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When the

David Sarnoff Research
Center was working on color
TV in the early 1940,
people may have thought,
“That’s crazy!” Yet, in 46 we
publicly demonstrated a
practical, all-electronic
compatible color TV system.
It was accepted as the
industry standard in 1953,

1964
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or over 40 years, the David Sarnoff
Research Center has been turning man’s
wildest flights of fancy into marketplace realities.
Now, after all those years as a proprietary
R&D facility for RCA and GE, Sarnoff is an inde-
pendent contract research center.
And business is growing like crazy.

David Sarmoff Research Center. A subsidiary of SR International. Emmy statuette is trademark of ATAS/NATAS,

[s it outrageous to work with an
Emmy-award winning research center?
The fact is, we've won two Emmys over the
years for bringing new technology into the home:
one in 1955 for the tricolor picture tube and
another in 1986 for stereo TV. Today, we're
advancing audio, video and computer
technologies that may become the fully
integrated home information center

In the 1950’s, the concept
of low-power, high-speed
= 4 integrated circuits a few
‘ ,/r' thousandths of a square inch

> / in size existed only in science

fiction, and the laboratory. But
: in 1964, we introduced the first
Ny complementary metal oxide semi-
e conducting chip. Then demonstrated
its marketplace value by building the
first CMOS 8-bit microprocessor.

Still CrazyAftel

§
1955:86 0\

of the future.

Our continuing success in contracts and joint
ventures ranges from computerized automobile
controls and radar measurements for steel blast
furnaces to plasma physics. Work in progress spans
everything from high-definition TV systems to
transmitting data by laser to erasable optic disks.

For our current capabilities report, contact



Was it preposterous of us to try to reproduce
the power of a room-sized laser in a smaller unit?
No, we actually made our latest surface-emitting
diode lasers smaller than the head of a pin.
But what’s really incredible are the
opportunities they've opened for
miniaturizing equipment in
medicine, computing and
satellite communications.

1982
S B Once world communications had
: 4| been linked via satellite, further
{] innovations seemed highly
improbable. Then one of our
multidisciplinary research teams
developed the first solid state amplifier

for use in orbit, which doubled the capacity of
our early “birds,” and extended their operating life.

.
:

1987
During the early 60’s,
we were a pioneer in super-
conductivity research, and the
leader in developing commercial appli-
cations for semiconducting wire which
operated at extremely low temperatures.
Modern superconductors have no resistance
to electricity at twice the previous tempera-
ture and can levitate a magnet like the one
shown here, but we're working on supercon-
ductive circuits that will operate at room temperature.

Joseph C. Volpe, Vice President, Marketing, at the
David Samoff Research Center, CN 5300, Princeton, NJ
08543-5300, or call (609) 734-2178.
Then lzen(r:lgﬁnu? your tmublesorrée projecﬁsé allegedly
impossible ological hurdles and unreachable goals.
poBecause we're crazy enough to turn them into RESEARCH CENTER
very serious successes. Heads in the clouds, feet on the ground.

DAVID
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First in Linear Actuator Technology

The leading technology in mechanical linear
actuation is still available from the people who pioneered
it 47 years ago. Only now, we're the Thomson Saginaw
Ball Screw Company, the new name for products
formerly manufactured by Saginaw Division, General
Motors Corporation.

Our actuators are used in applications where
reliability and quality requirements are put to the most
demanding industry tests — whether in the manufacturing
plant or flying 35,000 feet above it. And our experience
in designing and building the most comprehensive line
of ball screw products on the market is now backed by a
nationwide team of qualified engineers to service your
immediate linear actuator needs.

As motion transfer mechanisms, Thomson
Saginaw ball screw assemblies work for you at over
90 percent efficiency in converting torque to thrust.
You can convert this to your advantage by saving
yourself power, money and avoid the troubles com-
mon to other inefficient actuator devices. L

If you're looking for standard or \
custom designed linear actuators, start it 2
moving with Thomson Saginaw. The
same people that started things moving
in the first place. We welcome your
inquiries. Send us your drawings or
sketches for a free estimate and/or
engineering proposal. Or, write or call for T TCe
your own copy of our Ball Screw Design
Guide. Thomson Saginaw Ball Screw
Company, Inc., P.O. Box 9550, Saginaw,
MI 48608, (517) 776-4123.

M




' THOMSON SAGINAW

First in Linear Actuator Technology
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PARALI.EL PROGESSING N

NEW MODULAR
PRESSURE
SGANNING

SYSTEM

INTRODUCING
THE MODEL 8400
PRESSURE
SCANNING &
ACQUISITION

SYSTEM

m All Media Pressure
Measurement

= Voltage, Frequency &
Digital Inputs

® 100,000 + Measurements
Per Second

® .05% Accuracy Full Scale

The 8400 system is a second generation
approach to data acquisition. It frees the
test engineer from technology of the past.

Parallel architecture lets you simultane-
ously acquire and correlate data from a
variety of transducers. At high speed and
high accuracy.

This acquisition system is fully inte-
grated. So host computer software is
substantially reduced. And cost of

ownership is far less compared to custom
data acquisition systems.

The 8400 concept uses a 32-bit 68020
microprocessor for high speed data
correlation and engineering unit con-

version. The 68020 interfaces your host

computer to as many as 64 measurement
input units each having its own micro-
processor and acquisition personalily card.

Input units include pressure scanning,
calibration, analog measurement,
frequency measurement, and more —
allowing input from virtually any
signal source.

The 8400 system is ultimately flexible. It
can be configured from a low cost entry

The typical
measurement
input unit has
its own 8-bit micro-
processor & acquisition

personality card.

34 Research Drive, Hampton, Va. 23666

(804) 8651243 Telex 901406 Fax 804-766-2644

Circle Reader Action No. 378

level system to ultra-

high performance by your selection of
modular subcomponents. This makes the
8400 specially suited for Turbine and
Aerospace Testing.

The system 8400 is specially suited for Turbine
& Aerospace Testing.

All backed by the company who built
their reputation on guaranteed mea-
surement data, Pressure Systems,
the developer of electronic pres-
sure scanning.

Call 1-800-678-SCAN for a brochure
or exciting demonstration of the
8400°s capabilities.

PRESSLRE SYSTEMS



1 Ensure dry circuit
conditions with a
20 mV clamp.

Keithley’s new Model 580
Micro-ohmmeter combines
three performance features no
other single micro-ohmmeter
has. For example, in its Dry
Circuit Test mode, the Model
580 ensures that the open cir-
cuit test voltage never exceeds
20 mV. This is important, since
too high a test voltage can
puncture oxides or films

on contacts.

Measure bonding resist-
ances and more with
selectable waveforms.

2

For bonding applications, the
Model 580 has 10 micro-ohm
sensitivity, an optional battery
pack, and multiple test leads.
With pulsed test current, the 580
automatically compensates for
thermals, and for temperature-
sensitive components, these pulses
can be triggered individually. For
tests on inductive components,
DC current is available.

THREE DIMENSIONAL

Interface to your
computer with
the IEEE-488 option.

Use the Model 580 as a stand-
alone instrument or select the
optional analog output and IEEE-
488 bus interface and use it in a
computer-based system. All front
panel features are programmable.

Like other Keithley instruments,
it has relative zeroing, autoranging,
and digital calibration, making
measurements faster and more
convenient.

For a brochure or demonstra-
tion of the new Model 580
Micro-ohmmeter, call your local
Keithley representative or the
Product Information Center at
the address below.

Instruments Division
Keithley Instruments, Inc.
28775 Aurora Road
Cleveland, Ohio 44139

(216) 248-0400
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The cost of a
full-featured

Optical Power Meter
just got cut in

half!

Consider these features:

* 4.1/2 digit LCD display with
backlighting

¢ (.1 picowatt/-100 dBm sensitivity
with 0.01 dB resolution

¢ Built-in wavelength compensation
at 10nm intervals over the entire
spectrum

¢ Auxiliary bar-graph analog display

¢ Linear, log (dBm, dB) and ratio
readout modes with background
nulling function

* Choice of silicon and germanium
photodetectors

¢ High accuracy, NBS-traceable
calibration

¢ Construction rugged enough for
field use

¢ External 0-2 volt analog output
¢ Line or optional battery operation

¢ Optional fiberoptic adaptors
available

e Optional IEEE-488 interface

Model 835 Digital Pico-Watt
Power Meter

Until now, these features were only
available in meters that cost over twice as
much as our new Model 835 Digital Pico-
Watt Power Meter.

For detailed
information about
this new product
and other power
meters, including
measurement
capabilities up to
1 kilowatt, see our
new catalog of
electro-optic
research equipment.
If you don't have a
copy, call or send
for one today.

714/965-5406

Newport Corporation

18235 Mt. Baldy Circle

Fountain Valley, CA 92708

Europe: Newport Gmbh, Ph. 06151-26116
U.K.: Newport Ltd., Ph. 05827-69995

Newport

© 1988 NEWPORT CORPORATION
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An ant can crry a load 10X ifs size...

S

So can Marcon Ceramic Capacitors!

Small and powerful - Marcon’s
Multi-layer Ceramic Capacitors
offer unprecedented advances

in MLC technology. Due to our
patented niobium oxide dielectric
they provide:

» volumetric efficiency

» temperature stability

¢ low DC bias voltage dependency

¢ high insulation resistance

* small aging rate

e low dissipation factor

e wide range of compact sizes

e high ripple current handling
capability

e ultra-low ESR

e and the highest in reliability

Marcon’s MLCs also offer you
a wide range of capacitance
(from .10uF to 100uF) and a
voltage range of 25 to 500Vdc.

Our MLCs can be used in even
the most demanding of filtering
assignments; especially input and

MARCON

MARCON AMERICA CORPORATION

310 Era Dr., Northbrook, IL 60062
312/564-2820
Fax: 312/564-1150 GllI

@ Capacitors

*Varistors

*Humidity
Sensors

o ¥,

output filtering of switch-mode
power supplies. Our capacitors are
available in radial lead-dipped
packages and surface mountable
chips featuring nickel barrier or
silver palladium terminations.

Start filtering your frequency with
Marcon MLCs today.

Small and powerful -
Marcon MLCs get the job done! ©1987 Marcon America Corp.

“Please stop and see us at Booth #2729.” Circle Reader Action No. 597



Before he pushes the edge,
IBM takesyou beyond it.

From miles away and thousands of feet below, you know exactly what hes feeling.

Using an IBM 3090 with supercomputer power, you've pushed your design through
relentless iterations of finite element modeling and fluid dynamics analysis. You've
defined the edge.

The IBM 3090 with Vector Facility, for its part, has redefined supercomputer
performance, combining up to six vector processors with one of the industry’ fastest
scalar processors and most efficient memory management systems, parallel processing
capabilities, and full IBM System /370 compatibility.

The result is balanced supercomputer performance that can improve your job
turnaround by eliminating data bottlenecks, and save the added expense of a separate



front-end processor. Plus, the IBM Vector Facilitys modular design lets you start with just
the computer power you need today, and make economical in-field upgrades as your
needs grow. And that gives the IBM 3090VF a big edge over more expensive and less
flexible vector processors.

IBM’ integrated system approach combines the power of the IBM 3090VF with the
advantages of a single operatmg environment, low entry cost, low software and
maintenance costs, a wide variety of application programs, and IBM support to create a
winner in total cost-of-computing.

To find out more, or to arrange to have your IBM Marketing Representative contact
you, simply call 1-800-IBM-2468, ext. 20.

=% The Bigger Picture



of the private sector. ®

ver the last decade, United States

leadership in the world communi-

cations satellite market has been
increasingly threatened by foreign competi-
tion. For while U.S. satellite research and
development has slowed in recent years,
due in part to reduced government subsidiz-
ing of high-risk R&D projects, Europe and
Japan have accelerated their satellite pro-
grams. The European Space Agency pres-
ently outspends the U.S. by a more than
two-to-one margin in new satellite develop-
ment, while Japan has replaced the U.S. as
leading supplier of Earth stations to IN-

12

Above Iis a model of NASA’s Advanced Communications
Technology Satellite (ACTS). Scheduled for launch in 1992,
ACTS will be used to evaluate high-risk advanced
tgchﬁologles that fall outside the sponsorship capabllities

TELSAT, the global satellite network
that provides telecommunications
services to over 170 countries

“For years communications experts have
warned us that Europe was catching up (to
the U.S.) in satellite technology,” said Dr. F
Michael Naderi of NASA Headquarters
“Well, now they have caught up, and it's
vital that we create the advanced technolo-
gy base required to meet this challenge and
regain our competitive edge.”

