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Abstract

In this paper, we designed a tunable microstrip patch antenna using RF MEMS switches. The design and simulation of the antenna
were performed using a high frequency structure simulator(HFSS). The antenna was designed for use in the ISM band and either operates
at 2.4 GHz or 5.7 GHz achieving -10 dB return-loss bandwidths of 20 MHz and 180 MHz, respectively. In order to obtain high efficiency
and improve the ease of integration, a high resistivity silicon(HRS) wafer on a glass substrate was used for the antenna. The antenna
achieved high gains: 8 dB at 5.7 GHz and 1 dB at 2.4 GHz. The RF MEMS DC contact switches were simulated and analyzed using
ANSYS software.
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1. INTRODUCTION

With the fast growth of wireless sensor networks, many
special features for antennas are demanded in new
applications. In order to be effective and have the ability to
adapt themselves to complex environments, sensors need
to have some self-powering ability and have reconfigurable
integrated antennas. Sensor applications will be greatly
facilitated if they have cheap and easy-to-use ‘on-chip’ or
‘in-package’ solutions. Therefore, many miniature antenna
types have been presented for use in wireless sensor nodes
[1-3]. Because the gain of an antenna is proportional to the
substrate size these small antennas have a low gain,
typically -8 dB at 2.4 GHz and -2 dB at 5.7 GHz and so
can perform only short-range wireless communication[1].
Therefore, a new research challenge is to design a high
gain reconfigurable antenna with a reduced size. In
addition, reconfigurable antennas with the ability to radiate
in more than one pattern at different frequencies are
necessary for modern communication systems; they need
to deal with an increasing number of global wireless
standards.

The micro-electro-mechanical system(MEMS) is a new

technology. MEMS have the advantages of a small
volume, a light weight, a wide frequency-band, a low
insertion loss, excellent reliability, easy integration into
microwave circuits, and so on. The new MEMS switch
technology is able to be applied in antennas. By using
MEMS switches, the parameters of an antenna can be
controlled as desired. The tunable frequency range is about
360 MHz with the required DC voltage in range of 0 V-
116 V or 0.8 to 15 percent of the nominal operating
frequency[4-5].

These antennas tune their operating frequency based on
the changing value of a MEMS varactor located at one of
the radiating edges. Therefore the tuning range can often be
small[4-5]. Another type of antenna can be tuned between
two significant frequencies owing to a change in the active
geometry, turned ON or OFF using MEMS switches, has
been presented in [6] and [7]. In this paper, the second
antenna type was chosen.

Microstrip patch antennas represent one family of
compact antennas that offer the benefit of a conformal
nature, a high gain, a low cost, and an easy fabrication
using lithography technology. In addition, inset-fed
microstrip antennas are popular since they use a simple
microstrip line matching network. Therefore, in this paper,
the inset-fed microstrip patch antenna was designed for
high gain by synthesizing multi-substrates and using
micromachining technology.
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2. THE ANTENNA DESIGN AND MODELING

The microstrip antenna was designed on a silicon
substrate in order to improve the integrated sensor
characteristics on the same substrate. High index substrate
materials, such as Si(ε= 11.9), enable a smaller overall
circuit and antenna size, however it is easy to excite surface
waves which result in a reduced bandwidth and a
degradation in radiation efficiency. This problem was
solved by using micromachining technology, which is able
to synthesize silicon substrates with a low index or an air
cavity[8]. The simulated structure of the antenna is shown
in Fig. 1. The relative dielectric constant of the multilayer
can be written as [8]: 

where hn and εn are the thickness and the relative
dielectric constant of the nth dielectric layer, respectively.
With the silicon substrate at h1 = 0.5 mm, ε1 = 11.9 and the
glass substrate at h2 = 1 mm, ε2 = 4.6, the equivalent
permittivity of the silicon/glass substrate was estimated to
be εr = 5.8 by using (1).

One drawback found in the silicon substrate in the
microstrip antenna is a loss on the substrate caused by the
silicon conductivity. This can be reduced by using high
resistivity silicon(HRS) or a thin insulator material SiO2

[9]. Therefore, the microstrip patch antenna was designed
on a HRS/glass substrate. These substrates are bonded
easily using high quality anodic bonding; this structure can
operate stably at high frequencies. The operating frequency
depends mainly on the patch geometry and the dielectric
constant of the substrate. A back air cavity was etched into
the glass substrate in order to enhance the performance of
the antenna and also to control the resonant frequency
slightly. The size of the patch can be determined by (1) and
by (2)-(5) and are denoted in Fig. 2[10].

The dimensions of the proposed antenna were calculated
for a frequency of 2.4 GHz. The end results from (1)-(5)
were : ε= 5.8, W = 34 mm and L = 26 mm. The antenna
feed needs to be designed carefully since it must provide a
correct impedance matching. At high-signal frequencies it
is necessary to design a feed-line with a specific
characteristic impedance. Also, the line must be connected
to a point in the antenna where the input impedance is the
same as the feed-line impedance. The patch antenna was
fed using a microstrip line connected to a point inside the

Fig. 1. (a) The cross-view and (b) the antenna structure designed
using HFSS.

(b)

(1) (2)

(3)

(4)

(5)

(a)

Fig. 2  The basic parameters for the inset-fed patch antenna.
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patch where the input impedance is 50 Ω. In this
simulation, the inset-fed length of yo = 8.75 mm was
calculated using equations from [11]. The patch
dimensions and the inset-fed length were then adjusted and
optimized through simulation. The overall reconfigurable
antenna was design by following these steps : (a) design
and optimize the antenna at 2.4 GHz, as seen in Table 1,
(b) cut-out the patch antenna geometry and control the
inset-fed length in order to obtain the best structure at 5.7
GHz, as seen in Table 1, (c) replace the metal lines at the
switch positions and consider the effects of electromagnetic
fields on the patch when the switches are present, (d) re-
adjust the patch antenna dimensions.

