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ABSTRACT 

The launch of the joint Canada/U.S. CTS/Herntes 
satellite onVanuary 17, 1976 made available an experimen-
tal satellite designed to operate at effective isotropic 
radiated power levels at least 10 times greater than those of 
previous communications satellites. Using Hermes, the 
concept of broadcasting television by satellite directly to 
small inexpensive groutzd terminais has been denzonstrated 
to be technically feasible. • 

Present television. transmissions via satellite are in-
fended for reception by large, high quality, high reliability 
ground terminals from which the signal is distributed to 
the end users via terrestrial means. Unlike these, direct-to-
home or community head-end receivers may be much 
simpler. 

This paper presents the results of an evaluation Of a 
number of small TV receive-only (TVRO) earth terminals 
which were designed specifically for direct-to-home broad, 
cast reception. The technologyj  could be applied equally 
well to community or cable head-end TV reception. The 
terminals tested included those . made available to the 
Department of Communications by foreign organizations 
as well as a terminal developed in-house in DOC's Space 
Technology and Applications Branch. The tests were con-
ducted to confirm the satellite link performance and 
available margins as well as to analyze the baseband signal 
performance. 
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1.0 INTRODUCTION 
Following the launch on January 17, 1976, o f the 

joint Canada / U.S, Hermes experimental Communications 
Technology Satellite (CTS), an opportunity existed to test 
several new concepts in satellite communications. Among 
these concepts, the satellite transponder design offered the 
possibility àf evaluating a satellite as a vehicle for televi-
sion broadcasting, either direct-to-home or to cable head-
ends. This paper describes some evaluations made at the 
Communications Research Centre (CRC) of the Depart-
ment of Communications (DOC) in Ottawa of TV broad-
casting via satellite, using Hermes and several specially 
designed TVRO ground terminals. • 

Figure 1 
CTS/Hermes Satellite on Station 
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Receive Band 1 RI31 
Receive Band 2 RB2 
Transmit Band 1 TBI 
Transmit Band 2 TB2 
Polarization 
Saturating Flux Density 
(RBI) 
Saturating Flux Density 
(R132) 
EIRPTBI 
EIRP TB2 
System Noise Temperature 
Gain Flatness 
(not including 200W TWT) *0.75 dB over centre 68 MHz 

*1.0 dB over 85 MHz 
(RBI to TBI) 
± 1.25 dB over 85 MHz 
(RB2 to TB2) 

14.205-14.290 GHz 
14.010-14.095 GHz 
12.038-12.123 GHz 
11.843-11.928 GHz 
Linear, orthogonal 

-91.4 dBw / m 2  

-88.1 dl3w /m 2  
59.5 (113w 
48.4 dBw 
1349°K 

001VN LINK TIM TO/ 
120W1 12003V1 

The Hermes satellite was launched into a geosta-
tionary satellite orbit at 116° west longitude. For com-
munications purposes, it has two fully gimballed SHF 
parabolic antennas with 3 dB beamwidths of 2.5°. Two 85 
MHz bandwidth RF channels are provided. For one of the 
channels, a traveling wave tube (TWT) with a nominal out-
put power of 200 watts provides a total effective isotropic 
radiated power of 59.5 dBw; almost a million watts and at 
least 10 times that of previous communications satellites. 
The second channel employs a 20 W TWT. Figure 1 shows 
the Hermes satellite with the solar sails extended. The solar 
sails are approximately 16.5 metres (54 feet) from tip to 
tip. They provided approximately 1300 watts of prime 
power to the spacecraft at beginning of life. 
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Figure 2 
SIIF Transponder and Frequency Plan 

Figure 2 shows a simplified block diagram of the 
SHF transponder and the satellite frequency plan. Some 
technical specifications for the satellite are given in Table 
1 1 . 

Table I 
Transponder Specifications 
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The small 12 GHz TVRO each terminals were 

evaluated at CRC at Shirley Bay near Ottawa. The ter-
minals included units provided by several foreign organiza-
tions as well as a terminal developed in-house. Table 2 lists 
the terminals tested. 

Country Organization Antenna Diameter 

Canada CRC 120 cm 
Japan Hitachi N/A* 
Japan Mitsubishi NIA* 
Japan OKI 160 cm 
Japan Sumitomo N/A* 
Japan Sony N/A* 
England Mullard 160 cm 
Netherlands Philips 160 cm 

'The tests on these terminals were conducted as bench tests only as the 
antennas were not available. 

