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The National Aeronautics and Space Act of 1958, which established NASA
and the United States civilian space program, requires that ‘‘The Administra-
tion shall provide for the widest practicable and appropriate dissemination of
information concerning its activities and the results thereof."”

To help carry out this objective the NASA Technology Utilization (TU)
Program was established in 1962. It offers a variety of valuable services to
facilitate the transfer of aerospace technology to nonaerospace applications,
thus assuring American taxpayers maximum return on their investment in
space research; thousands of spinoffs of NASA research have already
occurred in virtually every area of our economy.

The TU Program has worked for engineers, scientists, technicians, and
businessmen. And it can work for you.

Tech Briefs is published quarterly and is free to any U.S. citizen or organi-
zation. It is both a current-awareness medium and a problem-solving tool.
Potential products ... industrial processes ... basic and applied research ...
shop and lab techniques ... computer software ... new sources of technical
data ... concepts ... you will find them all in NASA Tech Briefs. The first section
highlights a few of the potential new products contained in Tech Briefs. The
remainder of the volume is organized by technical category to help you quickly
review new developments in your areas of interest. Finally, a subject index
makes each issue a convenient permanent reference file.

Although many articles are complete in themselves, others are backed up by
Technical Support Packages (TSP’s). TSP's are available without charge and
may be ordered by simply completing the enclosed TSP Request Card. Further
information on some innovations is available for a nominal fee from other
sources, as indicated at the ends of the articles. In addition, Technology
Utilization Officers at NASA Field Centers will assist you directly when
necessary. (See page A4.)

Many of the inventions described are under consideration for patents or have
been patented by NASA. Unless NASA has decided not to apply for a patent,
the patent status is described at the end of each article. For further information
about the Patent Program see page A8.

To assist engineers, industrial researchers, business executives, city
officials, and other potential users in applying space technology to their
problems, NASA sponsors six Industrial Applications Centers. Their services
are described on page A6. In addition, an extensive library of computer
programs is available through COSMIC, the Technology Utilization Program’s
outlet for NASA-developed software. (See page A5.)

To help solve public-sector problems in such areas as safety, health,
transportation, and environmental protection, NASA TU Applications Teams,
staffed by professionals from a variety of disciplines, work with Federal
agencies, local governments, and health organizations to identify critical
problems amenable to technical solutions. Among their many significant
contributions are a rechargeable heart pacemaker, a lightweight fireman'’s
breathing apparatus, aids for the handicapped, and safer highways.

We hope you find the information in NASA Tech Briefs useful. A reader
feedback card has been included because we want your comments and
suggestions on how we can further help you apply NASA innovations and
technology to your needs. Please use it, or if you need more space, write us a
letter.
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About This
NASA Publication

Change of Address

NASA Tech Briefs, a quarterly publication, is distributed free to U.S. citizens
to encourage commercial application of U.S. space technology. For
information on publications and services available through the NASA
Technology Utilization Program, write to the Director, Technology Utilization
Office, P. O. Box 8757, Baltimore/Washington International Airport, Maryland
21240.

““The Administrator of National Aeronautics and Space Administration has
determined that the publication of this periodical is necessary in the
transaction of the public business required by law of this Agency. Use of
funds for printing this periodical has been approved by the Director of the
Office of Management and Budget through December 31, 1979.”

This document was prepared under the sponsorship of the National
Aeronautics and Space Administration. Neither the United States Government
nor any person acting on behalf of the United States Government assumes
any liability resulting from the use of the information contained in this
document, or warrants that such use will be free from privately owned rights.

Change of Address: If you wish to have NASA Tech Briefs forwarded to your
new address, use one of the Subscriptions cards enclosed in the back of this
volume of NASA Tech Briefs. Be sure to check the appropriate box indicating
change of address.

Communication Concerning
Editorial Matter

For editorial comments or general communications about NASA Tech Briefs,
you may use the self-addressed Feedback card in the back of NASA Tech
Briefs, or write to: The Publications Manager, Technology Utilization Office
(E TU-6), NASA Headquarters, Washington, DC 20546. Technical questions
concerning specific articles should be directed to the Technology Utilization
Officer of the sponsoring NASA Center (addresses listed on page A4).

NASA TECH BRIEFS Published quarterly by the National Aeronautics and Space Administration, Technology Utilization
Branch, Washington, DC.

Administrator: Robert A. Frosch; Chief, Technology Utilization Branch: Louis Mogavero; Publications Program Manager:
Judson O. Harrison lIl.

Prepared for the National Aeronautics and Space Administration by Logical Technical Services Corp.: Editor-in-Chief:
Graham L. Gross; Art Director: Emest Gillesple; Managing Editor: Jay Kirschenbaum; Senior Editor: Donald Blattner;
Chief Copy Editor: Oden Browne; Staff Editors: Michael Polchaninoff, Jonathan Rogers, Ted Selinsky, George Watson;
Graphics: Bruce Appel, Concetto Auditore, Judy Tenenbaum; Editorial & Production: Richard Johnson, Rose Giglietti,
Vincent Susinno, John Tucker, Madeline Tucker, Ernestine Walker, Carl Woolridge.
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THE NASA TECHNOLOGY UTILIZATION OFFICERS

They will help you apply the
innovations described in Tech Briefs.

The Technology Utilization Officer (TUO)

Each NASA Center has a Technology

Utilization Officer — An applications en-

gineer whose job is to help you make use Technical Assistance

of new technology developed at his center. ~ Working together with NASA Scientists and
He brings you the NASA Tech Briefs and Engineers and the Industrial Applications

other special publications, sponsors con- Centers, the center TUO'’s can answer
ferences, and arranges for expert assist- specific questions about innovations and
ance in solving technical problems. related NASA technology.

Technical Support Package (TSP’s)
For many of the innovations described in
Tech Briefs, the center TUO has prepared
additional material that will help you in
detailed evaluation and actual use or
construction of the new technology. You
may get TSP’s free of cost by using the TSP
Request Card or writing the center TUO.

10,

WhO '[O COn'[aC'[ . Of course, many technical questions about Tech Briefs are answered in the TSP's,
but when no TSP is available, or you have further questions, write the Technology Utilization Officer at the center that
sponsored the research at the address listed below.

Charles C. Kubokawa Raymond J. Cerrato John C. Drane
Ames Research Center John F. Kennedy Space Center NASA Resident Legal Office-JPL
Code AU: 240-2 Code SA-RTP 4800 Oak Grove Drive
Moffett Field, CA 94035 Kennedy Space Center, FL 32899 Pasadena, CA 91103
(415) 965-5554 (305) 867-2780 (213) 354-6420
Donald S. Friedman John Samos Gilmore H. Trafford
Goddard Space Flight Center Langley Research Center Wallops Flight Center
Code 702.1 Mail Stop 139A Wallops Island, VA 23337
Greenbelt, MD 20771 Hampton, VA 23665 (804) 824-3411, Ext 201
(301) 344-6242 (804) 827-3281

Jerry Harrison
John T. Wheeler Paul Foster NASA Headquarters
Johnson Space Center Lewis Research Center Code ETU-6
Code AT3 21000 Brookpark Rd. Washington, DC 20546
Houston, TX 77058 Cleveland, OH 44135 (202) 755-2244
(713) 483-3809 (216) 433-4000, Ext. 6832

Aubrey D. Smith

George C. Marshall Space Flight Center
Code ATO1

Marshall Space Flight Center, AL 35812
(205) 453-2224
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COSMIC

(Computer Software Management & Information Center)

AN ECONOMICAL SOURCE
OF COMPUTER PROGRAMS
DEVELOPED BY THE GOVERNMENT.

COSMIC is sponsored by NASA to give you
access to over 1400 computer programs devel-
oped by NASA and the Department of Defense,
and selected programs from other government
agencies. It is one of the Nation’s largest soft-
ware libraries.

COSMIC collects and stores software
packages, insures that they are complete,
prepares special announcements (such as Tech
Briefs), publishes an indexed software catalog,
and reproduces programs for distribution.
COSMIC helps customers to identify their soft-
ware needs, follows up to determine the
successes and problems, and provides updates
and error corrections. In some cases, NASA
engineers can offer guidance to users in install-
ing or running a program.

COSMIC charges very reasonable fees for
programs to help cover part of their expenses—
and NASA pays for the remainder. Programs
generally cost from $500 to $1000, but a few
are more expensive and many are less. Docu-
mentation is available separately and very
inexpensively.

COSMIC programs range from management
(pert scheduling) to information science (retrieval
systems) and computer operations (hardware
and software). Hundreds of engineering pro-
grams perform such tasks as structural analysis,
electronic circuit design, chemical analysis, and
design of fluid systems. Others determine build-
ing energy requirements, optimize mineral
exploration, and draw maps of water-covered
areas using NASA satellite data. In fact, the
chances are, if you use a computer, you can
use COSMIC.

COSMIC is eager to help you get the programs you need. For
more information about services or software available from
COSMIC, fill out and mail the COSMIC Request Card in this
issue.

COSMIC: Computer Software Management and Information Center

Suite 112, Barrow Hall, University of Georgia, Athens, Georgia 30602 Phone: (404) 542-3265
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WHERE IS THE WORLD’S LARGEST
BANK OF TECHNICAL DATA

It's in Indianapolis and Pittsburgh, it’s in Storrs, Connecticut and
Research Triangle Park, North Carolina; and it’s in Albuquerque and Los Angeles.

NASA IAC’s — INDUSTRIAL

You can get more information and more data on more technical subjects
through NASA'’s network of IAC’s than anywhere else in the world. About
8,000,000 documents and growing at the rate of 50,000 more each month!

Major sources include:
® 750,000 NASA Technical Reports e Chem Abstracts Condensates
e Selected Water Resources Abstracts ® Engineering Index
® NASA Scientific and Technical Aerospace Reports ® Energy Research Abstracts
@ Air Pollution Technical Information Center © NASA Tech Briefs

@ NASA International Aerospace Abstracts ® Government Reports Announcements

and many other specialized files on food technology, textile technology,
metallurgy, medicine, business, economics, social sciences, and physical science.
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The IAC’s are one of the most economical ways of staying
competitive in today’s world of exploding technology. The help
available from the network ranges from literature searches
through expert technical assistance.

Current Awareness

Consult with our applications
engineers to design your personal
program — selected monthly or
quarterly abstracts on new devel-
opments in your speciality. It's

3 ) like having your own journal!
Technical Assistance

Our applications engineers will
help you evaluate and apply your
literature-search results. They can
help find answers to your tech-
nical problems and put you in
touch with scientists and engi-
neers at NASA Field Centers.

Literature Searches

Help in designing your search,
typically from 30 to 300 abstracts
in as narrow or broad an area as
you need, and complete reports
when you need them. The most
complete “search before research”
available!

To obtain more information about how NASA’s IAC’s can help you —
Check the IAC box on the TSP Request Card in this issue,

Or write or call the IAC nearest you.

APPLICATIONS CENTERS

How to get reports and other documents discussed in this issue of Tech Briefs

Many of the innovations in Tech Briefs are described in detail in reports available at a reasonable cost through
one or more of the IAC’s. To order a report, call or write the |AC referenced at the end of the Tech Brief article at
the address below. Be sure to list the titles and accession numbers (N76-..., N75-..., etc.) of those you wish to

purchase.

Aerospace Research Application Center (ARAC)
Indiana University-Purdue University at Indianapolis
1201 E. 38th St.

Indianapolis, IN 46205

E. Guy Buck, Director

(317) 264-4644

Knowledge Availability Systems Center (KASC)
University of Pittsburgh

Pittsburgh, PA 15260

Dr. Edmond Howie, Director

(412) 624-5211

New England Research Application Center (NERAC)
Mansfield Professional Park

Storrs, CT 06268

Dr. Daniel U. Wilde, Director

(203) 486-4533
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North Carolina Science & Technology
Research Center (NC/STRC)

P. 0. Box 12235

Research Triangle Park, NC 27709
Peter J. Chenery, Director

(919) 549-0671

Technology Application Center (TAC)
University of New Mexico
Albuquerque, NM 87131

Stanley A. Morain, Director

(505) 277-4000

NASA Industrial Application Center
Denney Research Building - 3rd FI.
University of Southern California
University Park

Los Angeles, CA 90007

Dr. Robert Y. Mixer, Director

(213) 741-6132
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NASA INVENTIONS
AVAILABLE FOR LICENSING

Over 3,500 NASA inventions are available for
licensing in the United States - both exclusive

and nonexclusive.
Nonexclusive Licenses
Nonexclusive licenses for commercial use are
encouraged to promote competition and to achieve
the widest use of inventions. They must be used by a
negotiated target date but are usually royalty free.
Exclusive Licenses

An exclusive license may be granted to encourage
early commercial development of NASA inventions,
especially when considerable private investment is
required. These are generally for 5 to 10 years and
usually require royalties based on sales or use.

The NASA patent licensing program also provides for licensing of NASA-owned foreign patents. In addition to
inventions described in Tech Briefs, “NASA Patent Abstract Bibliography,” containing abstracts of all NASA
inventions, can be purchased from: National Technical Information Service, Springfield, Va., 22161. This
document is updated semi-annually.

Patent Licenses and the NASA Tech Brief

Many of the inventions reported in Tech Briefs are patented or are under consideration for a patent at the time
they are published. When this is the case, the current patent status is described at the end of the article;
otherwise, there is no statement about patents. If you want to know more about the patent program or are
interested in license for a particular invention, write the Patent Counsel at the NASA Field Center that sponsored
the research. Be sure to refer to the NASA reference number in parenthesis at the end of the Tech Brief.

Robert F. Kempf Marvin F. Matthews Norman T. Musial

NASA Headquarters, Code GP-4 Lyndon B. Johnson Space Center Lewis Research Center

400 Maryland Ave., S.W. Mail Code: AM Mail Code: 500-311

Washington, DC 20546 Houston, TX 77058 21000 Brookpark Road

(202) 755-3932 (713) 483-4871 Cleveland, OH 44135
(216) 433-4000

Darrell G. Brekke James O. Harrell

Ames Research Center John F. Kennedy Space Center Leon D. Wofford, Jr.

Mail Code: 200-11A Mail Code: SA-PAT George C. Marshall Space Flight Center

Moffett Field, CA 94035 Kennedy Space Center, FL 32899 Mail Code: CCO1

(415) 965-5104 (305) 867-2544 Marshall Space Flight Center, AL 35812
(205) 453-0020

John O. Tresansky Howard J. Osborn

Goddard Space Flight Center Langley Research Center Monte F. Mott

Mail Code: 204 Mail Code: 279 NASA Resident Legal Office

Greenbelt, MD 20771 Hampton, VA 23665 4800 Oak Grove Drive

(301) 344-7351 (804) 827-3725 Pasadena, CA 91103

(213) 354-2700
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NEW PRODUCT IDEAS are just a few of the many innovations described in this
issue of NASA Tech Briefs and having promising commercial applications. Each is
discussed further on the referenced page in the appropriate section in this issue. If
you are interested in developing a product from these or other NASA innovations,
you can receive further technical information by requesting the TSP referenced at
the end of the full-length article or by writing the Technology Utilization Office of
the sponsoring NASA center (see page A4). NASA's patent-licensing program to

encourage commercial development is described on page A8.

Durable, Nonslip, Stainless-
Steel Drivebelts

100TH

WELD
BEADS

WELDED

Stainless-steel drivebelts proposed
for long-term unattended service in
spacecraft could have terrestrial appli-
cations where belt replacement is diffi-
cult. Unlike belts made of plastic and

polymeric fibers, the stainless-steel
belts can be used in intense heat or
cold, under intense radiation, and un-
der high loads. In one design, cylindri-
cal rods run transverse to the entire
belt length to serve as teeth that mesh
with the drivewheel sprockets. The
rods are secured by steel wires run-
ning along the length of the belt. An-
other proposed belt has U-shaped flex-
ible teeth that engage the wheel
sprockets. The teeth are connected by
flexible strips. Where the application
permits, the belts could be coated with
plastic or rubber to reduce noise.

(See page 599.)

Adjustable Gas-Flow
Restrictor

MANIFOLD

CALIBRATION

The pressure of a confined gas can
be reduced and precisely controlled by
a new adjustable flow restrictor. If de-
sired, the gas can also be simultan-
eously heated or cooled. Developed
originally to control oxygen flow in the
life-support system of a space vehicle,

A10

the new device can be adapted to
other fluid-flow applications, such as
petroleum processing or food process-
ing. The gas passes through the an-
nular space between two mating
threaded parts. The long, narrow, hel-
ical path reduces the pressure within a
short axial distance, and the pressure
drop can be adjusted simply by screw-
ing or unscrewing the threaded mem-
bers. A heating fluid or coolant can be
circulated through the hollow core of
the restrictor to control the gas tem-
perature.

(See page 594.)

Testing Integrated Circuits by
Photoexcitation
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Laser light is rapidly scanned over a
circuit under test in a new method for
rapid production-screening of integrat-
ed circuits. In an adaptation of a much
slower photoexcitation technique pre-
viously used only for developmental
tests, the photoresponse of each sub-
component of the circuit is recorded as
it is clocked through many digital
states. The superimposed images form
a ‘‘signature’’ of the test circuit, which
can be compared with a reference to
make a rapid online accept/reject deci-
sion. CMOS integrated circuits have al-
ready been tested by the procedure,
with good results. A He/Ne laser was
used, and power delivered to the IC
was less than about 0.1 milliwatt.

(See page 474.)

Improved Probe for Rectal-
Cancer Detection

An improved proctosigmoidoscope
for inspection of the rectum and colon
is able to scan ahead and to the side
for viewing around intestinal folds. It
will make possible more thorough med-
ical examinations by exposing lesions
and other anomalies that could only be
seen with a lateral view. The addition of
a third lens, which has a mirrored coat-
ing along the perimeter of one surface,

[T ITe

ENLARGED VIEW

CoLON LESION VISIBLE
WALL ONLY WITH
LATERAL VIEW

distinguishes this instrument from
those with conventional two-lens de-
sign. The mirrored convex surface re-
flects the lateral image of the colon
wall through a space in the body of the
proctosigmoidoscope. A double image
is viewed by the operator: He sees a
central image of the frontal view and a
concentric ring that contains the side
view.

(See page 562.)

Flow-Compensating Pressure
Regulator

A flow-compensating pressure regu-
lator maintains a constant pressure at
its output, despite variations in the in-
fusion flow rate. It can be used with a
surgical instrument for the removal of
optical cataracts and in other applica-
tions where fluid pressure must remain
constant. A standard, spring-loaded

NASA Tech Briefs, Winter 1978



o
3

ouTLE
PORT

NN
1)
S
N
T
S\
\!

N

COMPOUND
2P LEVER SYSTEM

N
s
A
N

{
il

I/
l"'

"J"’ \
A
AN
n"'jl
O [
’J.,m

diaphragm is the basic pressure-regu-
lating element. A second diaphragm,
located a small distance below the first
on the same centerline, responds to
the pressure drop across an adjustable
external orifice and a parallel internal
orifice near the flow inlet. The force on
this second diaphragm is coupled to
the regulator valve through a com-
pound lever. The action of the two
diaphragms and the lever exactly com-
pensates for the pressure drop in the
surgical instrument that controls the
flow rate.

(See page 548.)

Miniature Ky-Band Down
Converter

A miniature, hermetically-packaged,
thin-film microwave integrated circuit
serves as the complete receiver front
end (excluding the local oscillator) for
compact K-band radar and communi-
cations systems. The entire circuit is
packaged in a small hermetically-weld-
ed, nitrogen-filled aluminum case. The
circuit consists of three stages of FET
amplification, a four-pole Tchebyscheff
filter, a balanced mixer, one stage of
bipolar transistor IF amplification, and
a passive temperature-compensation
circuit. Even a voltage regulator is in-
cluded in the hybrid package. The mea-
sured overall noise figure of the con-
verter is approximately 4 dB.

(See page 473.)
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Compact Antenna Has
Symmetrical Radiation
Pattern

A compact, mechanically-stable,
quadrifilar-helix antenna, originally de-
veloped for outer-planet spacecraft
probes, has potential uses in citizens-
band radios and other terrestrial com-
munications systems. Its antenna pat-
terns show exceptional uniformity and
symmetry, varying by less than 1.5 dB
over most of the forward hemisphere,

STYROFOAM
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078 1o ELEMENT DIAMETER
150081,
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and its gain and VSWR characteristics
are also good. A 550-MHz version of
the antenna would consist of four wires
wound around a dielectric cylinder
about 39 cm in length. This design was
recently tested successfully on a one-
quarter-scale model (2.2 GHz).

(See page 500.)

Ultrathin Films as
Photomechanical Transducer

A stretched film approximately 0.1
mil in thickness can detect the pres-
ence of light and measure the total
light exposure over a period of time. As
a new photomechanical transducer, a
stretched film could serve as a low-
cost, nonelectrical substitute for a
photocell in many applications. Discov-
ered during the course of experiments
with materials for the solar ‘“‘sail,”" the
effect is observed as a mechanical
stress change (probably caused by
heating) when a film is illuminated. The
stress is easily monitored with a con-
ventional strain gage. In tests of

STRAN GAGE

MOVABLE FixED
mock

LGt
SOURCE

polyimide films, with and without re-
flective or absorptive coatings, the re-
sponse varied from —-15 to —16
glem2 —-W. A practical transducer
could be implemented by installing a
strain sensor integral with the film and
clamping the film between two sup-
ported blocks.

(See page 520.)

Scratch-Resistant Plastic
Lenses

A three-step, plasma-deposition pro-
cess deposits a tenacious antiabrasion
film on plastic lenses and other plastic
components. The process thus elimi-
nates a major problem with optical
plastics: their tendency to become
scratched under routine cleaning or
handling. Each step is carried out in

the same vacuum chamber, without re-
moving the lens. The plastic is first ex-
posed to a water-vapor plasma that
forms hydroxyl groups on the lens sur-
face. This ensures good adherence of
silicon-based monomers, introduced
during the second plasma deposition.
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Finally, the lens is exposed to an argon
plasma 'that cross-links and stress-
relieves the monomer film to create a
strong, scratchproof coating.

(See page 543.)

Hand-Held Vital-Signs
Monitor

Six new hybrid integrated circuits
are the basis of a complete physiologi-
cal vital-signs monitor. Already tested
as a prototype, the unit requires only a
display, a battery, packaging, and mis-
cellaneous hardware to emerge as a
completely-self-contained, hand-held
instrument that could be used by
doctors on house calls and others in
emergency medical applications. The
six hybrids, which include
e A Temperature Monitor,

e An ECG Amplifier and Cardiotachom-
eter Signal Conditioner,
e An Impedance-Pneumograph and

Respiration-Rate Signal Conditioner,

¢ A Heart/Breath-Rate Processor,

¢ A Liquid-Crystal Display Driver, and

¢ A Clock Circuit,

evolved from existing conventional-
scale circuits. They are based around
low-power, CMOS circuitry and can be
used independently for other applica-
tions.

(See page 551.)

ANNOUNCING. ..

A NEW NASA TECHNOLOGY UTILIZATION SERVICE

in Cooperation With STATE GOVERNMENTS

Ultrafine PBI Fibers and
Yarns

HOT-TUBE
SPINNERETTE

WASH STEAM-HEATED
ROLL ROLL

Ultrathin synthetic fibers, with denier
as low as 0.17, are produced by a con-
tinuous dry-jet/wet-spinning process.
Originally developed to make a light,
strong, radiation-resistant fabric for a
solar ‘'sail,"" the new process can pro-
duce lightweight textiles with superior
physical properties for other applica-
tions. A five-hole spinerette ejects a
solution of polybenzimidazole into a
water bath, forming five fibers that are
then drawn into a tube furnace. By
precisely controlling the temperature
and the entrance and exit speeds in the
furnace, the fibers are drawn to the re-
quired thinness without weakening or
breaking.

(See page 529.)

NASA recently inaugurated a State Technology Applications Center (STAC) program with the opening of facilities in

Florida and Kentucky.

The purpose of the experimental STAC program is to provide technical information services to state and local
government agencies as well as to industry within each state.

The STAC’s differ from the NASA Industrial Applications Centers (see page A7) primarily in that the STAC's are
integrated into existing state technical assistance programs and serve only the host state, whereas the Industrial
Applications Centers serve multistate regions.

The STAC’s have access to several commercial data bases, as well as the NASA data base, and they normally charge

a fee for their services.

Persons wishing further information should write to:

In Florida

NASA/Florida State Technology Applications Center (STAC)

311 Weil Hall
University of Florida
Gainesville, Florida 32611

or phone, Gainesville: (904) 392-6760
Orlando: (305) 275-2706
Tampa: (813)974-2499

In Kentucky

109 Kinkead Hall
University of Kentucky
Lexington, Kentucky 40506

phone: (606) 258-4632

or contact the local State Department of Commerce

Business Development Representative

Al12

NASA /University of Kentucky State Technology Applications Program (STAP)
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Multichannel VCO Needs Only One Reference
Arc Detector Uses Fiber Optics

Miniature Ky-Band Down Converter

Testing Integrated Circuits by Photoexcitation
Precise Matching of Diodes

Splicing Shielded Cables

Modular Ground-Wire Connector
Electrical-Ground Monitor

One-Third Selection for Matrix-Addressing Ferroelectrics

Simplified Phase Detector

Digital Correlator With Fewer IC's
Pulse-Width-Modulated Attenuator for AGC
Overload Protection System

Load Balancing Multimodule Switching Power Converters

Eliminating Gold Migration in Microcircuits
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Multichannel VCO Needs Only One Reference

Passband filters and selector logic eliminate the
need for separate crystal oscillators in each channel.