An important first step, said Dr. Naderi, is
development of the Advanced Communica-
tions Technology Satellite (ACTS), an ex-

Pioneering the
Next Generation 5
of Space Communications

perimental satellite slated for launch aboard
the Space Shuttle in May, 1992. ACTS will
serve as a testing vehicle for a variety of
emerging technologies that could be used
on future commercial satellites. A
cooperative NASA-industry endeavor, the
ACTS program is sponsored by NASA’s Of-
fice of Space Science and Applications
(OSSA) in Washington, DC and managed by

NASA Tech Briefs, May 1988



; the Lewis Research

Center in Cleveland, OH.
Eighty contractors and sup-
pliers from 16 states are involved
in fabrication of the ACTS spacecraft
and ground network, at a total cost of $499
million.

One of the key technologies ACTS will
test is a multiple beam antenna system
designed to expand satellite capacity.
Unlike today's conventional satellites,
which cover the continental U.S. (CONUS)
with a single, stationary antenna coverage
pattern, the ACTS multibeam antenna will
concentrate communications capacity into
a group of narrow spot beams, each encom-
passing a territory about 150 miles in diam-
eter. The spacing of these spots across the
country will allow use of the same frequen-
cy in many beams—hence frequency reuse.
“With this multibeam package, we’ll gain
100 times more power and ten times more
bandwidth than available in current satellite
systems,” said Dr. Naderi, ACTS Program
Manager under OSSA.

ACTS will evaluate both fixed and elec-
tronically hopped spot beams. The hopping
beams will scan parts of the country every
millisecond, with beam capacity divided ac-
cording to the fluctuating demands of users
at different locations. “By adjusting the
time a hopping beam will dwell on any
single location, more efficient use can be
made of available satellite capacity,” said
Ronald Schertler, ACTS Project Experi-
ments Manager for the Lewis Center.

The satellite’s efficiency will be further
enhanced by distributing beam resources
through an access assignment technique
called Time Division Multiple Access (TDMA).
By dividing communications signals into
short, compressed bursts of information,
the TDMA architecture will allow several
Earth stations to operate at the same fre-
quencies through a time sharing arrange-
ment. A master control station based at the
Lewis Center will adjust the TDMA time
slots to match individual user needs.

A Switchboard In The Sky

Use of multiple spot beams requires a
switching system on board the satellite to
interconnect the beams and route signals
to their correct destinations. Two types of
switching facilities will fly on ACTS: in-
termediate frequency (IF) matrix switching
and baseband processing. The IF matrix
switch will interconnect the high-volume,
wide-bandwidth communications transmit-
ted over fixed beams, while the baseband

NASA Tech Briefs, May 1988

processor will route low-volume traffic from
small Earth stations, such as those located
directly on the customer's premises. With
baseband processing, received signals are
stripped down to their basic content—
digital data consisting of binary ones and
zeros. This datais stored and then intercon-
nected to the proper ground antenna.
“On-board digital switching is the single
most important technology advancement

¥\ on ACTS" said Robert Lawton, ACTS Pro-

-

gram Manager for General Electric’'s RCA
Astro-Space Division, the prime contrac-
tor for the satellite. “It’s a step ahead of

anything the competition is doing.”

In addition to permitting signal error detec-
tion and correction, the baseband processor
will dynamically rout individual telephone
calls, bypassing the costs associated with
terrestrial switching networks and, in effect,
moving the switchboard into the sky.

Baseband processing will also enable
ACTS to provide multiple voice channels to
very-small-aperture-terminals (VSATs) and
to do so in asingle satellite hop—neither of
which is possible with present VSAT
networks.

Solving The Orbital Jam

The ACTS communications payload
will operate in the Ka-band (30/20 GH2), a vir-
tually untapped portion of the frequency
spectrum. The Ka-band'’s allotted frequen-
cy bandwidth is twice the size of the com-
bined bandwidths of the C (6/4 GHz) and Ku
(14/12 GHz) frequency bands presently us-
ed by commercial satellites, and therefore
offers the potential to significantly increase
satellite capacity.

“Implementation of the Ka-band could
eliminate the potential problem of orbital
congestion,” said Mr. Lawton. “If we keep
stacking more and more satellites at the
present frequencies, we'll eventually fill all
of the available orbital slots and end up with
the space equivalent of a highway traffic
jam. The Ka-band would expand our options
considerably.”

Before transmission at this higher fre-
quency would be practical, however, re-
searchers must solve the problem of signal

DENVER

SEATTLE/PORTLAND ~ -

SAN FRANCISCO = —

LOS ANGELES/SAN DIEGO = ‘—

PHOENIX/SCOTTSDALE ~

COVERAGE BY:

HOPPING BEAM NO. 1: @
HOPPING BEAM NO. 2: @ ®

STATIONARY BEAMS: ‘

WHITE SaNDS 7

/
DALLAS/FT. WORTH *

fading caused by rainfall. “We could take a
brute-force approach and provide a large
link margin to combat fading, but that would
require an extravagant, costly design,” ex-
plained Dr. Joseph Campanella, Vice Presi-
dent and Chief Scientist for COMSAT
Laboratories, contractor for the master con-
trol and ground stations. “So on ACTS we'll
use an adaptive technique whereby only
those terminals experiencing fade are pro-
vided additional protection.” The affected
terminal will send a request to the master
control station forincreased protection, and
the station will respond by instructing the
terminal and ACTS to temporarily adjust
their transmission power to compensate for
the uplink and downlink fades. “It's a
smooth process,” said Dr. Campanella.
“There’s no loss of data or noticeable
change in transmission.”

The Mission

ACTS is committed to a minimum two
year mission life, during which the satellite
network will be available to industry free of
charge as a national testing facility. Next
year, NASA will release a notice of oppor-
tunity formally soliciting proposals for ex-
perimentation. Mr. Schertler said he ex-
pects researchers to conduct more than 150
experiments, evaluating the capabilities of
the flight system’s advanced components,
the associated ground terminals, and the
overall TDMA network. Experiments will
also study such aspects as satellite point-
ing accuracy, beam pattern and gain stabili-
ty, and ground terminal antenna tracking,
according to Schertler.

After ACTS

Looking beyond ACTS, Schertler envi-
sions researchers using the Space Station
platform to conduct future satellite com-
munications R&D. “It's a natural evolution,” he
explained, “and it would free us from the con-
fines of the Space Shuttle compartment.”

“The important thing is that we keep
pushing our research forward into the next
century,” added Naderi. “ACTS is a major step,
but we can't stop there. We can no longer af-
ford to sit back and watch the world go by."

KANSAS CITY “STI SECTOR

ClEV{lAIn

— — ATLANTA
T MEMPHIS

= == TAMPA/ORLANDO

()= = wam

\
NEW ORLEANS

ACTS will feature three stationary and two hopping beams, providing coverage to most
major metropolitan areas. Each hopping beam can hop to several discrete locations
or to anywhere within a contiguous sector. Altogether, the beams will cover 20% of
CONUS, which is deemed sufficient for an experimental system.
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New Product ldeas

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

priate section in this issue. If you
are interested in developing a
product from these or other NASA
innovations, you can receive fur-
ther technical information by re-

length article or by writing the
Technology Utilization Office of
the sponsoring NASA center (see
page 16). NASA’s patent-licensing
program to encourage commer-

Robotic Tool-
Exchange System

A relatively simple robotic tool-ex-
change system consists of a tool rack,
which holds such tools as screwdriver
bits, sockets, or twist drills, and the

discussed further on the
referenced page in the appro-

the end of the full-

mechanisms that enable a robotic end ef-
fector to pick up or replace a tool. The
spring-mounted tool-rack base reduces
the need for highly accurate positioning
of the end effector. (See page 74).

questing the TSP referenced at

From Frogs To FMEA

National Technical Systems
knows almost as much about
a swamp as frogs and other
amphibians do. It’s part of
the expertise we need to
generate a Failure Modes &
Effects Analysis(FMEA) on
an armored amphibious
troop carrier for the Marine
Corps . .. or conduct an
environmental profile on a
SAM computer.

Test chambers simulate
nearly every environment
conceivable, while dynamic

We Test Out.

National
Technical
Systems

14 Circle Reader Action No. 358

analysis features some of the
world’s most sophisticated
equipment: a 40,000 force-Ib.
shaker, 1000 g's centrifuge,
20,000 g’s pyroshock fixture,
5000 cu. ft. reverberent
chamber capable of 165 dB.
Also, testing of hazardous
products, high-pressure/
high-temperature gases and
liquids, cryogenics, EMI/
EMC, PCB/PWBs.

NTS — testing and
analysis to better help you
simulate the environment.

Call National Technical Systems

In the west (714) 879-6110,

In the east (617) 263-2933 or write NTS,
1536 East Valencia Dr., Fullerton, CA 92631,

or 533 Main St., Acton, MA 01720

cial development is described on
page 16.

Heat-Shrinkable, Seamless
Fabric Tube

A seamless fabric tube under conside-
ration for use in pressure suits like those
worn by astronauts may also be used for
protective garments in industry, rescue
operations, and sports activities. The gar-
ment made from this fabric is expected to
be durable and to require less manual
labor than for a sewn suit. (See page 77).

Rotary Reactor Makes
Large Latex Particles

A prototype chemical reactor pro-
duces latex particles up to 100 um in di-
ameter. Previously, such large particles
could be produced only in the gravity-free
environment of space. The reactor re-
duces the gravitational effects that inter-
fere with particle growth and thus limit the
particles to about 3 um. (See page 76).

Handheld Controller for
Robotic End Effector

A robot end-effector controller is
equipped with position and force feed-
back. The end-effector force and position
are fed back to the operator’s hand
through the rotation of the trigger and the
rocking of the trigger guard. (See page
73).

Single-Layer, Multicolor
Electroluminescent
Phosphors

A new method has been conceived for
the construction of a single phosphor
layer composed of two or more different
color phosphors for use in thin-film elec-
troluminescent displays. The process en-
ables the production of the single-layer,
two-color phosphor layer without etching.

(See page 18).

Readily Processable
Polyimide

A new processable polyimide was syn-
thesized by the reaction of a diamine,
1,3-bis 2-<(3-aminophenoxy)ethyl ether,
with 3,3’ 4,4’ benzophenonetetracarboxylic
dianhydride to form the polyamic acid and
subsequent conversion of it to the polyi-
mide. Evaluation of the specimens has
shown extremely high titanium-to-titanium
tensile shear strength. (See page 50).
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When the call
to TDRSS
doesn’'t go
through...

there’s
no getting

your dime back.
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System availability and
reliability are the big issues for
NASA as it acquires its Second
TDRSS Ground Terminal
(STGT). Delivery of data to
users depends on it.

The Nation’s commitment
is too great to demand anything
less than the objective NASA
has established: 0.9999 avail-
ability. That's why GE is
competing to build STGT; we
can respond to the challenge.
That’s why GE is proposing an
all-new distributed data system
architecture for reliable
operations.

We've designed for low
life cycle cost too, by significant
reductions in equipment and
personnel—to be achieved in
hardware, automated opera-
tions and proven command
and control concepts from
current successful programs.

And we've made the
human, financial and technical
commitment to deliver to
NASA on time and within cost.

As the first user of TDRSS,
we know how vital STGT is. So,
while offering the technical
solution that NASA asked for,
were more than justa supplier.
We've been there.

STGT will play a key role
in Earth/Space communications
for years to come...and GE is
committed to making 0.9999
availability a reality.

GE Aerospace

Ground Systems Department
Valley Forge, Pennsylvania
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I you're aregular reader of TECH BRIEFS, then you're already
making use of one of the low- and no-cost services provided by
NASA's Technology Utilization (TU) Network. But a TECH
BRIEFS subscription represents only a fraction of the technical
information and applications/engineering services offered by
the TU Network as awhole. In fact, when all of the components
of NASA's Technology Utilization Network are considered,
TECH BRIEFS represents the proverbial tip of the iceberg.