3. THE RESULTS AND DISCUSSIONS 

On the patch metal, which was designed to resonate at
2.4 GHz using the parameters from Table 1, we used a
space line cut-out in the metal patch, as shown in Fig. 3.
The width of the space line was sufficient to eliminate the
electromagnetic effects from the other parts of the patch;
this distance must be larger than ΔL = 0.7 mm, as
calculated by (4). This value was investigated by
simulation and the best value was found to be 2.6 mm. Fig.
4 shows the geometry of the antenna operated at 5.7 GHz,
which was separated from the 2.4 GHz antenna geometry
by the space line.

The position of the space lines were gradually shifted to
the center of patch until the antenna resonated in a range
from 5.7 to 5.8 GHz. At the resonant frequency of 5.74
GHz the return loss was -30 dB, the -10 dB band width
was 180 MHz with a gain 8 dB. These simulation results
are shown in Fig. 5(a) and 5(b).

Fig. 5. (a) The return loss and (b) the antenna gain at 5.7 GHz with
the five switches in the OFF state.

(b)

(a)

Fig. 4. The distribution of surface current J on the metal patch at 5.7
GHz.

Fig. 3. The optimized patch antenna and switches.

Table. 1.  The antenna dimensions

Parameter Dimensions at 2.4
GHz(mm)

Dimensions 
at 5.7 GHz(mm)

Patch metal, 
L × W

Silicon substrate,
L × W × h

Glass substrate,
L × W × h

Air cavity, 
L × W × h

Length of inset line
section yo

Width of inset slot line
section Wf

Length of feed 
line Lf

Width of feed line Wf

26 × 34

37 × 50 × 0.5

37 × 50 × 1

24 × 40 × 0.08

8

4

7

4

10 x 34

37 x 50 x 0.5

37 x 50 x 1

24 x 40 x 0.08

1.6

4

13

4
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Five 2.6×1.5 mm2 metal jumpers were substituted for
the switches used to connect the patches. The presence of
the jumpers and the space lines changed the resonant
frequency of the antenna to 2.4 GHz; the values L1 and L2

(marked in Fig. 3) were again optimized. The results seen
in Fig. 6 show the highest return loss of the antenna occurs
when L1 = 1 mm and L2 = 3 mm. Fig. 7 shows that the
antenna resonated at 2.42 GHz with a return loss -15 dB,
the simulated bandwidth and gain were measured at 20
MHz and 1 dB, respectively(with L1 = 1 mm, L2 = 3 mm).
The narrower bandwidth of the antenna at 2.4 GHz may be
caused by the sub patches, which are connected to each
other via metal lines(switches in the ON state). This non-
continuous metal patch reduced the radiation efficiency of
the patch antenna.

The replacement of the five metal jumpers with MEMS
switches was performed next. The 2.6×1.5 mm2 area was

reconstructed, which became a coplanar waveguide with
an overlaying metal beam, as seen in Fig. 8(a). The
calculation for the permittivity of the silicon/glass resulted
in an εr = 5.8, a coplanar waveguide(CPW) center
conductor width of w = 50 μm and a ground spacing of s =
10 μm[12]. A CPW with a 40 μm separation was used in
this design. The RF MEMS switches integrated into the
reconfigurable antenna must be well isolated at 5.7 GHz
and have a good conduction at 2.4 GHz during the OFF
and ON states, respectively. The membrane was made
from gold because it possesses a low Young’s modulus, is
flexible, and has a high conductivity. The shape and size of
the membrane are shown in Fig. 8(b). The RF MEMS DC
contact switches were designed and analysed using ANSYS
software; some basic parameter are given in Table 2.

The 2 μm thick membrane was suspended 3 μm above
the substrate in order to obtain a good isolation; in this
simulation Solid 185 was chosen as the meshing
membrane element type. Two electrostatic forces were
generated by DC voltage on two electrodes. In the
simulation, they were placed at the center of the electrodes
as a constant force, as shown in Fig. 9(a). The spring
constant of this structure was measured at k = 38 N/m by
ANSYS; the force needed to displace the area contact on
the membrane by 3 μm was F = k.x = 38×3×10-6 = 114 μ
N. The DC voltage needed to actuate this switch is shown
in the figure, taken from [13]; it was determined to be
58.6V. The 3 μm displacement of membrane in the
simulation is shown in Fig. 9(b).

Fig. 6. The return loss when the length of L1 varies from 1 mm to 5
mm with L2 fixed at 3 mm.

Fig. 7.  (a) The return loss and (b) the gain of the antenna at 2.4 GHz
(the five switches in the ON state).

(b)

(a)

Fig. 8  (a) The MEMS switch structure and (b) dimensions.

(b)

(a)
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4. CONCLUSION

This paper presented the design for a reconfigurable
microstrip patch antenna. By controlling the bias DC

voltage applied to MEMS switches, the antenna can be
switched between 5.7 GHz at 0 V to 2.4 GHz at 58.6 V.
The design antenna has the high gains of 8 dB and 1 dB at
5.7 GHz and 2.4 GHz, respectively. The high gain antenna
will enhance the communication distance of a sensor in a
wireless sensor node. The antenna, placed on a silicon
substrate, is easy to integrate with MEMS switches or other
components on the same substrate. The tunable antenna
using different ISM bands will improve the flexibility of a
sensor in a wireless sensor system.
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