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Technical Feature

intelsat V System Summary 
and Initial Launen operauons
JOHN T. NEER AND CHRISTOPHER F. HOEBER
Ford Aerospace & Communications Corporation 
Palo Alto, CA

INTRODUCTION
INTELSAT V is the latest in a 

series of commercial Communi­
cations satellites designed to relay 
telephony and television Signals 
among the member INTELSAT 
nations. The INTELSAT global 
network employs satellites in equ- 
atorial orbit above the Atlantic, 
Pacific, and Indian Oceans. Satel­
lites in these three locations are 
capable of linking virtually all the 
inhabited areas of the world.

The INTELSAT System has 
grown with the advances in Com­
munications satellites since the 
launch of INTELSAT I in I9651. 
Ford Aerospace & Communica­
tions Corporation was selected as 
prime contractor to produce in- 
it ia lly  seven but subsequently 
twelve flight spacecraft for the 
INTELSAT V mission. The first 
spacecraft was delivered in Oc- 
tober 1980, w ith launch on an 
A tlas-C entaur vehicle in early 
December.

INTELSAT spacecraft growth 
is illustrated by Figure I. The large 
electrical power requirements and 
the payload com plexity  of the 
INTELSAT V mission led toselec- 
tion of the body-stabilized con- 
figuration shown. INTELSAT V 
will be the largest commercial 
communication satellite ever built. 
The solar arrays alone extend 15.7 
m from tip to tip (the height of a 
five-story building), and the anten­
na tower looms 6.5 m above the 
spacecraft base.

Modular construction  is em- 
ployed to simplify assembly. The * **
* Delivered at the 32nd Congress of the 
International Astronautical Federation, 
Spetember 1981, Rome, Italy.

** This paper is based upon vvork per- 
formed under the sponsorship of the 
International Telecommunication Satellite 
Organization (INTELSAT). Any views 
expressed are not necessarily those of 
INTELSAT.

antenna module consists of seven 
communicationsantennas and six 
telemetry, command, and rang­
ing (TC&R) antennas, mounted to 
a truss. All microwave communi- 
caiton electronics, filters, and 
switches are attached to the Com­
munications module, which con- 
stitutes halfofthespacecraft body. 
Housekeeping functions are instal- 
led in the matching half of the 
spacecraft body, designated the 
Support Subsystems module.

New technologies have been 
balanced with flight-proven hard­
ware to meet the major design 
constraints of reduction in mass 
and program  risk. To reduce 
mass, graphite fiber reinforced 
plastic (GFRP) materials are used 
extensive ly in fa b rica tin g  the 
antenna reflectors, antenna feed 
array, feed support structure truss, 
microwave filters, waveguide, and 
solar array. A new contiguous- 
band output multiplexer reduces 
the number of 4 GHz transm it 
antennas from four to two.
INTELSAT V Foreign 
Contributions

INTELSAT V was designed and 
manufactured by a strong associ- 
ation of international firms with 
enviable reputations fo r space 
hardware. Eleven Companies from 
six foreign countries are supply- 
ing major spacecraft components. 
P articu larly  no tew orthy is the 
association of six of these con- 
tractors (listed below) that are 
formally teamed with FACC. Each 
is responsible for design, manu- 
facture, and the testing of hard­
ware.
• Aerospatiale [France]. Aero- 

spatiale initiated the structural 
concept that forms the basis of 
the spacecraft modular design. 
It is supplying the main body 
structure and thermal control.

• M esserschm itt-Bolkow-Blohm  
[Germany]. MBB designed and 
produced the attitude contro l 
Subsystem and the solar arrays.

• Selenia [Italy], Selenia designed 
and b u ilt the six te lem e try , 
command, and ranging anten- 
nas, and two 14/11 GHz spot 
beam antennas. It also built the 
command receiver and the te l­
emetry transmitter, which com ­
bine to form a ranging trans­
ponder fo r de te rm ina tion  o f 
spacecraft Position in transfer 
orbit.

• Mitsubishi Electric Corporation  
[Japan], M itsubishi is respon­
sible for both the 6 GHz and the 
4 GHz earth coverage anten- 
nas, and also manufactures the 
power control e lectronics and 
the telemetry and command 
d ig ita l un its  fro m  a FACC 
design.

• T h o m s o n - C S F  [ F r a n c e ] ,  
Thomson built the 10 W, 11 
Ghz TWTs (10 per spacecraft).

• GEC-Marconi [England], Mar- 
coni produces the 11 GHz bea- 
con transmitter used for earth 
Station antenna tracking.

SPACECRAFT DESIGN 
SUMMARY

The INTELSAT V spacecraft is 
a high-capacity, commercial Com­
munications satellite. Each satel­
lite will be a radio-frequency relay, 
the space links in the vast INTEL­
SAT Communications network. As 
many as 6 INTELSAT V satellites 
will be operated sim ultaneously 
to interconnect more than 300 
INTELSAT earth terminals. De- 
pending on the operational con- 
figuration employed by INTEL­
SAT, each satellite w ill carry up to 
12,000 two-way telephone circu its 
and two co lor television trans- 
missions.

The spacecraft three-axis-sta-

I A M I  I A D V    1 Q R 9 51



bilized design is composed of a 
box-shaped main body 1.65 x 2.0I 
x 1.77 m, containing the electron­
ics and propulsion Subsystems, 
and a truss-type tower holding 
the  antennas. The spacecraft, 
shown in Figure 2 is oriented in 
space with the 2.01 x 1.77 m sides 
facing north and south. The solar 
arrays extend from this surface

approxim ately 7.8 m each side of 
the spacecraft. The antennas are 
oriented with the large 4 and 6 
GHz reflectors on the east and 
west sides.

During synchronous orbit Oper­
ation antenna pointing control is 
maintained to an accuracy of bet- 
te r than 0.2° in pitch and roll and 
0.5° in yaw. Performance mea- 
sured on orbit with FM-2 and FM- 
1 is noticeably better than this 
worst case prediction.

A more detailed discussion of 
the spacecraft design including a 
description of all Subsystems is 
found in references 1 and 2. Ref­
e rence  3 shows in deta il the 
com m unicaiton Subsystem char- 
acte ris tics  and is an excellent 
presentation of how the require- 
ments and technologies evolved 
and were ultimately realized in

the highly successful FM-1 and 
FM-2 launches.

Payload Description
The INTELSAT V payload, illus- 

trated in simplified form in Figure 
3 consists of 7 antennas that pro- 
vide separate receive and trans- 
mit beams plus an 11 GHz beam 
fo r ground station tracking and

the electronic hardware for 27 
simultaneously operating trans­
ponders. Although redundancy is 
not shown in Figure 3 there are a 
total of 43 TWTAs, of which 27 are 
norm ally operating; 15 receivers, 
of which 7 are normally operat­
ing; and 10 upconverters, of which 
6 are norm ally operating. The 
sw itch  matrices consist of 53 
transfer and SPDT coaxial switch­
es and 6 hybrid power splitters 
that allow interconnection of all 
beams on a channel by channel 
basis. The switch configuration 
allows any interconnection to be 
made even in the event of a single 
switch failure per channel.

The transponders, which oper- 
ate in both the 6/4 GHz and 14/11 
GHz bands, vary in bandwidth 
from 34 to 241 MHz and provide a 
total usable bandwidth of 2137

MHz through four-fo ld frequency 
reuse at 6/4 GHz and two-fold 
frequency reuse at 14/11 GHz. 
The m u ltip le  frequency reuse 
requires state-of-the-art control 
of antenna sidelobe and cross- 
polarization performance as well 
as spacecraft attitude determina- 
tion and control. Tests verifying 
this performance will bediscussed 
in detail.
Objective of Tests

A great deal of importance was 
attached to the performance mea- 
surements of the first INTELSAT 
V fligh t spacecraft. There are two 
fundamental objectives of the test:

• Toverify that payload hardware
is unchanged dueto the launch
and space environment.

• To validate the prelaunch data
base for on-orbit traffic model-
ing and traffic assignment.

Test Summary
As ind icated in Table 1 the 

correlation to predictions based 
on ground test results is superb. 
The prelaunch data base has been 
validated and INTELSAT expects 
to achieve an in-service capacity 
equivalent to performance 2 dB 
better than specificatio level in all 
channels.

One minor anomaly isthespon- 
taneous tripo ff of three 11 GHz 
TWTAs. This was not unexpected 
due to a ground history of such 
events. One known cause of such 
events is a microdischarge within 
the tube, and several design improve- 
ments have been made to m ini- 
mize the occu rrence of such events 
effectiveon the th ird  INTELSAT V 
to be launched. Investjgation is 
also under way (utilizing the pro­
totype spacecraft) of the possibi I- 
ity of turnoffs induced by bus vol­
tage varia tions. The firs t two 
on-orbit tripoffs occurred approx­
imately 2 weeks after launch, the 
third approximately 6 months later. 
A ll three TWTAs were subse- 
quently checked and found to be 
operating normally. It is worth 
noting that the FM-2 spacecraft 
has passed through a period of 
very intense solar activity with no 
evidence of any static discharge 
events and no perturbations of 
digital circu itry which have occur­
red on p re v io u s  IN T E LS A T  
spacecraft.

LAUNCH
VEHICLE

| THOR DELTA | ATLAS CENTAUR j- ARIANE STS

Fig. 1 INTELSAT evolution past, present, and future.
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TABLE 1 COMMUNICATIONS PERFORMANCE SUMMARY

Prlmary Parameters Comment

Galn Generally within 0.5 dB of prediction
G/T Exceptions are probably due to test
EIRP condltions at time of test (all within 1dB)

Passband Characteristlcs

Amplitude Nominal to better than
Group delay ground measurements

Secondary Functions

All switches 
Receiver attenuators 
Multiplexer attenuators 
L.O. frequencies 
Beacons

Nominal performance

Antenna Parameters

Main beam Main beam within measurement
Sidelobe C /l accuracy of predictions. Sidelobe and
Crosspol C/l crosspol nominal.

Prelaunch Tests
A major reason for the on-orbit 

success is FA C C ’s th o ro u g h  
ground test program. Both the 
antenna and transponders Sub­
systems go th rough extensive 
thermal tests prior to their final 
acceptance tests. Not only is the 
axial ratio of every feed element 
measured over temperature, but 
the entire 90 element hemi/zone 
feed arrays are measured over 10 
thermal cycles. The minor calcu- 
lated Variation in antenna gain at 
all INTELSAT ground stations is 
computed.

After antenna module Integra­
tion, the perform anceof all anten- 
nas is measured at FACC‘S Cal-

averas test site. The critical hem i/ 
zone antennas have the ir co- 
polarized and cross-polarized rad- 
iation contours mapped in half 
degree increments over the earth’s 
field of view at 40 discrete fre- 
quencies (1,613,760 data points). 
In addition, the swept frequency 
performance is measured at c riti­
cal sidelobe and cross-polarized 
locations.

Transpondertesting issim ilarly 
thorough. A week long thermal 
test thoroughly exercises all com- 
ponents and the hundreds o f 
coaxial interconnections. There 
are 588 discrete transponder paths, 
and test matrices are established 
such that every possible path is
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Fig. 2 Spacecraft configuration.
[Continued on page 56]
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tested in a logical fashion so that 
any anomalous performance can 
be immediately traced to a spe­
cific component.

Once the spacecraft is inte- 
grated, the key performance tests 
are the reference and final slant 
range tests performed in a 250 ft 
antenna range adjacent to FACC’s 
assembly building, and theexten- 
sivethermal vacuum performance 
measurements. The key to the 
smooth Operation of the space­
craft level tests is that all mea­
surements are subsets of antenna 
or transponder acceptance tests, 
using modifications of the Sub­
system software, and with identi- 
cal measurement techniques and 
display formats. For example, at 
the slant range the hemi/zone 
contours are measured at the 
center frequency of each chan- 
nel; a subset of the original 40 fre- 
quencies measured at Calaveras. 
By utilizing common software, the 
subsystem data base is easily 
loaded into the system test com­
puters for instant data compari- 
son and trend analysis.

[From page 55] INTELSAT

On-Orbit Communications 
Measurement

The on-orbit measurements can 
be split into those that are primär- «  
ily transponder related and those 
that are strictly antenna related.
In the first group are the primary 
parameters that determine space­
craft capacity; namely, gain, G/T, 
and EIRP. Table 2 presents a 
sampling of the EIRP measure­
ments at 4 GHz.

As can be seen, the correlation 
is excellent, well w ithin the mea­
surement accuracy for both the 
g round and flight data of ±0.5 dB.
No attempt is made to compare 
the results directly to the edge of 
coverage specification since this ■  
is done prior to launch and intent 
during the on-orbit tests is prim- 
arily to look for changes.

Some difficulties were encoun- 
tered in making 14/11 GHz spot 
beam measurements. Therefore, 
no spot beam data are presented 
here. It should be noted, however, 
that the spot beam channels have 
been successfully carrying traffic 
for some time and there is no 
indication that the spacecraft is 
other than nominal.

