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COMSAT Laboratories conducts a program ol basic
research and development 1o advance satellite com-
munications technology. Flements of the program are
funded by the Intelsat Satellite Services and Maritime
services divisions (all parts ol the World Systems Divi-
sionl, and together with COMSAT International
Communications Corporation (which operates the
large multipurpose earth stations) are paid for from
revenues derived from international communications
services carried via the INTELSAT and INMARSAT o1+
ganizations, Other work is funded by nonregulated
components ol the Corporation. Documentation con-

cerning jurisdictional work (that is, work whollv or

partly funded by the rate-paver) is made available to
the public through a catalog that announces the
availability of published papers and reports, In addi-

tion, a precis is published to summarize the scope ol

all jurisdictional projects being undertaken in each
calendar vear.

During 1984 the Federal Communications Commis-
sion ruled lin its structure Order dated April 20, 1984)
that the program of basic research previously funded
wholly by the rate-paver must henceforth be paid for
in part by the rate-payvers and in part by the Corpora-
tion's shareholders. The prescribed formula that sets
the ratio between these sources results in two-thirds
of the cost being assigned to the shareholders, Since
this work still must be put in the public domain, it
affords the sharcholders no proprietary advantage.
Ihe result has been a steady decrease in the overall
size of the research program. In 1986 the Laboratories'
funding for research fell to 20 percent of its total
budget fapproximately $40 million) and the balance of
the effort consisted of work undertaken for Corporate
and external customers approximately equally. The
largest effort undertaken for external customers is our
involvement in the NASA Advanced Communications
Technology Satellite (ACTS) Program,

Commencing with calendar vear 1983 we began
publishing an Annual Report summarizing the results
of our research and development program. This re-
port provides a summary of all of the R&D work un-
dertaken with Corporate support during 1986 and is
the fourth in the series.
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This report summarizes the research and development activities of COMSAT Laboratories for
1986, including Corporate research and support, INTELSAT support, and work funded by the
Federal Goverrmient and Gther DUtSIdE SOUREESE | wo. s o vom s s i o s wams s e i 1

The Microwave Technology Division performs research, development, and support functions
over aspects of satellite communications that include monoelithic microwave integrated circuits
(MMICs/ for both satellite and earth station applications, MIC and waveguide filters, on-board
repeater processing techniques, satellite monitoring and in-orbit testing, earth station and sat-
ellite antennas, and radiowave propagalion . ... .. ... ... .. 3

The Microelectronics Division performs research leading to the development of state-of-the-art SR
microelectronics components for improved and expanded satellite and other telecommunica- E .
tions applications. Efforts are directed toward improved electronics performance al higher fre-
quencies and operating speeds, and, of particular importance to spacecrall applications, en-
hianged life and reliability <. v vy s vome v s REATRETE SR SRR AR SRR 17 =

The Applied Technologies Division provides a broad range of engineering capabilities, includ- ;
ing controls, dvnamics, propulsion, and telemetry, tracking and command, as well as structures, I
mechanisms, materials, thermal control, power systems, reliability and quality assurance, space ;
environmental testing, and flight qualification. Programs focus on improving satellite reliability, N
extending satellite lifetime, and advancing communications antenna technology ........... 25 =
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The Communications Techniques Division conducts exploratory investigations of communi-
cations systems and subsystems, undertakes system analyses, and implements and tests proof-of- .
. concept and prototype equipment for transmission, video, and voice-frequency band processing.
Through the increasing use of microelectronics components, the capability of designing and
implementing complex, highly reliable svstems with increasing cost effectiveness has been greatly
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The Network Technology Division focuses on the rapidly developing area called networking,
from systems and architectures to software and hardware. The division performs basic tech-
nology development, development of proof-of-coneept prototypes, and support to COMSAT's
lines of business, Development projects promote COMSAT's leadership role in communications
services and products by applving the results of basic research to projects sponsored by Cor-
porate R&D, lines of business, and outside customers .................... b R 53

The System Development Division activities encompass the development of computer-based
svstems, including the design and implementation of software and the acquisition, installation,
and integration of hardware. Other projects involve the development of digital hardware and
microprocessing lirmware, analysis and simulation techniques, distributed processing systems,
and the establishment of standards and methodologies for software products . ..., .., ..., 59

The Advanced Communications Technology Satellite (ACTS) Program team continued
working on the refinement of the architecture of the NASA ground station/master control station,
and had its work presented at the Ground Segment Preliminary Design Review. Following RCA/
NASA approval, design-level specifications were begun . ... ... ... oo i 67

COMBSAT Laboratories Publications and Patents encompass all aspects of satellite communica-
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which President Kennedy signed into law in late 1962, Subsequently, in 1964, INTELSAT was established as a
result of efforts by COMSAT and the 115 State Department to facilitate international communications
between fixed points by satellite. Initiallv, INTELSAT had 11 participants. This has since grown to 114
member countries, and the organization presently provides service to 170 nations. COMSAT is the US.
Signatory and representative to INTELSAT.

Until 1978, COMSAT also acted as technical manager of INTELSAT. In this role COMSAT encountered
many technical problems, and COMSAT Laboratories was formed in 1967 to help meet these challenges
Initially located in Washington, D.C., the Laboratories moved to its present quarters in Clarksburg, Maryland,
in 1969.

COMSAT Laboratories presently has a staff of approximately 400, and occupies buildings which afford
approximately 400,000 square feet of space. These facilities are located on a 210-acre tract along Route 1-270
north of Gaithersburg, Maryland,

In 1973, COMSAT formed the COMSAT General Corporation with the expectation of branching into
domestic satellite communications. In 1975, in partnership with 1IBM and Aetna Casualty Co., the Satellite
Business Systems Corporation was formed. In 1979, as a result of successful demonstrations using the
MARISAT system of maritime mobile satellite communications, COMSAT and the LS. State Department
joined with other nations to form INMARSAT, for which COMSAT again serves as US. Signatory and
representative. The Satellite Television Corporation was formed in 1980 to promote direct broadcast tele-
vision. The Corporation exited from the SBS partnership in late 1984,

In 1986 COMSAT was reorganized into four operating divisions, The World Systems Division (WSD)
consisted of the units handling the INTELSAT and INMARSAT businesses (Intelsat Satellite Services and
Maritime Services!. The Communications Services Division, incorporaling COMSAT General and COMSA'T
International Communications Corporation, was formed 1o provide private network semvices. The Space
Communications Division incorporated COMSAT's consulting engineering function (COMSAT ‘Technical
Services!, the Laboratories and the microwave amplifier manufacturing business (Amplical. Finally, COMSAT
l'echnology Products continued as the division carrving out the manufacture of telephone equipment,
TDMA terminals and mobile equipment.

In 1986, the largest part of the work at COMSAT Laboratories was that pedformed for the regulated activity
ol international satellite communications, either directly for COMSAT or indirectlv for INTELSAT. Additional
work was performed for COMSAT General, and COMSAT’s manufacturing arm, Technology Products. Effort
funded entirely by sources outside of COMSAT/INTELSAT includes activities for the Federal Government
INASA or DARPA| or for commercial companies, and in particular, a significant amount of work performed on
the Advanced Communications Technology Satellite (ACTS! ground segment program,

During 1986, the Laboratories remained organized into six technical divisions: Communications Tech-
niques, Microelectronics, Microwave Technology, Network Technology, Applied Technology, and System
Development. Of these, the first five divisions participate in a research program funded by the Corporation.
This program constituted about one-fifth of the Laboratories' activities and includes jurisdictional (Ws1))
business, as well as the non-jurisdictional activities of COMSA'T, The former must, perforce, be made public
while the latter can be held proprietarv. The balance of the Laboratories’ support comes from projects
performed for and directed by various corporate elements, INTELSAT, INMARSAT, or other outside organiza-
tions, each ol which is separately negotiated and has specified deliverables and delivery dates. The System
Development Division, which is chiefly occupied in writing computer software, works almost exclusively on
such specific tasks.

This report summarizes the Laboratories’ R&D activities in 1986. It is organized by technology, as defined
by the six technical areas represented by each of its constituent divisions. The work is further subdivided
into the following categories;
® Jurisdictional Research and Development;
® Non-lurisdictional Research and Development:
® Support work performed for various COMSAT divisions in response to specific requests;
® Work pedormed for INTELSAT; and
® Other work
Of these categories the most advanced work is that undertaken as part of the research program. This
program is decided upon through a process of Laboratory management review of ongoing efforts and
proposed new ones leading to a tentative program that is subject to critique by the WSD and the approval of
COMSAT's Corporate R&1) Committee—a subcommittee of the COMSAT Board of Directors.
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Thl' Microwave Technology Division (MTD) of COMSAT Laboratories carries out research,
development, and support functions in a number of technical areas of importance to the
Corporation. A substantial part of the effort is devoted to the development of technologies
Sfor an advanced communications saltellite concept with many pencil beams and on-board
processing. Specifically, a phased-array satellite antenna, including monolithic microwave
integrated circuits (MMICs), is being developed. Significant progress has been made
toward realization of a 64-element and K,-band phased-array proof-of-concept antenna.
All design engineering for the active and passive circuits for this antenna has been com-
pleted and the feed array assembled.

A multi-coupled cavity filter using four electrical modes in one cavity has been demon-
strated, and an engineering model of a 120-Mbit/s OPSK demodulator for satellite on-
hoard processing has been completed and has met all applicable INTELSAT performance
requirements. In addition, work has continued on MIC and waveguide filters, satellife
monitoring and in-orbit testing, new earth station antennas and feeds, and microwave

)

propagation studies.

Support efforts for other parts of the Corporation have included antenna modifications
at the Southbury and Santa Paula earth stations, and antenna measurements at the
Washington INTELSAT Business Services (IBS) station.

COMSAT POOLED R&D

Multimode Microwave Filters

Work on multimode filters continued in two
arcas: development of the quadrupole filter in cv-
lindrical cavities, and modal analysis of dielectric
loaded cvlindrical cavities.

In 1985, a four-pole elliptic function filter re-
sponse was realized in a cylindrical cavity having
four degenerate modes. This work has continued
during 1986 with the design and tuning of an eight-
pole, two-cavity filter. Experimental results on a
50-MHz-bandwidth, 12-GHz, quasi-elliptic filter
lcouplings 1-8, 2-7, and 3-6 = 0) are shown in Fig-
wre 1. Excellent agreement with the predicted re-

sponse was obtlained and an average cavity O of

9.000 was realized. The measured out-of-band re-
sponse gives adjacent resonant spurious modes at
their predicted locations, approximalely =800
Milz aboul the filter center frequency. Figure 2 is a
photograph ol the eight-pole filter,

During 1986, signilicant progress was also made
in analvzing the theoretical resonances of a cylin-
drical metal cavity partially loaded with a dielectric
cvliinder. Experimental measurements showed

comsaT € LABORATORIES

good correlation with theoretical results. Triple
mode and quadruple mode degeneracies were
identified, and work next year will concentrale on
using these results to further miniaturize mi-
crowave filters.

MMIC Design Technology

The long-range goals for this technology include
the development of monolithic satellite receivers,
microwave switch matrices (MSMs!, and active el-
ements for multibeam phased-array antennas. The
basic building blocks of these subsvstems are low-
noise amplitiers (LNAs), fixed and variable gain
blocks. mixers, oscillators, switches, variable at-
tenuators, and phase shifters. Many of these mod-
ules were realized in tully monolithic form in 1986.

A two-stage, 6-GHz monolithic (MMIC) sell-
biased LNA was developed on gallium arsenide
(GaAs) with a measured noise figure of 1.7 dB and
associated gain of 21 dB, as shown in Figure 3. The

measured in-band amplifier gain was within 1 dB of

that predicted. Similarly, the measured in-band
minimum noise figure of 1.7 dB was within 0.2 dB ot
the value predicted using a COMSAT-developed

5
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Figure 1. Measured response of 12-GHz, 8-pole
quadruple-mode filter

noise paramelter estimation process. The LNA mea-
sures 2 % 3.5 mm and utilizes selective ion-implant
processing.

A tlwo-stage, 2- 1o 6-GHz MMIC amplifier was
realized using feedback techniques. The amplifier
has a gain of 9.0 = 0.7 dB and input and output
return losses better than 17 dB over 2 1o 6 GHz, as
shown in Figure 4. The excellent agreement be-
tween measured and predicted performance vali-
dates the field effect transistor (FET) models de-
rived from ion-implant profiles and peak doping
density.

Interference Cancellation

The object of this task was to investigate tech-
niques for cancelling interference at carth station
antennas from adjacent satellites or from terrestrial
sources. A technique was studied which uses an
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Figure 2. 8-pole, quadruple-mode filter

adjustable panel on the reflector surface to cancel
an interfering transmission from an adjacent sat-
ellite. This panel consists ol approximately 10 small
flat plates which are individually adjustable 1o can-
cel the interference. This technique provides can-
cellation over a relatively wide frequency band and
does nol require auxiliary antennas or electronics.

Simulation Studies of Slant Path
Site Diversity Effiects

COMSAT Laboratories performs a variely ol
propagation studies, including global modeling of
slant path propagation impairments and evalu-
ation of impairment mitigation techniques such as
transmit power control, depolarization com-
pensation, and site diversity. One such model
simulates a distributed population ol rain cells of

varving heights and diameters to provide estimates

Figure 3. 6-GHz MMIC LNA and measured response
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of single- and dual-path diversity rain fade stalis-
tics. During 1986, this model was enhanced by
comparison with measured data. The capabilities
of the refined model were demonstrated for a vari-
ety of single-path and diversity confligurations in
several rain climates.
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Figure 4. Measured and modeled response of MMIC
feedback amplifier

While the model is relatively complex and re-
quires moderate computing facilities 1o perform
the rain simulations, it is a valuable tool for inves-
tigating the physical basis of rain attenuation and
tor exploring the influence of rain climate on path
impairments, It is now being used to evaluate the
relative importance of path geometry, wave fre-
(quency, and climate tvpe on site diversity perform-
ance. These studies will aid in the development of a
simpler, meteorologically based, site diversity pre-
diction method. In addition, the simulation ap-
proach may provide a model of the rain environ-
ment that can be applied to other propagation
problems, such as rain scatter interference and
fade duration modeling.

COMSAT JURISDICTIONAL
DEVELOPMENT

4-GHz SSPA Development

The purpose ol this task is to develop highly
miniaturized amplifier circuils with linearity and
efficiency characteristics suitable for satellite appli-
cations. One use for these circuits is the phased-

W

array antenna, which requires many small, reliable,
inexpensive, lightweight amplifiers,

In 1986, a C-band, 0.5-W, single-ended class AB
amplifier and a C-band, 1-W, push-pull class AR
amplifier were designed, built, and tested. These
amplifiers use a combination of lumped and dis-
tributed element matching to achieve small size
and high efficiency. The single-ended amplifier,
measuring 2.5 * 3.0 mm. has a maximum efficiency
of 46 percent and gain of 9.9 dB for a single-tone
output power of 26.9 dBm (049 Wi, For a lotal two-
tone oulpul power ol 25.7 dBm, third-order inter-
modulation distortion (IMD) of -17 dB has been
measured. The push-pull amplifier (9.9 x 22.8 mm)
has a measured efficiency of 39 percent and a mea-
sured gain of 8.5 dB for a single-tone output power
of 285 dBm (0.89 WI. Losses in the balun circuits,
which are required for push-pull operation, cause
reduced gain and efficiency (relative to the single-
ended amplifier]. F'or a total two-tone output power
of 286 dBm (25.6 dBm per FET), third-order IMD of
-13.1 dB has been measured. Figure 5 is a close-up
photograph of the push-pull amplifier without the
baluns.

Figure 5. C-band, 1-W push-pull amplifier

11-GHz SSPA Development

F'or the 11-GHz SSPA development project, CONI-
SAT's newly developed high-frequency FET was
used to design, fabricate, and test an MIC version of
a single-ended 1-W power amplitier. Work in 1986
was aimed al the realization of a multistage mono-
lithic 2-W power amplifier for spaceborne phased-
array or scanning beam applications, requiring a




large number of identical amplifiers. These amplifi
ers must be small, lightweight, and exhibit efficient
reliable, and uniform performance. Figure 6 is a
photograph of the single-stage, 1-W amplifier,
which has an actual size ol 5.0 % 102 mm. The
malching circuit was deposited on a 0.25-mm-thick
alumina substrate and the FET (3.0-mm gate width)
was mounted on a metal ridge between two sub-
strates. The amplilier tvpically provides 6.2-
*0.2-dB small signal gain across a 3-GHz band-
width 110 to 13 GHzl with a maximum output
power of over 1 W (1.1 Wi Six amplifiers have been
fabricated and tested. The measured performance
of all amplifiers using the same batch of FETs is
essentially identical and meets the design goals,
excepl for the power-added efficiency, which is 20
percent.

Figure 6. K,-band power amplifier uses COMSAT's
newly developed high-frequency power FET

Multibeam Phased-Array
Antenna

A B4-element, K -band active array is being built
and tested at COMSAT Laboratories. The array,
shown in Figure 7, will be used to demonstrate
rapidly scanning, hopping, and reconfigurable
beam coverages for future high-capacity satellite
systems. It incorporates MMIC active circuils to
provide complete amplitude and phase control
over the aperture.

Figure 7 also depicts the passive array elements,
which include waveguide feed homs, orthomode
transducers, and a lightweight, stripline beam
torming network. Located behind each element is

an active circuil box containing a 5-bit phase
shifter, 5-bit digital attenuator, buflter amplifier, . ’
driver amplifier; and power amplifier. .

Figure 7. Active arrav and power divider will
demonstrate beam coverage [or future high-capacin

satellite svstems

During 1986, the MMIC circuits were designed
and fabrication was initiated. A 5-bit phase shifter

(Figure 81 which incorporates a switched delay line
approach was designed. The time delay elements
use low-pass filters, and the single-pole/double-
throw switches are designed to operate over a wide
band (2 1o 15 GHz).

Figure 8. K, -band MMIC phase shifter incarporates
switched delav line approach
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an operating band-of 0.05 to 14 GHz. This design is
based on ion-implantation profiles specifically de-
' i ! signed 1o improve the performance of the FET in
0 the passive mode of operation.

An MMIC 12-GHz buffer amplifier and a three-
stage driver amplifier have also been designed. The
buffer amplifier is designed to provide a gain of
ar — 6 dB and an input return loss better than 20 dB
p—— . across the 117 to 127-GHz frequency band. The
driver amplifier was designed to provide a gain of
16 dB and return loss better than 20 dB across the
61— n band. Both amplifiers are self-biased for operation
with a single positive power supplv.

FREQUENCY (GHz)

THANSMISSION LOSS {dB)
s

7= -
In addition to the RF designs, the array incor-

Y porates a mechanical and thermal design that is
fy2 { ; ; L L L ; L L 1|U 1|| =|z ‘ld = consistent with the power handling capabilities of
FREQUENCY (GHz) incorporating a 2-W amplifier behind each element.

Figure 9. K, -band, 5-bit digital attenuator vields Development of a highly reliable, compact, light-
broadband performance over 0.05 to 14 Gliz weight MSM using MMIC technology continued
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during 1986. A fully monolithic dual-gate FE1
swilch circuit, which forms a basic building block
for a miniaturized MSM, was labricated and tested.
The chip, measuring 1.5 > 2.5 mun, has a gain of 11.2
= 0.5 dB over a 3.5- to 6.5-GHz requency range
(Figure 100 A level translating circuit was also inte-
grated on the chip, resulting in TTL-compatible
switch control,
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Figure 10. Dual-gate FET switch madule
and measnured performance

On-Board
Demodulation/BRemodulation

A breadboard model of a C-band (3495-GHz1,
120-Mbit/s, coherent quadrature phase shift keving
ICOPSKI regeneralive repealter for on-board satellite
applications was integrated (Figure 11) and tested
during 1986. The repeater demodulates the digi
tally modulated microwave signal without inter-
mediate frequency conversion. The circuit contains
pulse shaping filters and carrier and symbol timing
recovery loops designed for fast burst acquisition

The measured modulated bit energyv-to-noise
power density ratio. E,/N,,, is within 1 to 2 dB ol
that of an ideal demodulator at a bit error rate (BER)
of 1 * 10" The measured cyele slipping perform-
ance and unique word (UW) miss probability,
shown in Figures 12 and 13, are better than target
specifications. Most of the repeater building blocks,
such as phase detectors, modulators, voltage con-
trolled oscillators (VCOs), and clock recavery cir-
cuits, have the potential for realization in light-
weight and highly reliable Gas MMIC technology.
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Figure 11. Integrated C-band COPSK modem
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Propagation Measurements in
Africa

During 1986, COMSAT Laboratories cooperaled
with INTELSAT, the U8, Telecommunications
Training Institute, the National ‘Telecommunica
tions and Information Administration, the U5,
Ageney tor International Development, the US. In-
formation Agency, and the Governments of
Cameroon, Kenva, and Nigeria o initiate a radio
propagation measurement program in Africa, The
goal is 1o collect annual K-band radiometric sky
noise statistics and concurrent rain rate data at
three sites in Africa. Such data are needed for plan-
ning and for developing and evaluating propaga-
tion models for tropical and equatorial climates.
The locations selected for deployvment ol the
measurement equipment are Douala, Nairobi, and
le-Ife, each within 10” of the equator.

As part ol its responsibilities, COMSAT con-
ducted a 3-month training course at the Labora-
tories during June through August 1986 for six Afri-
can engineers, two from each of the Alrican
countries. The course covered radiometric meas-
urement techniques, equipment operation and
maintenance, and data collection and analvsis
methods, COMSAT also supplied a radiometric re-
ceive terminal and spares for the Kenvan site.
INTELSAT supplied the other two equipment sets,
and PC-controlled data acquisition systems for all
three locations.) COMSAT and INTELSAT will pro-
vide further assistance and field support during the
data collection phase.
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Figure 13. Demodulator UW muss probability measured
in the burst mode

4/6-GHz Low-Cost CP Diplexer

In 1986, various designs for a low-cost, 4/6-GHz
dual-polarized diplexer were investigated for use
with small earth terminal antennas in the
INTELSAT system. Al present, there is no single
feedidiplexer svstem totally compatible with the
INTELSAT IBS polarization specifications for small
5- 1o 7-m class! antennas. The primary constraints
on the design were fabrication cost, physical size
and weight, and electrical performance. The ap-
proaches that were evaluated and breadboarded
had to be consistent with all of the program goals.

Various designs involving both balanced and un
balanced 4-GHz receive band junctions were maod-
cled and fabricated. The balanced junctions elimi-
nated undesired TE., mode transmit band energy
and excessive receive band port-to-port coupling,
but at the expense of substantial mechanical com-
plexity, The unbalanced junctions were much
smaller and less expensive 1o tabricate, but were
incapable ol meeting specified levels of electrical
performance. Based on the analysis and measured
results, an approach using concentrie, coaxially
disposed circular waveguides will be used. This is
somewhat similar to the approach used for the
present COMSAT Laboratories diplexer, but with
substantial reductions in size and costl. During
1987, a breadboard/prototvpe model will be fabri-
cated and tested.




Dual-Band, 4/6- to 11/14-GHz
Antenna Feed System

The objective of this project is to develop a feed
design appropriate for INTELSAT earth station
antennas to allow simultaneous operation in both
the existing 4/6- and 11/14-GHz bands. Ideally, the
design should be low in cost and compatible with
as many reflector antenna types as possible, in-
cluding retrofits of existing antennas.