Table 2 
TV RO Terminals Fested 

As illustrated in Figure 3, the terminals are typically 
composed of four units: an antenna, an outdoor down-
converter/amplifier unit, an inter-connecting cable, and an 
indoor unit. Of the terminals tested, the antenna diameters 
were between 120 and 160 centimeters. Several different 

84SeeeN0 
OUTPUT 

Figure 3 
Block Diagram of a T)pical TV RO Terminal 

feed arrangements were employed on the antennas. Shown 
in Figure 4, are the Philips, Mullard, OKI and CRC ter-
minals. In all cases, the outdoor unit consisted of a low 
noise image-enhanced mixer followed by an amplifier that 
down-converted and amplified the signal at a first IF which 

Figure 4 
Four TVRO Terminals tested: Philips, Mullard, OKI and CRC 
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Frequencies Signal 
1st IF 
2nd IF 

Polarization 
Antenna Diameter 
Antenna Gain 
Noise Temperature 
G/T 
Noise Bandwidth 
Differential Phase 
Differential Gain 
Video Signal-to-Noise Ratio 
Audio Signal-to-Noise Ratio 

12.038-12.123 GHz 
1.200 GHz 
70.0 ± .2 MHz 
Linear 
1.20 metres 
41.5 dB 
1000°K 
11.5 dB/ °K (beam centre) 
23 MHz 
< 4° 
< 15% 
> 39 dB at threshold 
> 45 dB at threshold 

was 'between' 300 and 1200 MHz, depending on the ter-
minal. The CRC, Philips and Mullard terminals had a fur-
ther down-conversion to 70 and 120 MHz, respectively, 
allowing frequency agility and improved image rejection. 

• The FM signal was demodulated by the indoor unit 
and, for some of the terminals, AM remodulated to either 
a UHF or VHF signal and applied directly to a standard 
color TV set. Figure 5 shows the Philips indoor and out-
door units placed on top of a standard color TV set. Base-
band outputs were available on ail  units and were used 
routinely in the video performance evaluation. 

Figure 5 
Philips Outdoor and Indoor Unils with a Standard Color TV 

à 
All of the units tested had low noise image-enhanced 

mixers using a variety of circuit construction techniques. 
These mixers hold promise of being more cost-effective 
while providing suitable low noise figures. This is one of 
the keys to the development of economical TVRO ter-
minals, since previous designs of ground terminals re-
quired expensive RF preamplifiers, such as parametric 
amplifiers or tunnel diode amplifiers, followed by a mixer. 
The image-enhanced mixer/amplifier arrangement pro-
vides a noise figure as good as or better than a tunnel diode 
amplifier, and thus, for this application, eliminates the 

Ta hie  3 
larget  System Parameters — CRC Terminal 

need for an RF preamplifier. The target system design 
parameters for the CRC terminal are given in Table P. 

2.0 TEST PROCEDURE 

The test procedure was divided into tvvo categories: 
one was a bench test performed on all of the units shown in 
Table 2 and the second used satellite transmissions 

The terminals were all designed to receive a frequen-
cy modulated TV signal. The audio was FM modulated on-
to a subcarrier located above the video baseband and com-
bined with the video signal. The total baseband signal was 
frequency modulated onto a carrier. 

The video and audio signal characteristics that the 
terminals were required to work with are shown in Table 5. 
originating from a large 9-metre communications control 
terminal located at CRC. The satellite tests were per-
formed on the CRC, Philips, Mullard and OKI terminals 
since antennas were supplied for these units only. The tests 
performed are listed in Table 4. 

Test 
Procedure Test  Performed 

Bench Noise figure measurement 
Bench In band RF-IF gain frequency response 
Bench Image band RF-IF gain frequency 

response 
Bench Carrier-to-noise ratio versus video 

signal-to-noise ratio 
Bench Check for in-band spurious signals 
Satellite Carrier-to-noise ratio versus video 

signal-to-noise ratio 
Satellite Carrier-to-noise ratio versus audio 

signal-to-noise ratio 
Satellite Baseband video waveform distortions 

Table 4 
Tests Performed on the Ground Terminals 

Video Signal Characteristics 

Level 1.0 volt peak to peak 761.6 KHz full loacl 
test-tone 

Deviation 6 MHz peak deviation by full load 
test-tone 

Bandwidth 30 Hz to 4.2 MHz ± 0.7 dB 

Audio Signal Characteristics 

Level + 10 dBm rms full load 1 KHz test-tone 

Deviation 60 KHz peak deviation by full load 
test-tone. Audio subcarrier provided a 
peak deviation of the RF carrier of 
0.99 MHz 

Subcarrier 
Frequency 5.14 MHz 
Bandwidth 70 Hz to 8 KHz ± 1.0 dB 

'Fable 5 
Transmit Signal Characteristics 
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RF-IF and Image Gain-Frequency Response Bench  [est  Equipment 
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Figure 6 
Bench .1 est Equipment Set-up for Noise Figure 

Image Frequency 
Terminal Measured N.F. Centre Band Corrected N.F. 