Lyndon B. Johnson Space Center, Houston, Texas

canticts e Oupat of & JaBichaire | e
utpu a muiticha | VOLTAGE- Ku-BAND
microwave oscillator requires only one m@ = ouTUT
reference crystal oscillator. Conven-
tional stabilization circuits, in contrast, -
normally require a separate reference »
oscillator for each channel. «83 m
The new circuit was developed to MIXER 'A“"‘-bm OSCILLATOR
control five K-band radar channels for ' AND AMPLIFIER
the Space Shuttle, one of which dou-
bles as a communication channel. The
circuit stabilizes a Gunn-diode voltage- AMPLIFIER
controlled oscillator (VCO). 23 AMPLIFIER
As shown in the figure, a single crys-
tal oscillator operates at 156 MHz and
supplies a 27-dBm signal to a x 83 mul- FILTER/ [
tiplier and tuned-cavity filter. The out- |oETECTOR] o
put of the frequency multiplier is mixed AMPLIFIER BANK
with a small portion of the variable-fre- R
quency Gunn-diode output to produce [
an intermediate frequency (IF) of be- 52 MHz | '
tween 156 and 364 MHz at — 30 dBm. ‘ COMPARATOR
Wideband modular amplifiers raise '
the IF level to drive a phase compara- LOOP DC
tor. The comparator reference input is x_ FILTER [ (
a 52-MHz signal that is derived by Y
dividing the crystal oscillator output by ZERO-
3. (Emitter-coupled-logic flip-flops are DIFFERENCE
used in this divider.) geIroTon
Whenever the Gunn-diode VCO +
tunes to a frequency for which the IF
from the mixer equals an integral multi- : : Ly
ple of 52 MHz, the phase comparator -] SWEEP <— Loae -
generates a zero-difference output that - 1

is used, via a loop filter, to phase-lock
the Gunn diode.
The channel frequency to which the CHANNEL
Gunn diode is phase-locked is speci- SE'&%CgéON
fied by a digital code applied to logic
circuitry. A portion of the mixer IF —
drives five simple filters, each of which A Voltage-Controlleq Oscillator I.s Phase-Lockeq to a selected freguency within any of
is followed by a radio-frequency detec- flye channels. The five freque.nmes are harmonics of a 52-MHz signal derived 'from a
tor. The sweep and logic circuitry re- single 156oMI-12 rgference oscillator. 'Passband. filters and channel-selector logic con-
trol a sweep circuit to place the VCO in the desired passband.
sponds to these detectors, as well as

to a zero-difference detection circuit

and to the code that specifies the de- in a passband that corresponds to the Hughes Aircraft Co. for Johnson
sired channel frequency. The logic en- selected channel. Space Center. No further documen-
sures that the sweep is stopped, and This work was done by Ronald K. tation is available.

phase lock occurs only when the IF is Masson and Nicholas P. Morenc of  MSC-18225
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Arc Detector Uses Fiber Optics

A reliable arc detector for high-power microwave circuits
uses light pipes and a remote solid-state detector circuit.

NASA's Jet Propulsion Laboratory, Pasadena, California

FROM FROM
DRIVER 1 DRIVER 2
Y Y KLYSTRON ——
GUIDE
DIRECTIONAL
DIODE DIODE
DRIVE )—— COUPLER |8 RF OUTPUT
SWITCH 1 SWITCH 2 AND DETECTORS
(7
DIODE
DRIVER
POWER
AMPLIFIERS TO DIODE
ey FLIP-FLOP BUFFER SWITCH 1
COMPARATORS
FAULT INDICATORS
< ’ DIODE
& s
LIGHT
TO DIODE
DETE((;;’ORS FLIP-FLOP BUFFER SWITCH 2
FIBER OPTICS
(2 BUNDLES)

This New Arc Detector uses fiber optics to monitor arcs in the waveguide. The waveguide reflected power is also monitored,
using crystal detectors. Both monitoring schemes utilize two channels for improved reliability.

A new arc detector for protecting
high-power microwave klystron oscil-
lators uses fiber optics connected to a
remote solid-state light-sensing cir-
cuit. The fiber optics make it possible
to place the sensor (a hybrid photo-
diode/operational amplifier) away
from the RF field and high-tempera-
ture areas within the waveguide, pre-
venting false triggering and shutdown
of the klystron power supply. The new
detector is more reliable, smaller, and
more sensitive than many other
systems that locate the detector in the
waveguide.

The arc detector and sensing
circuit, shown in the block diagram,
incorporate two parallel fiber-optic
bundles. The end of one bundle is
aimed at the klystron output window,
and the end of the other bundle is
directed down the waveguide away
from the window. The opposite end of
each bundle is coupled to solid-state
light detectors. Each light detector has
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a silicon photodiode and a low-noise
high-speed operational amplifier in a
single package. The detector requires
only a +15-Volt power supply, as
compared to several hundred volts for
photomultipliers. The detector sensi-
tivity is determined by selecting the
amplifier feedback resistor. The output
voltage is proportional to the input light
power. It can be periodically checked
by placing a small calibrated light
source in the waveguide near the fiber
optics.

In addition to the light signal, the
circuit monitors the reflected power
from a waveguide directional coupler.
This RF power is divided and drives
two crystal detectors. The dc output
from each crystal is applied to the
input of a voltage comparator. A
reference voltage to the comparator is
set to the value corresponding to
maximum allowable reflected power.
When the reference voltage is ex-
ceeded, the protective logic circuit is

activated.

The outputs from the light detectors
and the reflected-power amplifiers are
fed to two edge-triggered flip-flops
that feed two pin-diode drivers. The
diode drivers control the crystal
switches that turn the klystron power
supply on or off.

The crystal switches are mounted in
a strip-line circuit and are on when
they are conducting (forward biased).
When both switches are off, they
provide 40 dB of attenuation. When
one switch is off, it provides 25 dB of
attenuation, which is sufficient to
reduce the RF klystron output to
extinguisn an arc or to reduce
reflected waveguide power.

This work was done by Edward J.
Finnegan and Robert A. Leech of
Caltech for NASA’s Jet Propulsion
Laboratory. For further information,
Circle 1 on the TSP Request Card.
NPO-13377
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Miniature Ky-Band Down Converter

Hybrid circuit can serve as the receiver front end for
13.75- to 14.0-GHz communications and radar systems.

Lyndon B. Johnson Space Center, Houston, Texas

LOCAL OSCILLATOR
INPUT

(13.128 to 13.336 GHZ):

+10dBm

IF
AMPLIFIER

——RF AMPLIFIERS ——
RF INPUT RF
IF OUTPUT
(13.75t0 14.0 BAND-PASS | f————
GH2Z) FILTER (630 to 668 MHZ)
REGULATED
VOLTAGE
REGULATOR

+12 VDC REGULATED

VOLTAGE
IEGULATOR

l

+15 VDC
INPUT

This Complete K;-Band Down-Converter Assembly for 13.75- to 14.0-GHz receivers has been packaged in a hermetically sealed
container that measures only 3.25 by 1.425 by 0.62 in. A local oscillator signal is supplied externally.

A miniature, hermetically-pack-
aged, thin-film microwave integrated
circuit (MIC) serves as the complete
receiver front end (excluding the local
oscillator) for compact Ky-band
(13.75- to 14.0-GHz) radar and
communications systems. The entire
MIC assembly is packaged in a small
hermetically-welded,  nitrogen-filled
aluminum case.

The circuit, as shown, consists of
three stages of balanced gallium
arsenide field-effect-transistor (GaAs
FET) amplification, a four-pole
Tchebyscheff filter, a balanced mixer,
one stage of bipolar transistor IF
amplification, and a passive tempera-
ture-compensation circuit. An IC volt-
age regulator is also included.

The amplifiers and other functional
elements are fabricated with thin-film

NASA Tech Briefs, Winter 1978

gold circuitry and tantalum nitride
resistors on a ceramic substrate.
Components, such as transistors and
capacitors, are in unpackaged chip
form. Each substrate is bonded to a
metal carrier that is screwed to the
bottom of the case interior.

The measured overall noise figure
of the assembly is approximately 4 dB.
Each of the three 14-GHz amplifier
stages is a balanced module consist-
ing of an input hybrid coupler, two
matched GaAs FET channmels, and an
output coupler. The four-pole
Tchebyscheff band-pass filter is de-
posited as an edge-coupled strip-line
layout on an aluminum substrate. A
single-balanced mixer is used, and the
IF amplifier is a conventional wide-
band MIC circuit designed around a
silicon bipolar transistor.

A "pi'" attenuator with a thermistor
in the series leg gives the circuit good
gain stability over its temperature
range. By carefully selecting the
resistance values in the shunt legs,
the attenuator is made to exhibit a
reasonably-good voltage standing-
wave ratio (VSWR) and to have a
useful attenuation/temperature curve.
Although this attenuator does demon-
strate some variation in attenuation as
a function of temperature and has a
higher insertion loss than PIN diode
attenuators, its simplicity and small
size make it useful for lower-frequency
wideband applications.

This work was done by David A.
Norbury of Avantek, Inc., for Johnson
Space Center. For further informa-
tion, Circle 2 on the TSP Request
Card.

MSC-18313
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Testing Integrated Circuits by Photoexcitation

““State superposition’” method is a rapid
pass/fail check for production-screening of IC’s.

Marshall Space Flight Center, Alabama

A system for testing integrated
circuits uses photoexcitation to deter-
mine the quality of internal elements
that are inaccessible to electrical
tests. Using a ‘'state superposition'
technique, the IC is scanned by a
narrow laser beam while being electri-
cally activated through a sequence of
operating states. The photocurrent
generated in the IC by the light beam
is displayed on a CRT in synchronism
with the position of the beam. The
resulting image is a ‘'signature’’ of the
device under test and could be used
to make an accept/reject decision
during production screening.

This new approach overcomes a
basic problem in using electrical tests
to screen integrated circuits: the
buffering effect of each succeeding
stage on the preceding stages of a
digital IC prevents direct monitoring of
the internal operation of the circuit by
measurements at the external termi-
nals. The photoexcitation method is
also superior to electron-beam scan-
ning, since it is completely nonde-
structive (whereas the electron beam
can damage the circuit) and does not
require a vacuum chamber.

Although photoexcitation is a
known method for testing microcir-
cuits, it has usually not been used for
production screening. This is because
to be certain that all internal elements
(such as transistors and diodes) are
active during the tests, many images
must be scanned, each with the
circuit in a different digital state. This
gives detailed information about the
circuit operation, but it generates a lot
of data that are not easily reduced to a
pass/fail criterion.

In the new approach, a set of digital
states is selected such that each
internal element appears in at least
one of the corresponding photo-
response images. Then a test circuit
(or program) generates a superposi-
tion of the photoresponse images by
scanning the device with an optical
scanner as it is being clocked
repeatedly through the set of selected
states. This superposition (the
‘““signature’’ of the device) can be

474

IC UNDER

TEST

MICROSCOPE SENSING

RESISTOR

TWO-AXIS \ ]
GALVANOMETER >
SCANNER N |
[
PHOTODETECTOR LJ
FUNCTIONAL
SEQUENCER
He/Ne RASTER
LASER GENERATOR AMPLIFIER AMPLIFIER
SIGNAL
INPUT
-———
CRT DISPLAY LOCK-IN
AMPLIFIER
MODULATION OUTPUT J
Figure 1. This Integrated-Circuit Test System scans a device under test with a

modulated laser beam as the circuit is sequenced through a selected group of digital
states. The light generates a photocurrent that is sensed, demodulated by a lock-in

amplifier, and displayed.
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Figure 2. This Photoresponse Image was produced by superimposing the images
of several digital states. The image is a map of the photocurrent produced when
laser light is scanned over the circuit. Bright areas represent regions in which the
photocurrent is high; dark areas are regions in which the photocurrent is small. The
image is that of a 4028 CMOS microcircuit.
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easily compared with the signature of
a reference device.

The photoexcitation system
which has been used with good
results to test complementary metal-
oxide-semiconductor (CMOS) inte-
grated circuits scans the IC
surface with helium/neon laser light
that is amplitude-modulated at about
135 kHz (see Figure 1). The laser
beam is controlled by lenses and
galvanometer/mirror scanners, and
the light passes through a neutral
density filter that limits the power
delivered at the IC surface to less
than about 0.1 milliwatt.

The photoresponse signal is
sensed by a small resistor in series
with the negative voltage (or ground)
terminal of the device under test. The
voltage drop across the sensing
resistor is amplified by an oscillo-
scope plug-in amplifier and demodu-
lated by a lock-in amplifier.

An important advantage of the
modulated laser and lock-in amplifier
demodulator is that the zero-refer-
ence level of the photoresponse
signal is independent of the static
power-supply current consumption of
the device under test. This is not true
when an unmodulated laser is used; in
that case, the CRT intensity control
must be continually readjusted when
the current changes (as a result of
changing the digital state, the temper-
ature, or the device).

In the preliminary work, a frame
scan time of 50 seconds and a line
scan time of 0.1 second were used,
producing a 500-line raster with
nearly-invisible scan lines (see Figure
2) and a good reflected image.

In practice, the scan time can be
much shorter. For very complex or
very dense integrated circuits, the
functional sequencing of the device

may have to be controlled by the
raster generator. This could further
reduce the time required to scan the
circuit, since only the circuit elements
irradiated by the laser beam at any
given moment would be activated.

This work was done by J. J.
Erickson and Miguel E. Levy of
Hughes Aircraft Co. for Marshall
Space Flight Center. Further infor-
mation may be found in NASA
CR-150474 [N78-13326], ‘‘Optical
Scanning Tests of Complex CMOS
Microcircuits, ' a copy of which may
be obtained at cost from the New
England Research Application Center
[see page A7].

Inquiries concerning rights for
the commercial use of this invention
should be addressed to the Patent
Counsel, Marshall Space Flight
Center [see page AS8]. Refer to
MFS-23943.

Precise Matching of Diodes

Low-cest method for matching the forward voltage
drops of diodes and other semiconductors

NASA'’s Jet Propulsion Laboratory, Pasadena, California

Two circuit arrangements, one
using an ac and the other a dc power
source, rapidly select diodes and
other semiconductor devices with
matched, forward voltage drops. Both
circuits are simpler (and less expen-
sive) than conventional, character-
istic-curve tracers.

The ac and dc test circuits, which
are bridge configurations, are shown
in Figure 1. Both versions include two

precision equal-value current-limiting »

resistors R1 and R2 in the bridge legs
containing the diodes. Each circuit
also includes an oscilloscope or other
voltmeter to detect bridge imbalance.
The dc circuit has precision resistors
in the other bridge legs, and the ac
circuit includes an additional diode
and resistor (R5) to prevent trans-
former core saturation during one-half
of the ac cycle.

Throughout the tests, any difference
in forward voltage drop between the
test and the reference diodes is dis-
played as either a positive or negative
voltage across the measuring device.
After testing a batch of diodes, those

(continued on next page)
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REFERENCE >
DIODE

REFERENCE
DIODE

Figure 1. Circuit for Selecting Matched Diodes can use either an ac (left) or dc
(right) excitation source. Any difference in forward voltage drop between the tested
and reference diodes is measured as a voltage imbalance across the bridge.

DEVICE It Vi Ry Ry Ry, Ry Rs
SIGNAL DIODE 1omA | 1.0v | 400 2(1/2w) | 1,000 2(1/2w) | 900 2(1/2wW)
RECTIFIER 1.0A 1.0V 4 o(10W) | 1,000 2(172w) 9 2(25W)
POWER RECTIFIER [ 100A | 1.0V 0.4 2(100W) | 1,000 2(172W) | 09 o(250 W)

Figure 2. Representative Resistor Values are given for the ac test circuit, using a

center-tapped 10-volt transformer source.
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with identical voltage offsets (within
prescribed limits) are easily separated
into groups for subsequent use in
matched pairs.

For each test, the supply voltage
and current can be fixed at levels
identical to those encountered by the

correct value of R4 and Ro. Figure 2
lists representative resistor values for
different current levels supplied by a
regulated 10-V center-tapped source.
Both power and signal diodes can be
tested in the same arrangement
because the tested semiconductor is

and their temperature coefficients
cancel each other.

This work was done by Colonel W.
T. McLyman of Caltech for NASA’s
Jet Propulsion Laboratory. For
further information, Circle 3 on the
TSP Request Card.

semiconductor in actual operation. in the upper bridge leg and the NPO-14293
This is controlled by selecting the reference diode is in the lower leg,
Splicing Shielded Cables
A simple repair technique retains the
cable characteristic impedance.
Lyndon B. Johnson Space Center, Houston, Texas
Conventional splicing techniques for INSULATION JUMPER CONDUCTOR SOLDER
shielded cables often cause the cable e ARMD SPLICES SLEEVE

to bulge at the spliced connection.
This changes the separation between
the conductors and alters the cable
characteristic impedance. However, a
new ‘‘staggered’” splice eliminates
this problem. In addition, a jumper
braid (instead of a single-wire con-
nection) maintains uniform shielding
throughout the length of the cable. (A
single-wire jumper is inadequate at all
but the very lowest frequencies.)
Moreover, the staggered repair can be
made without disconnecting the cable
ends.

The splice, as shown in the illustra-
tion, consists of two crimp-conductor
splices and heat-shrinkable insulation
sleeves, one jumper braid, two heat-
shrinkable solder sleeves, one heat-
shrinkable insulation sleeve, and one
heatshrinkable identification sleeve.
The procedure involves first crimp-
splicing the two inner conductors. The
splices with insulating sleeves are
staggered to prevent cable bulge.
Next, a wire braid is fitted over the
splices and is connected to the
severed shield ends by heat-shrink-
able solder sleeves (solder preforms
surrounded by shrinkable jackets).
After the sleeves are heated to join the
ends, an insulation sleeve is slid over
the section and heat-shrunk in place.
The same procedure, with an identifi-
cation sleeve, completes the splice.

Two possible insulation materials
are modified polyvinylidene fluoride
(PVF) and polytetrafluoroethylene
(TFE). Since PVF shrinks at a
temperature of 350° F (177° C), it is
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This Shielded-Cable Splicing Technique retains the cable characteristic impedance.
The procedure involves splicing the inner conductors in a staggered pattern (top),
installing a jumper braid by heat-shrinking two solder sleeves (center), and placing
an insulation sleeve over the repaired section and heat-shrinking it (bottom).

easier to install than TFE, which
shrinks at 621° F (331° C). TFE,
however, is suitable for high-tempera-
tive service. Tests on repaired cable
sections, using the new splice, show-
ed no significant impedance depar-
tures from the original specifications.

This work was done by Wallace P.
Lind and William B. McGougan of

Rockwell International Corp. for
Johnson Space Center. For further
information, Circle 4 on the TSP
Request Card.

Inquiries concerning rights for the
commercial use of this invention
should be addressed to the Patent
Counsel, Johnson Space Center [see
page A8]. Refer to MSC-18297.
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Modular Ground-Wire Connector

Module makes it easy to

remove and attach ground wires.

Lyndon B. Johnson Space Center, Houston, Texas

A chassis-mounted module for
ground wires is superior to conven-
tional ground studs (see figure). With
the new module, more ground con-
nections can be made in a smaller
area, and no terminal lugs, lock-
washers, or locknuts are required.
Connections are removed or replaced
simply by changing wires that have
crimped-on connectors. Thus, it is not
necessary to remove screws or nuts or
to apply a conformal coating. Since
the module can accommodate more
ground wires than a stud, it reduces
the number of holes that must be
drilled or punched in a chassis or
panel for ground connections.

The module is actually a modified
version of a commercially-available
pin-and-socket connector that has a
one-piece copper bus bar within the
housing. One version of this module
can handle up to twenty wires.

In the new design, the bus bar is
extended to protrude from the sides of
the module, and holes are drilled in it
so that it can be riveted to the support.
The strength of the assembly is there-
fore improved, as is the load-carrying
capacity of the module. This design

7 LOCKNUT
AND WASHERS

GROUND CONNECTION,
USING CONVENTIONAL STUD

RIVETS /

NEW MODULAR
CONNECTOR

Ground Wires Are Inserted into this module (right) that receives crimped-on
connectors. A conventional ground lug (left) requires more hardware and the

application of a conformal coating.

will be used to make approximately
250 medium-capacity ground-wire
connections on the Space Shuttle
Orbiter. An alternate version of the
module has a single threaded stud, at
the center of the bus bar, in place of
the riveted connections. )

_This work was done by William T.
Dean and Eugene J. Stringer of
Rockwell International Corp. for
Johnson Space Center. For further

Electrical-Ground Monitor

Instrument continuously and automatically checks for
short circuits between electrical equipment and ground.

Lyndon B. Johnson Space Center, Houston, Texas

An instrument for detecting short
circuits continuously monitors ground
connections and sounds an alarm if
an out-of-limits condition occurs. The
circuit includes electronics that pre-
vent false triggering by high-resist-
ance or capacitive paths and other
noise. It is used with a single-point
grounding system, in which electrical
and electronic equipment are con-
nected locally by cables to a single
point, and that point is tied to Earth.

NASA Tech Briefs, Winter 1978

The monitor was developed as a
replacement for simple resistance-
measuring instruments. These re-
quired all equipment connected to the
single-point grounding system to be
turned off and the cable to the Earth-
grounding rod to be disconnected
before a ground-fault check could be
made.

The new monitor operates from
transformers on the single-point
grounding cable (see figure). A
continuously-running power oscillator

information, Circle 5 on the TSP
Request Card.

MSC-16633

drives the excitation transformer,

inducing a low-voltage sinewave in the
cable. The voltage and frequency are
low to prevent interference with
equipment connected to the grounding
system; further, a frequency is
selected that is not too close to a
strong harmonic of the powerline,
since a harmonic could falsely trigger
the alarm. Reasonable choices for the
voltage and frequency are 0.25 volt
and 260 hertz.

(continued on next page)
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TO GROUND TERMINALS
ON ELECTRONIC EQUIPMENT

SHORT | GROUND
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|
|
]
PERAME. POWER
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BAND-PASS
TR A REFERENCE
AMPLIFIER
EARTH ‘
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—— -
AMPLITUDE Fﬁf&;ﬁiso
AND PHASE g
DETRCTEN DETECTOR
FLASHER AUDIBLE
CIRCUIT ALARM AND
AND LAMP SWITCH

Electrical-Ground Monitoring Instrument detects currents created by short circuits
or low-resistance paths between the ground plate and the building frame. The
electronics can discriminate between true ground loops and spurious currents
caused by capacitive or high-resistance paths.

When a grounding violation occurs,
such as a short circuit or low-
resistance path between the ground
plate and the building frame, a ground
loop is formed. The induced voltage
causes a current to flow through the
ground plate and short circuit, through
the building frame to Earth, and up
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through both transformers. The cur-
rent through the sensor transformer
induces a voltage that is applied to the
input of the band-pass filter and
amplifier. Here, noise and powerline
harmonics are filtered out so that they
do not hamper the operation of the
alarm.

The filtered and amplified signal is
fed to the amplitude-and-phase detec-
tor. By comparing the phase of the
signal with the phase of the power
oscillator, the phase detector can
determine whether the signal is
caused by a true short circuit or by a
capacitive path. Capacitance between
the single ground point and Earth,
created by powerline filters and
transformers, produces a signal with a
leading phase that is rejected by the
phase detector. On the other hand, a
short circuit produces a signal with a
phase that is the same as that of the
power oscillator; in this case, the
amplitude and phase detector gene-
rates a dc output.

The low-pass filter and level detec-
tor remove ripple from the dc signal
and determine whether the dc level is
high enough to sound the alarm. A
high resistance, such as that of a
worker's body in contact with the
building frame, produces a low dc
level that is rejected by the level
detector. However, a short circuit or
low resistance between the ground
plate and the building frame produces
a high dc level, causing the level
detector to send a logic signal to the
audible alarm and flasher circuit. A
lamp then flashes until the grounding
violation has been corrected. The
alarm sounds, but it can be turned off
while the correction is made.

The monitor contains a push-to-test
circuit that can momentarily connect a
low resistance between the ground
plate and the building. This allows the
sensitivity and operation of the ground-
ing alarm to be checked.

This work was done by Thomas D.
Lyons of Lockheed Electronics Co.,
Inc., for Johnson Space Center. For
further information, Circle 6 on the
TSP Request Card.

MSC-18281
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One-Third Selection for Matrix-Addressing Ferroelectrics

Three-level signal scheme
minimizes hysteresis creep.

