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Abstract

An FM transmitter with a power efficiency of 11.5 % was developed utilizing GaAs power
MESFETS for a 7 GHz FM radio-relay equipment. The transmitter, which consists of an FM

modulator and. power amplifiers, provides an output power of 1 watt and transmitting capability

of 960 telephone circuits.

Introduction

High-power high efficiency amplification~
iand oscillation using GaAs FETs have been

reported recently in the C and X bands.
These papers suggest that a high power

and high efficiency transmitter of an FM radio
relay system can be realized using GaAs power
FETs . In this paper, the circuit development

of GaAs power FETs for a transmitter of a 7
GHz band base-band remodulatj.ng t!~pe FM radio
relay system is described.

The transmitter consists of an FM
modulator, a 2-stage power amplifier, a fre-

quency discriminator and a power monit ring

circuit. 8Two kinds of GaAs power FETs are

used in these circuits according to the power
level. The transmitter delivers an output
power of 1 watt with a power efficiency of
11.5 % and also has a capability of transmit-
ting 960 telephone circuits.

System Configuration

Figure 1 shows the block diagram and

level diagram of the developed transmitter of

a 7 GHz (6.57-6.87 GHz)band rernodulating type
FM radio relay system. The l?M signal from the
modulator is amplified, up ta a power level of

1 watt, by the following 2-sl;age power ampli-
fier. In both the FM modulator and power
amplifiers, GaAs power FETs are used. A small

amount of the amplified signal is extracted
through one of the arms of a dual type
directional coupler and fed ro a frequency
discriminator which operates at 7 GHz. This

discriminator is used in’ an AFC circuit for

with a resonant frequency of ml) and a sub-

resonator (w2)whi.ch includes a varactor diode.
This sub-resonator is built in a metal pipe

with a screw thread as shown in Fig. 2a.
The coupling to the main resonator is primarily

magnetic and it can be adjusted by rotating the
pipe. The longitudinal motion of the pipe into
the cavity is incidental. The base–band signal

is fed to the varactor diode through a low pass
filter which is installed in the metal pipe.

In the equivalent circuit in Fig. 2b, the

oscillating frequency of the modulator can be

expressed in a polynomial as shown below

O=mO(l+a v+a2v2+a3v3+ --.)
1

(1)

where oOis the oscillating center frequency of
the modulator when the D. C. bias voltage to
the varactor diode is Vop and V is the normal-
ized base-band signal voltage $V/Vop
The ai (i=l,2,3–-–)values are the function of

wl\@O, u2/wO, coupling coefficient k, capaci-

tance ratio Co\Cjop and varactor capacitance
VS. voltage exponent~. The condition for a

good modulation linearity is both a2 and a3

equal zero. The typical values of the used

varactor diode parameters are cutoff frequency
:fc=250 GHz, break-down voltage:VB=40 V,

CjO(Vb=O)=0.79Pf Ls=O.15 nh and~=O.44.
Using these given diode parameters,

numerical calculations were carried out by a

computer to find the optimum design circuit

parameters. The calculated results are
CO1@O=O.98, 02\oO=0.91, K=O.074 and Co\CjOP=2,

at the operating bias voltage of 12 volts.
As seen in Fig. 2a, ml can be varried by a

freauencv adiustina screw. and the maanetic
the FM modulator and a frequency stability of

. . .
coupling”- coefficient k between the sub-resonator

*5X_j0-5\0CZ500C i.s obtained in this transmitter. (varactor loop)and the main Cavitv is also

A transmitting power monitor is incorpo-
rated in the other side of the dual type

directional coupler.
The designs of the FM modulator and the

power amplifiers will be described.

Design

a) FM Modulator Figures 23 and 2b show the

schematic diagram and a simplified equivalent

circuit of the 7 GHz FM modulator.
Several circuit configu.rations2’4 can be

considered as a GaAs F3ZT oscillator, according
to its feedback network to be used. In this
FM modulator, the drain is grounded and an
external resonator is connected between the
gate and the ground (the drain). This external
resonator not only plays as an feedback
network but also reduces the F&l noise of the
oscillator.