We've outlined below NASA's TU Network—named the
participants, described their services, and listed the individuals
you can contact for more information relating to your specific
needs. We encourage you to make use of the information,
access, and applications services offered by NASA's
Technology Utilization Network.

HOW YOU CAN BENEFIT
FROM NASA's
TECHNOLOGY
UTILIZATION

How You Can Utilize NASA’s Industrial Applications Centers—A nationwide network offering a broad range
of technical services, including computerized access to over 100 million documents worldwide.

ou can contact NASA's network of Industrial Applications Centers (IACs) for assistance in solving a specific technical problem or meeting your
information needs. The “user friendly" IACs are staffed by technology transfer experts who provide computerized information retrieval from one of
the world’s largest banks of technical data. Nearly 500 computerized data bases, ranging from NASA's own data base to Chemical Abstracts and INSPEC,
are accessible through the nine IACs located throughout the nation. The IACs also offer technical consultation services and/or linkage with other experts
in the field. You can obtain more information about these services by calling or writing the nearest IAC. User fees are charged for IAC information services.

Aerospace Research Research Triangle Park, NC NASA/UK Technology NASA Industrial Applications
Applications 27709 Applications Center Center (WESRAC)

Center (ARAC) J. Graves Vann, Jr., Director University of Kentucky University of Southern California
Indianapolis Center for Advanced (919) 549-0671 109 Kinkead Hall Research Annex

Research NASA Industrial Applications Lexington, KY 40506-0057 3716 South Hope Street, Room

200
Los Angeles, CA 90007
Radford G. King, Exec. Director

Ctr. 823 William Pitt Union
University of Pittsburgh
Pittsburgh, PA 15260

611 N. Capitol Avenue
Indianapolis, IN 46204
Dr. F. Timothy Janis, Director

William R. Strong, Director
(606) 257-6322
NERAC, Inc.

(317) 262-5036 Dr. Paul A. McWilliams, One Technology Drive (213) 743-8988

Central Industrial Applications Exec. Director Tolland, CT 06084 (800) 642-2872 (CA only)
Center/NASA (CIAC) (412) 648-7000 Dr. Daniel U. Wilde, President (800) 872-7477 (toll-free US)
Southeastern Oklahoma State U. NASA/Southern Technology (203) 872-7000 NASA/SU Industrial Applications
Station A, Box 2584 Applications Center Technology Application Center Center

Durant, OK 74701 P. 0. Box 24 (TAC) Southern University Department

of Computer Science
Baton Rouge, LA 70813
Dr. John Hubbell, Director
(504) 771-2060

Progress Ctr., One Progress Blvd.
Alachua, FL 32615

J. Ronald Thornton, Director
(904) 462-3913

University of New Mexico
Albuquerque, NM 87131

Dr. Stanley A. Morain, Director
(505) 277-3622

Dr. Dickie Deel, Director

(405) 924-6822

North Carolina Science and
Technology Research Center
(NC/STRC) (800) 354-4832 (FL only)
Post Office Box 12235 (800) 225-0308 (toll-free US)

If you represent a public sector organization with a particular need, you can contact NASA's Application Team for technology matching and problem solving
assistance. Staffed by professional engineers from a variety of disciplines, the Application Team works with public sector organizations to identify and
solve critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P.O. Box 12194, Research Triangle
Park, NC 27709. Doris Rouse, Director, (919) 541-6980

How You Can Access Technology Transfer Services At NASA Field Centers:

Technology Utilization Officers & Patent Counsels—Each NASA Field Centerhas a Technology Utilization
Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector.
If you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If a TSP is not available,
you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in applying the
technology by putting you in touch with the people who developed it. If you want information about the patent status of a technology or are interested
in licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Refer to the NASA reference number
at the end of the Tech Brief.

Ames Research Ctr.
Technology Utilization
Officer: Laurance Milov
Mail Code 223-3
Moffett Field, CA 94035
(415) 694-6471

Patent Counsel:

Darrell G. Brekke

Mail Code 200-11
Moffett Field, CA 94035
(415) 694-5104

Lewis Research Center
Technology Utilization
Officer: Daniel G. Soltis
Mail Stop 7-3

21000 Brookpark Road
Cleveland, OH 44135
(216) 433-5567

Patent Counsel:

Gene E. Shook

Mail Code 301-6

21000 Brookpark Road
Cleveland, OH 44135
(216) 433-5753

National Space
Technology
Laboratories
Technology Utilization
Officer: Robert M.
Barlow

Code GA-00

NSTL Station, MS 39529
(601) 688-1929

John F. Kennedy
Space Center
Technology Utilization
Officer: Thomas M.
Hammond

Mail Stop PT-TPO-A
Kennedy Space
Center, FL 32899

(305) 867-3017

Patent Counsel:
James O. Harrell

Mail Code PT-PAT
Kennedy Space
Center, FL 32899

(305) 867-2544

Langley Research Ctr.
Technology Utilization
Officer: John Samos
Mail Stop 139A
Hampton, VA 23665
(804) 865-3281

Patent Counsel:
George F. Helfrich
Mail Code 279
Hampton, VA 23665
(804) 865-3725
Goddard Space Flight
Center

Technology Utilization
Officer: Donald S.
Friedman

Mail Code 702
Greenbelt, MD 20771
(301) 286-6242

Patent Counsel:

R. Dennis Marchant
Mail Code 204
Greenbelt, MD 20771
(301) 286-7351

Jet Propulsion Lab.
NASA Resident Office
Technology Utilization
Officer: Gordon S.
Chapman

Mail Stop 180-801
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-4849

Patent Counsel:

Paul F. McCaul

Mail Code 180-801
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-2734
Technology Utilization
Mgr. for JPL: Norman
L. Chalfin

Mail Stop 156-211
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-2240

George C. Marshall
Space Flight Center
Technology Utilization
Officer: Ismail Akbay
Code ATO1

Marshall Space Flight
Center,

AL 35812

(205) 544-2223

Patent Counsel:

Leon D. Wofford, Jr.
Mail Code CCO1
Marshall Space Flight
Center,

AL 35812

(205) 544-0024

Lyndon B. Johnson
Space Center
Technology Utilization
Officer: Dean C. Glenn
Mail Code EA4
Houston, TX 77058
(713) 483-3809

Patent Counsel:
Edward K. Fein

Mail Code AL3
Houston, TX 77058
(713) 483-4871

NASA Headquarters
Technology Utilization
Officer: Leonard A. Ault
Code CU

Washington, DC 20546
(202) 453-2119
Assistant General
Counsel for Patent
Matters: Robert F.
Kempf, Code GP
Washington, DC 20546
(202) 453-2424

If You Have a Question. . . NASA Scientific & Technical Infor-
mation Faclility can answer questions about NASA's Technology
Utilization Network and its services and documents. The ST staff sup-
plies documents and provides referrals. Call, write or use the feedback
card in this issue to contact: NASA Scientific and Technical Informa-
tion Facllity, Technology Utilization Office, P.O. Box 8757, Baltimore,
MD 21240-0757. Walter M. Heiland, Manager, (301) 859-5300, Ext. 242,
243

A Shortcut To Software: COSMIC“—For software developed with
NASA funding, contact COSMIC, NASA's Computer Software Manage-
ment and Information Center. New and updated programs are announc-
ed in the Computer Programs section. COSMIC publishes an annual
software catalog. For more information call or write: COSMIC? 382
East Broad Street, Athens, GA 30602 John A. Gibson, Dir., (404)
542-3265
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When the calls
come from
TDRSS,

what will

GE’s experience
in space mean
to NASA’s

new ground
terminal?

_J|L

TR

;i

o
o

-

IO
.

GE has been providing
NASA with reliable space
communications for more
than 25 years.

Now there’s a new
challenge: In the desert near
White Sands, New Mexico,
NASA’s Second TDRSS
Ground Terminal (STGT) will
soon be built to receive calls
from space...

...Critical calls from space.
And, that just happens to be a
phase of space exploration
where GE pioneered. That’s
why GE is competing to
build STGT.

For instance, we were the
earliest user of the first TDRSS.
Through our involvement
with Landsat, we have wide
knowledge of TDRSS opera-
tional requirements.

Throughout our 25 years
of experience, we've worked
closely with the Goddard Space
Flight Center. We've been a
major NASA space network
user. We are builders of satel-
lites for NASA/NOAA. We
build military and commercial
satellites and subsystems. And
we build and operate military,
civilian, and commercial C*
ground stations.

GE’s corporate commit-
ment to NASA continues with
STGT. We understand the
objectives of reliability, opera-
bility, maintainability AND low
life cycle costs with 0.9999
availability.

STGT will play a key role
in Earth/Space communications
for years to come...and GE is
committed to making 0.9999
availability a reality.

GE Aerospace

Ground Systems Department
Valley Forge, Pennsylvania
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Single-Layer, Multicolor Electroluminescent Phosphors
Etching is eliminated in producing phosphor layers for displays.

i _ s == L Sl SSRGS STHES Sk ==

Langley Research Center, Hampton, Virginia

A new method has been conceived for
the construction of a single phosphor layer
composed of two or more different color
phosphors for use in thin-film electrolu-
minescent (TFEL) displays. In order to dis-
play the full color spectrum, including
white, electronic displays must have the
three primary colors red, green, and blue.
Full-color TFEL displays, therefore, require
red, green, and blue phosphors placed
close together side-by-side in the same
layer or in separate superimposed layers
or in some combination of the two. The
phosphor layers in a TFEL display device 1
are formed by vacuum deposition of the ‘
phosphors, in thicknesses of 2,000 to
5,000 A, onto a glass substrate that
already has on one surface a pattern of
transparent electrodes covered with a
transparent insulating layer.

Prior methods for producing the single-
layer, two-color phosphor layers for TFEL
displays involve deposition, masking, and
etching of both the red and green phos-
phors. The etching steps are very difficult
to control and result in low yield and high
cost for display production. Also, the et-
ching leaves, on the phosphor layer, an
uneven surface that promotes dielectric ‘
breakdown in the insulating layer that
covers the phosphor in a TFEL display de-
vice. ‘

The new process enables the produc-
tion of the single-layer, two-color phosphor
layer without etching. The method of con-
struction, beginning with the glass sub-
strate with electrode and insulator layers,
involves the deposition of the green phos-
phor, ZnS:TbF3; masking with a metal mask
or photoresist; diffusion or ion implantation
of manganese through the mask to pro- ‘
duce the red phosphor, ZnS:Mn:TbF3;
and removal of the mask.

This technigue can also be used to pro-
duce both single-layer, two-color phos-
phors of other colors and single-layer, ‘
three-color phosphors. The phosphors
must be of the same host material, but with |
different impurities. A two-color example is
SrS:Ce,S;, (red) and SrS:CeF, (blue). A \
three-color example is ZnS:Mg (blue), ‘ &

18 Update your NASA Tech Briefs qualification form every six months. NASA Tech Briefs, May 1988




ZnS:Mn:TbF; (red), and ZnS:TbF; (green).
This work was done by James B.

Robertson of Langley Research Center.

For further information, Circle 121 on the

Maser Oscillator With Dielectric Resdnators

TSP Request Card.
This invention is owned by NASA, and a

patent application has been filed. Inquiries

concerning nonexclusive or exclusive [i-

A two-resonator design should yield low phase noise.

S

NASA's Jet Propulsion Laboratory, Pasadena, California

A proposed sapphire-maser oscillator
would exhibit phase noise intermediate
between the phase noises of unstabilized
microwave oscillators and those of stabi-

lized ruby-maser oscillators with supercon-
ducting cavities. Instead of the convention-
al single resonator, the oscillator would
contain two total-internal-reflection (TIR)

cense for its commercial development
should be addressed to the Patent Coun-
sel, Langley Research Center [see page
16]. Refer to LAR-13616.

dielectric resonators in a normally-conduc-
tive (that is, nonsuperconductive) copper
cavity. Because the TIR resonators would
not require superconductivity to achieve a

relative bandwidth of 10 =7 to 10 —8, the os-
cillator could be operated at a relatively
high temperature — typically at 10 to
80 K — for which inexpensive commercial
coolers are available. The oscillator would
also not include the magnets that are re-
quired in ruby masers.