Table 2 also presents the mea- 
[Continued on page 58] 
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[From page 56] INTELSAT

TABLE 2 PRIMARY PARAMETER MEASUREMETER SUMMARY

Beam Channel EIRP, 4 GHz Flux Density to Saturate 
6 G Hz1

G/T, 6 GHz

Measured Predicted Spec Measured Predicted Measured Predicted
EIRP EIRP EIRP Gain Gain G/T G /T Spec G /T
dBW dBW dBW dBW/m2 dBW/m2 dB/K dB/K dB/K

1-2 33.4 33.13 29 -74.8 -75.1 -5.3 -5.8 -11.6

West 3-4 32.8 33.1 29 -74.8 -74.9 -5.7 -5.9 -11.6
5-6 33.2 33. 05 29 -74.3 -74.9 -5.7 -5.9 -11.6Hemi 7 32.5 32.7I 29 -74.6 -74.1 -5.8 -6.5 -11.6
8 32.2 32.76 29 -74.4 -74.8 -5.7 -6.1 -11.6
9 29.4 30.04 26 -77.5 -77.4 -6.9 -6.4 -11.6

1-2 33.2 33.13 -76.1 -76.5 -5.5 -5.1 -11.6
3-4 33.1 33.27 29 -75.4 -75.7 -5.8 -5.6 -11.6

East 5-6 33.1 33.37 29 -76.1 -76.1 -5.6 -5.3 -11.6
Hemi 7 32.4 32.77 29 -75.9 -75.6 -5.4 -5.1 -11.6

8 32.3 32.41 29 -75.7 -75.2 -5.6 -5.4 -11.6
9 28.9 28.99 26 -78.9 -78.4 -6.0 -5.5 -11.6

1-2 34.5 33.87 29 -74.0 -74.3 -5.1 -4.65 -8.6
West 3-4 34.6 34.12 29 -74.2 -75.0 -4.8 -4.28 -8.6
Zone 5-6 34.9 34.66 29 -74.7 -75.2 -4.6 -4.27 -8.6

7-8 34.9 34.5I 29 -74.4 -74.7 -5.0 -4.95 -8.6
1-2 33.1 32.39 29 -74.2 -74.6 -3.4 “ 3T6

East 3-4 32.9 32.03 29 -74.6 -75.0 -3.4 -3.2 -8.6
Zone 5-6 32.6 31.99 29 -74.4 -74.5 -3.0 -3.0 -8.6

7-8 32.5 32.2I 29 -73.6 -74.3 -3.2 -3.1 -8.6
7-8 29.0 28.9 26.5 -74.9 -75.1 -12.0 -13.04 -18.6
9 26.1 26.3 23.5 -78.5 -78.5 -12.2 -13.0 -18.6

Global 10 26.9 26.8 23.5 -79.0 -78.2 -11.9 -12.61 -18.6
11 27.1 26.8 23.5 -79.3 -78.5 -12.1 -12.76 -18.6
12 26.8 26.8 23.5 -79.1 -78.5 -12.1 -12.76 -18.6

58

sured gain and G /T  at 6 GHz for 
the primary receiver and TWTA. 
In addition, in-band and out-o f- 
band am plitude response and 
group delay measurements were 
performed in every channel. Typ- 
ical in-band response was better 
than prelaunch, probably due to 
near-fie ld  effects on the slant 
range. Typical group delay mea­
surements, which included dop- 
pler compensation, were direct 
overlays of prelaunch data. Typical 
out-of-band responses were also 
direct overlays of the prelaunch 
data, within 50 dB dynam ic range 
of the IOT equipment.

Antenna Performance
The antenna perform ance must 

be considered a prim ary perfor­
mance parameterdeterm ining the 
satellite capacity, along with gain, 
G/T, and EIRP. In fact, as availa- 
ble frequency band reuse in- 
creases, modern telecom m unica- 
tion satellite capacity is lim ited 
more by antenna carrie r-to -in ter- 
ference (C /l) performance than 
carrier-to-noise (C/N) ratios. Over 
half of the on-orb it payload test 
time was devoted to  verifying the 
perform ance of the hem i/zone 
antennas.

The hemi/zone shaped beams, 
illustrated in Figure 4, are formed

[Continued on page 60] 
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Fig. 5 Communications antenna mapping technique.

[From page 58] INTELSAT 

by 90 element feed arrays fed by 
an airline feed network with arbit- 
rarty amplitude and phaseateach 
feed. To measure the antenna 
patterns over the entire field of 
view, a series of roll maneuvers, 
illustrated by Figure 5, was per- 
form ed. Each day, a roll maneuver 
was performed at time t0 with the 
spacecraft yaw and roll control 
loops disabled. Over a 24-hour 
day, an undisturbed spacecraft 
would exhibit a sinusoidally vary- 
ing ro ll e rro r. Solar pressure 
torques, however, m od ify  this 
behavior, and a detailed compu-

Fig. 4 Antenna pattem results.

ter program is required to predict 
the spacecraft motion. As shown 
in Figure 5, there is a period 12 
hours after the initial maneuver 
wherethe roll angle is nearly con­

stant and yaw isnear zero. Düring 
this period, the spacecraft is step- 
ped in half degree pitch incre- 
ments to obtain antenna patterns 
versus pitch angle, fo rag iven  roll 
offset. For Flight 2, the patterns at 
five roll angles were obtained. 
Main beam co-polarized and cross- 
polarized patterns as well as side- 
lobe patterns were obtained for

60

each beam. The satellite control 
System isdesigned toa llow  main- 
tenance of spacecraft attitude with 
large roll biases; however, the 
above measurement sequence was 
employed to eliminate any extra 
fuel expenditure.

Before commenting on the test 
accuracies, it is important to note 
the test lim itations. Düring the 
courseofa pattern measurement, 
roll and yaw could vary by nearly

Fig. 6 Antenna pattern results.

0.5°. Accounting for the angular 
Variation at every data point is a 
monumental data reduction task 
and has not been performed al- 
though the IOT software has been 
modified to perform this task for 
FM-1. Within this lim itation, all 
patterns agree w ith prelaunch 
predictions w ith in  ±0 .25°. The 
variations from pattern to pattern

appear to be random, and there 
are absolutely no indications of 
any alignment biases. A typical 
co-polarized main beam plot is 
shown in Figure 6.

Typical measured cross-polar- 
ized and sidelobe performance are 
also shown in Figure 6. M inor out 
of specification values were re- 
corded, but it should be noted 
that data taking was concentrated 
in the areas of anticipated speci­

fication level performance. In eva- 
luating C /l data, numerous mea­
surement error sources must be 
considered. For example, at the 
specification level, the ground 
station axial ratio of 0.15 dB can 
contribute over ±  3 dB o f error to 
c ross -p o la rize d  C /l m easure­
ments. The discrepancies of Fig­
ure 6 are within the bounds of this

[Continued on page 62] 
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double
balanced

mixers
Standard level (+7 dBm LO)

IMMEDIATE DELIVERY

• rugged 2 in. sq. milled 
aluminum case

• SMA connectors
• low conversion loss, 7.5 dB
• IF response, DC to 500 MHz
• isolation, 20 dB
• microstrip construction

error source alone.
Figure 6 com pares s ide lobe 

perform ance to  both the fina l 
spacecraft slant range tests and 
the antenna acceptance test data 
at Calaveras. All measurements 
were evaluated with respect to 
both prelaunch data sources. The 
slant range data account fo r cer- 
tain minor contributors to antenna 
C /l, such as in tra transponder 
leakage, although they suffer some 
degrada tion  due to  nea rfie ld  
effects. Exhaustive data analysis 
leads to the conclusion that at the 
specification level, either data base 
(supplied on com puter tape to 
INTELSAT) can be used with an 
accuracy of ± 3  dB at specifica­
tion level.

The foregoing discussion ex- 
emplifies that state-of-the-art fre­
quency reuse satellite antennas 
are limited as much by ability  to 
perform measurements as by the- 
oretical antenna analysis tech- 
niques. FACC has identified the 
errorsources in its antenna ranges 
and is systematically elim inating 
them for the design of the next 
generation o f frequency reuse 
antennas.
Platform Stability Tests

Prior to launch, considerable 
concern over the effects of space­
craft motion was expressed due to 
the large gain slopes at the anten­
na edge of coverages. To verify 
stability, a test was performed in 
which two r.f. Signals were passed 
through the sate llite. The firs t 
Signal was in the east hemi beam, 
which has a nearly east-west gra­
diënt as seen from Fucino. Any 
pitch motion would therefore be 
detected as an r.f. Signal Varia­
tion. Similarly, the second Signal 
was in an east spot beam channel 
and the spot beam antenna was 
steered so that its gradiënt was 
n o rth -s o u th  as v iew ed  from  
Fucino. This Signal served as a 
roll motion detector. To eliminate 
any atmospheric effects or effects 
of test equipment drift, these Sig­
nals were displayed on a strip 
chart alongside the 4 and 11 GHz 
beacon Signals. The beacon anten­
na beams are very broad and 
thus insensitive to small space­
craft motions. This test was per­
formed duringstationkeeping man- 
euvers and eclipse.

[From page 60] INTELSAT

Measured stationkeeping errors 
agreed with ADCS telem etry and 
were well w ith in  budget. Abso- 
lutely no signs o f short or long 
term thermal e ffects or a lignm ent 
biases could be detected during 
the test. C om m unication perfor­
mance in and out o f eclipse in the 
Spring of 1981 showed no evi- 
denceoftherm ally  induced point- 
ing transients.

CONCLUDING REMARKS
The first two INTELSAT V’s have 

been sucessfully launched and 
placed in togeosynchronousorbit. 
The spacecrafts were reconfigured 
for routine com m unication service 
fo llow ing transition to the three- 
axis-stabilized mode o f contro l. 
All perform ance tests, both bus 
and payload, have been com - 
pleted, demonstrating close agree- 
ment with prelaunch test data. All 
mission objectives have been met 
orsurpassed. No s ign ifican t devi- 
ations from the fligh t plan were 
required by hardware m alfunc- 
tions. All spacecraft com ponents 
survived launch. Spacecraft fuel 
lifetime remaining exceeds the 7- 
year requirement by 1 to 2 years. 
The success of FM-1 and FM-2, 
the first of a m ajor new satellite 
series, has been notew orthy in 
the rapidly advancing Communi­
cations satellite industry.
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IF DC-0.5
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--------------------------------------------------------------------------------- Technical Feature

Japanese Domestic Satellite 
Communications Systems Experiments

Y. OTSU, K. KOSAKA, K. MURANAGA
Radio Research Laboratories 

Tokyo, Japan
N. ISHIDA, A. ISO, T. ISUMISAWA

Yokosuka ElectricaI Communication Laboratory,
Kanagawa, Japan

INTRODUCTION

A medium capacity communica­
tion satellite for experimental pur- 
poses (CS) developed by NASDA 
of Japan was launched on Decem­
ber 15, 1977. The CS experiment 
was promoted by the M inistry of 
Post and Te lecom m unica tions 
(MOPT) in Cooperation with the 
Nippon Telegraph and Telephone 
Public C orporation (NTT) and 
began on May 15, 1978.

Several kinds of earth station 
facilities were constructed such 
as the Kashima main fixed earth 
Station, the W akkanai K-band 
beacon receiving earth station and

the Yamagawa K-band beacon 
receiving station in the RRL Sys­
tem, and the Yokosuka fixed earth 
station, the Sendai fixed earth sta­
tion, the Hachijo island fixed sta­
tion, the small transportable earth 
station and the Sugita K-band 
beacon receiving station in the 
NTT System. Experimental results 
using these earth stations have 
already been reported on 17.

This paper describes the experi­
mental results obtained using:

• Newly developed K-band SCPC 
earth stations,

• K-band small earth stations,
• C-band small capacity omni- 

use earth terminals,

• C-band receive-onlysmallearth 
stations, along with the charac- 
teristics of on-board com m uni­
cation equipment,

• K-band radio wave propogation 
experimental results obtained 
during the second year of the 
mission period.

EXPERIMENTAL SYSTEMS
The Overall configuration of the 

experimental System using CS is 
shown in Figure 1. The CS is a 
spin s tab ilized sa te llite  w ith  a 
mechanically despun antenna. The 
main satellite body is cy lindrica l 
in shape 218 cm in diameter, and 
222 cm long. Solar cells which 
produce 420 W are mounted on its

JANUARY — 1982

Fig.1 CS Experimental Systems block 
diagram. (-:K-Band, —:C-Band)
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H
sides. The whole satellite weighs 
about 340 kg and nominal satel­
lite  life is 3 years.