Shown in Figure 14, the system developed for
this project employs couplers to inject the
11/14-GHz energy into the circular waveguide car-
rving the 4/6-GHz energy. This permits the
11/14-GHz coupler to be placed between the out-
put of the 4/6-GHz diplexer and the feed horn. The
coupling is accomplished by an array of small holes
which couple energy from the circular waveguide
to a symmelric pair of rectangular waveguides, one
pair for each band. The symmetric arrangement is
required to couple to the desired fundamental
[TE(111] circular waveguide mode. The advantages
of this concept are that it permits the use ol an
existing 4/6-GHz diplexer design and results in a
compact and low-cost approach to the dual band
feed.
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Figure 14. 16- and 11'14-GHz antenna feed system

Emphasis has been placed on the design ol the
11/14-GHz coupler since the modifications to the
4/6-GHz diplexer and the design of the four-band
horn are believed to be straighttorward. Therefore,
they can be delayved until the critical item, the
11/14-GHz coupler, is near completion,

Because of the svmmetry of the coupling strue-
ture, only svmmetric modes are generated in the
circular waveguide. A coupling hole geometiv has
been selected which generates only transverse
electric ('TE) modes in the circular waveguide.
Theretore, if adequate svmmetiv is maintained,

10

there are only tour unwanted modes which may be
generated in the circular waveguide. These tour
unwanted modes are suppressed relative 1o the
desired TE(11] mode by the design of the coupling
structure. Dielectric loading in the coupled rectan-
gular waveguides is used to match the phase vel-
ocity of the fundamental TE(10) mode to the cir-
cular TE(LL waveguide mode. Higher order modes
are further suppressed by optimizing the coupling
taper at the ends of the slot coupling sections,

A method ol computing the appropriate coup-
ling and phase velocity has been developed and
breadboard test models have been constructed.
Measurements on these test models have demon-
strated excellent mode purity, return loss, and
directivity.

Antenna Diagnosis Using
Microwave Holographic
Techniques

Microwave holographic measurement capability
was added to the antenna pattern range facility in
1986, Microwave holography utilizes the Fourier
transform relationship between the antenna radia-
tion pattern and the antenna aperture electro-
magnetic field distribution. The transform facili-
tates antenna diagnosis by providing the reflector
surface deviation profiles and the illumination
blockage patterns from the measured far field data,
Problems such as random surface errors, periodic
surface errors, feed illumination errors, blockage,
and phase errors on array elements can be quickly
and accuratelv diagnosed. This diagnostic infor-
mation is useful for various antenna tvpes includ-
ing prime feed single reflectors, dual reflector
antennas, shaped antenna svstems, offsel anten-
nas, and multifeed and flal plate arravs. The pri-
mary advantage of the holographic measurement is
that a complete antenna system diagnosis can be
performed in a relatively short time. Other meth-
ods, such as optical measurement using the-
odolites, mechanical measurement of reflector sur-
faces, and analvsis of far-field pattern cuts, are less
direct and more time consuming.

Figure 15 is a block diagram of the holographic
antenna measurement svstem. A drive file con-
taining the azimuth and elevation angles is used by
a computer program which controls the antenna
positioner and RF receiver. This program collects

)
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the amplitude and phase at the far-field sample
points. A second program then plots the far-field
contour patlern and processes the data using the
tast Fourier transform. The resolution of the proc-
essed data can be improved by an iteration process,
The data can then be plotted as an aperture ampli-
tude distribution fillumination function including
blockage! and an aperture phase contour (due to
reflector surface delormations, feed defocusing,
and blockage, ete.).
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Figure 15. Block diagram of holographic antenna
measurement system

To facilitate the measurement system, several
major software development tasks were completed
in 1986. One program conlains processing software
to perform the Fourier transform and graphically
display the results. Another program drives the an-
tenna and reads the receiver data. A program o
analytically simulate reflector surface deviations
was a'so wrilten.

Figures 16 and 17 show the resulls of a hol-
ographic measurement ol a L8-m offset fed an-
tenna. As a demonstration, the antenna had an 8.5
X 11-in, 0.040-in-thick pateh purposely located
near the center of the reflector. As expected, the
amplitude distribution shows an unblocked illu-
mination function with a verv minor disturbance in
the patch region. The phase contour shows the
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patch as a phase discontinuity of the expected
magnitude. Figure 18 shows a phase profile
through the patch.

K,-Band Up-Link Power Control
Development

A program to develop and demonstrate up-link
power control (ULPC) techniques applicable o a
wide range ot K -band satellite communications




svslems was initiated in 1986, Under certain condi-
tions, implementation of ULPC capability can sub-
stantially increase the up-link available time daring
periods of precipitation. However, a ULPC svstem
must contend with several distinet propagation
phenomena, including rain attenuation, gaseous
absorption. and tropospheric scintillations. It is
also difficult to unambiguously differentiate path
effects from svstem-generated signal level vari-
ations that mayv be caused by gain changes, an-
tenna mispointing, and beacon level variations, for
example. The major limitations to effective ULPC
implementation are natural variability in the prop-
agation medium, control-signal measurement er-
rors, and imprecision in the control loop. Loop
dynamics are also an important consideration.
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Figure 18. 1.2-m oflset reflector antenna with patch,
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profile

Analyses of propagation effects led 1o the con-
clusion that simply scaling the measured 11-GHz
down-link attenuation to 14 GHz with Trequency-
dependent ratios is sutliciently accurate for a 7-dB
range of power control, provided that measure-
ment errors are controlled. Figure 19 shows the
theoretical variations in 14 11-GHz scaling ratio as a
function ol rain tvpe.

Datit were collected for several precipitation
events lincluding rain, snow, sleel, and soft haill by
using a K, -band loopback system implemented at
COMSAT Laboratories. A down-link beacon at 1145

GHz was monitored for the control signal, which
was then used to control the up-link transmit
power. The level of the looped back carrier relative
to the beacon provides verification of the ULPC
operation.
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Figure 19. Helation between 14- and 11-GHz rain
attenuation for diflerent rain tvpes

COMSAT PROPRIETARY R&D

Flat Plate Antenna

COMSAT has entered into a joint development
agrecment with Matsushita Electric Works (MEW)
to produce low-cost, lightweight, high-efficiency
flat plate arvavs tor satellite reception at K, -band.
The arrav designs are based on advanced tech-
nology developed al COMSAT Laboratories that has
led 1o novel printed circuit radiators that are elec-
tromagnetically coupled to the teed line. This type
of design lends itsell to low cost and high ef-
ficienoyv., COMSAT has built linearly and ciroularly
polarized versions in addition to designs with a




fixed beam offset. Figure 20 shows a 1.3-m working
model array that demonstrated efficiency greater
than 60 percent. This array was used lo receive
high-quality TV transmissions from a number of
domestic k,,-band satellites,

COMSAT PROPRIETARY
DEVELOPMENT

1.8-m Offset Reflector and Die
Cast Feed System

The design of a 1L.8-m offset reflector and feed
svstem was completed. A program for designing
feed components that do not require tuning (in-
cluding pretuned transmit reject and transmil
bandpass filters) was also successfully completed.
Ihe accuracy and repeatability of the die cast
manufacturing process permits the use of pre-
tuned components that reduce the cost of pro-
ducing the feed. During 1986, 200 deliverable
antennas were lested and designs of alternative
antenna manulacturers were evaluated,

2.9-m Transportable Earth
Terminal Antenna

A Z89-m transportable antenna system incor-
porating both C- and K,-band feeds was developed

for COMSAT General. Caretul electrical design of

the feeds and the control of the mechanical aspects
of the reflector surface (including the rms of light-
weight graphite epoxy reflector panels and panel
alignment mechanisms/ have resulted in oan an-
tenna system that meets all international and do-
mestic wide-angle sidelobe requirements.

The K, -band teed operates over both the interna-
tional and domestic frequency bands. The C-band
teed design allows either linear antenna polar-
ization for domestic use or circular antenna polar-
ization for INTELSAT use. The antenna meets the
INTELSAT 1.06 voltage axial ratio specification
using a recently developed feed that can be easily
polarization tuned on site at the operating transmil
lrequency,
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Figure 20. K, -band [lat plate arvay demonstrates
efliciency greater than 60 percent

The antenna system is a “lv away” design: the
mount, teeds, and associated solid-state power
amplifier (SSPA)Y and LNAs are foam packed for
shock protection in seven boxes that can be
shipped on commercial airlines. The mount is
designed to adapt to various mounting surfaces
and to hold the antenna rigid in winds up to 60
mph. A rear view of the assembled antenna is
shown in Figure 21

The antenna was temporarily installed on the
roof of the American Mission in Geneva, Switzer-
land, awaiting the completion of a permanent in-
stallation. This allowed COMSAT International
Communications, Inc. (CICH to complete a k-
band T-1 link and begin service for the State
Department.




Figure 21. 2.9-m transportable antenna svstem
f !
(resr view!

COMSAT SUPPORT

Southbury INMARSAT Antenna
Measurements

In 1985, a comprehensive sel ol measurements
was conducted on both the Southbury full-
performance and MARISAT earth station antennas
to evaluate their performance over the new
INMARSAT frequency bands. Tests indicated that
they could be used without major modifications.

The full-performance antenna had severe mode
spikes and resullant gain and noise temperature
degradations within the new receive band frequen-
cies- AL that time, it was theorized that a half-wave
polarizer in the NEC feed was causing the problem
and il was further concluded that the antenna
could be rendered suitable for use by covering the
coupling slots in the polarizer shunt cavity phase
compensating network

During a trip 1o Southbury in Mav 1986, the rec-
ommended fix was implemented, and as expected
the mode spikes were eliminated. Measurements of
the receive gain, using radio star techniques, and
the antenna svstem noise temperature were also
conducted. The measurements showed that, with
the addition of new LNAs, it will be possible to
achieve the specified level of G/T performance. In
1987, a return trip will be made 10 Southbury 1o
install the amplifiers and to make the final
INMARSAT acceplance test measurements on both
antennas.

This test program has been successtul in accu-
ratelv determining the capability of the present
antennas o meet the new INMARSAT specilica-
tions, thereby minimizing retrofit costs.

Washington E3 IBS Earth Station
Measurements

Extensive gain and G/ T measurements were
conducted on CICU's IBS, 9-m, K,-band antenna
located at L'Enfant Plaza. This antenna was de-
signed to operate over a greater frequency range
than is currently available from in-orbit satellite
testing, which measures gain and G/T' over just a
portion of the design bandwidth. Radio stars,
which are commonly used for measurements on
much larger, 30-m class antennas, were used to
measure the gain and G/T over the full design
bandwidth.

The semiautomated antenna measurement Svs-
tem, developed at COMSAT Laboratories, along
with accurate noise injection techniques, mea-
sured the signal power from the radio star. Despite
an extremely small Y-factor of 0.1 dB, the gain and
G/T data agreed well with the caleulated antenna
gain, and the limited data that were measured
using satellites,
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INTELSAT CONTRACTS

G/T Measurement Techniques
of INTELSAT Standard E and F
Earth Stations

INTELSAT Standard E and F business class earth
stations are difficult to characterize in terms of gain
and figure of merit (G/T). These antennas are
generally too small for G/T measurements using
standard radio star techniques and conventional
test equipment. Satellite testing techniques based
on assumed eirp. levels are often used but with
reduced accuracy. In some cases, the antenna
manufacturer’s predicted performance is offered as
proof of performance without adequate testing.

COMSAT Laboratories has developed and refined

procedures to accurately measure gain and G/1' for

these antennas, and, through Purchase Order
21337-0 with INTELSAT, is documenting these
techniques for other users of the INTELSAT system.
FFor the larger antennas, measurement accuracy
can be significantly improved by comparing signals
received from radio stars to that of a known noise
power injected at the LNA input. For the smaller
antennas, the moon can be used as a known signal
source. A simplified, but aceurate, moon ephemeris
program was wrilten that runs in real-time on
small, readily obtainable computers. The antennas
can still use satellite technigques to measure G/T,
but careful attention to system gain drift, along
with the use of a standard gain horn comparison
technique, can greatly improve measurement ac-
curacy. All of the applicable test techniques and
error bounds are discussed in the final report.

Propagation Model Development

Under Contract INTEL-222 (RAE-207), COMBSAT
Laboratories developed refined propagation analv-
sis software which incorporates new impairment
calculations and also contains improvements to
the existing rain degradation model. The new
maodel, intended only for INTELSAT research and
development applications until it has been thor-
oughly tested, provides predictions of gaseous al-
tenuation, tropospheric scintillation, defocusing,
rain and cloud attenuation, path depolarization,
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and down-link degradation for trequencies of 1 to
35 GHz and path elevation angles ol 0° Lo 90°.

Figure 22 provides the modeled annual distribu-
tion of 11-GHz tropospheric scintillation fading for
an elevation angle of 5 and antenna diameter of
3m, along with an analyvtic fit to the curve that is
used in the model as a reference distribution. The
model predictions have generallv provided good
agreement with measured data.
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Figure 22. Modeled scintillation fading statistics

STLC In-Orbit Test System
Upgrade

Software and hardware of the SBS 10T system
were upgraded under contract with STLC. The new
svstem is based on an automalic spectrum ana-
lvzer and uses synthesized sources for both up-link
and injected signals. It is controlled by an HP9000
Series 520 computer rather than the two HPY845s
used in the old system. The new svstem retains all
the functionality of the old system and supports




any number ol different spacecrall models with
diverse antennas and channels. However, unlike
the old svstem, contour generation is totally inte-
grated with the measured software. A completely
new feature allows verification of the earth station
antenna and feed coupler calibration, thus elimi-
nating time consuming and error-prone pretest
calibrations

The objective of Contract INTEL-497 was for

COMSAT Laboratories 1o upgrade the INTELSAT \
control software that runs the in-orbit tests (10T

16

on the Series v osatellites. Both the original hard-
wire and software were implemented by COMSA
Laboratories for INTELSAT. The upgrade allowed
INTELSAT to pertorm 107 for the Series V, as well as
the expanded frequency band V-A and V-B business
system satellites. The upgrade expanded the ex-
isting soltware to make it compatible with the
moditied INTELSAT hardware, while maintain-
ing the existing user intertace and measurement
strategy. The contract was successiully completed
in 1986,




T he Microelectronics Division (MED) supports the Corporation’s needs for state-of-the-art

microelectronics components for improved and expanded satellite communications SVS-
tems, other aerospace applications, and the programs of COMSAT's Amplica Division.
Research and development efforts focus on field effect transistors (FETs), microwave
integrated circuits (MICs), miniaturized microwave active circuits (MMACs), and mono-
lithic microwave integrated circuits (MMICs). Goals of these efforts include improvement
of electrical performance and the achievement of higher operating speeds and frequen-
cies, as well as reliable and long lived products. MED capabilities include semiconductor
malerials preparation, circuit design and testing, complete fabrication, and reliability
assessment (including radiation effects because of their importance to satellite communi-
cations). Because of the significance altached to reliability, the division maintains an
extensive analytical faciliy to support its own projects and those of other organizations

within the Corporation.

FACILITIES

Construction of the MED's clean-room facility
was nearly complete at the end ol 1986, Phase 1, a
class=100 (fewer than 100 hall-micrometer particles
per cubic foot) clean room for microlithography,
became operational in 1985, Phase 1, a class-1000
clean room for wet-chemical and thin-film process-
ing, will become operational soon. ‘The class-1000
arca will house vapor deposition systems (both
electron-beam and resistively heated evaporation
sources!, sputter deposition svstems, and systems
for plasma-enhanced chemical vapor deposition
(PECVDI, ion-beam etching, redctive ion etching,
and plasma etching in the thin-film area. The wel-
chemistry area will contain multiple clean-hench
work stations and an electroplating facility.

Automatic DC measurements can be a low-cost
technique for evaluating FETs and MMICs at the
waler level. At COMSAT, an Automated Wafer
Probing Svstem and atlendant software were de-
veloped 1o allow rapid analysis of DC characteris-
tics of active and passive components and to estab-
lish a data base for vield and performance. The
syvstem is built around an automatic prober which
accommodates probe cards for different test con-
figurations. Measurements are made using a semi-
conductor parameter analyvzer, which has eight
measurement ports that can be dvnamically
switched to any of the 48 pins on the probe card by
a switeh matrix controller, Data generated during a

COMSAT &* LABORATORIES

waler probing are stored on floppy disk for off-line
analysis. The control and analysis software, devel-
oped in house, evolved in response 1o a variety of

needs. The output is a mix of relevant statisties and
graphic presentations that quickly convev the
sense of the data, Figure 1 is a photograph of the
probe head of the equipment.

L

Figure 1. Automated Wafer Probing Svstem allows
rapid analvsis of DU characteristios of active and
PASSIVE Components

The division's molecular beam epitaxy (MBE) re-
actor was installed in the summer of 1986, Fol-
lowing a conditioning period in which the system
underwent extensive baking and outgassing, trial
growth runs were initiated to demonstrate that the
equipment is capable of producing slate-of-the-art

MICROELECTRONICS DIVISION




material. Aceeptance criteria were specilied for
laver uniformity, Hall mobility for n-tvpe GaAs, and
electron mobility in a high electron mobility tran-
sistor (HEMT) structure. Specifications for laver
uniformity have been met and test runs for carrier
mobility determination are in progress.

Two new RF measurement capabilities were
added to the MED test and evaluation facilities. A
dedicated automated measurement system capa-
ble of power and swept-gain measurements at K-
band frequencies for the FET device qualification
program was assembled and is currently opera-
tional. Microwave performance of sampled devices
from wafer runs is routinely obtained. To support
millimeter-wave device and MMIC development,
equipment operating in the 40- to 60-GHz band for
power, swepl gain, return loss, noise figure, and
spectrum analysis have been added to the current
facility for measurements up to 40 GHz. The new
systems are available to evaluate both low-noise
and power devices and circuils.

COMSAT JURISDICTIONAL R&D

Materials

The basic semiconductor material used in the
MED rescarch programs is gallium arsenide (GaAs!.
\Ithough substrate walers are not made in house,
the remainder of the materials processing (e g, ep-
itaxial growth or ion implementation) to obtain the
desired active material is done by the MED. GaAs
lavers grown in the halide reactor can now be pro-
duced routinely with very repeatable characteris-
tics for thickness, carrier concentration, and carvier
mobility.

More recently, research etforts have been aimed
at advances in MBE-grown materials using
COMSAT's MBE machine, described in an carlier
section of this report. In contrast with the halide
svstem, which operates at pressures ol about 1 at-
mosphere, the MBE svstem background pressure is
of the order of 10" atmospheres. Such severe re-
strictions are not often encountered elsewhere,
and a special set ol laboratory procedures must be
developed for working under them. The goal ol
MBE technology is to achieve materials with prop-
erties that cannot be obtained with previously
available methods.

A prime example of MBE application is the mate-
rial structure needed for HEMTs, This structure
requires verv thin (—100 A1 Tayers of high purity.
Although many of the fabrication steps used with
conventional GaAs devices can also be used with
HEMTs, new procedures must be developed to
make devices from HEMT-tvpe material. In addi-
tion to the thin lavers, other constraints are im-
posed by the use of GaAlAs (gallivm aluminum ar-
senidel and the proximity of the active region to the
semiconductor surface. In preparation for process-
ing COMSAT-grown HENT structures, process
modifications have been tested on purchased wa-
fers and the successful ones adopted.

Semiconductor Processing

Semiconductor processing encompasses a wide
variety of technologies and professional talent.
Changes in component design and improvements
in materials require continuous adjustment of
processing procedures. Descriptions of some of the
more interesting advances are given below,

As semiconductor devices and circuits become
more sophisticated, their construction results in
three-dimensional structures as opposed to planar,
or single-surface, units. Consequently, the fabri-
cation of the reverse, or nonactive, side ol a wafer
requires every bit as much care as does the front
side. Back-side processing provides reduced induc-
tance, joule heat dissipation, and ground plane
contacts: these features are particularly eritical in
circuits and power devices. An important feature ol
this processing is the method of forming the con-
ductive connection wia-holer between the two sur-
faces. The thicker the waler, the more difficult is
this fabrication step. The MED has designed and
constructed spray etching equipment to improve
via-hole processing of substrates as thick as
010 mum. Figure 2 is a photograph ol via-holes taken
from the back side of a power amplifier waler,

Another step in advancing processing capability
was direct-write, electron-beam le-beam! lithog-
raphy. Software that permits the operation ol the
e-beam system in a directwrite mode overnight
and on weekends has been completed and tested.
Previously, an operator was required for calibrating
and initializing the e-beam system at the start of
wriling every waler. Now walers can be loaded into
the svstem and initializing parameters set up for all
wafers at the start of a multi-wafer run. The e-beam




system then operates completely automatically
through loading, initializing, creating job command
files, writing wafers, and creating job summary data
files for each wafer. The system throughput is now
limited only by the number of direct-write wafer
chucks available (presently fourl. Other software
has improved wafer throughput by sorting pattern
data into high- and low-beam current sections,
withoul compromising between fast wriling rates
and high resolution.

Figure 2. Improved via-holes are obtained by using
sprayv etching equipment designed and consiructed
by the MED

The MED also performs processing as a sevice
for other divisions of the Laboratories. The
CONMSAT Laboratories 1985 Annual Report de-
seribed the computer-aided design of a 140-Mbils,
coded octal phase-shift keving (COPSKI modem.
Approximately 70 of these hybrid integrated cir-
cuils were fabricated for a development project of
the Communications Technigques Division. Fach
circuit consists of a thick-film, wwo-dielectric-layer
and three-metal-layer power and ground back
plane, drilled and filled holes (conducting vial
through an alumina substrate, and four-layer thin-
film front-side circuitry. The circuits contain resis-
tors, two metal lavers for signal interconnection,
and approximately 1,200 dielectric crossovers for
the interconnect lines.

The MED has also successtully fabricated GaAs
MMICs for use in phased-array antennas. These
circuits, designed by the Microwave Technology
Division, are unique in that many new fabrication
methods (two-tier capacitor dielectrics, e-beam
alignment techniques) and many tvpes of circuits
(low-noise amplifiers, broadband amplifiers, single-

and dual-gate FETs) and signal translators are em-
bodied in a single maskset. Figure 3 is a chip vield
for an MMIC circuit where the accepted devices are
shaded.

1
15
£5 5 ; 1)
| -
_2a T
| 1o | = | s | 4 2

Figure 3. Chip vield for an MMIU eircuit

MMICs

One of the goals in developing MMICs is to pro-
vide a greater degree of reliabilitv and uniformity in
satellite circuits. Work was initiated toward achiev-
ing a small, space-compatible, two-stage low-noise
amplifier (LNAI for the 14.0- to 14.5-GHz fixed sat-
ellite service band. Because the FET is usually the
most critical feature of an MMIC, low-noise FETs
were fabricated. Several state-of-the-art fabrication
techniques such as through-substrate via-holes, air
bridges, and half-micron gates were used to pro-
duce high-gain, low-noise devices, The first fabri-
cation runs yielded FETs which exhibited a noise
figure of 1.82 dB and an associated gain of 7.8 dB.

Using equivalent circuil models generated from
s-parameters and COMSAT's modeling programs,
impedance matching circuits aimed al achieving
an optimum noise figure over the 500-MHz band
were designed. Two approaches were followed:
cascaded single-stage and combined two-stage
with interstage matching. Figure 4 shows the CAD
lavout of the two-stage LNA,
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Radiation-Hardened Circuits and
Materials

Because satellites are subjected to the space ra
diation environment, COMSAT Laboratories is con-
tinually working to determine the effects ol radi-
ation on salellite components. The MED has
previously reported on damage to silicon devices
from individual energetic ions. This damage has
been demonstrated, and its extent measured, by
imaging the surtace of the device with the COMSA]
scanning electron microscope (SEMI operating in
the electron-beam-induced-current (EBICI mode
Figure 5 shows traces of EBIC: the lowest current is
generated in the damaged regions, With the in
creased demand for higher frequency, higher
specd components, the dimensions ol semi-
conductor devices have become smaller and the
use of new malterials (e.g., GaAs! has become neces-
sarv. As ol this date, repetitions ol the above work
on GaAs have not shown the same kind ol damage
that was scen in silicon, Further studies ol this tvpe
are underway to establish with certainty that GaAs-
based devices will not degrade from such single-
evenlt lailures

Not all aspects of satellite communications are
better served by using GaAs: therelore, there is a
need to improve the radiation characteristics of
some kinds of silicon devices. The MED has been
working on improving the radiation tolerance of

]

oxide lavers on silicon. By introducing modi-

lications to PECVD lavers, the radiation hardness ol
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Figure 4. Circuit lavout of a hwo-stage, 14,0+ to
I.5-0:Hz LNA

Figure 5. LBIC traces generated by the COMSAT
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silicon devices

both thin (gatel and thick itlield) insulators has been
extended well bevond that of any others. Gate in-
sulators have exhibited tolerance 1o 107 rad and
tield oxides to 10" rad.

