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Correspondence

Injection Locked Phase

Modulator*

This communication describes a novel
type of phase modulator based on the injec-
tion locking principle.1 The particular device

described utilizes a klystron but the tech-
nique is not restricted to the microwave re-

tion of the frequency spectrum. The tech-
nique may be applied to any oscillator that
has a voltage tuning characteristic. The fre-

quency of most oscillators is somewhat de-

pendent on the voltages applied to various

parts of the oscillator circuit and heretofore
many techniques have been devised to over-

come this effect. The injection locked phase

modulator makes use of the voltage tuning
effect which may be inherent or induced by
inclusion of a voltage variable capacitor, or

other device,
Fig. 1 shows a one-port microwa~,e oscil-

lator (typically a reflex klystron) connected
to a circulator and synchronized to the input
signal by the injection locking technique.

Repeller modulation ordinarily results in a

free-running frequency deviation (FM ),

but with the oscillator locked to the injected
signal the result is a change of phase of the

oscillator output. The phase modulation is,

of course, limited to less than t 90° or

synchronization will be lost; ~ 300 is readily
obtainable. The phase deviation is related to
the system parameters by

‘=+Q+%)l’21 “)
where

P = oscillator power
PI= injected power

A~o =~0 –~1

.fO =free-running frequency
f,= injected frequency
Q= figure of merit of oscillator circuit.

For fixed operating conditions.

2Q p 1/2

8 = sin–l KAfO,
()

where K=— — .
flo PI

For a reflex klystron the free-running fre-

quency deviation and repeller modulation

are essentially linearly related for small de-
viations ( <0.3 per cent of oscillator fre-

quency); i.e.,

~ =oscillator voltage tuning coefficient in

cps/v.

em= modulation voltage amplitude.

Substitution gives @= sin-’ (Kae~). Exam-
ination of the sine function shows that good
linearity is obtained for 0< i 30°. Thus, for
phase deviations less than 30° there is an

approximately linear relationship between
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Fig. l—Injection locked phase modulator.
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Fig. 2—Lower frequency configuration.
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Fig. 3—Feedback to compensate for voltage
and thermal drifts.

phase shift and modulation voltage ampli-
tude. For greater deviations equalization
could be made in either recei~rer or trans-
mitter.

Again subject to a deviation of 6< f 30°,
the upper useful modulation frequency (cor-

responding to half-power f requenc y concept )
is given approximately by

fmmax= & ($)”2CPS

For example, an X-band klystron with
typical values of f~ = 10]0, Q = 100, P,/P
=0.001 (30-db injection ratio) would have

an upper useful modulation frequency of

1010
,& = ––—– = 1.5 Mc,

2(100)(31.6)

Fig. 2 shows how the principle may be
used at lower frequencies. A crystal con-
trolled oscillator is used to synchronize an

LC oscillator incorporating a voltage vari-

able capacitor to enhance the voltage tuning
effect. If larger phase deviations are required
than are conveniently obtainable from the
synchronized oscillator the frequency is
multiplied by the usual techniques; the
phase deviation is increased by the multi-
plication ratio.

Drifts in the klystron voltages, or ther-

mal drifts may cause the modulator to

drift out of synchronization. The stability

of the system can be improved by placing
feedback around the modulated oscillatm-
as shown in Fig. 3. A portion of the syn-

chronizing input signal and the modulated

output signal are compared in a phase de-
tector. The phase detector output is set to
zero by the phase shifter with the modula-

tion input disabled. With the modulation
signal applied, the phase detector output
will contain components from the phase
modulation and from the slower voltage or

thermal drifts. The low-pass filter rejects
the modulation components and the drift

output is fed back to the repeller power
supply in the phase required to result in a

correction of the drift.

FREQUENCY MODULATION

Subject to the limitation that 0530°,
then

$ = h’ae~.

The instantaneous output voltage may be

written

e, (t) = Cos (ruct + @ = Cos @

where w. is the carrier frequency and @is the

instantaneous phase. The instantaneous fre-

quency is given by

d+ de dem
wi=-=~,c+-=z~c+ka —.

dt dt dt

Thus if the modulation voltage is integrated

before application to the locked oscillator the
instantaneous frequency varies directly with
em and frequency modulation is achieved.

LIMITATION

To insure that o ~30° the amplitude of

the modulation voltage must not exceed

some maximum value. For a sinusoidal

modulation voltage, i e.,

em = A cos WJ

then

A#:.
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There are situations in microwave reso-

nance studies when the microwave power

level must be kept very low in order not to
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