For its communication antenna, 
a K and C -band 4 fre qu e ncy  
shaped beam horn reflector is 
adopted. It radiates over the main 
o f Japan using the K-band and 
over all Japanese territory, in- 
clud ing  remote islands, using the 
C-band. The CS consists of 8 
transponders, 6 in K-band and 2 
in C-band, with a 200 MHz band- 
w idth, K-band output power of 34 
dBm and a C-band output power 
o f 34.5 dBm. A lthough malfunc- 
tionsoccured in two K-band trans- 
pon d e rsdu rin g the firs t3  months, 
the o the rfou r K-band and the two 
C-band transponders have been

functioning perfectlyformorethan 
three years. The Kashima fixed 
earth  s ta tion , loca ted  in the 
Kashima branch of the Radio Re­
search Laboratories of the Minis- 
try of Posts and Telecommunica- 
tions, functionsasthe main station 
and the Yokosuka fixed earth sta­
tion functions as the substation. 
Both stations are connected by 
facsimile, telephone and data lines. 
Besides these, the RRL earth sta­
tions include the K-band SCPC 
earth stations (Yamagawa in Ka- 
goshima, Koganei in Tokyo) and 
the Wakkanai K-band beacon re­
ceiving station in Hokkaido.

The NTT earth stations are the 
Sendai fixed earth station in Miyagi 
fo r the K-band TDMA 60 Mbps

system, the Hachijo island fixed 
earth station in Tokyo for the C- 
band TDMA 100 Mbps system, 
the K-band transportable earth 
station, the C-band transportable 
earth station, the Sugita K-band 
beacon receiving station in Yoko­
hama as well as newly developed 
earth stations in Yokosuka which p 
are K-band small earth stations, 
and the C-band small capacity 
omni-use terminals and C-band 
receive-only earth stations.

The performance of the small ■  
earth stations shown in F igure2is 
listed in Table 1. The K-band SCPC p 
earth station is used for the SCPC 
transmission between the Yamaga 
and Kashim astationsw hile theK- 
band small earth stations are de-

Fig. 2b K-band small earth station.

Fig.2c C-band receive only terminal

o 
j= 
o .

Fig. 2d C-band small capacity omni- 
use terminal.
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veloped for the integrated servi­
ces satellite dig ital network ex- 
periments. The C-band small ca­
pacity omni-use terminal with an 
antenna equivalent diameter of 
1.8 m is able to transm it up to 
three telephone Channels. The C- 
band receive-only terminal can re- 
ceive the 64 kbps data Signals 
from the data center.

CHARACTERISTICS OF 
ON-BOARD MISSION 
EQUIPMENTS

A periodic check of the satellite 
is conducted every six months. 
The first check was conducted in 
January 1978 immediately after 
the injection of the satellite into a 
geostationary orbit. Since the pur- 
pose of the check is to confirm  the 
characte ris tics  of the m ission 
equipment and to measure any 
changes, the measuring methods 
are based on the pre-launch test 
procedures. Some of the items 
and test procedures in the check 
are not sufficiënt fo r communica­
tion link analysis and precise e- 
valuation of theequipment. There- 
fore, several improved measure­

ments were conducted on an ex­
perimental basis.
Antenna Radiation Patterns

In the p e r io d ic  check , the 
antenna beam direction is scanned 
from west to east by changing the 
antenna bias angle, and the an­
tenna radiation patterns (com ­
munication Channels, TT & C chan­
nel and K-band beacon signal) 
including the XPD of the K-band 
beacon signal are measured. Com- 
pared with the results of the past 
check, no remarkable changes in 
the antenna patterns have been 
found, although the output power 
of the K-band beacon signal has 
decreased slightly.

The antenna gain contours are 
measured by tw o-d im ensiona l 
scanning of the antenna beam 
onceayear. In th is measurement, 
it was found that spin motion 
causes errors in the obtained 
pattern shapewhen the spin modu- 
lated data were averaged. To re- 
move the errors, a new method of 
antenna pattern measurement, 
called thespin coherent sampling 
method, was developed. It is based 
on the coherent sampling of a

dow n-linksignal bysp in frequen- 
cy. Figure 3 shows the measured 
antenna gain co n to u r by th is  
method which coincides closely 
with pre-launch data. This method 
has another feature which makes 
it possible to obtain the locus of 
the instantaneous antenna point- 
ing due to spin motion. The data 
obtained show that the pointing 
accuracy was about 0.3 degrees 
peak-to-peak.

Transponder Characteristics
From past check data, s ign ifi­

cant changes of characteristics 
which affect the com m unication 
quality were not found. However, 
the output power or helix current 
of K-band transponders changed. 
In particular the helix current of 
one of the K-band transponders 
changed. In particular the helix 
current of one of the K-band trans­
ponders reached the lim it value, 
although the other characteristics 
(ou tpu t power, frequency  re ­
sponse etc.) were normal.

The transponders use TWT am- 
plifiers which are highly nonlinear 
elements. Therefore, measure-

[Continued on page 70]
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have A s o u MPC14
• HIGH PRECISION 

14mm CONNECTOR 
DC to 8.5 GHz 
(EQUIV. TO GR900®).

• COMPREHENSIVE 
LINE OF PRECISION 
COMPONENTS AND 
INSTRUMENTS

MAURY High Precision MPC14 Connectors are 
for all practical purposes equivalent to GR900 
connectors and are fully mating compatible. 
The connector body and center conductor are 
fabricated from tellurium copper and are gold 
plated. They employ a simplified eight tooth 
gear ring and an improved 1.00 hexagonal nut so 
that the junctions can be accurately torqued. An 
extensive line of components and instruments 
are available such as ANA calibration kits, 
sliding terminations, adapters, etc., which are 
partially summarized here. Also available are 
waveguide to coaxial adapters, tuners, etc. Send 
for complete details.

ƒ lom MAURY

CONNEC1 ORS *  ACCESSORIES
MODEL

NO. DESCRIPTION

2480A
2480B
2480C

Connector, Rigid L ine (Equiv. GR900BT) 
Connector, Panel Mnt w /n u t - R ig id  L ine CD 
Connector, Panel Mnt w /o u t nut - Rigid Line Q]

2480D
2480Ë

Connector. Flexib le Ceble - MC214
Connector, Sem i-riqid Cable - 0.325 dia.

2480L Connector, Beadless (LPC14)
2480P Panel Mount Kit fo r 2480A
2480R Rotatable Centering Gear Ring
2498k
2498N
2498T

Tool Kit for 2480A, Ö, C
1.00 Hex Locking Nut (replacem ent kit)
Torque Wrench. 1.00 Hex.

A024

I ADAPTERS - COAXIAL TO COAXIAL
MODEL

NO. DESCRIPTION FREQ. RANGE
2406C
2406D

MPC14 to N female, 
MPC14 to  N male. DC-8.5 GHz

2407A 
2407B

MPC14 to APC3 5 female 
MPC14 to  APC3.5 male

2458A
2458B

MPC14 to LT female 
MPC14 to LT maie DC-5.0 GHz

2607 MPC14 Io  APC7 DC-8.5 GHz

WSÜET
NO

2450C
-14.50K,.

4096A
4096
4097
4094
4091
4095
4092

4098A

40988

2401A
2408 
2404
2409 

24ÏÖX 
2415A 
2415B 
2416B

2403( 
2453{ i  

2454A 
MT7119A 
MT7109A 

2459A

4TS & INSTRUMENTS
DESCRIPTION

ANA C alibra tion Kit (HP8542B) 
ANA C alibra tion K it (HP8409B)

IDIreet CoupIer, H igh DireetJ 
D irect. Coupler, H igh D irect 
Direct. Coupler, High Direct 
Direct. Coupler, H igh Direct 
Direct. Coupler, High Direct 
Direct. Coupler. H igh Direct, 
Direct. Coupler, H igh Direct. 
D irect. Coupler, H igh Direct. 

30Ö watt.Direct. |  
Coupler 
Direct. 
.Couple-

1000 watt,

10 to 
400 MHz
TÖTcT 
300 MHz

0.1 -0 6 GHz 0  
0.25-0.5 GHz 0  
0.5 -1.0 GHz 0  
0.75-1.5 GHz 0  
0.95-2.2 GHz 0  
1.5 -3.0 GHz 0  
1.7 -4.2 GHz 0  
3 7 -8.5 GHz 0  
4Ö d ö  coup ling

50 dB coup ling

S lid ing Term ination, Bead Support, 0 9-8.5 GHz 
S lid ing Term ination, Beadless, 0.9-8.5 GHz
Slid ing Short, Bead Support, 0 9-8.5 GHz
S lid ing Short. Beadless, 0.9-8.5 GHz
Fixed Term ination,________________ DC-8.5 GHz
Hxed Short. Flat Plane
Fixed Short. Collet m Short P la ne _____________
Open C ircu it
A irlines, Bead Support 0  
Reference A irlines. Beadless 
A irline  2-Port Standard Set L ,  
C ryogem c (Cold) Term ination (77° K) 
Thermal (Hot) Term ination (373°K) 
A m bient Term ination (295® K)

N O TES

m Integral Flange-can’t unscrew. 1.25 square w ith  fou r 
0.136 holes on 0.938 centers (inches)
High D irectiv ity  greater than 42 dB (except Model 4093 - 
37 dB min), 10 dB coup ling  facto r secondary connecto r 
is N female.
Eight models available. 30 cm to  3 cm lengths.
VSWR values o f 1.0. 1.1, 1.25.1.5 and 2.0; 7.495 cm long.

®GR900 is a trademark of General Radio Co.

O O F = ? f = > o r = ? A - r i o ^ v i
8610 HELMS AVE . CUC AM O N G A, CA 91730. USA •  TEL 714-987-4715 •  TWX 910-581-3408

See our Catalog in MicroWaves 
PRODUCT DATA DIRECTORY, (pp. 161-191).
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[From page 69] DOMESTIC SATELLITE

TABLE1
TYPICAL PARAMETERS OF SMALL EARTH STATION

Parameters
.-^___^^^Earth^Stadon^^ K-Band SCPC 

Earth Station

K-Band Small 
Earth Station 
use Terminal

C-Band Small 
capacity omni- 
Earth Terminal

C-Band Recelve- 
only Small

Up/Down 
Frequency (GHz) 30/20 30/20 6/4 /4

G /T  (dB/K) 21.3 30.6 13.6 1.3

System EIRP (dB. W) 56.3 88.1 44.3

Type of 
Transmission

FM-SCPC
AM-PSK-SCPC

PCM-PSK-SCPC
PCM-PSK-SCPC

PCM-PSK-SSMA PCM-PSK
PCM-PSK-SSMA

Type Cassegrain Elliptical beam 
offset Cassegrain

Offset parapolic Offset parabolic

Antenna
Size 20 4.7 x 2.3 1.8 (equivalent) 0.6 (equivalent)

Up/Down Gain (dB) 53.3/50.3 58.6/55 38.7/36.1 /26.5

HPA
Type IMPATT Klystron FET

Output Power (W) 2 1000
(Pulse mode op.)

6
6

Type FET Uncooled paraamp Uncooled FET Uncooled FET
LNA Noise

Temperature (K)
750 200 80 244

Location
Koganei In Tokyo 

Yomagawa in 
Kagoshima

Yokosuka in 
Kanagawa

The first microwave handbook
for systematic design of coax and waveguide absorbers...
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Fig. 3 Antenna gain contour.

ments of the transponder charac­
teristics must be conducted con-
sidering the effects of the non- 
linearity . From th is  view point, 
AM/AM and AM/PM conversion 
factors were measured. Further, 
transfer functions, noise figures 
and frequency responses were 
measured considering the nonli- 
nearity effects. Since nonlinearity 
significantly affects communica­
tion quality, it is desirable to mea- 
sure these characteristics before
launch and to compare them with 
data after launch.

F1 /-o . MCPC (200 kbps) W ITHOUT ERROR 
AGC 
ON

- A -  MCPC 
(150 kbps)

■ + - SCPC (64 kbps)

SCPC (48 kbps)

CORRECTION  
WITH ERROR 
CORRECTION  
W ITHOUT ERROR 
CORRECTION  
WITH ERROR 
CORRECTION

MCPC

58 60 62 64 66 
C/NO (dB 'H z)

Fig. 4 The BER performance of SCPC
and MCPC Systems.

COMMUNICATIONS SYSTEM 
EXPERIMENTS
K-band Simple Channel Per 
Carrier (SCPC) Earth Stations

SCPC, SSMA and Computer 
Network experiments were carried 
out in order to investigate the 
suitability for light traffic satellite 
Communications.

SCPC signal transmission ex­
periments are conducted among 
a main earth station and small 
sized transportable stations which 
have 1 o r2  meterdish Cassegrain 
type antennas. The experimental 
system have the SCPC modem 
(PSK or FM) and the  MCPC 
modem (PSK, 9 channels per car­
rier with DSI).

Figure 4 shows the Bit Error

and M ultip le Channel Per C arrier 
MCPC Systems. The C /N o at BER 
of 1 x 10"3 was 57.2 dB»Hz, using 
the SCPC equipment in a normal 
mode (64 kbps, 4-phase PSK, w ith ­
out error correction). The rainfall 
margin isabout 10dB when m axi­
mum power is transm itted at the 
small sized station.

