A LINEAR TRANSPONDER FOR AMATEUR RADIO SATELLITES
by Dr.K.Meinzer, DJ 4 ZC

The task of this article is to summarize the experience gained with the ballon-
carried ARTOB and OSCAR satellite transponders and to indicate the state of
the art using the 70 cm/2 m OSCAR 7 satellite transponder as an example.

1. 3YSTEM CONSIDERATIONS

Transponders are required for telecommunication satellites that receive signals
from the ground stations and retransmit these on a different frequency after
providing the required amount of gain. Whereas with FM-repeaters only one
station can ovperate al a time, lelecommunicalivns and amaleur satellites are
designed to allow a large number of stations to operate simultaneously via the
satellite,

This is achieved by amplifying a complcte frequeney segment in a linear man-
ner and transposing it { not demodulating it ) to a new frequency segment. This
allows each user to occupy a small portion of the frequency segment provided
by the transponder,

The commercial telecommunication satellites use a different method to allow
several ground stations to use the satellite simultaneously: Each user is pro-
vided with a time window which means that each of the ground stations is peri-
codically switched to the satellite, Due to the synchronization problems involved
in this method, it is not suitable for use for amateur radio applications, On
the other hand, linear transponders have never been seriously considered for
the commercial satellite services due to the danger of iniermodulation products
and power distribution. The experience gained by radic amateurs using lincar
systems has shown, however, that these problems have been exaggerated and
can be solved. Of course, several conditions must be fulfilled which were firstly
established during the ballon-carried ARTORB program.

The first ballon flights used a linear transponder that received signals in the
lower part of the 2 m band and retransmitted them at the upper end of the band.
The experience gained during the first few flights indicated that the interference
was considerable, and although a large number of stations were heard only re-
latively few contacts were achieved, .
|

The main problem was thal hardly any stations;{cbl!.lld monitor their own trans-
posed signal when single-band transposers were'used. This means that virtually
all transmissions were made '‘blind" and ofted more power was used than re-
quired. This problem was solved subsequently by using two different bands for
transmit and receive, The question was then which frequency band should be
used in which manner, The following technical considerations were made:

The path loss a between two isotropic antenna is:

a (dB) = 22 + 20 x log D/x
D = distance between the antennas
A = wavelength
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This means, for example, that the path loss is approximately 10 dB greater
on the 70 em band than for 2 m. On the other hand, higher antenna gains are
possible on 70 em with the same size of array than would be possible at 2 m.
If this is considered using a parabolic antenna as an example, the following
will be valid for the antenna gain g:

g (dB) 7 + 20 log d/x
d diameter of the antenna

This means that the higher gain of the parabolic antenna at the higher frequency
is just able to compensate for the higher path loss. Since either omni-directional
antennas or antennas with a prescribed beamwidth can be used on the satellite
( gain does not increase with frequency ), this will mean that the pass loss
between the receiver and transmitter will not be frequency-dependent as long
as the increase in path loss is compensated for at the ground station. As was
mentioned in (1) an increase in gain ( on increasing the frequency ) will re-
duce the beamwidth so that such antennas must track the satellite.

If yagi antennas are considered instead of parabolic dishes, it will be found
that it is hardly possible to achieve more than 5 dB more gain on 70 cm than
on 2 m when using a reasonable amount of antennas and tracking system. This
means that the 70 cm path has a disadvantage of approximately 5 dB.

The transmission path from the satellite to earth is usually less favourable due
to the limited output power of the satellite. For this reason, the 2 m band was
selected for the down path for both the ARTOB ballon-carried transponder and
for the 70 cm/2 m transponder of OSCAR 7 ( which is to be called H-trans-
ponder in the subsequent text ).
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Fig.1: Level relationships of the linear transponder - 43 -



Ballon flights using this concept allowed far better results to be obtained than
using a 2 m/2 m transponder. Most stations were able to monitor their own,
transposed transmission so that interference between stations was very seldom
present. Furthermore, the monitoring of ones own signal allowed true break-
in operation in the SSB mode in a similar manner to normal telephone conver-
sation, and the good strength of the monitored transmissions ensured that the
transmit power was kept to a minimum since low-power levels did not bring
any subjective disadvantages.

2, LEVEL RATIOS
The level ratios present in linear transponders is now to considered ( IFig. 1 ):

An amateur signal is usually considered to be strong when the signal-to-noise
ratio is approximately 20 dB. In order to obtain the required psychological
effect so that the output power of the ground stations is kept to a minimum,
the strongest signals should at least achieve this level. At the same time,
signals of 15 dB weaker stations will also be audible at a signal-to-noise ratio
of 5 dB. In practice, the output power levels between amateur radio stations
are usually less than 15 dB which means that it is possible for wvirtually all
stations to operate via the transponder. Since the transponder must transpose
a large number of signals simultaneously, the strongest signals are usually
approximately 7 dB weaker than would be the case when the transponder is only
used by a single station. This value was measured experimentally during the
ARTOB ballon flights. Theoretically speaking, a larger ratio was to be ex-
pected. However, the low mean on-time of SSB and CW transmissions together
with the inavoidable difference in power level seems to have a compensating
effect. This means that the transponder should provide enough output power
so that it can provide a total signal-to-noise ratio of 27 dB. The OSCAR 6
satellite was not able to fulfill these demands; this led to the use of higher
output powers in the case of several ground stations which then caused inter-
ference to other stations and led to the fact that it could only be used by the
few powerful stations.

