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1. Introduction

Recently, arrays of microwave and millime-
ter wave antennas each mounted with an ac-
tive device have received much attention for
spatial power combining to obtain high power
solid–state sources and for electronic beam
scanning[1]. As a phased array method using
such active antennas, one–dimensional unilater-
ally coupled oscillator arrays were proposed[2]-
[5]. The electromagnetic wave can be scanned
by controlling the free–running frequencies of the
oscillators. As a method for tuning the frequency
of the oscillator, the bias voltages applied to the
active devices were controlled. However, the tun-
ing range is not very wide, and there is the fear of
which the scan range of the radiated wave is lim-
ited for the reason. All oscillators may not be syn-
chronized for the deviation of the free–running
frequencies of the oscillators. The active antenna
mounted with a varactor diode was reported[6]
though the antennas were bilaterally coupled. Be-
cause the varactor was embedded in a patch an-
tenna, adverse effect may be given in the radia-
tion characteristics when the resonant frequency
of the patch antenna is varied by controlling the
bias voltage applied to the varactor.

In this paper, we investigate a phased array be-
havior using unilaterally coupled active antennas
which consist of an oscillator mounted with the
varactor diode and a patch antenna.

2. System configuration

Figure 1 shows a configuration of a unilater-
ally coupled active antenna array. The active an-
tenna is composed of a two–port oscillator with
the unilateral characteristics and an antenna. N
two–port oscillators and an oscillator as an in-
jection signal source are mutually coupled with
coupling strength β. The coupling phase between
the neighboring oscillators are chosen to be an in-
tegral multiple of 2π, so that each oscillator op-
erates in–phase when the free–running frequen-
cies of all oscillators including the oscillator #0
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Fig. 1: Configuration of unilaterally coupled ac-
tive antenna array
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Fig. 2: Two–port oscillator

are the same. The output power of each oscil-
lator is radiated from each antenna through the
main line (transmission coefficient α) of the cou-
pler. Figure 2 shows a composition of the two–
port oscillator which consists of an amplifier and
a directional coupler for feedback to the amplifier
and output of the generated power. The oscilla-
tor operates at the frequency in which the electri-
cal length of the feedback loop becomes an inte-
gral multiple of 2π. If the input and the output
ports of the amplifier are matched and the reverse
gain of the amplifier is equal to zero, the oscil-
lated power is output only at the output port of
the oscillator and is not output at the input port,
and only the signal injected from the input port
affects the operation of the oscillator, so that the
two–port oscillator has the unilateral characteris-
tics. Though the oscillator are coupled using the
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bi–directional coupler, unilateral coupling can be
realized. Thus, all the oscillators are injection–
locked sequentially from the oscillator #1 to the
oscillator #N . When the free–running frequen-
cies of the oscillator #1 to #N are shifted from
the oscillation frequency f0 of the oscillator #0 to
f0 + ∆f , the phase differences between adjacent
oscillators take a uniform value ∆φ as

∆φ = sin−1
(

Qex∆f

βf0

)

where Qex is the external quality factor of the
two–port oscillator and the array operates at the

frequency f0[4]. At ∆f =
βf0

Qex
, the synchro-

nization reaches a limit and the phase difference

∆φ can be varied up to
π

2
.

3. Oscillator controlled by varactor
We fabricated the two–port oscillator as

shown in Fig.3. An FET as the amplifier and
a hybrid coupler as the directional coupler for
feedback were used. A varactor diode is con-
nected with the feedback loop in parallel. In or-
der to change the free–running frequency of the
oscillator, a gate–source bias voltage VGS and a
drain–source bias voltage VDS of the FET and a
bias voltage Vv applied to the varactor diode were
controlled because the transmission phase of the
place of the FET changes by VGS and VDS and
the transmission phase of the place of the varactor
diode changes by Vv. The DC bias voltages were
applied through bias lines with radial chokes. The
feedback loop had three chip capacitors of 3pF in
order to shut out DC bias voltages from other cir-
cuit elements.