Mitsubishi 5.90 dB -13 dB 6.11 dB 
Sony 4.28 dB - 8 dB 4.92 dB 
(i)K1 4.29 dB -22 dB 4.32 dB 
Hitachi 6.93 dB -18 dB 7.00 dB 
Sumitomo 5.79 dB — — 
CRC 6.38 dB -14 dB 6.55 dB 

Note: The noise figures for the Philips and Milliard terminals could not 
he measured due tu  the construction of the outdoor unit. For comparison, 
noise figures for these terminals, taken from the specifications supplied 
with the ground terminals, are 8.3 and 7.5 dB respectiNely. 

TvRO 
OUTDOOR 

UNIT 

TvRO 
INDOOR 

UNIT 

NOISE SOURCE 

300 MHz TO 400 MHz 
(1200 MHz FOR CRC TERMINAL) 

LOCAL 
OSCILLATOR 

PRECISION I  
ATTENUATORI 

SPECTRum 
ANALYZER 

70 MHz 
MIXER 300 kHz 

13W 

100 Rif? B. 
10 MHz/ DIV 
10 db/ DIV 
-70 dRrn INPUT 

■ CE 
REsP0 ■ .F. 

100 1.: BM 
10 NW, DR 
10 dB! DI% 

2.1 Hertel; Tests 

2.1.1 Noise Figure Measurement 

The equipment used for noise figure 
measurements is shown in Figure 6 and the 
results obtained are given in Table 6 below. • 
The Y-factor method was used to obtain the 
noise figure for the outdoor unit, and thus 
antenna contributions and atmospheric effects 
were excluded. The second column in Table 6 
shows the measured noise  figure. Due to  the .  
measurement procedure, wideband noise was 
added into the outdoor unit mixer input at the 
image frequency. The noise figure was cor-
rected, column 4, in order to compensate for 
this image noise, column 3. For comparison, 

„other satellite ground terminals employed by 
DOC at these frequencies have system noise 
figures, excluding antenna and atmospheric ef-
fects, of 3.3 dB using a parametric RF 
amplifier or 5.2 dB using a tunnel diode 
amplifier. 

2.1.2 RF-IF Frequency Response 

The equipment for measuring the RF-IF fre- 
quency response is shown in Figure 7. The fre- 

quency generator was first adjusted for typical 
satellite received level from the antenna of -70 
dBm to cover the frequency band 12.0805 GHz 
± 50 MHz, and then readjusted for a sweep 
response for the image band appropriate for 
each terminal at the same input level. The 
results were obtained by photographing a spec-
trum analyzer display. The spectrum analyzer 
settings were not changed between the in-band 
and image frequency responses in order to 
maintain the same calibration. Figure 8 shows 
the photographs of the RF-IF response for the 
CRC terminal. 

Tahle 6 
Noise Figure Nleasurement 

Figure 8 
RF-IF and Image Gain-Frequency Response (CRC  terminal.  Bench) 
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2.1.3 Carrier-to-Noise Ratio vs. Video Signal-to-
Noise Ratio 
The carrier-to-noise ratio (C/N) vs. video 
signal-to-noise ratio (SNRy) test set-up is 
shown in Figure 9. The input to the outdoor 
unit was set nominally for -70 dBm at 12.0805 
GHz. 

VARIABLE 
ATTENUATOR 

TVRO 
OUTDOOR' 

UNIT 

TVRO 
IN 000  

UNIT 

RMS I 
VOLTMETER', 

Figure 9 

Carrier-to-Noise Ratio vs. Signal-to-Noise Ratio Bench Test Equipment 
Set-up 

The variable attenuator was then adjusted to 
give an input level from -70 to -90 dBm. The 
carrier-to- noise ratio was measured on the 
spectrum analyzer in a 30 KHz bandwidth and 

. calculated to give the appropriate value in the 
specified receiver IF noise bandwidth. 
The corrected Cd•1 was then calculated using 
the following equation: 

1.2  x 30 x 103  C/ N, C/ N3. NH , - 1.2 + 10 log 
BW 

where:13W is the IF noise bandwidth of each 
• particular receiver, Hz, 

The 7 1.2 dB figure Originated from 
measuring the C/N 1;vith a power meter 
in a known RF bandwidth and relating 

• that number to a C/N in à 30 KHz 
• bandwidth on a spectrum analyzer, thus 

calibrating the spectrum analyzer for 
continued measurements. - 
The second factor of 1.2 is require d .  to 
correct the spectrum analyzer band- 

. width setting to reflect the true noise 
bandwidth. 

