spacecraft for launching,
telemetry, orbital computation
trajectory determination, mission
planning, digital command and re-
entry. They also are used for simu-
lations and training. The Houston
systems serve in all functions of
mission control; the Goddard sys-
tems are used to calibrate and
check the global network and to
evaluate data received during each
mission.

Together, all these systems con-
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lest your
logic.

a) Suppose you designed the DCL MSI
8260, world’s fastest adder, and its logic

diagram looked like this:

b) And it gave a speed and package count,
which beat any other IC family, like this:

Package Count Addition Total
Quad Zinput Time Addition Time
No. of Bits | 8260 8261 | NAND Gates | Pe" Bit | Input to Output
(ns) (ns)
16 4 1 — 33 52
24 6 3 — 3.3 5
32 8 3 < 2.0 64
48 12 6 1 153! 64
64 16 7 1 12 76

C) Next, suppose you came up with eleven
new MSI elements—all perfect fits with the
8260, our other MSI elements, and the entire
DCL family — like this:

ig

8230
8232
8241

8242
8266
8267
8268
8275
8276
8284
8285

8-Input Digital Multiplexer

8-Input Digital Multiplexer

Quad Exclusive-OR

4-Bit Comparator

2-Input, 4-Bit Multiplexer

2-Input, 4-Bit Multiplexer with Bare Collector
Full Adder

Quadruple Latch

8-Bit Shift Register with Clock Inhibit
4-Bit Binary Up/Down Counter

BCD Up/Down Counter

d) Now then: wouldn’t you logically buy a
full-page ad to tell the world in Electronic
Design? And wouldn’t you sign it like this:

netics [s|DCL

Signetics Corporation/811 E. Arques Ave., Sunnyvale, Calif. 94086/ A subsidiary of Corning Glass Works

Logical afterthought: For written proof that Signetics is right in the middle of MSI. send for our DCL handbook. It's 120 pages — and free!

ELECTRONIC DESIGN 9, April 26, 1969

INFORMATION RETRIEVAL NUMBER 107

C31



SJCC NEWS

(Apollo, continued)

tribute to what is believed to be
the most advanced real-time com-
puter communications network in
existence today.

The reliability of the Apollo net-
work results from a great diversity
of links and backup equipment.
NASA’s communications chief ad-
mits: “We do have trouble con-
tinually somewhere in the world
on these circuits. Equipment has
malfunctioned, but the hardware
and circuit redundancy is such that
a working alternate always is
available. We’ve never lost total
communications with a remote sta-
tion. If a single link fails, we still
have three alternate voice-data cir-
cuits that can be used to carry the
load.”

Stelter discloses that during the
Apollo 8 flight last December, 1148
digital commands were sent from
Houston to the orbiting spacecraft.
Of these, he reports, only one com-
mand was rejected during valida-
tion by a remote station because
of a detected error.

Stelter asserts: ‘“This was phe-
nomenal. More normal was the
situation in the Apollo 9 flight in
February—4651 digital commands
with 26 rejects.” In general, he
says, these errors were probably
caused by minor transmission or
temporary computer anomalies.

The quantity of data handled
during an Apollo mission is large
but not considered staggering. In
Apollo 8, Stelter says, 10 billion
bits of data passed between the
Univac 494 computers at Goddard
and Mission Control in Houston.
The data normally is sent in blocks
of 600 bits at high speed. Of the
more than 16 million blocks trans-
mitted, Stelter estimates, errors
requiring retransmission were de-
tected in roughly 13,000 blocks.
Thus the error rate, Stelter fig-
ures, ‘“based on valid through-put
data, was 99.92 per cent.”

In designing, installing and com-
bining this worldwide system,
NASA apparently encountered few
interface problems. Stelter notes:
“We've never had any major hard-
ware interfacing problems associ-
ated with the individual systems
themselves. Rather, it’s been one of
format. Software has proved to be
the key to handling and avoiding
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interface problems. Formats em-
ployed must be identified and

agreed on by all users.”