For stab ility  tests via the satel­
lite, it is shown that the SCPC sys-

Rate BER performance of SCPC tems have sufficiënt s tab ility  of
[Continued on page 73]
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At Q-bit, we add Power Feedback™ 
technology to all our hybrid amplifiers.

We put more in . . .  so you get more out! From the QBH-101 to the 
QBH-360, all Q-bit amplifiers utilize Power Feedback" technology, 
resulting in high reverse isolation and excellent input/output return 
loss. For example, check these specs:

QBH-124 @ 15 VDC
FREQUENCY INPUT RETURN GAIN ISOLATION OUTPUT RETURN

<811 > FORWARD CS2U REVERSE < S12 ) < 822)
MHZ UB HNG DB HNG EB fing EB ANG

5.000 -16.3 165.3 20.08 -174.1 X ^ 4 1 .5 2 \ 26.2 -23.0 146.8
10.000 -17.7 172.2 20.24 -178.3 1f  ;-4u. B7 1\ 19.4 -26.8 147.4
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signal transmission. For example, 
the fluctuation of frequency d if- 
ference between two earth sta­
tions was less than 6 kHz even in 
eclipse time. And it shows that the 
down-link attenuation of 10 dB by 
rainfall hardly degrade signal trans­
mission.

The effect of the intermodula- 
tion was also investigated. The 
measured data shows that the 
input backoff of 10 dB is neces- 
sa ry in o rde rto m a in ta in the C /l of 
the received signals at 18 dB when 
6 or 8 carriers access a trans­
ponder with equal channel Sepa­
ration. Further investigation is 
necessary to reduce the intermodu- 
lation by using more suitable chan­
nel assignment in order to de- 
crease the output backoff for the 
efficiënt use of the satellite trans- 
miting power.

K-band Small Earth Station
A K-band small earth station 

and a experimental demand assign­
ment (DA) Time Division Multiple 
Access TDMA system have been 
developed fo r the integrated ser­

[From page 71] DOMESTIC SATELLITE
vices satellite d ig ital network  
(ISSDN) experim ents13. In the 
ISSDN experiments, data, fac­
simile, video and packet Switch­
ing Information, at bit rates rang- 
ing from a low of 6.4 kb/s to high 
of 6.3 Mb/s speeds, are trans- 
mitted.

Fig. 5 FIPA output level vs C/No  
performance.

An elliptical beam offset Cas­
segrain antenna, a 30 GHz band 
air-cooled Klystron am plifierand 
a20GHzband low noiseam plifier 
have been developed for this earth

station3. The weight of the earth 
station is less than 2.2 tons which 
enables itto  beeasily installed on 
rooftops.

The effective iso trop ica lly  ra- 
diated power (E.I.R.P.) and receiv­
ing figure of merit (G /T) are 88.1 
dBW and 30.6 dB/K, respectively. 
Figure 5 shows the HPA output 
level vs. received C /N o perform ­
ance.

Experimental DA-TDMA System
The experim enta l DA-TDM A 

system makes real tim e assign­
ment of various bandwidth satel­
lite channels on demand and effi- 
ciently transmits various kinds of 
in fo rm a tio n , in c lu d in g  te le -  
phone5,12. The major features of 
the experimental DA—TDMA sys­
tem are summarized in Table 2.

There are two satellite channel 
assignment m ethodsfortransm it- 
ting various kinds of in form ation 
at diverse bit rates using the TDMA 
system.

• Single channel per burst.
• Multiplexed channel per burst.

[Continued on page 74]
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Inthisexperimental DA—TDMA 
system, the single channel per 
burst assignment method is a- 
dopted because it involves sim pli- 
fied design of compression/ex- 
pansion buffer circuits, and ef­
ficiënt transmission of information.

Primary frames, with a time inter­
val of 2 msec, have one sync burst 
and 39 data bursts (2048 sym- 
bols/data burst). The first super

[From page 73] DOMESTIC SATELLITE
frame is composed of 40 primary 
frames and is used fo r TDMA 
syn ch ro n iza tio n . The second 
super frame is composed of two 
firs tsuperframes. Channel assign­
ment is accomplished with refer- 
ence to this period.1

To increase the rain a ttenu- 
ation margin, forward error cor­
rection (FEC) is adopted to reduce 
required Eb/N 0. The FEC method 
adopted is rate 1/2 convolutional

encodong/V iterbi decoding (K = 
3). Theoretical coding gain fo rthe  
prototype Viterbi decoder with 
three bit quantization is about 3.3 
dB at a Bit Error Rate of 1 x 10~4, 
and a coding gain of about 2 dB is 
obtained through thesatellite link. 
Coding gain degradation due to 
satellite link is considered to be 
caused by antenna spin modu- 
lation.

The experimental ISSDN com­
munication system is composed 
of one network control station, 
two K-band small earth stations 
and DA-TDMA equipments. By 
using this system and the CS, 
data communication (6.4 kb/s ~  
1.536 MB/s), video conference 
(voice; 256 kb/s, still picture; 1.536 
Mb/s, moving picture; 6.312 Mb/s), 
high speed facsimile communica­
tion  (1.536 M b/s) and packet 
switching (64 kb/s), experiments 
were performed successfully.

In packet sw itch ing  expe ri­
ments, the techniques necessary 
to utilize satellite links in the Den- 
denkoshya Digital Data Exchange 
(DDX) packet switched networks 
were investigated underthe limited 
conditions utilizing 48 kb/s (bearer 
rate; 64 kb/s) satellite link as an 
inter-office line. As a result of 
error recovery procedure evalu- 
ation tests, fo r example, it has 
become clear that the procedure 
withaselective reject(SREJ) mode 
is about 100 times less than the 
one w ithout SREJ mode in packet 
retransmission ratio at a Bit Error 
Rate of 10“7.

In data communication experi­
ments, high-level data link con­
tro l (HDLC) protocol evaluation 
tests were performed. In point to 
multipoint computer communica­
tion tests, for example, measured 
transmission efficiency was more 
than 80% (maximum number of 
outstanding frames; 127, frame 
size; 1 Kbite). The results show 
that the HDLC protocol is effec- 
tive for data Communications via 
satellite.

C-Band Small Capacity 
Omni-Use Terminal

Two kinds of earth station are 
employed in this system, a small 
earth terminal (SET) and a master 
earth station (MES). The SET, 
which can transmit up to three 
telephonechannels, is placed near 

[Continued on page 76] 
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[From page 74] DOMESTIC SATELLITE
a subscriber while the MES is 
connected to the terrestria l tele- 
phone netw orkthrough a satellite 
telephone switching center (STC). 
A satellite com m unication sub­
scriber is connected automatically 
to the terrestrial telephone net- 
work through an STC as a gate- 
way center. The MES has the 
initiative in establishing satellite 
links between the SET and the 
MES using demand assignment

multiple access techniques. Two 
different kinds of demand assign­
ment multiple access techniques 
are utilized in this system: TDM- 
VDMA (Time Division M ultip lex 
— Variable Destination M ultiple 
Access) method is employed in 
the MES to SET link, and SSMA 
(Spread Spectrum M ultiple Ac­
cess) in the SET to MES link. It is 
estimated that about one thou- 
sandSETs can beaccommodated

in this system using a 6/4 GHz 
band transponder.

The SET usesan FET high power 
am plifier with an output power of 
about 2 W per voice channel, and 
an uncooled FE TIow no iseam pli- 
fier with noise temperature lower 
than 90 K. The E.I.R.P. and G /T  of 
the SET are 74.3 dBm and 13.6 
dB/K, respectively.

In the SET to MES link the 
reduction of time required to es-

TABLE 2

MAJOR FEATURES IN EXPERIMENTAL DA-TDMA SYSTEM.

Items Performance
Up/Down Frequency (GHz) 30/20
Bit Rate (Mbps) 19.968

System Clock Rate (MHz) 43.776
Number of Stations Network Control Station: 1

Network Control
Small Earth Station; 35 
Central Control System

CommonTDMA Modulation 2-phase CPSK, Coherent Detection
Terminal Equipment & Burst Synchronization Storage Counter Method
MODEM Subsystem Initial Acquisition Open Loop Prediction Method

Forward Error Correction Rate-1/2 Convolutional Encoding, 
Viterbi Decoding with 3-bit Soft 
Quantization

Dama Traffic Channel Fully Variable Demand Assignment
Subsystem Assignment (Preassignment available)

Signaling Common Signaling Channel Control
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tablish SSMA code synchroniza- 
tion is one of the key points in 
realizing this system. In order to 
solve this problem a digital code 
sweep method and an AFC tech- 
nique w ithout pilot signal, which 
eliminates AFC from the SET to 
realize simple SET equipm ent, 
have been adopted. The frequency 
fluctuation of 40 kHz is suppressed 
to w ith in 10 Hz in less than about 
10 sec. The bit error rate perform ­
ance in the SET to MES link is 
illustrated in Figure 6. The degra- 
dation of IF back to back perform­
ance from the theoretical lim it is 
caused by intersymbol interfer- 
ence. The degradation caused by 
the satellite links is about 0.4 dB.

C-Band Receive-Only 
Earth Terminal

The sate llite  com m unication  
system can cover a wide service 
area and offer services of homo- 
geneous transmission quality.The 
4 GHz receive-only terminal re- 
quests the information through 
the terrestrial network and re- 
ceives the 64 kb/s data signal 
transmitted from the data center,

which conveys 11 separate Chan­
nels of 4.8 kb/s facsim ile. The 
receive-only terminal consists of 
an off-set parabolic antenna, an 
RF receiver, a PSK dem odulator, 
and weighs 90 kilograms. The 
antenna dish is made of metal- 
coated glass-fiber-reinforced plas­
tic with a 60 cm effective aperture. 
The primary radiator is a c ircu lar 
polarized printed spiral type, and 
is mounted in fro n t of an RF re­
ceiver. The received s ignal is 
amplified by a two stage GaAs 
FET LNA. The G /T of the term inal 
is 1.3 dB/K which satisfies the 
designed value.

Experiments using the CS were 
carried outsuccessfully by simul- 
taneously transm itting facsim ile 
data from the Yokosuka Electrical 
Communication Laboratory data 
center to two receive-only te rm i­
nals. Figure 7 shows the C/N ver­
sus error rate performance. C/N 
degradation from the theoretical 
lim it is about 1 dB at IF back to 
back due to intersymbol interfer- 
ence, and is slightly worse through 
the satellite link.

K-BAND RADIO WAVE 
PROPAGATION EXPERIMENTS

Prelim inary results of the CS K- 
band propagation experim ents at 
the Kashima Main S ta tion  have 
been reported, along w ith  the re­
sults of the ETS-II, BSE propaga­
tion results2. The results of CS 
19.5 GHz beacon p ropagation  ex­
periments fo r two years are shown 
here. Figure 8 shows the  cum ula- 
tive d istributions o f rain a ttenu- 
ation at several s ta tions which 
participate in the CS propagation  
experiments along w ith  the d iver- 
sity effects. Typical a ttenua tion  
values at the percentages of time, 
0.1 and 0.01, are 6 and 17 Tokyo, 8 
and 16 dB at Sugita and 2.5 and 7 
dBat Wakkanai in the  m ost north - 
ern part of Japan.

Figure 8 indicates the d iversity 
effects between Y okosuka  and 
Sugita. Diversity d istance is 19 
kms and diversity im provem ent 
can be seen for ranges less than 
0.1% of unavailability o r over rain 
attenuation of 5 dB.

F igure9shows rain a ttenuation  
ratios between yearly averages 

[Continued on page 78]
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and worst month at Wakkanai and 
Yamagawa. The dashed line was 
derived by Dr. Morita of NTT, 
using 10 years of rainfall rate sta- 
tis tics . Theequation for the line is 
expressed as follows:

[From page 77] DOMESTIC SATELLITE

where P ( r ) ^ :m e a n s  10 > 
averaged 
cumulative

P(r) WM

ra in fa ll rate proba- 
bilities.

: m eans  10 y e a r-  
averaged worst month 
cumulative rainfall rate 
probabilities.

C/N [dB] (32 kHz)

THEORETICAL LIMIT 
IF BACK TO BACK 
THROUGH THE 
SATELLITE 
LINK

4 5
C/N  (dB)

Fig. 6 Bit error rate performance. (SET-MES) Fig. 7 Error rate performance.
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I

Fig. 8 Cumulative distributions of rain 
attenuation.

I

B

■

II
■

The Figure 9 shows good coin- 
cidence w ith the experim ental 
equation8. Accordingly, using this 
equation worst month rain at­
tenuation statistics can be derived 
from the yearly d istributions of 
rain attenuation. The same thing 
can besa id fo rthe  cumulative dis­
tributions of rainfall rate.

