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A SOLID-STATE MICROWAVE RELAY SYSTEM

C. J. BEANLAND, A.M.I.E.E., A.M.I.E.R.E., A.F.R.Ae.S.
Solid-State Circuits Division
Microwave Associates Inc.
Burlington, Massachusetts

Summary    The paper outlines the design parameters and system performance of a
solid-state microwave relay equipment. The design is suitable for the transmission of
television signals, multichannel telephony and wideband data information.

Circuit techniques are described and illustrative numbers quoted for an equipment
operating in the 2 KMc/s microwave relay band.

1.    Introduction    The design concept of a very light-weight, compact, all-solid-state
wideband microwave relay system became a reality, when a power transistor capable of
several watts output in the U.H.F. range was developed. The ability to generate and
amplify R.F. energy in the frequency range 500 Mc/s to 600 Mc/s, when coupled with
the varactor multiplier techniques already developed provided the solid-state
replacement for the classical klystron microwave source in a microwave transmitter. A
similar, but much lower power, unmodulated system was already available to provide the
microwave local oscillator signal in the companion all-solid-state receiver.

Transistorized versions of the I.F. amplifiers, wideband video amplifiers and all other
circuits required in the microwave relay system had already been developed.

Thus, at last, we have a practical, all-solid-state wideband microwave relay system
suitable for the transmission of television signals, both monochrome and colour,
multichannel telephony and wideband data information.

2.    System Design and Performance

2.1    Design Objectives

The system design was based upon the following objectives and operating requirements.

a) Operating frequency in the microwave frequency spectrum.
b) All-solid-state design for both the receiver and the transmitter circuits.



c) Transmitter output power not less than 1 watt.\
d) Receiver noise figure not greater than 10 db.
e) Video frequency response, 30 c/s to 6 Mc/s, capable of transmitting either

television signals, multichannel telephony or wideband (high capacity) data
signals.

f) When used for relaying broadcast television programmes, the accompanying
sound programme shall be transmitted simultaneously.

g) The equipment shall be designed for use in permanent microwave relay stations
and portable system applications, the latter to include airborne operation.

h) The equipment shall be of minimum volume and weight, rugged construction
and capable of operating over a wide range of environmental conditions.

i) The total primary input power shall be a minimum and the equipment shall be
capable of operating from low voltage battery supplies.

j) The equipment shall have a minimum of operating (tuning) controls, ideally
there shall be single knob tuning on both the receiver and transmitter.

2.2    Performance Comparison, Solid-State and Klystrons

The all-solid-state designs of both the receiver and the transmitter meet the objectives
quoted above.

The equipment operates in the 2,000 Mc/s band and uses frequency modulation. The
system conforms with the requirements of the C.C.I.R. and I.R.I.G. recommendations for
wideband, high capacity systems. When relaying a broadcast television programme, the
accompanying sound programme is carried on a subcarrier inserted above the maximum
programme video frequency.

Some of the obvious advantages of solid-state microwave relay equipment when
compared to tube type (klystron) equipments are shown in Table I.

Klystron Solid-State

Primary Power 700 - 800 W 50 - 60 W

Weight 200 - 300 Lbs. 30 - 40 Lbs.

TABLE I



These are very important factors when portable operation is required. There are,
however, other important advantages of the solidstate equipment.

a) The theoretical life of semiconductor devices is infinite whereas the klystron has
a finite life due to the finite life of the cathode.

b) Most transistor circuits operate at very low voltage (12 to 30 volts) compared to
the very high voltage necessary for vacuum tubes, especially klystrons. The
reduced voltages, power and heat dissipated within the equipment tends to
increase the life and reliability of all components in the solid-state equipment.

c) With good system and circuit design, it is possible to eliminate in solid-state
equipment, most of the time consuming and critical operating adjustments
necessary in klystron equipments. This applies particularly to frequency control
and other tuning adjustments. To minimize these problems, klystron equipments
usually employ some form of automatic servo system (e.g. the automatic
frequency control circuits). However, these additional circuits usually need
“putting on” by a human operator, or some additional automatic sensing circuits!
Thus the klystron equipment tends to become extremely complex and possibly
expensive. There is also a reduction in the overall reliability due to the extra
circuits.

3.    Description of the Solid-State Microwave Relay System

The solid-state microwave relay receiver and transmitter described below are the
products of the various solid-state and microwave technologies at Microwave
Associates, Inc. The result of combining the individual products into a working system is
demonstrated by the excellent performance of the system.

The illustrative numbers are quoted for the MA 8507 and MA 8508 equipments
operating in the 1,990 Mc/s to 2,110 Mc/s broadcast television relay (S.T.L.) band.
However, the system is capable of similar performance in the other adjacent bands, e.g.
the 2,200 Mc/s to 2,300 Mc/s telemetry band.