This means that the levels have already been determined for the transponder.
If it is considered that the up-path should not provide any considerable com-
ponent to the overall noise, it is necessary for it to be approximately 3 dB
better than the down-path. When referred to the full output power of the trans-
ponder the signal-to-noise ratio should be approximately 30 dB at a bandwidth
of 2 kHz. The noise power P, is:

k = Boltzmann’s constant = 1.38 x 10723 Ws/k
Pn = kTB T = noise temperature of the receiver
(typ. 1000k = 5 dB )
B = bandwidth ( Hz )

The noise power is thus proportional to the bandwidth.

If a transponder bandwidth of 100 kHz is used, this will result in a signal-to-
noise ratio of 13 dB to be provided in the case of a full transponder band. This
will mean that a typically strong signal will only have a signal-to-noise ratio
of approximately 6 dB. This shows how important the receiver of the ground
station is for improving the signal-to-noise ratio.
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Intermodulation products ( IM ) have a similar structure to noise. Since the
internal signal-to-noise ratio of the transponder only amounts to 13 dB, these
IM products will only interfere when they approach this order. However, since
25 dB IM rejection can be achieved relatively easily, these distortions can
usually be neglected. Of course, such distortion products can be of a virtually
line structure under unfavourable conditions so that they will be audible, How-
ever, experience gained with the ARTOB and with OSCAR 6 have shown that
interference due to intermodulation effects is very seldom exhibited,

In order to maintain the previously mentioned level ratios, it is necessary for
the transponder to be provided with a control system. This control circuit
should have a short rise-time and low fall-time in order to avoid interference
due to overload conditions and in order to suppress rapid-level fluctuations,
A rise-time of 0.1 s and a fall-time of 2 s have been found to be suitable. The
control range was limited to approximately 20 dB so that it would still be
possible to operate via the satellite transponder if the control circuit became
‘defective, and in order to ensure that any station using too high an ERP would
not be able to completely block the transponder.

3. EFFICIENCY OF THE TRANSPONDER

The previously mentioned considerations are valid for all linear transponders.
Several further demands are placed on satellite transponders: The main con-
sideration is that a high efficiency is obtained, and it is well known that linear
amplifiers possess principally a poor efficiency for two major reasons:

The demand for linearity requires that the amplifier operates with a certain
amount of quiescent current ( class AB/B). The efficiency obtained in this
manner is considerably lower than when using class C amplifiers. However,
the main problem is that the efficiency is directly proportional to the drive
level. At the typical mean drive levels of a transponder of -6 to -10 dB, the
efficiency will only be 30% to 50% that of the full output level which will be
hardly ever achieved. If it were possible to solve this problem, it would be
possible to reduce the current requirements or to increase the output power
by factor four. This gain was such that it was worthwhile considering matters

to achieve this aim,

3.1. ENVELOPE ELIMINATION AND RESTORATION

The method described in (2) where the signal is split into an amplitude ( enve-
lope ) and phase component which is then restored at the output offers a solution
to the above problems. When using this method, it is possible for the output
transistor to be operated in class C and the collector voltage will be propor-
tional to the drive due to the modulation; this means that the efficiency will
not be dependent on the drive level. Up till now, this method has only been
used for SSB applications and it was not known whether this method was at
all suitable for wideband transponders. If it was suitable, it was now necessary
to establish which design criterion were required.

In order to examine this complex, a computer simulation was made. The re-
sults of these calculations were that this method is able to provide good IM
ratios with technically reasonable bandwidths., Three main functions are ne-
cessary to realize this aim that are not normally available in transponders:
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1. A normal diode rectifier is used for obtaining the amplitude information.
Attention must be paid that the frequency response of this rectifier is from
DC to approximately five times the bandwidth of the transponder.

2. A limitation of the signal is required in order to obtain the phase-modulated
component. The limiters used in most FM receivers usually have a time
constant that is too slow for this application. The best method is to use two
antiphase diodes connected in parallel with a resonant circuit. Two such
limiters with intermediate amplification result in a very rapid limiter having
a very low conversion from AM into PM,

Overloaded differential amplifiers have not been found to be successful, It
has been found that these amplifiers possess a very high conversion from
AM to PM at higher frequencies. This is unfortunate 'since most integrated
limiters operate according to this principle. A combination is used in the
H-transponder which is as follows: The first limiter comprises diodes and
the second limiter uses an integrated circuit. Since the integrated circuit
is provided with a relatively constant voltage, the conversion from AM to
PM is no longer of importance.

3. The modulator required to recover the amplitude values at the output stage

must be able to handle frequencies from DC to several 100 kHz. In addition
to this, it should have a high efficiency. Principally speaking, a pass trans-
istor is suitable, but one will often loose the power gained due to the re-
duction of the collector voltage.
The problem was solved by generating a square-wave signal whose on-time
is dependent on the momentary amplitude value. The square-wave frequency
must be approximately three times higher than the highest frequency to be
modulated. Such a pulse-width modulated signal can be obtained by passing
the amplitude information to a differential comparitor which compares it to
a saw-tooth voltage at the switching frequency ( Fig. 2 ).
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Fig.2: Conversion of the AM-envelope to a pulse-width signal

Since higher frequency components of the amplitude signal cause fluctuations
of the scanning time-point, interference frequencies will be generated due to
the phase modulation, This problem was solved in the case of OSCAR 7 by
taking the amplitude value during the lower peak of the square-wave voltage

which is then stored. However, recent measurements have shown that this
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