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Abstract - An active microstrip antenna for the: satellite
communication is developed in this paper. A varactor-
tuned oscillator HEMT VCO, an active source, integrates
with an X-band two-terminal asymmetrically feeding
microstrip leaky-wave antenna on the same plare. This
approach’ creates a dual-beam radiation pattern and has
the advantages of multi-direction and suppression of the
reflected wave caused by the open end of the radiating
element, as compared to a traditionally single-terminal
feeding leaky-wave antenna. Measured results on the
experimental antenna show that the total scannng angle
of two beams of this antenna configuration is
approximately 44°. The maximum Effective Isotropic
Radiated Power (EIRP) are close to 17.5 dBm for the
right beam and 16.67 dBm for the left beam at 1).4 GHz,
and the power difference between the two beans is less
than 1 dB. An asymmetrically beam-scannirg leaky-
wave antenna is also shown in this presentation

I. Introduction

Active microstrip planar antennas for the
application of the satellitc communication h:ve bcen
investigated and developed in the recently past years [1]-
[2]. Fig.1 show the function of the active microstrip
antennas of the satellite communication. Generally, the
patch arrays are usually used in these systems. The
scanning angle range is the drawback in patch arrays. It
is necessary for patch arrays to scan wider that the
structure is complicated and large. The cost of the
specified antenna circuits is expensive and coriplicated
and the whole size is also large. In order to perform a
dual-beam scanning ability, two antenna arrays may be
necessary. Here, a simple active dual-beam scanning
antenna (see¢ Fig. 2) by integrating a varac-or-tuned
HEMT VCO with the simple microstrip two-terminal
feeding leaky-wave antenna is developzd and
demonstrated. Using this configuration, a dial-beam
radiation pattern is created. We adjust the varactor DC
bias voltage and tune operating frequencies to control the
dual-beam position. Another advantage of this design is
the suppression of the reflected wave due to the
unmatched load of the open end of the leaky-wave in
finite-length situation. ~Although the reflected ‘vave can
be suppressed by the array topology [3] or tte longer
length[4], this balanced matched load of two ports design
can be thought as a matched load on both sid:s of the

open end in this circuit; thus, this two-port design can
suppress the reflected wave.

I1. Design

The configuration of the active dual-beam
scanning leaky-wave antennas (see Fig.2) is fabricated in
this paper. We employed rigorous (Wiener-Hopf)
solution mentioning by [5], to obtain the normalized
complex propagation constant 8- ja of the first
higher order mode in its leak range for the leaky-wave
antenna, where [ is the phase constant and « is the
attenuation constant. The variations in B/k, and a/ky

with frequency are plotted in Fig. 3. ](c is the free-space

wave number. Leaky-wave antennas are operated in the
radiation region, and the normalized phase constant B
ko is less than 1. @ can be calculated using the
equation 6 = Cos'(B lky), where @ is the elevation
angle between the main-beam direction and the end-fire
direction. We can use the characteristic of the variation
of B as a function of the frequency to predict and
change the scanning angle 0.

The circuit uses 0.508 mm thick RT/Duriod
substrate with the relative permittivity € =2.2, and a

NE42484A low-noise GaAs HEMT is used as the
oscillator device. The HEMT VCO, the matching
circuit, and a two-terminal asymmetrically feeding leaky-
wave antenna are integrated on the same plane. To
excite the first higher order mode, this microstrip leaky-
wave antenna is fed asymmetrically. The width W and
the length L of the leaky-wave antenna are 11 mm and 15
cm, respectively.

II1. Results

By adjusting the bias voltage of the varactor, the
free-running frequency of the HEMT VCO can be varied
from 9.7 GHz to 11.3 GHz. Under the far-field
condition, a measured EIRP of 17.5 dBm for the right
beam of this active antenna is observed at 10.4 GHz, and
the EIRP of the left beam is 16.67 dBm at thc same
frequency. According to the cquation§ = Cos™( B1ke),
we calculate and plot the theoretical beam-scanning
radiation patterns (see Fig. 4) of this the active dual-beam



scanning leaky-wave antenna. Fig. 5 shows the
comparison of the theoretical and the measured radiation
patterns  for this microstrip dual-beam l:aky-wave
antenna operated at 10.4 GHz. Fig. 6 presents the
measured dual-beam scanning far-field radiation pattern
of this microstrip leaky-wave antenna for three
frequencies, 9.7 GHz, 104 GHz, and 11.3 GHz
Measured result shows that the total scanning angle is 44°,
from 24° to 46° for the right beam and from 128° to 150°
for the left beam. The measured scanning angles of the
active two-beam scanning leaky-wave anenna for
different frequencies are plotted in Fig. 7.