3.1.    The Receiver

A block diagram of the receiver is shown in Fig. 1. The receiver is a conventional
superheterodyne type, with an auxiliary output channel, the sub-carrier channel, for the
audio programme.

The microwave local oscillator provides a stable crystal controlled signal to the signal
balanced mixer. Here the incoming signals in the band 1,990 Mc/s to 2,110 Mc/s are
translated, channel by channel, to the 70 Mc/s I.F. band. Channel switching is done by
switching to the required crystal controlling the master oscillator frequency. The crystals



operate in the frequency range 114 Mc/s to 120 Mc/s approximately. After amplification,
the crystal controlled L.O. signal is multiplied by a factor of 18 to provide the correct
injection frequency, 70 Mc/s above the received signal channel center frequency. This
operation of switching the crystal is the only “tuning” control in the receiver. Thus the
L. O. frequency is instantly always at the correct setting.

In this receiver there is no A.F.C. loop controlling the local oscillator. Thus.if a signal is
not present, or if it fades below threshold, the L.O. is always at the correct frequency
waiting for the signal to appear. The penalty for this extremely valuable feature is the
extra bandwidth necessary in the I.F. circuits. This degrades the I.F. signal/noise ratio
(S/N) and thus reduces the I.F. threshold. However, the video output signal/noise ratio
(S/N) is not in general degraded because the receiver will usually be operating well
above I.F. threshold in high quality wideband systems.

The R.F. filter passes signals in all 7 channels (1,990 Mc/s to 2,110 Mc/s) and
suppresses the image noise band and other unwanted signals. The overall receiver noise
figure is 10 db maximum.

Improved R.F. selectivity may be obtained by fitting a narrow band “channel” filter in
series with the aerial input when it is necessary to reduce adjacent channel interference.
In this latter case, it will now be necessary to change the channel filter when changing
frequency to another channel in the band.

Additional sensitivity and threshold may be obtained with a tunnel-diode low noise
preamplifier fitted ahead of the R.F. filter. The overall noise figure of this modified
receiver arrangement is approximately 4.5 db.

The output of the balanced mixer is amplified in the wideband low noise I.F.
preamplifier and then applied to the I.F. filter. This passive filter defines the overall I.F.
selectivity characteristic. Ideally, all the R.F. and other I.F. filters in the system are very
broadband compared to the I.F. filter. Thus the latter, an interchangeable module, like all
the other circuit blocks, defines the overall response and can be easily changed for
another filter of different characteristic.

Following the I.F. filter is the main I.F. amplifier, which provides the major gain in the
system. An A.G.C. loop is closed around this amplifier to keep the output signal
approximately constant amplitude (within the design range of signal levels). Thus the
following limiter and discriminator are also working at approximately constant signal
level. This minimizes the effects of AM to FM conversion in the limiter stages. The
“linear” bandwidth of the discriminator is approximately 25 Mc/s.



The video output of the discriminator is amplified and passed through the de-emphasis
and low pass filter networks. A gain control is fitted to the second video amplifier. This
can be adjusted to provide 1 volt peak to peak output, into 75 S, for 8 Mc/s peak to peak
deviation (T.V. composite video modulation).

The sub-carrier system is similar in principle to the main I.F. system. The output audio
signal amplitude can be adjusted by the audio gain control. The audio channel low pass
filter, like the one in the video channel, defines the noise bandwidth of the channel.

The D.C. to D.C. converter produces stabilized regulated outputs for all circuits. The
input power requirements are 28 ±4 V.D.C. at 0.8 amps. For operation from 12 V.D.C.
systems) an interchangeable module is available. Operation from 115 V.A.C. is by the
use of a 115 V. A.C. to 28 V.D.C. converter, external to the receiver.

3.2    The Transmitter

A block diagram of the transmitter is shown in Fig. 2. The R.F. signal is generated in the
500 Mc/s F.M. oscillator. The mean frequency of the oscillator, the carrier frequency, is
determined by the D.C. voltage applied to a varactor diode connected across the
frequency determining tuned circuit. Frequency modulation is obtained by
superimposing the video voltage waveform onto the mean D.C. voltage, and thus to the
“tuning” diode.

After several low level class “A” buffer amplifier stages, the R.F. signal is applied to the
power amplifier stages. The output of the final transistor amplifier is approximately 3
watts over the band 495 Mc/s to 525 Mc/s.

This is applied to 2 cascaded frequency doubler stages and then, via an isolator, to the
output terminal. The output power is greater than one watt at all frequencies in the output
band, 1,990 Mc/S to 2,110 Mc/S.