He acknowledges one difficulty
with peripheral equipment. A need
developed for the introduction of
polynomial buffer terminals for

use between the Goddard and Hous-
ton interfacing computers, Univac
Model 494s. The problem, solved
by Univae, centered on the inter-
face with the high-speed, 50-kilo-
bit links at each center required
for error checking. mm

This 30-foot diameter antenna is part of NASA's Unified S-band communica-
tions system. It is used for near-earth operation—tracking and communicating
with the Apollo spacecraft during launch.

IBM computer complex data output is monitored in the RTCC. The same data
are observed by NASA flight controllers in Mission Control to follow every
critical phase during each Apollo mission.
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GITAL EQUIPMENT COR

617) 897-5111 / Cambridge, Mass

Ann Arbor / Salt Lake City / Houston / Albuq

Los Angeles / Palo Alto / Seattle. INTERNATIONAL,

Carleton Place and Toronto, Ont. / Montreal,
Quebec / Edmonton, Alberta, Canada / Read

Manchester, England / Paris, France / Munich and

Cologne, Germany / Oslo, Norway / Stockhol
Sweden / Sydney and West Perth, Australia

ynard. Massachusetts 01754. Telephone:

taven / Washington, D.C. / Parsippany, Palisades
Park, N.J. / Princeton, N.J. / Rochester, N.Y. / Long
Sland, N.Y. / Philadelphia / Pittsburgh / Cleveland /

" Dayton / Huntsville / Cocoa, Fla. / Chicago / Denver /

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.

dlialilt]al!

COMPUTERS - MODULES

PORATION,

./ New

uerque /

ing and

m,




DIT-MCO IMMODESTLY
PRESENTS
THE FASTEST

WIRING
SYSTEM

ANALYZER
ON THE FAC
OF THE EAR

Humility be hanged. Either you've
got it or you don’t. We do. It's
called the DIT-MCO System
6120B.

The DIT-MCO System 6120B, a
random access wiring analyzer
working on the fully automatic
taped program and printout con-
cept, will perform continuity
tests at the rate of 4,000 per
minute. Insulation tests at the
rate of 3,000 per minute.

That makes it more than fast.
That makes it the fastest wiring
system analyzer on the face of
the earth.

Switching console contains high-
speed 500-termination Reed relay
switching modules for a total
capacity of up to 50,000 termina-
tions.
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Versatility, enhanced through use
of economical DIT-MCO access
fixtures, is virtually unlimited.

Improve both the testing function
and the tested product. Specify
unfailing accuracy, extreme flexi-
bility, and unprecedented speed.
Specify the DIT-MCO System
6120B.

For Full Details, WRITE, WIRE,
Or PHONE:
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DlT@ MCO

DIT-MCO INTERNATIONAL
A DIVISION OF
XEBEC CORPORATION

5612 BRIGHTON TERRACE

KANSAS CITY, MISSOURI 64130
TELEPHONE: (816) 363-6288
TELEX NUMBER: 42-6149
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MOS BRIEF 6

J. Irwin
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 MM415/515 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 1 16 Voo
OUTPUT 1
LOAD 1 coed 2 15 | (60 BITS)
ourPutt 1, 14 | outPut2
(64 BITS) (60 BITS)
OUTPUT 3
INPUT 2 ed 4 MM515 13 o (60 BITS)
LoAD2 e s P OPVIEW. e 6

OUTPUT 2
sagirs) — 18

11 e §

OUTPUT 3
INPUT 3 ed 7 10 e (64 BITS)

GND == 8 § [ 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

B
5
¢ el 4w
BITSL | BITS {5 ADDER
FIGURE 3
4 18
out
THE ABOVE CIRCUIT WILL GENERATE THE FUNCTION: A+C—e8
B—=C
A—sA

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 load control input to register 1 (Pin 2)
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 (Pin 7) data would be
transferred from the B register to the C register.
With these connections and control levels the
following data movement occurs during the time
the controls are active. A register 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.




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,