COMSAT NON-JURISDICTIONAL
R&D

Computer-Aided Device
Modeling

Physical modeling ol GaAs devices, in support ol
design efforts in the Microwave Technology Divi-
sion and labrication and design capability in the
MED, is an ongoing activity. The models have been
particularly useful in reducing iterations when de
signing masksels and for troubleshooting problems
in the fabrication of devices and in tailoring mate
rial characteristics. A recent addition to this capa
bilitv is a program for designing varactor carrie
profiles. Results ol this program have been used to
develop a 14.5- to 26.5-GHz, MMIC, varactor tuned
voltage controlled oscillator (IVCO! Tor a THughes Air-
cralt Company study contract tdescribed sub-
sequentlyl The MED's efforts in VOO development
will also be enhanced by the availability of this
program.

Power Amplifiers and Devices

Whether a circuit is of MIC or MMIC [orm, the
most critical component is usually an FET. The
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MED had previously announced a state-of-the-art
power FET for use at 20 GHz. To ensure the utility
of this device in non-laboratory applications, a
product assurance program was begun, This pro-
gram consists ol two parts: a wafer qualification
procedure and a product reliability assessment.
One of the steps in the qualification procedure is

a high-temperature (240°C) bake. Early versions of

the FET exhibited a very low vield of devices after
this bake and the problem appeared 1o be at the
gate. By emploving Auger electron spectroscopy 1o
study the materials in the gate metalization, it was
discovered that the titanium (19 barrier metal was
only marginally thick enough to prevent gold diffu-
sion into the GaAs (see Figure 6a). The Ti thickness
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Figure 6. Auger electron spectroscopy is used (o stady
the materials w the FET gate metalization

was increased IFigure 6bl to aboutl 1,000A and the
I'ETs were subjected to the same high-temperature
step as before with no measurable degradation ol
the gates due to metallic diffusion,

Facilities have been installed 1o address the see
ond part ol the product assurance plan, the re-
liability aspect. Using three separate ovens, up 1o 30
devices can be evaluated under DC and tempera-
ture stress conditions with independent control
and computer monitoring of voltage and current
on the gate and drain of FETs, Devices can be
tested with channel temperatures up to 300°C; this
represents a lite-acceleration factor of about 20,000
tor devices that normally operate at 110°C. These
procedures, coupled with results of analysis by
SEM and Auger techniques, are used Lo assess the
quality of FETs and to develop processes for fabri

cating improved devices
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Figure 7. Backscatter eleotron image of the cleaved
cross section of o 0.5-W T




The backscatter electron image of the cleaved
cross section ol a 0.5-W FET with sub 0.5-pm gale
length and integral glass passivation laver is shown
in Figure 7. Devices produced under the FET de-
velopment and qualification program have heen
used in cireuits such as a 0.5-W, 6- to 18-GHz bal-
anced power amplifier (Figure 8 developed at
COMSAT. The COMSAT power FET offers im-
provements over other commercial devices based
on its BRI performance and casv-to-match load
characteristics for optimal outpul power across the
broad lrequency band. Prototype circuils have been
forwarded to the Amiplica Division of COMSAT for
further evaluation and conversion to potential
products.

Two K-band. solid-state power amplificr mod-
ules were developed for the VSAT terminal appli-

Figure 8. COMSAT power FIUT provides optimal output
pover across the 6- to 18-GHz band

cation. A 1-W amplifier covering the 14- 1o 14.5-GHz
satellite band was designed using low-cost hybrid
MIC technology and the COMSAT GaAs power FET,
A 2-W version was also developed using two 1-W
FETs. A multistage amplifier consisting of two 1-W
modules, an isolator, and a 2-W module is shown in
Figure 9. The complete amplifier provides an out-
pul power exceeding 2 W and a power gain of 16 dB3
across the 14- 1o 14.5-GHz band, as illustrated in
Figure 10.

COMSAT SUPPORT

Suppaort to Amplica in the areas ol device/cireuit
modeling and automated measurements included
an improved test fixture de-embedding software,
which was developed, installed, and tested on

|

1<

Amplica’s HP 8510 automatic network analvzer. An
automated amplifier module test workstation was
developed and implemented jointly with Amplica
personnel. The FASTEST software/hardware system
allows quick pass/Aail testing of RE performance
along with DC parameter testing. The automatice
probe station was emploved to evaluate the proe-
ess for fabricating thin-film capacitors of MICs and
MMICs. More than 150,000 capacitors were fabri-
cated on a variety of substrates, and breakdown
voltages were measured. No significant changes in
vield or capacitance value were observed for capac-
itors aged tor 120 hours at 150°C,

S COMSAT

Figure 9. Multistage amplifier consists of two 1-W
maodules, an isolator, and a 2-W module
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Figure 10. Output power and gain performance of the
COMSAT multistage amplifier




In a collaborative study with the Applied Tech-
nologies Division, the function of zirconium as an
emission activator in the oxide-coated cathode
used in INTELSAT VI traveling wave tubes (TWTs)
(Figure 11) was investigated. Chemical analysis was
carried outl using high-resolution Auger electron
spectroscopy with argon ion milling on a TWT
cathode following 40,000 hours on life test. The
Auger analysis uncovered an unexpected segrega-
tion and concentration of zirconium on the surface
of the high-purity nickel base that supports the
barium strontium oxide coating on the cathode.
Although the zirconium had originally been depos-
ited as a layer of uniform thickness, zirconium con-
centrations were found in raised areas a few mi-
crometers in size. Low levels of sulfur, a con-
taminant known to poison oxide cathodes, were
also found at nickel grain boundaries. The conse-
quences of these chemical discoveries in terms of
involvement in failure mechanisms of TWT cath-
odes is currently under consideration.

Figure 11. Scanning electron micrograph shows the
analvtical area of the oxide-coated cathode used in the
INTELSAT VI TWT study

Analyvtical support services using inductively
coupled plasma emission spectroscopy provided
the solution to a problem at the Roaring Creek
Earth Station involving a contaminated, high-
volume cooling system. Analytical data on samples
of coolant and corrosion debris and expert chemi-
cal assistance from the Laboralories resulted in an
inexpensive chemical treatment procedure that
was used Lo inhibil corrosion in the coolant system
without discontinuing operation at the station,
which would have resulted in lost revenues 1o
COMBSAT.

INTELSAT SUPPORT

The failure of an INTELSAT V TWTA fram the
shorting of a silicon diode prompted a reliability
study of the diodes by the MED. The metallurgical
and electrical integrity of flight-qualified diodes,
identical to the failed diode, was ascertained by a
failure analysis process, involving electrical and
thermal measurements, and malerials analysis
using scanning electron microscopy, energy dis-
persive X-ray analysis, and Auger electron mi-
croanalysis. The results showed that resistance to
pull stress of the die hond was low on two of four
diodes tested; this would explain the increased
forward voltage which was measured. Also, the side
ol one silicon die, where the junction terminales
and the highest electrical field exists, was tound to
be contaminated with sodium and chlorine. This
discovery may explain the failure of the shorted
diode in the TWTA. These findings led to improved
methods of evaluating diodes for acceptance in the
INTELSAT V hardware to minimize the risk of pos-
sible failure.

Another task performed to support the
INTELSAT program was to identify the cause of
blisters on positive plates for the INTELSAT V Ni/H,
cell. These blisters, which occasionally formed in a
region where the thickness had been reduced to
one-hall the original in a coining step, were shown
to cause a separation in the Ni sinter during sub-
sequent plate fabrication steps. Scanning electron
microscopy and Auger microanalysis of pull-tested
samples of the starting, sintered nickel-plate matrix
showed that there was a high concentration of car-
bon and nitrogen on the fracture surfaces of the Ni
particles. This chemistry is associated with thin,
brittle boundaries between the Ni particles of the
sinter, as manulactured. It was concluded that
these brittle particle-to-particle bonds vielded un-
der the shearing forces during compression of the
coining operation, resulting in sub-surface crack
tormation. Closer control of the Ni sintering oper-
ation was recommended to limit the formation ol a
brittle structure, and hence avoid the problem in
future plate lots.

INTELSAT CONTRACTS

The MED, in conjunction with the Applied
Technologies Division, completed the performance
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evaluation of 11 C-band TWITAs, 4 K,,-band TWTAs,
and 4 C-band S5PAs under contract INTEL-485.
Most of the measurements of these INTELSAT VI
units were performed on the MED's AMPAC system,

Spacecraft bus voltage interactions, such as bus
ripple caused by TDMA operation and modulation
sidebands generated by bus ripple, were per-
formed. The measurements verified the manufac-
turer's data and provided additional information of
special interest concerning the use of the amplifier
in the INTELSAT VI spacecraft simulator,

The TWTAs and solid-state power ampliliers
ISSPAs) were also subjected to thermal soak cyveles
and their performance recorded. The measured re-
sults were analvzed and compared with the
INTELSAT VI specifications and the manufacturer
data where applicable. The data collected during
this program will serve as a reference for the ampli-
fier's performance when used in the spacecraft
simulator during the lifetime of the INTELSAT VI
program.

OTHER

Early in the vear, Hughes Aircraflt Company
awarded a contract 1o COMSAT's MED tor the de-
velopment ol passive GaAs MMIC components,
Working from design rules provided by COMSAT,
Hughes engineers designed passive components
and circuits for fabrication by COMSAT. COMSAT
provided designs for test patterns and alignment
marks to be used in a lithographic maskset. The
masksel was ordered by Hughes and delivered to
the MED, where the passive MMICs were tabricated
on 50-mm-diameter GaAs walers. Features ol inter-
est included tantalum nitride resistors, metal-
insulator-metal capacitors, air-bridges, through
substrate via-holes, and Lange couplers, The pro-
gram was completed in December 1986 with the

delivery of five completed wafers. Figure 12 shows a
Lange coupler on one of these walers.

Figure 12. Lange coupler on a S0-mm-diameter GaAs
witfer delivered to Hughes Aireraft Company

In October, the University of Marvland, under
contract to MIT's Lincoln Laboratory, awarded a
subcontract to COMSAT for the fabrication of
10-GHz ultraviolet photomixers and associated test
structures. These GaAs photomixers are required to
deliver an intermediate frequency (IFF from 1 to
10 GHz when illuminated bv two beams of ultra-
violet light having a frequency difference equal 1o
the 1F. The MED assisted with the design of a new
maskset for this program and fabricated test struc-
tures using a maskset left over from an earlier Uni-
versity of Marvland program. These lest structures
were used to measure the frequency response of
photoconductivity in GaAs by focusing a sub-
picosecond laser on a gap between metal con-
ductors on semi-insulating GaAs. The length of the
resulting electrical pulse gave the reciprocal of the
frequency response. Measurements by the Univer-
sity of Marvland on COMSAT-fabricated test struc-
tures showed pulse lengths as short as 13 pico-
seconds, which is shorter than needed for the
10-GHz photomixers,




At the start of 1986, the Spacecraft Technology Division was renamed, becoming the Applied
Technologies Division (ATD). This reflects a change in the division's mission, which has
been broadened to encompass the lerrestrial activities now being pursued by COMSAT.

The ATD continues fo provide a broad range of R&D capabilities from confrols, dy-
namics, and propulsion, to telemetry, fracking, and command, as well as structures,
mechanisms, materials, thermal control, power systems, energy conversion and storage,
reliability and quality assurance, and environmental and qualification testing. The division
conducts R&D studies directed toward extending satellite lifetime and improving reliabil-
ity, and advancing the technology of communications antennas. Activities include in-depth
analvses, laboratory investigations, and on-site test support throughout COMSAT as well
as under contract to INTELSAT and other organizations.

Significant activities in 1986 include verification of the temperature control of the
monolithic microwave integrated circuit (MMIC) amplifiers to be used in multibeam
phased-array antennas, and completion and delivery of attitude control flight simulators
Jor both INTELSAT VI and the Direct Broadcast Satellite. The ATD was instrumental in
confirming the validitv of the "COMSAT Maneuver” for extending satellite lifetime. The
division participated in the DARPA/USAF Multiple Satellite System Program as a support
contractor. The ATD is also heavilv involved in providing product assurance for the
terrestrial segment of the NASA ACTS program and completed a two-vear contract for
development of an innovative, low-cost terrestrial H./NiO battery for the U.S. Department

of Energy under a Sandia National Laboratories contract.

COMSAT JURISDICTIONAL R&D

Power Conditioning for SSPAs

In 1986, circuitry was designed 1o allow gallium
arsenide (GaAs! monolithic microwave integrated
circuits (IMMICs) to be controlled by external
transistor-transistor logic (TTL) compatible signals.
The development of phased-array antennas has led
to the need for a special circuit to switch solid-state
power amplifiers (SSPAs) on and off, conserving DC
power and reducing thermal dissipation. Figure 1
illustrates a circuit developed by the ATD 1o per-
form this task as part of the SSPA project. Using
computerized techniques, the circuit was designed
and its performance predicted. A developmental
circuit utilizing discrete GaAs metal semiconductor
field effect transistors (MESFETSs! was constructed
and subsequent tests with an SSPA verified pre-
dicted performance. Design of a monolithic GaAs
on/off switch is in progress.

comsAT €2 LABORATORIES

[
=1

Multibeam Phased-Array
Antenna

As reported in the COMSAT Laboratories 1985
Annual Report, the ATD is responsible for the
thermal and mechanical design of the multibeam
phased-array antenna being jointly designed with
the Microwave Technology Division (MTD). Ther-
mal control of the multibeam antenna is critical
because the SSPAs are located in the waveguide
directly behind each of the closely packed feed
horns, resulting in a high concentration of dis-
sipated heat. The selected design mounts the SSPA
directly to a heat pipe which carries dissipated
heat to a remote thermal radiator for rejection to
space. As illustrated in Figure 2, it also permits the
removal of any element in the array without dis-
assembling the entire feed system. During 1986,
mechanical and thermal analyses were performed
which proved the design. The critical SSPA heat
removal scheme was verified by thermal vacuum
testing. This test configuration is shown in Figure 3.

APPLIED TECHNOLOGIES DIVISION
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Figure 2. Multibeam antenna lavout

F'he ATD also completed a study of power distri-
bution concepts for multiple-beam antennas
IMBAs! which determined that redundant, cen-
tralized power processing svstems have an advan-
tage over decentralized systems with respect 1o

mass and reliability. Design and construction of a
centralized power svstem is presently in progress,

The prototype of the active circuit for the low-
power array digital controller was developed and
tested. In addition, the top-level design of a dis-
tributed controller tor a high-power array was
completed. The local control module, which repre-
sents the lowest level ol control in the distributed
controller, was breadboarded using programmable
logic array parts.

Figure 3. Thermal test configuration

Momentum Wheel Bearing Cage
Instability

Life expectancy and operating performance of
spacecralt momentum wheels are highly depend-
ent on bearing cage stability, In 1986, nine different
momentum wheel ball bearing cages were tested to
evaluate effects ol various design parameters on
cage stabilitv. The purpose of these tests was two-
fold. The tests validated the cage dynamics pre-
dicted by the computer program ADORE (Ad-
vanced Dynamics of Rolling Element Bearings!.
ADORE was used extensively in the earlier study
phase ol this project, completed in 1985, In addi-
tion, these tests provided an opportunity to observe
the effects ol various design paramelers on cage
dvnamics. As shown in Figure 4, testing was con-
ducted in a fixture which allowed direct viewing of
the moving bearing elements. A fiber-opties tech-
nigque allowed real-time observation of cage
motions.

I'he test program showed that ADORE is an ac-
curate predictor of momentum wheel bearing-cage




dynamics. Design and operating parameters thal
promote cage stability were also identified. Parame-
lers considered included lubricant properties,

temperature, cage geometric clearances, mass im-
balance, and spacing between balls. A general sta-
bility criterion emerged which will aid in designing
and screening future ball bearing assemblies for
maximum cage stability.

Figure 4. Momentum wheel bearing test fixture

TWT Quality Assurance
Techniques

The TWT Quality Assurance project was divided
into two sets of laboratory investigations with dis-
tinct goals:

® to use observations of noise modulation side-
bands, due 1o ionized gas molecules trapped in

the TWT electron beam, and to develop tech-
nigues which would permit the manufacturer to
monitor the quality of TWT exhaust and process-
ing; and

to test the validity of the current model used for
predicting operating lives of oxide cathodes in
TWTSs.

Regarding the first goal, trapped ions in the elec-
tron beam cause a characteristic noise modulation
on cach side of the carrier frequency. The sep-
aration from the carrier is in the range of 300 to
1,000 kHz. 1t has been shown that the modulation
form is almost pure amplitude modulation, as ab-
served in C- and K, -band TWTs.

When the noise sidebands are visible above the
ordinary broadband TWT noise, as seen on a spec-
trum analyzer, then the residual gas pressure is too
high, a sure sign of inadequate manufacturing pro-
cessing or the presence of a small leak. Laboratory
investigations have shown that, when the ion noise
level is below the broadband noise, its presence
may be made visible by the addition of a small,
svichronous voltage modulation of the beam, and
it may also be visible in the video spectrum of the
helix current.

Experiments have identified the operating condi-
tions under which ion noise mav be maost readily
observed, although these conditions are not
equally applicable to all TWT types. As the de-
mands on TWIT' performance grow and manufac-
turers install more sophisticated test instrumen-
tation, monitoring of ion noise during manufacture
will give the manufacturer useful quality control
information on TWT' processing.

Under the second goal, six TWTs with oxide-
coated cathodes having experienced 45,000 hours
of operation were evaluated for six months with the
cathode heated but not drawing current. Using a
specially devised pulsed-test procedure, it was
found that the cathode quality improved by about
20 percent over the first month of operation and
then stabilized. This is consistent with the activator
diffusion model generally used by manufacturers
and counter to the general belief that this mode of
standby operation is harmiul. One of the cathodes
was subsequently subjected to destructive physical
analysis and the cathode surface was examined by
Auger spectroscopy to seek the buildup of activator
chemicals predicted by theory. Instead, it was
found that the distribution of surface chemicals
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was verv nonuniform, revealing that the cathode
behavior is more complex than that of the manu-
facturer's model.

Satellite Cost-Cutting
Procedures

In the interest of reducing the costs of future
INTELSAT satellites, a study of satellite procure-
ment philosophy and practice was conducted. The
study indicated that, while no specilic procure-
ment practices have a significantly large cost sav-
ings potential, the sum of small savings rom
changes in individual practices can be significant
Among the procurement practices identified as
having the potential to reduce costs are design phi-
losophy and margins, contractual documentation
and reviews, satellite testing, product assurance,
incentives and financial provisions, and the level of
subcontractor monitoring.

Low-Cost Satellites

For the next generation of INTELSA'T spacecraft,
a study of technology-related cost reduction tech-
nigues was pursued. A COMSAT cost model re-
vealed how costs were distributed among satellite
subsystems, Tyvpical cases were examined for sev-
eral proposed spacecrall being considered by
INTELSAT. The cost advantages of using an existing
satellite bus were estimated by eliminating the
predicted non-recurring costs for appropriate sub-
svstems.

Subsvstems specialists throughout COMSAT
Laboratories identified technologies that will lead
to lower costs. Guidelines were established for the
selection of future R&D) projects.

COMSAT NON-JURISDICTIONAL
R&D

CPV Battery Development

COMSAT Laboratories successfully completed a
cost-shared development program with the De-
partment of Energy (DOE) for the design and devel-
opment of the H./NiO batterv under a contract with
the Sandia National Laboratories. The objectives of
this program are to design and develop an H./NiQ

battery that is cost competitive with an advanced
lead-acid battery for terrestrial energy storage ap-
plications. Work on this 2-vear contract was con-
pleted in 1986 and all of the program objectives
were mel. Johnson Controls Inc., with which
COMSAT jointly developed this technology, was
awarded a lollow-on contract to build a large multi-
Kilowatt-hour battery for field testing by the DOE.

Under the DOL contract, a new concept evolved
using individual cells instead of the six cell mono-
block to make up 6-, 12-, or 24-V batteries. The G-V
battery delivered at the conclusion of the contract
is shown in Figure 5. The batlery design incor-
porates a number of individual cells within a com-
mon pressure vessel (CPVI. The new concepl,
which combines the advantages of the individual
cells such as bypass circuitry with the simplicity of
a common pressure vessel, offers many advantages
for space, as well as terrestrial applications along
with verv significant cost savings

Figure 5. 6-V common pressure vessel battery

COMSAT SUPPORT

Technical and Engineering
Support

During 1986, the ATD provided technical and
engineering support to four organizations within




the Space Communications Division: Intelsal
Satellite Services, Maritime Services, COMSAT
Technical Services, and Amplica, The ATD sup-
ported Intelsat Satellite Services, as the US. Sig-
natory to INTELSAT, on the INTELSAT Board of
Governors' Technical and Planning Committees.
These efforts included technical studies sup-
porting the LS. position on matters being con-
sidered by the committees, including available sat-
ellite bus technology, status of the satellites in orbit,
TWT reliability, and predictions of satellite lifetime.

The ATD also provided support to Maritime Ser-
vices concerning the INMARSAT Advisory Commit-
tee on Technical Matters (ACTOM) by conducting
technical reviews of progress on the INMARSAT 11
spacecraft, as well as studving potential spot-beam
antenna configurations for later INMARSA'I
spacecraft.

On behalf of COMSAT Technical Services, the
ATD provided engineering support on a number of
satellite programs including Direct Broadcast Sat-
ellite (DBSI, INMARSAT I1, ITALSAT, and MC1 (SBS).
In addition, a product assurance plan was devel-
oped for the Voice of America Project. Several ex-
amples of these activities are described in the fol-
lowing subsectlions.

The ATD developed a thermal and mechanical
packaging concept for Amplica in support of a
winning military hardware proposal. A thermal
analysis determined the best approach to thermal
control of FET modules for given air Now rates at
sea level and 70,000 ft. The design incorporates
forced-air cooling within finned channels. The ATD
wis also responsible for the shock and vibration
isolation design and will support Amplica during
the program design and implementation phase.

In addition to these activities, the ATD supported
the Communications Services Division of COMSAT
by assisting with a number of technical investiga-
tions for COMSAT General, including various as-
pects of the COMSAT Maneuver, which was pro-
posed during 1986. Battery lifetime predictions
were provided for the COMSTAR and MARISAT sat-
ellites, and the proposed spacecraft lifetime exten-
sion was evaluated. Thermal specialists also as-
sisted with a technical investigation of a problem
on the NBC up-link power amplifiers.

For COMSAT Technology Products, Inc., the ATD
assisted COMSAT TeleSystems, Inc. in resolving
operational problems in its MCS-9100 shipboard
antenna lerminal, as described in more detail in a
subsequent subsection.

