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For communication by radio links, satellites, waveguides etc.
a pulse code modulation that is realized by phase reversal
(phase shift keyed) has advantages as compared to a pulse
amplitude modulation because the signal-to-noise ratio can

be 6 db less for the same error probability [i1]. The phase
shift keying of the microwaves should be rapid (< 1 ns) and
the modulation losses should be small. A suitable semicon-
ductor element for such a phase modulator is a voltage
dependent capacitance diode. A simple circuit for a reflectim
type modulator is obtained when the diode terminates a trans-
mission line. Then the phase of the reflected wave can be
shifted by a change of the bias voltage (figure 1a). The loss-
less tuner in figure la is adjusted so that any residual
amplitude modulation is minimized. Furthermore, the tuner
allows to exchange higher modulation losses for a higher
phase shift and vice versa, which can be expressed by the

relation [2]
C .
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In (1) Q = mpr—t = £ i the quality factor of the
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varactor, C the highest and lowest capacitance value,

max® Cmin
r the magnitude of the reflection coefficient,and A¥ the
phase shift of the reflected wave. A practical circuit is
shown in figure 1b. The characteristic impedance 245 which
can be adjusted by exchanging the inner conductor, and the
variable length 11 are represented by the tuner of figure 1a.
In figure 2 the reflection coefficient is plotted in a smith
chart for the varactor diode type Sylvania D 554o. Parameters
are the bias voltage and input power. The measured phase
variation is in good agreement with equation (1). E.g., for
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f = 1o GHz, fC = 200 GHz, Cmin/Cmax = 2 and r = 0,9 one gets

from (1) (Pin = 5 mW)A ¥ = 64° as compared to a measured value
of 4¥ = 60°, With increasing input power the available

Cmax/cmin

(Figure 2). Square pulses with a rise time of o,4 ns have

becomes smaller, if the varactor is not overdriven

been applied to the bias voltage of the reflection phase
modulator. The phase of the reflected wave was detected by
adding it via a 3 db directional coupler to a synchronous
signal of the same amplitude but a constant phase. A medium
switching time of 1 ns was measured for the phase shift
(figure 3a). This time was found to be nearly independent of
the microwave input power and bias pulse height. To this 1 ns
rise time contribute both the o,4 ns rise time of the pulse
generator and an unknown rise time of the detector (1 N 23
diode). In figure 3b also the measured reflection coefficient
r at C and C

max min
figure 1b is plotted versus the frequency. As may be noticed

and the phase shift AY of the circuit of

from figure 2 only a very small phase shift can be obtained
for a higher microwave input power as long as the varactor
is driven in the reverse conduction region only. The phase
shift and the input power can be increased considerably when
the varactor is driven into the forward conduction region.
Unfortunately the switching time is of the order of the
minority carrier lifetime when switching from the forward to
the reverse conduction region. It looks promising, therefore

to use Schottky-barrier-diodes for the phase modulator.

A greater phage ghift at an even higher frequency ig obtained
when a frequency multiplier is combined with a reflection
type phase modulator. In [3] a frequency tripler from lo to
30 GHz has been described that has an efficiency of 30 % at
an input power of 1oo mW and a 3 db-bandwidth of 3,5 %
(figure 4 and 5). Since a frequency tripler alsc triples the
phase, a 60° phase shift at the input frequency would be
sufficient to obtain a 180° phase shift at the output
frequency.
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The utilization of a frequency multiplier for this purpose
requires that the transient response of the multiplier is
sufficiently short. A medium transient time for the phase
shift of about 7 periods of the fundamental frequency has
been calculated in [] , which corresponds to a rise time of
0,7 ns for an input frequency of 1o GHz. Operating the
reflection phase modulator of figure 1b together with the
frequency multiplier of figure' a switching time for the
phase shift of = 43 ns has been measured at the output
frequency of the tripler (3o GHz). This switching time, how-
ever, depends upon the bandwidth of the multiplier. A
decrease of the bandwidth from 3,0 to 0,8 % increased the
switching time from 4,3 ns to Z ns.

Tn figure 5 the phase AY of the output frequency of the
tripler is plotted versus the bias voltage of the tripler
varactor. It can be noticed that the phase changes nearly
linearly with the bias voltage. A phase change of 90°, for
instance, can be achieved with a voltage change of 3 V. The
output power then has decreased by 0,6 db (fig.4). Thus the
variation of the bias voltage of a freguency multiplier
furnishes a simple method for phase modulation. However, to
achieve a phase change of 180° a frequency doubler would have
to be used in addition. With the method of differential-
coherent phase detection a switching time of 0,6 ns has been
measured, while as before the rise time of the pulse gener-
ator was o,4 ns. It was found that the rise time could be
minimized by properly adjusting the input frequency with
respect to the frequency of maximum power output of the
tripler.

With the method described in [4] the switching time of the
output phase has also been calculated and was found to be
3 to § periods of the fundamental frequency. To obtain a
quantitative expression for the phase shift 4 3 as a

function of the bias voltage U, a quadratic charge-voltage
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characteristic has been assumed [5] . Furthermore it was
assumed that the amplitude and phase of charge components at
the various harmonics as well as the impedances at these
frequencies are known for the optimum efficiency and that

the varactor is fully driven over the total reverse conduction
region [6] . The charge components of the frequency multiplier
can be described by a set of nonlinear coupled equations [f] .
It is possible to find a closed form solution for the differ-
ential phase shift

2 2
dY% . 1 2(qy" - q37) ' a. -
7 7opt 9 91 43 q4 3
2 2 2
Sap(qy " - 2957 + q,7) 1 (2)
Rl) (UB + @

2
4 ap*9293" gy

In (2) Ug is the breakdown voltage and @ the contact potential
of the diode, Q = fc/fin is the quality factor of the diode,
Qgs 99 99» 43 are the normalized charge coefficients and R1
is the optimum generator impedances. Using values for the g’s
and R1 from [5] and @] g%g-has been plotted in figure 6

(Uy + 8 = 20 V). For the diode of the fre%uency tripler
(Sylvanla 5047B) U + @ was 20 V and Q = TI; o 25 which gives
a phase shift of 3u /V. This result agrees well with the

measured value of 30°/V (figure 4).

The fyreammey multiplier can also be used for pulse amplitude
modulation. With a change of the bias voltage from the opti-
mum value to a high negative value one can easily obtain a
modulation ratio of 20 db with a rise time of 0,6 ns and a
decay time of o,4 ns. Again these results agree well with

calculations that have been performed.
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figure 3a Detector voltage for the switching of the reflection

type phase modulater. Lower trace: residual amplitude
modulation.
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figure 3b Reflection coefficient r and phase shift 4 ¥ of the

diode Sylvania D 5540 and the phase modulator of
figure 1b versus frequency. P

= 1oo mW
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figure 4 Compact frequency tripler from 1o to 3o GHz,

3 db-bandwidth 3,5 %, 30 mW output power at loo mW
input power. Diode Sylvania So47 B.
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figure 6

Differential phase shift d PS/dUO of a frequency
tripler for the optimum efficiency as a function

of the varactor quality factor as calculated from

(2). Up+ # = 20V
pt ? 208