Langley Research Center, Hampton, Virginia

The utility of ferroelectrics as
memories is limited by electrical
cross-coupling that occurs when
addressing a ferroelectric device.
Data are written into the ferroelectric
memory by pulsing orthogonal lines,
either sequentially or on a line-at-a-
time basis. Writing is very fast; the
switching characteristics of the ferro-
electric material allow each line to be
written within a few microseconds.
The standard approach used to
address a matrix of orthogonal lines is
to use the full voltage on one y line to
enable it to accept input data on the x
lines or line. One-half voltage is
applied to all other y lines to protect
them from being influenced by new
data on the x lines or line (i.e.,
Vy =1, Vx =1, Vy = 1/2). Ahigh
x-line plus voltage would be ‘‘no
data,’” and a zero voltage would be
‘data.”

A high poling voltage is required for
ferroelectrics, and the hysteresis
loops are not as square as with, for
example, ferromagnetic materials. A
typical hysteresis loop for ferro-
electric materials is shown in the
diagram. Note that the one-half select
voltage is close to the switching
voltage E;. Repetitive application of
the minus-one-half select voltage
would have the effect of depoling the
material from its poled state of + Py
and erasing the information stored at
the corresponding juncture of x and y
lines. This depoling process is called
hysteresis creep, and its electrical
path is also plotted in the diagram.

The difference between the x and y
voltages at an intersection creates the
electric field, E, across the ferro-
electric. The electric field is propor-
tional to (Vy - Vyx) divided by the
thickness of the ferroelectric. If the
one-half select voltage resulted in an
electrical field greater than Eg, the
previous polarization history would be
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Hysteresis Loop for a typical ferroelectric memory material is shown along with
polarity definitions. With the usual scheme, the select (address) voltage of 1/2 is
close to the switching voltage, Ec. This leads to hysteresis creep upon each
application of the select voltage, resulting in the erasure of data.

removed in one pulse. All the line
intersections normally are initially set
to -Pr with a negative signal.

A three-level signal scheme with a
minor change in the voltage levels will
minimize the hysteresis creep. By
making the voltage levels Vy = 1,
Vx = 2/3,and Vy = 1/3 instead of
Vy =i Vx = 1, and Vy — by o8
respectively, the cross-coupling volt-
age levels are reduced significantly.
Since hysteresis creep is a function of
the number of the voltage pulses and
the magnitude of the electric field

relative to E¢, this small improvement
in the cross-coupling signal levels
greatly relieves hysteresis creep.

This work was done by Lawrence E.
Tannas, Jr., of Rockwell International
Corp. for Langley Research Center.
No further documentation is available.

Title to this invention has been
waived under the provisions of the
National Aeronautics and Space Act
[42 U.S.C. 2457(f)], to the Rockwell
International Corp., 3370 Miraloma
Ave., Anaheim, CA 92803.
LAR-11993
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Simplified Phase Detector

Although it has only a few components, a
phase detector circuit is linear over 270° .

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A comparatively simple circuit gives
a dc output voltage that is very nearly
proportional to the phase difference
between an oscillator signal and a
reference signal. The region of linear-
ity extends over a phase deviation ‘
range of +135°. | p %

The new circuit (Figure 1), a 215K 3
modified Tanlock sine-wave phase

detector, is intended for systems in oscugL.é:ﬁE_._
which the signal-to-noise ratio is high. INPUT

1,000pF
30 2 8
0.014F
|

Originally, it was designed to demod-
ulate a 500-kilohertz ranging clock 6.8K 3
signal from the 20.278-megahertz
intermediate frequency component in

X-band transmitter test equipment.
The detector transforms the oscilla-
tor signal into equal, 90° out-of-phase
components, transforms the reference
into equal, 180° out-of-phase com-
ponents, and combines the four
components in a network containing
two matched diodes. The resulting

(
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OUTPUT =Eg = /2 s[\/1 T sin( o+ 45°) - /- sin( o- 45')]

output, Eq, is shown in Figure 1. S is

the peak oscillator voltage, @ is the Figure 1. This 270° Phase Detector circuit combines oscillator and reference
phase difference between the oscilla- signals in a matched diode network. The output is linear if the inputs are equal in
tor and reference signals. The meas-  Peak amplitude, the oscillator signal is converted to two quadrature components,

ured output is shown in Figure 2. The ~ and the crystals are linear.

output equation holds if the peak

oscillator and peak reference signals
are equal, if the phase separation ’
between the oscillator signal compon- J’
ents is 90°, and if the diodes are ]
linear (that is, if their characteristic /
exponentn =1). !
If n =2 (a square-law character- !
istic), the detector output will be /
sinusoidal instead of a straight line, ,’
and it will have a 180° range between
peaks instead of the 270° range shown

-150 -100
Il

7 ]
i’

+0.2 ==

+0.1 ==

-50 0

-

in Figure 2. Also, if the ratio of the .

oscillator and reference peak voltages
is much greater than or less than 1,
the range will similarly be limited to
180°.

This work was done by Lloyd M.
Hershey of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, Circle 7 on the TSP
Request Card.

NPO-13395
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Figure 2. The Measured Output Voltage is linear over a 270° range of phase

difference.
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Digital Correlator With Fewer IC’s

A novel configuration of adders reduces the
circuitry needed to compare two 24-bit words.

Lyndon B. Johnson Space Center, Houston, Texas

A new digital correlator requires INITIALIZE O
only a few integrated circuits to deter-

i izati bi FROM
mine the synchronization of t.wo .24 bit CHECK-BIT. O
digital words. The modular circuit can GENERATOR

be reduced or expanded easily to ac-
commodate shorter or longer words. It
uses a fully-parallel asynchronous

structure for maximum speed without Co SRy
special clocks, counters, or accumu- Dp Q44 = ®)
lators, as would be needed for a serial Qo pg Qoal——o
correlator. Qa o
With little or no modification, the cor- cp
relator can be utilized in industrial and A QoA
commercial data processing and tele- Cpg QoB|—oO
communications. Digital filters, Q4
Hamming-distance calculators for p{ MR,y Q2B
error detection and correction alogo- p{Mpg Qapf—¢4—O
rithms, and threshold logic circuits are ‘
likely applications, in addition to digital Dy 4015
correlators. Dy
In the configuration shown in the SRy
figures, the correlator analyzes a Qq —DO—\ '
received frame-synchronization y o DA QoA O
pattern containing 24 bits and com- Q Dg Q1A -0
pares it bit by bit with the correct Qap 7o)
frame-sync pattern. If the Hamming Cpp Oap
distance (the number of disagreeing 5
bits) between the received data and |> MR Crg %8
the ideal frame is less than 3, a *‘posi- 4049 Qig—0
tive"’ correlation is discerned; and if {MRa G28——0
the Hamming distance is greater than p{MRg Qap O
21, a “negative" correlation is recog- 2015
nized. D3
The correlator functions in three Dy =
stages. The first stage (Figure 1) gener-
ates 24 parallel check bits and stores Q3 A Qoa 0
them in shift registers SR, SR, and Q|- Dg Q1A
SR3. A check bit is a **1"" if a bit in the L o
received frame-sync word differs
the same bit in the ideal pattern. A Qaa -0
The second stage (Figure 2) counts Qop
the ‘‘1's’’ in the 24-bit pattern to Qs Q1
generate the Hamming distance. This —Do—c,, MR,
stage consists of three rows of adders. A 05—1 MRg Qg
The first row uses four standard 20174 = 2015
4-bit full adders in a novel configuration CLO(%: o

that allows each adder to sum the num-

ical “*1's" i -bi m. 4
ber ol logical *1°5 "4 & Siarpette Figure 1. At the input to the First Stage of A Digital Correlator, a 24-bit frame-synchro-

This e of adders i the highest- nization word has been compared with a reference word to create 24 “check” bits. The

order bit cell to add unit inputs. The o052 rs0n is made serially, and the results are stored in shift registers SR,, SR,, and

double input gives access to the carry  gr A “zero” is stored if a bit in the incoming word is the same as the corresponding
(continued on next page) bt in the reference word; if the bits differ, a “one” is stored.
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input of the highest cell. This double in-
put in no way affects the output of the
cell to which it is connected. Any carry
from the second cell appears at the
output of the third cell.

Thus the IC chip in each adder is, in
effect, partitioned into two devices.
The output and carry of the highest cell
are additional inputs to the first and
second cells, respectively. This

arrangement allows one chip to sum
up to five 1-bit inputs.

The second row of adders sums the
outputs of the first row in pairs, and
the third row adds the outputs of the
second row. (The carry inputs of the
second and third rows are also used as
unit inputs.) The second stage, as des-

HALF ADDER 4008 [ | cribed so far, can sum up to 283 inputs.
A Co When a half adder is included, as
So shown in the figure, the circuit can
o0 1% sum 24 inputs. The output of the
I Ay second stage is a 5-bit binary sum of
81 the 24-unit inputs.
Ay The third stage (Figure 3), consist-
[+ 4081 B, 8211 ing of combinatorial logic, examines
Qo Ay this result and checks to see if it is less
QoA O S3H than 3 (positive correlation) or greater
QA0 53(;4 than 21 (negative correlation).
FROM Q3p0- |
Sf1 ) co 4008 [ 4008
QBO- Co Ca
Q28 0- 4 Ao s3]
Q30— o9 /% 8o
i _Dge = . s .
= 8, 7
A2 A2 ,—0
. B S o =
QoA - —T14s Ay & o
o e o i ) § :2 5-BIT
Q24 0- Ml | - B O > BINARY
FROM | Q3a0— Bo SUM
Rz ) ag o e %_ i
S —O
Q8O- A 0 5 B iy
Q280— L te am Or | e sto
Q380- A S By Co 7
. D = 2
= —{B4 Aq 4008
By Ag
B MI> = Ay SsH By
Qoa O- As so
Q1A0- B3 ¢y Cq
QA0 | 4008 = 4008
FROM ) Q50—
Qo O |
QO Ag Co
::c\f 4049 Bo 1IN
L L :1 8
. 181
—| >0-¢ A2
4049 T By %
1% 8-
™o
4008

Figure 2. The digital-correlator Second Stage employs three rows of adder IC’s to sum the “1’s” in the output of stage one and
determines the Hamming distance. Each element in the first row of 4-bit adders is configured to sum 5 bits.
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10
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Figure 3. In the Third Stage, the 5-bit output word of stage two is checked for positive
correlation (when the word value is less than 3) or negative correlation (when the value

is greater than 21).

This work was done by Garrett G.
Apple and Lawrence Rubin of TRW,
Inc. for Johnson Space Center. No
further documentation is available.
MSC-16743

Pulse-Width-Modulated Attenuator for AGC

Automatic-gain-control circuit has
high linearity and wide dynamic range.

NASA's Jet Propulsion Laboratory, Pasadena, California

An automatic-gain-control (AGC)
circuit regulates the gain of inter-
mediate-frequency and radio-fre-
quency signals over a wide dynamic
range with high linearity and very low
phase shift. It has potential uses in
radio and television receivers, in
signal distribution systems, and in
test and measurement instruments.

The circuit operates on a form of
pulse modulation by switching the
input signal on and off with a duty
cycle that depends on the widths of a
series of pulses. A duty cycle of 100
percent produces zero attenuation,
and a zero-percent duty cycle gives
complete attenuation. The attenuation
varies linearly with pulse width be-
tween these extremes.

The input signal is turned on and off
by an RF switch (see Figure 1). The
essential requirement is that the
switch have a high on/off ratio; the
higher the ratio, the greater the
attenuation that is possible before

phase shift starts to build up. (Theoret-
ically, if the on/off ratio is infinite,
there will be zero phase shift.) With
PIN diodes, for example, 60 dB of
attenuation are possible with only a 2°
phase shift. Isolation amplifiers ensure
that the widely changing impedances
of the switches do not affect the
source, load, or band-pass filter.
Figure 2 shows the circuit waveforms
for a 6-dB attenuator (50-percent duty
cycle).

The band-pass filter eliminates
sidebands. When a single-carrier-
frequency signal is applied to the input
switch, the ac output consists of the
carrier and many sidebands spaced at
the pulse frequency. The filter
removes the sidebands so that the
carrier output is essentially the same
as the input except that the carrier
amplitude is a function of the pulse
width. The filter should be well
matched so that the output phase
does not drift with pulse-width

Pﬁ: ATTENUATED

IN =r RF OR IF

_-D—-. SWITCH —.D—— FILTER —.D_
\ ISOLATION /

AMPLIFIER

Figure 1. Gain-Control Circuit applies pulse-width modulation to the input signal
through solid-state RF switching diodes and mixers. Thus the output attenuation is
proportional to the pulse-width duty cycle. (Zero-percent duty cycle gives complete
attenuation, 100-percent duty cycle gives no attenuation.)

NASA Tech Briefs, Winter 1978
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LT
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Figure 2. An RF Input (a) is Attenuated
by switching it on and off with a pulsed
gate input (b) to an RF switch. The
gated RF (c) is filtered to produce an
attenuated RF output (d). A 50 percent
duty cycle (as shown) gives 6-dB
attenuation.

changes; it should also be narrowband
compared with the pulse repetition
rate so that the sidebands are down by
60 dB or more.

This work was done by John W.
MacConnell of Caltech for NASA’s
Jet Propulsion Laboratory. For
further information, Circle 8 on the
TSP Request Card.

NPO-14127




Overload Protection System

A two-stage overload protection system for power inverters is inactive
under normal conditions and responds instantaneously to an overload.

NASA's Jet Propulsion Laboratory, Pasadena, California

Power-inverter dc-to-ac converters In another frequently-used protec- The circuit wastes no power during
require current limiting or overload tion circuit, a current sensor in series normal operating conditions and re-
protection to safeguard the supply  with the load triggers a monostable sponds instantaneously when the
against short circuits and other cur-  multivibrator to inactivate the inverter abnormality is cleared.
rent overloads. A feedback loop that  clock generator; however, this circuit The new circuit is shown connected
turns off a transistor in series with the can be sluggish since it depends on to a power inverter in the figure. The
dc supply and turns on a parallel high- the time constant of the monostable. It inverter delivers ac power to a load
resistance path is sometimes used for is also subject to oscillation and through current transformer T3. The

protection. However, this limiter dissi- current spiking, which can occur when load current generates a voltage
pates power in the switching transistor the monostable is cleared and then across resistor R that is peak-detected
even under nonoverload conditions. reset during a long overload period. and is compared with a reference level
Also, under some overloads, there is A new overload protection circuit set by potentiometer Ri1. When an
insufficient back bias to cut off the utilizes one circuit for suspending abnormality occurs and the reference
transistor completely, subjecting it to inverter action when a load abnormal- level is exceeded, transistor Qg is
high currents that can cause perma- ity is detected and a second circuit to turned on and transistor Q7 is turned
nent damage. monitor clearance of the abnormality. off, allowing +Vc to forward-bias
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Q ANA- 50V, 300 W
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| OSCILLATOR 2N2222A 1L
| T+ v 1 _s
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OVERLOAD PROTECTION CIRCUIT

This Overload Protection Circuit dissipates no current under normal load conditions. If an overload occurs, the circuit shuts off
the inverter by biasing on transistors Q1 and Q2 and applies a small monitoring signal to the load through Triac TR1. When the
abnormality is cleared, inverter action is instantaneously resumed.
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diodes Dy and D2, turning on
transistors Q1 and Q2 and shutting
down the power inverter.

Simultaneously, conducting transis-
tor Qg grounds the emitters of
transistors Qg and Qg, allowing them
to be alternately switched on and
providing a small monitoring signal to
the load through Triac TRq. This
monitoring signal, sensed as a voltage
across resistor R3, is peak-detected
by amplifier IC3, for comparison with a
reference level established by potenti-
ometer Ro.

The comparator outputs are con-
nected to transistor Qg through buffer
diodes D3 and D4, so that once the
transistor has been activated by an
overload (shutting down the power
inverter), it will be held on by current
through diode Dg as long as the
monitoring signal level indicates that
the overload conditions still exist.
When normal current resumes, tran-
sistor Qg is turned off and transistor
Q7 turns the power inverter back on.

This work was done by Satoshi
Nagano of Caltech for NASA’s Jet

Propulsion Laboratory. For further
information, Circle 9 on the TSP
Request Card.

This invention has been patented by
NASA [U.S. Patent No. 4,052,659].
Inquiries concerning nonexclusive or
exclusive license for its commercial
development should be addressed to
the Patent Counsel, NASA Resident
Legal Office-JPL [see page A8). Refer
to NPO-13872.

Load Balancing Multimodule Switching Power Converters

Regulating system individually adjusts duty cycles
of modules so that all share the load equally.

NASA's Jet Propulsion Laboratory, Pasadena, California

VOLTAGE REGULATION LOOP

CURRENT TRANSDUCER OUTPUT
REFERENCE
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F
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A A A
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WAVE R MODULATOR e M —&= STAGE | FILTER
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Load-Balancing System of modular power converter senses the output of individual modules, compares it with average output,
and adjusts individual output as necessary to bring it close to the average. The power system shown here is a five-module
switching regulator with active redundancy.

A regulating system for parallel,
modular power converters ensures
that all the converters share the load
equally. The regulating system thus
protects individual modules and their
components from overload and in-
creases the reliability and life expect-

NASA Tech Briefs, Winter 1978

ancy of the power system.

Such multimodule power systems,
consisting of many relatively low-
power units, are a promising alterna-
tive to high-power, single-unit sys-
tems in applications where depend-
ability is all-important — for example,

in offshore oil-drilling platforms, navi-
gation buoys, remote weather-moni-
toring stations, and microwave relay
stations. However, multimodule sys-
tems have been difficult to balance —
small voltage differences among the

(continued on next page)
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parallel units produce unequal loading
on them.

The new regulating system assures
equal load sharing by adjusting the
duty cycle of each module according
to the fraction of the total load current
that it carries. The system senses the
output current of each module and
compares it with the average output
for all modules. The system then
adjusts the modules internally, in-
creasing or decreasing their load to
the average value.

A current transducer in the power
output stage of each module monitors
the current supplied by that module.
(A module consists of a pulse-width
modulator, a driver, a power output

stage, and a filter.) The outputs of the
current transducers are delivered to a
current imbalance detector (see
figure).

The output voltage of each parallel
module is controlled by its own pulse-
width modulator, which contains a
comparator with an output that is high
or low depending on whether the error
signal from the converter voltage-
regulation loop is less than or greater
than a triangular reference waveform.
The pulse width of each modulator can
be adjusted by changing the dc level
of its triangular reference waveform.

Therefore a correction signal (the
difference between the module output
and the average output) is developed

by the current imbalance detector and
applied to the pulse-width modulator
of an out-of-balance module. This
correction signal — a dc bias —
automatically adjusts the pulse width
to provide equal load sharing. The dc
bias affects the pulse width in a
modulator in the same way as the
voltage-regulation error signal, but is
in addition to the latter signal and does
not affect the operation of the voltage-
regulation loop.

This work was done by Colonel W.
T. McLyman and Gene W. Wester of
Caltech for NASA’s Jet Propulsion
Laboratory. For further information,
Circle 10 on the TSP Request Card.
NPO-13832

Books and Reports

These reports, studies, and hand-
books are available from NASA as
Technical Support Packages (TSP's)
when a Request Card number is
cited; otherwise they are available
from one of NASA's Industrial
Application Centers or the National
Technical Information Service.

Eliminating Gold Migration
in Microcircuits

The effects of moisture and
other factors that cause
bridging between conductors
can be prevented.

The factors that affect dendrite
growth in hybrid microcircuits are the
subject of a new report. Gold den-
drites, which bridge the insulating
gaps between adjacent conducting
paths, were discovered to be the
cause of failure of between 1 and 2
percent of hybrids tested for use
aboard the Space Shuttle. A common
symptom of the failed circuits was
excessive leakage currents caused by
the internal shorts.

A detailed experimental study has
found that moisture in the hybrid
package is a major cause of the
problems. Water vapor, an essential
ingredient in the migration process,
can come from a variety of sources.
For example, water may not be
completely baked out of the package
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before it is sealed; or, the package
may be inadequately sealed and allow
moisture to penetrate. Another possi-
bility is that water may be generated
by chemical reactions inside the
package.

The study found several factors that
contribute to the moisture problems.
These include:

*Contaminants. Residues of the
microcircuit manufacturing proc-
esses can start reactions that lead to
migration. Sodium chloride is partic-
ularly problematical. It absorbs mois-
ture in the package and corrodes the
gold, forming gold chloride and gold
sodium chloride, both of which ab-
sorb more moisture and accelerate
the corrosion process.

e[ arge Packages. For a given relative
humidity at sealing, large packages
contain more moisture than small
ones, and thus they have more mois-
ture available to aid corrosion and
dendrite growth.

*High Voltage. Voltages above 8 volts
seem to increase the destructive
effects of moisture.

eNarrow Conductor Spacing. The
wider the space between conduc-
tors, the less likely it is that dendrites
can bridge the gap. Below about
0.005 in. (0.13 mm), however, the
moisture thresholds for migration are
not affected by the spacing.

e Temperature. A high operating tem-
perature, by preventing the conden-
sation of moisture, may inhibit gold
migration. On the other hand, if con-
densation does occur, high temper-

ature will accelerate the reactions
that produce migration. Once the
temperature drops below the dew-
point of the moisture in the package,
irreversible processes may start that
continue even after the temperature
is raised. For example, condensed
moisture may start a reaction that
produces highly hygroscopic sub-
stances that cause gold migration
even when the temperature is raised
and the condensate evaporates.

It should be possible to prevent gold
migration by observing strict pre-
cautions during the fabrication of
hybrids. For example, a dry internal
package environment should be en-
sured, and the package and substrate
should be subjected to rigorous
cleaning procedures. The cleaning
processes should be selected to
remove specific residues. Materials
that might decompose during process-
ing should be eliminated. Proper
sealing techniques should be used and
their effectiveness should be moni-
tored by leak testing. Moisture sensors
should be used to determine package
dewpoints and to identify the proc-
esses that contribute to high moisture
levels.

This work was done by Aaron
DerMarderosian of Raytheon, Inc.,
and Charles R. Murphy of Rockwell
International Corp. for Johnson
Space Center. To obtain a copy of
the report, Circle 11 on the TSP
Request Card.

MSC-18213
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Narrow-Bandwidth Receiver

Measuring Radio-Signal Power Accurately
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Narrow-Bandwidth Receiver

A synchronous switching circuit reduces the bandwidth and
improves the sensitivity of a communications receiver.

Goddard Space Flight Center, Greenbelt, Maryland

The sensitivity and bandwidth of an RECEIVING
11.7-GHz radio receiver have been im- ANTENNA
proved by using a phase-sensitive de-

tector to demodulate the received sig- (HL6HG
nal. Previously, in a conventional su-
perheterodyne receiver in which cas-
caded band-pass filters decreased-the
bandwidth, the minimum detectable . .
signal was about — 110 dBm with a (1.05 GH2)
— 5-dB signal-to-noise ratio (noise ap- PHASE-LOCKED LOOP
proximately twice the signal ampli- — -—1— r— o P N U e Bt
tude). With the modified receiver, a 10 MHZ
signal 35 dB below the noise level can | FILTER 60 MHZ FILTER e / FEAL:"ER I
be detected (noise 56 times the signal AND ™ AND MIXER B
amplitude). The equivalent bandwidth ool s L ek he S
of the circuit is only 0.159 Hz. | T t ' |
A reference signal that is phase- ‘
locked with the input signal operates a I VOLTAGE- '—— = |
synchronous switch in the final stage X680 CONTROLLED LOW- PHASE
of the new receiver. The input (and as- wmuLTipLER [ CRYSTAL osciLLATOR [@—| PASS |t perecron
sociated noise) is gated through the l i i I_F'L_T.EH_I I
switch only during a portion of the
reference cycle. Since the input is b it e ST L | e e e e B e 3
phase-related to the reference, it is
passed by the switch with little attenua- 50 MHZ o~ L
tion. However, noise and signals that FREQUENCY - ——
are not phase-related produce a time- SVHTHERZER 10.0025 MHZ b colasion.-§
averaged output of zero. The time con- R E :_ J
stant of an integrating low-pass filter SQUARE WAVE = 10.000]
that follows the switch is chosen to MHZ
give the desired bandwidth. The circuit
can demodulate either amplitude- 10-MHZ &
modulated (AM) or phase-modulated REFERENCE
(PM) signals. RELLAYOR REFERENCE
A block diagram of the improved re- ¥ SIGNAL 2.5 kHZ 1
ceiver is shown in Figure 1. The incom- r prorsor- \
ing 11.7-GHz signal is received and LOG AUDIO
firgst converted to a 1.05-GHz inter- AMPLIFIER [ FTI?SR e m | awpurFien [€| MXER [
mediate frequency that is applied to a ‘ PHASE
phase-locked loop. A 10-MHz refer- DETECTOR
ence oscillator and a frequency syn-
thesizer derive the control frequen- RECORDER

cies for the loop. The loop output, a
10.0000-MHz signal that has the ampli-
tude- or phase-modulated information Figure 1. This Narrow-Bandwidth Receiver includes a synchronous switching circuit
superimposed on it, is applied to a mix- and low-pass filter in its final stage. Noise and other signals that are not phase-rela.ted
er that also receives a synchronous to the 2.5-kHz square-wave reference produce an average zero output from the switch

; while the input signal passes with little attenuation. A limiter between the phase-
10.0025-MHz signal from the synthe- |,y o 160p and mixer is included for phase-modulated signals to reduce the effect of
sizer. The mixer output, a 2.5-kHz dif-

2 : amplitude variations.
ference frequency is amplified and ap-
plied to the phase detector (in color)
along with a reference 2.5-kHz signal.
(continued on next page)

NASA Tech Briefs, Winter 1978 489



6.2K 2.2K 10 uF
-12VO AN A.A.-v_-]_ ] }LT
s . 1,000K
+12V oy
+12V Ry
\L 6.8K
0.1 uF s
e dR LOW PASS
FILTER
0K 2y
+12V SWITCH = A2v
2.5-kHZ
REFERENCE O——nx——{—
INPUT
+
A2V 10K
12K e

r—vN—-0 +12V

312K

__L NOTE: All resistances are in ohms.

Figure 2. The Switching Circuit and Low-Pass Filter require only a few inexpensive
components. To demodulate amplitude-modulated signals, the input and reference
signals are in phase; for phase-modulated signals, they should be 180° out of phase.