• 
Using the following Equation '2, the • video 
signal (excluding the sync. tip) to weighted 
RMS noise ratio, SNR,,  vas  calculated. A 
typical curve and the resulting thresholds for 
the four of the terminals are shown in Figure 
.10. • 

• Figure IC) 
Carrier-to-Noise Ratio vs. Video-Signal-to-Noise Ratio  (OK!  Terminal, 

Bench) 

2.2 Satellite Tests 
Four terminals were tested via the Hermes satellite: 

OKI, CRC, Philips and Mullard. Of these, only the CRC 
terminal had an accessible output following the band 
limiting IF pre-detection filter. Carrier-to-noise ratio was 
measured in the 30 KHz bandwidtli setting of the spectrum 
analyzer by coupling a portion of the signal from the cable 
interconnecting the indoor and outdoor units. For the 
CRC terminal, the C/N ratio was measured at the output 
of the 70 MHz IF bandpass filter with a power meter thus 
providing a calibration factor for the spectrum analyzer. 
This calibration factor was then used for the remaining ter-
minals, correcting for any differences in quoted IF noise 
bandwidths. Any lack of accuracy in quoted noise band-
widths would, of course, directly affect the accuracy of 
these measurements. 

These measurements were difficult to control since 
the up-linking terminal vas  located approximately 1-1/2 
miles from the receive terminals and all co-ordination 
during the C/ N ratio vs.  satellite transmitted power level 
measurements had to be conducted by telephone. In addi-
tion, the measurements on the four terminals were not con-• 
ducted simultaneously. They ,  were, however, conducted 
consecutively during the same session so that all operating 
conditions (weather, pointing errors of spacecraft antenna, 
etc.) were similar such that a good relative comparison be-
tween terminals could be achieved. 

The up-linking terminal used for these tests was a 
highly calibrated and instrumented 9-metre SHF ground 
terminal located at CRC. This terminal is routinely used as 
the primary operations terminal for Canadian Hermes 
SHF communications experiments. 

The satellite systems test set-up is as shown in Figure 
11. Prior to performing any of the tests the pointing angles 
of the terminals, the 9-metre and the small TVRO ter-
minals, were properly aligned with the satellite and the full 
load test-tone deviations of the video and audio carriers 
were checked. 

SPECTRUM 
ANALYZER 

Eqn. 1 



C/N 
• d8 

SUR, 
dB 

18.7 47.7 
17.2 46.1 
15.7 44.9 
14.2 43.9 
13.2 43.0 
12.2 42.0 
11.2 41.3 
10.7 39.6 
9.2 30.3 
8.2 35.7 
7.2 32.9 
6.2 29.9 
5.2 26.6 
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Figure 11 
Satellite Test Equipment Set-up • 

2.2.1 Carrier-to-Noise Ratio vs. Video Signal-to-
Noise Ratio 

The test procedure is similar to that for the 
bench test. In Equation 2, the one volt peak-to-
peak was changed to the actual test-tone out-
put voltage. This is necessary because of the 
varying deviation sensitivities of the terminals. 
Figure 12 shows the results of the CRC ter-
minal and the resulting thresholds of all four 
terminals. 

TERMINAL THRESHOLD 

MOLLARD 11.2 d8 
OKI 9.4 dB 
CRC 8.9 dB 
PHILIPS 8.4 dB 

• THRESHOLD IS DEFINED AS THE 1 do POINI 
BELOW LOUR EXTRAPOLATION OF SNR VS ,  C/N. 