SATELLITE TRACKING AND 
CONTROL EXPERIMENTS

The satellite control of the CS is 
normally conducted by the Nation­
al Space Development Agency of 
Japan (NASDA), and experimen- 
tally by RRL and NTT. Station 
keeping requires that the CS be 
held to w ithin +0.1° of bounda- 
ries in the E-W, N-S and orbit 
normal spin axis attitude direc- 
tions. The ordinary E-W station 
keeping cycle period is about 3 
weeks, with maneuver AV = 0.1

Fig. 9 Percentage of time of year vs 
percentage of time worst month.

m/s and the attitude keeping cycle 
period is about one week, w ith 
several pulses maneuver10.

The precise E-W station keep­
ing experiment was carried out by 
RRL in order to narrow the E-W 
Station keeping boundary from 
±0.1° to +0.02°. The longitude 
drift of a stationary satellite is 
mainly caused by the perturba- 
tions attributed to the non-zonal 
harmonies of the earth potential 
and the luni-solar effect. The ac- 
celeration of the d rift of the CS is 
near 1.5 x 10~3 deg/day2 in the 
west. In order to cancel this d rift 
and to keep the satellite longitude 
w ith in  ±0.02°, E-W maneuvers 
which slow down the satellite ve- 
locity by 0.02 m/s, are required 
every 3 or 4 days. Eccentric ity 
control based on the sun-synchro- 
nized method was carried outsim ul- 
taneously with the d rift rate con­
trol4. Throughout the experimental 
period, the satellite’s orbital ele- 
ments used forthe maneuver plan­
ning and for evaluation of the 
results were determined by using 
one-sta tion -track ing  data (the 
range and the K-band tracking 
angles). To estimate the orb ita l 
elements, the compact orb it de- 
termination program, or Kashima 
O rb it D e te rm in a tio n  S ystem  
(KODS), was used.

The experiment was success- 
fu lly  carried out fo r one month. 
The maximum east and west de- 
viations of the mean longitude 
were +0.02° and -0.01° respec-

[Continued on page 80]
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tively, and the diurnal Variation 
was 0.01 °p-p, which corresponds 
to an eccentricity of 0.5 x 1CT* 1 2 3 4 5 6 7 8. It 
was confirmed, from the above 
results, that precise (±0.02°) E-W 
station keeping is possible even 
with the present satellite control 
system. However, it is d ifficu lt to 
decrease the s ta tion  keeping 
boundary to less than 0.02° be- 
cause of thruster contro llab ility  
degradation and orbit determina- 
tion accuracy limits.

Precise Attitude Keeping
The precise attitude keeping 

experimentwas performed by NTT 
in order to define the CS attitude 
keeping lim it.Thisexperiment was 
carried out with a simplified soft­
ware system using only two mini- 
com puters9.

The CS attitude drifts at a rate 
of about 0.01 deg/daydueto solar 
radiation pressure. Therefore, a 
Standard attitude keeping ma­
neuver is performed every one or 
two weeks to keep the satellite 
attitude within ±0.1° of its normal 
orb it sector10 11 12 13. In this experiment, 
however, that aim was to keep the 
attitude to within ±0.02° of the 
vector.
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Fig.10 A result of precise attitude 
keeping experiment.

First, thruster performance at 
two thrust pulses was measured 
to evaluate degradation. Then, 
after compensating the perform­
ance, precise attitude maneuvers 
were performed. Figure 10 shows 
an example of this experiment. 
The left figure shows a meneuver 
before compensating the thruster

performance and the right one 
after compensating the perform­
ance.
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Technical Feature

Technologies For the Next 
European satellltes

R. COURAULT and G. K. SMITH 
EUROPEAN SPACE AGENCY
N o o rd w ijk , The N e the rla nd s  * •

INTRODUCTION
The interest in new telecom- 

munication services is growing in 
Europe and many planning agen- 
cies, in national and international 
organizations, are now trying to 
define the most suitable networks 
to support them.

The existing  European te le- 
phony network is dense and very 
extensive th rou g ho u t Western 
Europe. However, its narrowband 
characteristics do not fit with the 
wideband requirements of most 
of the new services envisaged for 
the next tw o  decades. "N ew  
services” include among many 
others:
• high speed facsimile.
• bulk data transfer

(financ ia l, m eteoro log ica l,
scientific).

• videocommunication.
For bit rates in excess of 24 

kb/s, which these services require, 
a comprehensive fu lly switched 
terrestrial infrastructure of high 
quality will not be achieved for 
many years. For video com m uni­
cation in particular a minimum 
bandwidth of 2 Mb/s per channel 
is required.

New technologies are being con- 
sidered, in particularthe implemen- 
tation of optical transmission, but 
this entails an enormous Invest­
ment at the European level. Confi- 
dence in the success of future 
markets becomes the prerequisite 
to installation of advanced net­
works. On the other hand, a market 
cannot really expand w ithout an 
adequate network.

Sate llites could  represent a 
rather direct and cost effective 
answertothisdilemma. They have 
inherent wideband potential and 
a fast implementation time. They 
offer point to point or m ultipoint 
connection w ithin any part of the 
covered zone. These unique fea­
tures makethem ideal vehicles for

the promotion and tria l o f new 
services. Eventually they can pro- 
vide the initial infrastructure for 
services which prove to be most 
successful, until the w ider net­
work is set up. Such an approach 
is exemplified in Europe with the 
impending launch of the Euro­
pean C om m unication Sate llite  
(ECS) that w illem barka 'S pecia l- 
ized Services’ package (1983), and 
of the French ‘Telecom-1‘ satellite 
(1983). These satellites w ill han­
dle relatively few channels and 
are of conventional design, using 
mostly the technologies previously 
developed in o th e r p rogram s 
(Symphonie, OTS). As the traffic 
grows, the space segment will 
have to offer much higher capacity 
while maintaining flexib ility . This 
will lead inevitably to different 
concepts and new payload de­
signs.

In this context, a payload tech­
nologies assessment exercise is 
presently being carried out by 
ESA. Two of them are related to 
the fixed-satellite service and the 
other one to the mobile service. 
They are described here, as well 
as their associated RF technolo­
gies.
THE SPECIALIZED SERVICES 
(OR MEDIUM CAPACITY) 
MISSION

This is an extension of the mis- 
sionsforeseen for the ECS (Euro­
pean Communication Satellite) 
and Telecom-1 satellites. A pos- 
sible time scale fo r utilization is 
the early 90’s.

Typical applications are: low- 
rate data transfer or medium rate 
facsimile at 9.6 kb/s; voice, data, 
high-speed facsimile at 32/64 kb/s; 
high-speed data, possibly coded 
video or users’ own multiplexed 
traffic at 2Mb/s. Bit Error Rates 
(BER) of betterthan 1CT4for99.7% 
and 10“6 for 99% of the time are 
specified for the voice and video 
links and are better than 10~9 for 
99.7% of the time and 1CT11 for 99% 
of the time for data links between 
digital processors. Forward Error

Correction (FEC) coding is used 
to give detection and some co r­
rection of errors but fo r h ighest 
overall quality an autom atic  re- 
quest fo r repeat (ARQ) system is 
also offered.

The sa te llite  ne tw ork access 
method is Time D ivision M ultip le  
Access (TDMA). It operates at 25 
M b/sw ith  a fram e length  of 20 ms 
fo r com patib ility  w ith earlie r Sys­
tems and supports up to 50 chan­
nels, w ith less than 20 MHz chan­
nel spacing.

To keep costs down, the earth 
station antenna size is 4.5m. A 
reduction to 3 meters is no t desir- 
able since all stations w ill carry 
concentrated tra ffic . Sm all-aper- 
ture earth stations are also more 
d ifficu lt to coordinate.

The RF frequency bands are: 
14/14.25 GHz for the up -lin k  and 
12.5/12.75 GHz for the dow n-link . 
The spectrum available is thus 
250 MHz, whereas 1 GHz is neces- 
sary fo r the service. The spectrum  
must therefore be re-used at least 
4 times. A typical link budget is 
presented in Table 1. It shows, in 
particular, that the sate llite  an­
tenna gain must be h igher than 34 
dB inthecoverage (Western Euro­
pe). This im p liesthat 20 to 25 spot 
beams are necessary, each w ith a 
Half Power Beam W idth (HPBW) 
of about 1.1°. These beams are 
disposed in a regulär triangu lä r 
lattice.

In one approach considered, 
each pencil beam covering  one 
circu lar zone orig inates from  a 
cluster of severalfeeds. Toachieve 
the required feed spacing and iso- 
la tio n , c lu s te rs  fo r  a d ja c e n t 
beams must share one or two 
elements. Shared elem ents are 
then contribu ting  to  tw o o r three 
beams, at d ifferent frequencies. 
This solution enables low  side- 
lobes leveis (typ ica lly 30 dB at few 
beamwidths) to be achieved. It 
requires an o ffse t re fle c to r o f 
about 2 meters w ith  a com plex 
feed array. The d is tribu tion  net­
work and the RF sensing signal

[Continued on page 84] 
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directional
couplers

11.5 dB

.5  to 500 MHz
only S1195 (5 ,̂

AVAILABLE IN STOCK FOR 
IMMEDIATE DELIVERY

• miniature 0.4 x 0.8 x 0.4 in.
•M IL -C -15370/18-002 

performance*
• low insertion loss, 0.85 dB
• hi directivity, 25 dB
• flat coupling, ±0.5 dB

*Umts are not QPL listed

PDC 10-1 SPECIFICATIONS

FREQUENCY (MHz) 0.5-500 
COUPLING, dB 11.5
INSERTION LOSS, dB TYP. MAX,
one octave band edge 0.65 1.0
total range 0.85 1.3
DIRECTIVITY, dB TYP. MIN.
low range 32 25
mid range 32 25
upper range 22 15
IMPEDANCE 50 ohms.

For complete specifications and performance 
curves refertothe 1980-1981 Microwaves Product 
Data Directory, the Goldbook or EEM

“For Mini Circuits sales and dlstrlbutors listlng see page 75."
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Table 1

TYPICAL LINK BUDGET FOR A SPECIALIZED SERVICES MISSION

UPLINK 14 GHz

Earth station transmit power 20.0 dBW
Feeder losses 1.0 dB
Antenna gain (4.5m) n = 55% 53.8 dB i
Pointing loss (0.1°) 1.1 dB
Earth station EIRP 71.7 dBW
Space loss
Propagation margin (99.9% annual) 
Satellite R. antenna gain (eoc)

207.4 dB 
3.0 dB 
35 dB i

Satellite noise temp. 30 dBK
Satellite G/T 5 dB/K
Uplink C/No 94.9 dBHz
Uplink C/lo 95.0 dBHz

95.0 dBHz
Total Uplink C /(N 0+lo) 91.9 dBHz

DOWNLINK 12.5 GHz

Satellite transmit power 13.0 dBW
Feeder loss 1.0 dB
Satellite T* antenna gain (eoc) 34.0 dB i
Satellite EIRP 46.0 dBW
Space loss 206.4 dB
Propagation loss (99.9% annual) 2.0 dB
Earth station receive gain 53.0 dB i
Pointing loss 1.0 dB
Earth station receive system temp. 27.0 dBK
Downlink C/No 91.2 dBHz
Downlink C/lo 95.0 dBHz
Overall C /(N0+lo) 87.6 dBHz
E/No (Theoretical, 10 6 b.e.r.) 11.6 dBHz
Symbol rate (25 Mb/s) 71.0 dBHz
Implementation “Margin” 5.0 dB

extraction from a few elements 
are other critical elements. Apart 
from the complexity and losses of 
the feed network, a drawback of 
thisconfiguration is the large gain, 
and therefore flux, variations over 
the coverage area (typically 6 to 
10 dB).

A second approach consists of 
using a set of contoured/shaped 
beams originating from a larger 
aperture (typically 4 meters). Each 
beam is also generated from a 
cluster of feeds but larger than 
previously. Peripheral elements 
of the feed cluster are also shared 
between two or more beams.

The advantage of this configu- 
ration is that the gain (flux) over 
the coverage area has lesser vari­
ations. Problems of feed complex­
ity and losses still exist, aber- 
ra tionsdueto large element beam 
scanning are increased.

In either case it is d ifficu lt to 
optim ize the feed elements for 
both transmit and receive (and for 
some of them, for RF sensing as 
well).

Polarization sensitive reflectors 
are also considered to ease the

Problem of frequency re-use by 
allowing close spacing of beams 
on different polarizations.

AM the elements making up the 
antenna sub-system are being 
studied or developed by European 
industry (ERA, LM Ericsson, Ticra) 
under ESA contracts.

The large number of Connec­
tions required between up- and 
down-link beams is a new Prob­
lem for the payload. It is assumed 
for the present that the switching 
is done at RF. The matrix is used 
in a narrow-band sense: that is to 
passoneTDMAsignal bandwidth. 
Appropriate on-board local oscil- 
lator frequencies must therefore 
be provided. However, the basic 
technology of the switch allows 
bandwidths of 2 GHz or more 
which can be exploited in other 
missions.