Direct Broadcast Satellites

In 1986, the ATD provided extensive engineering
support to COMSAT Technical Services for the
qualification test program of the Direct Broadcast
Salellites (DBSI. Test plans and procedures were
reviewed and recommendations for changes were
made. During the DBS thermal-vacuum lest, a
period of approximately five weeks, ATD personnel
were responsible for monitoring the satellite ther-
mal control subsystem and for evalualing its per-
formance. Real-time additions and deletions to the
test plan were generated while the test was in prog-
ress in order to selectively investigate test
anomalies.

DBS temperature control is based upon the use
of heat pipes to efficiently transport large quantities
of waste heat. The DBS heal pipes are fixed-
conductance types fabricated from grooved alu-
minum tubing and use ammonia as the working
fluid. The failure mechanisms for heat pipes con-
sist of either leaks in the tubing or the generation of
non-condensible gas, which effectively blocks part
of the active heat pipe length. Tests were con-
ducted to ascertain whether any ammonia had
leaked from the pipes, which would resull in a
substandard heat transport capability. These tests
are part of a continuing effort to characterize the
operational performance of heal pipes used on the
spacecraft. ATD experiments show that the amount
of gas generation and the performance parameters
are consistent with the design lifetime of the DBS
spacecraft.

ITALSAT Multibeam Antenna
Thermal Analysis

On behall of COMSAT Technical Services, ther-
mal analyses of the ITALSAT spacecraft multibeam
antenna and associated hardware were conducted
for Selenia Spazio. Transient tlemperature profiles
were computed for the reflector dish for worst-case
orbital environmental conditions. The temperature
predictions of these analyses were used by Selenia
Spazio to calculate the thermal distortion of the
antenna system. Contour lemperature plots were
computer generated to illustrate the reflector tem-
perature distribution at selected sun angle and
spacecraft shadowing conditions. Figure 6 shows a
tvpical ITALSAT reflector contour temperature plot.
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Temperature specifications for antenna positioning
mechanisms and deployment hardware were de-
veloped from the results of this analysis.

Figure 6. ITALSAT reflector contour temperature plot

Shipboard Environment Test
Program

The COMSAT Telesystems, Inc. MCS-9100 ship-
board antenna terminal, shown in Figure 7, pro-
vides satellite telex and voice communicalion to
the maritime community. To aid in diagnosing
operational problems that developed in service, the
ATD experimentally measured the shipboard vi-
bration environment, which was suspected to
cause structural failures. ATD personnel instru-
mented a shipboard terminal and measured the
environments during the ship's passage from New
Orleans to the Gulf of Mexico and on to a final
destination al Texas Citv. Accelerometers were
positioned at the base of the terminal and at the
radome to record the vibration input to the an-
tenna and ils response.

A spectrum analvzer was used 1o generate fre-
quency response plots characterizing the vi-
brational environment, under various operating
conditions, including low-speed turning maneu-
vers in the Mississippi River and a full-speed-ahead
cruise in the Gulf with a 30-knot wind. These data,
along with on-site mechanical engineering inspec-
tion, were instrumental in diagnosing the mechan-
ical anomalies, recommending modifications to the
environmental qualification testing program, and
in leading to successful correction of the problems.

30

Figure 7. MCS5-9100 shipboard antenna terminal

INTELSAT-Laboratory
Engineering Assistance Contract

Under the LEAC, INTEL-485, the ATD provides
INTELSAT with continuing support for ils satellite
programs including engineering and testing for the
INTELSAT VA and V1 series, operational assistance
for the INTELSAT V series satellites, and the
INTELSAT Exploratory Research and Studies pro-
gram. Some of the ATD activities are described in
the following subsections.

INTELSAT V Battery
Investigations

Life tests of the INTELSAT V balteries, begun in
1985, have continued during 1986, simulating real-
lime batterv operation in orbit. The Ni'Cd batterv
has completed 14 eclipse seasons on test and the




Ni/H, batterv 10. Results provide a data base for
predicting in-orbit performance and lifetime expec-
tancy. Periodically, both the Ni/Cd and Ni/H, cells
are removed from test analysis to assess degrada-
tion mechanisms. A voltage loss of 50 to
150 mV during discharge had been observed on five
Ni/H; cells in the life-test battery. The same
phenomenon has now been observed on several
cells in INTELSAT V operational satellites. Experi-
mental investigations have identified an unex-
plaingd electrolvte loss mechanism that is cur-
rently under investigation.

Three remaining Ni/H, flight batteries in storage
at Ford Aerospace and Communication Corpora-
tion (FACC) showed capacity loss with storage time,
FACC has adopted a trickle charge storage mode
procedure recommended by the ATD to correct the
problem. Two of the three batteries are now show-
ing a recovery of capacity.

INTELSAT VA C-Band 8.5-W TWT
Thermal Expansion Test

In 1984, FACC returned several defective TWTs to
Hughes Aircrafll Corporation (HAC). Atmospheric
gas was found to be leaking into these TWTSs; this
leakage was attributed to small cracks in the col-
lector isolator ceramic, HAC conducted a detailed
investigation, including finite element modeling,
photomicroscopic inspection and compressive
load testing on the collector, to determine the
cause of the fissures. This investigation led, in mid
1984, to the conclusion that the cracks were most
likelv due to internal loads induced in the TWT
during low-temperature thermal eyveling,

During manufacturing tests, the TWTs are sub-
jected to temperatures between —30° and —34°C.
The stress on the collector results from differential
thermal contraction between the TWT, which is
made of stainless steel, and its aluminum base-

plate. The problem escalated as a number of

TWTAs failed during spacecraft integration.
INTELSAT requested that the ATD develop a test
procedure 1o determine the magnitude of the load
developed in the TWT where cracks were develop-
ing. Five TWTs were delivered to COMSAT Labora-
tories for tests during 1986. A test was devised and
implemented (see Figure 81. The differential expan-
sion at the TWT collector-isolator interface during
thermal cvcling and the stiffness of the TWT and

the baseplate structure were used to determine the
axial load at the collector ceramic cup,

The maximum load was always evident al the
lowest temperature | —34°C) and the greatesl max-
imum load measured in the COMSAT lesls was
140 Ib. FACC had, in late 1984, conducted com-
pression tests on 25 samples of brazed joint config-
urations to determine the load required to induce a
crack in the collector isolator ceramic. Kesults of
the COMBSAT Laboratories test were compared with
the FACC HAC data to determine the margin in the
TWTs already mounted on vel-to-be-launched
spacecraft.

Figure 8. C-Band TWT stiffness test

Life Test Assessment of
INTELSAT V Momenium Wheels

The performance and lifetime of the INTELSAT
VA satellites strongly depend on the performance
ot the momentum wheels. Because the long-term
effects of speed and temperature cveling on the
momentum wheel motor, electronics, and bearings
were not fully known prior to launching the early
INTELSAT V satellites, COMSAT Laboratories un-
dertook the task of evaluating the long-term per-
formance of two engineering model (EM| wheels.

As of 1986, the EM wheel life test program has
accumulated over 12 wheel-yvears of running time.
One wheel acts as an experimental control by op-
eraling al ambient conditions at a nominal
3,500 rpm; while the other wheel is speed and tem-
perature cyvcled, simulating worst-case, in-orbit
conditions. Performance data such as power con-
sumption and reaction torque are collected




monthly and added 1o the data base. Spectral anal-
vsis of the torque signals is also performed each
month and compared with beginning-of-life base-
line spectra. Figure 9 shows the monthly torque
and temperature trend of one EM wheel.

These ongoing wheel tests provide an empirical
critique of the current generation of momentum
wheels. In addition, they have produced a valuable
data base upon which to base future momentum
wheel designs.
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Figure 9. Torque/ Temperature profile for INTELSAT V
EM wheel

INTELSAT VI Battery Support

Storage of activated flight batteries -1 through
-4 was the major issue to be resolved during 1986,
Launch delavs required these batteries to be stored
for up to 5 vears instead ol the initial planned max-
imum of 2 vears. The initial room temperature stor-
age mode used by HAC was unacceptable because
measured capacities of these flight batteries de-
clined below minimum values specified. Several
different storage methods were investigated by the
ATD in support of the INTELSAT VI program office.
Based on results of these investigations, the pro-
gram office directed HAC 1o start using a low tem-
perature storage mode for flight batteries.

Fhe INTELSAT VI NivH, battery life test was initi-
ated in 1986, By vear's end, the test battery had
completed acceptance testing, trickle charge stor-
age, and one eclipse season. Initially the capacity
was low as described above: however, after trickle
charge storage (simulating in-orbit operation be-
tween eclipse seasons), a significant increase in
capacily was observed. This encouraging result in-
dicates not only that trickle charge at 10°C can be

B APPLIED TECHNOLOGIES D

used as a means to recover capacity, but also that
in-orbit capacity recovery of flight batteries may be
expected after Tong-term storage at HAC.

INTELSAT VI Solar Cell UV Test

Ultraviolet radiation testing in vacuum of the
Spectralab K7 and ARG INTELSAT VI solar cells,
begun in 1984, continued in 1986. The objective ol
this test is to experimentally determine the amount
of performance degradation of the solar cells
caused by solar ultraviolet irradiation. In the past,
predictions of solar cell ultraviolet degradation
have been based on 1,000-hour tests. This led to
predictions of approximately Z-percent degrada-
tion due to ultraviolet irradiation after 10 years in
orbit.

At the end of 1986, the cells had been exposed 1o

13,536 hours of ultraviolet light. For a cylindrical
solar panel such as that of INTELSAT VI, this num-
ber is multiplied by the conliguration factor of 7 to
obtain the equivalent of 42,525 hours or 4.9 vears in
orbit, The average degradation in short-circuil cur-
rent of the K7 solar cells at 13,536 hours was 4.01
percent, as illustrated in Figure 10. Based on these
experimental data, the predicted degradation in
short-circuit current after 14 vears in orbit for the
K7 solar cells is 4.92 percent. The average degrada-
tion in short-circuit current of the AEG solar cell at
13.536 hours was 5.03 percent (see Figure 111, The
predicted degradation in short-circuit current after
14 years in orbit for the AEG solar cells is 6.06
percent.

Balloon-Flight Calibration of
INTELSAT VI Solar Cells

Two INTELSAT VI K7 standard solar cells were
flown on the 1986 Jet Propulsion Laboratory solar
cell calibration balloon flight to obtain solar cell
electrical measurements at an altitude of approxi-
mately 120,000 feet (where atmospheric effects are
negligible in terms of solar cell measurements).
These data will provide a baseline for calibration of
the COMSAT Laboratories solar simulator and for
calculation of INTELSAT VI solar array performance
in space. Calibration values for short-circuit cur-
rent were obtained by measuring voltage across a
0.5-ohm resistor connected in parallel with each
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Figure 10. Solar array degradation (K7)

solar cell. The 1986 calibration values for one cell
decreased by 0.8 percent from the original 1984
flight calibration value of 71.8 mV. The second cell
decreased by 1.0 percent from the 1984 value of
71.59 mV. The difference between the 1984 and 1986
results is within the 1.0-percent variation, which
has historically been observed from one flight to
the next. Thus, the 1986 calibration values are con-
sidered to confirm the 1984 results.

INTELSAT VI BAPTA Thermal
Test

A thermal-vacuum test was performed on the
INTELSAT VI bearing and power transfer assembly
IBAPTAI to verily HAC's BAPTA analvtical thermal
model and to establish temperature boundaries for
a long-term performance and life test. To accom-
plish this objective, the ATD modified the HAC ana-
lvtical thermal model 1o represent the test configu-
ration, which consisted of two independently
temperature-controlled test shrouds.,

The environmental test shrouds and the BAPTA
were thermally and electrically instrumented so

that the proper boundary conditions, thermal dis-
sipations, and load current could be applied and
monitored during the test. The results of the test
will be utilized 1o verity the analvtical thermal
model. The life test and the thermal model will be
used to predict in-orbit performance during nom-
inal operation and other alternate operating condi-
tions. The performance of the BAPTA can be pre-
dicted under simulated in-orbit anomalies that
may be experienced by any INTELSAT VI satellite,

INTELSAT VI Equipment
Evaluation

The ATD completed preparations for extended
life testing of three eritical INTELSAT VI com-
ponents: the C-band antenna positioner, the elec-
trical contact ring assembly, and the bearing and
power transfer assembly, in 1986, The BAPTA as-
sembly will remain under test throughout the
INTELSAT VI program. The INTELSAT IV BAPTA
completed 12 years of testing in the chamber that
will be used for INTELSAT VL




1k

T
|
ol H = L]
— —
[

e

=1
_2.- | |
_al .
—4r Bl |
-5} ‘ I' | - |
-6 ‘| | | |
0 | | .
cooe  TEST DATA

-8F REGRESSION FIT

-9F =—=— 99% CONFIDENCE LIMITS
_10k OF REGRESSION FIT

L * - 10-YR PREDICTION : —4.61%
=114 : 14-YR PREDICTION : —4.92%
_ 12k x : 20-YR PREDICTION : —-5.25%

_ 13 | HOURS UNDER TEST : 13536 HR
[ EQUIV. IN YEARS : 4.85 YR

o

i
/
Il

DEVIATION IN lg¢ (%)

TEMP.: 15°C

|
|
|
' | \ 11
! | ! | in
|

- 14 . |
el AVG. % CHANGE @ 13536 HR — 4.01% ; ,- ] | | r
100 107 102 108 104 105

TIME (UV SOLAR HR)

Figure 11. Solar array degradation (AEG/

INTELSAT Thermal Model
Conversions

The analytical thermal models of the INTELSAT V
and VI spacecratt are being acquired by INTELSAT,
which will use them to assess the thermal conse-
quences of in-orbit anomalies or unusual operation
modes independently of the spacecraft contractor.
The ATD is converting these models to SINDA for-
mat (thermal analyzer program) for INTELSAT's
use. During 1986, 13 INTELSAT thermal models
were converted.

INTELSAT V Temperature
Trends

In support of the INTELSAT Operations Division,
INTELSAT V spacecratt are monitored to evaluate
their thermal performance and to identity potential
trends in component temperatures. Seasonal esti-
mates of the spacecraft radiator degradation in
solar absorptance are used to predict end-of-life
spacecraft temperatures. Forecasts of the future

operating environment based on these tempera-
lure predictions permit better utilization of the in-
orbit spacecraft.

Attitude Determination and
Jontrol Flight Simulator

In 1986, the ATD completed the development,
integration, acceptance test, delivery, and installa-
tion of the INTELSAT VI Attitude Determination
and Control System (ADCS) flight simulator, and
continued to support the operation and mainte-
nance of the INTELSAT V ADCS simulator. These
simulators, designed by the ATD, are being used by
INTELSAT for training engineers and spacecrafl
operators, contingency planning, maneuver evalu-
ation, and attitude determination.

These devices allow the operators to gain famil-
iarity with routine maneuver sequences and engi-
neers Lo develop contingency plans for dealing
with in-orbit anomalies. In addition, they provide a
test facility in which spacecraft operational proce-
dures may be evaluated, practiced, or optimized.
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They are designed to be used with external facili-
ties such as tracking and command data process-
ing equipment or expert systems.

Each of these simulators operates in real-time
and incorporates engineering models of attitude
control hardware. Their design allows the hard-
ware to be exercised as il it were actually being
used on the spacecraft, The rotational dynamics,
structural flexibility, attitude sensors, actuators,
and disturbance and environmental torques are
implemented entirely on a 32-bit minicomputer
using FORTRAN and assembly language. The simu-
lators accommodate all mission phases except the
spinning phase of the body stabilized INTELSAT V
design. All redundancy is modeled, as well as a
large number of failures, which can be dynamically
inserted and reset at any time during a simulation.

The simulator operator can send commands to
the simulated ACS; telemetry from the simulated
ACS is displayved on video monitors and strip-chart
recorders in the same formalt as at the T&C control
center. In addition, the spacecraft attitude is dis-
plaved on a color graphics monitor.

Battery Powered Electric
Propulsion: Ni/H, Cells

This activity, which started in 1980, was con-
tinued in 1986, The objectives were, and still are, to
evaluate new design concepts and new com-
ponents for NVH, cells. These cells are being evalu-
ated in a test program simulating batterv-powered
electrical propulsion: two eclipse seasons per vear
and daily cycling between eclipse seasons. The
original five cells have completed six years on test
or over 2,000 cycles. Probably the most significant
conclusion to date is that the best performing cell
is the one with two layers of zircar separator mate-
rial. Several of the cells are starting to show a sec-
ond plateau in the discharge profile resulting in
capacity loss measured at 1.0V,

ADDITIONAL INTELSAT
CONTRACTS

Analysis of INTELSAT V Launch
Data

Under INTELSAT Contract INTEL-523, an exten-
sive evaluation of the INTELSAT V spacecraft
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launch data was completed in 1986, The measure-
ments were made using acecelerometer and strain
gauge signals transmitted during eight Atlas Cen-
taur and two Ariane launches of the INTELSAT V
satellites. The evaluation of loads data focused on a
comparison of coupled loads analysis predictions
with statistically based flight loads.

The predictions of axial acceleration at the
spacecraft/launch vehicle interface were found 1o
be accurate. However, the lateral loads predicted by
the coupled loads analysis were overly con-
servative. Several discrepancies between the struc-
tural analysis and the flight measurements have
been revealed. This comparison is important in
that it has identified discrepancies resulting from
poor assumptions which may affect future satellite
programs.

OSR Solar Absorptance

Under INTELSAT Contract INTEL-621, the solar
absorptance of optical solar reflectors (OSRI as a
function of sun incidence angle was investigated
utilizing a radiator coupon similar to the INTELSAT
VI OSR radiators. As shown in Figure 12, this cou-
pon was mounted to a test fixture and driven by a
stepper motor through incidence angles of 0 to 90°,
The entire assembly was placed in the Large Space
Simulator at the Buropean Space Agency (ESA)
ESTEC and tested in the solar beam. The results
indicate that there is an increase in solar absor-
ptance of approximately 20 percent for the 0° inci-
dence angle (sun normal to the surfacel relative to

Figure 12. (OSH solar absorptance fixture
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the 66.7 7 incidence angle. These test data will be
useful in designing future spacecraft and pre-
dicting performance of in-orbit satellites.

OTHER CONTRACTS

RCA TWTA Cycling Test

U'nder Purchase Order C-F-03305-0201-80F36
with RCA, this project required qualification ther-
mal cveling and switching of a 220-W K-band TWTA
of the tvpe used in the COMSAT DBS. The TWTA
comprising an AEG TL12230 TWT and a Hughes
(Electron Dvnamics Division) power supply, was
subjected to over 700 on/oftf cveles while operating
in a high-vacuum chamber, and to temperature
cveling representative of in-orbit conditions on the
spacecrafl.

The test was designed to simulate the cveling
expected during eclipses in a seven-year period in
orbil and comprised four months of continuous
thermal-vacuum operation. It was controlled by a
computer which continuously monitored the op-
eration and recorded all the TWTA operating
parameters on magnetic disks for subsequent
analvsis.

After completion of the qualification program,
the TV testing was continued, with variations of the
cveling conditions, and at vear's end the TWTA has
been subjected 1o nearly 1,000 on/off eveles and
over five months of continuous thermal vacuum.
No significant changes in TWIA properties have
been recorded.
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Multiple Satellite System
Program

Under contract F30602-86-C-0063, the ATD is
studying aspects of the Multiple Satellite System

Program (MSSP) for the US. Air Force Rome Air

Development Center and the Defense Advanced
Research Projects Agency (DARPAI. The MS5P con-
cept provides a highly survivable communications
capability by using a large number of satellites,
nominally 240, in low-earth orbit, 740 km. Each
spacecraft has a ground link and an intersatellite
link tor half-duplex packet communications. For an
affordable svstem, the cost of building and launch-
ing the spacecraft must be very low. The ATD is
performing cost studies and investigating launch
and deplovment concepls in a search for the low-
est cost solution. Expendable launch vehicle can-
didates as well as the Shuttle are being evaluated.

The studies relate the space network cost and earth

terminal cost to data rate throughput.
Environmental Test Laboratory

The ATD maintains management responsibility
for the Environmental Test Laboratorv. Vibration,
shock, temperature cyeling, and thermal-vacuum
test services have been provided under contract to
several customers for both ground and aerospace
equipment. During 1986, these customers have in-
cluded COMSAT Technology Products, Weinschel
Engineering, and Schonstedt Instrument Co.




le Communications Techniques Division (CTD) pursues research and development activi-
fies and provides technical support in fransmission, video, and voice-frequency band
processing; systems simulation; and systems analysis and synthesis. Work ranges from
exploratory investigations through analyses and preliminary designs and measurements
of critical subsystems to implementation and lesting of prooj-of-concept equipment.
Extensive use of advanced communications systems architectures and technologies is
required to achieve the lower equipment costs and improved transmission efficiency
necessary to maintain the cost competitiveness of satellite communications relative to
other media. These advanced architectures and technologies, in turn, depend upon wide-
spread applications of digital signal processing (DSP) techniques. Examples of such
developments in 1986 include 16-kbit/s low-rate encoded voice, advanced on-board digital
signal processing (DSP), and DSP-based modem technology applied to INMARSAT
Standard-B and Standard-C terminals.

Other significant efforts in 1986 included continued development of coded-phase
modems and codecs and systems fransmission analysis software, earth station systems
studies, advanced forward error correction (FEC) coding and digitally implemented

modem investigations, and implementation of an INTELSAT VI simulator.

COMSAT JURISDICTIONAL R&D

HPA Linearizer Characterization
and Development

High-power amplifier (HPA) linearizers, using
predistortion to limit intermodulation interference
land thereby increase usable HPA output power),
have been installed at U.5. Standard-A earth
stations operating in the INTELSAT system. How-
ever, an improved adjustment procedure was
needed to increase the usefulness of these linear-
izers since readjustment is required after any sig-
nificant reconfiguration of the transmit carrier.

COMSAT Laboratories conducted a program to
develop a procedure for quickly adjusting these
linearizers which would produce reliable im-
provement in intermodulation performance. This
jurisdictional work was performed on behalf of
COMSAT International Communications, Inc.

Using four unmodulated carriers, a simple-lo-
implement procedure developed in the laboratory
provided a consistently improved level of inter-
modulation interference, when utilized with a low-
power helix TWTA. A series of field trials was un-
dertaken at the COMSAT earth station in Andover,
Maine, lo evaluate the applicability of this pro-

COMSAT €% LABORATORIES

cedure o the high-power coupled-cavity TWTAs
tvpically found at INTELSAT Standard-A facilities,
An exhaustive series ol measuremenlts char-
acterized the effect of a linearizer adjusted in this
fashion upon the carriers transmitted via the
linearizer/HPA pair.

It was demonstrated that the procedure im-
proved the total carrier-to-intermodulation ratio for
virtually every configuration in which it was ap-
plied. The improvement was shown to be a func-
tion of both carrier bandwidth and HPA backoff.
Figure 1 shows the power transfer characteristic of
the HPA both with and without the linearizer.
Figure 2, which is a spectral representation of the
HPA output for four carriers over a 50-MHz band-
width, shows the reduced intermodulation level for
the linearized case,

It was also discovered that the HPA linearizer
introduced an in-band slope in the transmitter fre-
quency response. This effect was more pro-
nounced for wider bandwidths, particularly those
above 100 MHz. Additional tests are required to
fully characterize the effect of this slope on modu-
lated carrier performance.