SS 

29-1 

I I I 
12 16 20 

C/N IdO1 

Figure 12 
Carrier-to-Noise Ratio vs. Video Signal-to-Noise Ratio (CRC Terminal, 

Satellite) • 

2.2.2 Carrier-to-Noise Ratio vs. Audio Signal-to-
. Noise Ratio Test Procedure 

An audio test-tone level of + 10 dBm at 1 KHz 
was transmitted from the 9-metre terminal and 
the receive level was measured at the small  ter- 
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e 16 
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minais. The audio test-tone was removed and 
the noise level was recorded. From these two 
measurements, the audio signal-to-noise ratio 
(SNR4 ) was determined. Figure 13 shows a 
graph of carrier-to-noise ratio vs. the audio 
signal-to-noise ratio for the CRC terminal and 
the resulting thresholds of all four  terminais.  

TERMINAL 

CRC 
041 
11ULLAR3 

• P011175 

THRESHOLD IS  0EF1313 AS THE 1 dl POMT 
5ELOW LINEAR EXTRAPOLATION OF PR VS. C/H. 

20 24 28 

Figure 13 
Carrier-to-Noise Ratio vs. Audio Signal-to-Noise Ratio (CRC Terminal, 

Satellite) 

2.2.3 Video Test Waveforms 

Various video test waveforms were transmitted 
from the 9-metre terminal and photographs 
and measurements were taken of the distor-
tions in the received signal. The results are 
summarized in Table 7. For comparison, the 
COR standards and the design o specifications 
for the 9-metre terminal are also given. 

• 3.0 LINK.CALCULATIONS 

Detailed link calculations were performed to com-
pare theoretical ratios against the actual measured values 
for video and audio signal-to-noise ratios. The following' 
equatiOns were used in the link calculations. 

FIVITV with Subcarriers 

3 100 SNIt v  = 10 log - + 20 log [(2-,/2) + WP- IM  
2 140 

+ 20 log - - 10 log + 
r, N,, 

4 

Eqn. 3 
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r„ 

Afc  - peak carrier 
subcarrier where: 

SNR, 

SNRA  

deviation by a 
(.99 MHz) 

- peak subcarrier deviation by audio 
(60 KHz) 

- audio baseband (10 KHz) 

peak-to-peak video (excluding sync. 
tip) to rms weighted noise ratio 

rms audio test-tone to rms weighted 
noise ratio 

CRC 

.1% 

Ground Terminal 

CTS/Hermes' 
CRC Milliard • OKI Philips . 9 Metre Terminal CCIR 

Differential Gain Ad* 5% 15% 4% 2% :5.5% 13% CBC 
Differential Phase AO* 4 0 10 0 I° • 3.5° s 3° 6.5° Standards' 

Short Time Distortion <2%.. >5% <2% <2% :5 2%  
Chrominance to  Luminance .. 
Delay . 180 ns 160 ns . 40 ns 140 ns « ± 60 ns ±32  ns 
Field Time DiStortion . <5% <5% <5% <2% ± .1% ±1%  
Line Time Distortion <5% ' . <5% <1% <2% ±1.5% ±1%  

*Differential gain and phase for the four terminals was measured at 100% APL. 

Table 7 
A Comparison of Video Baseband Performances 

SNRA  = 10 log -3 + WP IM + 20 log Af, + 20 log Afo 
 4 

Eqn. 4 
C - 30 log fo  - 20 log + - 

No  

- peak video deviation 

- video baseband 

- subcarrier frequency 

(6.0 MHz) 

(4.2 MHz) 

(5.14 MHz) 

Uplink Downlink 

(dB) 
(W, dBw) 
(dB) 
(dB) 
(dB) 
(dB) 
(dB) 
(dB) 
(dB) 
(dBw) 
(K, dBK) 
(dBw) 

RF Channel Bandvvidth 
Ground Transmit Power' 
Transmit Line Loss 
Ground Antenna Gain 
Antenna Pointing Loss 
Free-Space Loss 
Satellite Antenna Gain 
Atmospheric Attn. 
Antenna Off-Axis Loss 
Received Carrier Level 
Satellite System Temp. 
Uplink Noise Power 

C/N Uplink 

(MHz) 
(watts,.dBw) 
(dB) ' 
(dB) 
(dB) 
(dB) 
(dB) 
(dB) 
(dB) 
(dBw) • 

.(K, dBK) 
(dB) 
(dB) 

23 ** 
17.86, 12.52 

.15 
59.69 
0.0 

207.3 
38 

• 0.18 
0.0 

-97.42 
1349, 31.3 

-123.7 
26.3 

Gain 
Sat. Transmit Power 
Output Filter Loss 
Sat. Antenna Gain 
Antenna Off-Axis Loss 
Free-Space Loss 
Atmospheric Attn. 
Ground Ant. Gain . 
Antenna Pointing Loss 
Received Carrier Level 
Ground System Temp.* 
Downlink Noise Power 

C/N Downlink 

120.7 
232, 23.65 

.75 
36.7 
0.0 

205.9 
.14 

41.2** 
.2 

-105.44 
1020, 30.1 

-124.9 
19.46 

• 

G/T = 11.11 dB/K 

C/Ni„, = 18.64 dB 

SNIt v = 49.2 dB 

SNRA = 53.0 dB 

* Measured value, as per Table 6. Sky noise and antenna noise contributions, for which no hard data is available, were assumed negligible. 