Switch matrix studies and de- 
velopments are being pursued for 
switch center frequencies of a- 
round 1.5 and 11 GHz (the higher 
frequency being considered in 
another context for 20/30 GHz 
p ay loa d s). C ro ss -b a r sw itch  
matrix topology with redundancy 

[Continued on page 86] 
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MEETING
SPECS
FO R
THIRTY
YEARS.
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microwave components.
We've kept our promises to 
microwave engineers for a third 
of a Century. With our huge selec- 
tion of off-the-shelf and custom 
components — DC to 140GHz.
With fast turnaround and competi- 
tive pricing. And most of all, w ith 
quality, right to spec every time.

Find your specs in our designer's 
handbook. Call (800) 423-2004 or 
write to Dave Hall, Systran Donner 
Microwave Division, 14844 Oxnard 
Street, Van Nuys, CA 91409.

M c ro w iv i Com ponent« Catatop 
and Ro«oi*enc# itonciixtofc

Practical technology from
SVSTRON MICROWAVE 
DONNER DIVISION
Member THORN EMI Group
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has been selected based on GaAs 
FET integrated c ircu it technology. 
The actual sw itch configura tion  
in terms of subdivision of func- 
tions into individual packages is 
under s tudy in the  in d u s try  
(Plessey).

On board regeneration is also 
considered as a potentia l candi- 
date for this m ission. The base­
band technologies are actually 
covered in the wideband mission 
described herea fte r, how ever, 
direct remodulation on the RF 
carrier is presently the subject of 
a study (Plessey) and Figure 1 
shows a picture of a Quadrature 
Phase Shift Key (QPSK) modu­
la tor based on dual gate FET 
technology, which ho lds great 
promise.

[From page 84] EUROPEAN SATELLITES

Fig. 1 QPSK Modulator at 12 GHz.

Dielectric resonatortechnology 
is being investigated as an e ffi­
ciënt way of reducing the RF filte r 
size at 12 GHz, while m aintain ing 
most of the perform ance. Figure2 
shows an example of a 3-pole f il­
ter realized using this technology 
by Elektronik Centralen, which is 
co n d u c tin g  s tu d ie s  fo r  m ore

Fig. 2 Dielectric resonator at 12 GHz.

s o p h is tic a te d  f i l te rs  such  as 
pseudo e llip tic  o r linear phase.

An im provem ent of the receiver 
noise figure by 1 to 2 dB is possi- 
ble by properly cooling  it w ith 
heat pipes connected to radiators. 
T h is  te c h n o lo g y  is be ing  de ­
veloped in ESTEC w ith  special 
emphasis on the heat pipe relia- 
b ility. Figure 3 is an illus tra tion  of 
this approach.

It is not antic ipated that other 
RF elements would need special 
attention. The numbers of Table 1 
indicate, in particu lar, that the 
level of RF pow er (20W per chan­
nel) and noise tem perature are in 
the range of the present state of 
the art of traveling wave tubes.

THE VIDEOCOMMUNICATION 
(OR HIGH CAPACITY) MISSION

This mission represents, in fact, 
the Provision of w ideband serv­
ices to a vast com m unity  of users 
scatte red th ro u g h o u t W estern 
Europe. Its operational im plem en- 
tation could be in the late 90’s. For 
convenience, an elementary chan­
nel has been defined. It is charac- 
terized by a bit rate of 8.5 Mb/s 
and a QPSK m odulation w ith  an 
e ffic iency of about 1.2 b /s/H z, 
which implies an RF bandw idth of 
7 MHz, with some guardbands. 
Such achannel is m eantto be typ i­
cal for the transm ission o f co lo r 
TV images, a fter suitable signal 
compression, fo r te leconference 
application.

The total tra ffic  considered is 
1000 (elementary) Channels. Half 
of them are processed th rough 10 
to 15 large stations, in well defined 
places, and acting as concentra- 
tors between local loops and the 
satellite. The second 500 Chan­
nels are used fo r connection w ith 
small and inexpensive ground sta­
tions located on the user’s pre- 
mises, in princ ip le  anywhere in 
the coverage area.

In view of the large RF band­
width required (abou t7  GHz), it is 
necessary to have the RF carriers 
in the Ka bands, i.e. 27.5-30 GHz 
in the up-link and 18.1-20.2 GHz 
in the down-link.

In the up-links, two cases are 
considered: fo r th e  large stations, 
55 elementary Channels arriv ing 

[Continued on page 88] 
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double
balanced

mixers
Standard level (+10 dBm LO)

50 KHz to 2000 MHz 
only $2695(524)

AVAILABLE IN STOCK FOR 
IMMEDIATE DELIVERY

• miniature 0.4 x 0.8 x 0.4 in.
• MIL-M-28837/1A performance*
• low conversion loss 6.0 dB
• high isolation 25 dB

SRA-220 SPECIFICATIONS

FREQUENCY RANGE, (MHz)
LO, RF .05-2000
IF .05-500
CONVERSION LOSS, dB TYP. MAX
One octave from band edge 6.0 7.5
Total range 7.0 9.0
ISOLATION, dB TYP. MIN.
.05-5 LO-RF 25 20

LO-IF 25 20
.5-1000 LO-RF 40 30

LO-IF 40 30
1000-2000 LO-RF 30 20

LO-IF 25 15

Signal 1 dB Compression level +3dBm

For complete specifications and performance 
curves refertothe 1980-1981 Microwaves Product 
Data Directory, the Goldbook or EEM.
'units are not QPL listed

‘Tor Mini Circuits sales and distributors listing see page 75.”
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from the local network are Time 
Division Multiplexed (TDM) onto 
a RF carrier giving thus a trans- 
mitted bit rate of about 480 Mb/s. 
These stations access the satel­
lite in Frequency Division M ulti­
plier (FDM). The small stations 
access the satellite in FDMA Sin­
gle Channel Per Carrier (SCPC) 
mode with a bit rate of 8.5 Mb/s. 
Thesignalsarethen demodulated 
in the satellite and routed towards 
their assigned down-link beam 
(i.e. the tra ffic  fo r large and small 
stations can be mixed in the satel­
lite), where they are remodulated. 
In the down-links to the large sta­
tions elem entary Channels are 
again TDM in blocks of up to 55, 
and to the small stations they are 
TDM in blocks of up to 5 in order 
to simplify somewhat the RF ampli- 
fication sub-system.

As with the other pilot missions, 
these parameters are not to be 
regarded as implying any definite 
choice for the parameters of the 
subsequent operational satellite 
network, but they should be able 
toaccommodatesuch parameters 
by stimulating appropriate tech­
nology development.

In the case of the videocom- 
munication mission the RF part of 
the satellite payload is supported 
by baseband equipment perm it- 
ting access conversion, modula- 
tion conversion, etc., which will 
be typical of advanced satellites. 
Additionally there will bean inter- 
sate llite linkhandling u p to 2 G b /s  
of data, probably on two or three 
carriers, representing roughly one 
third of the total traffic.

All transm issionsaredigital and

a QPSK m odulation scheme is 
implemented. A BER better than 
10~4 is assumed fo r the overall 
transm ission, resu lting in a prac­
tical Energy per b it over Noise 
density (Eb/No) o f 12.7 dB. The 
a tm o s p h e r ic  a t te n u a t io n  fo r  
99.75% of the tim e is below  12 dB 
in the up-link and 5.6 dB in the 
down-link. The large stations have 
an antenna gain of 60 dB (Reflec­
to r diameter of 8m), w ith  satellite 
tracking but no RF pow ercon tro l. 
The small stations have an antenna 
gain of 50 dB d iam eter of 2.5m), 
no sa te llite track ing  and no power 
control.

The ratio of the g round station 
gain is 10 dB but th is  is also the 
ratio of the bit rates, there fore  a 
common satellite antenna with 
coverage gain of 46 dB is used. 
This corresponds to spot beams 
having a Half Power Beam W idth 
(HPBW) of .25° and a m inim um  
beam-separation also o f .25° if 
the beams are disposed in a regu­
lär pattern with a triangu lä r lat- 
tice. Figure 4 shows a typ ica l 
European coverage where more 
than 100 beams are necessary to 
provide the service.

As fo r the specialized services 
mission, frequency must be re- 
used and therefore a tig h t contro l 
of the sidelobe levels is neces­
sary. A (dual) o ffset re flector Sys­
tem is the concept presently con­
sidered. T h ed ia m e te ro f the main 
reflector is about 4m. Transm it 
and receive are done w ith inde­
pendent antenna Subsystems. The 
large and small station tra ffic  are 
handled on o rth o g o n a l p o la ri- 
zations.

Fig. 3 Low noise receiver with heat pipecooling.
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Fig.4 Typical European coverage in the Ka-band.

M INIM UM  GAIN ■ 46 dB 
HPBW ■ 0.25 

BEAM SPACING ■ 0.25

The feed network is very com­
plex with spot beam generation 
requiring clusters of feeds. In one 
approach, separate feed networks 
are considered for the two traff ics 
and a polarization sensitive sub- 
reflector enables the illum ination 
of thesame main reflector. Another 
approach is to have orthomode 
transducers in the feed common 
to all traffic; the antenna itself is 
simplified but at the expense of 
the feed network.

Beforeembarking on a füll scale 
development program, pre lim i- 
nary activites have been initiated 
on the critical antenna parts, both 
atelectrical and mechanical level. 
In the frame of an ESA contract a 
breadboard of a 21 -element offset 
reflector antenna (2.5m) is pres- 
ently being tested on an outdoor 
antenna range at Selenia, as shown 
in Figure 5. Beam pointing tech­
niques are also the subject of 
detailed studies.

A lthough  m oderate average 
values have been considered for 
the a tm ospheric  a tte n ua tio n , 
much higher values could occur 
fo r short periods. S tudies are 
therefore continuing to refine the 
propagation models in Europe, 
since this could have a strong 
impact on the repeater designs,

for example, adaptive links (in a 
resource sharing mode) m ight be 
necessary in some beams.

The large number of channels 
to be handled by the sa te llite  
(1000) makes signal processing a 
key subsystem of this mission. 
A fte r pre lim inary trade-o ffs , a 
solution with on board regener- 
ation has been retained. The inde-

pendence of the up- and dow n- 
links is rather useful in a system 
with a high level of interference. 
Rapid developments in Very Large 
Scale In tegra tion  techno log ies  
(VLSI) make it possible to con- 
siderthat processors can be manu- 
factured with the levels of DC 
consumption, massand re liab ility  
which are required fo r satellites.
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As for the antenna, in itia l work 
is being done betöre a fü ll scale 
development is undertaken. For 
example, Figure 6 gives the block 
d iagram  of a 16x16 baseband 
m atrixstudied by Holland Signaal 
fo r ESA and presently at bread- 
board level. The bit rate is 120 
Mb/s. Emphasis is also put on the 
improvement of m odulator and 
demodulator performances which 
show, at the moment, too high a 
power consumption to be used in 
large quantities on-board.

Low noise am plifica tion at 30 
GHz is being studied by Plessey. 
A target noise figure of 4 to 5 dB is 
contemplated and the FET tech ­
nologies, with gate-w idth of 0.3 
micron, are very promising.

The RF pow er a m p lifica tio n  
must provideabout30 watt RF per 
carrier in the 20 GHz range. This 
is well w ithin the capabilities of 
the present Traveling Wave Tube 
Am plifie r TW TA’s technology at 
AEG although further work would 
be necessary to improve the RF 
bandwidth(1 G H zatthe  moment)

and the efficiency (40%). Solid 
State Amplifiers (SSA) are also 
underconsideration, especially for 
the configurations where beams 
are generated by clusters of feeds. 
To this end GaAs FET offer inter- 
esting prospects and are being 
characterized.

The high number of feeds and 
the ir close spacing will also put 
stringent mechanica), thermal and 
packaging constraints on the RF 
amplifiers and the output filters.

For the Inter Satellite Link, no 
decisions have been taken on the 
most appropriate link design and 
technologies. This remains under 
study.

THE NARROWBAND MISSION
This mission exploits the wide 

coverage property of satellites to 
provide services to mobile users. 
Itcan be considered asoneortw o  
steps beyond the maritime sys­
tem that Inmarsat is setting up. It 
addresses a large range of users 
(maritime, aeronautical and ter­
restrial) which would be satisfied 
with a service quality less than füll

quality telephony. The proposed 
term inals are intended to be inex- 
pensive enough to satisfy a sub- 
stantial market. These services, 
all digital, comprise voice trans­
mission at less than 10kb/s (as 
would be possib lew ith ,forexam - 
ple, hybrid Vocoders), and telex at 
low (1.2 kb/s) bit rate. The band- 
width required for a channel is 
therefore small. The mobile ter­
minal performance is character­
ized by a low G/T (between -19 
and -24 dB/°K) and Effective Iso­
trop ie  Radiated Power (EIRP) 
(12 to 15 dBW). The antenna gain 
is in the order of 0 to 4 dB, which 
m eansthatthem ultipa thsignal is 
not discrim inated atth is  level and 
protection must be achieved by 
modulation and coding and, pos- 
sibly, channel identification tech­
niques in the receiver.