The two resonators would have a wheel-
like ring-and-disk configuration (see figure).
The upper resonator, made of sapphire
doped with iron, would be sized and
shaped to operate at the 31-GHz pump fre-
quency appropriate for iron/sapphire mas-
ing at zero applied magnetic field. The
pump signal would be coupled in through a
coaxial cable. This resonator would be
made with only as much dielectric as is

w [
{ Pump Signal

(31 GHz)

| Coaxial ]
Cable Maser
Resonator
" Copper- (Fe-Doped
| Shielded Can Sa7hlre)

OUT.

Tektronix' family of
high-speed laser elect
diode packaging
with true hermet-
icity, unmatched
stability and

When it comes to Now you can have
tro-optic com- it all—and on-time ‘
ponents provides dehvory too! Just

unexcelled quality dial 1-800-835-9433
and proven perform-  and ask for Ext. 100.

ance that can give Your competitive \

7 7

stress resistance, your products a edge...isjusta
TEK has it all. competitive edge. phone call away. ‘
/ Coaxial
le—" Cable
Resonator
(Undoped
3 Sapphire)
Tektronix
COMMITTED TO EXCELLENCE Signa' (12 GHZ)

‘ The Two-Resonator Maser Design would
| provide phase stability, isolation between

the pump and output channels, and vari-
‘ able. maser coupling.
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necessary to contain the resonant elec-
tromagnetic mode, so that its entire vol-
ume could be pumped for effective regen-
eration of whatever signal fields are
coupled to it from the lower resonator.
The lower resonator would be made of
sapphire in a size and shape to resonate at
the 12-GHz output-signal frequency of iron/
sapphire masing. Like the upper resonator,
this one is also designed to suppress the
plethora of resonant modes (other than the
desired one) that is ordinarily characteris-
tic of older disk-and-cylinder resonators.

The output signal would be coupled
through a second coaxial cable.

Because the iron-atom maser spins are
coupled to both the pump and signal fre-
quencies via the radio-frequency magnetic
field and because the fields are confined to
the TIR resonators primarily by dielectric
effects, the fringing magnetic fields would
be used to couple the spins in the lower
and upper resonators. The distance be-
tween the resonators would be adjusted by
a conventional mechanical tuning mecha-
nism to vary the degree of coupling.

This work was done by G. John Dick and
Donald M. Strayer of Caltech for NASA’s
Jet Propulsion Laboratory. For further in-
formation, Circle 132 on the TSP Request
Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel. NASA Resident Office~JPL [see
page 16]. Refer to NPO-17157.
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Burst-Locked Oscillator Avoids Side Lock

A counting circuit corrects errors when side lock occurs.
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Lyndon B. Johnson Space Center, Houston, Texas

A digital error-detection-and-correction
circuit in a color-television oscillator circuit
provides synchronization when the color-
burst frequency has drifted outside the nor-
mal tolerance. Such deviations of frequen-
cy often occur in playback from videodisk
or tape records.

Each line of a color-television signal
contains a short burst (the color burst) of a
reference frequency to which the color os-
cillator of the receiver must be locked in
phase if the color information in the signal
is to be properly recovered. Side lock is
said to occur when the color oscillator
locks to the burst but at a frequency that
contains one or more cycles too many or
too few per picture line. To prevent side
lock, it is necessary to keep the difference
between the color-burst and color-oscilla-
tor frequencies less than half the horizontal
scanning frequency, which is nominally
2/455 times the color-burst frequency.

In the figure, the upper part of the circuit
is a standard burst phase-locked loop. A
voltage-controlled, rather than a crystal-
controlled, oscillator is used to allow a wide
frequency range for following off-frequen-
cy signals. The oscillator operates at four
times the burst frequency.

The counter in the lower part of the cir-
cuit counts the number of cycles of the os-
cillator signal occurring in each picture
line. The horizontal-synchronization pulse
triggers capture of the count in the latch
and then resets the counter to zero for the
next line.

The number stored in the latch is used as
an address to control the output of a read-
only memory (ROM). The ROM provides two
output signals that control a tristate line-
driver to provide an error-correction signal
to the oscillator. One output connectedtoan
input terminal of the driver is low for all
counts (addresses) less than 909 and high
for all counts above 909.

The second ROM output controls the tri-
state input of the driver. When the count is

20

Color
Burst

Horizontal-
Synchronization
Pulse

Resistor

Tristate
Control
Line

Logic Line

A Digital Side-Lock-Prevention Circuit is used in a television color-burst phase-lock-loop os-
cillator to provide greater tolerance of off-frequency signals than do crystal-controlled oscil-

lators.

either 908 or 909, the oscillator is deemed
to be producing the correct number of
cycles per line, and the output from the
ROM tristates (in effect, disconnects) the
output of the driver. For other counts, side
lock has occurred, and the driver provides
the high or low output necessary to cause
the oscillator to shift toward the frequency
that will eliminate the side lock.

This work was done by Robert A.
Dischert of RCA Corp. for Johnson Space
Center. No further documentation is
available.

Title to this invention has been waived

under the provisions of the National Aero-
nautics and Space Act [42 U.S.C 2457(1)]
to the RCA Corp. Inquiries concerning
licenses for its commercial development
should be addressed to

RCA Corp

Patent Operations

P. O. Box 432

Princeton, NJ 08543
Refer to MSC-21257, volume and number
of this NASA Tech Briefs issue, and the
page number.
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Equations for Rotary Transformers
A common textbook problem is solved.

NASA's Jet Propulsion Laboratory, Pasadena, California

Equations have been derived for the in-
put impedance, input power, and ratio of
secondary current to primary current of a
rotary transformer. The equations can be
used for the quick analysis of transformer
designs and are easy to set up on a pro-
grammable hand-held calculator or desk-
top computer.

The circuit model is one commonly used
in textbooks on the theory of ac circuits
(see figure). An ac voltage source of am-
plitude V drives the current /, in a primary
winding of resistance R, and self-induct-
ance L ,. Acting through mutual inductance
M, the primary current induces a current/,
in the secondary winding, which has self-
inductance L,. The total resistance of the
secondary winding plus the load con-
nected to the secondary winding is R,.

The coupled loop equations for /; and /,

M

Rq
—\\N
I2
+
v ) L4
= :

Primary Loop: I{ (R + jwlLq) = juMIg=V
Secondary Loop: |2 (R2 + jwlp) — jwMl4 =0

L2 % R2

The Loop Equations for a Rotary Transformer Circuit are easily solved, resulting in the equa-

tions shown in the text.

+ ALY +jwlR3L, + Ly w? (LoLy,—MAT}
where w is the angular frequency and; rep-
resents the imaginary axis in the complex

(8) Secondary current/primary current =
Il = wM/(R22 +w? L22)'/2
This work was done by Phil M. Salomon,

are straightforward and are solved easily, plane.

yielding the following results: (2) Input power =
(1) Input impedance =

Z=(R§+qo2 L)-{R, R%+ w3M2R,

Improved Charge-Coupled
Imager for X Rays

Quantum efficiency and
resolution would be increased.

NASA'’s Jet Propulsion Laboratory,
Pasadena, California

A virtual-phase charge-coupled device has been proposed to
improve the imaging of x rays with photon energies of 0.2 to 10
keV. The anticipated benefits of the new design include higher
spatial and spectral resolution and greater quantum efficiency
at low photon energies. Potential applications include imaging
spectrometers for x-ray astronomy, investigations of plasmas,
and x-ray crystallography.

In a conventional multiphase charge-coupled device, the sen-
sitivity to photons of less than about 2 keV is degraded by the
absorption of these photons in such 'dead layers™ as the oxide
and gate structures. Sensitivity can be restored by the use of a
virtual-phase configuration and by decreasing the thickness of
the oxide in the virtual phase to 500 A.

However, without further modification, a conventional virtual-
phase charge-coupled device exhibits a loss of spatial resolu-
tion with photons of 2 to 10 keV. Such photons are absorbed
below the charge-carrying and depleted regions. When charge
is thus generated below the depleted region, it moves toward
the charge-carrying region and spreads out. Thus, portions of
the charge are detected in several adjacent picture elements
whereas it is desired to detect it only in the picture element or
elements struck by the photons.

In the proposed device (see figure), the depletion depth would
be about 10 um comparable to the thickness (10 to 15 um) of
the epitaxial layer on which the device is fabricated. This feature

NASA Tech Briefs, May 1988

P = V2Re(2)/Z2
where Re(2) is the real part of Z.

Peter J. Wiktor, and Carl A. Marchetto of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 148
on the TSP Request Card. NPO-17120

LIX1. MICROFOCUS

THE BEST REAL-TIME
X-RAY INSPECTION SYSTEM

Detecting
solder
voids and
solder balls
under leadless|
carrier in a
surface
mount
device.

CATCHES DEFECTS
OTHERS MISS

LiXI
LIXI's greater
magnification
and higher
resolution
images all
the solder balls in this surface mount device.

Send us a defective sample. We'll send you a picture of
the defect as seen through LIXI X-ray system.

Lixi, Inc.  (312)620-4646
1438 Brook Drive  Telex: 6871077 DKROB
Downers Grove, IL 60515, USA  Telefax: (312)620-7776
© 1988 Lixi, Inc. LIXI is a trademark of Lixi, Inc.

Brand “N”
Brand “N"
X-ray system
does not
show all the
solder balls.
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The Improved Virtual-Phase Charge-Cou-
pled Device would feature a thin layer of ox-
ide in the virtual phase to increase the quan-
tum efficiency and a depletion layer nearly
as thick as the epitaxial silicon layer to in-
crease the resolution.

is expected to prevent the spreading of
photogenerated charge to adjacent pic-
ture elements. Thus the device would of-
fer the increased quantum efficiency of
the virtual-phase configuration, but with-
out the loss of resolution.

The quantum efficiency of the device
is predicted to have representative values
of 33 percent at 0.2 keV, 76 percent at 0.7
keV, 69 percent at 1.5keV, 90 percentat 2.0
keV, 45 percent at 5.0 keV, and 10 percent
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at 10 keV. Numerical simulations indicate
that the required deep depletion can be
achieved by the use of a high-resistivity
substrate doped at 1.5 X 104 cm =3, with a
phosphorus implant of 1.5 x 1012 cm =2 at
190 keV and an arsenic implant of 3 x 1012
cm—2at 25 keV.

This work was done by Mark Wadsworth
of Texas Instruments, Inc., for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 17 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel. NASA Resi-
dent Office-JPL [see page 16]. Refer to
NPO-17312.

Microwave
Transmitter With
Multimode Output
Section

The output-waveguide
structure would transport 400
kW of continuous-wave signal
power at 34.5 GHz.

NASA's Jet Propulsion
Laboratory,
Pasadena, California

A proposed 34.5-GHz transmitter with a
unique output-waveguide section would
generate as much as 400 kW of continuous-
wave (CW) signal power. The microwave
transmitter would include a traveling-wave-
tube preamplifier that feeds a gyroklystron
final amplifier operating at 100-kV, 10-A
power input. Extensive monitoring and
controlling circuitry would be provided, in-
cluding 20 major safety interlocks asso-
ciated with the gyroklystron stage alone.

The main feature of the conceptual de-
sign of this microwave transmitter is the
output section (see figure), which is intend-
edto perform multiple functions. The signal
is coupled out of the gyroklystron through a
window 2.5 in. (6.35 cm) in diameter, the

NASA Tech Briefs, May 1988



optimum size for the gyroklystron opera-
tion. A rippled-wall mode converter and as-
sociated tapers (see figure) will convert the
circularly polarized TE,, output mode of
the gyroklystron into the required circularly
polarized TE,, mode. The final output dia-
meter for the waveguide system is 1.75 in.
(4.44 cm). This diameter was chosen for
two reasons: (1) because it was the approx-
imate aperture size required for efficient il-
lumination of the associated Cassegrain
antenna and thus eliminated the need for a
tapered feedhorn and (2) because of its
ability to transport the 34.5-GHz signal with
relatively low loss in the TE,; mode. In addi-
tion, the large diameter is required to
transport the 400-kW CW signal reliably
(i.e., without waveguide breakdown).

