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ABSTRACT

A Ku-band microstrip phase shifter capable of continuous phase and amplitude control is described. Three
dual-gate FET amplifiers provide variable amplitude vectors that are separated by 120° and summed through an
arrangement of quadrature couplers. The described phase shifter provides a full 360° shift with an amplitude
weighting capability of more than 20 dB.

Introduction

There is an increasing number of electronic war-
fare applications for adaptive phased arrays naving
tight illumination tolerances for both shaped and low
side lobe beams. Continuous phase and amplitude con-
trol capability can reduce the individual circuit
tolerance requirements by providing in situ circuit
trimming through the use of automated near field
measurements. Continuous phase shifters using dual-
gate FET amplifiers [11 or variable PIN attenuators
[21 for vector amplitude control have been described
in the literature [31.

Each of these approaches requires four or more
active devices with their associated circuitry. A
potentially compact phase/ampiitude control module
using only three active devices is described.

Circuit Description

In previously reported continuously variable
phase shifters the full 360° shift has been obtained
by vector manlpu”lation of four vectors with the
vector angular separation being derived from mixers or
quadrature coup”lers. Here we present a phase shifter
using only three vectors, with the advantages of lower
parts count and ultimately smaller size and lower
cost. Figure 1 shows the respective vector amplitudes
for the three vector case necessary to obtain any de-
sired resultant phase with constant amplitude. The
120° vector separation can be achieved by adding 30°
transmission line lengths to the quadrature coupler
Outputs as shown in Fig. 2.
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Fig. 2. Phase shifter using in-phase
direct combiner.

The vector amplitudes are controlled by the variable
gain amplifiers whose outputs are in-phase combined.
Direct drain combining of the three dual-gate ampli-
fiers has the advantage of making the entire unit
very compact. Preliminary computer simulation showed
the feasibility of this approach.

For the first experimental unit we selected the
symmetrical circuit configuration as shown in Fig. 3.
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Fig. 3. Continuous phase and amplitude control.

In this arrangement, the power from the direct port of
a 4.8 dB quadrature coupler is further divided by a
3 dB quadrature coupler [4,51 to provide the three
equal power inputs to the amplifiers. The intercon-
necting line lengths are chosen to provide 600 output
separation. Each of the three transmission paths in-
cludes the same number of right angle bends to help
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maintain phase tracking. A mirror image of the
coupler assembly is used for amplifier output combin-
ing and to add the additional 60° separations for the
O, 1200 and 240° vectors. The coupler assembly pro-
vides on”ly 0.3 dB coupling variation and 3.50 phase
tracking error between all three ports from 16 to 16.5
GHz.

A dual-gate FET amplifier was designed around the
nominal S-parameters of the NEC 46300 device. Numer-
ous devices were characterized and a design tolerant
to typical parameter spreads was developed. This ap-
proach results in very consistent unit-to-unit per-
formance. Typical gains for six constructed amplifiers
are 10 dLi with variations of less than iO.5 dB over the
15.8 to 16.7GHz band. This performance is obtained
without individual circuit tuning. Each amplifier has
a noise figure of approximately 6 dB and provides
greater than 30 dB gain adjustment as shown in Fig. 4.
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Fig. 4. Ku-band Dua”l-Gate FET gain control
characteristics.

Experimental Results

I’he phase/amplitude control module consists of two
dual-coupler assemblies and three dual-gate FET ampli-
fiers as shown in Fig. 5. Phase tuning as a function
of the amplifier second-gate gain control voltages
(VG2) is shown in Fig. 6.

Fig. 5. Photograph of the continuous phase shifter.
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Fig. b. Phase vs. control voltage
of the phase shifter.

Here one gate voltage is kept at O V, one at -3 V,
while the third one is varied between O to -3 V to
cover in each case approximately 6100 phase shift.
Under these conditions the amplitude varies by about
7.5 d8 over the full tuning range from 0° to 360°.
Control voltage functions were developed and used to
demonstrate constant amplitudes over the full 360°
phase shift. Two of the three gates are control-led to
attain any desired phase and amplitude while the third
gate is set for minimum gain. Any constant insertion
loss from 6 to greater than 2B dB can be achieved for
all phases. The minimum 1 dB and 3 dB bandwidths for
all phases is 125 and 450 MHz respectively. The out-
put phase for all phase settings is maintained within
7° over a 200 MHz band. The noise figure varies as
expected with insertion loss and ranges from 14 dB at
6 ciB loss to 25 dB at 22 dB loss. These numbers in-
c’lude the 4.8 dB input coup”ling losses.

Conclusion

A breadboard Ku-band module having continuous O to
36CP phase and -6 to -28 dB gain control was demon-
strated. The module uses only three RF devices that
can be controlled by D/A converters that. determine the
gains of the three dual-gate FET amplifiers. This
approach when realized in hybrid integrated circuitry
with direct device drain combining will result in an
extremely compact phase/amplitude contrcll module with
very low parts count suitable for a variety of adap-
tive phased array applications.

The authors wish to thank Dr. Erwin Belohoubek for
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three amplifier phase shifter approach, Richard Brown
for his circuit processing expertise, and Edward
Mykietyn and Paul Czajkowski for their skil”led cir’cuit
assembly.
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