Simulation facilities, with a mini- 
computer and its peripheral equip- 
ment (array processor etc.) have 
been set up in ESTEC to enable 
the evaluation of different modu­
lation and coding schemes in this 
multipath environment. Vocoders,
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Fig. 6 16 x 16 Baseband switching matrix block diagram. (Signaal)
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I
B modems and codec are simulated 

in the computer and an external 
multipath simulator w ill be con­
nected to it to represent various 
channel conditions.

The coverage is hemispheric 
and the satellite is located at a 
suitable Position for the three serv-

a ices (maritime, aeronautical, land). 
A link budget analysis indicates 
that, at L-Band, the satellite an-

D tenna gain must be greater than 
35 dB to give acceptable perform ­
ance.

The approach presently under 
consideration to generate the 
beams (beamwidth in the order of 
1 to 2°) is an ‘im aging’ system 
where in a large reflector, d ia­
meter of 10 to 12m, is properly 
excited by a planar phased array 
with 61 elements. Work hasalready 
done in the field of phased arrays 
(Figure 7 shows a 19-beam, 18- 
element configuration designed 
for direct radiation) and most of

the RF techno log ies are co n ­
sidered well-mastered. The es­
sential part of the activities is 
therefore concentrated on the 
mechanical aspects of the reflec­
tor and sub-reflector.

In the forward link, ground sta­
tions access the satellite in TDMA 
or FDMA. The Signals are demodu- 
lated and connected to a data bus 
which routes them to the ir dedi- 
cated down link beam. In the return 
link, the mobiles access the satel­
lite in a SCPC mode. All the Sig­
nals aredemodulated at onceand 
connected via another data bus to 
modulators for the feeder links. 
Work is already progressing for 
the beam forming networks and a 
feasibility study has been under- 
taken for the digital m ulticarrier 
demodulator. It is planned to start 
investigations on the data bus 
concept after the first conclusions 
ofthesim ulationsm entioned pre- 
viously. ■

direclional
cou plers

10.5 dB

1 to 500 MHz
only $2995(4-24)

AVAILABLE IN STOCK FOR 
IMMEDIATE DELIVERY

• rugged IV4 in. sq. case
• 4 connector choices

BNC, TNC, SMA and Type N
• connector intermixing male 

BNC, and Type N available
• low insertion loss, 1 dB
• flat coupling, ±0.6 dB

ZFDC 10-1 SPECIFICATIONS
FREQUENCY (MHz) 1-500 
COUPLING, db 10.75
INSERTION LOSS, dB TYP. MAX
one octave band edge 0.8 1.1
total range 1.0 1.3
DIRECTIVITY dB TYP. MIN.
low range 32 25
mid range 33 25
upper range 22 15
IMPEDANCE 50 ohms

For complete specifications and performance 
curves refertothe 1980-1981 Microwaves Product 
Data Directory, the Goldbook or EEM.

“For Mini Circuit« «als« and distributors Uiting see page 75.”

finding new ways.. .  
setting higher Standards

O M in i-C irc u it s
A Division of Scientific Components Corporation

World's largest manufacturer of Double Balanced Mixers

2625 E. 14thSt. B’klyn, N.Y. 11235(212) 769-0200
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Fig. 7 Phased array antenna at L-Band.
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Technical Feature

A 100 KW SOLID-STATE COAXIAL 
LIMITER FOR L-BAND

PART II
S.D. PATEL AND H. GOLDIE

W estinghouse D e fense  a n d  
E le c tro n ic  System s C e n te r  

A d van ce d  T e ch n o lo g y  L a b o ra to ry  
M icrow ave  O p e ra tio n s  

B a ltim ore , M D

Fig. 5 Narrowband waveguide filter that Controls magnetron pulse risetime.

TABLEI

FILTER PARAMETERS, MEASURED RISETIMES, AND 
COMPUTED POWER CAPABILITY

Filter Filter Filter Filter
Parameter 1 2 3 4

fo (MHz) 1283 1294 1299 1302
Af (MHz) 5 4 3 1.6
Q = fo/Af 256 323 433 810
Insertion Loss (dB) 1.5 1.6 2.4 3.8
Transmitter Pulse 
Risetime t, at Filter 
Output 10% - 90% (ns)

110 220 330 430

Computed RF Power 
Handling Capability 
(kW)

25 50 75 100

PEAK POWER EXPERIMENTS
Equation 3 indicates that the 

peak power capability of the shunt- 
mounted PIN diode lim ite rcan  be 
greatly enhanced by using large 
values of tr/td. An experim ent was 
designed to evaluate th is effect. A 
series of high pow erfilters, shown 
in Figure 5a, were designed to 
increase the leading edge rise of a 
100 kW pulse in approxim ately 
100 ns steps. The experim ental 
results, measured in the test of 
Figure 5b, are shown in Table I. 
The predicted peak power han- 
d ling capability is also shown. 
The magnetron generated a 150 
kW/2.8 ps/300 pps pulse with a 
risetime of 30 ns at 1.3 GHz.

The diode turn-on tim e td is 
defined as the elapsed time be­
tween the leading edge of an ex- 
ternally applied bias pulse and 
the point at which the RF dynam ic 
attenuation reaches 10 dB. For 
this experiment the GaAs biasing 
diode was removed from  the c ir­
cuit. Three PIN diodes with I- 
region widths of w = 50, 70, and 
100pm were selected and the bias 
drive pulse, with a leading edge 
rise of 1 ns, was applied. For this 
test a simple shunt-m ounted sin­
gle PIN was used with small CW 
Signal levelsat 1.3 GHz. The results 
showed td = 70, 80, and 350 ns fo r 
the 50, 70, and 100pm  PIN diodes 
respectively.

The 800 volt, 70 pm  PIN diode 
was selected for the high power 
experiment because a td = 80 ns 
and t, = 430 ns gave a predicted 
result, using Equation 3, of the 
required peak power hand ling  
capability (100 kW). Four 70-pm
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Fig. 6 Quadrodiode mount.

PIN diodes were embedded in a 
coaxial lim iter as shown in Figure 
6, and high power tests were con­
ducted. The experimental results, 
depicted in Figure 7, show that 
the spike leakage decreases with 
increasing risetime. This is as ex- 
pected since a fin ite  time is re­
quired to fill the l-region with 
charge*. T h is fin itede lay  in diode 
impedance state change allows 
leading edge power to be trans- 
m itted to the load. A slow risetime 
on the transm itter pulse provides 
tim e for the l-region to fill w ith 
charge so that the significant drop 
in diode impedance occurs before 
a substantial rise in applied RF 
voltage. As noted above, the ef­
fects of conductiv ity modulation 
is that the diode impedance re- 
mains approximately equal for the 
positive and negative swings of 
the RF line voltage. Thus the diode 
in the reverse voltage d irection 
ca nn o t develop the fu ll pulse 
source voltage, which explains 
w hya  V Bb = 800 volt PIN diode can 
contro l an incident RF voltage 
pulse o fV p = 2650 volts peak (100 
kW).

*T h is  is analogous to a microwave-ac- 
tivated pulsed gaseous plasma where a 
finite formative time lag exists until elec- 
tron velocities reach the critical value to 
avalanche. After avalanche the discharge 
cannot support an electric field and the 
transmitted power at the load is greatly 
attenuated. This formative time lag gives 
rise to the familiar spike leakage output.

Figure 7 shows the 1 dB recov­
ery time for the above experiment. 
Note the decreasing recovery peri­
od w ith increasing transm itte r 
pulse risetime. This is due to the 
increasing charging rate as rise­
time decreases. The greater the 
area underthe line voltage pulse, 
the larger is the final charge con- 
centration or plasma density in 
the l-reg iona tthepo in t wherethe 
pulse term inates. If the diode 
reached equilibrium charge con- 
centration levels prior to the pulse 
terminating, then the recovery time 
would be independent of risetime. 
In Figure 7 the data shows that the 
amount of charge to be depleted 
at the initial point of recovery (the 
po in t where source excita tion  
ceases) decreases with increas­
ing risetime, clearly indicating that 
equilibrium concentrations have 
not been reached.

The peak power capab ility , 
which was expected to increase 
with longer risetimes, did not oc- 
cur up to the power lim itations of 
the variable risetime testset. Oper­
ation using 30 ns risetime, 3,us/100 
kW transmitter pulses was satis- 
factory. We did not observe any 
signs of PIN diode degradation of 
RF burnout, as evidenced by small- 
signal zero-bias insertion loss tests 
made after each high power meas­
urement. V-l diode measurements 
made on a characteristic curve

94

Fig. 7 Test data for quadrodiode limiter 
with incident pulse risetime as a 

parameter.

tracer showed negligible change. 
A satisfactory explanation for this 
has not been found. Apparently in 
the 30 ns risetime test the PIN 
diode is changed fast enough to 
keep the RF voltage from rising 
substantially above 800 volts. It is 
suggested that, if this were not so, 
an increase in mount cold loss 
would have been measured, since 
this test is a sensitive microwave 
indication of diode deterioration.

HIGH POWER DATA OF 
QUADRODIODE LIMITER

A high power test with a 30 ns 
risetime pulse was performed with 
four 70/im  PIN diodes using a 2.6 
/js pulse at 300 pps repetition rate 
into a matched (VSWR<1.1) load. 
Figure 8 shows the spike leakage, 
recovery time, biasing current out­
put, and PIN diode voltage drop 
for the 100 kW level. Figure 9 
depicts the high power test data 
fo r the quadrodiode lim ite r at 
power levels varying from 10 kW 
to 100 kW. The maximum spike 
leakage is 2.8 kW/65 ns; the max­
imum flat leakage is 32 watts. It 
was observed that the spike leak­
age at high power levels (>50 kW 
peak) for 110 ns and 30 ns rise­
times were lower than those for 
slower-risetime (440, 330, 220 ns) 
input pulses. This may be due to 
the fast rising (10 ns risetime) 

[Continued on page 96] 
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[From page 94] L-BAND

Fig. 8 100 kW Data for quadrodiode limiter using self-biasing detector diodes.

I

Fig. 9 Quadrodiode test results.

high amplitude charge injection 
(350 mA) from  GaAs biasing 
diodes driving the PIN diodes into 
conduction much taster than the 
risetime of the incident RF pulse, 
and therefore resulting in lower 
spike levels. It is anticipated that a 
relatively low power varactor diode 
limiter cascaded behind the quad­
rodiode stage can reduce the RF 
leakage levels to values compati-

96

ble with the requirements of FET 
low noise amplifiers. The 1 dB 
and 3 dB recovery times, as meas­
ured against a reference point of 1 
percent of the tra iling edge peak 
power of the incident pulse, have 
worst-case values of 17 and 15/us, 
respectively. It is feit that a de- 
crease in the value of the 330 ohm 
discharge resistor would substan- 
tia lly decrease recovery time at

Fig. 10 Westinghouse W D-367 coaxial 
limiter.

the expense of bleeding the bias 
current away from the PIN diodes, 
which would fu rthe r increase the 
spike and flat leakage values. The 
maximum video ou tpu t from  the 
GaAs varactor d iode was approx i- 
mately 360 mA at 100 kW. The 
decoupled RF voltage at the bias­
ing diodes input side was 158 
volts peak (250 watts). The low 
level insertion loss o f the quadro­
diode lim iter was measured to be 
0.5 dB maximum after a 100 kW 
test run of 4 hours.

A photograph of the p ro to type  
unit w ith a7/8 inch EIA male con­
nector at the input and a fem ale 
N-type connector at the o u tp u t is 
shown in Figure 10.

APPLICATIONS
The L-band pow er lim ite r d is- 

cussed above was designed to 
operate in front of a low -pow er 
multiple-stage varactor lim iter that 
would reduce spike and fla t leak- 
ages of 2.8 kW and 32 w atts pk 
respectively to levels low  enough 
that FET or b ipo la r low  noise 
am p lifie rs  are adequa te ly  p ro - 
tected from burnout or gain-re- 
covery phenomena. The device 
was designed fo r use in L-band 
high power surface radars.

