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1. Introduction

A microstrip antenna with compactness and lightness is used in various radio communication
systems such as satellite broadcasting and LAN and is compatible with mobile communications like an
airplane, a car and a cellular phone, etc. A service of radio communications systems will become
increasingly prominent in a microwave and millimeter wave band region. A variety of these usages
require sophisticated antennas which operate at different frequencies and any polarization, and scan a
beam. Recently, antennas based on a MEMS (Microelectromechanical-Systems) technology have been
focused attention because they are excellent in loss, cost and power consumption compared with those
made of semiconductor. So far a filter, a switch, and a phase shifter using the MEMS technology are
reported in both microwave and millimeter wave regions[1]. Beam scanning dipole and patch antennas
have been demonstrated by use of a piezoelectric actuator[2] and a magnet circuit[3], respectively.
Moreover, a multi-band antenna[4] combined with a MEMS switch, and many other antennas using
the MEMS technology are reported.

We have been developing a variable frequency antenna so far using a mechatronics technology.
So far two types of such antennas have been reported. One is a patch antenna in a gap of which a
dielectric material is inserted and demonstrates variability of frequency[5]. The other is a patch
antenna whose feeder is directly connected by a coaxial line through the substrate, which enables to
change a gap separation between a patch portion and a ground plane[6], [7]. In these types of antennas
two parameters can be varied: a frequency and a polarization. Moreover, a bandwidth is also variable.
We propose here a new functional antenna whose operating frequency and bandwidth are controllable
by use of two mechanical mechanisms previous mentioned. This paper describes an antenna with a
variable bandwidth while keeping an operating frequency constant. We have demonstrated its
operation at the X band. The bandwidth of the tested antenna changed from 2% to 10%. The
experimental results on the impedance characteristics and the radiation pattern characteristics are also
shown.

2. Operation and structure of an antenna

Figure 1 shows a schematic configuration of the proposed antenna. This antenna consists of a
movable rectangular patch portion formed on the one side of the copper tension printed circuit board, a
ground plane and a coaxial connector, in which a signal is fed by a coaxial connector through a
substrate and an air gap. This structure enables to rotate the patch portion as well. The rectangular
patch antenna with length L and width W is printed on a dielectric substrate (¢,= 2.2). Thickness t of
the dielectric substrate is 0.4mm. A coaxial connecter (1.25mm in diameter) in the center of which a
hole (0.8mm in diameter and Smm in depth) is drilled is attached to the ground plane. The copper wire
fixed to the feeding point of the rectangle patch antenna, the diameter of which is slightly smaller
(0.78mm in diameter) than that of the hole in the center conductor, is inserted into the hole. Thus, the
dielectric substrate with the patch is movable; that is, an antenna height between the patch and ground
planes h is variable. In order to change the antenna height, an air layer region is set up between the
patch antenna plane and the ground plane. The dielectric material which is movable in the air layer is
loaded. Used dielectric materials are SV430 (g,= 43 ,Q>4400 at 10GHz: made by KYOCERA.) with
a width of 10mm, and heights of 0.5mm (a length of 3mm) and 0.75mm (a length of 3mm). We
changed the antenna height in incremental steps by loading a different thick dielectric spacer in order
to confirm its basic operation. The insertion of the dielectric material was carried out manually.
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Here we briefly explain the operation of the proposed antenna. First, when the antenna height h is
increased according to the air gap between the dielectric substrate and the ground plane, its resonance
frequency increases and the bandwidth of the antenna becomes broader. On the other hand, the
resonance frequency of the antenna decreases by loading dielectric material in the air gap. By combing
these two mechanisms, we can bring the variable bandwidth while keeping the operating frequency
constant to pass. Moreover, the reversed operation is attainable: changing the variable operating
frequency while keeping the bandwidth constant.
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Fig.1. Structure of the proposed antenna.

3. Experiment results

A return loss of the tested antenna was measured by using a conventional network-analyzer
(HP8510C). A measured frequency range was 8-12GHz. The measured results for the antenna heights
ranging from 0.4 to 1.6mm are plotted in Fig.2. In this case, a dielectric material was not loaded in the
tested antenna. A resonant frequency was increased from 9.94GHz to 11.18GHz when an antenna
height was increased from 0.4 mm to 1.0 mm. However, when the antenna height was over 1.0 mm,
the resonant frequency was decreased from 11.18GHz to 11.01GHz in connection with the increase of
the return loss. Here, the bandwidth became wider as increasing the antenna height.
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Fig.2. Return loss of the microstrip patch antenna Fig.3. Return loss of the tested antenna
for different antenna heights at 9.94GHz

- 866 -



Next, a dielectric material was inserted in an air gap region. The antenna height was moved from
1.0mm to 1.6mm and the dielectric was loaded in the location where the antenna adjusted to operate at
the fixed frequency each by changing the height h. The measured result is plotted in Fig.3. The
operating frequency was 9.94GHz identical with when the height was 0.4mm. The result shows that
the operating frequency of the tested antenna was adjusted well. The dielectric material was inserted
from each open ends of the patch antenna. The thickness of the dielectric material mainly used was
0.5mm. L1 was constantly 1.4mm. L2 were -0.lmm, 1.6mm and 1.7mm for h = 1.0mm, h = 1.2mm
and h = 1.4mm, respectively. In the case of h= 1.6mm, L2 was 1.5mm and the dielectric material used
was the thickness of 0.75mm. The return loss was as good as -20dB or less. Relation between the
bandwidth of VSWR=2 and the normalized antenna height is shown in Fig. 4. When increasing the
antenna height, the bandwidth raised from 2% to 10%. The result shows that the bandwidth of the
antenna is controllable.
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Fig.4. Bandwidth vs. antenna height.

The radiation pattern of the tested antenna is shown in Fig. 5. The left-hand side of the figure is
shown the pattern of the cross polarization of the E-plane and the E-plane for the antenna heights of
Imm and 1.6mm. As the comparison the result for the antenna without loading the dielectric material
is also shown, which indicates symmetrical characteristic. The antenna pattern is asymmetrical for
the dielectric loaded antenna. Those antenna patterns show wavy variation for the influence of the end
of the ground plane. The cross polarization ingredient of the E-plane was -23dB or less. The
right-hand side of Fig.5 is the pattern for the cross polarization of the H-plane and the H-plane.
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Fig.5. Radiation pattern of the tested antenna.
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The antenna pattern of the H-plane is symmetrical for all antenna heights. On the other hand, the
crossing polarization ingredient of the E-plane shows a large change by varying the antenna height.
Separation between the crossed polarizations at the direction of the front is as good as -20dB. However,
the magnitude of the radiation for the crossing polarization ingredients at the directions of near +60
degrees were increasing as raising the height: —19.1dB, —14.7dB and —10.2dB for the heights of
0.4mm, 1.0mm and 1.6mm, respectively. The measured absolute gains at the front direction were
7.6dBi, 7.5dBi and 7.8dBi for the heights of 0.4mm, 1.0mm and 1.6mm, respectively.

4. Conclusion

We have demonstrated the microstrip patch antenna whose bandwidth is controllable while
keeping its operating frequency constant. The antenna has been fabricated using a mechatronics
technology and is designed by use of the contrary mechanisms when changing the antenna height and
inserting the dielectric material in the air gap region under the substrate supporting the patch portion.
The tested antenna showed the proposed operation: the bandwidth was changed from 2% to 10% while
maintaining the operating frequency. We are planning to develop more sophisticated antennas using
the mechatronics technology.
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