The gyroklystron output power is pre-
dominantly in the TE,, mode. This TE,,
power is then converted to the TE,, mode
with high efficiency in the mode-converter
section (see figure). Propagation through
the rippled-wall waveguide is described by
a set of coupled wave equations. Numeri-
cal techniques are used to solve the equa-
tions, and the number of ripples, ripple
amplitude, and ripple period are deter-
mined for optimum TE,,-to-TE,, mode con-
version. However, neither the gyroklystron
or.mode-converter output will be free of
spurious mode power.

Therefore, the directional couplers re-
quired for monitoring the forward and re-
flected TE,; power must be both directive
and mode selective. A coupled-transmis-
sion-line analysis leads to the design of
such a directional coupler, the general
configuration of which is shown at the up-
per-right portion of the figure. Uniformly
spaced, round coupling holes and an axial-
ly tapered coupling profile will provide a
coupling factor of —70 dB in the forward
and reverse direction, 40 dB of directivity,
and spurious-mode discrimination of more
than 25 dB. Two coupler arms measuring
the orthogonal linear TE,; modes will be
combined to monitor the circularity of the
TE,,; mode power.

The transmission line terminates in a
multimode feed section with corrugations
of varying depth. Propagation through the
feed section is analyzed using mode-
matching methods, and slot-depth profile is
adjusted to give a suitable radiation pat-
tern. As the signal travels along this sec-
tion, the incident TE,, mode is transformed
into the balanced HE,; mode, which pos-
sesses a circularly symmetric radiation
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The Output Waveguide Structure includes
tion monitor, and a corrugated overmoded
(bottom right) is suitable for antenna illumi

pattern with theoretically no cross polariza-
tion; the HE,, mode is suitable for illumina-
tion of the Cassegrain subreflector. The
predicted directional output pattern of this
output section is shown at the lower-right
portion of the figure.

a mode converter, directional coupler, polariza-
output section. The output directional pattern
nation without a flared feedhorn.

This work was done by Daniel J. Hoppe,
Alaudin M. Bhanji, and Reginald A. Cormier
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
37 on the TSP Request Card.

NPO-16826

Books and Reports

These reports, studies, handbooks are
available from NASA as Technical
Support Packages (TSP’s) when a Re-
quest Card number is cited; otherwise
they are available from the National
Technical Information Service.
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Effects of Radiation on
Electronics — Additional
References

A bibliography with abstracts
covers literature from

1984 and 1985.

The first volume of a three-volume
series of bibliographies with abstracts

summarizes the literature on the effects of
radiation on new electronic devices. The
cited literature also includes items about
sources of radiation and test facilities. The
bibliography is addressed to radiation test
engineers. This and the second volume
cover the years 1984 and 1985. The third
volume, which covers 1982 and 1983, was
described previously. [See “More on Ef-
fects of Radiation on Electronics” (NPO-
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17019) on page 35 of NASA Tech Briefs,
Vol. 11, No. 7]

The types of radiation discussed include
protons, electrons, neutrons, x rays, y rays,
and ions ranging in energy from O to over
20 GeV. Among the semiconductor materi-
als covered are Si, GaAs, and GaAlAs.
Devices covered include transistors, inte-
grated circuits, photodetectors, micro-
processors, and dosimeters.

The abstracts are primarily from U.S.
sources, including conference proceed-
ings and research journals. The authors’
original abstracts are used except where
they are too lengthy or vague. The ab-
stracts are grouped in four categories:

1. Dose-Rate Effects,

2. New Technology,

3. Post-Irradiation Effects, and
4, Test Environments.

Abstracts bearing on more than one cat-
egory are repeated in each applicable cat-
egory. Each abstract lists all of the cat-
egories under which it appears. Within a
category, abstracts are in alphabetical
order by primary author. An index of pri-
mary authors is provided.

This work was done by Frank L. Bouquet
of Caltech for NASA’s Jet Propulsion
Laboratory. 7o obtain a copy of the report,
“Bibliography of Total Dose Radiation Ef-
fects on Electronics, Volume I,” Circle 126
on the TSP Request Card. NPO-16958

Integrated Arrays of
Infrared Detectors
The state of the
technology is surveyed.

A report presents an overview of the
technology of integrated arrays of infrared
detectors. The report covers arrays now
available and those under development. It
gives examples of astronomical images
that illustrate the potential of infrared ar-
rays for scientific investigations.

Integrated arrays combine detection
and readout-multiplexing functions in in-
tegral packages. In principle, they can be
made from a variety of intrinsic and extrin-
sic infrared-sensitive materials. Intrinsic
materials like indium antimonide and mer-
cury cadmium telluride are generally em-
ployed in photovoltaic detectors. Extrinsic
materials like silicon doped with gallium
and silicon doped with arsenic are general-
ly employed in photoconductors or photo-
capacitors. Techniques for growing crys-
tals, ensuring purity, and forming contacts
are highly advanced, and integrated arrays
now achieve nearly ideal performance. Li-
mitations to sensitivity are imposed prima-
rily by the readout circuitry, which can be
based on charge-coupled devices, charge-
injection devices, or switched field-effect
transistors.

At present, integrated infrared arrays
are made by hybrid methods. Two distinct
substrates are used; by designing and
processing the detector and multiplexer

NASA Tech Briefs, May 1988

substrates separately and “bump bonding”
them together, optimum performance can
be obtained from each. Indium-bump-
bonding techniques are now well establish-
ed, and interconnection yields of 100 per-
cent for 32-by-32 arrays are common.
The performances of switched field-ef-
fect transistor multiplexers, which offer the
greatest sensitivity, are expected to im-
prove further. Meanwhile, development
continues on advanced detector and read-
out concepts like impurity-band conduc-
tion arrays, which offer the potential of
superior sensitivity, linearity, and ability to
withstand radiation. Also promising is an
arsenic-doped silicon solid-state photomul-
tiplier; such a device has already counted

single-photon events at a wavelength of
28 um.

This work was done by J. H. Goebel and
C. R. McCreight of Ames Research Cen-
ter. Further information may be found in
NASA TM-88357 [N87-18475/NSP], “In-
tegrated Infrared Array Technology.”

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra fee
by calling (800) 336-4700.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Ames Research Center [see page 16].
Refer to ARC-11787.

Infrared Industries puts electro-
optical technology to work for
you with a complete product line
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¢ [ntegrated with
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thermo-electric controller power
supplies, blackbodies, and com-
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Mobile Communication Via Satellite
A system would mix real-time and delayed-transmission channels.

NASA's Jet Propulsion Laboratory, Pasadena, California

A proposed architecture for mobile
communication by satellite would enable
both real-time and store-and-forward
packet transmission. The real-time, or
open-end, mode would be used for voice
communication. The store-and-forward, or
closed-end, mode would be used for data
communication when a modest delay is
acceptable. The system would adapt the
mix of modes to user demand.

A satellite mobile system is similar to a
ground-based mobile system in which
users in vehicles can communicate with
other users in vehicles or at fixed locations,
and vice versa, when they are within line
of sight of relay towers. However, in the

satellite system, the “relay tower” is
36,000 km above the Earth. It will thus pro-
vide blanket coverage of an entire conti-
nent.

The traffic in such a system will not be
homogeneous. Some users will need
short-burst transmissions typical of in-
teractive data transactions, while others
will want open-end channel assignments
for conversations or the transfer of large
data files. The network design is further
complicated by the uncertainty about the
locations of subscribers roaming over a
vast geographical area, the multipath
fading that constantly works against the
reliability of transmission, and the propaga-

tion delay of satellite systems.

To function successfully under these
conditions, the network must conserve the
frequency spectrum, maximize through-
put, and minimize the end-to-end service
delay and service-blocking probability.
Above all, the network should be modular
so that it lends itself to evolution and in-
tegration of new technologies as they be-
come available.

A network-management center will be
the most important element of the network
and will coordinate service to millions of
geographically dispersed subscribers.
Users will gain access to the system
through a mobile terminal, a base station,

EFH
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|/ SHF Link
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A Combination of L-band and SHF Links will connect fixed and mobile equipment on the ground to a satellite relay. The software and hard-
ware architecture conforms partly to the structure of the open-system-interconnection model suggested by the International Standards

Organization.

26 Update your NASA Tech Briefs qualification form every six months.
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or an external switched network connect-

ed to a gateway (see figure).

The satellite will merely perform fre-
quency translations. It will have multiple
L-band beams at various frequencies so
that a given frequency can be reused in
nonadjacent beams, and thus will con-
serve the scarce frequency-spectrum re-
source. The backhaul communication will
be provided by a single full-coverage
super-high-frequency (SHF) beam. Distinct
SHF bands will correspond to the multiple
L-band beams.

All communications, including SHF/
SHF between base stations, between gate-
ways, and between base stations and gate-
ways, will go through the satellite. Commu-
nications between mobile terminals will
need two hops through the satellite, with an
intermediate gateway or base station pro-
viding the necessary SHF/SHF translation.
The mobile terminals will communicate
with the satellite at L-band. The satellite will
translate each 5-kHz L-band channel to or
from a unigue SHF channel to connect a
mobile terminal to the network-manage-
ment center, a base station, or a gateway.

Each L-band beam will contain two
“overhead” channels. A pilot channel will
enable a mobile terminal to identify the
L-band beam in which it is located and to
acquire the initial frequency synchroniza-
tion. A wake-up channel will enable the
mobile terminal to acquire the timing-
reference and channel-access informa-
tion.

The remaining channels are classified
as either control or information channels.
Control channels, in turn, are divided into
the following two types:

1. Request channels, allocated to return
links (L-band to SHF) only, will be used by
the mobile terminals to request connec-
tions.

2. Command channels, allocated to forward
links (SHF to L-band or SHF to SHF) only,
will be used by the network-management
center to send control information to the
network elements. The information in-

cludes channel assignments and infor-

mation on the status of the network.

Information channels will be used, as
the name implies, for the transfer of infor-
mation. They will be set up, on request, be-
tween mobile terminals and either base
stations or gateways. An information chan-
nel could be either an open-end or a
closed-end channel.

For each L-band beam, the network-
management center will maintain a pool of
request, open-end, and closed-end chan-
nels on the return links. It will maintain a
similar pool of command, open-end, and
closed-end channels on the forward links.

It will adaptively adjust the partition of the
channel types according to two perform-
ance measures: the end-to-end average
delay for closed-end requests and the
blocking probability for open-end requests.

This work was done by Tsun-Yee Yan
and Firouz M. Naderi of Caltech for
NASA’s Jet Propulsion Laboratory. For
further information, Circle 42 on the TSP
Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office-JPL [see page 16]. Refer to
NPO-17041.
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Analog Sensor of Large-Amplitude

Displacements

A noninvasive device measures large amplitudes

even at low frequencies.

Langley Research Center, Hampton, Virginia

Delicate, large space structures have
shown some adverse changes in motion
due to the attachment of measuring de-
vices. This problem generated a need for
noninvasive measurements, at a signifi-
cant number of locations, of a model sub-
jected to large-amplitude displacements.
Most devices now in use are attached
electrically and/or mechanically. For ex-
ample, there are devices that are on the
model, such as strain gauges and acceler-
ometers, and those that touch the model,
such as linear variable-differential trans-
formers (LVDT's). Proximity devices, laser
reflectors, and optical target devices are
complicated, expensive, and inaccurate.
On the other hand, the model analog posi-
tion sensor (see figure) is easily set up or
relocated, requires little from the model to
be measured, and is an inexpensive and
practical solution to the problem.

Such sensors are a line of limited-view
light cells attached to logic circuits that
keep track of the passing dark edge and
that put out a signal proportional to the
change in location of the model. The output
signal can be digital, or it can be converted
to analog.

The model can be dark against a bright
background or well lighted against a dark
background. The brightness can come
from sources as small as ordinary office
light. The model can be as much as 6 ft
(1.8 m) away and moving, and it does not
have to be moving only in the plane of the
sensing device. The field of view of each
sensing element is a cone less than 8°
wide. The output from each sensing ele-
ment is interpreted by electronic latches to
keep track of the moving leading edge of
the model. The system can locate a model
that has little mass and is as small as a
human finger moving at large amplitudes,
and it does not intrude on the model being
measured.