CONCLUSIONS
A single-stage, m ultip le-d iode, 

100 kW solid-state coaxial quasi- 
active lim iter fo r the 1250 to 1350 
MHz band has been dem onstrated 
using four70-/um PIN diodes. The 
wide-l-region diodes have a longer 
turn-on time, and therefore the 
power handling capab ility  may be 
restricted fo r fast risetim e trans- 
mitters. Consequently, transm it­
ter engineers should furn ish  the 
risetime of the high power pulse 
to designers of lim iters or receiver

MICROWAVE JOURNAL



TABLE II

SUMMARY OF HIGH POWER LIMITER RESULTS

Parameter Brown* 1 Maddix4 Data

Frequency (MHz) 225 450 450 1300
Peak Power (kW) 150 1000 300 100
Average Power (kW) 10 2 5 0.1
Pulsewidth (/vs) 200 4 60 3
Number of Diodes in 
Plane 16 31 4 4
Insertion Loss (dB) 2 3.5 0.75 0.5
l-Region Width (/vm) 25 12 50 70

protectors to optim ally relate V Bb 
to peak RF power handling capa­
bility. The spike leakage and rec­
overy time characteristics showed 
distinct dependence on the ratio 
of the input pulse risetime to the 
diode turn-on time. A lthough the 
number of diodes was determined 
from  the the rm a l d iss ip a tio n  
model, the PIN diode parameters 
were determined on the basis of 
the reverse breakdown voltage, 
pulse risetime model. The com- 
puter-a ided design procedure 
proved very useful in selecting 
the PIN diodes for the desired 
small-signal microwave perform­
ance parameters of insertion loss, 
input VSWR, and isolation.

The use of 450 volt, 0.5 amp, 1.3 
pF GaAs varactor diodes as recti- 
fying devices to provide an effi­
ciënt and fast-acting bias to the 
PIN diodes was considered to be 
very important in high peak power 
Operation. We also observed that 
the reverse breakdown voltage 
model discussed here, which ac- 
countsforvariationsin input pulse 
risetime and diode turn-on time, 
did not significantly affect the 
power handling capability of the 
lim iter up to the 100 kW level. The 
reason for this has not been ascer- 
tained. A comparison of the results 
reported here with sim ilar work 
reported by other investigators is 
shown in Table II.
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COVER STORY

integrated Marisat RF 
Up/Downiink Subsystem

AVANTEK, INC.

INTRO DUCTION
W hether tra ck in g  tanker or 

cargo movement, transm itting oil 
d rilling  or geophysical data or 
sim ply providing worldwide voice

connections, the Marisat satellite 
term inal hasbroughttheshipping 
industry into the space age of tele- 
communications. Three geostation- 
ary satellites equatorially placed 
over the A tlan tic , Pacific and 
Indian Oceans provide2-way ship- 
to-shore Communications wher-

ever a vessel or drilling platform 
might be located. Many Systems 
have been installed, some have 
been operating for 5 years, and 
many more are planned for instal- 
lation in the 1980’s.

The satellite system transmits 
and receives voice, telex, data

Fig. 1 Block diagram of the Avantek integrated Marisat uplink/downlink RF Subsystem.

98

[Continued on page 100] 
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double
balanced

mixers
hi level (+17 dBm LO)

and facsimile at L-band for ship- 
to -sa te llite  and at C-band fo r 
ground-to-satellite. The 8.5 MHz 
bandwidth is divided into Chan­
nels which are nom inally 25 KHz 
wide, and carry s ing le-carrie r- 
per-channel (S.C.P.C.) voice or 2 
phase C.P.S.K. data modulation 
schemes. Medium speed (kbits/ 
sec) data rates typical ly require 
an effective radiated power of 
+37.0 dBW which, with a 4-foot 
parabolic antenna, requires a 
+43.5 dBm (22.4 watt) amplifier. 
Thesatellitesignal E.I.R.P. is -150 
dBWmax. requiringa1.2dBnoise 
figure receive amplifier. The trans­
mit and receive frequency bands 
are only 101.5 MHz apart and a 
high degree of isolation between 
these channels is required to avoid 
interference.

[From page 98 ] MARISAT RF

5 to 1000 MHz
only $3195 (5-24)

AVAILABLE IN STOCK FOR 
IMMEDIATE DELIVERY

• ultra low distortion
1 dB compression at +15 dBm

• guaranteed 2 tone, 3rd order 
intermod 55 dB down at each 
tone 0 dBm

• micro-miniature, 0.5 x 0.23 in. 
pc area

• flat pack or plug-in mounting
• low conversion loss, 6 dB

TFM-2H SPECIFICATIONS

FREQUENCY RANGE, (MHz)
LO, RF 5-1000
IF DC-1000
CONVERSION LOSS, dB TYP. MAX.
One octave from band edge 6.2 7.0
Total range 7.0 10.0
ISOLATION, dB TYP. MIN.

LO-RF 50 45
LO-IF 45 40
LO-RF 40 30
LO-IF 35 25
LO-RF 30 20
LO-IF 25 17

SIGNAL 1 dB Compression level +14 dBm min

“For Mini Circuit! sale* and diatrlbutors listlng see page 75."

Unding new w ays... 
setting higher Standards

O M in i-C irc u its
A Division of Scientific Components Corporation

World's largest manufacturer of Double Balanced Mixers
2625 E. 14th St. B'klyn, N.V. 11235 (212) 769-0200

INTEGRATED SUBSYSTEM
Avantek’s integrated RF ampli- 

fierassembly generates the trans­
mit signal and handles the receive 
signal and connects via a single 
cable to the antenna. It provides 
150 dB of isolation between the 
transmit power amplifier and the 
receive low noise am plifier and 
provides transm itter IF-RF up- 
conversion and receiver RF-IF 
downconversion in an antenna- 
mounted integrated assembly. The 
Subsystem, shown in Figure 1, 
consistsof fourfunctional groups: 
receiver pream plifier, diplexer, 
transmitter poweramplifier, and a 
frequency translator. The transla- 
tor includes a local oscillator fre­
quency multiplier, a receiver RF- 
IF downconverter and an IF-RF 
upconverter.

The diplexer consists of two 
cavity filters, one tuned to the 
receiver RF band (1535-1543.5 
MHz), and the other tuned to the 
transmitter RF band (1636.5-1645 
MHz). The filters are combined at 
the antenna port through a re- 
sonant d ip lexer printed c ircu it 
board which provides in excess of 
20 dB of isolation at each filte r 
port and more than 60 dB of rejec- 
tion at the band edge of the other 
filter.

The RF receiver section con­
sists of a balanced 1.2 dB noise 
figure, high gain GaAs FET pre- 
amplifierfollowed by anothercav­
ity filtertuned to the  receive band. 
The 0.8 dB insertion loss of the

82-3 REV ORIG
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receiver diplexer cavity filte r and 
the 1.2 dB noise figure of the 
preamplifier result in a system 
noise figure of 2.0 dB.

The local oscillator frequency 
m ultip lier takes a low frequency 
phase-locked external oscilla tor 
signal and multiplies it to gener- 
a tea functiona l 1460 MHz LO Sig­
nal which is then sp lit into two +7 
dBm Signals fo r use in the upcon- 
version and the downconversion 
sections. Th is L O -ge n e ra tio n  
section must accept a 16 dB range 
external oscillator input and pro- 
duce a constant level 1460 MHz 
LO signal to assure consistent 
conversion loss characteristics of 
the upconverter and dow ncon­
verter mixers. The use of a narrow 
band 1460 MHz bandpass filte r 
assures high rejection of the oscil­
lator input signal and its other 
multiplication products.

The downconverter is comprised 
of a double-balanced mixer, two 
low pass filters and two stages of 
IF gain. The use of a double- 
balanced mixer provides high iso­
lation between LO, RF and IF 
ports and high rejection of even- 
order harmonies. The low pass f i l­
ter at the IF port of the mixer 
rejects any residual external oscil­
lator signal, its undesirable m ulti­
plication products and any 1460 
MHz LO signal appearing at the IF 
port of the mixer. The filte r assures 
thatanyspurious products gener- 
ated by the am plification of the IF 
signal will be below the noise 
floor. A second low pass filte r is 
used at the output of the down­
converter to reject any out-o f- 
band mixing products that might 
beamplified by the IF gain stages.

The upconverter consists of a 
double-balanced mixer, several 
gain stages, a filte r and a lim iter. 
The transm itter IF input has an 
input power range of 15 dB which 
requ ires  lim it in g  c ir c u it r y  to  
generate a constant RF input sig­
nal drive to the power amplifier. 
The upconversion filte r centered 
at the transm itter RF band is a 
m icrostrip hairpin filte r. It rejects 
undesired m ultip lication products 
leaking through the mixer and 
limits the noise pow ertransm itted 
within the receiver RF band. Exces- 
sive noise power at the transm it 
port of the diplexer ( n T R A N s . )  com- 

[Continued on page 104 
MICROWAVE JOURNA



electronic
attenuator/

switches

1 to 200 MHz
only $2895 <5 24)

AVAILABLE IN STOCK FOR 
IMMEDIATE DELIVERY

• miniature 0.4 x 0.8 x 0.4 in.
• hi on/off ratio, 50 dB
• low insertion loss, 1.5 dB
• hi-reliability, HTRB diodes
• low distortion, +40 dBm 

intercept point
• NSN 5985-01-067-3035

PAS-3 SPECIFICATIONS

FREQUENCY RANGE, (MHz) 
INPUT 1-200 
CONTROL DC-0.05
I M Q F R T I D M  1 r l R TYP

1.4
MAX.
2.0

I I M O O n  1 / U ' / V  L U O u ,  C7D

one octave from band edge
total range 1.6 2.5
ISOLATION, dB TYP. MIN.
1-10 MHz IN-OUT 65 50

IN-CON 35 25
10-100 MHz IN-OUT 45 35

IN-CON 25 15
100-200 MHz IN-OUT 35 25

IN-CON 20 10

IMPEDANCE 50 ohms

For complete specifications and performance 
curves refer to the 1980-1981 Microwaves Product 
Data Directory, the Goldbook or EEM.

'Tor Mini Circuits sales and distributors llsttng see page 75.”

finding new ways. . .  
setting higher Standards

O M in i-C irc u its
A Division ot Scientific Components Corporation 

World's largest manufacturer of Double Balanced Mixers
2625 E. 14th St. B’klyn, N.Y. 11235(212) 769-0200

bines with the broadband noise in 
the receiver (nREc.) increases the 
system noise during transmission 
in accordance with the relation- 
ship:

[From page 100) MARISAT RF

n -Vn2REc + n2jRANs.

The power am plifie r is housed 
in an alum inum case separate 
from the LN A/d ip lexer/transla tor 
housing. The am p lifie r has an 
input dass A stage followed by 
two single-ended dass C stages. 
A final balanced dass C stage and 
a high power iso lator provide an 
RF output power of +44.3 dBm. 
The power am plifier nom inally re- 
quires 81 VA and delivers 22.4 
watts over a tem perature range of 
-40°C to +70°C fo r an effic iency 
of 28%. The am plifie r includes an 
EIA Standard RS — 422 com pati­
ble control module, which m oni­
tors the RF output power for fa il- 
ure annunciation and turns the 
RF power on and off.

Fig. 2 Latest design Marisat uplink/down- 
link RF subsystem.

The current generation of the 
subsystem integrates the uplink 
and downlink amplifiers into the 
package shown on the cover. This 
unit is now in Operation world- 
wide and has provided reliable 
voice and data Communications 
in a variety of environments for 
several years. The latest gener­
ation (Figure 2) integrates the 
translator into the package and 
uses a heat sink rather than heat 
fins for thermal dissipation.

Asthesatellitegainsacceptance 
as an efficiënt, reliable and cost- 
effective form of marine Communi­
cations, use of the Marisat type of 
terminal will proliferate to many 
commercial vessels and platforms 
in the years to come ■
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Microwave
Products

C om ponents
3.7-4.2 GHz POWER DIVIDERS

Power dividers in 2-way, 4-way and 8-way 
designs operate in the 3.7-4.2 GHz band 
and are intended for TVRO, MATV and 
CATV applications. Power loss is typically 
0.25 dB. Omni Spectra, Inc., Merrimack, 
NH John Callahan (603) 424-4111.

Circle 181.

50 Ohm TERMINATIONS
Model CT-53-BNC or SM A/M  are 50 ohm 
coaxial BNC and SMA terminations cover­
ing the frequency range of DC to 4 GHz 
with a maximum SWR of 1.3. Dissipation is 
0.5W CW, 1 KW peakoverthetem perature  
range of -25 to +85° C. Connectors are 
silver, gold or nickel plated female or male 
connectors. Price: $6 .18each in 100quan- 
tity. Delivery: stock to 30days ARO. Elcom  
Systems Inc., Boca Raton, FL. Leonard 
Pollachek (305) 994-1774.

Circle 131.

2.9- 3.1 GHz
VARIABLE ATTENUATOR
Model 4813-10A miniature variable atten­
uator operates over the frequency range 
of 2.9 to 3.1 GHz. It has an attenuation 
range of 10 dB, and an attenuation vs fre­
quency specification of better than ±0.5  
dB. SWR is 1.5 maximum and the unit has 
a 0.5 dB insertion loss. The unit is availa­
ble in a panel mount configuration, turns 
counting dial configuration or with a micro­
meter control. The unit measures 2 x 114 x 
xh  inches, and the Standard control mech- 
anism is a multi-turn screwdriver shaft 
with lock nut. ARRA, Inc., Bay Shore NY. 
Mike Geraci (516) 231-8400.

Circle 135.
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