The oscillator was fabricated on Rogers
Duroid 5870 substrate with a thickness of
0.51mm and relative dielectric constant of 2.33.
The oscillation characteristics of the fabricated
oscillator versus the bias voltage was measured.
Figure 4 shows a typical variation of the oscilla-
tion frequency and the output power with Vv and
VGS when VDS = 5[V]. The oscillation frequency
was tuned largely by changing the bias voltage
Vv of the varactor compared with changing of the
gate–source voltage VGS. It is possible that the
output power should not change very much and
that the oscillation frequency is made to change
by the gate–source voltage VGS of the FET and
the bias voltage Vv of the varactor. The oscillated
power is output almost at the output port of the
oscillator, so it is considered that the oscillator
had the unilateral characteristics.
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Fig. 3: Fabricated two–port oscillator controlled
by varactor diode
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Fig. 4: Oscillation characteristics of the fabri-
cated two–port oscillator when VDS = 5[V]



4. Experiment of beam scanning

An experiment of beam steering using active
antenna array as shown in Fig.5 was carried out.
A patch antennas were used in order to radiate the
oscillated power and were placed on H–plane.
The directional coupler for coupling the oscilla-
tors was inserted between the oscillator and the
patch antenna. An isolator was inserted between
the oscillator #0 and the coupler in order not to
be injected the signal from the oscillator #1 to the
oscillator #0. The input ports of the two–port os-
cillators were matched by inserting a chip resistor
of 50Ω at the position quarter–wavelength away
from the open termination. A center–to–center
spacing between the adjacent patch antennas was
25mm, which corresponds to about 0.8 times of
the wavelength in free space. The length of the
coupling line was determined experimentally so
that the electromagnetic wave may be radiated in
the direction of broadside when the free–running
frequencies of all the oscillators were the same.

The result of the experiment using five an-
tenna array (N = 4) is shown as follows. Fig-
ure 6 shows the radiation patterns on H–plane of
the five antenna elements which were individu-
ally measured at the same frequency of 9.71GHz,
where the output power of the oscillator #0 was
24.5mW. The radiated power was received by a
rectangular horn antenna 1.5m away from the ac-
tive antenna array. The patterns of the five anten-
nas deviated due to the undesired radiation from
other circuit elements. The radiated beam from
the five antenna array was scanned by giving the
frequency change ∆f to the active antenna #1 to
#N by controlling Vv and VGS when the oscil-
lation frequency of the oscillator #0 was fixed at
f0 = 9.71[GHz]. The measured radiation pat-
tern on H–plane was shown in Fig.7 when the
frequency change ∆f was equal to zero and was
changed to the end of the locking range. In the
case of ∆f = 0, the radiated power from the
five antennas was successfully combined in the
broadside direction though the grating lobe was
appeared when ∆f = −42[MHz], because the
spacing between antennas was wider than half
of the wavelength. Maximum received power
of the main lobe reduced when the electromag-
netic wave scanned from the broadside direction.
This is because the gain of the individual patch
antenna decreases as the radiation direction sep-
arates from broadside and the phase differences
between the adjacent antennas deviate as the fre-
quency change ∆f increase. Figure 8 shows the
scan angle versus the frequency change ∆f . The
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Fig. 5: Unilaterally coupled active antenna array
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Fig. 6: Radiation patterns on H–plane of the an-
tenna elements

electromagnetic wave scanned form −13.6◦ to
+12.6◦. It corresponds to the variation of the
phase differnce between the neighboring anten-
nas from −0.38π rad to +0.36π rad. That the
phase difference did not reach 0.5π rad is due to
the deviation of the oscillation characteristics, es-
pecially the free–running frequency, of the indi-
vidual active antenna.

5. Conclusion

An approach to the unilaterally coupled active
antenna array controlled by the varactor diode has
been presented. The active antenna consists of
the patch antenna and the two–port oscillator with
the unilateral characteristics. By mounting the
varactor diode in the oscillator, it was shown that
the oscillation frequency can be changed more
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Fig. 7: Measured radiation pattern on H–plane of
the five antenna array
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Fig. 8: Scan angle versus the frequency change
∆f

largely. In the experiment using the five element
array, the radiated beam was scanned to the end of
the locking range by controlling the bias voltage
of the varactor diode. Beam scanning using many
more antennas and in higher frequency range will
be future subjects.
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