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A Voltage-Controlled Phase Shifter

Contest Winner Provides Design Flexibility for
Phase-Sensitive Designs

By Thomas R. Mathews
Wavelek RF Products, Inc.

Many of today’s complex systems re-
quire the ability to control the phase rela-
tionship of two signals. Typical applica-

tedious to say the least and does not allow
the phase to be controlled dynamically. A
new approach to this problem uses varac-

tor diodes to provide continuously variable
phase control.
The ideal voltage-controlled phase shift

tions include delay line descriminators, L

YY)

phased antenna networks and oscillators.

Quite often these systems are realizable o
with fixed delay networks, but for many
applications there is a need to provide a
voltage-controlled phase shift. The design
presented here won the author a runner-
up prize in the Third Annual RF Design
Awards Contest.

raditionally, the problem of adjusting
the phase of an RF circuit has been
approached with variable length lines

often resembling a trombone slide. Engi- B

neers have also been known to vary

—O
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phase by cutting many lengths of coax- lo"

ial cable and substituting until the desired

phase is obtained. This approach is  Figure 1. Phase shift network.
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Figure 2. Final circuit with input and output baluns.
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(VCPS) would have several desirable
characteristics. Obviously, these would
include a wide range of phase control,
minimal variation of insertion loss with
control voltage, and a flat magnitude re-
sponse. The range of phase control is, in
part, determined by the selection of the
tuning diodes. Varactor selection is not
critical. However, for a wide range of
phase control, the varactor’s capacitance
should be in the range given by equa-
tion 1.
e

Substituting R = 200 ohms and w = 2n
(500 MHz) into equation 1 indicates that
C should be in the range of 1.6 pF. In this
design, the BBY31 will be used. These
diodes will typically provide 8 pF at 6 volts
and since two are used in series the
capacitance will be 4 pF. In addition,
these diodes have about a 4:1 capaci-
tance ratio over the 2 to 12 volt range. This
should result in a wide range of phase
control.

To insure a flat magnitude transfer
characteristic, the phase shift network
shown in Figure 1 was chosen. This net-
work is also known as an all-pass filter or
delay equalizer. Since this is a balanced
circuit, baluns were included on the input
and output of the final design (Figure 2).
Transmission line baluns were chosen
because they are easily realizable at UHF
frequencies. For lower frequency designs,
a transformer balun could be substituted
for wider bandwidth and reduced size
while the transmission line baluns should
be one half wavelength at the VCPS cen-
ter frequency. For RG174/U the velocity of
propagation is about 200 x 106 m/s. The
balun length is found with equation 2.

(200 x 108) ;
@h @)

At 500 MHz, | is 20 em. The actual cir-
cuit operated over the desired range of
450 to 550 MHz when this balun was
trimmed to 16 cm. The 4 coils shown in
Figure 2 are all the same value and were
calculated with equations 3 and 4.

Qi &)
R
L= )

The value for C is assumed to be fixed
and is the geometric mean of the range
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of capacitance provided by the varactors.
For two BBY31s in series this is about 4
pF (The BBY31 provides about a 4-16 pF
range from 2 to 12 volts.). Since the
transmission line baluns provide a 4 to 1
impedance transformation, the value for
R is four times the input impedance or
200 ohms. Evaluating equations 1 and 2
results in the values for « and L shown
here.

a, = 1.250 x 109 rad/sec
L = 160.0 nH

The phase shift through a single stage
can be calculated with equation 5.

w
¢ =-2 arctan(a )

Q

where w = 2nrf

The amount of phase control through
this stage can be estimated by calculating
the network phase shift at the extremes
of the varactor capacitance and taking the
difference. This difference is found by

finding a, at varactor capacitances of 2
and 8 pF. Since the network impedance
deviates from 200 ohms at these ex-
tremes, one should use equations 6 and
7 for this estimate.

1
i ®)

agy = 1.768 x 109 for C = 2 pF
age = 8839 x 10° for C = 8 pF

w

)+ 2 arctan (“w—) (7)

o Lo

Ap = -2 arctan(

For f = 500 MHz
Ad = 0477

Since the all-pass networks are con-
stant impedance, the amount of phase
control can be easily increased by
cascading several stages. Since this
design uses two stages, the total estimate
for phase control at 500 MHz is 54.6
degrees. The actual circuit provided 70
degrees of control at 500 MHz over a 2
to 12 volt tuning range (Figure 3). The per-
formance of this circuit is limited to the
450 to 550 MHz range. This bandwidth

restriction is due primarily to the limited
bandwidth of the transmission line baluns
and could no doubt be improved with
lumped baluns.

Insertion loss is shown in Figure 4.
As long as low varactor voltages are
avoided, this loss is less than 3 dB. More
important than the absolute insertion loss
is the variation of loss versus tuning
voltage. Figure 4 shows that, for the 2 to
12 volt range, this variation is less then
+1.0 dB. [rf
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