The adjustment procedure was demonstrated to
the staff’ of the Andover earth station, which ind-
icated that it was simple enough to be easily

COMMUNICATIONS TECHNIQUES DIVISION



adapted to routine operations. Based upon the in-
puts of the Andover statt and the results of the field
trials, a report was generated to explain the imple-
mentation of the procedure, provide a step-by-step
guide for performing the operation, and recom-
mend guidelines for its application. This report is

being circulated to the operational segments of

COMSAT so that the procedure may be integrated
into dailv operations to improve the efficiency with
which the available facilities are utilized.
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Figure 1. HPA power transfer characteristic with and

without the linearizer

COMSAT JURISDICTIONAL R&D
(INTELSAT RELATED)

140-Mbit/s COPSK Modem and
Codec Development

Major progress was made in the development of
the 140-Mbit/s coded octal phase shift Keving
(COPSKI system, initiated in 1985. This svstem is
composed of an OPSK modem operating at 180
Mbits and a rate 7/9 convolutional encoder with a
16-state Viterbi algorithm decoder operating at an
information rate ol 140 Mbit/s. The 40-Mbit/s re-
dundancy in the svstem enhances the error-
correcting capability of this svstem, and results in
an asvmptotic coding gain of almost 3 dB relative 1o
the detection of cach information bit. Four such
modems and codecs provide capacity equivalent to
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Figure 2. Intermodulation spectrum of 4-carrier test
signal before (top! and after linearization

that of the TAT-8 fiber optic cable using four
72-MHz transponders of the INTELSAT V satellite.

Printed-circuit board construction of the OPSK
modem was completed in 1986, Its performance
was measured and found to be similar to that of the
breadboard version, as reported in the COMSAT
Laboratories 1985 Annual Report.

Constraction of the rate 7/9 high-speed Viterbi
codec was completed in 1986 and debugging and
testing were initiated. The most critical technology
clement of the system is the add-compare-select
IACS! unit, 16 of which are emploved in the Viterbi
algorithm decoder. These ACS units are con-
structed with hyvbrid technology. Fach unit con-
sists of 22 100K series emitter-coupled logic inte-
grated civeuits that are interconnected by thin-film




lines on a ceramic substrate shown in Figure 3. The
power plane and the ground plane on the back side
of the substrate are fabricated with thick-film tech-
nology. It is anticipated that work on the codec will
be completed and field tests initiated in 1987,

Figure 3. Sixteen add-select-compare units of this tvpe
are employed in the Viterbi algorithm decoder

16-kbit/s Low-Rate Encoded
Voice

Initiated in 1985, the effort to develop toll-quality
speech codecs at 16 kbit's was continued during
1986. The lattice-structured adaptive digital pulse
code modulator with both short- and long-term
predictors failed to meet the toll-quality objective. A
theoretical analysis of the limitations imposed by
the quantizer coarseness showed that performance
degraded rapidly as pole locations approached the
unit circle when the number of steps in the quan-
lizer was reduced. This was seen as one of the
factors preventing attainment of toll-quality perform-
ance in a wavelform codec operating at 16 kbit/s.
The effort then turned toward the study of a hybrid
of waveform and parametric coding techniques,
known as adaptive predictive coding.

The adaptive predictive coder (APCI, shown in
Figure 4, transmits the predictor parameters, com-
puted from blocks of speech samples, as side in-
formation in addition to encoded waveform infor-
mation, Both short- and long-term predictors are
employed. The APC has been combined with a spe-
cial type ol noise feedback to mask the quantization

noise by redistributing its power across the fre-
quency spectrum. Since [requencies where signal
power is small have proportionately small quan-
lization noise power, the "perceived” noise is sub-
stantially reduced.

APC performance was evaluated by using a simu-
lation to process several sentences of male and
female speech. The processed speech quality was
judged to be superior to that achieved with wave-
form coding approaches. However, it also fell short
of toll quality because a low-level distortion was
perceptible. Further investigation revealed that this
was due to the poor performance of the simple
quantizer emploved in the APC. Development of a
more sophisticated quantizer is expected to pro-
vide a further speech quality improvement.

To optimize several parameters in the APC, de-
velopment of a real-time version of the APC was
initiated. At present a simplified version of the APC
exists on a TMS 32010 development system. Coni-
pletion of this unit will aid in oplimizing the APC
performance.

32-kbit/s LRE/DSI

Speech signals occurring on telecommunica-
tions links are the product of two-way con-
versations. It is natural for one talker to pause while
the other speaks; thus, an active speech signal is
present on a transmission channel for only a frac-
tion of the available time. In addition, even when
only one talker is speaking, pauses occur between
utterances so that there are times when the cireuit
is idle. Measurements show that speech is present
on a telephone channel approximately 35 percent
of the time, averaged over a large number of busy
trunks. Low-rate encoded/digital speech inter-
polation (LRE/DSD systems reduce the transmis-
sion capacity needed to handle a multiplicity of
telephone channels by a factor of about 4:1. This
reduction in transmission capacity is achieved by
exploiting the low average channel activity and
transmitting active speech using adaptive differen-
tial pulse code modulation (ADPCM) techniques,

The development and testing of a 32-kbivs LRI
DSI system was completed in 1986. A terminal unit,
shown in Figure 5, provides a flexible facility for
conducting objective and subjective tests as a func-
tion of DSI gain, overload usage, variable delay, and
other DSI operating parameters to investigate fun-
damental LRE/DSI technical problems and assess
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Figure 4. APC codec masks quantization noise

the complexity and effectiveness of the solutions.
This svstem includes 4 means to solve an ADPCM
encoder-to-decoder mistracking problem which
can arise when encoded information is lost due to
competitive clipping. Dynamic switching has been
accomplished between 32 and 24 kbivs, as well as
between 32 and 40 kbivs (the rate used for voice-
band data at rates greater than 4800 bit/s). The sys-
tem has a speech/mon-speech discrimination ca-
pability as well as a data rate discrimination
function, permitting data to be classified as less
than, equal to, or greater than 4800 bit/s. For test
purposes, the system may be operated without
40-kbit/s or 24-kbit/s channels, and the inter-
polation pool (the number of digital channel multi-
plication equipment (IDCME) encoder output
bearer channels|] may be increased or decreased
one channel at a time. All system configuration
changes are controlled from a menu-driven ter-
minal. In addition, the LRE/DSI development effort
has established a technological base for the devel-
opment and assessment of contributions to
national and international LRE/DSI standards-
making committees. Figure 5. 32-kbit’s LRE/DSI unit
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Syvstems Transmissions Analysis
Programs

The Satellite Transmission Impairments Program
(STRIP) is a powerful tool used to evaluate and
optimize frequency plans for satellites employing
multiple bands and multiple frequency reuse. It
computes impairments to FDM/FM, digital, TV,
single-channel-per-carrier (SCPC) FM, and com-
panded single-sideband carriers due to thermal
noise, interference, and intermodulation noise. In
the optimization mode, STRIP automaticallv com-
putes every earth station up-link's eirp. so that
system performance is maximized.

The enhancements to the STRIP program de-
scribed below are a continuation of work initiated
in previous years and were developed for the In-
telsat Satellite Services Division of COMSAT.

During 1986, in a joint effort with the System
Development Division, the STRIP program was en-
hanced in two ways. First, it was recognized that
rain impairments are an important consideration
for transmission planning, especially at K,-band
but also for frequency reuse carriers of opposite
polarization at C-band, where rain depolarization
causes increased co-channel interference. The
STRIP program was therefore enhanced to analvze
the effects of rain impairments on carriers. Now, in
addition to clear-weather impairments, rain outage
times and performance vs percent time for rain
impairments are computed. A model originally de-
veloped by the Microwave Technology Division is
used to compute these rain impairments, This
model computes up-link attenuation, down-link
degradation (attenuation plus noise lemperature
increasel, and depolarization due to rain. The
modified STRIP program uses these rain impair-
ment values, and the system link and carrier pa-
rameters, to compute the effect of rain on an entire
set of carriers.

The second 1986 STRIP enhancement was an
interactive capability. Figure 6 illustrates the graph-
ics terminal used for this program, with a typical
frequency reuse carrier [requency plan displayed
on the sereen. With this frequency planning tool,
the user can rapidly modify frequency plans and
interactively assess the impact on system perform-
ance. Through the use of a conveniently modified
frequency plan display and nearly instantaneous
svstem performance evaluations, svstem planners
can ensure that satellite capacity is tully utilized.
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Figure 6. Example of STRIP output on a workstation
sereen

Advanced Transmission
Processing

Advanced transmission processing concepts and
techniques were investigated for potential appli-
cations to international satellite communications.
Of particular interest is a rate 7/8 coded 16-PSK
modulation system using block FEC coding with a
fast Hadamard transform decoder. With this svs-
tem, the bandwidth efficiency is about 2.63 bits/s/
Hz of allocated bandwidth vs only about 1.5 bits/s/
Hz for the current INTELSAT time-division
multiple-access/quaternary phase shift keying
(TDMA/OPSK) svstem withoul coding. The power
efficiency is theoretically about the same as that of
uncoded OPSK.

Also, a class of simplified rate 4/8, 8/14, and 8/11
convolutional codecs was discovered with as-
vmpltotical coding gains of 5, 4.5, and 4 dB, respec-
tively. This class of codecs is most suited to high-
speed implementation and can offer significant




hardware savings relative to the conventional
punctured convolutional encoding/Viterbi decod-
ing approach. This class of codecs emplovs con-
volutional codes with Reed-Muller codes imbe-
dded in them. The decoder consists of a fasl
Hadamard transform processor combined with a
Viterbi algorithm processor.

In addition, a relative-phase-path decoding
technique was examined for low-data-rate trans-
mission over partially coherent channels such as
the INMARSAT L-band channels. A coding gain of
about 4.8 dB can be obtained by using a rate 1/2,
Gd-state convolutional code with Viterbi decoding
and partiallv coherent BPSK transmission

Advanced On-Board Digital
Processing

In 1986, research initiated in 1985 was continued
into the development phase. As an example of the
signilicant progress in this area, a baseline on-
hoard demultiplexing/demodulation system was
defined and its performance was evaluated for mul-
libeam satellite applications. This baseline svstem
employs a channel-by-channel demultiplexing
architecture and a shared demodulator approach.
Consequently, it is quite flexible and can be readily

adapted to the on-board demodulation ol carriers
arranged in an arbitrary FDMA frequency plan and
operaling al various svmbol rates. Tradeofls be-
tween hardware complexity and system perform-
ance were followed by svstem and subsystem level
design. The design of the channel-bv-channel de-
multiplexing unit was based upon a 1024-point FIF'T
processor, which uses the Coolev-Tukey algorithm,
and a radix-4 pipeline architecture. The shared
demodulator was based upon a variable-length in-
verse FFT processor, an interpolation filter, and
other digital circuitry. Breadboard development of
the processor, the demodulator, and a testbed, ini-
tinted in 1986, will continue in 1987

Flexible Digital Module
Development

Flexible digital module development was spon-
sored by COMSAT International Communications,
Inc. The purpose ol this project is to develop flex-
ible, programmable, low-cost digital baseband sub-
systems for low- to medium-data rate applications
from 16 to 144 kbits, by taking advantage of the
state-of-the-art LSl and multiprocessor tech-
nologies. The basic baseband functions of an earth
station have been implemented in a current
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prototype. These include a programmable, all-
digital, microprocessor-based continuous mode
OPSK modem; a programmable, variable rate (rale
1/2, rate 3/4), constraint length 7, convolutional
encoder/Viterbi decoder; a self-synchronizing
scrambler/descrambler; up/down-converters; fre-
quency synthesizers; and a control terminal.

The initial work on the system concept and
computer simulations of the modem algorithms
were performed in 1985. The hardware design and
construction and the software development and
testing of the prototype were completed in 1986.
The design of this prototype terminal, as shown in

Figure 7, is based on a modular, multiprocessor

architecture built around the industry-standard
VME bus. Five processors are used in this unit, A
Motorola MC68000 16-bit microprocessor is used as
the host processor that controls the svstem oper-
ation and communicates with the user through the
control terminal. Four high-speed Texas Instru-
ments TMS 32020 digital signal processor chips op-
erating in parallel are used for the OPSK demod-
ulator, The demodulator board is shown in
Figure 8. All interprocessor communicalion be-
tween the host processor and four TI processors
takes place through a centralized global memory.
The four TMS 32020 chips perform carrier mixing,

e oo,

Figure 8. Multiprocessor OPSK demodulator board

carrier recovery, clock recovery, and data detection
entirely in software, Extensive use of programmable
array logic (PAL) and PROMs/EPROMS in the digital
boards has resulted in improved functionality and
efficient utilization of the available board areas.
Figure 9 shows the measured bit error rate (BER)
performance in IF loopback. With the present pro-

totype, the measured modem implementation loss
at the highest data rate of 144 kbits is 0.2 dB. The
coding gain with rate 1/2, constraint length 7, con-
volutional coding/Viterbi decoding is within 0.3 dB
of theoretical, -
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Figure 9. Measured BER perlormance [or uncoded and
coded OPSK at a modulation rate of 144 kbitis

COMSAT JURISDICTIONAL R&D
(INMARSAT RELATED)

Standard-C Functional Prototype
Development

Early functional prototypes of the INMARSAT
Standard-C ship earth station (SES) and the
Standard-C coastal earth station (CES) equipment
have been developed on behalf of Maritime Svs-
tems. The SES, shown in Figure 10, consists of an-
tenna, transceiver, modem, baseband processor,




batterv-operated computer terminal, and carrving
case. The CES equipment consists of IF converters,
frequency synthesizers, modem, baseband proces-
sor, and a personal computer. The SES is a4 com-
plete terminal capable of stand-alone operation,
and the CES interfaces with existing Standard-A
CES equipment al 90 MHz,

The funetional prototype can be operated al an
information rate ot 300 or 600 bit/s. The CES-10-SES
lransmission is continuous. The SES receives and
transmits in half-duplex mode. The operating
mode and a frequency pair are menu selected by
kevboards at the SES and CES.

Figure 11 is a block diagram of the CES and SES.

An RIY relay in the SIS, under the control of the Figure 10. Standard-C SES functional prototvpe
baseband processor, is used to isolate the transmit
and receive chains for hall-duplex operation. Also has variable constraint lengths (K = 5 and K = 7).
used for hall-duplex operation is a single L-band All remaining baseband functions are implemented
local oscillator shared by both the up- and down- with a Zilog Z8 microprocessor. The modem and
converters. Under processor control, a single fre- baseband processor circuits are contained in two
quency svinthesizer is switched between a pair of 8-in. ¥ 7-in. circuit cards, These circuit cards, with
intermediate frequencies for transmission and re- their power supply, occupy only a single 1.5-in.-
ception. The SES demodulator is implemented high deck in the carrving case.
wilth a Texas Instruments TMS 32010 DSP and must The CES design is a conventional full-duplex de-
acquire a PSK signal modulated by random data sign. The baseband functions are quite similar to
under the influence of severe noise, fading, and a those of the SES, except that both transmit and
large frequency oftfset. The baseband functions are receive processing must be performed con-
realized with two microprocessors. The rate 1/2 currently. Some of the baseband tunctions are
Viterbi decoder operates on a microprocessor and therefore implemented in the personal computer.
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The demodulator is implemented with the same
hardware as that of the SES, but with additional
software for burst acquisition.

The BER performance of the modem operating in
half-zduplex mode is shown in Figure 12 for the
coast-to-ship link. Similar performance is expected
for the ship-to-coast direction.
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Figure 12. BN performance of the DSP-based modem
on the CES-to-SES link

COMSAT NON-JURISDICTIONAL
R&D

Digitally Implemented Modem—
Acquisition Measurements

In recent yvears, work performed under this task
has concentrated on flexible-rate modulator
demodulator imodem) technology. Much of this

work has [ocused on one of the main functions of

the demodulator portion of the modem: the way in
which the demodulator recovers the transmitted
carrier and clock signals.

Phase-locked loop (PLL) carrier and clock recov-
ery circuits are normally chosen for use in con-
tinuous mode modem designs because thev pro-
vide the best overall performance. Although it
would be desirable to use PLIL-based circuits in
burst mode designs as well, a PLL, phenomenon
known as "hangup’ occasionally lengthens the

tlime required Lo recover the carrier and/or clock,
resulting in degraded acquisition performance
with respect to non-PLL designs.

Using a digitally implemented, PLL-based burst
modem developed at COMSAT Laboratories in
1985, a series of acquisition measurements were
made to quantify the effect of hangup on burst
mode performance. Some of the parameters which
were varied to fully characterize this performance
include the following:

® carrier, clock phase, and frequency offsets be-
lween consecutive bursts

® recovery loop bandwidths

® preamble length and pattern

® modulation tyvpe (BPSK, OPSK).

Presented in Figure 13 is a direct observation of
carrier loop hangup, as evidenced by the equiv-
ocating carrier loop transient and absence of data
in the upper channel. Hardwiring of the transmit
carrier and clock signals to the receive side of the
modem indicates that carrier loop hangup, and to a
lesser extent, clock loop hangup, are causing sub-
stantial degradation in burst acquisition perform-
ance, as shown in Figure 14,

Currently under development are acquisition aicd
circuits, which are designed to detect and correct
tfor the hangup condition before it can degrade the
acquisition performance of the modem. This work
consists of joint optimization of performance pa-
rameters following short-term error measurements
of carrier and svmbol timing phase at the start of
burst svnchronization.

Microprocessor-Based Viterbi
Decoder

A selectable-constraint-length, rate 1/2 Viterbi
decoder, based on a Rockwell 65C02 microproces-
sor, was developed. This decoder, which is capable
of operating al information rates of up to 2400 bit/s
with a constraint length of 5, and up 10 600 bit's
with a constraint length of 7, allows reliable data
communications via satellite at carvier-to-noisc
density ratios below 40 dB-Hz. It has potential ap-
plication to INMARSAT Standard-C terminals,
acronautical data link terminals, and land mobile
systems. With a total of five memory and interface
chips, the decoder is implemented on a 5-in.
X 2.5-in. wirewrap card.
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Figure 15, which is a plot of the input signal level
vs signal-to-distortion ratio, shows the perform-
ance of the program audio codec using 5-bit/
sample ADPCM. It can be seen that the signal-to-
distortion ratio is at least 45 dB over an input signal
level range of 35 dB. An expert listening test using
various tvpes of program material has shown that
the ADPCM codec performance is nearly equal to
that processed by a reference 198.4-kbit/s linear
PCM codec.
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Figure 15. Signal-to-distortion ratio vs input signal level
(1004-Hz sinusoidal signall for 64-kbit's audio codec

Earth Station System Studies

Two studies, one sponsored by Intelsat Satellite
Services and the other by COMSAT International
Communications, Inc., were conducted in 1986 to
examine optimum roles for earth stations of various
sizes in the INTELSAT syvstem. The scope, and
some of the more salient results of these studies are
described below.

With a greater emphasis on reducing end-to-end
circuit costs, the use of smaller earth stations in the
INTELSA'T system has increased. Detailed tradeofts
between space and earth segment costs have iden-
tificd the minimum cost antenna size for various
transmission schemes at both C- and K, -bands
using the INTELSAT V and VI satellites. Cost analy-
ses show that, for operation with an INTELSAT V
satellite at C-band, the minimum cost is incurred
with an antenna diameter in the range of 510 7 m
for SCPC circuits, depending on the number of cir-
cuits carried, and with an antenna diameter of

about 7 m for either FDMA/PSK or low-rate (LR
TDMA. At K,-band, the minimum earth station cost
occurs with an antenna diameter of about 3 to 5 m
for SCPC and about 4 m for FOMA/PSK and LR-
TDMA.

Comparison ol these three transmission tech-
niques indicates that SCPC clearly provides the
lowest cost earth station when the number of cir-
cuits carried is small, eg., less than 10. For larger
capacity earth stations, either FDMA/PSK or LR-
TDMA will provide the lowest cost depending on
the number of correspondent stations that must be
received by the station. Since the cost of the LR-
TDMA system is independent of the number ol
correspondents that must be received by the
station, while the cost of the FDMA/PSK svstem
increases with increasing correspondents because
of the need for additional down-converter chains
and demodulators, LR-TDMA becomes more cost
effective than FDMA/PSK whenever the number of
correspondents is greater than about 4 to 6.

Means for reducing earth station cost through a
reduction in the earth station’s subsystem re-
dundancy show a potential cost savings of the
order of 20 to 40 percent depending on the quantity
of stations procured. The impact of reduced re-
dundancy on station availability has also been
examined. The study shows thal a station having
only redundant modems and using solid-state
HPAs has virtually the same availability as a fully
redundant station if the mean time to repair is kepl
small, on the order of a few hours,

When the complete satellite link costs, i.e., earth
station and satellite costs, are laken into account,
the earth station antenna diameter which provides
the minimum earth station and space segment
costs is slightly different from that obtained solely
from earth station cost analysis. For INTELSAT V
operation at C-band, the minimum cost occurs
with an antenna diameter of about 8 10 9 m for all
three transmission techniques. Al K -band the
minimum cost occurs with an earth station an-
tenna diameter of about 4 to 5 m. With stations
having reduced subsystem redundancy, the min-
imum cost per circuit occurs for a slightly smaller
antenna diameter, eg., 7 10 8 m at C-band and 3 to
4m at K,-band. The optimum satellite backoffs and
code rates to obtain the minimum per-circuit costs
have also been determined.

A star network such as that shown in Figure 16
has cost advantages when used in the current
INTELSAT network to provide service belween
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thin-route remote stations and a major traffic gate-
way (hubl. The use of a large antenna hub station
reduces the cost of the remote stations, primarily
by reducing the required eir.p., which in turn al-
lows smaller antennas and reduced HPA power. In
addition, the space segment cost of the channel
that originates at the remote station and terminates
at the hub is reduced. For example, for a large
network of users, the use of a large hub station and
5-m remole station in a star configuration provides
up to 40-percent reduction in the per-circuit cost
relative to that for a mesh network with 5-m
antennas.

Candidate demand-assignment multiple-access
(DAMA) concepts have been studied for application
to a star network. The low-cost concept depends

upon a number of factors, including the number of

circuits carried by the remole earth station.
Figure 17 compares the currently used companded
FM/EFDM/FDMA with three DAMA concepts: SCPC
with distributed control INTELSAT SPADE Svsteml,
SCPC with centralized DAMA control, and TDM
from the hub/TDMA to the hub (TDM/TDMA! with
centralized DAMA control. For less than 50 circuits,

all three DAMA concepts provide a cosl savings
over the existing CFM/FDM approach. A cost re-
duction relative to CFM/FDM ranging between 50
and 80 percent is made possible with use of the
lowest cost DAMA star option. It can be seen that,
for less than about 18 circuits, SCPC with cen-
tralized DAMA control is the lowest cost option,
whereas for larger traffic stations, TDM/TDMA with
centralized DAMA control provides the lowest end-
to-end circuit cost.

Other issues addressed in the earth station svs-
tem studies include:

® use of cost saving earth station technologies

e network control and monitoring for networks of
small earth stations

e network considerations related to issues of traffic
reciprocity with foreign correspondents

® impact of small stations on orbitspectrum utili-
zation

® spurious emission limits for small earth stations.

100

RELATIVE COST PER CIRCUIT

I | | | |
1 2 5 10 20 50 100

NUMBER OF CIRCUITS AT REMOTE STATION

Figure I7. Comparison of total link cost per circuit for
CEMFDMUEDNMA and for "STAR™ network with DAMA

CCITT/CCIR and T1 Committee
Activities

Compatlibility of international telecommunica-

tions systems and services is based on agreements
among the participating countries on technical and




operational standards. Internationally, the CCITT
and CCIR fof the International Telecommunica-
tions Unionl provide important forums for such
agreements, while nationally, the T1 Committee
fof ANSD is a major organization with the same
purpose.

The CTD provides ongoing technical support to
Intelsat Satellite Services by preparing technical
contributions on satellite communications-related
issues, activelv participating in specialized meet-
ings where these issues are discussed and resolved,
and conducting laboratory and field experiments
to provide critical data needed for decision making.