While motivated by requirements for
large space structures, this device could
be of use in many other applications, in-
cluding the opening and closing of auto-
matic doors as far and as fast as needed.
This type of low-angle, light-sensitive
device can be designed as a self-contained
unit to measure large amplitudes, even at
low frequencies where accelerometers
are not adequate.

This work was done by Robert
Miserentino of Langley Research Center
and William C. White of Wyle Laboratories.
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The Low-Angle, Light-Sensitive System can
track the moving leading edge of a model.

No further documentation is available.
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Wideband Digital Interface Unit

Signals are converted from serial to parallel and buffered for input to a computer.

NASA's Jet Propulsion Laboratory, Pasadena, California

A wideband interface unit (see figure)
receives wideband signals containing
blocks of digital data, converts them to
16-bit words, and buffers them for input to
the direct-memory-access (DMA) port of a
host computer. The principal novel fea-
tures of the unit are two very-large-scale-
integrated circuits: (1) one that detects a

i synchronizing signal for
the blocks of data and (2) a programmable
random-access-memory to first-in- first-out
(RAM-to-FIFO) converter, that buffers the
data and releases them to the host com-
puter when that computer is ready to re-
ceive them. Previously, many circuit chips
were required to perform these functions.

The incoming signal is in blocks of 4,800
serial bits (300 16-bit words), of which 24
bits are the synchronizing pseudonoise
code. Once the interface unit has found the
pseudonoise code in a given block, it can

synchronize and examine a sequence of
bits that specify the format of that block. If
the block-format code identifies the data in
the remainder of the block as filler, the
block is discarded; otherwise, the 16-bit
status word associated with processing is
appended to the block, and the resulting
block of serial bits is converted into 301
16-bit words and loaded into the FIFO buff-
er. Any time after the first word has been
placed in the FIFO buffer, data can be
transferred to the host computer via the
DMA adapter.

There are three operating modes: idle,
command, and data acquisition. After
power is applied, the interface unit waits in
idle mode, until system software issues a
command. When the host computer is
ready to receive wideband data, it sends a
“reset” command followed by the “start”
command. The interface unit completes

the reset cycle, synchronizes on the bits of
the wideband data, and then starts
transferring data to the host computer via
DMA. The host computer controls the
transfer of data via three program in-
put/output registers located in the DMA
adapter.

Before bits can be synchronized, the
two correlator chips must be loaded with
the pseudonoise code, the mask code, and
the number of correlations needed for a
match. This is done under microsequencer
control. Data stored in the read-only mem-
ory are loaded into both correlator chips
during the reset cycle. When the starting
bit is received, the synchronization of bits
begins.

Data are clocked into both correlator
chips, which continuously search the data
for the synchronization codes. Once such
a code is detected and the block-format

Host Computer Bus

DMA ADAPTER

Load FIFO

Load

Buffers /correlators

Counter |

Input

|

|

l

|

l

|

.

| = |
| Data
|

|

|

|

|

|

Data
= s Y Wideband
Control Clock [ sy
I I Data Block ¢ I
Detected
| I INPUT AND
| OUTPUT | FIFO BUFFER AND SYNCHRONIZER
i SECTION . CONTROL SECTION
Notes:
1. “DMA" means “direct memory access." 5. “T/R" means "“tristate transceiver.”
2. "ESCR"' means “external-control-and-status register.” 6. “FIFO" means “first-in/first-out.”
3. :‘ROM:| means ‘“‘read-only memory." 7. “CSR" means “command-and-status register.”
4. “"WCR" means “word-count register.” 8. "BAR" means “‘buss-address register."

The Wideband Digital Interface Unit converts serial input data bits to 16-bit words and feeds them as needed to a host computer.
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2 billion miles out.
- There’s no acceptable
failure rate.

That’s why
Teledyne Relays
is here.

On Voyager 2, TO-5 electromechani-
cal relays m.ldv by Teledyne Relays

technologies from space probes to
weapons systems. From flight con-

on or under the sea. On or above the
earth. Anywhere you need superior

have spent eight years in de ep space.
And are still operating perfectly.
And this is only cample of
the extraordinary reliability of TO-5
electromechanical relays from
Teledyne Relays.
This reliability is the reason why

trols to test equipment.

In the 24 years since we invented
the TO-5 Relay technology, we've
supplied millions of relays to a
very demanding market; because
Teledyne’s TO-5 electromechanical
relays are not a compromise.

performance. Put our quarter century
of experience to work for y
Because—when there’s no accept-
able failure rate, there’s only one
acceptable choice—Teledyne Relays.

the TO-5 has become the industry
standard. And it’s the reason designers
keep specifying it for use in advanced

If you are working on a design
which calls for unquestioned reliabil-
ity, work with us. For applications

VT TELEDYNE RELAYS

Innovations In Switching Technology

12525 l)|phm \\{ Hawthorne (..llll(lﬂll 1 ‘K)‘”)U *
European Hqt >
Be I\,lum

© 1986 Teledyne Relays Ilpdll \llu ()(hu Té uknh Nn 3 Bulhhm,

France Sales Office: 85-87 Rue Anatole-France, 92300 Levallois-Perret « 1-7587160
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code checked to insure that the data are
not filler, the input section forms the 16-bit
words, loads them into the FIFO input reg-
ister, and sends a message stating that the
input buffer is filled. The input section also
monitors the data clock. Should the clock
stop during accumulation of data blocks,
a “data clock timeout error” is posted in
the external-control-and-status register
(ECSR), causing an external interrupt sig-
nal, and the acquisition of data stops until
the interface unit is reset by the host com-
puter.

The FIFO buffer holds up to 13.6 wide-
band data blocks. Should the FIFO buffer
overflow, a “FIFO overflow” status is
posted in the ECSR, and an external inter-
rupt occurs. The acquisition of data then
halts until the interface is reset by the host
computer. The FIFO buffer is loaded at the
wideband input data rate and unloaded at
the maximum DMA transfer rate. Once the

FIFO buffer empties, the DMA rate is then
throttled by the input data rate.

The control section is a microsequencer
that includes a “next-address” control unit
and an 8-bit microprogram sequencer. The
sequencer controls the loading of the cor-
relator chips, starting the serial data input
cycle, loading the FIFO buffer, the posting
of errors, appending the contents of the
ECSR to the block of data, and unloading
the FIFO buffer to the host.

Synchronized bits that have been load-
ed into the FIFO buffer are unloaded one
word at a time and transferred directly to
the-memory of the host computer via the
DMA adapter. Data remain synchronized
in blocks as long as the 301-word bounda-
ries are maintained. The transfer of a block
can be terminated when the word-count
register in the DMA adapter reads “zero,”
if this completion interrupt was previously
enabled. The transfer of data to the host

computer restarts when the system soft-
ware first clears bit 10 of the control-and-
status register and, after clearing that bit,
sets it again. This “toggling” of the starting
bit immediately starts DMA action.

The output registers are loaded with
data from the FIFO buffer. When the DMA
interface adapter takes control of the data
bus, the output register transfers data
through the ftristate transceivers to the
DMA adapter.

This work was done by William M.
Baltau of Caltech for NASA’s Jet Propul-
sion Laboratory. For further information,
Circle 34 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office<JPL [see page 16]. Refer to
NPO-17276.
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Fast Data Acquisition for Mass Spectrometer

New equipment has the speed and capacity to process time-of-flight data.
e e e e e e . g e R i T N T e o St AT Sy e St e T T )
Ames Research Center, Moffett Field, California

The data generated by a time-of-flight
mass spectrometer are captured by a fast
data-acquisition system. The system relies
on a fast, compact waveform digitizer with
32-k memory that can be readily coupled to
a personal computer. With this newly
available digitizer, the system captures all
the mass peaks on each 25- to 35-us cycle
of the spectrometer.

The computer enables the convenient
control of the collection and management
of data. It automates the data-acquisition
process, including mass calibration, logg-
ing of pertinent experimental parameters,
and presentation of the recorded spectral
data in a variety of ways.

The system samples vapor plumes pro-
duced by laserpulse heating of various
materials. After the 1-ms pulse of vapor
that follows each laser pulse, the system
displays the following on video screens:

* 3 three-dimensional view of the time-re-
solved spectra from the vapor with the
major mass peaks labeled by their ratios
of mass to change and

*a presentation of laser intensity versus
time and total ion current versus time.

Simultaneously, the system prints out perti-
nent experimental parameters, including
the identity of the sample, date and time,
laser-power-supply voltage, pressure in the
vacuum chamber, and potential of the ion
deflector. The operator can request prints
and plots of data (see figure).

In addition, the system can be used to
capture spectra in the averaging mode
over much longer periods; for example,
several tenths of a second or more. These
longer measurements analyze vapors

32

from continuous laser heating or calibra-
tion gases. Except for the three-dimension-
al format, the same displays and printouts
are available.

The time-of-flight mass spectrometer
sends out a trigger pulse at the beginning
of each cycle. The microchannel-plate de-
tector of the spectrometer produces an ac
component containing the spectral signal,
and a dc component — the total multiplier
current — that is a measure of all the
masses in the vapor. The spectral signals
are fed to a transient recorder (synchroniz-
ed by the trigger pulses from the spec-
trometer) where they are stored in a signal
memory and processed by a microproces-
sor before being transferred to the host
computer.

This work was done by K. A. Lincoln of
Ames Research Center and R. D. Bechtel
of Santa Clara University. Further informa-
tion may be found in NASA TM-88374
[N88-724538/NSP], “A Fast Data Acquisi-
tion System for the Study of Transient
Events by High Repetition Rate Time-of-
Flight Mass Spectrometer.”

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra fee
by calling (800) 336-4700.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Ames Research Center [see page 16].
Refer to ARC-11785.

Relative Abundance,
Arbitrary Units

12 24 26

m/z (Ratio of Mass to Charge)
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A Pseudo-Three-Dimensional Plot gives a time-resolved view of the mass spectra.

NASA Tech Briefs, May 1988



When you want to completely
understand your waveform,
you need all the information
you can get. LeCroy’s 6810
Waveform Digitizer delivers both
the BIG horizontal and vertical
waveform picture. And the digi-
tized data makes for simple fre-
quency domain analysis (FFT)
too.

B The 6810's long memory, fast
sample rate, and pre-trigger
recording provide the BIG hori-
zontal picture. They integrate
the benefits of digitizers and
strip chart recorders into one
complete instrument.

The long 512k sample memory
(expandable to 8M samples)
means long recording time. And
the fast 5Ms/sec (max) sample
rate captures all the details.

...LeCROY 6810.

It also eliminates the expense
and distortion associated with
antialiasing filters.

B The 12-bit resolution and
differential inputs ensure a BIG
vertical picture. 12 bits means
the 6810 can detect a 25 mV
wiggle on a 102.4 Volt input . . .
even on transient waveforms. In
addition, the 67 dB SNR shows
an unprecendented dynamic
accuracy.

A powerhouse of features give
the 6810 an exceptional degree
of flexibility. These features
include window and hysteresis
triggering, segmentable memory
with over 4800 waveforms/
second throughput, trigger
arrival time buffers, and dual
timebases.

LeCroy 6810 long waveform memory means long recording time. A fast sample rate captures all the details!

The 12-bit 6810 Digitizer
captures even hid
waveform details.

o e

The high accuracy 6810 assures a
detailed, low noise FFT display.

See a 6810 data sheet and a catalog on
LeCroy's complete line of waveform
digitizers. Circle the bingo or write us at
700 Chestnut Ridge Road, Chestnut
Ridge, N.Y. 10977-6499.

For fast information on
our fast instrumentation,
call (800) 5 LECROY.

LeCroy

PR e T4
Innovators in Instrumentation
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E Single-Chip VLSI
Reed-Solomon

M easur. abl e Decoder
Performers il ey

preserving throughput.

NASA'’s Jet Propulsion
Laboratory,
Pasadena, California

A real-time Reed-Solomon (RS) decoder
based on a new pipeline architecture is
realized on a single very-large-scale in-
tegrated (VLSI) circuit chip. The decoder
architecture notonly provides for error cor-
rection but also handles erasures in a
pipeline manner. The new design is more
efficient than previous designs and can be
applied to a variety of digital communica-
tions that involve error-correcting RS
codes.