A schematic of the phase detector
and filter is shown in Figure 2. The sig-
nal input is amplified and applied to
the drain of a field-effect transistor, Q,
that is gated by the reference. A level-
shifting amplifier in the reference leg
generates the proper saturation and
cutoff voltages for the FET from the ref-
erence square wave.

The low-pass filter includes an in-
verting operational amplifier with an
RC network in the feedback path. The
resistor and capacitor are chosen to
give the desired bandwidth, which in
this case is 0.159 Hz.

This work was done by Eugene A.
Manus and Paris H. Wiley of Virginia
Polytechnic Institute & State University
for Goddard Space Flight Center.
For further information, Circle 12 on
the TSP Request Card.

This invention is owned by NASA,
and a patent application has been
filed. Inquiries concerning nonexclu-
sive or exclusive license for its
commercial development should be
addressed to the Patent Counsel,
Goddard Space Flight Center [see
page A8]. Refer to GSC-12142.

Measuring Radio-Signal Power Accurately

Computerized measurement is precise even at signal
levels close to the sensitivity threshold of the receiver.

NASA's Jet Propulsion Laboratory, Pasadena, California

The absolute value of signal power
in weak radio signals can be deter- FREQUENCY
i osndion. : SYNTHESIZER
mined by computer-aided measure-
ments. The equipment operates by -
averaging'a recei\{ed signal over a BLOCKING
several-minute period and comparing SALIEE CAPACITOR
the average \{alue with‘the noise level IF SIGNAL AND Ie > ADC
of the receiver, which has been 50 MHz b LPFILTER
calibrated previously.
Power-spectrum information is im-
portant in space communication. It is
necessary for selecting suitable
telemetry rates for data transmission, e
and it is helpful in diagnosing trouble POWER-
. y — f——————— COMPUTER
with equipment onboard a spacecraft. M%ﬁmﬁgﬁrr
A receiver automatic-gain-control

(AGC) voltage has been used as an
indicator of received signal-power
level. However, although AGC indica-
tes power accurately (within a few
tenths of a decibel) at high signal
levels, it becomes inaccurate when
signal power drops close to the
threshold of the receiver. Moreover,

the AGC voltage indicates only carrier
power and cannot measure sideband
power.
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Signal-Power Measurement System uses a computer to calculate signal power from
data on narrow-band power spectra and wideband noise. The narrow-band data are
accumulated over a period that becomes longer as the signal grows weaker.

The new averaging method is
accurate to 0.2 dB at signal strengths
as low as -176 dBmW. The technique
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consists of first measuring the power
spectrum of the received signal in a
bandwidth just wide enough for the
background noise to be observed;
second, processing the power-spec-
trum data to obtain the signal-to-noise
power ratio; and third, obtaining an
absolute value of signal power from
the precalibration (or online measure-
ment) of system noise temperature.
The input to the equipment is the
50-megahertz intermediate-frequency
(IF) signal from a receiver channel not
controlled by the AGC voltage (see
figure). (Such a fixed-gain channel is
used because measurement accu-
racy depends on receiver gain stabil-
ity.) A mixer translates the IF signals

to baseband, near zero frequency.
The frequency synthesizer permits
the selection not only of the carrier
frequency but of any desired sideband
frequency as well.

A low-pass filter provides almost
flat response and sharp cutoff —
ripple is 0.1 dB and bandwidth is 22
hertz. An analog-to-digital converter
samples the filter output at a 50-hertz
rate, producing a derived spectrum
width (half the sampling frequency) of
25 hertz.

The wideband power-measurement
equipment measures the total power
in the IF bandwidth, which extends
over several megahertz. At this band-
width, the contribution of the signal

power is negligible, and the total
power measurement is proportional to
the receiver-system noise temper-
ature. (The receiver precalibration
provides the proportionality constant.)

The computer accumulates the
sampled signal data for a predeter-
mined length of time (periods of 4, 8,
and 16 minutes are used), then uses
the value of noise temperature from
the wideband power measurement to
calculate the signal power.

This work was done by Richard M.
Goldstein, John W. Newton, and
Robin A. Winkelstein of Caltech for
NASA’s Jet Propulsion Laboratory.
For further information, Circle 13 on
the TSP Request Card.

NPO-13373

Determining the Response of an FM Receiver

A phase-modulation transmitter can be used to measure the postdetection
frequency response of a frequency-modulation receiver.

Lyndon B. Johnson Space Center, Houston, Texas

The frequency response of a fre-
quency-modulation (FM) receiver can
be measured with the aid of a phase-
modulation (PM) transmitter instead of
an FM transmitter, by applying a sim-
ple correction to the output power lev-
el. As the modulating frequency is in-
creased, the output level obtained in
response to the PM input is monotonic-
ally reduced by 6 dB per octave.

This technique was developed on an
occasion when the only FM transmitter
available had a modulator bandwidth of
merely 200 kHz and it was necessary
to measure the response of a receiver
with a bandwidth of about 8 MHz. A PM
transmitter with modulator bandwidth
of 13 MHz was available to supply test
signals to the FM receiver; a network
analyzer and a calculator programed
the test frequencies and computed a
graph of relative output power from the
receiver as a function of frequency. A
block diagram of the test arrangement
is shown in Figure 1.

An FM transmitter has a modulation
index given by Af/f_, where Af is the fre-
guency deviation "fproportional to the
modulation amplitude) and f_is the
modulation frequency. The rms output
power that this signal produces from
the FM detector is given by

[So(dB)]m = 20 log (VZnAf)
Therefore if the modulating amplitude
is held constant, the output power re-
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Figure 1. This Test Configuration was used to determine the postdetection bandwidth
of the FM receiver by the use of a phase-modulated transmitter.

mains constant as shown in Figure
2(a).

A PM transmitter has a modulation
index given by the peak phase devia-
tion A® (proportional to the peak ampli-
tude of the modulating signal). The rms
output power that the PM signal pro-
duces from the FM detector is

[So(dB)lpm = 20 log (V2mAd) + 20 log (fm)

Therefore if the modulating power is
held constant, the output power in-
creases by 6 dB when the frequency
doubles (i.e., 6 dB/octave), as shown in
Figure 2(b).

Comparison of the two formulas
shows that

[So(dB)lpm = [So(dB)JFM + 20 log (fm)
(continued on next page)
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Figure 2. Combining phase-modulated and frequency-modulated systems produces
these characteristics: (a) FM transmitter and receiver and (b) PM transmitter, FM

receiver.

Therefore, when a phase-modulated
input signal is used in measuring the
postdetection response of an FM re-
ceiver, the calculator operating with
the automatic network analyzer should
be programed to subtract 20 log (f )
from the output power at each succes-
sive value of frequency. (Also, the
phase angle should be comparable to
the FM phase angle that would nor-
mally be used.)

This work was done by James C.
Perry of Lockheed Electronics Co. for
Johnson Space Center. For further
information, Circle 14 on the TSP Re-
quest Card.

MSC-16751

More Efficient Microwave-Power Transmission

Small improvements in components add to sizable
improvement in microwave system efficiency.

NASA's Jet Propulsion Laboratory, Pasadena, California
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Transmission System converts dc into microwave energy for transmission through air or vacuum to a receiving antenna. The
receiver system converts the microwave energy back to dc.

An experimental microwave-power
transmission system (see figure) has
attained 54 percent overall efficiency
— 9 percent higher than previous
systems. The efficiency improvement
was made possible by improvements
in the magnetron, receiving diodes,
radiating antenna, and circulator.

The system performs the following
functions: (a) the conversion of input
dc power into microwaves, (b) form-
ing and radiating a microwave beam in
the direction of the receiver, (c)
collecting the radiated beam at the
receiving sites, and (d) converting the
received microwave energy into dc for
delivery to a load.

The device that converts the dc
source power into microwaves (or RF
— radio frequency) is an air-cooled,
directly-heated-cathode, permanent-
magnet magnetron. Its dc-to-RF con-
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version efficiency is approximately 72
percent.

In the magnetron output circuit are
an impedance-matching device and a
terminated circulator for load protec-
tion and for optimizing the magnetron-
load impedance match. These de-
vices account for a 4-percent loss in
the magnetron output.

The radiating antenna is a 57-cm-
diameter dual-mode horn. The 2R
loss, cross-polarization loss, and
spillover loss add up to about 1
percent.

The receiving antenna is an array of
199 half-wave dipoles arranged in a
triangular lattice above a reflecting
plane. The array collection efficiency
is 95 percent.

The RF-to-dc converter behind
each receiving half-wave dipole con-
sists of an RF low-pass filter, a

gallium arsenide half-wave diode
rectifier, and a capacitor to match the
diode impedance to that of the
low-pass filter. The conversion effi-
ciency is 85 percent.

For the future, the designers plan
further improvements. A magnetron
designed expressly for this would be
more efficient. For example, the
RF-to-dc converter diodes could be
made more efficient with new mate-
rials and designs. The circulator could
be removed and the power supply and
the magnetron redesigned to tolerate
low- or high-power levels.

This work was done by Richard M.
Dickinson of Caltech for NASA’s Jet
Propulsion Laboratory and William
Brown of Raytheon, Inc. For further
information, Circle 15 on the TSP
Request Card.

NPO-13885

NASA Tech Briefs, Winter 1978



Efficient Digital Encoding Scheme

A modified NRZ code immunizes record and
playback systems against dc drift and bit slippage.

Lyndon B. Johnson Space Center, Houston, Texas

Although the conventional non-
return-to-zero (NRZ) code is the most
efficient for recording digital data (if
efficiency is measured by bits to unit
length of tape ratio), it is subject to dc
drift and bit slippage whenever long
strings of ‘‘1's"’ or ““0’s’' are encoun-
tered in the data. Codes that insert
check bits in the data to break up long
strings alleviate this problem, but only
at the expense of recording efficiency.

Although some phase-modulated
codes are almost as efficient as NRZ,
there exist systems that need (for one
reason or another) to maximize the bit
packing density. For these cases, an
improved code (called J-NRZ) gives
100 percent of NRZ efficiency yet also
solves the dc drift problem. It does so
by adding check bits in a specified
format only when a long string is
encountered. The rest of the data
stream is encoded in standard NRZ
format.

One such system, developed at
Johnson Space Center, is programed
to search for 32 consecutive identical
bits. The playback system is able to
handle up to 64 identical bits without
drift, ensuring a 2:1 error margin.

As shown in the figure, the system
converts the input data into NRZ, and
a clock is generated from the data. (If
the input is already NRZ with a clock,
it is routed to the next stage.)

A preselected 32-bit word is stored
in either PROM or RAM (or other word
generator). The word is symmetrical
(i.e., the same when played back in
the forward or the reverse direction),
and it is balanced with an equal
number of ““1's” and *'0's."

The circuit includes a counter that
runs off the clock and resets each time
there is a data transition. If the
counter reaches a predetermined
number (32 in this system), it triggers
the controller to shift either the stored
word (for a string of all *1's™") or its
complement (for all *‘0's’’) into the
data stream.

A shift register accepts the NRZ
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This J-NRZ Digital Encoder and Decoder replaces long strings of “1's” or “0’s” in the
NRZ stream with a preselected word (or its complement) stored in PROM or RAM.
Since most of the data are unaffected, bit overhead is kept low. The selected word is
symmetric so that it can be played back in either forward or reverse, and it is
balanced (with an equal number of “1's” and “0's"”), which aids dc restoration on

playback.

data bits in a serial train and holds
them while the monitor, controller,
and storage/transfer systems have
time to function. If the predetermined
number of ““1's”" or “0's"" has been
detected, the word is parallel-shifted
out of storage and into the shift
register to replace the long string. The
register then resumes serial transfer
of the data.

On playback, the coded data are
routed to a dc restorer and bit
synchronizer. The input J-NRZ is

processed by a monitor-and-controller
stage that initiates a shift of all “*1's"’
upon detection of the coded word or of
all *'0’s"" for the code-word comple-
ment. Upon command from the
controller, the storage PROM or RAM
shifts all “*1's’" or *‘0's"’ back into the
shift register, restoring the data to
their original form.

This work was done by David E.
O'Brien Ill of Johnson Space Center.
No further documentation is available.
MSC-18267
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Wideband Digital Spectrum Analyzer

A modular spectrum analyzer samples

stochastic signals in 220

channels.

NASA'’s Jet Propulsion Laboratory, Pasadena, California
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Figure 1. This 80-MHz Fast Fourier Transform Spectrum Analyzer is one of four used in a wideband system. The four identical
analyzers are collectively simpler (and less expensive) than one 320-MHz unit.

A 320-MHz-bandwidth digital spec-
trum analyzer, originally developed to
assist in a search for extraterrestrial
intelligence, is assembled from four
spectrum analyzers and a data
processor. The modular construction
reduces the design and fabrication
costs of the assembled unit. Each of
the four 80-MHz-bandwidth, 218-point
spectrum analyzers accepts 80-MHz-
bandwidth stochastic signals; the
combination yields a combined band-
width of 320 MHz and 220 (approxi-
mately 1 million) channels. The
signals are analyzed by fast Fourier
transform (FFT) techniques.

The complete system includes an
RF receiver, followed by the FFT
spectrum analyzer and the data
processor. The analyzer accepts the
incoming 320-MHz bandwidth and
determines the complex voltage-
versus-frequency spectrum for 220
channels. The data processor records
approximately 300 samples per sec-
ond in each channel and decides if
any interesting event has occurred. In
this process, the first step is to
average the spectrum over an approx-
imately 1-minute interval to reduce

494

MINICOMPUTER
(64K-BIT)

32K-BIT KEYBOARI MAGNETIC-
DISK PREPROCESSOR} DIsK ERS‘?'ERD TAPE READER
BUFFER
FROM
SPECTRUM
ACCUMULATOR: 220.pOINT MAGNITUDE
2LINES CALCULATION AND
32.8IT —
32-BIT SPECTRUM
COMPLEX ACCUMULATOR
SPECTRA
(18R, 161)

Figure 2. The Data Processor receives a

complex voltage spectrum from the

analyzer. It then calculates the spectrum magnitude and compares it with a model

spectrum to search for nonrandom signals.

the data that must be searched by a
factor of 18,000. The remaining 1
million points are examined once per
minute to look for radio sources or
other information-carrying signals.
When nonrandom signals are de-
tected, the raw data are recorded on
magnetic tape and are preserved for
later analysis.

A block diagram of one of the
spectrum analyzers is shown in
Figure 1. It includes a commercially-
available analog/digital converter
(ADC). The first stage of the analyzer
uses emitter-coupled logic (ECL).

In the full system composed of four
analyzers, there is redundancy that
allows for easy maintenance and
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several ‘“fail-soft’” modes. This ar-
rangement also allows two analyzers
to observe the same spectrum in
different polarizations (e.g., for the
calculation of Stokes’ parameters)
while still observing 240 MHz of total
bandwidth.

The block diagram of the data
processor is shown in Figure 2. The
processor receives a complex voltage
spectrum from the analyzer on 32
separate lines at a 10-MHz data rate.
It then calculates the spectrum
magnitude (rather than the power),
using a hardware-efficient (and
memory-efficient) algorithm.

The spectrum accumulator output
is buffered onto the bus for storage on
the computer system disk. Relatively
large blocks are written onto the disk
in normal frequency order. The
accumulated spectrum is cleared
after it is transferred to the disk. This
technique of reading and clearing
eliminates the need for a double-
buffered memory when integrating
adjacent frequency bins over similar
time intervals. The spectrum integra-
tion time is under computer control,
with the usual restrictions imposed by
the disk transfer rate. Integrations
longer than 30 s are permitted.

The data passing from the spec-

trum accumulator buffer to the disk
are also read by a preprocessor that
subtracts a model spectrum and
examines the difference for infor-
mation-carrying signals.

When an event is detected, the
frequency and type are stored in an
event table; it is subsequently passed
to the computer for output to a
magnetic tape and for the construc-
tion of an event summary log.

This work was done by George A.
Morris, Jr., and Helmut C. Wilck of
Caltech for NASA’s Jet Propulsion
Laboratory. For further information,
Circle 16 on the TSP Request Card.
NPO-14394

Eliminating Ambiguity in Digital Signals

Differential encoding helps receivers make distinctions
in multiamplitude and phase-shift-keyed transmissions.

NASA's Jet Propulsion Laboratory, Pasadena, California

A newly developed method of differ-
ential encoding overcomes the prob-
lem of ambiguity associated with
advanced digital-transmission tech-
niques. In multiamplitude and phase-
shift transmission systems designed to
handle maximum data in minimum
bandwidth, the receiver can recognize
the pattern in the signal but cannot
discern whether the elements in the
pattern are ‘‘1's’’ or “‘0's."”

The new differential-encoding meth-
od resolves this ambiguity and does so
with little or no penalty in transmission
rate, error rate, or system complexity.
The method has been used in a 4-bit
multiamplitude minimum-shift-keying
(MAMSK) transmission system.

In MAMSK, the increase in error
probability was very small, as pre-
dicted by theoretical analysis (the
‘““Gray coding penalty,”" was equal to
4/3). Moreover, the only additional
circuits required were two Exclusive-
OR circuits and an inverter at the
transmitter and receiver. These are
relatively minor penalities to pay for
the elimination of ambiguity.
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The method is no less applicable to
quadrature-amplitude  shift keying
(QASK), independent amplitude and
phase-shift keying (IAPSK), contin-
uous-phase frequency-shift keying
(CPFSK), and other symmetrical
signal patterns. The principle of the
method is that, if signal points are
properly encoded and decoded, bits
can be detected correctly regardless
of rotational phase ambiguities. Most
practical signal sets have a phase
ambiguity, L, which is some power of
2. A method of differentially encoding
a signal set of M = 2K bits, for which
L = 2N, is as follows:

*The signal space is divided into L
equal pie-shaped sectors. Any
signal point within one of these
sectors is equivalent in terms of
differential encoding.

*For each K bits of data, the first N
bits are encoded as in N-ary PSK
(phase-shift keying) but with the
2N signal points replaced by 2N
sectors.

*The remaining K - N bits determine
the sianal point within the sector.
The 2K-N points within the sector

must be Gray-coded to reduce the
probability of bit error.

*The basic idea is that the first N bits
define a change in sector while the
remaining K-N bits define the signal
point within a new sector.

This scheme is consistent with the
hypothesis that the best performance
is obtained by differentially encoding
as few bits as possible; this practice
keeps error propagation to a mini-
mum. The sectors should not be
selected arbitrarily, but must be
chosen so that the probability of
sector error is minimized.

Because of the wide variety of
possible signal sets, it is not possible
to derive a general formula for differ-
ential encoding. Nevertheless, for-
mulas have been developed for the
more common signal designs and
often can be extended by fairly simple
analysis to special cases.

This work was done by William J.
Weber Il of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, Circle 17 on the TSP
Request Card.

NPO-14289
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Data Reformatting With Less Hardware

Dual-function integrated circuits use one shift register array
instead of two to feed video data to seven tape channels.

NASA's Jet Propulsion Laboratory, Pasadena, California
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Figure 1. The Video Reformatter uses only twelve 4-bit shift registers, each of which has the capability of serial loading with
parallel output and vice versa. Therefore, the same elements can perform both the serial and the parallel operations of

reformatting.

A logic circuit for reformatting data
signals uses only one set of shift
registers instead of the two sets
previously required. Because the new
reformatter uses fewer integrated
circuits than its predecessor, it is
more reliable and costs less.

The reformatter was developed for
rearranging television picture data for
the Viking spacecraft. The basic
principle is also applicable to multi-
plexing and frequency-conversion
circuits.

The new reformatter rearranges the
individual bits of a 2,112-kHz serial
data stream into a prescribed format
of seven parallel outputs for recording
on seven tracks of a magnetic tape
recorder. The serial data stream
consists of consecutive picture ele-
ments (pixels) produced by scanning a
vidicon; each pixel consists of 7 bits,
which define shades of gray. The input

496

data to the circuit arrive bit-serial and
pixel-serial. The circuit converts the
data to seven-pixel-parallel, bit-serial
data for the multitrack tape recorder,
in which seven tracks are allocated to
the parallel format data.

The wusual reformatting circuits
employ two arrays of registers:
Incoming data are loaded into one of
the register arrays and are transferred
to the other. At the time of transfer,
the data are reformatted. The data are
then serialy shifted out of the second
array in the new format, while the first
array is simultaneously reloaded with
incoming data.

The new reformatter, in contrast,
employs a single set of twelve 4-bit
shift registers. The 12 registers are
integrated circuits (type 54L95) that
can load in parallel and shift serially or
can shift serially and produce a
parallel output. The units are connect-

ed in series to form a 48-bit shift
register (see Figure 1).

Input data are presented in blocks
of seven consecutive pixels. The
reformatter buffers each block and
rearranges the bits. Thus, data enter
serially by pixel and serially by bits
within pixels. They exit in parallel by
bit groups (all the first bits, followed by
all the second bits, and so forth) and
exit serially by pixel within bit groups
(see Figure 2).

The twelve 4-bit shift registers are
clocked at the 2,112-kHz data rate.
The serial bits are rearranged at the
48th bit, so that when the 7 bits of a
pixel transfer out of the shift register in
parallel, bit 1 of the seven pixels in
each group appears simultaneously at
the seven output lines. Then bits 2
through 7 appear simultaneously — in
that order. Pixel 1 always emerges on
output line 1, pixel 2 on output line 2,
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and so forth, as Figure 2 shows.

On the 48th clock, the reformatter
performs a parallel load instead of a
shift. This rearranges the first 48 bits
of the block in the correct sequence
for output. Since only 47 bits have
entered the register at this time, bit 48
is parallel-loaded into the proper
rearranging position. The 49th bit
simply shifts along in proper sequence
and is not needed in executing the
rearrangement. Other blocks follow
directly behind, with no break between
blocks. The data flow is always
continuous.

As noted, this reformatting concept
may be used in other applications,
such as decommutating and fre-
quency division. In decommutating,
the bits from any given source are
always received at exactly the same
spot within the serial incoming data
stream. From this location, they are
moved to different locations but
always in a predictable pattern. The
bits are always taken from the
rearranged locations at the same
time.

Frequency conversion is performed
simply by changing from serial to
parallel. For example, in the re-
formatter, the incoming 2,112-kHz bit
stream is divided by 7 to produce
301-5/7-kHz parallel outputs. By a
similar rearrangement, other incoming
rates may be divided into lower rates.

This work was done by Alexander
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Figure 2. Serial Data From a Vidicon, consisting of consecutive 7-bit picture
elements (pixels), are reformatted for recording on seven tracks of a magnetic tape

recorder.

Engel and L. Richard Springer of
Caltech for NASA’s Jet Propulsion
Laboratory. For further information,
Circle 18 on the TSP Request Card.
This invention is owned by NASA,
and a patent application has been

filed. Inquiries concerning nonexclu-
sive or exclusive license for its -
commercial development should be‘
addressed to the Patent Counsel,
NASA Resident Legal Office-JPL [see
page A8]. Refer to NPO-13676.

Efficient Rectifying Antenna

A rectifying antenna features reduced cost, high conversion
efficiency, and high-power handling capability.

NASA's Jet Propulsion Laboratory, Pasadena, California

Recent improvements in rectifying-
antenna (rectenna) elements of a

microwave-power transmission sys-

tem have resulted in a higher micro-
wave-to-electrical-energy conversion
efficiency and a better physical struc-
ture more suited for quantity produc-
tion. Tests on the rectenna have
demonstrated a new efficiency level
of 82 percent in converting RF to dc,
the dc exceeding a 30-kW power
level.

The rectenna system comprises 17
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subarrays positioned closely together
to intercept the microwave beam.
Each subarray has 270 rectenna
elements to collect and rectify the
incoming microwave power. Some
key improvements in the element
structure and in the subarray design
have led to better overall system
efficiency.