IV. Conclusion

An X-band active dual-beam scanning l:aky-wave
antenna has been developed. We successfully make use
of this two-terminal feeding topology of the ac ive leaky-
wave antenna to create a dual-beam radiation pattern, and
vary the frequency of the HEMT VCO, to control a dual-
directional scanning beam. This antenna des gn can be
useful in the satellite communication system, the mobile
collision-avoidance  system, and the personal
communication system (PCS) due to the wid: scanning
region; meanwhile, it can also be easily implen ented into
the monolithic array module.
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Fig. 1 The function of the active microstrip antennas of the satellite communication.
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Fig. 2 Configuration of the active dual-beam scanning leaky-wave antenna.

1.1 r—— 0.6
1 - ~ﬂ;1k(0 T
—afko -
09 | " qes
08 t°
‘ / 104
07 -
06 [
a/ko 1 038/
0.5
04+
7102
1 /
03f
02 / " 401
0.1 F -
0 | L ) LTI e 0
8 835 9 95 10 105 11 115 12

Frequency (GHz)

Fig. 3 Normalized complex propagation constant of the first higher order mode for the particylar microstrip leaky-wave

antenna. H=0.508 mm, W =11mm, and €, =2.2. £, is the free-space wave number.
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Fig. 4 The theoretical radiation patterns of the active dual-beam scanning microstrip antennhp at 9.7 GHz, 10.4 GHz,

and 11.3 GHz.




Fig. 5 A comparison of the theoretical and the measured radiation patterns for this microstrip two-beam leaky-wave

antenna operated at 10.4 GHz.

Fig. 6 The measured polar radiation pattern; of the active dual-beam

GHz, and 11.3 GHz.

Fig. 7 The measured scanning angles of the a:tive two-beam scanning leaky-wave antenna for different frequencies.
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Abstract

In this project there are three main modules,
which is employed in the smaller antennas,
wider bandwidths, and better resolution for
imaging and radar system. Compared with
waveguide system from the microwave to
millimeter wave spectrum the active antenna
array has the advantages of the lake compact,
reliable, high power solid-state source at
these wavelengths. The advances in device
technology make wafer-scale integrated
power combining sources very attractive. In
addition, free-space power combining is
more efficient at high frequencies than powet
combining in guided wave structure, and
transmitting and receiving system based on
monolithic implementation have the potential
to be smaller, lighter.

Quasi-optical techniques spurred the
development of active integrated power
combined in 1980's 1990's. As the operating
frequency increases, the available power
from solid state device decrease. Therefore,
power combining of solid-state devices using
quasi-optical techniques in the millimeter
wave region became an important issue.
There are two different approaches for quasi-
optical power combining. One is the active
antenna approach and the other is the grid
approach.

The advantage of active antenna is: (1)
increasing the effective length of short
antenna (2) increasing the band-width (3)
decreasing the mutual coupling between
array elements (4) improving the noise factor.



The active antenna fabricated on Duroid
substrates with a dielectric constan! of 2.2
and thickness of 20 mils is successfully
demonstrated in the 1997 project. From the
forgoing advantages, we can see active
devices and passive patch antenna fabricated
on the same substrate can improve antenna
performance. The technology of monolithic
microwave active integrated circuit is mature,
and makes the approach more promis . ng.

We accomplish the three purposes
desired in the second year plan. (1) We
combine the accomplished HEMT VCO and
match network with the single antenna
element simultaneously. Then we design the
antenna array by array analysis. Main beam
can scan wide angle in the process of good
suppressed reflected wave. (2) Tae new
feeding type obtains the double scanning
angle and the good suppression of the
reflected wave. (3) We accomplish the active
feedback amplifier antenna by combining the
stable oscillator source and feedback
structure with the amplifier circuit. The good
controlling the antenna structure can also
obtain the suppression of reflected we.ve.

Keywords: monolithic, beam sc:anning,
traveling wave antenna, leaky-wave zntenna,
Reflected wave
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