** Measured results. 

Figure 14 
Satellite Link Calculations (CRC Terminal) 
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(1) 

(video plus 
(5.14 MHz) 

numbèr of subcarriers 

fb - total baseband 
subcarriers) 

WP - weighting and de-emphasis factor 
(Video 12.8 dB, Audio 2.8 dB) 

IM - implementation loss (for non-ideal 
demodulator, degradation due to 
oscillator phase noise and inter-
modulation noise for narrow band 
signals (Assumed 1 dB)). 

C/N„ - carrier-to-noise density ratio 

BW  s  - receiver bandwidth filter (23 MHz 
for CRC terminal and 25 MHz for 
all others) 

As an example, the detailed link calculations for the 
CRC terminal are shown in Figure 14. The values chosen 
for the various parameters are derived from measurements 
taken during these tests, estimates of pointing losses used 
in satellite check-out calculations, and actual pre-launch 
and in-orbit measurements. 

The comparison between the theoretical and 
measured SNR,, SNRA  and C/N is shown in Table 8. For 
this table, the calculations and measurements are based on 
a saturated transponder. 

Ground Terminal (dB) 

CRC J OM Mu'lard Philips 

Antenna Diameter Metres 1.2 1.6 1.6 1.6 
Noise Figure dB 6.55 4.32 7.50 8.30 
C/N  (cale.)  dB . . . A 18.6 22.1 19.6 19.1 
C/ N (meas.) dB . • . B 18.7 22.9 20.7 17.2 
SNR,  (cale.  from A) dB 49.2 52.6 50.1 49.6 
SNR,.  (cale.  from B) dB 49.3 53.4 50.9 47.7 
SNR, (meas.) dB 47.7 51.9 50.7 47.3 
SNR,,  (cale.  from A) dB 53.0 56.9 54.3 53.8 
SNR,,  (cale.  frotn B) dB 53.1 57.7 55.1 52.0 
5NR,, (meas.) d13 453 56.3 51.8 31.8 

Table 8 
Measured and Calculated Link  Analyses  

From Table 8 and the figures of the C/N vs SNR typical propagation 
margins of 10 to 12 dB arc realized. 

4.0 CONCLUSION 
For specific applications, it has been demonstrated 

that small and potentially inexpensive ground terminals 
. can be designed to provide television reception directly 
from a satellite with adequate allowance for significant  

propagation margin. Signal qualities were shown to be 
subjectively adequate. All terminals were developmental 
models though the projected costs to customers are quoted 
to be $260 to $500 each when produced in large 
quantities 4 . 5 . 

To date, these terminals have been assembled and 
used at several locations in Canada such as Ottawa, CBC 
Headquarters in Montreal, Ottawa and Toronto and loca-
tions in Vancouver, Regina, Winnipeg and Quebec. The 
terminals have been used indoors behind windows and out-
doors at various temperatures ranging from + 35°C to 
-35°C. They are easily set-up in less than two hours, and in 
most cases the smaller terminals can be erected by a single 
person. 

The 11.7-12.2 GHz frequency band is at present 
reserved in Canada for Fixed and Broadcast Service 
without a power flux density limit. Using the 11.7-12.2 
GHz frequency band, the problem of frequency coordina-
tion with existing terrestrial systems is alleviated allowing 
the terminals to be located in urban areas. This eliminates 
the terrestrial backhaul system commonly associated with 
the 4-6 GHz earth stations now in use. Hence, terminals of 
this type could be installed on roof tops or at cable head-
endS. With direct reception, there are no problems 
associated with ghosting. 

• With advancing state-of-the-art technblogy, noise 
figures continue to improve. Alternatives  to  mixers, such 
as GaAs FET amplifiers, are becoming less expensive. At 
present, noise figures of 3.5-4.0 dB are commercially 
available with GaAs FET amplifiers, and it is quite con-
ceivable that these Could be used in the future with a low 
cost terminal. 
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