To obtain a good modulation linearity, a
double tuned resonant circuit was used, which
consists of a main resonator (TMO1O mode cavity

changeable from O to about 0.10 by rotating the
pipe. This coupling adjustable mechanism makes
it easier to get good modulation linearity.
The external Q of the modulator was experimen-
tally set to about 90 to keep the S/N at 70 KHz
from the carrier at more than 76 dB (test tone
deviation:200 KHz r.m.s, and bandwidth:3.1 KHz)

b) Power Amplifier Stage The design objective
Of this arn~lifier j-s an outDut wower Of more

than 1 wat;, with a gain of”8 d~ over the
frequency range of 6.5-6.9 GHz. Two MESFETS

with different power levels are used with common
source. The typical output power of these FETs
is 27 dBm with a 5 dB gain for the 1st stage,
and 31 dBm with a 4 dB gain for the 2nd stage.

The dynamic impedances of these MESFETS were
measured by a substitution method. Using the

measured impedances, matching circuits were
disigned by a compute. opkimizakion procedure.

Since the devices are conditionally stable

below 4 GHz, ingenious matching circuits are

necessary for the multistage amplifier to avoid

243



any instability below 4 GHz.
A stabilizing circuit shown in Fig. 3a

has been developed for this purpo$e. ‘This
circuit, incorporated in the input circuit,
provides a constant resistive termination to
the gate of the FET in a wide frequency range
below 4 GHz, even if the load is open-or short
-circuited. This stabilizing circuit provides
another function as a biasing network to the
gate of the FET. The gate bias voltage can be
supplied through a chip resistor in the sta-
bilizing circuit and a low pass type biasing
network. Figure 3b shows the insertion loss
and return loss (looking from the gate side)
characteristics of this circuit (terminated
by a 50 Qload). The insertion loss at center
frequency is less than 0.4 dB.

This amplifier stage is constructed on a
microstrip circuit using a Teflon-glass-fiber
printed board, with a thickness of 0.8 mm.

c) Discriminator The discriminator is
composed of a microstrip circuit section and
a re-entrant type high Q cavity. The cavity
is temperature-stabilized by a combination of
metals such as iron and super-invar. The
microstrip circuit includes a MIC circulator,
a 180° hybrid and two detecting circuits.

Performance

The typical characteristics of the FM
modulator and the power amplifier are as
follows:
a) FM Modulator

operating frequency :6.5-6.9 GHz
Output power : 22dBm
Differential gain(DG) :<1 % at fo*lfJ MHZ
Differential phase(DP) :<1 ns at fo*10 MHz
Frequency stability :within~250 KHz with AFC

and ~3 MHz without AFC
Modulation sensitivitv;4.5 ?!4Hz/V
Operating bias voltage:-8 volts
Efficiency :10 %

The temperature characteristics of DG and
DP are shown in Fig. 4.

b) 2 Stage Power .Amplifier

Operating frequency :6.5-6.9 GHz

Output power :30.5 dBm at 1 dB compression
Input power :22 dBm
Efficiency :21.5 %

The operating drain-source voltage of
these F’ETs is typically 8 volts, which is soft
enough to leave a sufficient margin, consider-
ing it has a break-down voltage of more than
15 volts.

The internal view of this amplifier is
shown in Fig. 5. The result of the 960
channel noise loading test for this transmitter
is shown in Fig. 6. From this figure, it is
shown that the performance satisfies the
specifications required for the transmitter
of a 960 channel radio relay system.

Conclusion

The design and performance of a 7 GHz
band FM transmitter utilizing GaAs power
MESFETS have been described. GaAs power
MESFETS are used in the FM modulator and high
power amplifiers Tn. the ?fansrnTtter, “The
transmitter delivers an output power of more
than 1 watt with an efficiency of 11.5 % over

a bandwidth of 400 -MHz.
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Figure 1. Block Diagram and Level Diagram of
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Figure 5. 2 Stage 1 W GaAs MESFET Power
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