As shown in a simplified electrical
schematic, each rectenna element
consists of a half-wave dipole
antenna, a two-section low-pass

microwave filter, a half-wave
Schottky-barrier diode rectifier, an
inductance section to resonate the
rectifier circuit, a bypass capacitance
and output filter serving as a micro-
wave short, and a dc bus bar. The
sliding microwave short, which incor-
porates a high value of capacitance,
also serves as a smoothing filter to
remove microwave components from
the dc output. For improved reliability,
the Schottky-barrier diode uses a
plated heat-sink construction rather

(continued on next page)
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than the flip-chip construction.

The low-pass filter is a most essen-
tial part of the rectenna element. It
serves to attenuate any harmonic
power that propagates toward the
half-wave dipole where it would be
emitted as radio-frequency interfer-
ence (RFI). Also, it stores energy
during the nonconductive portion of
the rectification cycle, acting as a
buffer between the even flow of power
into the half-wave dipole and the inter-
mittent flow of power through the
rectifier. The characteristic imped-
ance of the filter is matched to the
impedance of the half-wave dipole,
both about 120 ohms.

The rectenna element utilizes
Teflon machine screws, eliminating
the previously-used nylon screws that
developed mechanical problems due
to temperature variations. In addition,
each element is conformal coated to
prevent corrosion between dissimilar
metals. This coating also helps the
elements to withstand extreme envi-
ronmental conditions without the use
of protective radomes. (Radomes add
significantly to system cost and
weight and make it more difficult to
predict the rectenna performance.)

The elements are arranged in 2
subarray in 18 rows, 15 elements to
the row. The placement of the
elements is such that individual
subarrays may be interchanged with
one another without altering the
interface symmetry. All of the
rectenna elements in one row are
connected in parallel to a common
bus bar by a machine screw and nut
with appropriate insulating washers.

Each subarray contains a number
of protection and instrumentation
features. These include crowbar pro-
tection for overvoltage, self-fusing of
the diodes, temperature monitoring,
and incident-power monitoring. The
crowbar is a self-contained protective
device that comes into play when the
voltage across the output terminals of
the subarray exceeds a value that can
damage the rectifier diode. It is
designed to place a short across the
output terminals when a preset value
of output voltage (200 V) is exceeded.
The short is automatically removed
when the incident microwave power is
removed.
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Rectenna Element is shown illustrating the mechanical construction and the
electrical setup. This element is designed to withstand extreme environmental
conditions without the use of expensive radomes.

The self-fusing protective feature of
the individual diode immediately re-
moves the diode from the circuit when
it shorts. Gold wires 1 mil (0.03 mm)
in diameter, which internally connect
the diode chip to the package cover,
provide this function.

The temperature is monitored in
each subarray with a thermistor. Each
subarray contains a thermistor
mounted on one of the bus bars. This
thermistor measures the temperature
of the bus bar, which also serves as a
heat sink for the rectenna elements.
The thermistor is enclosed to prevent
its heating from stray microwave
radiation.

The incident-power is monitored
with  a separately-instrumented
rectenna element in every subarray.
This element, referred to as a
subarray reference element, is used
in connection with the computer and
display to measure the incident-power
density. This measurement is then
used in the computation of the
subarray efficiency.

This work was done by Richard M.
Dickinson of Caltech for NASA’s Jet
Propulsion Laboratory and William
C. Brown of Raytheon, Inc. For further
information, Circle 19 on the TSP
Request Card.

NPO-13884
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Lightweight Conical Antenna Reflector

A conical antenna reflector,
using knitted metallic mesh

NASA's Jet Propulsion Laboratory, Pasadena, California

Conical main reflectors on conical-
Gregorian and conical-quadreflex an-
tenna configurations are usually con-
structed of aluminized Mylar, or equi-
valent, film. This lightweight surface re-
flects RF energy well. However, there
are potential problem areas such as
thermal distortion and long-term me- = =
chanical stability when the film is sub- | KNITTED
jected to ultraviolet radiation. | MESH

These difficulties can be largely >
eliminated by substituting knitted-
mesh materials for the aluminized 4 _ SUPPORT
film. These meshes can be produced = g RING
from a wide selection of yarns to form
the necessary mesh membrane. The
material used for the reflector surface
shown in the figure was a gold-and-
silver-plated nickel chromium alloy
knitted mesh. The entire surface is
made up of 16 gores, this number
being selected so that two gores could
be obtained from standard-width
material.

Before installation the mesh is
stretched on a special table to pre-
tension it to the desired circumferen-
tial and radial tensions. Next the
gores are cut to the developed shape
of the desired cone plus a seam
allowance.

The reflector is assembled by sew-
ing the seams of adjacent gores,
using a TFE coated, fiberglass sewing
thread 0.40 mm (0.016 in.) in
diameter. Next, the outside edges of
the mesh reflector are trimmed with a
fiberglass tape 1/2 in. (1.3 cm) wide.

The mesh reflector is attached at its
inner diameter to the hub of the sup-
port frame by screws installed through
the fiberglass trim tape. Because
there is no provision for adjustment at
the inner hub, this establishes a fixed
reference circle on the desired conical
surface. The intermediate attachment  the Conical Antenna Reflector uses a rigid aluminum frame supporting a knitted

ring must be adjusted to lie on the  metallic-mesh surface. The surface material is pre-tensioned and supported by 120
conical surface of the proper cone cable spokes (not visible) to retain an accurate conical shape.

(continued on next page)
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angle that passes through this refer-
ence circle. There are 120 equally-
spaced attachment clips along the
outside diameter of the reflector,
which are used to attach the mesh
and highly-tensioned Kevlar (or equiv-
lant) spokes that resist the natural
tendency of the tensioned mesh to
bow toward the cone axis like a
lampshade.

The reflector surface is finally
adjusted at its outside diameter by
moving the clips with respect to the
support frame and tightening the
screws that hold the clips to the
frame.

The complete reflector measures
12 ft (3.66 m) in diameter and weighs
36.51b (16.6 kg). Tests show that its

rms (root-mean-square) surface de-
viation is 0.011 in. (0.028 cm).

This work was done by Donald M.
Moore of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, Circle20 on the TSP
Request Card.

NPO-13552

Compact Antenna Has Symmetrical Radiation Pattern

Helical filaments on a dielectric cylinder resist shock
and vibration and give excellent radiation characteristics.

Ames Research Center, Moffett Field, California

A compact quadrifilar-helix
antenna, originally developed for
outer-planet spacecraft probes, has
an exceptionally-uniform and axially-
symmetric radiation pattern. Its
mechanical stability and symmetric
characteristics make it potentially
useful for mobile citizens-band radios
and other terrestrial communications
systems.
A 550-MHz quadrifilar-helix re-
ceiver for a Jupiter probe was recently
tested at one-quarter scale by using a
2.2-GHz model. The full-scale version
would consist of four wires wound
around a dielectric cylinder 6.1 to 7.6
cm in diameter and 38.6 cm long
(Figure 1). As seen in Figure 2, the
radiation patterns for the model are
uniform to within 1 dB from zenith
(along the axis of the helix) to about
10° above the equatorial plane, and
they are symmetric to within 1.5 dB in
planes perpendicular to the antenna
axis.
The quadrifilar-helix design was
chosen after it and three other types
were evaluated. The other configura-
tions and the reasons for rejecting
them are as follows:
el indenblad antenna: This antenna
has cantilevered elements that might
not survive shock and vibration. In
addition, its gain is well below that of
the ideal antenna radiation pattern.

*Conical spiral antenna: This antenna
is larger than the other antennas, and
its radiation symmetry is no better
than that of the others.

BALUN —_|

HELIX ELEMENT
TERMINATION
IS OPEN CIRCUIT

STYROFOAM
FORM TO
SUPPORT

HELIX ELEMENTS

e N

3/4-TURN

WRAP LENGTH
(PITCH DETERMINED
BY ELEMENT LENGTH
MINUS RADIAL

O BALUN)

b 5

ELEMENT LENGTH

IS APROXIMATELY

0.75 io; ELEMENT DIAMETER
IS 0.02 1.

TO 90° HYBRID

Figure 1. The element length of a Quadrifilar-Helix Antenna is approximately 0.75
Ao, where 1 is the wavelength of the center operating frequency. Improved radiation
patterns and symmetry were recorded by locating the balun outside the helical
elements, rather than inside, as shown in this drawing.
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*/ oop-vee antenna: The symmetry of
this antenna is strongly influenced by
its surroundings; and thus dielectric
members required to stabilize its four
vertical and loop-segment members
may affect symmetry.

The elements of the 2.2-GHz
quadrifilar helix are 1.19 mm in
diameter, 10.82 cm long, and are
wrapped around a Styrofoam core
1.52 cm in diameter with a wrap
length of 9.47 cm. The elements are
each 0.79 wavelength long and are
wrapped around the core for more
than three-quarters of a turn but less
than one turn. They are fed by a pair of
baluns from a 90° hybrid circuit so
that each element is excited at the
proper magnitude and phase. The
performance of the antenna could be
further improved by using special
tooling in its fabrication to control the
geometry of the quadrifilar-helix ele-
ments more precisely.

The peak circular gain of the
antenna, when it is scaled up to its
intended 550-megahertz operating fre-
quency, is expected to be about 2.2
dB, on the basis of an expected
efficiency of 71 percent (at the larger
size). The voltage standing-wave ratio

ﬂ\

e =0°

9\

2 =0°

Figure 2. The Radiation Patterns of a quadrifilar-helix antenna show excellent
uniformity and symmetry. The pattern at the left was taken in a plane perpendicular
to the antenna axis (6 = 0°, @ variable); the pattern at the right was recorded in an

azimuthal plane (® = 0°, © variable).

(VSWR) of the model is about 1.29:1
at 2.2 GHz and improves at higher and
lower frequencies. There is a VSWR
peak of 2.32:1 at 2.42 GHz, which
was within the requirements of the
Jupiter probe application.

This work was done by Ennis A.
Kuhlman and Eddie D. McKee of
McDonnell Douglas Corp. for Ames

Research Center. For further infor-
mation, Circle 21 on the TSP Request
Card.

Inquiries concerning rights for the
commercial use of this invention
should be addressed to the Patent
Counsel, Ames Research Center [see
page A8]. Refer to ARC-11189.

Multiplexed Battery-Bypass Control System

An automatic control circuit bypasses
overcharged or discharged cells in a battery.

NASA's Jet Propulsion Laboratory, Pasadena, California

Circuit designers and users are
frequently concerned when the ca-
pacity of one or more cells in a battery
is lower than the capacities of the
other cells. The lower capacity cells
become fully charged or discharged
earlier than the others during a
charging or discharging cycle, libera-
ting gas inside the battery and possibly
rupturing the cell.

A new cell-bypass control system
senses low-capacity cells before they
overcharge or overdischarge. When a
defective cell is detected, a relay
automatically removes that cell from
the battery circuit.

A version of the bypass control
system (see figure) tested for batteries
to be used on space probes consists of
a multiplexing circuit, a single cell-
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voltage monitor, and an electromag-
netic relay for each cell. The multi-
plexer sequentially applies each cell
voltage to the voltage monitor. If a
particular cell voltage exceeds the
preset upper limit (1.75+0.05 volts for
the Ni/Cd batteries being monitored)
while charging, or if it falls below the
minimum (0.90+0.05 volt) while dis-
charging, that cell is disconnected
from the battery supply.

llluminated lamps indicate which
cell is being monitored. In addition,
each cell may be set or reset by
manual switches to override the
bypass control circuit. The unit spends
53 ms monitoring each cell and 7
ms switching from cell to cell; the 26
cells are scanned in approximately
17 8,

Although this unit was originally
designed for negative-limited Ni/Cd
batteries that exhibit a sharp voltage
rise at the point of 100 percent
charge, it could easily be modified to
detect the 100-percent charge point in
most other rechargeable batteries. It
also could be adapted to insert spare
cells in place of those that are
removed.

The circuit was tested and found to
function well in controlling the 26-cell
battery during months of simulated
space flights. The final flight version of
the system is projected to have a total
parts count of 150 and to weight only
1.6 kg. It also shows promise for
improving the life and reliability of
batteries in computer standby power
systems, electric vehicles, remote

(continued on next page)
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This Battery Charge Control System monitors the voltages of 26 Ni/Cd cells during their charge and discharge cycles and
automatically bypasses overcharged or overdischarged cells. The STEP/SCAN control selects either automatic scanning or
manual scanning to check each cell individually; the latter is done by sequencing the STEP input.

weather stations, energy storage sys-
tems, and other applications.

This work was done by John C.
Bennett, Harvey A. Frank, Jack
LePisto, and Albert P. Wagner of

Caltech for NASA’s Jet Propulsion
Laboratory. Further information may
be found in NASA CR-155271 [N78-

12317], "“Development of a Multi-
plexed Bypass Control System for

Aerospace Batteries'' [$5.25]. A copy
may be purchased [prepayment re-
quired] from the National Technical
Information  Service,  Springfield,
Virginia 22151.

NPO-14414

System for Monitoring Lightning Strikes

An optical link transmits data for remote processing, and
data compaction minimizes storage requirements.

John F. Kennedy Space Center, Florida

A system for monitoring lightning
strikes utilizes an optical data link be-
tween the lightning sensor and record-
ing instruments. The data link is thus
immune to electrical interference that
could be induced in a wire by the huge
burst of energy in a lightning strike. The
nonconductive link also protects
people and equipment at the data-
receiving end from electrical shock.

The receiver also includes a data
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‘‘compactor’’ that continuously
samples the received signal but re-
cords only significant changes in its
level. No data are stored between light-
ning hits, and portions of a strike in
which the lightning current remains
constant over several samples are
stored only once (after the first such
sample) along with a time signature.
Thus, the requirements for memory
space, printout paper, and magnetic

tape are greatly reduced.

The lightning sensor is a coil en-
circling a long cable (see figure). When
lightning strikes the cable, it induces a
voltage in the coil. This voltage excites
a light-emitting diode (LED) through a
scaling resistor and full-wave bridge.
The LED output is carried by an optical-
fiber cable to the receiver, where it is
detected by a photodiode. A voltage
that measures the lightning current is
developed by the photodiode.
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This Lightning Monitoring System includes an optical-fiber link between the lightning-current transducer and a data compactor.
Compacted data are transmitted over a telephone communications line for remote processing.

Lightning strokes characteristically
produce sharp rises in current that
reach peaks of about 200 kiloamperes
during a 2-microsecond interval. A
single flash of lightning typically con-
tains five such peaks in a 0.5-second
interval, with each strike receding to
half its peak amplitude in about 50
microseconds. The voltage output of
the photodiode duplicates these
variations.

An anaiog-to-digital converter (ADC)
in the data compactor digitally codes
the photodiode voltage and temporarily
places it in a data register. If an incom-
ing word differs from the preceding
word by a predetermined amount, it is
stored in the compactor memory along
with a number that identifies the time
at which the word was acquired. If the
new word does not differ significantly

NASA Tech Briefs, Winter 1978

from the previous word, it is not stored. -
Thus, when there are rapid changes in
the voltage produced by a lightning
stroke, the compactor stores many
data points. However, when the volt-
age changes relatively slowly, fewer
points are stored. The memory has a
2,047-word capacity, which is enough
for data on about 10 lightning flashes
averaging 5 strokes each.

As soon as the compactor starts to
store significant data, it signals a re-
mote data-processing station that in-
formation is available. The remote sta-
tion requests the information, and the
compactor transmits its contents, still
digitally coded, over a telephone line.
At the remote station, the data points
and identifying time signatures are
converted to analog form, and the
lightning-current  waveform is

structed on an oscilloscope or strip-
chart recorder.

A computer at the remote station
can process the digital data, if re-
quired. An operator at the remote sta-
tion can control data collection rates,
data compaction criteria, data trans-
mission rates, and system sensitivity.

This work was done by J.C. Fuchs
and R.J. Wojtasinski of Kennedy
Space Center. For further information,
Circle 22 on the TSP Request Card.

This invention has been patented by
NASA [U.S. Patent No. 4,100,487).
Inquiries concerning nonexclusive or
exclusive license for its commercial
development should be addressed to
the Patent Counsel, Kennedy Space
Center [see page A8]. Refer to
KSC-11018.
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Computer Programs

These programs may be obtained at
very reasonable cost from COSMIC,
a facility sponsored by NASA to
make new programs available to the
public. For information on program
price, size, and availability, circle
the reference letter on the COSMIC
Request Card in this issue.

Telecommunications
Network Optimization

Analysis to reduce
operating costs

The STACOM (State Criminal
Justice Communication) network-
topology program helps to design and
evaluate digital telecommunications
networks. A digital telecommunica-
tions network is viewed as a set of
terminations connected by a set of
links. Each termination consists of
one or more terminals or computers in
the same area or city, called the
terminal city. The main purposes of
the network are assumed to be the

rapid exchange of information with the
data-base system and fast intracity
communications.

Because the operating cost of a
given communication network de-
pends on its layout, an initial configu-
ration analysis can often produce
significant cost reductions. By using
STACOM, one can employ a modified
Easu-Williams technique to search for
those direct links between system
terminations and a Regional Switching
Center (RSC) that may be eliminated
without impairing system perform-
ance.

Inputs to STACOM include traffic
data, terminal locations, and func-
tional requirements. During a program
run, the network may be divided into
any number of regions. Each Regional
Switching Center can act as both a
switching and a data-base center for
terminals in its region. STACOM first
defines regions with nearly equal
traffic. Next, an RSC is selected to
produce the minimal traffic-distance
product sum. Before optimizing a
regional network, STACOM con-
structs an initial “‘star’” network in

which each termination is directly con-
nected to the RSC. The regional
network is optimized by forming a
multidrop network in which some lines
have more than one termination.
Interregional networks are formed and
optimized similarly.

Printed output includes initial reg-
ional network and optimized network
costs and assignments of system
terminations. If requested, the geo-
graphical connections of the opti-
mized network are plotted to detail
multidrop line connections to all of the
system terminations.

STACOM is written in FORTRAN V
for execution in the batch or demand
mode and has been implemented on a
UNIVAC 1108 under control of EXEC
8. The code requires that the system
support subroutine reentrancy. For
plotted output, a CALCOMP plotting
system is required.

This program was written by Jun-Ji
Lee of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, Circle A on the COSMIC
Request Card.

NPO-14486
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Solar Simulator Test Facility

Facility duplicates Sunlight, wind, and solar-energy
system characteristics for testing flat-plate collectors.

Marshall Space Flight Center, Alabama

A facility has been constructed at
Marshall Space Flight Center to
evaluate the performance of solar-
energy collectors under simulated
outdoor operating conditions. Most
flat-plate collectors utilizing either air
or liquid transport media can be tested
by the system.

The facility simulates Sunfall prop-
erties, such as radiation intensity,
spectrum, collimation, uniformity, and
direction. Wind conditions of varying
velocity and direction are also repro-
duced. It is also capable of duplicating
the characteristics of the solar-energy
system to which the collector is
attached, including the transport
medium and flow rate, the fluid inlet
temperature, and geometric factors
such as collector tilt and azimuth
angles.

As seen in the figure, “‘Sunlight’ is
generated by 405 tungsten/quartz/
halogen lamps that duplicate the solar
spectrum very closely. The lamps are
rated at 300 W (at 120 V), and the
tungsten filament has an equivalent
source temperature of 3,350° F
(1,843° C). Each bulb is attached to a
dichroic-coated glass reflector that, in
addition to directing the light, also
limits infrared emission. The lamps
are mounted in a 27- by 15-lamp array
that irradiates a 4- by 8-ft (1.2- by
2.4-m) planar surface area.

Directly in front of the lamp array is
a lens housing that holds a Fresnel
focusing-lens array (there is one lens
in front of each lamp). The entire
lens/lamp array is cooled by room air
that is transported across the bases of
the lamps. The heated air is collected
in a tapered plenum and drawn off
through a 25-in. (63.5-cm) exhaust
duct.

The radiation intensity is varied by a
voltage control located on the console
adjacent to the simulator. Cooling flow
rate is also controlled from this
console. The lamp-array power and
output are varied by chopping the
sinusoidally varying voltage to provide
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This Solar Simulator Test Facility for flat-plate solar collectors uses an array of
tungsten/quartz/halogen lamps to simulate solar radiation. A tilt table beneath the
lamp array holds the collector under test. The facility can simulate collector
orientation, fluid/thermal loads, and wind, among other factors.

a lower, or higher,
voltage to the lamps.
The lamps are connected to three
voltage phases (from a 3-phase,
208-volt line) in zones, so that
different zones of the simulator are on
different voltage phases. This arrange-
ment smooths nonuniformities in radi-

rms-average

ation intensity that might result from
voltage disparities between the
phases.

A tilt table underneath the Sun
simulator holds the flat-plate solar
collector. A photocell detector can be
moved over the table surface to map
the radiation flux. Sun orientation is

(continued on next page)
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simulated by tilting the table to
different angles, from horizontal (0°)
to 72°. Azimuth adjustments can be
made by rotating the table from 0° to
60°.

The fluid/thermal loop simulation
includes both an air loop and a liquid
loop. These are distinct systems
capable of controlling fluid flow rates
of their respective media. For ex-
ample, the air loop can control airflow
rate to within £2 percent from zero to
160 stdft3/min (zero to 4.5 stdm3/
min). The collector inlet temperature

can be varied from near ambient to
200° F (93° C) and can be controlled
to within £1° F (+0.6° C).

The liquid loop utilizes a 50/50
water/ethylene glycol mixture. Liquid
flow rates may be controlled from 6 to
67 gal/h (0.02 to 0.25 m3/h) within
+2 percent. The inlet temperature can
be adjusted from 10° F (6° C) above
ambient to a maximum of 220° F
(104° C).

Wind simulation is created by two
floor fans blowing against the collector
surface. Wind velocities of from 3 to

13 mi/h (1.3 to 5.8 m/s) are
simulated by moving the fans farther
away from, or closer to, the collector.
This work was done by William R.
Humphries of Marshall Space Flight
Center. Further information may be
found in DOE/NASA TM-78165, ‘‘Use
of The Marshall Space Flight Center
Solar Simulator in Collector Perform-
ance Evaluation,” a copy of which
may be obtained at cost from the New
England Research Application Center
[see page A7].
MFS-23972

Voltage Regulator for Solar Panels

A shunt regulator for solar panels

NASA's Jet Propulsion Laboratory, Pasadena, California

A shunt voltage regulator for solar
panels uses the internal resistance of
the panel (which varies nonlinearly
with illumination) to control its output
voltage. Since the regulator has
parallel output transistors, it can be
scaled up for high-current solar
panels simply by adding more tran-
sistors.

The voltage regulator, shown in
Figure 1, is connected in parallel with
the solar panel. This example shows a
12-Vdc regulated supply. The 12-V
reference voltage is set by Zener
diode D1 and diodes D2 through D5. A
resistor R1 in series with the diode
string controls the base/emitter bias
on transistors Q1 and Q2. When the
solar-panel voltage exceeds the 12-V
output, the voltage across Rj
forward-biases transistors Q1 and
Qo. This causes them to conduct
through resistors R and R3. Figure 2,
which shows typical |-V character-
istics for a solar array, indicates how
the load voltage can be held at 12V by
controlling the current through the
shunt. When the Sunlight diminishes
to where the load current drops the
panel voltage to 12 V, the regulator
acts like an open circuit, drawing no
current from the panel.

Q Q, 1%/
LOAD
:» 2 R3
o01¢Q 019
e O

Figure1. This Voltage Regulator is connected in parallel with the solar panel. When
the panel output exceeds 12 Vdc, a forward base/emitter voltage (VBg) develops
across Rq. This causes Q1 and Q2 to conduct current IgH through R2 and R3 to
maintain the 12-Vdc supply to the load. When the panel voltage drops below 12
volts, the regulator is equivalent to an open circuit.
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Figure 2. Typical Solar-Array |-V Char-
acteristics show how the panel output
voltage can be held constant by con-
trolling the output current. Excess
current not drawn by the load is
shunted through the regulator.

The regulator should be applicable
to solar-powered electric motors or
battery chargers. In these instances,
voltage regulation is needed to pre-
vent motor speed variation or battery
overcharging.

This work was done by Theodore A.
Casad of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, Circle 23 on the TSP
Request Card.

NPO-13895

More Efficient GaAs Solar Cells

Electron-hole pair production in space charge layer converts nearly
100 percent of photogenerated carriers to useful current.

Langley Research Center, Hampton, Virginia

When a solar cell with a pn junction
near the surface is illuminated, the
photons create electron-hole pairs on
both sides of the junction. The extent of
the junction space-charge region is
negligible compared with the absorp-
tion length in most solar-cell materials.
The minority carriers created must sur-
vive all capturing or annihilating mech-
anisms to traverse the junction and
join the majority carriers in order to
contribute to the useful current. Dop-
ing levels in the p and n regions are
high to minimize internal cell resist-
ance. Theory and experimental results
agree well for silicon solar cells.