LetN = 2M — 1 = thelengthofthe (N,
/) RS code over GF(2™) with design dis-
tance d. Suppose that t errors and s
erasures occur, and s + 2t<d—1. Let X;
be an error location or an erasure location
and A = {X;|X; is an erasure location}, A
= {X;|X;is an error location}. Let ¥ be the
corresponding errata magnitude and r
= (g ;s -+-» fy—4) e the received vector.
Lake Shore's The pipeline architecture of the decoder
Full Line of Temperature Sensors (see Figure 1) performs the following de-

coding procedure:
1. Computes the syndrome polynomial

S@2) =3 S Zk
k=1

Look to

Tigh: where

N-1
in low Sk = Z rn ank
technology s
S+t .
= Z X
i=1
fori< k< d —1.

2. Computes the erasure-locator polyno-
mial

A2) = [1@-x)

X,EA

fromA.
3. Multiplies S(Z) and A(Z) to obtain the
Forney syndrome polynomial
T2) = S(2N2)

64 East Walnut Street, Westerville, Ohio 43081 (614) 891-2243
Telex: 24-5415 Cryotron WTVL Fax: (614) 891-1392

Look to Lake Shore for a complete line of new controllers that offer
digital ease with analog stability — in one instrument.

© 1988 Lake Shore Cryotronics, Inc.
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Received
Messages Transform oL Polynomial | T@ m&-‘d = Polynomial -

= rans! - 2

Multiplication Algorithm A2) Evaluation »
Errata
XP %) 4 Magnitude

Erasure YROM o
Locations |  Polynomial Polynomial P@1  Polynomial glaluaﬂm iz

* Expansion Multiplication >| Evaluation (Chien s.:rnch) e

Errata Messages

Locations

Figure 1. This VLSI Architecture represents a pipeline Reed-Solomon decoder for the correction of errors and erasures. The decoder uses a
transform circuit to compute the syndrome polynomial S(Z). The erasure information A enters the decoder as a binary sequence.

4. Computes the errata-evaluator polyno- modified Euclid's algorithm. ! P(Z) = N2AZ)
mial A(Z) and the error-locator polynomi- 5. Multiplies A(Z) and A(2) to get the errata- 6. Performs a Chien search on A(2) to find
al A2) from T(Z) = [A(Z)/A(Z)] by the locator polynomial the error-location set A.

... 011010

SYSTOLIC ARRAY TO EXPAND A POLYNOMIAL

Muitiplexers

C .
B -
.

NEW ARCHITECTURE TO PERFORM THE MODIFIED EUCLID'S ALGORITM FOLTHOMUMRVALUATION PIELINE CIRCUTY

Figure 2. These Details of the Decoder Architecture of Figure 1 illustrate the principle features responsible for its improved performance.
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7. Computes the errata magnitudes
Yk - A(xk)

XP' (X,
for 1< k< s + tby evaluating A(Z) and
P'(2). Uses sets Aand Ato direct the addi-
tions of ¥, to the received vector r.

A new architecture implements the
modified Euclid's algorithm by operating
on the product of S(Z) and A(2). The result-
ing error-locator polynomial A(Z) is then
multiplied by A(Z), thereby obtaining the er-
rata-locator polynomial A(Z). The derivative
P'(2) of P(2) is obtained by dropping the
even terms of A(Z). The errata magnitudes
Y, are calculated then by a field inversion
and a number of multiplications. Next the
error locations are obtainedin the formof a
binary sequence by the use of another
polynomial-evaluation circuit, which per-
forms the Chien search on A(2). This se-
quence of error locations, together with the
input erasure-location binary sequence, di-
rects the addition of Y, to the received
message.

The multiplications of (Z — o) can be im-
plemented by the systolic array shown in
Figure 2. Since it contains zeros as well as
ak’s (where a¥ € A), the input stream is

used to control the updating of the latches
in each basic cell. At the end of the arrivals
of the erasure locations, the coefficients of
AZ) are loaded from the latches into regis-
ters and shifted out serially.

Figure 2 also shows the new architec-
ture to perform the modified Euclid's algo-
rithm. The input multiplexer directs the syn-
drome polynomials to different cells. Each
processor cell is used to process data re-
cursively. Compared with the previous de-
sign of the systolic array, the present
scheme for multiplexing the recursive cell
computations significantly reduces the
number of cells and, as a consequence,
the number of circuits. The cell reduction is
greater for high-rate codes.

Polynomials are evaluated not only in
the Chien search process but also when
the errata magnitudes are computed.
A/(e')is evaluated sequentially for each k
at cell /. This is illustrated at the bottom of
Figure 2. The polynomial coefficient A is
multiplied by o at the initialization of cell /.
From then on, a feedback loop computes
the quantities A (o'} for k = 1,2, 3, ...,
N — 1. The summation shown at the right in
Figure 2 is implemented quite simply since
all quantities are binary.

It is estimated that a (15,9) RS decoder
chip would require about 29,000 transis-
tors. A (31,15) RS decoder would require
about 88,000 transistors. Considering the
present VLSI technology, a high-through-
put 5bit (31,15) RS decoder could be imple-
mented readily on a single VLSI chip.

This work was done by Howard M.
Shao, Trieu-Kie Truong, In-Shek Hsu, and
Leslie J. Deutsch of Caltech for NASA’s
Jet Propulsion . For further in-
formation, Circle 52 on the TSP Request
Card.

In accordance with Public Law 96-517,
the contractor has elected to retain title to
this invention. Inquiries concerning rights
for its commercial use should be ad-
dressed to

Edward Ansell,

Director of Patents and Licensing

Mail Stop 301-6

California Institute of Technology

1207 East California Boulevard

Pasadena, CA 91125
Refer to NPO-16854, volume and number
of this NASA Tech Briefs issue, and the
page number.

Merging Digital Data With a Video Signal

Data can be displayed on a television image of an experiment.

Lyndon B. Johnson Space Center, Houston, Texas

An interface circuit board combines
data from a computer with a video signal.
Video images of an experiment can thus be
sent with digital data on the experiment toa
remote station. The digital data can be raw
and unformatted or in the form of charac-
ters.

The board contains its own microproc-
essor so that it can function independently
of the experiment computer (see figure).
The microprocessor relieves the experi-
ment computer of timing and control tasks
on the interface board; the experiment
computer need only fill the board buffers
with data and occasionally communicate
with the interface board. The microproces-
sor generates the address and control
signals to read the memory, synchronize
loading of data into shift registers, track the
data-word count, swap buffers, and control
the programmable timer, which is an in-
tegral part of the digital video-generation
circuitry. The microprocessor software is
unique in that the timing of the reading and
writing of digital data is governed by the
horizontal and vertical video synchroniza-
tion signals, which are two of the inputs to
the microprocessor.

The position at which the digital data are
displayed on the receiving screen is pro-
grammable and therefore can be adjusted
for a given application. The horizontal posi-

38

| Experiment Computer |

S Mulllplex;r
Micro|
processor .

Digital-Data
Video-Register
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Digital Video
Generator

Interface
Circuit
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For Minimal Power Consumption, the interface circuit is built of CMOS and HMOS inte-
grated-circuit chips. The buffer/decoder circuit enables the experiment computer to com-
municate with the board without excessive loading of the computer bus by the board. The
memory multiplexer/memory array implements the buffer-swapping scheme in which asone
buffer is read, the other buffer is filled with new data.

tion can be changed by changing one of counter value. The height of the data can
the timer counter values. The width of the  be varied by changing the number of scan
data can be changed by changing another lines over which the data are written in a
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video field. The position and size functions
are part of the microprocessor software.

The overall system uses combined
memory and input/output mapping in the
address space of the experiment comput-
er. This feature partitions data and control
functions so that the experiment computer
can operate more efficiently.

Analog-multiplexer/bypass circuitry on
the board attenuates and shifts the level of
the digital data for mixing with the video
signal. The timer output controls the multi-
plexer for proper mixing of the digital and
camera video signals on each horizontal
scan line. The bypass mode allows the
video signal to pass unaltered to the trans-
mitter in case of a failure of the digital sub-
system.

The board can be used with any IBM PC
or compatible computer and can readily
be integrated with other hardware and
software. It is normally in an idle state, dur-
ing which the experiment computer can
examine either of the board buffers or
cause the board to place a digital test pat-
tern on the video screen. When the time
comes to send data, the experiment com-
puter sends an initialization word and a
command word to the board. The initializa-
tion word configures the board for trans-
mission; and after one of two buffers has
been filled with data, the command word
swaps buffer availability.

The swap action starts reading of the
newly acquired data in one buffer, and the
data words are written to a shift register.

The register serially transmits the digital
data on a horizontal line scan at a
2.048-MHz rate. The board can send data
acquired in 1 second in only thirty-two six-
tieths of a second. It therefore waits for the
experiment computer to swap buffers and
continue transmission into the other buffer.
The waiting periods prevent overfilling of
the buffers, the subsequent loss of data,
and the loss of synchrony between digital
and camera data.

This work was done by Thomas J.
Collins I, William G. Crosier, and William
H. Paloski of Technology Inc. for Johnson
Space Center. For further information,
Circle 3 on the TSP Request Card.
MSC-21248

Books and Reports

These reports, studies, handbooks are
available from NASA as Technical
Support Packages (TSP’s) when a Re-
quest Card number is cited; otherwise
they are available from the National
Technical Information Service.

Integrated Displays for
Helicopter Pilots

Concepts that combine a
variety of sensor data
are evaluated.

A report describes an evaluation of
three similar video displays for the
guidance of helicopter pilots in low-level
flight at night in adverse weather. The
evaluation was done by piloted simulation
in a vertical-motion simulator.

In all three displays, a computer pro-
duces guidance information for the pilot by
integrating data from terrain-following
radar, forwardooking infrared (FLIR) im-
agery, and data from such autonomous
navigation instruments as inertial naviga-
tion systems and Doppler radar. The FLIR
imagery, information on the status of the
helicopter, and command symbols were in-
corporated in one head-down display.

In all displays, the FLIR imagery is align-
ed with the flight path of the aircraft. In
display 1, the pitch attitude is conformal to
the FLIR imagery. In display 2, the pitch at-
titude is also conformal to the FLIR im-
agery, but the pitch scale is increased. In
display 3, the pitch attitude is nonconfor-
mal to the imagery, and the pitch scale is
the same as in display 2.

The pilots performed three kinds of
tasks in the simulator:

1. Following the terrain at an altitude of
100 ft (30 m) above the local ground level
while traveling along a prescribed course
at a speed of 60 knots (31 m/s);

2. Following the terrain in a similar manner,
but at a speed of 90 knots (46 m/s); and

3. Deceleration to hover while following the
terrain along a prescribed course.

The pilots carried out the tasks over

NASA Tech Briefs, May 1988

various simulated terrain profiles during
simulated day and night, with and without
simulated wind and turbulence.

All three display concepts were rated
acceptable by the pilots. However, the
pilots expressed a preference for display 3
because it provided them with greater
awareness of the pitch attitude of the
helicopter, thereby enabling them to con-
trol the attitude more precisely.

This work was done by Harry N.
Swenson and Clyde H. Paulk, Jr., of Ames
Research Center and Robert L. Kilmer
and Frank J. Kilmer of IBM Corp. Further
information may be found in NASA
TM-86779 [N86-31551/NSP], “Simulation
of Display/FLIR Concepts for Low Altitude
Terrain-Following Helicopter Operations.”

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra fee
by calling (800) 336-4700.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Ames Research Center [see page 16].
Refer to ARC-11699.

Research on the
CH-47B Helicopter

Although it is not new,
this helicopter continues
to yield valuable information.

A report describes new equipment add-
ed to, and the research capabilities of, the
CH-47B helicopter. This variable-stability
aircraft has been usedin flight research for
more than 15 years. The helicopter con-
tinues to be a source of unique flight re-
search, much like a wind tunnel or large
ground-based simulator.

Two new installations on the helicopter
are a programmable force-feel system for
the evaluation pilot's conventional cyclic
stick and a four-axis side-stick controller.
They permit a range of in-flight investiga-

tions of manipulator characteristics and
augmentation-system features.