During 1986, the CTD acted as host laboratory for
critical testing of LRE codecs for the selection of an
algorithm suitable for DSI, provided numerous
technical contributions, and chaired or attended
meetings on the following standardization issues:

® speech coding techniques for LRE and tele-
conferencing

® system architecture, networking methods, and
equipment specifications for DSI [called digital
circuit multiplication (CM) by the CCITT]

® compandors for companded FM (CFM) satellite
operation

® performance measures for fixed satellite services

® quality of service parameters for international
packet networks involving satellite links.

Although international negotiations have pro-
gressed slowly, important agreements generally
favorable to international satellite communications
have resulted.

Shipboard TV Experiment

The 1985 COMSAT Laboratories Annual Report
described the laboratory demonstration of an ex-
perimental system for transmitting television to
ships at sea. This project, undertaken on behalf of
Maritime Svstems, continued in 1986 with a field
trial of the same video transmission system. The
system involves compressing the full-motion NTSC
video into a digital bit stream. A Rembrandt video
codec, provided by Compression Labs, Inc., pro-
duced a 768-kbit/s bit stream which multiplexed
limited motion video, its companion audio, and
FEC information. This bit stream was modulated by
a4 OPSK modem incorporating rate 1/2 FEC. The
OPSK carrier was up-linked from the COMSAT CES

at Southbury, Connecticut, to the INMARSAT At-
lantic Ocean Region (AOR) Marecs A Satellite. The
L-band down-link was received aboard the Cunard
luxury liner Queen Elizabeth 2 (OE2) by a 2.2-m
stabilized antenna provided by Seatel, Inc., and a
modified SES provided by Sperty Marine. The QPSK
carrier was demodulated and the bit stream de-
coded to provide limited-motion NTSC television.
From January 15 through January 21, 1986, a
series of test transmissions was made from the
Southbury CES to the SES on-board the OEZ at
several different locations within the AOR. These
test transmissions contained one hour of video
programming, This programming was recorded on
video cassetle for subsequent playback on a large
sereen projection television system for an audience
consisting of passengers and crew. A subjective
evaluation survey found that 71 percent of a sample
of viewers rated the received video quality as
"about the same” as the TV reception at home. The
test transmissions continued for almost a month
after the initial one-week trial. The highlight of the
test transmission period came on January 26, 1986,
when approximately 800 passengers and crew
aboard the QE2 watched the Super Bowl via
INMARSAT while cruising off the coast of Peru,

INTELSAT SUPPORT

INTELSAT VI Simulator

A hardwire simulator of the INTELSAT VI com-
munications subsystem has been designed, built,
tested, and delivered to INTELSAT by COMSAT un-
der the LEAC INTEL 1100-1101. As compared to a
computer simulation, in which results are pre-
dicted by sophisticated mathematical modeling,
the simulator built for INTELSAT was constructed
using actual receivers, TWTAs, and filters. These
components were supplied to COMSAT by the
spacecraft manufacturer, and are assumed to be
representative of the hardware which will be util-
ized in constructing the actual spacecraft. The
INTELSAT VI simulator is therefore expected to
exhibit performance virtually identical to that of the
INTELSAT V1 spacecraft when it initiates service
later in this decade.

Many of the features of the INTELSAT VI com-
munications subsystem have been incorporated
into the design of the simulator. The simulator,
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Figure 18, INTELSAT VI laboratory simulator models end-10-end satellite link operation

which consists of 5-'2 racks ol equipment, contains
a complete set of spot, hemi, zone, and global tran-
sponders, Complete interconnectivity between all
of these transponders allows any transponder in-
pul to be routed 1o any transponder output. Full
sixfold frequency reuse is available on the
INTELSAT VI spacecraft, and this reuse capability
has been preserved in the simulator design. The
simulator will also be capable of performing
satellite-switched TDMA (SS/TDMA) experiments
when its dvnamic microwave switch matrix (MSM)
is incorporated at a later date,

Figure 18 is a block diagram of the INTELSAT VI
simulator. The spot, hemi, zone, and global inputs
at the left of the diagram are connected to the
respective receivers. Although not shown in this
simplified diagram, the signal can be examined at
the output of the receiver and at several other
“monitor” outputs provided at key interim junc-
tions throughout the signal path. Features such as
these "excite” and "monitor” ports make this simu-
lator extremely usetul to the engineer altempling lo
gain insight into the operation of an end-to-end
satellite link. Following the receivers, the signal

passes through the demultiplexing filters to the 8 Figure 19. Front view of spol, hemu, and zone sections of
< 8 static switches, where the signal path can be INTELSAT VI laboratory simulator
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selected from the front panel. The outputs of the §
X 8 static switches eventually enter TWTAs, and
then the multiplexing filters at the outputs of the
simulator,

The simulator, a portion of which is shown in
Figure 19, is the sixth built for INTELSAT. (Simu-
lators were also buill for the INTELSAT IV, IV-A, V,
V-A, and V-MC5.) Its predecessors were used exlen-
sively in experiments conducted at COMSAT Labo-
ratories. It is anticipated that the INTELSAT VI
simulator will be equally useful.

OTHER
INMARSAT Standard-B Testbed

The INMARSAT Standard-B Testbed Communi-
cations Subsyvsterm was completed in 1986 under
Contract INM-84/101. This testbed, shown in Fig-
ure 20, includes a CES unit and an SES unit, and is
capable of concurrently simulating both the SES-to-
CES and CES-10-5SES link. Each of the CES and SES
units can be operated in nine different modes, as
described in Table 1.

Table 1. Standard-B Testbed Operating Modes

Information  Channel
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Mode  Modulator Hate Formal Ikbits) thbits)
i Btk Continuos f 12
(RETH
2 itk Clontinns 1] 1u
Lt
] BISk V= Hurst Data (3 12
i (8141 Contimuous 12 24
IRt
5 ISk \ Burst Data 12 24
i (B3] 8 ¥ Burst Voioe 15 24
v [QRB1E1 N L Continus 12 a4
ata
8 (-OPSK Huist Hhata 12 24
4 -O1sk ! Tt Vinen 15 24

Kev features ol the testbed include two
microprocessor-based programmable modems,
each capable of operating in six different modes:

Figure 20. INMARSAT Standard-B testbed concurrenth
simulates SES-1o-CES and CES-to-SES links

BPSK, continuous and burst; OPSK, continuous and
burst; and offset OPSK 10-0QPSK), continuous and
burst. The major functions of each modem are ac-
complished using a single Texas Instruments TMS
32010 digital signal processor. The transmitted
spectrum and the BER performance of the modem
for the continuous modes, obtained in the in-plant
acceptance test over an IF loop at 214 MHz, are
illustrated in Figures 21 and 22, respectivelyv. It is
shown that, due to precise digital implementation
of the spectral shaping, the BER performance is
very close to the ideal. The testbed also includes a




bi 0-OPSK with 60-percent root-Nvaquist filtering

Figure 21. Modulated spectra
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Figure 22, BUR performance of Standard-B
testbed 11 loopback

variable-code-rate, variable-constraint-length Vit-
erbi decoder. The coded BER performance lor con
straint length 7 is shown in Figure 22

LUnder two amendments 1o the original contract,
COMSAT Laboratories is currently implementing a
new modem and frame syvnchronizer for aero-
nautical applications, and in 1987 will be con-
ducting multipath tests for INMARSAT.
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"t




S

D igital transmission and switching technology has led to new forms of networks that

provide new services at reduced cost; as a resull, networks are evolving at an ever-
increasing pace. New network concepts, protocols, systems, and devices are announced
almost daily. This rapid development has a positive feedback effect: as more services
become available, more users are atfracted, resulting in rapid network expansion. These
new nefworks may take the form of local networks within a building or campus-wide
complexes, metropolitan area neftworks, or national and infernational networks.

The notion of separate telecommunications networks for voice, data, and video is
rapidly giving way to the concept of Integrated Services Digital Networks (ISDNs), which
are more cost-effective solutions for the explosive "Information Age” needs of customers
today and in the next decade. The focus of the Network Technology Division (NTD) is this
rapidly developing area called “networking,” from systems and architecture to software
and hardware. The NTD has applied an integrated approach to this massive task in
order to simplify procedures and designs, hence ensuring a manageable network design
capable of continuing orderly growth and encouraging the incorporation of future
technological advances. While the NTD is primarily concerned with telecommunications
networks, special emphasis is placed on exploiting the advantages of satellites in pro-
viding new services al compelitive cost.

The NTD is responsible for research and development activities pertaining to commu-
nications network design, network control, network management, protocol develop-
ment, satellite multiple access, and fiber optic systems and device development. In addi-
tion, hardware and software development conducted by the NTD plays a crucial role in
cosi-effective neftwork implementation. In these areas of endeavor, the NTD has been
engaged in research and development activities in support of the Corporation and its

various lines of business.

COMSAT NON-JURISDICTIONAL
R&D

Processor Technology

The NTD maintains a continuing research and
development program to evaluate new develop-
ments in processor technology and to develop mul-
tiprocessor architectures using the latest com-
mercially available and custom devices to support
various development programs in such areas as
fault-tolerant processor networks, network moni-
toring, management, data processing, and dala
routing. During 1986, the NTD procured and initi-
ated evaluation of the first commercially available
transputer. Transputers are designed for operation
in a network of processors (with no common bus
and hence no bus capacity limitations) as opposed

COMSAT €2 LABORATORIES

to common bus multiprocessor systems, and are
well suited to a variety of multiprocessor topologies
for fault-tolerant architectures, real-time control
svstems, and large simulations. The basic tran-
sputer architecture is presented in Figure la. As
indicated in the figure, each transputer has four
bidirectional 10-Mbit/s physical links, which con-
nect it to another transputer or an input/output
device. Figures 1b and 1c¢ show how multiple tran-
sponders are connected to form a network. These
systems are being evaluated for possible appli-
cation to networking problems with a detailed
trade-off of cost vs performance.

Software Technology

Software is a critical element in the evolution of
“intelligent” networking functions today and will
become even more critical in the future. It is

NETWORK TECHNOLOGY DIVISION
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Figure 1. Transputers are designed for operation in a
network of processors with no eommon bus

usually the largest bottleneck in terms ol develop-
ment costs and time. The N'TD has been attacking
this "technological” barrier with a large measure of
success and will continue to do so. In this context,
the NTD has developed the COMSAT multi-
processor operating svstem (COSMOS) that forms
the basis for most software development tasks car-
riedd out by the division. COSMOS consists of an
ever-increasing librarv of software “bricks” and an
architecture (rules for synthesis) that allow the syn-
thesis of simple to highly complex software sys-
tems from the COSMOS library, and reduces soft-
ware development to an incremental task. COSMOS
has been structured and optimized for efficiency
thigh speed and low overhead) and transparency in
distributed processing environments; however, less
stringent environments are also accommodated. A
significant advantage of COSMOS is thal it allows
common hardware and software development for
different projects. Over the past several vears, the
division has developed a large inventory of software

that can be applied to division programs. During
1986, the following enhancements were made to
COSMOS:

® Prioritv Scheduler. The priority scheduler en-
hances COSMOS to provide the control needed by
real-time software systems to respond to external
events within fixed time constraints.

® Variable-Length Message Header. This feature
has been added to COSMOS to allow a more ef-
ficient implementation of the higher lavers of data
communications protocols leg,, session, presenta-
tion, and application). Since the higher layvers can
have message headers that vary considerably in
length, a variable message header length lacilitates
their software implementation.

® Improved Bufter Management Scheme. This
improvement provides an additional level of con-
trol in the allocation of buffer resources to the vari-
ous software tasks running on the microproces-
sorts). Buffer capacity can be allocated lo specitic
software tasks as opposed to a common bufler pool
that is treated on a first-come, first-served basis.
This capability is very desirable for real-time svs-
tems where buffer capacity for specific tasks must
be available when needed.

® PROM-Based Debugger/Disassembler. A
PROM-based debugger functions similar to an in-
circuit emulator, providing approximately 80 per-
cent of its capabilitv, but at a much lower cost.
I'herefore, for a svstem containing a number of
microprocessors, PROM-based debuggers are an
inexpensive and practical way to test software run-
ning in the microprocessor hardware. In addition,
the PROM-based debugger is very useful for prob-
lem solving in the field. The disassembler translates
machine code into assembly language, which is
much easier tor the software designer to interpret.

® LAX Implementation. Implementation of
COSMOS on a VAX compuler using the UNIX oper-
ating svstem provides three basic enhancements to
the NTD's software development capability. First,
programs that run in a microprocessor svstem can
gain access 1o VAX resources, such as the file sys-
tem, printer, and data bases. Second, the develop-
ment of incremental software for existing svstems
is enhanced since the existing software can be lo-
cated in the microprocessor system, while the new
ineremental software resides within the VAX. Third,
new software can be loaded into a target svstem in
seconds using Ethernet.




Figure 2. N1D engineers are developing feasibility prototvpes of expert and knowlec lge-based systems

Expert Systems

Since 1985, the NTD has been involved in apply-
ing recent developments in knowledge-based sys-
tems and expert svstems to various suitable net-
waorking problems. Two broad classes of appli-
cations have been identified: network management
and control, and network planning and design.
During 1986, feasibility prototypes of both classes
were developed to explore the concepts, as well as
the advantages and limitations of the technology
(Figure 21,

As an example of the first class, a prototvpe ex-
pert svstem, called the Intelligent Network Alarms
Manager (INAM), has been developed and tested.
Within this system, network designers and im-
plementers have embedded knowledge of a low-
bit-rate TDMA (LBR-TDMA! multifrequency system
and the appropriate inference and decision-
making procedures. INAM has the capability to an-
alyze the alarms received at the Network Control
Center of the LBR-TDMA system. [t can correlate a
set of alarms, find the possible causes for the
alarms, assign degrees ol certainty to the deter-
mined causes, and suggest appropriate remedial

actions. INAM also has an explanation facility that
details its decision-making process.

Other prototype expert systems being developed
for network design and planning include the T1
Carrier Planning Svstem (TCAPS), which is a con-
cepl feasibility prototvpe expert system developed
to explore the potential for knowledge-based sys-
tems in network synthesis and analysis. The prob-
lem domain used in this exercise involves con-
figuring an optimal cost T1 network for specified
traffic and performance requirements. TCAPS syn-
thesizes cost-optimal topology with appropriale
routing using applicable algorithms and rule-based
control strategies (with explanation facilities),
TCAPS has the capabilitv to adapt to changes in
user requirements and has a powerful user inter-
face via windows, menus, and graphics.

As another example of the planning applications,
the problem of svnthesizing a cost-optimized
packet network is being addressed for user
customer-specified traffic and performance re-
quirements. A set of standard techniques and
algorithms is used to develop the initial topology,
flow, and capacity allocation. A set of heuristic
rules is being formulated to modity the initial net-




work design to reduce the cost and to incorporate
changes in the user requirements. The user inter-
face via windows, menus, and graphics playvs an
important role in the formulation of some of these
rules.

COMSAT SUPPORT

NBS/COMSAT Data
Communications Experiment

Since late 1983, the Space Communications Divi-
sion of COMSAT and the National Bureau of Stan-
dards INBS! have been engaged in a joint program
to examine, implement, and test the performance
of data communications protocols [specifically,
high-level protocols as specified by the Interna-
tional Standards Organization (ISOI1. The investiga-
tion is carried out by first analvzing the relevant
protocols and identifving the appropriate parame-
ters and procedures that have an impact on the
efficient operation of the protocols over satellite
links for different ranges of transmission speeds
and bil error rates. Next, the protocols and modi-
fications, if necessary, are implemented and tested
in the laboratory and, finally, a joint satellite ex-
periment is conducted with NBS. Resulls of the
experiments are presented to national and interna-
tional standard bodies for appropriate modi-
fications in the protocols.

Experiments conducted by the N'TD in 1985 con-
cerned normal and expedited data flow of 150
Class 4 Transport Protocol (TP-41, The second set of
experiments, conducted in 1986, focused on the
IS0 Internetwork Protocol (1P), a datagram protocol
which was implemented and experimentally
evaluated over the satellite link between COMSAT
and NBS. Specific sets of experiments were selected
to investigate the parameters of IP that have an
impact on the performance of 1P over satellite links.
A detailed set of specific recommendations for val-
ues of these parameters was obtained based on the
experimental results.

The higher-laver protocols, namely, session,
presentation, and application, will be investigated
in the near future.

CCITT and T1D1 Summary

As described in the COMSAT Laboratories 1985
Annual Report, the NTD has been an active par-

ticipant in Study Groups XI and XVIII of the CCITT
iffor activities pertaining to the ISDN) and the
National Subcommittee for ISDN, T1D1, of the
American National Standards Institute (ANSI,

Study Group XI activities within the N'TD include
ISDN signaling (0.921, 0.931) and signaling system
No. 7 (Q.700 series). Various timer values in these
signaling protocols have been chosen to ensure
successiul operation over a satellite link. N'TD par-
ticipation in Study Group XVIII (ISDN matters! is to
ensure that satellite circuits are not excluded from
ISDN and that a full range of satellite communica-
tions capabilities are included. For example, dis-
tributed broadcast services have been offered as
part of ISDN services.

The NTD has also been involved in the T1D1
Subcommittee with regard to various aspects of
minimal subset recommendations. Specific values
for parameters and procedures have been chosen
to ensure satellite compatibility. A number of issues
relating to the new packet mode protocol for 1ISDN
are being resolved satisfactorily from the point of
view of satellite networks.

ISDN Interiaces

A number of detailed reports were generated
discussing all existing CCITT Study Group XVIII
and XI ISDN-related recommendations in terms of
satellite communications. First, a detailed report
was prepared on ISDN concepts, principles, and
service capabilities, including ISDN interface struc-
tures and protocols. Appropriate parameters and
procedures for ISDN signaling protocols that have
significant impact on satellite communications
were identified. A second report described the gen-
eral architecture of Signal Svstem No. 7 and specific
issues related to satellite communications. A third
report evaluated the capability of the INTELSAT
Business Services (IBS) network to carry ISHN
traffic.

Optical Intersatellite Link
Technology

In December 1986, a study on optical inter-
satellite links (ISLs) was completed for the
INTELSAT Satellite Services organization of the
Space Communications Division. The purpose of
this study was to assess optical communications
technologies suitable for ISL applications in the




Table 1. Design Parameters for Near-Term and Far-Term ISL Systems
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INTELSAT global telecommunications network. Six
optical systems using carbon dioxide, Nd:YAG,
InGaAsP, and GaAlAs lasers were evaluated with
respect to their communications performance; the
mass, volume, and prime power requirements of an
on-board optical transceiver package; and the
component and svstem reliabilities. Furthermore,
an in-depth annotated bibliography was compiled,
covering both past and present optical ISL
activities.

Each of the six technologies was also evaluated
with respect to selected criteria relevant to an
INTELSAT ISL and the GaAlAs technologies were
favored for both near-term and far-term appli-
cations. Table 1 gives the major design parameters
for the selected near-term and far-term tech-
nologies. Finally, additional testing and develop-
ment procedures required to ensure a timely de-
velopment of the near-term and far-term optical
pavloads were identified.

STARCOM Network Control
Software

STARCOM is a satellite-based data communica-
tions system developed by the Network Products

Division of COMSAT Technology Products. The
NTD has plaved a key role in the inception and
development of this product. This program repre-
senls a significant commitment by COMSAT Labo-
ratories to apply technology developed in the labs
to solutions required for satellite data networks.

STARCOM is based on a star network topology, in
which a central hub station is linked to numerous
low-cost remote stations. Data are transmitted from
the hub on multiple 256-khit/'s outbound time-
division-multiplexed (TDM) carriers, which are
broadcast to all remote stations. Remole stations
use multiple 56-kbit/s inbound carriers to send
data to the hub; an inbound carrier is either al-
located to a specific remote station or shared hy
multiple stations in a random-access TDMA mode.
Under an effective network management svstem,
satellite transmission capacity is dynamically al-
located based on the requirements of the remote
stations.

User equipment interfaces to this network
through standard interfaces. Currently, X.25 and
IBM System Network Architecture (SNA] protocals
are supported. Highly efficient protocols, devel-
oped in prior years by the NTD, are used over the
satellite. These protocols are transparent to users,
but provide considerably improved performance.




During 1986, the NTD continued to support
STARCOM by providing software to enhance the
acquisition and synchronization of remote termi-
nals and to allow down-line loading ol new sofl-
ware from the central hub (Figure 3).

OTHER

NASA-TDAS Laser Intersatellite
Link

A study of optical intersatellite links in a future
NASA data relay svstem, ""TDAS Laser Intersatellite
Communications,” was completed under a con-
tract from Ball Aerospace Svstems Division with
funding from NASA/Goddard Space Flight Center.
The purpose of this study was to design optical
communications transceiver (OCT] terminals for
forward and return links between two geosynchro-
nous (GEOI satellites spaced by 160" and between a
low-earth-orbit (LEO) satellite and either of the GEO
satellites. The terminal designs were based on 1992
technology and included optical transmitters and
receivers, the RP/oplical interfaces that prepare
forward and return data for transmission over the
appropriate RF or optical links, and identification
of systern monitoring and control requirements,
command sequences, and self-testing require-
ments. In addition, a schedule was established
for the hardware development of the various ter-
minal designs, including identification of the
technologies considered critical to their timelv
development.

Direct-delection optical communications sub-
systems were selected for the 'TDAS forward and
return optical links. For the high-data-rate return
links (2 Gbivs between the two GEO satellites and
1 Gbit/s between the LEO and GEO satellites), this
selection was based upon power budget calcula-
tions performed for direct- and heterodyne-
detection optical systems. In the direct-detection
svstem, incoherent power combining of several

Figure 3. STARCOM .-m_ﬁn';u'(: tt’m'f.'h:pmc'n.' enhances
operation of low-cost remote stations

GaAlAs diode lasers allowed the use of moderately
sized antenna diameters (30 cm on the GEO sat-
ellites, 18 cm on the LEO satellite). On the other
hand, the heterodyne-detlection system needed a
lower transmitter power, but still required co-
herent power combining of several diode lasers to
use these same antenna diameters. This entailed a
more complicated implementation and sub-
stantiallv increased complexity for the heterodyne
system, which was already rather complex due to
the frequency stability requirements in the trans-
mitter and the frequency tracking requirements
and spatial alignment problems in the receiver. A
direct-detection syvstem was preferable for the for-
ward optical links because it would simplify the
optical transceiver designs and avoid the use of
both direct-detection and heterodvne-detection
links in the TDAS.




The System Development Division (SDD) is responsible for system design and development
activities in support of the several COMSAT lines of business, INTELSAT, and other
COMSAT clients. SDI activities encompass the development of computer-based systems,
including the design and implementation of software and the selection, acquisition, instal-
lation, and integration of hardware. Other SDI) projects involve the development of digital
hardware and microprocessor firmware for prototype equipment produced by COMSAT
Laboratories, and the development of analysis and simulation techniques and computer
software for evaluation and optimization of satellite communications systems and sub-
systems. Al the forefront of the SDD 1986 effort was the exploration of new compulter
hardware and software technologies and their application to distributed processing sys-
tems, as well as systems analvsis and simulation. The division also established the stan-
dards, methodologies, and tools needed to develop highly reliable, easily maintained
software products.

COMSAT JURISDICTIONAL B&D frequency plan. The user can then iteratively adjust
the carrier [requencies or powers and invoke the
analysis until the desired performance is achieved.
This program is available on the IBM mainirame or
an IBM PC.