GaAs, with a band gap of 1.4 eV as
compared to 1.1 eV for silicon, is po-
tentially more efficient in solar-cell
applications. However, the direct
transition of electron-hole pairs means
a very short absorption length and very
short minority-carrier lifetimes. It is de-
sirable either to increase the minority-
carrier lifetimes or to avoid generating
the carriers in the regions where the
conduction mechanism is by diffusion.
If the carriers could be generated in
the electric field region, the problem
would be eliminated. GaAs solar-cell
construction based on conventional
theory fails to yield high efficiency. In
order to achieve higher efficiency,
modifications such as the use of AlAs
as a front layer have been tried in the
past.
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Electron-Hole Pairs generated in the space-charge region do not tend to recombine.
Separation and collection of these electrons and holes occur with virtually unity

probability.

A promising new approach is to gen-
erate electron-hole pairs primarily in
the space-charge region of the junc-
tion. The electrons and holes will im-
mediately travel out of the junction in
opposite directions, as shown in the
illustration, and become useful majori-
ty carriers. In this manner the short-life
problem is eliminated, and the conver-
sion of photogenerated carriers to use-
ful current is nearly 100 percent effi-
cient.

With a typical n-type GaAs material,
a space-charge region can be obtained
at the surface by applying a very thin
film of a metal such as Pt so that a
metal/GaAs barrier height of 1 eV exists
at the surface. The space-charge layer
would extend 1 micron inward if the
doping level were 1015 cm — 3. By ad-
justing the doping level, the space-
charge layer can be extended to about
five times the average absorption length
of the absorbed photons in GaAs. The

(continued on next page)
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extension of the space-charge layer to
five times the photon absorption length
results in less than 1 percent of ab-
sorbable light passing through. Elec-
troding and antireflection coating pro-
cedures presently used would be di-
rectly applicable with this solar cell.
The methodology, therefore, for pro-
ducing highly-efficient solar cells in-
cludes:
¢ Placing the junction at the surface, in
the form of a Schottky barrier or a
thinp ¥ layer on the n material;

¢ Extending the barrier on the n side to
five times the absorption length;

¢ |Increasing the doping level so that at
x> L, n would increase rapidly to the
highest available level, or

n—> 1018 for x > L
n =1014 = 1015 for 0 <x <L

where
L is the depth of the space-charge
layer,
n is the doping level, and
x is the distance from the surface.

This work was done by Wirojana
Tantraporn of General Electric Co. for
Langley Research Center. For further
information, Circle 24 on the TSP Re-
quest Card.

LAR-12216

Infrared Scanners Detect Thermal Gradients in Building Walls
IR study of outside walls can be used

to help minimize energy loss.

Langley Research Center, Hampton, Virginia

An infrared scanner has been used
to detect thermal gradients in outside
walls of two typical homes in Virginia
Beach, Virginia, under a joint effort by
Langley Research Center, the Virginia
Energy Office, and the city of Virginia
Beach in the Virginia Beach Energy-
Conservation Pilot Project. The electro-
optical scanner operates in the near
infrared, at 2 to 5.6um, and receives ra-
diation emitted by the wall surface. The
radiation is converted to an electrical
signal by an infrared detector (InSb).
The signal is fed into an oscilloscope
where it is displayed as a televisionlike
picture from which photographs are
made. The instrument is sensitive to ra-
diation from surfaces with tempera-
tures that vary from —20° to 800° C.
Resolution in the temperature span
anticipated from a home outside wall is
better than 0.3° C.

Where insulation is lacking or where
the insulation thermal properties are
not uniform, more heat will pass
through the wall, resulting in a ‘‘hot
point”’ on the outside wall. By mapping
the infrared pattern on the wall with the
infrared scanner system, the areas
that are hotter or colder can be identi-
fied and further investigated. Displays
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Thermal Gradient Display of the outside wall of a residence shows areas of varying

heat loss.

of this thermal pattern can be shown
either in black and white with varying
contrast to depict the thermal gradient
(see figure) or in color with color bands
representing a temperature interval.

This work was done by Andronicos
G. Kantsios of Langley Research
Center. For further information, Circle
25 on the TSP Request Card.
LAR-12157
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Solar-Powered Hot-Air System

Modular collectors furnish hot air for
residential and commercial buildings.

Marshall Space Flight Center, Alabama

A solar-powered air heater can
supply part or all of the space-heating
requirements of residential or com-
mercial buildings. It can also be inter-
faced with an air-to-water heat ex-
changer to heat domestic hot water.

The system, shown in one possible
configuration in Figure 1, consists of
modular flat-plate solar collectors,
ducting that leads into and out of the
collectors, and a fan for forced-air
convection. A rock bed for thermal
storage may also be added to supply
nighttime heating requirements.

As shown in Figure 2, each
collector module has three bottom
pans made of 22-gage galvanized
steel. The pans are covered by
26-gage steel sheets painted with
heat-resistant black paint, and the
structure is covered by a transparent
plastic film, 4 mils (0.1 mm) in
"thickness. Forced air passes over
and under the absorber plate and
through plenums at the top and bottom
of the collector array. The panels are
waterproof and can be installed as a
structural part of the roof in new
buildings, or they can be added to the
roof of an existing building. Each
panel module is 3 feet (0.91 m) wide
and can be manufactured in lengths
up to 40 feet (12.2 m); the modules
may be joined to form a collector of
any width (in multiples of 3 feet).

In addition to its use in heating
buildings, the system has potential
applications (after appropriate modi-
fications) for drying agricultural prod-
ucts, including cotton, lumber, corn,
grains, and peanuts.

This work was done by the Solar
Engineering and Equipment Co. for
Marshall Space Flight Center. For
further information, Circle 26 on the
TSP Request Card.

MFS-23976
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Figure1. This Solar-Powered Hot-Air System delivers space heat and may be used
with an air-to-water heat exchanger to heat domestic hot water. The collector panels
can be made an integral part of the roof structure.
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Figure 2. This Collector Panel Module is covered with two layers of transparent
plastic film. It can be joined to adjacent modules to form a solar panel of any width
(in increments of 3 feet).
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Ocean Thermal Plant

Modular construction would allow in situ
testing of experimental components.

John F. Kennedy Space Center, Florida

A proposed, modular, ocean ther-
mal-energy-conversion (OTEC) plant
(shown in Figure 1) would permit vital
component research and testing. At
the same time, it could serve as an
operational generator for about 100
megawatts of electric power.

The modular construction will
permit newly developed evaporators
and condensers to be tested in the
same environment in which they will
be used. Such testing could result in a
standardization on the design specifi-
cations for the most efficient plant
facilities in the future. A number of
removable modules can be attached
to a single control structure or core.
When the modules have been re-
moved, the openings in the central
structure are sealed off from the
ocean waters by foldable door panels.
The modules would contain evapora-
tors and condensers constructed of
different materials and configurations
for comparing cost effectiveness and
performance.

The ‘“‘conventional” OTEC plant
concept utilizes the temperature dif-
ferences between warm surface water
and colder layers near the ocean
bottom to generate electric power
(Figure 2). The electric power can be
transmitted by undersea cables to the
mainland. A working fluid, such as
Freon, ammonia, or propane, is
pumped as a liquid into an evaporator
where it is converted to high-pressure
vapor by surface seawater at a
temperature of about 80° F (27° C).
The vapor is then used to drive a
turbine generator for producing the
electricity. After the vapor passes
through the turbine, it is routed
through a condenser and reconverted
to a low-pressure liquid by the cold
seawater (approximately 40° F or 4°
C), which is pumped from a depth of
about 1,500 ft ( 457 m).
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Figure 1. This proposed Ocean Thermoelectric Powerplant, designed as a modular
test bed, has a central core containing crew facilities, turbine generators, and a
cold-water entrance duct; warm water enters from the inlet near the top. A working
fluid that is cyclically vaporized and condensed in the plant drives a turbine electric-

power generator.

Other important design improve-
ments include warm- and cold-water
inlets having swivel sections with
directional water vanes to take advan-
tage of the water currents such as
those in the Gulf Stream. These
features help to reduce the require-
ment for large pumps to move the
water into and out of the plant. The

evaporators and condensers are also
equipped with a biofouling preventive
device that sprays fluid under pressure
on the rows of heat-exchange sur-
faces to retard marine growth.

The central structure of the plant
includes crew quarters, repair and
maintenance facilities, control room,
turbines, pumps, and generators.
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A dock and a helicopter landing pad
are also provided atop this central
structure. A double-anchoring system
prevents excessive movement of the
plant due to currents and ocean
waves. The anchoring system consists
of a positioning harness and a depth-
control cable that can also be used to
pull the plant underneath the water
surface in the event of a hurricane or
tropical storm.

This work was done by Lester J.
Owens of Kennedy Space Center.
For further information, Circle 27 on
the TSP Request Card.

This invention has been patented by
NASA [U.S. Patent No. 4,087,975].
Inquiries concerning nonexclusive or
exclusive license for its commercial

e o 1 development should be addressed to
ouT IN the Patent Counsel, Kennedy Space
v&%gn Center [see page A8]. Refer to
ouT KSC-11034.
Figure 2. In this Flow Schematic of the ocean powerplant, warm seawater
evaporates the working fluid, which drives the turbine generator. Cold seawater
condenses the fluid so that it can be recycled.
Wind/Water Energy Converter
A proposed device that could be driven by wind or water
currents would generate electricity or operate pumps.
Goddard Space Flight Center, Greenbelt, Maryland
A proposed machine would convert
wind, water, tidal, or wave energy into g‘gg"s
electrical or mechanical energy.
Windmill-like paddies, or blades, are s SR
synchronously geared to orient them- WIND
selves to the wind direction for —_— =
optimum energy extraction. / i
In the simplified illustration of the / \
machine shown in the figure, just two ,DLEHJ / \ 7
paddles are shown for clarity. The GEAR \\\ - REFERENCEX,’ o
complete machine would have four or N\ GEAR GEAR /-/
more paddles. Several such ma- / o N - ,/,’
chines could be installed along the REFERS:ES REFERENCE \\\ ¥ £ /
axis of a single shaft to increase the g GEAR SHAFT \ °
energy output. The paddles are IDLER_—] POWER DIRECTION = %
oriented by a set of gears with GEAR Loy R iy //
predetermined ratios. Each paddle is — — ol >
connected to a paddle gear, and each
paddle gear meshes with an idler PA(?&E/ 2222::&5\' CARRIAGE gﬁg‘-f
gear. The two idler gears, in turn, ASSEMBLY

mesh with a stationary reference
gear. The idler and the paddle gears
are supported by a carriage assembly
that rotates around the reference

(continued on next page)
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A Proposed Wind/Water Energy Converter incorporates a system of gears to turn
paddles that capture wind or water current forces. The converter could operate from
wind, from ocean surf and tides, or from river currents. The energy can be utilized to
run electrical generators or mechanical machinery.
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shaft. Rotational energy is tapped
from a power takeoff pulley, a gear, or
other device rotating with the carriage
assembly. The machine can be
operated either vertically, as illus-
trated, or horizontally. The system is
bidirectional and will rotate either
clockwise or counterclockwise de-
pending on the direction of the driving
wind or water current.

To harness wind power, the ma-
chine would be mounted in an open
windy area and connected to drive an
electrical generator or a mechanical
pump. Alternately the machine can
operate in a river or stream partially or

fully submerged and driven by water
currents. Another possibility would be
installation in ocean surf where the
machine can be driven by tidal forces.
Depending on the installation, the
gear ratios would be selected so that
the driving paddles receive a maxi-
mum force, while those paddles on
the opposite side would present a
minimum area of resistance so as not
to interfere with the motion.

A number of system modifications
are possible. One includes the use of
three paddles and a chain-sprocket
drive to eliminate idler gears. Another
involves an automatic directional

control on a horizontally mounted
machine using a supplementary pad-
dle rigidly mounted to the reference
shaft. The paddle would rotate the
reference gear so that the driving
paddles would always present their
maximum area to the wind direction.
A vertically installed machine, on the
other hand, can be mounted on a
rotary platform equipped with deflec-

* tors to turn it into the wind.

This work was done by John
Paulkovich of Goddard Space Flight
Center. For further information,
Circle 28 on the TSP Request Card.
GSC-12361

Thermoelectrically-Cooled Variable-Temperature Probe

A variable-temperature probe for electron spectroscopy requires
no cryogenic liquids or resistance heating elements.

Lyndon B. Johnson Space Center, Houston, Texas

A new variable-temperature probe
uses a thermoelectric cooling device
and a water/glycol-cooled heat sink
to lower the temperature of a sample
and thereby to limit outgassing in a
high-vacuum chamber.  Originally
developed for use in electron spec-
troscopy, the probe is considerably
simpler than conventional cryogenic
probes since it requires no refrigerant
liquids or supporting equipment such
as insulated storage tanks and trans-
fer lines.

The new device, shown in the
figure, consists of a probe tip (on
which the sample is placed), a heat
sink, and a nickel-plated copper body
that resists oxidation and transfers
heat efficiently between the tip and the
heat sink. The probe tip includes upper
and lower copper plates separated by
the small thermoelectric device. The
device absorbs heat when a current
flows through it and thus transfers
heat from the sample into the copper
body. A water/glycol solution flows
through the heat sink in the lower
portion of the probe to improve the
heat-transfer capability. The sample
temperature is monitored by a ther-
mocouple installed in the upper probe
tip.
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This Variable-Temperature Probe includes a thermoelectric cooling device that is
powered by a 0- to 8-volt supply. The probe measures 0.5 in. (1.27 cm) in diameter

by 8.5 in. (21.6 cm) in length.

In tests, the probe was success-
fully operated over a temperature
range of -51° to 121° C at a pressure
of 10-7 torr. The low-temperature limit
was reached (starting at room tem-
perature) in about 7 minutes.

Although originally developed to
cool samples for ESCA (electron
spectroscopy for chemical analysis)
experiments, the probe could be

easily adapted to other spectros-
copies, such as Auger, scanning
electron microscopy, and optical
spectroscopy.

This work was done by Robert M.
Kelso and Robert G. Richmond of
Johnson Space Center. For further
information, Circle 29 on the TSP
Request Card.

MSC-18192.
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Improved Fourier Interference Spectrometer
Proposed system would correct

for scan-velocity variations.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

In a conventional scanning Fourier
interference spectrometer, the detec-
tor output is sampled at constant time
intervals, integrated, and converted to
a digital signal that is analyzed to
obtain the wavelength distribution of
the source. The use of a constant
sampling interval presumes that the
scanning velocity of the interferometer
remains constant. In any real system,
however, there will be velocity fluctua-
tions that can lead to errors.

One conventional way to overcome
this problem is to put a feedback loop
into the system. In this approach, a
reference monochromatic laser of
known wavelength is scanned at the

same time as the unknown light
source. Since the reference wave-
length is known, the time between
successive intensity maximums or
minimums at a set velocity is also
known. Any shift in this timing
provides the error signal for the loop.
However, since this approach is not
totally effective, a new proposal has
been devised to eliminate residual
fluctuations.

The new concept would compen-
sate for velocity changes by multiply-
ing the detector output by a signal
proportional to the scan velocity. A
velocity-sensing circuit detects the
scan velocity by monitoring the signal

from the reference laser. Any increase
in the velocity, which would lower the
integrated signal strength, is compen-
sated for by an increased signal from
the velocity circuit. Conversely, a
decrease in velocity would raise the
integrated output signal and would be
offset by a smaller signal from the
velocity-sensing circuit. In this way
the output signal is made nearly
velocity independent.

This work was done by Rudolf A.
Schindler of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, Circle 30 on the TSP
Request Card.

NPO-14025

Low-Power Tuner for Lasers

An electromagnetic device that operates at 5 volts
accurately controls the length of a laser cavity.

Marshall Space Flight Center, Alabama

A magnetic transducer tunes a laser
by making small, precise adjustments
in the length of the laser resonant
cavity. The transducer adjusts the
laser output wavelength by moving a
mirror over a range of 5.3 microns,
which corresponds to a half-wave-
length change in the length of a

10.6-micron carbon dioxide laser
cavity.
Previously, eight piezoelectric

transducers were stacked to accumu-
late the total dimensional change of
5.3 microns. This arrangement,
however, had several disadvantages.
It tended to resonate mechanically at
2,700 hertz, making the feedback
control system unstable at that fre-
quency; and the cantileverlike trans-
ducer stack could be damaged by the
resonance vibration. Moreover, up to
800 volts were required to drive the
piezoelectric transducers. This high
voltage created a standby power drain

(continued on next page)
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This Magnetic Transducer Laser-Tuning Device pulls on a spring-mounted plate
with a force proportional to the current through the transducer windings. The device
moves a mirror to change the length of the laser cavity.
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of as much as 6.4 watts per trans-
ducer in the driver amplifiers.

The new magnetic transducer, in
contrast, operates at a voltage of only
5 to 7 volts, and it is a simple, stable
structure. It consists of an electro-
magnet that pulls on a spring-
supported magnetic plate (see figure).
The current through the magnet coil is
varied to control the position of the
plate and of the mirror mounted on it.

In preliminary models of the mag-
netic transducer, synthetic rubber was
used as the spring material. However,
this design had excessive mechanical
hysteresis, making the deflection-
versus-current characteristic depend-
ent on whether the current setting was
approached from above or below. In

addition, there was a dead zone of
about +5 percent around each current
setting, corresponding to a displace-
ment error of as much as 0.0025 mm
(1/4 wavelength) at 10.6 microns.
These problems were solved by sub-
stituting steel springs for the rubber
ones and by redesigning the moving
element to minimize friction.

Magnetic hysteresis affects the
performance of the transducer less
than mechanical hysteresis because
much of the magnetic flux is located in
the airgap. Magnetic hysteresis was
not noticeable with ferrite cores, but
was significant with steel cores made
of cold-rolled stock. With cores made
of transformer steel, the effect is
negligible.

In one magnetic transducer, the

‘airgap is 0.010 in. (0.025 cm), and a

coil of 750 turns of No. 36 wire is
wound around a ferrite core. The core
pulled with a force of about 200 grams
at 100 milliamperes of excitation
current. The driver is a 1-watt
transistor in a 5-volt emitter-follower
circuit.

This work was done by Samuel
Levinson of United Aircraft Corp. for
Marshall Space Flight Center. For
further information, Circle 31 on the
TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention
should be addressed to the Patent
Counsel, Marshall Space Flight Center
[see page A8]. Refer to MFS-23863.

Diffractoid X-Ray Focusing
New aspheric grating surface sharply
focuses a given EUV radiation wavelength.

Goddard Space Flight Center, Greenbelt, Maryland

Focusing ultra-short-wavelength ra-
diation, such as ultraviolet light and
soft X-rays, is a difficult task, and is
usually done by “‘bouncing’’ the radi-
ation from a concave metallic grating
at extremely low grazing angles.
However, the formed image is not
sharply focused, due to inherent
aberrations of a spherical surface.

A newly-developed aspheric con-
cave diffraction surface is able to
focus sharply a single wavelength of
X-rays or ultraviolet radiation. The
incident rays may originate from either
a nearby or a far-distant source. The
figure illustrates the device focusing
incident radiation from a far source;
reflection from two successive diffrac-
toid gratings can be used to focus
radiation from nearby.

The surface of the new device is
called “‘diffractoid” because it does
not have a constant radius of curva-
ture, but instead has a surface of
revolution that is defined by a differ-
ential equation specified in terms of
the diffraction condition dependent on
wavelength and the ruling spacing.
The grating lines of the diffractoid can
be machined on a solid aluminum
support block or on a glass block that
can later be coated with a reflective
gold coating.
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The Diffractoid Focusing Element can accept incident radiation at reasonably low
grazing angles and focuses it more sharply on the detector plate than can a spherical

grating.

A possible focusing and imaging
system could consist of an appro-
priately-placed diffractoid element
that focuses the oncoming rays into a
microchannel plate. A resistive anode
detector or ranicon converts the
image to electrical signals, which can
then be processed and displayed as
desired.

This work was done by Sidney O.
Kastner of Goddard Space Flight

Center. For further information,
Circle 32 on the TSP Request Card.

This invention is owned by NASA,
and a patent application has been
filed. Inquiries concerning nonexclu-
sive or exclusive license for its
commercial development should be
addressed to the Patent Counsel,
Goddard Space Flight Center [see
page A8). Refer to GSC-12357.
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Improved Servo for a Michaelson Interferometer

A simplified constant-velocity servosystem
for a continuous-scan interferometer

NASA's Jet Propulsion Laboratory, Pasadena, California

An improved velocity servo for
driving a continuous-scan interferom-
eter replaces a more complex earlier
system. The earlier version, designed
for atmospheric sampling experi-
ments, used a standard full feedback
loop to control the speed of the lead-
screw actuator in one arm of the inter-
ferometer. In the new system, the lead
screw is run open loop by a synchro-
nous motor that has its speed
accurately controlled by a crystal
oscillator. Short-time-period velocity
variations are sensed by detecting the
fringes from a reference laser beam
that has gone through the interferom-
eter. These variations are compen-
sated for by moving-coil and piezo-
electric actuators and their servos.
With these changes the overall system
design can be simplified with no
degradation in performance.

As shown in the illustration, the
primary scanning is provided by a
lead-screw-driven cat's-eye retrore-
flector. In this system, the lead screw
is driven by a synchronous motor or a
stepping motor. To accelerate the
motor and lead screw at the start of
the scan, the drive frequency is
gradually brought up to the required
scan velocity. Thereafter, the motor is
driven by an accurate, crystal-control-
led frequency source, which, along
with a precision-ground ball-screw
and ball-nut assembly with antiback-
lash compensation, ensures high
velocity stability at low frequencies.

To correct for the inevitable velocity
variations at frequencies above ap-
proximately 5 to 10 Hz, two additional
path-difference error-correcting actu-
ators are used. A moving-coil actuator
drives a bending mirror in one of the
interferometer arms to correct for
variations in the frequency range from
5 to 500 Hz, and piezoelectrically-
driven secondary mirrors in the cat's-
eyes correct for variations above
500 Hz.

The velocity variation is sensed by
detecting the fringes from a reference
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In this Velocity-Scan Servosystem, the lead screw is driven open loop from a
frequency-stable current source. Any variation in speed is sensed as a variation in
the rate of reference laser fringes. If any compensation is necessary, it can be
handled by moving-coil and piezoelectric actuators and their servo elements.

laser beam that has gone through the
interferometer. The signal from the
fringes varies sinusoidally at a con-
stant frequency if the scan velocity is
constant. The fringe signal is differen-
tiated and full-wave rectified to pro-
duce a dc signal proportional to veloc-
ity. An FM detector or phase-lock loop
can also be used. This signal is low-
pass filtered to remove ripple and then

is ac coupled to the moving-coil and
piezoelectric actuators. The cross-
over frequency of the ac coupling for
the moving-coil actuator is less than
10 Hz and is about 250 Hz for the
piezoelectric actuator.

In operation, if the lead screw turns
at a constant rate, no change in the
fringe-velocity signal will occur, and
the moving-coil and piezoelectric

(continued on next page)
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actuators receive no signal. The
actuators will respond only when there
is a change in,velocity.

Because the interferometer scan-
ning is done in both directions, the dc
velocity signal is inverted for the
reverse scanning direction. This is

done by direction logic operating off of
the scan and by a unity-gain inverter.

This work was done by Rudolf A.
Schindler of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, Circle 33 on the TSP
Request Card.

This invention is owned by NASA,
and a patent application has been
filed. Inquiries concerning nonexclu-
sive or exclusive license for its
comercial development should be
addressed to the Patent Counsel,
NASA Resident Legal Office-JPL [see
page A8]. Refer to NPO-14093.

Instrument Measures Many Optical Properties in Visible and IR

Electro-optical system measures visible and infrared reflectance ratios and
combines capabilities of ellipsometer, reflectometer, and spectrophotometer.

Langley Research Center, Hampton, Virginia

An electro-optical system devel-
oped at Langley Research Center is
capable of determining the optical
properties of solids or liquids, such as
metals, semiconductor materials, thin
films, and solutions. In both the visible
and infrared (IR) spectral regions, it
measures reflectance, reflectance
ratio, transmission, absorption, re-
fractive index, and absorption coef-
ficient. Unlike most prior systems, the
instrument can operate in both the
visible and IR spectral regions and
features continuous angle-of-inci-
dence rotation from 12° to 90°, con-
tinuous polarizer rotation, and sample-
to-reference automatic ratioing.

The system consists of several
component parts. The visible/IR hori-
zontal goniometer is shown in the
diagram along with the 1-meter double
monochromater, which features auto-
matic wavelength selection from 0.3 u
to 12u or greater. Separate visible and
IR detectors cover the required
spectral range. These detectors are
fixed, but their positions in the light
path are interchanged by a selector
mirror in the monochromator. A
lock-in amplifier coupled to a variable-
speed chopper synchronously rectifies
signals to minimize the effect of
spurious signals and allows ratioing of
sample and reference signals. The
addition of a ratiometer could auto-
matically determine the ratio of the
parallel and perpendicular compo-
nents of the light reflected from the
sample.

In operation, the radiation from
either a visible or IR source is directed
by a selector mirror through ,the
variable-speed chopper onto a flat
mirror. The light is collimated, passed
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Visible/Infrared Horizontal Goniometer combines the capabilities of an ellipsom-
eter, reflectometer, and spectrophotometer. Operating over a wide spectral range,
this system is expected to find applications in environmental and material-

composition testing.

through a polarizer that polarizes the
light into either parallel or perpen-
dicular components, and is reflected
onto the sample surface at the desired
angle of incidence (selected by
rotating the arm platform). Then the
light beam is reflected into the mono-
chromater and to the visible or IR
detector.