A new color electronic display system
with a programmable symbol generator
will provide display formats for a variety of
missions — those of vertical-takeoff-and-
landing aircraft as well as helicopters. In
addition, a powerful new general-purpose
flight computer is in operation. The com-
puter is programmable in high-level lan-
guages and will support research more ef-
ficiently. Moreover, flight-control software
has been developed to improve the capa-
bility of the helicopter to perform simula-
tions in flight.

Over the past several years, the CH-47B
has been used as anin-flight simulator, asa
research facility for control systems, and
for gathering data on handling qualities.
The recent uses of the helicopter include
the following:

*Research in high-bandwidth flight con-
trols,

® Testing a translational-velocity-command
and position hold system for maneuvering
near hover,

* Investigating vertical-response handling
qualities criteria, and

* Developing model-following control laws.

Although some of the research equip-
ment in the CH-47B helicopter has be-
come outdated over the years, this limita-
tion has been offset by major advances in
analytical tools, fundamental modeling,
and research capabilities that result from
advances in computer equipment and pro-
grams.

This work was done by Kathryn B.
Hilbert, George E. Tucker, Robert T. N.
Chen, and Emmett B. Fry of Ames Re-
search Center and William S. Hindson of
Stanford University. To obtain a copy of the
report, “New Capabilities and Recent Re-
search Programs of the NASA/Army CH-
478 Variable-Stability Helicopter,” Circle
49 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Ames Re-
search Center [see page 16] Refer to
ARC-11759.
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Depolarization-Measuring Device
The knowledge of radiation in a lidar channel enables the determination of the depolarization ratio.

Langley Research Center, Hampton, Virginia

The depolarization-measuring device is
used at Langley Research Center to meas-
ure the relative gain and the depolarization
of light in a lidar system. The device rotates
the lidar return prior to detection, thereby
introducing a known amount of radiation
into the perpendicular lidar channel.
Knowledge of the amount of this radiation
can be readily interpreted in terms of the
relative optical/electronic gain ratio be-
tween data collected by the parallel and
perpendicular channels and the depolari-
zation that the scattering medium intro-
duced into the linearly-parallel-polarized in-
cident beam.

The operation of the device is shown
schematically in the figure. The half-wave
plate is positioned on a rotatable mount.
When the mount is rotated by angle 6 from

the zero position, where it transmits a par-
allel-polarized beam without rotating it, the
electric field of the beam is rotated by
angle 26. It can be easily shown that the
ratio of the outputs of the detection system
is given by the following equation, assum-
ing that the incident beam is linearly polar-
ized

S$iS41=G{(d+ tan?26)/G,, (1+ d tan?26)
where S, and S, are the perpendicular
and parallel output signals, respectively, G
and G, are the opticallelectronic gains
through the perpendicular and parallel
channels, and d is the polarization ratio. If
the backscattering is constant during the
experiment and measurements are taken
at two angles, the two resulting equations
can be solved for the gain ratio G,/G,;and
for d.

The half-wave plate can also be put at
the output of the laser, and the polarization
plane of the laser rotated before it is scat-
tered. The half-wave mount can be rotated
continuously to provide data continuously
at all angles. These data can probably be
used to determine unique signatures for
different scattering media.

This work was done by Jose M. Alvarez
of Langley Research Center. No further
documentation is available.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, Langley Research Center [see
page 16]. Refer to LAR-13621.
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The Half-Wave Plate Is Rotated to introduce a known amount of radiation to the perpendicular channel.

Low-Threshold, Solar-Pumped C,F,l Laser

Laser threshold of 100 solar constants has been achieved.

Langley Research Center, Hampton, Virginia

Since the conversion of Sunlight into
high-power laser light in space could have
a number of important applications, includ-
ing space manufacturing and propulsion,
research on solar-pumped lasers could
lead to large, orbiting solar collectors that
concentrate Sunlight on an appropriate
lasant, producing megawatts of continu-
ous power. Up to now, most of research

40 Update your NASA Tech Briefs qualification form every six months.

has focused on the alkyl iodides, which ab-
sorb solar light near 280 nm and then
photodissociate into radicals and excited
iodine atoms that lase at 1.315 um. A num-
ber of alkyl iodides, including i-C4F 1, C,F4l,
n-C,Fgl, and CF,l, have been investigated
with the goal of defining the most appropri-
ate lasant for closed-cycle, low-threshold
operation.

A unique solar-laser experiment was de-
vised to evaluate the above-mentioned and
other candidate lasants. Using two xenon-
arc solar simulators, lasing was achieved
with pentafluoroethyl iodide, C,Fgl, a new
alkyl iodide, at a laser threshold of only 100
solar constants (1 solar constant = 1.35
kW/m?). This solar laser had the lowest
threshold observed to date. Its output
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power and energy were 350 mW and
45 mJ, respectively. The duration of lasing
of this static-gas-fill system has provid-
ed important kinetic information on the
recombination rates of radicals and
ground-state iodine atoms; these rates are
important parameters for closed-cycle op-
eration.

Completed studies of the scaling with
pressure, solar intensity, parent-molecule
species, and beam shape are leading to a
fuller understanding of the alkyl iodide
lasants. These studies of threshold-pump-
ing requirements and laser kinetics are
valuable contributions toward the develop-
ment of convenient, efficient solar-pumped
lasers.

This work was done by Russell J. De
Young and Willard R. Weaver of Langley
Research Center. No further documenta-
tion is available. ~LAR-13677

Short-Cycle
Adsorption
Refrigerator

Each adsorption unit includes
a long-lived nonmechanical

heat switch.
—

NASA's Jet Propulsion
Laboratory,
Pasadena, California

A modular adsorption/Joule-Thomson-
effect refrigerator offers fast regeneration;
when fully developed, its adsorption/
desorption cycle time is expected to be on-
ly 1 minute, as compared with 15 minutes
in previous versions. The refrigerator is
smaller and lighter than the previous units
of equivalent capacity. A modular confi-
guration makes it relatively easy to build
refrigerators that have capacities from
milliwatts to watts, according to cooling
needs.

The refrigerator is intended for the long-
term cooling (up to 10 years) of infrared
sensors and other equipment in space to
temperatures ranging from 4 to 80 K. The
only moving parts are small check valves.
The refrigerator is designed to be powered
mostly by waste heat. A prototype contain-
ing 12 compressor modules connected in
banks of 4 provides one-quarter watt of
cooling at 25 K. Operating under the con-
trol of a computer, the four banks of com-
pressor modules are operated in a phased
heating/cooling sequence so that nearly
steady cooling is provided for the external
heat load.

In the refrigerator, pressurized hydro-
gen generated by a bank of compressor
modules during its heating phase passes
through a system of check valves and ex-
pands in a Joule-Thomson junction as it
enters a refrigeration chamber. There, the
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Polaroid’s Ultrasonic
Rangim‘; System
opens the door
to new technology.

It can be found in “non-touch”
screen computer monitors, AGV's,
industrial robotics, electronic
games, tape measures, aids for the
disabled, loading docks, collision
avoidance systems for cars, trucks
and pleasure vehicles. And, yes, it
even opens doors.

The Polaroid Ultrasonic Ranging
System is an accurate, highly sensi-
tive way to detect and measure the
presence and distance of objects
from 10.8 inches to 35 feet.

What's more, accuracy, sensitivity
and range can all be improved with
circuit modifications.

Three of a kind. Polaroid offers
three ultrasonic transducers fora
wide variety of applications. You can
choose the original instrument-
grade transducer, proven in millions
of SX-70 Sonar Autofocus cameras.
Or our Environmental Transducer,
available in a sturdy

housing to with-
stand exposure
torain, heat,
cold, salt spray,
chemicals, shock
and vibration. And
now you can select our newest,
smallest transducer, developed for
Polaroid Spectra, the camera of the
future. All use reliable, accurate and
sensitive electrostatic transducer
technology. All are backed by
Polaroid.

Get a $2 Million Head Start. Polaroid spent over $2 million developing the Ultrasonic Ranging
System. But now you can get this technology in our Designer’s Kit for only $165+. To order your
Designer’s Kit, please send a check or money order for $165 for each kit, plus all applicable state
and local taxes, to: Polaroid Corporation, Ultrasonic Components Group, 119 Windsor Street,
Cambridge, MA 02139. Questions? Call Polaroid's Applications Engmeers at617-577-4681.

Please send me Designer’s Kit(s).
Please send more information.

|
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|
|
|
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Company
3
Address 2
City State Zip EPolaroid :
l_'mngs_umeﬂcf_m_ge ______ “Polaroid”, "SX-70"® “Spectra” ™ _J
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Tube That Carries Charcoal Stainless-Steel R
Hydrogen to and From in Copper Matrix Vessel Gap Vessel
Adsorber

Heat Switch
Pump

A T AT T BT DT

The Heat Switch Is a Gap between concentric cylindrical vessels. For rapid heating and cooling of the core, the gap must be less than about

50 um.

hydrogen absorbs heat from the load be-
fore it is sucked out by another bank of
compressor modules in its cooling phase.

In each compressor module, adsorbing
charcoal is contained in an inner pressure
vessel of stainless steel (see figure). An
open-foam copper matrix holds the char-
coal and enhances the transfer of heat. A
brass outer vessel surrounds the stainless-
steel cylinder, and the gap between inner
and outer vessels constitutes the heat
switch. When the gap is filled with hydro-
gen, the heat switch exhibits high heat con-
ductance (is on). When the gap is empty,

the switch exhibits low heat conductance
(is off). A miniature charcoal adsorption
pump supplies the gas for the switches in
each bank of four compressor modules.
To demonstrate the refrigerator, an
electric heater was used to supply heat to
each module to cause the desorption of hy-
drogen from the charcoal in its core. (In a
practical model, the heat for desorption
would come from waste heat such as that
from electronic equipment.) With the heat
switch turned off, the adsorber was heat-
ed. The adsorber gave off hydrogen as it
heated up. When the pressure reached

about 80 atm (8.1 MPa), the heater was
turned off, and the heat switch was turned
on. The adsorber transferred its heat to a
liquid-nitrogen bath surrounding the
module, readsorbing hydrogen as it cooled
and eventually becoming saturated with
the gas, ready for another heating cycle.
Cooling from 165 K to 85 K took only 50
seconds.

This work was done by C. K. Chan of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 46
on the TSP Request Card.

NPO-16571

Generating Hyperthermal Atomic Oxygen

Atomic oxygen diffused through silver is desorbed by low-energy electron impact.

Langley Research Center, Hampton, Virginia

The velocity of spacecraft through the
rarefied atmosphere in orbit results in the
impingement of hyperthermal atomic oxy-
gen on spacecraft surfaces. The high
chemical reactivity of the oxygen flux has
caused substantial degradation of organic
materials onboard the Shuttle; as a resullt,
materials on the proposed Space Station,
composites used in large space struc-
tures, and exterior coatings on optical sys-
tems and laser communications systems
may have substantially reduced lifetimes.
It is therefore essential to study the reacti-
vity of these materials with atomic oxygen
in laboratories on the ground.

To simulate the flux of hyperthermal
atomic oxygen on spacecraft surfaces,
there is a need for an atomic-oxygen-beam
generator in which the mean energy of the
O atoms is about 5 eV, and the flux is about
10" em—2%s—". In conventional methods
for obtaining such fluxes, it is difficult to
achieve these parameters while maintain-
ing a ratio of O to O, greater than 90 per-
cent.

A promising approach exploits two
unique phenomena. The first is the unusu-
ally high permeability of oxygen through
silver, which occurs by the sequential ad-
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05 Dissociates and
Diffuses Through Ag

Oxygen Ag Membrane Ultrahigh
Molecules Vacuum
Beam of 5 eV

Oxygen Atoms

Electron
Beam

Oxygen Atoms Diffuse Through Silver Foil and emerge on the high-vacuum side, aided by
electron-stimulated desorption. Atomic-oxygen flux levels range up to 10'2cm—2s-1, and
kinetic energies range from 1to 10eV. O* and O~ ions can be swept aside by charged cylin-
drical grids.

brane to a vacuum interface.
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