With the exception of the oscillator, all tuned circuits are broadband tuned to cover the
entire R.F. bandwidth; i.e., the instantaneous bandwidth of the transmitter is greater than
120 Mc/s, referred to the output frequency. No tuning is required of any transmitter
circuit,, except selecting the oscillator frequency.

The isolator, in series with the output, attenuates any reflected power due to a mismatch
at the aerial, and thus prevents reflections from detuning the output multiplier circuits.

The multiplication to the output frequency is done in 2 doubler stages in order to obtain
the very wide instantaneous bandwidth with the required gain and phase slope linearity.
The original design conception was a single quadruplet stage but difficulties were



encountered, during development, in obtaining the required bandwidth and phase slope
linearity. The use of 2 doubler circuits removed the requirement of an “idler” circuit, the
troublesome feature of the quadruplet. The multiplier circuits are identical except for the
addition of the idler circuit in the quadruplet, Fig. 3. (The same circuit technique is used
at much lower power levels in the receiver L.O.)

The basic voltage tuned oscillator circuit is shown in Fig. 4. Here we see the frequency
determining resonant circuit, in the region of 500 Mc/s, to consist of a back biased
varactor diode connected to the L.C. network. The transistor circuit is tapped well down
the resonant network to minimize transistor parameter variations changing the oscillator
frequency.

A zener diode defines a stabilized voltage to the switch potentiometer network. The 7
switch positions select voltages to set the capacity of the varactor diode, connected
across the tuned circuit, to the correct value corresponding to the required R.F. channel
frequency. To allow for component ageing and production tolerances, a “fine tune”
facility is incorporated. This provides a small variation, of the available reference
voltage, and thus a small frequency variation of the oscillator. This is the only “tuning”
control in the transmitter.

The oscillator control voltage transfer characteristic is shown in Fig. 5, and the
temperature characteristic in Fig. 6. The differential gain is less than 0.5 db while the
frequency change over the temperature range -10EC to +60E C is within ±600 Kc/s
referred to the output frequency. This latter figure can easily be reduced by placing the
complete oscillator and buffer amplifier sub-assembly in a temperature controlled oven.
Under these conditions, a temperature coefficient of less than 1 in 104 is easily achieved.

The video and audio sub-carrier system is shown in Fig. 7. All the filter networks, work
at a 75 S impedance level and are separated from each other by the amplifiers. The latter
are basically identical and are used as “operational amplifiers”, with individual feedback
defining the effective gain of the unit. The video amplifier is D.C. coupled from input to
output and the overall frequency response is defined by the passive filter networks. With
this video system design, it is very simple to change the transfer characteristic by
changing the particular filter network.

The video input signal is first amplified by the gain controlled stage. The first filter is a
reject notch, resonant at the sub-carrier frequency. This removes video signals and any
noise present in the position of the spectrum where the sub-carrier will be inserted, and
thus prevents possible degradation of the sub-carrier system. A fixed gain amplifier
follows and then the pre-emphasis network. At this point, the sub-carrier signal is added
to the main video signal and the composite spectrum amplified. This amplifier has a
present gain control to allow for production tolerances of the 500 Mc/s oscillator control



slope. The final filter network is a low pass filter which defines the overall video
spectrum bandwidth. The final video amplifier raises the signal voltage to the level
required to modulate the 500 Mc/s oscillator.

The audio amplifier system uses identical amplifier units to the video network. The first
amplifier is working at fixed gain, the second is gain controlled while the third has a pre-
set gain control to compensate for tolerances of the sub-carrier oscillator sensitivity.
There is also a pre-set control on the sub-carrier output to set the oscillator output to the
correct amplitude for adding into the main video system.

When the system is in use for television relay applications, the audio and video transfer
functions comply with the relevant C.C.I.R. recommendations. (Nos. 402, 403, and 405.)

4.    Conclusions    A television multiburst test signal, after passing through the Solid-
State Microwave relay system, is shown in Fig. 8. The frequency response of the system
is shown to be excellent. The frequencies of the signal bursts are: 500 Kc/s, 1 Mc/s,
1.5 Mc/s, 2.5 Mc/s, 3.58 Mc/s, and 4.3 Mc/s. The differential gain of this system was
0.2 db and the differential phase less than 1E at 3.58 Mc/s.
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Fig. 1-Block Diagram Of Microwave Relay Receiver

Fig. 2-Block Diagram of Microwave Relay Transmitter



Fig. 3-Basic Varactor Multiplier Circuit

Fig. 4-Basic Oscillator Circuit Showing Voltage Tuning and Modulation
 



Fig. 5 -Oscillator Transfer Characteristic

Fig. 6-Frequency/Temperature Characteristic of 500 Mc/s Oscillator



Fig. 7-Audio and Video System Block Diagram

Fig. 8-Television Multiburst Test Signal