The light is reflected from the
sample with a change in polarization
phase, causing a proportional change

in light intensity, which can be meas-
ured with the electronic accessories.
The polarization phase change is a
function of the angle of incidence of
the light on the sample surface and of
the optical constants of the sample
material.

This work was done by Carmen E.
Batten of Langley Research Center.
For further information, Circle 34 on
the TSP Request Card.

LAR-12285

NASA Tech Briefs, Winter 1978



Hydrogen-Maser Frequency Standard

A proposed variable-volume maser would
have a frequency stability of 1 part in 1014,

Goddard Space Flight Center, Greenbelt, Maryland

In theory, the 1.420-GHz hydrogen-
maser line could serve as a primary
frequency standard with an accuracy
of about 1 partin 1014, As is the case
more often than not, however, certain
practical difficulties have to be over-
come before theory can be reduced to
practice. In building a frequency
standard, a problem that must be
faced is the so-called ‘‘wall shift’" in
frequency caused by collisions be-
tween the hydrogen atoms and the
walls of the container.

Variable-volume hydrogen masers
have been suggested as a way of
correcting for the wall shift. In these
devices, the frequency is measured at
two or more volumes to determine the
dependence of the shift on mean free
path (A). This dependence is then
extrapolated to A = % to find the
unshifted frequency. In most previous
masers, however, the expansion and
contraction of the variable volume
may introduce stresses in the wall that
affect the wall shift in a way that
cannot easily be accounted for when
determining the frequency correction.
Another problem is the introduction of
instabilities in the maser frequency
that make 1 part in 1014 measure-
ments difficult if not impossible.

In a proposed new variable-volume
maser, the wall shift could be
accurately determined, and a fre-
quency standard with an accuracy of 1
part in 1014 would be possible. As
shown in Figure 1, the new maser has
a fixed-volume section inside a micro-
wave resonant cavity. The variable
volume, outside the cavity, is en-
closed by a flexible sheet of Teflon in
the shape of a truncated cone. A
metal baffle separates the fixed and
variable volumes and contains the
microwave field within the cavity.
Apertures in the baffle allow hydrogen
atoms to move freely between the
volumes. A feedback-loop temper-
ature controller holds the temperature
of the cavity and bulb stable to within
5x10-5° C of a preset value.
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Figure 1. This Variable-Volume Maser has a fixed-volume section inside a
microwave cavity that resonates in the TE 011 mode. The variable-volume section
external to the cavity is made of thin, flexible Teflon shaped in the form of a
truncated cone. For best stability and accuracy, the length-to-diameter ratio of the

microwave cavity should be at least 2 to 1.

As shown, the variable volume has
two stable positions: one with the cone
“folded”” inward and the other with the
cone folded outward. With this design,
stresses on the walls are essentially
the same for either configuration
(except for a negligible area near the
folded-over edges), and thus they do
not affect the wall shift. Also, the
design allows a large change in
volume between the two states, which
improves the accuracy when correct-
ing for the wall shift. Since the variable
volume is external to the cavity,
changes in the maser volume do not
destabilize the cavity resonance.

To use the maser as a frequency
standard, the wall shift is measured at
two temperatures and at the two
volumes (see Figure 2). These fre-
quencies are plotted against the
reciprocal of the mean free path of the
hydrogen atoms. The curves are
extrapolated back to A-1 = 0 to
determine the unshifted frequency.

This work was done by Victor
Reinhardt of Goddard Space Flight

FREQUENCY

RECIPROCAL
MEAN FREE PATH

Figure 2. The Maser Frequency Shift is
plotted against reciprocal wavelength
(A1) and is extrapolated to A*1 = 0 to
determine the unshifted frequency.

Center and Peter Cervenka of
Phoenix Corp. For further information,
Circle 35 on the TSP Request Card.

This invention is owned by NASA,
and a patent application has been
filed. Inquiries concerning nonexclu-
sive or exclusive license for its
commercial development should be
addressed to the Patent Counsel,
Goddard Space Flight Center [see
page A8]. Refer to GSC-12334.
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Ultrathin Films as Photomechanical Transducer

The stress in an ultrathin film varies
with the intensity of light shining upon it.

NASA's Jet Propulsion Laboratory, Pasadena, California

A stretched ultrathin film can be
used to detect the presence of light
and to measure total light exposure
over a period of time. This new photo-
mechanical transducer that responds
to light energy shows promise as a
low-cost, nonelectrical substitute for

photocells.
The transducer converts time-
varying light into a time-varying

mechanical stress that can easily be
monitored by strain gages. The effect
was discovered during the course of
experimental studies of the physical
properties of very thin film materials
for the Solar Sail program. A 0.1-mil
(2.5-um) film of polyimide (Kapton, or
equivalent), metalized on one side
with aluminum and on the other with
chromium and stretched in a test
fixture, was illuminated with a flash-
light to make calibration marks on the
film more visible. Immediately, strain-
gage instrumentation attached to the
film showed a sharp decrease in
stress in the film. When the flashlight
was turned off, the original stress
returned.

This photomechanical effect is
believed to be caused by reversible
and rapid heating of the film, induced
by absorption of the incident radiation.
The stress charge, Ao, produced by
an incident energy density Q, is given
by

Ao =-EakO/Cp

where E is Young's modulus for the
film, a is its coefficient of linear
expansion, k is its absorption coeffi-
cient, and Cp is its heat capacity. Thus
a thin film (low heat capacity) with
high absorption exhibits the effect
strongly. In tests of various film
materials with various reflecting and
absorbing coatings (or no coatings at
all), the response has varied from -1.5
to -16 g/cm2-W.
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Figure 1. Film Is Prestressed by stretching in a clamp fixture. Light falling on the
film alters the prestress, and the change is recorded. The film stress drops by 10 to
20 percent when the film is illuminated. The chart trace shown here is the response
to light switched on and off. Light that is changed more gradually produces a
similarly gradual response. ~
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of the photomechanical effect in thin
plastic films are shown here.

A practical transducer exploiting
this effect consists of a 3- by 8-cm
metalized film held by clamps on two
support blocks, one of which is
movable and the other fixed (Figure
1). Tension in the film is adjusted to
about 50 g by a thumbscrew on the
movable block. The film contains an
integral strain gage, which is attached
to an amplifier and strip-chart re-
corder to indicate light-induced
changes in the film stress.

The stress in the film decreases by
10 to 20 percent, depending on the
brightness of the light and the nature
of the film. A 100-watt light bulb
produces a more pronounced effect
than a flashlight, for example (see
Figure 2). If the light intensity is
varied sinusoidally instead of just

turned on and off, the stress in the
film follows a similar sinusoidal
variation. The total light exposure can
be determined by graphical integration
of the area under the response curve
on the strip-chart recorder.

This work was done by Robert F.
Fedors and Mohammad N. Sarbolouki
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information,
Circle 36 on the TSP Request Card.

This invention is owned by NASA,
and a patent application has been
filed. Inquiries concerning nonexclu-
sive or exclusive license for its
commercial development should be
addressed to the Patent Counsel,
NASA Resident Legal Office-JPL [see
page A8). Refer to NPO-14363.

Books and Reports

These reports, studies, and hand-
books are available from NASA as
Technical Support Packages (TSP's)
when a Request Card number is
cited, otherwise they are available
from one of NASA's Industrial
Application Centers or the National
Technical Information Service.

Solar-Heating System —
Design Data Brochure

Design and performance
specifications for a complete
system that is assembled from
commercially available
components

A recently released report des-
cribes a complete system for space
and hot-water heating that is as-
sembled from commercially available
components. The system can meet
the needs of a single family dwelling
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having approximately 1,200 ft2 (110.4
m2) of floor area, and it can be scaled
to the requirements of larger or
smaller installations. The design,
performance, and hardware specifica-
tions will be helpful to architects and
engineers in planning and operating an
equivalent solar system.
The major hardware components
comprising the closed-volume system
are:
sthe flat-plate, liquid solar collectors;
ea 1,000-gal (3.7-m3) hot-water tank
for storing thermal energy;

*a 65-gal (0.24-m3) storage tank for
domestic hot water;

swater/air and water/water heat ex-
changers;

sthree variable-head
pumps; and

*a solid-state system controller.

Manufacturer's literature describing

the hardware is included in the report.

For each installation, the perform-
ance (measured as percent solar
contribution to the total heat load) is a
function of the load and system size. It

circulator

is possible to determine a building
“load coefficient’” (BLC) from the

expression
BLC = U(Floor Area)
24
where U is the building load in

Btu/day/°F per ft2 of floor area. The
BLC is used in calculating the size of
the water/air heat exchanger.

Graphs for determining the collector
size from the load requirement and
available roof area are also contained
in the report, as are guidelines for the
selection of pumps and the liquid/
liquid heat exchanger. The last two
sections of the report are devoted to
information on system installation,
operation, and maintenance.

This work was done by the Federal
Systems Division of IBM Corp. for
Marshall Space Flight Center. To
obtain a copy of the report ‘‘Design
Data Brochure SIMS Prototype
System 3,"" Circle 37 on the TSP
Request Card.

MFS-23977
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Solar-Heating System —
Performance Tests

To determine its suitability
for field installation

Results of performance tests on the
solar-heating system described in the
previous article are contained in a
recently released report. Tests were
carried out in two phases, using the
Marshall Space Flight Center solar-
heating and cooling test facility. In
phase 1, temperature inputs and
loads on the thermal-storage and
domestic hot-water subsystems were
varied to test the energy-transfer
function of the system. Normal,
“‘as-installed,” operation was sim-
ulated in phase 2.

The major test objectives were to
verify that the individual commer-
cially-available hardware subcompo-
nents performed to their design
requirements and to insure that the
system performed to specification.
The tests also were intended to
generate a performance data base for
comparison with future tests on a
field-installed system. The percent
solar contribution to the overall
building heat load was used as a
primary performance indicator.

The tests gave the following signifi-
cant findings:

*The system will supply 53 percent of
a 75.5x106-Btu/yr (79.6x109-J/yr)
total heating load (assuming weather
data appropriate for Huntsville,
Alabama).

*The electrical energy required to
drive the solar portion of the system
is approximately 2.5 percent of the
collected energy.

*The flow distribution manifolds pro-
duce thermal stratification in solar
storage. This stratification improves
the collector efficiency if space heat
is not energized. If space heat is
energized, space heating is en-
hanced usually at the expense of col-
lection efficiency.

*A single-tank solar domestic water
heater is a viable design option.

*The system was judged suitable for
field installation.

This work was done by the Federal
Systems Division of IBM Corp. for
Marshall Space Flight Center. To
obtain a copy of the report '‘SIMS
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Prototype System 3 — Engineering
Analysis,”” Circle 38 on the TSP
Request Card.

MFS-25021

Solar-Heating System

System can be used in
buildings for which roof-
mounted collectors are not
feasible.

A solar domestic-hot-water and
space-heating system that uses air in
the collector loop is described in a
new report. The modular system con-
sists of the collectors, a rock-storage
bin, blowers, dampers, ducting, an
air-to-water heat exchanger, a
domestic-hot-water preheat tank, pip-
ing, and system controls. Included in
the 82-page report are design, per-
formance, and hardware specifica-
tions in sufficient detail to assemble
the system and to allow architectural
engineers and contractors to procure,
install, operate, and maintain it.

This system is intended for use in a
small, single-family dwelling where a
roof-mounted collector is not feasible
(because of lack of space or other
restrictions). A prototype unit has 203
square feet (18.7 m2) of effective
collector surface and 113 cubic feet
(3.1 m3) of rock storage. Expansion or
reduction of the collector array and
the storage bed is possible in 68-ft2
(6.2-m2) and 37-ft3 (1.0-m3) incre-
ments, respectively.

Three modes of operation are
possible, to maintain three different
air-circulation loops: (1) collector-to-
storage, (2) collector-to-load, and (3)
storage-to-load. Airflow is controlled
by two blowers and two dampers.
Solar energy is collected in modes 1
and 2; space heating is generated in
modes 2 and 3.

Water is siphoned in the domestic-
hot-water preheat loop between the
air-to-water heat exchanger and the
preheat tank. The domestic hot water
is heated, primarily in mode 1, when
air temperatures in the heat exchang-
er are hottest; however, when the air
temperature into the heat exchanger is
higher than the preheat-tank water
temperature, the water may also be
heated in modes 2 and 3.

At a projected demonstration
site for the prototype in Clinton,
Mississippi, the system is expected to
supply 48 percent of the total building-
heat requirements (35 percent of
space heat and 68 percent of heat for
domestic hot water). For this system,
the hot-water demand is 130 gal/d
(492 1/d), the domestic-hot-water
temperature is 140° F (60° C), and
the peak heating load is projected at
30,604 Btu (32.3x106 J). Although
these figures can serve as guidelines
in planning other systems, the actual
system performance is sensitive to
various site-dependent and building-
dependent factors.

This work was done by the Federal
Systems Division of IBM Corp. for
Marshall Space Flight Center. To
obtain a copy of the report ‘‘SIMS
Prototype System 4 — Design Data
Brochure,” Circle 39 on the TSP
Request Card.

MFS-25022

Solar Hot-Water System

Design data brochure
describes domestic hot-water
system for single-family
residences.

A solar water heater that meets the
needs of a family of four is described
in a brochure that can be obtained on
request. The direct-feed system is
designed to produce 80 gallons (300
liters) of 140° F (60° C) hot water per
day.

Heating is accomplished by the cir-
culation of potable water from the
bottom of the storage tank up through
the solar collectors and back down to
the top of the storage tank. An
electronic controller regulates the flow
of water in response to the solar
energy absorbed by the collectors.
The electronic controller also operates
the freeze protection system. This
direct-feed solar water heater elimi-
nates the need for heat exchanges and
antifreeze solutions by providing
freeze protection with ‘‘circulating
tank water” for geographic areas
below 31° latitude or ‘‘collector
draindown' for geographic areas
above 31° latitude.
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The four basic components of the
system are:
*Collectors,
eStorage tank,
*Flow controls, and
sTransport lines.
The brochure describes the function,
operation, and installation of each
component. It also reviews the annual
movements of the Sun relative to Earth
and explains the geographical con-
siderations in collector orientation and
sizing. Practical examples using
brand-named hardware are included.
This work was done by Solar
Engineering and Manufacturing Co.
for Marshall Space Flight Center.
To obtain a copy of the brochure
“Design Data Brochure: Solar Hot
Water System,’" Circle 40 on the TSP
Request Card.
MFS-25043

Residential Solar-Heating
System — Design Package

Includes performance
specifications, design data,
and installation guidelines

A design package for the residential
solar-heating system introduced on
page 202 of NASA Tech Briefs, Vol. 3,
No. 2, has been made available.
Included in the 65-page package are
performance specifications, design
data, installation guidelines, and other
information that should be valuable to
those interested in evaluating the
system (or similar systems) for pro-
jected installations.

The modular system has air-heating
solar collectors. An air-to-water heat
exchanger transfers heat to a
domestic-hot-water storage tank and
to water in an energy-storage tank.
When installed in an insulated
“‘energy-saver’’ home, the system can
supply a large percentage of the total
energy needs of the building.

Drawings, graphs, and data in
tabular form complement the text
material of the design package.
Information on system electrical
wiring and a parts list are also

included.
This work was done by Solafern,
Ltd., for Marshall Space Flight

Center. To obtain a copy of the
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design package, ‘‘Design Package for
a Complete Residential Solar Space
Heating and Hot Water System,"
Circle 41 on the TSP Request Card.
MFS-25071

Development and Testing of
a Hot-Air Solar Collector

Includes design details,
materials recommendations,
and performance
specifications

A new report summarizes the
development of the solar collector
described in two articles in a previous
issue of NASA Tech Briefs. [See
“Prototype Air Flat-Plate  Solar
Collector’” (MFS-23893) and ‘‘Flat-
Plate Solar Collector — Installation
Package (MFS-23921) on page 214 of
NASA Tech Briefs, Vol. 3, No. 2.] The
collector is an array of three or more
flat panels, each measuring 4 by 8 feet
(1.2 by 2.4 m). Air flows over a flat
solar-heat-absorbing surface under a
glass plate. In flowing through three
panels, the air is heated to at least
172° F (78° C). During tests on a
clear December day in Colorado, a
three-panel array produced 14,400
Btu/h (4,200 J/s), enough to meet
much of the space- and water-heating
requirements of a small building such
as a home or shop.

The report discusses structural
details of the panel, including the
aluminum frame, the seal between the
glass plate and the frame, and the
stretched plastic film that protects the
glass from damage. Reasons for the
choices of materials are explained.
Development work is described — in
particular, the selection of a solar-
absorbent coating and of the proper
spacing for airflow between this
coating and the glass plate. The report
gives a complete performance speci-
fication and an extensive certification
test report.

[Also see related article ‘‘Sub-
system Design Package for Solar Il
Collector’” (MFS-23941) on page 355
of NASA Tech Briefs Vol. 3, No. 3.]

This work was done by John M.
Caudle of Marshall Space Flight
Center. To obtain a copy of the
report, “Development, Testing, and

Certification of Life Sciences Engi-
neering Solar Collector — Final
Report, "’ Circle 42 on the TSP Request
Card.

MFS-23997

Design and Installation of a
Flat-Plate Solar Collector

Includes information on
collector sizing

Performance and installation in-
formation for a flat-plate, liquid solar-
energy collector is presented in a new
report. The single-glazed collector
consists of 30 closely-spaced elasto-
meric twin tubes cemented to an
insulating base and covered by flexible
plastic. The panel area is selected to
meet the requirements of the building
in which it is installed; it can be as-
sembled in sizes up to 4 by 25 ft (1.2
by 7.6 m). Several panels can be
ganged to make larger sizes.

The collector is designed to meet
Housing and Urban Development
(HUD) Department standards for
home use. Its performance is sum-
marized by the criterion that it collect
at least 500 Btu/day/ft2 (0.00157
cal/s/cm2) at an inlet fluid tempera-
ture of at least 130° F (54.4° C) under
the following conditions:
oTilt angle = 50° with respect to the

horizontal.
eAzimuth is due south.
eAmbient temperature = 40° F (4.4°
C), average.
eWind velocity =
m/s), average.
*Noon solar flux = 290 Btu/h/ft2
(0.0219 cal/s/cm2) normal to the
collector surface.
*The date is November 21.
e atitude = 74°.
eLongitude = 41°.
A plot of minimum efficiency for
different operating conditions is in-
cluded in the report.

In addition to descriptions of the
performance specifications, the in-
stallation, operation and maintenance
procedures, and detailed drawings,
the 61-page report describes methods
for determining the optimum collector
size. Collector sizing is an economic
decision as well as a technical one. In

(continued on next page)

600 ft/min (3.05
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contrast to conventional heating or air-
conditioning systems that are sized to
handle peak loads (since they do not
generally operate in cooperation with
backup systems), the solar system is
sized to handle only a portion of the
peak-load demand. The balance of the
load is absorbed by a backup system.

The sizing calculation is thus
carried out in two steps: (1) The total
energy requirements for domestic hot
water and space heating are ascer-
tained, and (2) the collector is sized to
meet a portion of these requirements.
A table of the average hot-water
requirements for various single-family
dwellings is included in the report for
use in the first calculation. In making
the second part of the calculation, the
collector tilt angle is determined and is
used in determining the amount of
insolation received per unit area of
collector surface. Finally the area
required to meet roughly 50 to 60
percent of the domestic hot-water
requirement and 40 to 50 percent of
the space-heating requirement is
calculated. Comprehensive tables of
collector tilt factors and average daily
degree-day factors for many locations
are given. [See the following article
“Liquid Solar Collector — Perform-
ance Tests"' (MFS-25082)].

This work was done by the Calmac
Manufacturing Co. for Marshall
Space Flight Center. To obtain a
copy of the report '‘Design and Instal-
lation Package for the Sunmat Flat
Plate Solar Collector,” Circle 43 on
the TSP Request Card.

MFS-25010

Liquid Solar Collector —
Performance Tests

To verify compliance with
HUD standards

A 156-page report describes com-
prehensive performance tests on a
commercially-available, flat-plate,
liquid solar collector. The tests were
initiated to verify that the collector
meets U.S. Housing and Urban
Development (HUD) Department
Standards for ‘‘thermal stability.”” The
test program consists of three parts:
(1) initial thermal performance; (2)
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30-day stagnation; and (3) final
thermal performance.

The test item is a modular non-
metallic single-glazed liquid solar
collector that is designed for field
assembly. It consists of 30 closely-
spaced elastomeric twin tubes
cemented to an insulating base and
covered with flexible plastic. The
panel is 4 ft (1.2 m) wide by up to 25 ft
(7.6 m) long. The length can be
selected to meet the requirements of
the building in which the system is
installed.

The initial thermal performance test
consists of four parts:
ePreconditioning. The collector is
filled with water, and the inlet is
sealed. Then the panel is held in a
nonoperational stagnation mode in
which the water is allowed to evapo-

rate. The stagnant collector is
exposed for 3 days to cumulative
solar radiation of at least 1,500
Btu/ft2/day (4.73%10-3 cal/cm2/s).
eTime Constant. The transient re-
sponse of the collector to a step
change in insolation is measured.
e/nstantaneous Efficiency. The col-
lector efficiency is determined as a
function of solar radiation flux,
ambient temperature, and fluid inlet
temperature.
e/ncident-Angle Modifier. The effici-
ency is measured for solar radiation
incident at 30°, 45°, and 60° with

respect to the normal to the collector.

Possible materials or construction
problems are identified during the
30-day stagnation exposure tests that
follow the initial thermal performance
tests. During this period, the stagnant
water-filled collector is exposed to
1,500 Btu/ft2/day solar flux. A 4-hour
exposure to 300 Btu/ft2/h (0.0227
cal/cmz/s), after boilout of the water,
is made at least once. The physical
appearance of the collector is mon-
itored, and data on ambient temper-
ature, wind, and precipitation are
recorded.

The final thermal performance test
differs from the initial test in that there
is no preconditioning, no time-
constant measurement, and no
incident-angle modifier measurement.
The efficiency measurements are
made at 12 test points instead of the
minimum of 16 points in the initial
sequence.

A special test of the instantaneous
efficiency at four points, with the

collector glazing removed, was car-
ried out. This was done to determine
indirectly the losses through the
cover. [Also see preceding article
“Design and Installation of a Flat-
Plate Solar Collector (MFS-25010).]
This work was done by Calmac
Manufacturing Co. for Marshall
Space Flight Center. To obtain a
copy of the report, ‘‘Certification and
Verification for Calmac Flat Plate
Solar Collector," Circle 44 on the TSP
Request Card.
MFS-25082

Concentrating Solar
Collector — Installation
Package

Drawings and guidelines to
assist in field assembly

Information on the installation and
maintenance of a concentrating solar
collector and tracking system has
been made available in a 51-page
report. The collector area’is 301
square feet (27.6 mZ2) in seven panels.
Each panel is fitted with a modified
Fresnel prismatic lens that gives a
concentration ratio of 10 to 1. The
system includes supporting frame-
work, fluid manifolding, and a tracking
drive, all of which are supplied by the
manufacturer in kit form and are
intended for assembly in the field.

The report contains a general
description of the system and a
comprehensive set of drawings that
illustrate the assembly procedure.
Also included is information on receiv-
ing, unpacking, storage, and handling
of the subcomponents, along with
separate discussions of installation
procedures for each. Information on
system testing, startup, and mainte-
nance is also included, as is a
materials list.

This work was done by Northrup,
Inc., for Marshall Space Flight
Center. To obtain a copy of the
report “Installation Packages for Con-
centrating Solar Collector Panels,"”
Circle 45 on the TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention
should be addressed to the Patent
Counsel, Marshall Space Flight Center
[see page A8]. Refer to MFS-25068.
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Corrosion Inhibitors for
Solar-Heating and Cooling
Systems

Twelve formulations were
tested in the laboratory.

Twelve candidate corrosion inhibi-
tors for solar-heating and cooling
systems were tested under laboratory
conditions at Marshall Space Flight
Center. The test results are described
in a new report. Four of the inhibitors
are proprietary products available
from commercial vendors; most are
based on sodium salts, including
nitrates, borates, silicates, and phos-
phates. The 12 were evaluated for
their abilities to protect aluminum,
steel, copper, and stainless steel at
temperatures typical of those encoun-
tered in a solar-heating system.

Test specimens were cleaned and
immersed in solutions of the inhibitors
in a corrosive aqueous solvent (con-
taining sodium chloride, sodium sul-
fate, and sodium bicarbonate). The
test assemblies were made by drilling
a small hole in one end of each
specimen. Aluminum, steel, copper,
and stainless-steel specimens were
placed on a screw, with a stainless-
steel nut between adjacent specimens
to act as a separator and to insure
electrical contact. The assemblies
were immersed in 450 ml of the test
solutions (contained in Erlenmeyer
flasks) and the flasks were placed in
hot-water baths (at 80° C).