System Availability Model

During 1986, a system availability model (SAM]
was developed which uses the availability factors
for system components, mean-time-between-
failures (IMTBF), and mean-time-to-repair (MTTRI to
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Figure 1. System availability model operator screen
An interactive graphical interface was developed
for the COMSAT Intermodulation Analyzer (CIA),

SYSTEM DEVELOPMENT DIVISION

This new version of the program, ICIA, enables the

user to interactively adjust the frequency or power

of carriers within a transponder while viewing a
graphical representation of the frequency plan on
the screen (Figure 2/, The program analysis can be
invoked at any time to determine the RF inter-
modulation products that result from the specified

COMSAT&* LABORATORIES

Systems Analysis Tools

Four systems analysis tools were developed by
the SDD during 1986 for use by the Space Commu-
nications Division: interactive transmission analy-
sis, antenna coverage software, on-station plotting
program, and qualitv-of-service analysis software.
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Figure 2. Interactive COMSAT intermodulation
analvzer (ICIA) output

Interactive Transmission
Analysis

An interactive version of the Satellite Transmis-
sion Analysis Program (ISTRIP) was developed
jointly with the Communications Techniques Divi-
sion in 1985 and 1986. ISTRIP enables the user to
interactively arrange carriers within a frequency-
reuse, multiple-transponder frequency plan. This
program is described in detail in the Communica-
tions Techniques Division's section of this report.

Antenna Coverage Software

A completely new version of the Antenna Cover-
age Program (ACP) was released in 1986. This pro-
gram generales satellite antenna beam patterns on
a world map for several beam types, including el-
liptical, circular, shaped, tabular, and user-defined
(Figure 3). The new ACP will also generate contours
of constant elevation angle, great circle paths, visi-
bility contours, and other satellite-related data, and
can account for satellite antenna pointing errors
and path losses (Figure 41. The program is installed
on the COMSAT IBM mainframe, and an IBM PC
version has been developed.

On-Station Plotting Program

The Satellite On-Station Plan Plotting Program
[SOSP, begun in 1985, was completed in 1986. SOSP
is a menu-driven interactive program that views
and plols space segment data associated with sat-
ellites in a multiple-satellite system. Users enter

deplovment information (including orbital slot as-
signments and launch dates) for individual sat-

ellites. Several charts mav then be generated. The
“population” chart depicts the number of satellites
in orbit space over a specified time period; the
“"bubble” chart displays the location of each sat-
ellite at a given point in time; and the “line” chart
displays the role and location of each satellite, from
its launch date through its retirement.

Figure 3. Evaluating antenna gain patterns using the
Antenna Coverage Program (ACP]

Quality-of-Service Analysis
Software

Several new analvsis capabilities were added 1o
the Network Analvsis Program (NAP) to support
CCITT quality-of-service studies. The program ana-
lvzes the performance ol a specified packet-
switched network in terms of traffic throughput,
message delays, average queue sizes, and network
loading. Routing decisions can also be made. The
user defines the network as a number of processing
nodes connected by communications links. Trallic
is assumed to be transmitted across the links in
finite-length packets, which are controlled by a
specified link-level protocol. Each node mav con-
tain one or more traffic sources which generate
messages al a specified rate to various destination
nodes. These messages are packetized using the
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Figure 4. Antenna Coverage Program oulpul

protocol specified for the node. Various processes
may he defined at each node, and traflic may be
directed to specified processes. The program pro-
duces tabular displavs of selected network param-
eters and analysis results,

Standard-C Terrestrial Services

On behalf of COMSAT Maritime Services, the 811D
has completed a study of the terrestrial services to
be offered to shipboard users of the new
INMARSAT Standard-C terminals. Initially, these
services will include interconnects to the public
Telex network, and provision for dial-up con-
nection to an "electronic mailbox" at each CES.

This study also provided the groundwork for a
distributed processing svstem to support
Standard-C services, which will be installed in 1987,

COMSAT SUPPORT

Western Union and MCI M&C
Svstem Enhancements

The Western Union and MCI monitor and can-
trol IM&C) subsvstems are lime-division multiple-
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access (TDMAJ networks which are based on the
COMSAT Technology Products DST-1000 equip-
ment. The M&C subsystem consists of hardware
and software in a central M&C computer colocated
at the primary reference terminal, and M&C
equipment at each local TDMA site. Al these sites a
programmable controller is connected to switch-
able and nonswitchable discrete points Lo monitor
and control RF equipment for that station. The
programmable controller transmits the states of the
points back to the central M&C computer when
polled through the common signaling channel. At
the central M&C, an operator can request displavs
of the current equipment status of any local ter-
minal, and may control the discrete points through
the central computer. In the event of a failure in the
reference station or common signaling channel, the
central M&C compulter can communicate with the
local traffic terminal via automatic direct distance
dialing. T'his feature provides the centralized oper-
ator with continuous control of the network.
During 1986, the SDD provided COMSAT Tele-
Systems with an M&C subsystem tor a DST-1000
TDMA svstem purchased by MCI Communications.
The MCI M&C subsystem is a modified version of
the existing Western Union M&C provided in 1985,
During 1986, analyses determined the hardware




and software modifications required to convert the
Western Union M&C to the MCI Mé&C; hardware
was installed and the required software modi-
fications were made. Where required, operator
screens and tunctions were converted to be MCI-
specilic.

Throughout the vear, the SDD provided COMSAT
TeleSvstems with engineering support for both the
Western Union and MCI svstems. This support
ranged from providing software modifications and
enhancements for the M&C systems 1o answering
questions for COMSAT TeleSvstems personnel and
customers, The SDD enhanced the M&C syvstems
by allowing an operator to add, change, and delete
direct dial phone numbers from a dala base at the
central M&C. In case of a primary communications
failure, the M&C system automatically uses these
phone numbers to dial up and restore communica-
tions to the failed terminal.

DFS Monitoring and Control
Enhancements

The advent of powerful microprocessors and mi-
crocomputers has made advanced, complex, highly
reliable, and cost-effective satellite system architec-
tures feasible (Figure 5). The Deulsches Fernmeld
Satelliten (DFS) system is one such state-of-the-art
TDMA svstem, delivered by COMSAT TeleSvstems
to the Deutsche Bundespost (German Postal and
Telecommunications Servicel. The DFS system is a
digitized, 60-Mbit/s TDMA satellite communica-
tions system capable of supporting voice, heavy
route trunking, distributed video, data, and fac-
simile. The magnitude of the project was con-
siderable, and despite challenging deadlines the
project was completed on schedule in September
1986. The SDD was actively involved, providing
software support in many areas.

DFS Phase 1, which was completed in 1985, con-
sisted of the hardware for the traffic terminals, the
reference lerminals, and the network control sys-
tem. Phases 2 and 3, which were initiated in 1986,
made DFS into a fully variable, demand-assigned
TDMA network.

In the demand-assigned mode, TDMA frame
space is continuously reallocated for etficient utili-
zation of transponder bandwidth. In addition 1o
dvnamic frame reconfiguration, sDD designed, im-
plemented, and tested software for demand-
assigned allocation of calls, fully redundant

equipment configuration, operator interface, and
the generation of route lists, numbering plans, and
traffic reports.

Figure 5. SDD software engineers examine i
DES hardware diagram

Frame Reconfiguration

Frame
mizalion of the space segment for flexible and eco-

recontiguration is the aulomatic opli-

nomic use of the available transponder bandwidth,
When a call arrives, the call setup information is
placed in a packet that is routed to the appropriate
destination. A call is then established by allocating
it a certain portion of the TDMA frame. Capacity is
cither shared in the demand-assigned portion or
dynamically allocated, depending on the traffic
patterns in the network. Accurate traffic statistics
are maintained by continuous network monitoring.

Call Processing

Each traffic terminal in the DES svstem has sofi-
ware that supports demand-assigned multiple ac-
cess IDAMAIL This software allows the setup and
clearing of calls, and permits the reallocation of
frame space. DAMA also plays a role in selting up
reservation calls, Frame space for reservations is
preallocated for a given period of time, FEach
traffic terminal has the abilitv 1o transmit on only
one frequency, but can receive on any ol four
frequencies.

The most common types of calls are single-
channel voice and data calls. Space lor such calls




can usually be allocated by DAMA using infor-
mation maintained locally within the terminal. In
contrast, the frame space for reservation calls is
determined in advance by software in the network
control processor INCP), and such information is
periodically downloaded.

Redundancy

Redundancy employs automatic switchovers to
maintain the availability of the system in the event
of component failure. In the DFS svstem, re-
dundancy is addressed at the board and chassis
levels in the traffic terminals, and at the station
level in the reference terminals and network con-
trol processors. SDD contributions were in the
areas of traffic terminal and NCP redundancy.

Traffic terminal redundancy is accomplished by
sending messages from the on-line side to the
standby side whenever a call is set up or cleared,
DAMA also participates in audifing activities which
ensure continued integrity of the call data base.

NCP redundancy was complicated by the need
to combine large, existing, interdependent,
memory-based data bases; by the large body of pre-
existing, nonredundant software; by the time con-
straints for final delivery; and by a number of hard-
wire constraints,

Operator Interface

The NCP operator interface provides an easy,
menu-driven man/machine interface for the TDMA
network operator. The interface supports status re-
quests for monitoring various components of the
svstem, and triggers alarms to alert the operator to
malfunctions in the system.

The design for the NCP operator interface orig-
inated in the SDD, and SDID personnel were re-
sponsible for the development phase of the sub-
syvstem. Using nearly 100 screens, the interface
performs five major functions: status monitoring
and diagnostics, configuration management, net-
work performance monitoring, alarm monitoring,
and miscellaneous.

Route List and Numbering Plan

The route list and numbering plan subsystem in
the NCP maintains the data base ol current route
and trunk usage and the numbering plan of the
100 tratfic terminals, and serves as an interface

between the central control facility and the traffic
terminals. Operators in the central control facility
can use the data base to allocate trunk space ac-
cording to customer requests, and 1o redistribute
new numbering plans as needed. This subsystem is
designed as a multiple command server and pro-
vides central control facility operators with a user-
friendly environment and with the ability to in-
teract with more than one traffic terminal
simultaneously.

DST-1100 Diagnostic System

The DST-1100 diagnostic subsvstem allows an
operator to exercise various test functions
throughout the TDMA svstem in order to isolate
faults 1o the level of field-replaceable units. Tests
may be initiated from the NCP for remote testing of
any terminal within the TDMA network, or locally
at an individual terminal.

A portion of the diagnostic subsystem is present
on every microprocessor in the TDMA equipment,
with a manager residing in the redundancy moni-
toring unit of each terminal. The manager receives
requests from the operator interface, coordinates
the testing within the terminal. gathers the test
results, and sends the results to the operator inter-
face for display. The diagnostic subsystem offers a
full range of tests, including onboard, interface, and
loopback tests, Diagnostic chains of complete
sequences of coordinates tests were provided.

The svstem was designed with the knowledge
that it would continue to evolve. New revisions are
supported by automating the software-building
procedure using utilities written for the host oper-
aling system. The system also takes advantage of
being data-driven. The majority of control infor-
mation is kept in a master table, which is used to
generate unique control tables for each processor
in the TDMA system.

STARCOM

Designed and manufactured by COMSAT Tech-
nology Products, Inc, STARCOM is a private sal-
ellite network that can supplement or replace
common-carrier networks for business communi-
cations. STARCOM uses very small aperture ter-
minal (VSAT) transmission hardware and the
COMSAT Satellite Multiprocessor Operating Svstem




(COSMOS) to provide clean, high-speed digital cir-
cuits and software-driven reconfiguration for flexi-
bility and optimization of network configuration.
Business advantages provided by STARCOM in-
clude rapid installation, network security, and rela-
tivelv low communications costs. A STARCOM pri-
vate network consists of a central facility (known as
the hub) and interface units (known as on-premises
terminals, OPTs) at each remote localion (Figure 6).

Software Development

The Network Technology Division at COMSAT
Laboratories designed COSMOS to provide efficient
use of satellites, reliable high-speed data commu-
nications, and greater flexibility in configuration.
SDD personnel were responsible for the develop-
ment of a VAX VMS version of COSMOS, called
COSMAX, which allows VAX VMS svstems such as
the Micro VAX to perform as network administrator
and data base manager. The data base manage-
ment svstem provides an authorilative repository,
on disk, for network configuration data and traffic
data. During syvstem initialization, switchover, and
OPT activation, the network queries the data base
in order to load appropriate information. The data
base screens display statistical data so that oper-
ators can predict and tune network operations.

SDD developers have been involved with much of
the management interface. The operator enters
network data base updates, and a copy is sent via
the data base server 1o the appropriate network
process, which in turn updates the BAM images of
the data base in the various hub processors. A con-
firmation message is returned to the data base
server, which permanently commits the update 1o
the data base management system. This ensures
that the data content is parallel between the real-
time RAM data base in the NCC and the disk-based
NCDS data base,

Other STARCOM lasks to which 5DD personnel
were assigned included configuration management
and the development ol data protocol executives,
An Ethernet device driver was modified to make it
more useful in the STARCOM environment.

Shared Network Support

During 1986, the SDD provided the STARCOM
engineering support lor the management infor-

Figure 6. SDD computer scientists integrate elements
af the STARCOM hubh.

mation system (MIS) of the shared network. The
MIS provides billing, accounting, and performance
data for the STARCOM svstem, The SDD invesli-
gated several architectures needed to provide these
functions, which define in detail the hardware and
software required for the MIS. A major effort was
involved in determining all of the communications
intertaces between the MIS and the STARCOM sys-
tem. All inputs and outputs between both svstems
were determined, and a tormal interface document
was delivered,

INTELSAT

Transmission Impairments
Analysis Software

The SDD, in concert with the Communications
Techniques Division, supported the INTELSAT en-
gineering and operations staft by maintaining and
enhancing the INTELSAT Satellite Transmission
Impairments Program (STRIP). STRIP was installed
on the INTELSAT IBM MVS system in 1986 and a
significant number of output capabilities were
added to the program, including detailed tran-
sponder and margin summaries. STRIP computes




impairments resulting from co-channel inter-
terence, adjacent channel interference, thermal
noise, and intermodulation for carriers of various
tvpes (digital, FM, TV, SCPC) in a multiple tran-
sponder, frequency reuse, and frequency plan.
COMSAT also provides INTELSAT with fast-
reaction support for software modification.

Burst Scheduling Software

The SDD continued to maintain the INTELSAT
burst time plan (BTP) software system, which gen-
erates burst schedules used by earth stations
within a network in the INTELSAT TDMA system.
After a network schedule has been determined,
other programs within the system make control
and equipment assignments for the individual
stations. The schedule and other assignment in-
formation are then formatted into operator-
readable master time plans (MTPs) and machine-
readable condensed time plans (C1Psl. The MTPs
are sent to the participating INTELSAT signatories
for review. After approval is received, the CTPs are
transmitted from the INTELSAT Operations Center
TDMA Facility (1I0CTF) in Washington, D.C., to the
individual reference and traffic stations. The CTPs
are loaded into the terminals and become opera-
tional when the synchronous BTP change is made
for the network. During 1986, in addition to minor
enhancements, the format of the MTPs was signif-
icantly revised and the programs thal generate the
MTPs were modified accordingly.

Operations Center Soiftware
Support

Under Contract INTEL-510, the SDD has com-
pleted a series of tasks aimed at improving various
aspects ol IOCTF operations. These tasks included
the preparation of functional requirements docu-
ments for an improved method of distributing sat-
ellite position data to the TDMA reference termi-
nals, and for a method of logging and redisplaving
TDMA reference and monitoring terminal data at
the 10CTF.

Also under this contract, the IOCTF software was
maodified to permit the distribution of test CTPs to
TDMA traffic terminals. The SDD also provided in-
stallation and testing support following relocation
of the IOCTT to the new INTELSAT headquarters.

CORPORATE SUPPORT

Distributed Processing
Networking Software

The SDD designed and implemented the net-
working software for the GEOSTAR central data
processing facility, which consists of a number of
Hewlett Packard HP-9000s connected by a seg-
mented local area network (LANI. The GEOSTAR
Networking Software package is implemented in
Pascal and C for processors using the UNIX oper-
ating system. The software performs the following
functions:

® handles the routing of messages through a fixed
itinerary of application processes,

® reroutes messages to backup nodes and proc-
esses in the event of link processor lailure,

® supports multiple message priorities and the
packing of messages into LAN packels 1o mini-
mize CPU overhead,

® supports the reassignment of application proc-
esses o network nodes, and

® provides centralized monitoring of the network
status and performance, and dvnamic updating
of network tables to reflect changes in the net-
work configuration or processing functions.

Network Analysis Program

The GEOSTAR data processing facility is a typical
example of a distributed processing network. The
SDD developed a network analysis program for
GEOSTAR that can be used by a network designer
to predict the performance of a system composed
of processing nodes connected by communica-
tions links (either point-to-point or shared by a
number of nodes!. Network performance, as mea-
sured by throughput and end-to-end delay, can be
determined by a number of factors including the
following;:

® message ilineraries and routing decisions,

® (he CPU processing rate of the nodes and the
capacities ot individual links,

® protocol parameters, including maximum block
size and max-oul count, and

® link performance parameters, including propa-
gation delay and bit ervor rales.




The program will be included as an integral part
ot the GEOSTAR data processing svstem operator
interface, providing operators with immediate
feedback on the effects of changes in traffic loads,
or the consequences of reconfiguring the network
in response to these loads or to failure of network
components.

Core System Firmware

During 1986, the SDD designed. developed, and
delivered firmware for the GEOSTAR core baseband
processing unit. This work was performed in sup-
port of COMSAT Technical Services for its contract
with GEOSTAR.

The core baseband processing unit provides
monitoring and control functions for the GEOSTAR

bb

remote unils, and supervises message processing
and transmission. Inputs consist of decoded data
from the receiver unit and user input data from an
external kevboard. Outputs are in the form of dis-
play data senlt lo a user screen al the remote unit,
and messages sent to the transmitter unit for
transmission to GEOSTAR Central. The baseband
processor performs all of the functions that enable
the core subsystem to pass messages back and
forth from the keyboard/display unit to GEOSTAR
Central.

The firmware, which is composed of inde-
pendent input and output processes, is im-
plemented on an INTEL 8085 processor in the core
baseband processor. The outpul process also pro-
vides monitoring and control.




I n 1984 the National Aeronautics and Space Administration (NASA), a preeminent force in
satellite communications technology, undertook a new research and development pro-
gram: the Advanced Communications Technology Satellite (ACTS) Program. The program
goals are the development of basic technologies (o ensure the availabilitv of adequate and
afJordable satellite communications bevond the year 1990, and the continued availability of

' LS. satellite communications resources by effectively utilizing the limited resources of the
geostationary orbital arc.

ACTS system development was confinued in 1986. RCA ASTRO-Electronics is the prime
contractor for the program and has responsibility for the spacecraft bus; the on-board
multibeam communications package (MCP) is being furnished by TRW; and the on-board
baseband processor is being supplied by Motorola. The ACTS spaceborne configuration
includes a laser-based communications experiment, known as IASERCOM, under devel-

ACTS

opment at MIT's Lincoln Laboratory.

The NASA ground station (NGS) and the master control station (MCS) are the respon-

sibilitv of COMSAT Laboraltories.

THE TECHNOLOGY NEEDS OF
TOMORROW

A fundamental goal of the ACTS program is to

ensure continued US. leadership in vital areas of

satellite communications technology. A second
goal is to develop communications techniques and
equipment to exploit the spectrum-rich, but largely
unused, K;-band. A third is to investigate and verify
svstem techniques for more effective use of all fre-
quency spectrum resources allocated to satellite
communications. The ACTS program proposes to
meet all these objectives.

The following component technologies comprise
the baseline ACTS system:

Spot-Beam Technology. Concentrating radio fre-
quency (RF) energy into spot beams significantly
enhances the abilitv to reuse an allocated fre-
quency band, because RF energy is placed only
where it is needed, and not spread over an entire
continent. Further, the higher levels ol con-
centrated power associated with spot beams per-
mit deployment of lower-cost terminal equipment.
The use of fixed and hopping spot beams is an
important extension of this technology.

On-Board Switching Technology. This approach
permits the interconnection ol up-link and down-

COMSAT €* LABORATORIES

link spot beams, thereby meeting subscribers’ con-
nectivity requirements and matching an estab-
lished time-division multiple-access (TDMAI timing
plan.

On-Board Baseband and Remodulation Process-
ing. Because il isolates up-link errors from down-
link errors, remodulation is more effective than the
use of analog repealers in isolating up-link errors,
and allows mixed-rate up-links and down-links 10
accommodate networks of both large and small
terminals. The resullant intermediate baseband
signal can then be processed and bundled by des-
tination in much the same way as with a terrestrial
tandem switch.

Demand-Assigned TDMA Networking and Con-
trol. The MCS uses TDMA/demand-assigned algori-
thms for the coupling and control of ground seg-
ment and satellite resources. This approach
provides cost-effective matching of the subscribers’
transmission and connectivity requirements to the
ACTS system performance envelope, as well as op-
timal allocation of satellite resources such as power
and spectrum to the remaining users.

The ACTS experimental system verifies each of
these critical technologies and tests their com-
bined effectiveness in a communications satellite
system, while providing an in-orbit test bed that
permils significant testing by the experimenter
community.

i
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Figure 1. The current ACTS svstem configuration features both fived and scanning spot-beam coverage

THE ACTS SYSTEM

The ACTS system configuration, consisting of a
flight segment and a ground segment, is shown in

Figure 1. The ACTS spacecraft features two tvpes of

spot-beam coverage, with each beam covering an
area approximately 150 miles wide. Sixteen fixed
spot-beam regions are available, each focused on a
major US. city, with two scan sectors (Easlt and
Westl for high-speed, selectable pointing, This
spot-beam pointing is programmed from the MCS
so that scanning transmit and receive beams dwell
on a sequence of regions; the length of the dwell is
related to the amount of traffic being passed. Dur-
ing 1986, a steerable antenna was added to the
ACTS to provide Alaska/Hawaii coverage.

The up-link and down-link signals are classified

as high burst rate tHBR) or low burst rate (LBR), and
are carried in three very wideband channels. The
HBR signals, planned for 220-Msymbol/s burst
rates, are routed through an on-board intermediate
frequency (1K) matrix switch which interconnects
the up-link and down-link spot-beam antennas.

The LBR up-link signals, with burst rates of either

27.5 or 110 Msymbol/s, are routed through the
baseband processor. After initial demodulation
and rate-changing of the TDMA bursts, the signals
are time-slot interchanged and remodulated for the
down-link at a rate of 110 Msymbol/s. Forward er-
ror correction (FEC) and reduced modulation rates
are applied adaptively to the transmission to per-
mit operation during rain fades, with the decod-
ing and encoding performed in the baseband
Processor.
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The ACTS Ground Segment

The ACTS ground segment consists of the fol-
lowing five distinct elements:

The NASA Ground Station consists of a single RF
terminal (RFT), which is primarily responsible for
translating LBR communications signals between
the K,-band interface with the ACTS spacecraft and
the digital interface of the TDMA terminals, and is
driven by two LBR TDMA lerminals: the 27.5-
Msyvmbol/s traffic terminal, with its terrestrial inter-
face equipment for accommodating terrestrial in-
lerconnection; and a combined reference terminal
and traffic terminal operating at 110 Msymbol/s.
The reference terminal is responsible for maintain-
ing TDMA system synchronization and integrity, as
well s serving as the control-message interface for
the MCS. The NGS also includes RCA-provided
telemetry, tracking, and command (TT&C) equip-
ment that interfaces with the RFT subsystem. The
NG5S will be located at NASA's Lewis Research Cen-
ter (LeRC) in Cleveland, Ohio.

The Master Control Station controls the 1LBR
network and the on-board multibeam communica-
tions package, serves as the focal point for mission
and experiment operations, and provides displays
and reports that are required for orderly system
operation,

The Telemetry, Tracking, and Command Facili-
ties are related largely to spacecrall support oper-
ations such as stationkeeping. The RCA facilities in
Carpentersville and East Windsor, New Jersey, will
perform this function. RCA will also provide the
TT&C elements 1o be located at the NGS.

The HBE Ground Segment will function similar
to the LBR NG5 and MCS, but will be directed
toward communications through the IF switch
matrix in the MCP. NASA is responsible for develop-

ing the HBR, which will be located in the vicinity of

the NGS at LeRC.

The LASERCOM Ground Segment is primarily the
responsibility of MIT's Lincoln Laboratory. NASA's
Goddard Space Ilight Center has proposed an aux-
iliary experiment to be operated via LASERCOM

and will probably have operational responsibility

for that experiment. The interfaces of these ex-
periments with the ACTS ground segment are still
to be determined.

In addition to the ACTS ground segment, an ex-
perimenters’ network equipped for either or both
the LBR and HBR operation will be incorporated
into the ACTS svstem by means of the MCSs.

69

The ACTS Program At COMSAT
Laboratories

The ACTS Program Management Organization
(PMO) directs the program within COMSAT Labora-
tories, and manages the interface with RCA and
NASA. The PMO includes technical management of
each of the major elements of the program, as well
as cost and schedule control.

Technical managers operate with counterparts
in the various functional organizations, defining
and scheduling the work to be accomplished and
the resources required. Upon agreement, these pa-
ramelers are entered into a computer-based
ARTEMIS cost and schedule control system, to
produce svstem and subsystem schedule networks
and detailed cost projections for each element of
the program. This information is continually moni-
tored and updated, distributed within COMSAT,
and reported on a regular basis to the customer.

The ACTS PMO is responsible for ensuring that
this cost and schedule control system satisfies the
criteria established for use on this NASA contract.

During 1986, COMSAT's progress on the ACTS
program was affected by diminished Government
funding and the resulting diminished allocation to
COMSAT Laboratories, Because of these funding
constraints, as well as shuttle availability problems,
NASA extended the program approximately 1 vear,
with an expected launch date of November 1990, In
response to this program redelinition, the ACTS
PMO reexamined the program, including the re-
quired resources and associated schedule, to al-
low COMSAT to successfully meel the program's
objectives.

Al present, the equivalent of more than 15 per-
cent of COMSAT Laboratories personnel are dedi-
cated to the ACTS program'’s lechnical and admin-
istrative activities. During the next 3 vears this
overall level will increase, so thal an average of 25
percent of the total manpower resources of
COMSBSAT Laboratories will be engaged in this cost-
plus-fixed-fee contract. These ACTS-tunded activi-
ties will filter into almost every technical and sup-
port organization within the Laboratories. Through
the experience gained on the ACTS program, cach
of these organizations is developing the new skills
and disciplines required for any major develop-
menl program,

COMSAT's ACTS team spent much of 1986 ex-
tending the system-level requirements and specifi-
cations into functional subsystems, developing the
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functional descriptions of those subsystems and
interface specifications, and bringing the functional
planning to increasingly lower and more complex
levels in the developmental hierarchy. The end of
the vear saw increasing amounts of design-level
work, component procurement, software coding,
initial testing and debugging, and firmware/
hardware partitioning,

The major program milestone of the year was the
Preliminary Design Review (PDR) presented by
COMSAT in April 1986. The objectives of the PDR
were as [ollows:

e (o cvaluate the progress, technical adequacy,
and risk resolution of the selected design
approaches;

e o verifv design compatibility with performance
and engineering specification requirements:

® 10 assess the technical risk associated with the
selected manufacturing plan;

® (o ensure that development flows and schedules
were logical and feasible; and

® (o verily that design maturity is adequate to pro-
ceed with detailed design, leading to unit fabri-
cation and testing.

The program and design approach were accepled
with only minor changes.

ACTS PROGRAM TECHNICAL
DEVELOPMENT

Ihe technical development associated with NGS
and MCS implementation can be divided into five
specific management areas: svstems engineering,
RE terminal development, TDMA terminal devel-
opment, MCS development, and performance
assurance.

Systems Engineering

COMSAT's systems engineering role in the ACTS
program is twofold, Primarily, systems engineering
is responsible for the engineering, analysis, integra-
tion, and testing associated with COMSAT's de-
liverable hardware and software. A second respon-
sibility is the direct engineering and analytical
support ol RCA as prime contractor. Both roles
draw heavilv on the Laboratories’ communications
analysis resources, These responsibilities have led

0

to significant engineering and analytical con-
tributions, with the Communications Technigues
Division being the primary contributor.

Technical issues resulting from the complexity of
the ACTS system, and the correspondingly com-
plex NGS/MCS, have required a number of analyses
and two major modeling efforts. Activities in 1986
culminated with the delivery of the supporting
documentation required for the NGS/MCS Pre-
liminary Design Review. Technical issues raised al
that review will lead to additional studies.

Software modeling of the ACTS communications
channels is a significant part of the svstems engi-
neering effort, and supporting RCA at the svstems
level has been vital to the COMSAT NGS effort 1o
establish earth station parameters and evaluate
channel impairments. Modeling initially has been
oriented toward parametric allocations. As hard-
ware is developed, parametric measurements will
be made and entered into the model. Total channel
and ground segment communications perform-
ance will then be evaluated. These predictions will
form the baseline for measurement of svstems per-
formance in a major test of the ground and space
segments prior to launch and in-orbit operation.

A second sofltware simulation effort under devel-
opment involves modeling the network control
processes within the LBR svstem. Included are
demand assignment, adaptive FEC, and acquisition
and svnchronization. This model emphasizes the
interface between the MCS/NGS and the baseband
processaor IBBP) on the spacecraft.

Investigations into the reliability of the control
process, ils robustness, the efficiencies of the
TDMA system, and beam-hopping limitations have
been major areas of study during the past year.
Figure 2 shows one resull of these studies, depict-
ing the time variation of the control message chan-
nel probability of bit error and the use of forward
error correction (FEC) coding. Plans for 1987 in-
clude the completion of the basic modeling effort,
al which time activity will focus on evalualing sys-
lems operation.

Early in 1986, COMSAT provided baseline de-
scriptions of the ACTS system for use by NASA in

establishing information packages for experimenter

terminal procurement and experiment scenarios.
COMSA'l Laboratories' expertise in advanced
communications lechniques makes it uniquely
qualified to assist NASA in these tasks.

Svstems engineering has also worked this year to
enhance the definition and documentation of the
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Figure 2. Control message channel performance in
maximum rain fade

numerous inlerfaces between various equipment
elements ol the NGS/MCS. Such documentation is
essential in a multicontractor environment.
Svstems engineering continues to be concerned
with the post-delivery operations and maintenance
of the NGS and MCS. Figure 3 is a preliminary draw-
ing of one possible configuration of the NGS/MCS
facility. The MCS and TDMA equipment is on the
ground Moor ol the building at LeRC, while the RFT
equipment will be located in an elevated mez-

zanine, which is directly below the roof-mounted
antenni. The consoles on the main floor serve as
the operational focal point for data collection.

RF Terminal Development

RFT development is the responsibility of the Mi-
crowave Technology Division at COMSAT Labora-
tories, which brings its long history ol microwave
design expertise (including significant K,-band ex-
periencel to this challenging program. Vital con-
tributions also are made by the Applied Tech-
nologies Division.

Figure 4 is a block diagram of the RIF and IF
portions ol the RFT. The antenna subsystem,
pointed and controlled by the antenna control unit
and the RFT supervisory network (RFTSNIL tracks
the spacecratt, receiving and transmitting 20- and
30-GHz signals, respectivelv. The transmil svstem
accepls signals from the modulators at IF, up-
converts them to the transmit frequencies and am-
plifies them to the transmit power level. The receive
subsystem accepts 20-GHz down-linked LBR,
telemeltry, and beacon signals from the ACTS
spacecraft, amplifying and down-converting them
to 3-GHz and 70-MHz II" and then forwarding them
to the demodulators. The loopback subsystem
samples the to-be-transmitted signals at several
points and couples them back (lin appropriate RF or
IF form) into the receive subsystem for diagnostic
and maintenance reasons, if required. The modem
subsystem contains the modulators and demod-
ulators that translate between digital baseband sig-
nals and modulated 1I' signals.

Details of the RFTSN are shown in Figure 5. The
RET supervisor provides the interface to the system
operator. Through Keyboard and display screen
terminals, the operator commands are managed
and directed to the subsystems: rain fade meas-
urement, RFT control and status, experiment
measurement, and antenna control. The operator
input terminals will be in various locations, includ-
ing (for TT&C purposes) the RCA Satellite Control
Center in New Jersey.

Appropriately, the RF1 is capable of performing
experimental measurements of various signal pa-
ramelers under compuler control, for use by the
system experimenters. The instrumentation and
design will employv existing technology developed
by COMSAT Laboratories during its successful his-

tory ol measuring spacecraft performance. The
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Figure 3. A sample NGS/MCS facility configuration

technology is currently being extended 1o accom-
modate the unusually high bit rates and the un-
conventional serial minimum-shift keving (SMSK|
modulation formal.

For the LBR, up-link transmission power in ex-
cess of 50 W at 30 GHz is required, and COMSAT
has performed the modeling necessary to develop
the specification for such a 30-GHz transmitter
tube. A contract for three power amplifiers with
that capability was negotiated and placed in late
1986 with Hughes Aircraft. This contract will be
completed in April 1989 with the delivery ol the
traveling wave tube amplifiers (TWTAs),

The command transmitter (to control the space-
craft! and the earth station antenna will be pro-
cured under contracts to be placed in 1987 and

~)
s

1988. In the case of the command transmitter, a
different specification must be developed for a nar-
rower band but a much higher power level.

The ACTS svstem's choice of SMSK modulation
for the spacecratt-regenerated LBR links requires
the availability of matching earth station modu-
lators and demodulators. SMSK modulation has
not been extensively used in very-high-speed
transmission, and the technology has been devel-
oped for NASA under proof-of-concept contracts.
Consequently, COMSAT has had to develop
modem test equipment specifications and proce-
dures to ensure adequate modem performance in
orbiting spacecraft. A subcontract with Motorola
for the LBR modems and associated special test
equipment is now in place.
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The frequency and power ol the ACTS up-link At each level ol the developmental hierarchy

transmitted signal will extend the previous limits of
such satellite systems. The ability to transmit high-
power and high-frequency signals through a single
antenna that is also used for signal reception
places stringent demands on the design and im-
plementation of the frequency and polarization-
separating components. In developing these,
COMSAT Laboratories is drawing on ils con-

siderable experience in the design and fabrication
ol high-performance microwave filters, multiple-
xers, and antenna polarization diplexers. An exam-
ple of the technological advances being realized in
this program is shown in Figure 6, where a Cheby-
chev filter prototype developed for the ACTS

30-GHz up-link frequency is shown next to a similar Figure 6. Comparison of C-Band and K,-Band filters
COMSAT filter presently used for C-band up-link
frequencies. functional descriptions were written to ensure that

the basic requirements of the program were sal-
- . 1 isfied and that the performance envelope was well
TDMA Terminal Deve ()pment defined. Interface specifications were outlined to

ensure that lower-level elements can interact in a

Two TDMA terminals are under development by definitive, nonambiguous manner. Partifioning of
COMSAT Laboratories as prt ol the ACTS NGS: the the tunction into hardware and software must be
110-Msymbol/s TDMA reference and traffic ter- addressed, and plans for testing must also be
minal, and the 27.5-Msymbol/s TDMA traffic ter- defined.
minal. The Network Technology Division has re- Included in the ACTS ground segment Pre-
sponsibility for this development, which ranges liminary Design Review was the architecture of the
from architectural concept, through design and generic TDMA terminal. This microprocessor-
production, and into acceplance testing. The divi- controlled architecture consists ol the following
sion will also provide support durig system-level nine principal functions Idepicted with their inter-
integration and on- and off-site lesting. faces in Figure 7):
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Figure 7. Functional block diagram of a generic LBR/TDMA terminal

Terrestrial Interface Equipment
Transmit Traffic Interface
Transmil Space Segment Interface
Receive Space Segment Interface
Receive Traffic Interface
Demand-Assigned Multiple Access
Svstem Executive

Timing and Control

MOS Interface

Design-level work partitions these functional
blocks into three physical units: the transmit burst
controller, the receive burst controller, and the ter-
restrial interface equipment.

One resull of the replanning that concluded the
vear's effort was the development of a preliminary
manufacturing plan, which anticipated the hard-
ware necessary for the final configuration. The plan
suggests that some 50 tvpes of circuit boards musl
be developed, and that over 300 boards will be fab-
ricated, assembled, and tested belore being incor-
porated into the final TDMA rack assemblies. Ap-
proximately six high-speed microprocessors will be
working simultaneously to maintain stable system
performance during operations at a 110-Msyvmbol/s
rale.

I'he FEC decoders will also be included in the
TDMA racks. Since the FEC process provides a
more rugged signal structure than the normal (un-
coded! signal, FEC is used for critical control mes-
sages and for traffic during rain fade periods when
the K,-band is susceptible. This decoding requires
equipment ol significantly greater complexity and
special-purpose implementation. The Communica-
tions Techniques Division at COMSAT Laboratories
has extensive experience in decoding algorithms
and was awarded an internal contract to deliver the
engineering models and production units for the
TDMA terminals. Figure 8 is a block diagram of the
IR = 12, k = 5] decoder, which is based on the
Viterbi soft-decision (2-bit) algorithm.

MCS Development

Figure 9 is a functional block diagram of the MCS,
which is responsible for the real-time control and
monitoring of the ACTS LBR communications net-
works, as well as associated control of the ACTS
spacecraft payload, including the BBP. It also sup-
ports ACTS experiments by controlling svstem con-
figuration paramelters and managing recorded
data.
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® Lxperiment Data Processing. Provides off-line
management of data recorded by the MCS dur-
ing ACTS experiments.

® [xecutive and Utilities. Controls the startup and
shutdown of MCS, and provides a librarv of re-
usable utility routines.

® [est Support Software. Provides nonoperational
lest software consisting ol simulators used in
testing the LBR, MCP, and RFT subsyslems.

The DAMA [unctions performed by the MCS em-
ploy several algorithms, depending on the circuit

DATA/REPORTS

Figure 9. MCS functional block diagram

required (single/multichannel, single/multides-
tination, ete.). Development of these algorithms re-
quired careful consideration ol conflicting objec-
tives and constraints, including response time,
frame utilization, BBP operational constraints, re-
covery from errors in control messages, experimen-
tal flexibility, and implementation cost. In par-
ticular, the requirement to provide call setup times
on the order of 3-5 seconds, and the complexities of




Figure 10. The MCS VAX 8600 development installation

programming the BBP, offered significant technical
challenges to the ACTS MCS and TDMA teams. Sev-
eral simulation programs were developed 1o test
and refine alternative approaches to the DAMA
problem. The resulting system design and algori-
thms developed by COMSAT fully demonstrate the
flexibility and efficiency available in a TDMA net-
work with an on-board baseband switch.

Associated with the DAMA functions is the BBP
routing algorithm, which determines how a desired
input-to-output connection is to be achieved. For
any set of desired connections, there are thousands
of possible routing path combinations. In order to
maintain reliable and responsive network control,
it is essential that the MCS find a routing path
through the BBP quickly (on the order of mil-
liseconds), and that the MCS program the BBP
using the minimum number of control codes re-
quired for implementation. The routing algorithm
developed at COMSAT employs a set of simple list-
processing functions and a multi-list data structure
that preallocates memory areas in the BBP for each
type of circuit and beam-to-beam connectivity. The
resulting algorithm will find a routing path through
the BBP for anyv tvpe of circuit, while minimizing
the required search time and the number of BBP
control codes transmitted.

By the end of 1986, approximately 30,000 lines of
code, of an anticipated 130,000 lines for the entire
system, had been produced. Nineteen of 68 pro-
grams were completed, and four programs were
successfully integrated into the first subsvstem
"build.” As currently defined, the MCS will be con-
structed by integrating 25 builds, each composed

of two or more programs. This incremental
development/integration allows early testing and
demonstration of kev features of the svstem and
permits maximum use of parallel development ac-
tivities, which in turn shorten the total project
schedule.

The work on the MCS project is being performed
by the Laboratories’ System Development Division
(SDD). SDD has brought to bear its well-established
methodology, including software design, coding,
testing, and documentation standards; an effective
configuration management/software performance
assurance svstem; and an ever-expanding set of
sophisticated software development tools and re-
usable utility software.

Performance Assurance

For the past vear, the performance assurance
team has focused on the installation, implementa-
tion, and operational validation of the performance
assurance program for ACTS. Activities included
the publication of support documentation, oper-
aling procedures, and the ACTS program operat-
ing instructions. The fabrication processes and the
workmanship manual also were issued and
implemented.

The team operated through three key program
control groups: the Configuration Control Board,
the Software Review Board and the Material Review
Board. Each group developed standard operaling
procedures, agenda, working criteria, and inter-
relationships. Formal engineering progress reviews
were established which addressed both in-house
manufacturing processes and out-of-house parts
procurements. Hazard and safety analvsis proce-
dures were implemented to support parts pro-
curement, and parts control and material man-
agement systems were improved.

Procedures for change management for both in-
house and out-of-house activities were im-
plemented by configuration control management.
Drawing and hardware configuration control
merged into one control system.

Software performance assurance personnel de-
signed and implemented the configuration control
data base for all related MCS software, supported
by the utilities code management system (CMS)
and the module management system (MMS). Cur-
rently, the CMS library contains 1,800 (of a pro-
jected 8,0000 ASCI source and test files related to




the LBR, test support (TSTI, and the MCP sub-
svstems. The MMS data base stores the executables
and binary files associated with the above sub-
systems.

In the manufacturing and fabrication area, the
ACTS performance assurance team established a
production control function to control and moni-
tor the preparation of components. Detailed pro-
cedures were developed 1o manage ACTS RFT de-
liverables from design, procurement of parts and

components, inventory control, kit assembly, and
fabrication, through final test and check oul.

Guideline documents for program safety, main-
tainability and electromagnetic compatibility/
electromagnetic interference (EMC/EMI) also were
developed and provided as part of the PDR. Inspec-
tion procedures became operational, and an up-
dated program-authorized parts list and associated
parts specifications were implemented,
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Part I: Predicting the Impairments,” Interna-
tional Journal of Satellite Communications, Vol.
4, No. 1, January-March 1986, pp. 1-11.

Sandrin, W. A, and Fang, D. 1.7 "Multipath Fading
Characterization of L-Band Maritime Mobile Sat-
ellite Links,” COMSAT Technical Review, Vol. 16,
No. 2, Fall, pp. 319-338 [CTR86/306 .

Sandrin, W. A, and Lipke, D. W, "A Satellite System
for Aeronautical Data Communications,” AIAA
11th Communication Satellite Systems Confer-
ence, San Diego, CA, March 1986, Paper 86-0602,
A Collection of Technical Papers, pp. 12-17.

Savegh, S. L, "A Class of Optimum Block Codes in
Signal Space,” IEEE Transactions on Communi-
cations, Vol. COM-34, No. 10, October 1986, pp.
1043-1045.




Smith, T., "Bevond-Punchthrough Current in GaAs
MESFETs,” IEEE Electron Device Letters, Vol.
EDL-7, No. 3, March 1986, pp. 188-18Y.

Sorbello, B. M, Zaghloul, A. 1, Lee, B. 5, Siddiqi, S.,
and Geller, B. D, "20-GHz Phased-Array-Fed
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COMSAT Technical Review, Vol. 16, No. 2, Fall,
pp. 339-373 [CTR86/307).

Tavlor, D.,* and Grossman, M., "The Effect of FEC
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work,” [EEE Global Telecommunications Con-
ference, Houston, TX, December 1986, Digest, pp.
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No. 1, Spring, pp. 153-205 [CTR86/302].
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Negative Electrode of the Nickel-Hydrogen Bat-
tery,” COMSAT Technical Review, Vol. 16, No. 2,
Fall, pp. 459-466 [CTR86/311].

Vaidyvanathan, H., and Dunlop, J. D., "Capacity
Maintenance for INTELSAT VI Nickel-Hydrogen
Cells,” 21st Intersociety Energy Conversion En-
gineering Conference, Washington, DC, August
1986, Proc., Vol. 3, pp. 1560-1564.
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ISDN," IEEE International Conference on Com-
munications, Toronto, Canada, June 1986, Conf.
Rec., pp. 34.3.1-34.3 4.

Wise, P. C.;” Raisch, 1.,* Kelly, W., and Sharma, S. P,
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Thermophysics and Heat Transfer Conference,
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Packet Terminal," 7th International Conference
on Digital Satellite Communications, Munich,
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Zaghloul, A. 1, and Freeman, ). K., "Phased Arrav
Synthesis for Shaped Beams Using Power Matrix
Technique,” AP-S International Symposium,
Philadelphia, PA, June 1986, Digest, pp. 177-180.
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Data Link Measurement Over the North Atlantic:
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Digital Satellite Communications, Munich, FRG,
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PATENTS

The following patents were issued to emplovees
(and former employees) of COMSAT Laboratories in
1986.

Horna, O, "Automaltic Gain Control for Echo Can-
cellers and Similar Adaptive Systems,” Patent No.
4,600,815, issued July 15, 1986.

Horna, 0., "Echo Canceller With Extended Fre-
quency Range,” Patent No. 4,609,787, issued Sep-
tember 2, 1986.

Inukai, T., "Onhoard Clock Correction by Means of
Drift Prediction,” Patent No. 4,602,375, issued
July 22, 1986.

Kreutel, RW., Ir., "Scheme for Aberration Correction
in Scanning or Multiple Beam Confocal Antenna
Svstem,” Patent No. 4,595,929, issued February
16, 1986.

Lee, L.-N., and Redman, M., "Video Scrambling
Technique for Multiplexed Analog Component
Formats,” Patenl No. 4,620,224, issued Oclober
28, 1986.

Shenoy, A, and Johnson, P., "Serial Implementation
of Viterbi Decoders,” Patent No. 4,583,078, issued
April 15, 1986.

Stegens, R., and Hawisher, G., "Coplanar Waveguide
Quadrature Hybrid,” Patent No. 4,591,812, issued
May 27, 1986.

Vaidyanathan, H., "Hyvdrogen Electrode for a
Fuel Cell," Patent No. 4,585,711, issued April,
1986.




In 1986, COMSAT Laboratories personnel made
significant contributions to the state of the art of
satellite communications technology, and were
recognized for their accomplishments both within
the Corporation and throughout the industry.

This vear the COMSAT Research Award, which
recognizes individuals who have made outstanding
technical contributions to the work of the Labora-
lories, was presented to Dr. Albert E. Williams
and Dr. René R. Bonetti of the Microwave Tech-
nology Division (MTD). Dr. Williams and Dr. Bonetti
were honored for investigating and developing the
use of higher-order modes in the design of high-0,
microwave cavity filters, thereby controlling spur-
ious modes and realizing high-quality multiple fil-
ters al millimeter-wave frequencies.

In addition, Dr. Williams, Manager ol the Mi-
crowave Networks Department of the MTD, has
been elected to the position of Fellow by the Insti-
tute of Electrical and Electronics Engineers (IEEE]
The Institute is the largest professional engineering
society in the world and a Fellow is a singular
professional distinction conferred by the Board of
Directors upon persons ol extraordinary qual-
ifications and experience. Dr. Williams was recog-
nized for his contributions to the theory and devel-
opment of multimode microwave filters, which are
now the standard used in the input and output
multiplexers of satellite transponders. This light-
weight, on-board hardware has made it possible to
greatly increase the number ol transponders per
satellite, reducing the cost per transponder and
significantly improving international and domestic
satellite communications.

Dr. Bonetti, Dr. Christoph E. Mahle, Executive
Director of the Microelectronics Division, and
Dr. Ramesh K. Gupta, Associate Manager of the
Microwave Systems Department, were this vear
named Senior Members of the IEEE. Dr. Gupta was
also elected to the position of Secretary for the
Washington, D.C/Northern Virginia Chapter of the
Microwave Theory and Techniques Society.
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