The assemblies were removed from
the solutions and placed in empty
covered flasks each working day for 8
hours (to simulate a system drained
at night during the winter to preven
freezing). Each specimen was visually
inspected each day, and the solution
level was maintained by the addition
of distilled water to insure constant
solution concentration. After 1 year of

exposure, the assemblies were
removed, disassembled, cleaned,
and weighed.

Evaluation of the corrosion inhibi-
tors was based on the corrosion
protection they afforded aluminum
and mild steel because neither copper
nor stainless steel was significantly
corroded in any of the solutions or in
uninhibited water. The inhibitors are
rated in three categories according to
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protection afforded aluminum, protec-
tion afforded mild steel, and protec-
tion afforded a combination of the two.

Two inhibitors were found to be
very effective for aluminum and steel
under the conditions of this test and
are recommended for consideration in
multimetallic solar-heating and cool-
ing systems. Their evaluation under
simulated or actual service conditions
is recommended. Two others show
promise, but neither protected alumi-
num, and additional testing is required
before they can be recommended.

For systems where aluminum com-
ponents are not corrosion-critical, two
of the inhibitors may give adequate
protection, and another may be
considered for systems having no
corrosion-critical steel parts. An all-
stainless-steel, copper, or combina-
tion system is probably the most
corrosion-resistant, but the cost may
be prohibitive.

This work was done by T. S.
Humphries of Marshall Space Flight
Center. To obtain a copy of the
report, ‘‘Corrosion Inhibitors for Solar
Heating and Cooling Systems,"’ Circle
46 on the TSP Request Card.
MFS-25023

Chemical-Vapor Deposition
of Silicon From Silane

A theoretical study may help
reduce the cost of silicon for
solar arrays and other
applications.

A recent investigation of chemical-
vapor deposition (CVD) of silicon by
silane pyrolysis is described in a new
report.

The study began by considering the
heat of the reaction and the free-
energy change to determine the
feasibility of the reaction for producing
silicon, along with the extent of
conversion, and the energy require-
ments for the process. The results are
presented in a table that lists the
standard free-energy change, the
equilibrium constant, and the heat of
the reaction, all calculated for a
temperature range of 100 to 1,600 K.
An analysis of these data indicates
that silicon CVD is an irreversible and
exothermic reaction over a wide

temperature range. It is promising for
development as an economical com-
mercial process.

The chemical-vapor deposition con-
sists of several physical and chemical
steps; however, the exact mecha-
nisms are not completely understood.
In the study, rate expressions were
derived for every conceivable elemen-
tary step. The elementary steps were
conveniently grouped into six cate-
gories: (1) mass transport of silane
and hydrogen, (2) homogeneous py-
rolysis of silane, (3) homogeneous
nucleation of silicon, (4) heteroge-
neous pyrolysis of silane, (5) hetero-
geneous nucleation of silicon, and (6)
silicon crystal growth.

The actual mechanism of silicon
CVD is thought to consist of three or
more of these six categories. The
controlling step depends on the
reaction temperature and on the silane
concentration. The experimental evi-
dence leads to some general conclu-
sions about silane pyrolysis: The
reaction is predominantly homoge-
neous at temperatures between 300°
and 500° C and is predominantly
heterogeneous at higher temperatures
between 500° and 1,200° C; the
heterogeneous reaction is a diffusion-
limited process above 1,000° C; and
the crystal structure of the deposited
silicon depends strongly on the sub-
strate temperature. All of these
factors are taken into consideration in
developing rate expressions for the
CVD process.

Two basic elements needed to use
the rate expressions to formulate the
global state of silicon CVD from the
elementary steps are the exact mech-
anism of silicon CVD and numerical
values for the various constants in the
rate expressions. Numerical values of
the coefficients and constants are
reported in the literature, or they can
be estimated. If one of the steps is
particularly slow, it can be designated
as the rate-limiting step, and the
remaining steps can be assumed to
occur at equilibrium conditions. The
rate of the limiting step will then be the
global rate.

This work was done by George C.
Hsu, Ralph Lutwack, and Ananda K.
Praturi of Caltech for NASA’s Jet
Propulsion Laboratory. Further in-
formation may be found in NASA
CR-155044 [N77-32265], '‘Chemical

(continued on next page)
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Vapor Deposition of Silicon From
Silane Pyrolysis" [$4.50]. A copy may
be purchased [prepayment required]

from the National Technical Informa-

Computer Programs

These programs may be obtained at
very reasonable cost from COSMIC,
a facility sponsored by NASA to
make new programs available to the
public. For information on program
price, size, and availability, circle
the reference letter on the COSMIC
Request Card in this issue.

Multidimensional
Histograms

Fast-routine for statistical
analysis of Landsat images

The multidimensional histogram
program was developed to examine
the multidimensional statistics of
multispectral image data. In one
Landsat image there are 7,581,600
picture elements (pels). Each pel
corresponds to a particular location of
approximately 80 meters resolution in
the ground scene and is represented
by a four-dimensional vector. The four
components of this vector correspond
to the reflected light intensity of the
ground location in each of four differ-
ent spectral bands. This program
identifies and counts the number of
unique multispectral vectors that
occur in a Landsat image. It also
counts the number of times that the
unique vectors are repeated in the
image. Thus the program computes a
four-dimensional histogram of the

tion Service, Springfield, Virginia
22151.

NPO-14403

Landsat multispectral image data.

This histogram is a measure of the
complexity of the image data and can
be used to predict the most cost-
effective and accurate procedures for
registering, compressing, and classi-
fying the image data.

Multispectral image handling and
processing can be enhanced by
expressing the image data in histo-
gram format. The histogram format is
obtained by extracting all of the unique
vectors and their number of occur-
rences from a Landsat image. The
image is described at each picture-
element location by one number,
which identifies the unique four-
dimensional vector that belongs there.

Important cost reductions for most
types of processing can be realized by
processing each unique vector once
and applying the results to the picture-
element locations with a table lookup
procedure. In the histogram format,
one obvious way to reduce processing
cost significantly is to reduce the
number of unique vectors in an image
and approximate an image with a
reduced vector representation. Statis-
tical results indicate that 30 to 50
percent of the unique vectors only
occur once in an entire image, 12 to
16 percent occur twice, and 7 to 10
percent occur three times. By appro-
priately combining the vectors that
occur a relatively few times with their
nearest spectral neighbors, significant
cost reductions can be achieved.

As a means for ordering the differ-
ent vectors, it would be convenient if
each different four-dimensional vector
could be represented by a unique
number for a table lookup procedure in
a way that would not waste computer
memory. It would be even more
convenient if these single numbers
could be consecutive integers starting
with ‘1" and ending with a maximum
number that can be determined from
the amount of memory available.

It is not possible to assign a unique
number to all of the possible unique
vectors since it is not possible to count
all the vectors with most computer
systems. It is possible, however, to
count a considerable number of
different vectors if each different
vector is assigned an identifier number
that is ‘‘approximately unique.’’ This
"‘approximately-unique”’ identifier
number is derived by means of a
divisor, base, and multiplier tech-
nique. The program can handle up to
40,000 unique vectors in this manner.

This program is written in FORTRAN
IV for the IBM FORTRAN H compiler
and has been implemented on an IBM
360 with a central memory require-
ment of approximately 350K of 8-bit
bytes.

This program was written by Robert
R. Jayroe, Jr., of Marshall Space
Flight Center. For further informa-
tion, Circle B on the COSMIC
Request Card.

MFS-23855
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Ultrafine PBI Fibers and Yarns

A gentle, precisely controlled process draws
polybenzimidazole fibers to denier as low as 0.17 per fiber.

Ames Research Center, Moffett Field, California
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PBI Extrusion From a Spinnerette is coagulated, washed, dried, and drawn to form a yarn of ultra-low-denier fibers. Careful
filtering is among the many precautions taken to ensure a high-quality, extremely fine product. To remove any traces of
particulate matter, the PBI solution passes through a heated-candle filter and, just before it enters the spinnerette, a stainless-

steel sintered-disk filter.

PBI, or polybenzimidazole, is a
synthetic fiber that is nonflammable,
strong, and exceptionally stable. Now,
PBI fabrics also can be made
extremely light in weight by a new
process that produces ultra-low-
denier PBI fibers. Filaments having
deniers as low as. 0.17 (that is,
weighing 0.17 gram per 9,000 meters)
can be made in five-filament yarns of
0.80 denier. In contrast, conventional
PBI fibers are at least 1.5 deniers, and
yarns often range from 75 to 15,000
deniers. Despite a roughly order-of-
magnitude reduction in denier, the
normalized physical properties of the
fibers are essentially unchanged.

The new process was developed to
make ultralight fabric for a solar “'sail"’
that propels a spacecraft by the force
of reflected Sunlight. It should be
useful in other applications in which a
lightweight textile must withstand high
heat, corrosion, or radiation. For
example, the solar sail must resist
radiation in space and high temper-
atures (up to 370° C), and its area
density must be low (3 grams per
square meter).

The ultra-low-denier fibers are
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made by the dry-jet/wet-spinning
process in which they are spun and
drawn on a continuous, in-line system.
As shown in the figure, the PBI
solution from a pressurized vessel is
fed by a metering pump to a
spinnerette and is extruded through
five holes, each 40 nanometers in
diameter. The five streams of PBI
solution fall into a water bath, where
they coagulate into fibers.

The spinnerette is positioned over
the coagulating bath so that the
extruded filaments fall a short distance
and create minimum turbulence as
they enter the bath. (Turbulence in
conventional wet spinning, in which
the filaments enter the bath horizon-
tally, could break the ultrafine fibers.)
Leaving the bath, the fibers pass over
wash rollers that remove any residual
solvent and over steam-heated rollers
that dry the fibers.

The five-fiber yarn passes through a
drawing furnace at a temperature of
from 400° to 500° C, where the
combination of heat and tension on the
yarn elongates the fibers. In this
stage, the polymer structure becomes
better organized, and the physical

properties of the yarn are developed.
The drawn yarn is taken up on a
winder, the speed of which can be
regulated to minimize takeup tension.
This permits longer periods of contin-
uous operation without breaking the
ultrafine fibers.

The most critical element in the
process is the drawing ratio in the hot
drawing furnace. The relative speeds
of the entrance and exit rollers are
precisely controlled to ensure that the
fibers are drawn to the proper thinness
and yet do not lose their strength.

This work was done by Joseph R.
Leal and Marshall Tan of Celanese
Research Corp. for Ames Research
Center. Further information may be
found in NASA CR-152057 [N78-
16189], "‘Ultralow Denier Polybenzim-
idazole [PBI] Yarns,’" a copy of which
may be obtained at cost from the
Western Research Application Center
[see page A7].

Title to this invention has been
waived under the provisions of the
National Aeronautics and Space Act
[42 U.S.C. 2457 (f)], to the Celanese

Research Corp., P. O. Box 1000,
Summit, NJ 07901.
ARC-11221
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Measurement of Subcoat Thickness by Characteristic X-Rays

X-ray scanning system depicts layer
structure on video screen within seconds.

Lyndon B. Johnson Space Center, Houston, Texas

The identification of topcoat and
subcoat boundaries has been a source
of difficulty in inspection of the NASA
Space Shuttle heat shield: Once the
double-coated ceramic material of the
shield is sintered, the final thickness of
the layers is no longer measurable by
conventional scanning electron micro-
scopy or photomacrography.

A recent technique for determining
the thickness of each coat should also
be useful for quality control of other
ceramics. The ceramic layers are
measured by analyzing X-rays emitted
upon electron bombardment. The
difference in components of the two
layers results in a difference in the
wavelength of the emitted X-rays.

The equipment utilized in the
system includes a microprobe ana-
lyzer that identifies a ceramic layer
from the wavelengths of the X-rays it
emits when excited by a thin beam of
electrons. X-rays are detected by a
spectrometer having a crystal of
known wavelength and a mechanism
for moving both the crystal and a

~= SUBCOAT 5
FUSED SILICA AND Al203):

T vV / TOP-GOAT /
(BORATED SILICA GLASS)
=10 MILS | i’ ALY /// ‘

" SUBSTRATE

LI-900 FIBROUS INSULATION)

Figure 1. The Cross Section of Mate-
rial in the NASA heat shield shows the
relative thicknesses of the layers. Note
that the subcoat contains aluminum in
the form of Al2O3, which can be
scanned by the X-ray analysis system.

phototube over a range of Bragg
angles. The sample is scanned in a
raster pattern, and within seconds the
image appears on a cathode-ray tube
for viewing or photographing.

Figure 1 shows the cross section of
the silica-based coating applied to
tiles on the Space Shuttle. Both the
topcoat and the subcoat are primarily
SiO2, but the subcoat also contains
2.5 percent AloO3. Therefore the

=5 MILS

Figure 2. This CRT Display photograph
shows the subcoat thickness. Rela-
tively small quantities of the aluminum
can be detected and analyzed with this
system.

detection system was adjusted to
search for the aluminum. A typical
photograph demonstrating the
subcoat/substrate boundary is shown
in Figure 2.

This work was done by W. J. Harris
and R. A. Quinn of Lockheed Missiles
& Space Co., Inc. for Johnson Space
Center. No further documentation is
available.

MSC-16718

lon-Beam-Textured Graphite

A low secondary-electron emitting surface for
depressed collectors in microwave amplifiers

Lewis Research Center, Cleveland, Ohio

Seven different materials (copper,
tantalum, titanium carbide, beryllium,
soot, smooth pyrolytic graphite, and
ion-beam-textured graphite) were
evaluated to determine which material
had the lowest secondary-electron
emission

The attainment of highest possible
efficiencies from multistage de-
pressed collectors for microwave
amplifiers requires the use of elec-
trodes with low secondary-electron
yield surfaces. Coating copper elec-
trodes with (low-yield) soot improves
the collector efficiency by 2 to 4
percentage points. Since soot is not a
practical solution to this problem

530
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Figure 1. lon-Beam-Textured Pyrolytic Graphite, shown magnified 1,000 times, has

a needlelike, or spired, surface texture.
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Figure 2. Secondary-Emission Ratio is shown as a function of primary-electron
energy for beryllium, copper, pyrolytic graphite, soot, titanium carbide, and
tantalum surfaces in range 300 to 2,000 eV.
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because of its poor adhesion proper-
ties, alternate electron collector
materials were evaluated to ascertain
secondary-electron ratios as well as
reflected-primary-electron character-
istics.

It is well known that carbon exhibits
a very low secondary-electron yield.
Further, electrode roughness also
inhibits secondary-electron emissions.
An electrode with these desirable
qualities may be processed by ion-
beam-texturing pyrolytic graphite,
which also exhibits exceptional
strength and is easily machined. The
textured surface was obtained by
exposing the pyrolytic graphite to a
1-keV argon ion beam. Suitable
surface structure may be obtained
with ion doses ranging from 0.004 to
0.03 A-h/cm2. Figure 1 shows the
resulting needle or spire surface
structure.

Of all the materials evaluated, ion-
beam-textured pyrolytic graphite has
the lowest secondary emission ratio as
well as an extremely-low reflected-
primary-electron yield when compared
to copper, tantalum, titanium carbide,
beryllium, and smooth pyrolytic graph-
ite (Figures 2 and 3). The data for
beryllium, graphite, copper, and tan-
talum were obtained from degassed,
ion-cleaned surfaces. The secondary-
electron yield for pyrolytic graphite,
however, is relatively insensitive to
surface impurity effects. This is not
the case with materials such as
copper or beryllium.

The results indicate that ion-beam-
textured pyrolytic graphite shows the
greatest potential for use as a
depressed collector for high-efficiency
microwave amplifiers.

This work was done by Arthur N.
Curren, Ralph Forman, and James S.
Sovey of Lewis Research Center and
Wayne R. Hudson of NASA Head-
quarters. Further information may be
found in NASA TP 1097 [N78-11230],
““Secondary-Electron-Emission Prop-
erties of Conducting Surfaces with
Application to Multistage Depressed
Collectors for Microwave Amplifiers,"’
a copy of which may be obtained at
cost from the New England Research
Application Center [see page A7].
LEW-12724

531




Absorptive Coating for Aluminum Solar Panels

A layer of copper oxide, formed by etching high-copper aluminum in a
strong base, is an inexpensive surface for collecting heat from the Sun.

Marshall Space Flight Center, Alabama

In most ways, aluminum is an ideal
choice as the material for solar-heat
collector panels: The metal is widely
available, inexpensive, easily formed,
strong, and durable. Because it is
highly reflective, however, aluminum
needs a coating of a light-absorbing
material to function effectively in such
applications as space heating and
water heating.

Now, a method has been developed
for forming an absorptive coating from
the copper component of an
aluminum/copper alloy. The coating
consists of copper oxide and has solar
absorption characteristics similar to
those of the best previously available
coating, black chrome (see figure).
The copper oxide coating, however, is
much simpler and less costly to
produce.

Sheet aluminum alloy with high
copper content (6 percent or more) is
used as the starting material. One
surface of the sheet is etched in
sodium hydroxide solution, and a
matrix of small copper oxide granules
forms on the surface. If the aluminum
sheet has been previously tempered
(2219-T87 aluminum alloy, for ex-
ample), the copper oxide forms as a
coherent (i.e., continuous, nongrainy)
layer. Whether grainy or coherent, the
layer adheres strongly to its aluminum
substrate.

The copper oxide layer selectively
absorbs the solar wavelengths with the
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A Copper Oxide Layer on aluminum reflects little (and absorbs much) of the Sun’s
energy at wavelengths between 0.5 and 2 microns — wavelengths that have most of
the heat content. Black chrome has similar absorption characteristics, but cannot be
formed directly on aluminum; a layer of copper must first be applied to the

aluminum.

greatest heat content (visible and
infrared wavelengths) and therefore
collects heat efficiently. The copper
oxide is unaffected by high heat and
humidity and hence is well suited to
outdoor use.

The oxide coating is actually a form
of “‘smut’” — a hard-to-remove oxide
of the constituents of an alloy that
remains after the alloy has been
chemically etched. Smut has long

been a nuisance in alloy processing
operations, but in the case of alumi-
num solar collectors is turned to good
advantage.

This work was done by Donald De
Smet, Andrew Jason, and Albert Parr
of the University of Alabama for
Marshall Space Flight Center. For
further information, Circle 47 on the
TSP Request Card.

MFS-25033

Fire-Resistant Wood Composites

A modified resin binder makes

wood composite more fire-resistant.

Ames Research Center, Moffett Field, California

Modified novolak resins, which are
used in binding wood flour, sawdust,
chips, and fibers, inprove fire re-
sistance of pressed wood products.
These wood compositions are com-
mon in the building industry. The resin
selected is mixed with the wood

532

particies, which are then shaped and
cured by applying heat and pressure.
Wood panels made with the modified
resin have a burnthrough time of 450 s
as compared to 280 s for products
using conventional novolak resin. By
incorporating an inorganic filler, such

as ammonium phosphate or its mix-
ture with ammonium oxalate, into the
resin, the flame spread index of panels
is reduced from more than 200 to 60
or 70.

The modified resins are novolak-
type polymers prepared by the reac-

NASA Tech Briefs, Winter 1978



tion of an aralkyl ether of the general
formula R/[-(CH20R)]a and/or an
aralkyl halide of the general formula
R’/[-(CH2X)]a with an excess of a
phenolic compound or a phenolic
compound and a compound contain-
ing aromatic nuclei. Radical R/ is a
divalent or trivalent aromatic hydro-
carbon or hydrocarboxy radical; R/ is
a divalent or trivalent aromatic hydro-
carbon radical. Both R/ and R’/ can
contain inert substituents in the
aromatic nucleus. Radical R is an alkyl
radical containing less than six carbon
atoms; X is chlorine, bromine, or
iodine; and (a) has a value of 2 or 3.

As phenolic compound, any com-
pound or mixture of compounds
derived from benzene and containing
preferably one or two, hydroxyl radi-
cals attached to the aromatic nucleus
may be used. Not more than three
substituents may be attached to
carbon atoms in the benzene nucleus.
Specific compounds fitting these de-
scriptions are p-xylylene dichloride,
p-xylyleneglycoldimethylether, phenol,
p-cresol, resorcinol, cathecol, and the
like.

The reaction between the aralkyl
compound and the phenol to form a
prepolymer is carried out in the
presence of a Friedel-Crafts-type
catalyst, stannic chloride being most
preferred. The prepolymer is then
cured by heating to a temperature
between 100° and 200° C or higher,
using a hardening agent such as
hexamethylene tetramine.

Prior to application, the resin and
inorganic filler selected are dissolved
and suspended in a carrier liquid at a
viscosity that can be sprayed onto the
wood particles. In the fabrication of,
for example, oriented-strand boards,
the dried strands are sprayed. Then
they are air-filtered and alined in
successive 90° layers to form a mat.
A mat with several layers is pre-
pressed and then formed into a panel
of desired thickness or density on a
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Panels and Properties

Materials®

Thickness
(mm)

1 625 g Wood StrandsP
150 g Phenolic Resin®
50 g Water

9.72 287

2 700 g Wood Strands
145 g Xylok Resind
50 g Isopropanol

9.72 422

3 As in Example 2
Plus 29 g NH4 Oxalate®

9.72 464

4 As in Example 2
Plus 30 g NH4 Phosphate®

9.72 -

5 175 g Wood Strands
109 g Xylok Resin
38 g Isopropanol
Plus (added to one surface layer)
36 g Xylok Resin, 40 g Isopropanol,
42 g NH4 Oxalate, and
42 g NH4 Phosphate

10.06 588

337- by 337-mm panels
Douglas fir strands

Qoo

Mixtures of materials spread in three layers of oriented strands and formed into

Standard commercial novolak resin having 50 percent solids
Propolymer of p-cresol with 1,4-dimethoxymethylbenzene, mixed with

hexamethylene tetramine, as in example 1 of patent 3,576,788

Ammonium salt present throughout panel
Ammonium salts in top surface layer only

-

Fire Resistance of Differently-Treated Wood Products

hot press, with simultaneous heat-
curing of the adhesive. The finished
panel is removed to an air cooler and
then to a trimming station, followed by
a finishing station for sounding,
painting, and the like.

While they are being sprayed, the
strands are also fluffed continuously in
a blender. The quantities of the binder
and inorganic filler applied may vary in
different layers of strands. However,
when inorganic fillers are used, they
are usually placed in layers at the
surface of the panel. The quantity of
the resins used constitutes 10 to 20
percent of the total weight of compos-
ite panels.

The accompanying table illustrates
changes in burnthrough time and in
flame spread index for five examples.

The contrast is quite evident between
the examples using the earlier novolak
resin formulation and the modified
one. All of the panels except in
example 1 had been hot-pressed for
75 min at 174° C. In example 1 this
time is 10 min at a temperature of
165° C.

This work was done by Paul M.
Sawko of Ames Research Center.
For further information, Circle 48 on
the TSP Request Card.

This invention is owned by NASA,
and a patent application has been
filed. Inquiries concerning nonexclu-
sive or exclusive license for its
commercial development should be
addressed to the Patent Counsel,
Ames Research Center [see page
A8). Refer to ARC-11174.




Antistatic Coating for Acrylics

Treatment with selected low-molecular-weight solvents
helps dissipate electric charge on clear plastics.

NASA's Jet Propulsion Laboratory, Pasadena, California

Clear acrylic plastics, such as
polymethyl methacrylate (PMM), can
be made antistatic without degrading
their optical properties. After immer-
sion in a solvent such as acetonitrile,
the acrylics dissipate 50 to 70 percent
of an induced electric charge within 1
minute, yet they retain their optical
clarity. The antistatic properties re-
main even after the treated plastic has
been washed, rubbed, and exposed to
vacuum.

The treatment solves persistent
problems associated with charge
buildup on PMM plastics used in
commercial applications. In aircraft,
for example, prolonged and repeated
charge accumulations have caused
windows made of PMM to fracture;
and in hospitals, electronic equipment
cases and covers made of PMM have
been a fire hazard, especially when
the equipment is used near oxygen
supply lines.

Various solvents were studied as
possible antistatic agents for PMM
(see table). Only acetonitrile and
nitromethane, however, were found to
dissipate static charge without des-
troying the optical clarity of the
plastic. It is conjectured that the low
molecular weight of these solvents
allows them to penetrate the acrylic
ester matrix, so that they cannot be
removed easily from the plastic. The
electrochemical properties of the
absorbed solvent (high electron affin-
ity, large dipole moment, and polar-
izability) probably help to screen
intermolecular potential barriers be-
tween PMM molecules, ailowing

Dissipation of Optical

Solvent Static Charge Clarity

acetonitrile yes good

nitromethane yes good

propanol no good
dimethy| sulfoxide yes bad
benzene no bad
ethyl acetate no bad
ethylene glycol no fair
acrylonitrile no bad

Comparison of Measured Antistatic Optical Properties of treated polymethacrylate,
using various solvents, as described in the text

charge to flow more readily.

The solvent can be applied by
dipping, brushing, spraying, or im-
mersion. Immersion gives the clear-
est finished product. The solvent
should be at a temperature in the
range of 10° to 30° C. After immer-
sion for a period of between 5 and 30
minutes, the plastic absorbs about
0.1 percent 