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Abstract— This paper presents the design and analysis of reconfigurable antenna using two
circular microstrip patch antenna array with non-uniform RF-MEMS switches in L. and S band.
It consists of a pair of circular patch antenna with CPW on the same side of Si substrate. This
reconfigurable antenna design consists of two RF-MEMS switches, to achieve pattern reconfigura-
bility. Two RF-MEMS switches are used to electrically connect and disconnect the two circular
radiating patches. The analysis of reconfigurable antenna using RF-MEMS switch is done using
the simulation performed on Ansys HFSS electromagnetic simulator for the frequency range of 1
to 10 GHz. The reconfigurability of the antenna is analyzed for L to S band (2 to 4 GHz) in terms
of return loss and radiation pattern. The proposed antenna shows the pattern reconfigurability
at 2.3 GHz and 3.4 GHz.

1. INTRODUCTION

In satellite communication, reconfigurable antennas are used to achieve switching capability between
two frequency bands. This switching is possible either by using p-i-n diode and FET switches or RF-
MEMS switches. Due to the advantages of RF-MEMS switches over semiconductor switches, RF-
MEMS switch technology is regarded as a promising technology for future reconfigurable wireless
communication systems [1-4].

In this work, two circular microstrip patch antenna array with proposed RF-MEMS switches
are used for L and S band. Our recently proposed [5] capacitive non-uniform serpentine spring
based RF-MEMS are used in CPW configuration, so they do not require extra bias line, the
bias is applied directly to the RF signal line. The lack of bias line for the RF-MEMS switches
in proposed reconfigurable antenna design makes the fabrication easier, which in turn improves
the radiation performance due to absence of leakage and coupling through the bias lines. This
reconfigurable antenna design consists of two RF-MEMS switches, to achieve pattern and frequency
reconfigurability. The proposed switch design is scaled up by a factor of 20 in order to achieve the
reconfigurability in L. and S band.
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Figure 1: Schematic view of RF-MEMS switch based reconfigurable antenna.
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2. DESIGN AND OPERATION

Figure 1 represents the schematic view of reconfigurable antenna with RF-MEMS switch. Two
circular patch antenna array with RF-MEMS switches are designed to achieve a reconfigurable
antenna characteristics for the frequency band of 1 to 10 GHz. It consists of a pair of circular patch
antenna with CPW on the same side of Si substrate. The total width (Wy,;) and length (L) of
this antenna are 94 mm and 67 mm, respectively. The radius of the patch is taken as 12.5 mm and
the length, width and thickness of RFE-MEMS switch are 12.8 mm, 2.08 mm and 0.1 mm respectively.

A CPW feed line with central conductor width W = 4mm and ground signal gap S = 0.45 mm
is used, resulting in a characteristic impedance (Zy) of 50 2. Two RF-MEMS switches are used to
electrically connect and disconnect the two circular radiating patches. These switches are positioned
at 6 mm from the circular patch along x axis.

The RF-MEMS switch activates or deactivates the circular microstrip patches when a DC bias is
applied. For two circular microstrip patch element based antenna, the frequency band is selected or
removed based on whether the RF-MEMS switches are in up-state (open), or in down-state (short)
with the CPW central conductor. The proposed reconfigurable antenna is simulated for two cases,
when switch 1 in down-state (ON) and switch 2 in up-state (OFF) and when switch 1 in up-state
(OFF) and switch 2 in down-state (ON).
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Figure 2: Return loss for RE-MEMS switch based two element circular microstrip patch antenna, (a) when
first switch is in down-state, (b) when second switch is in down-state.
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3. ANALYSIS AND RESULT

The analysis of reconfigurable antenna using RF-MEMS switch is done using the simulation per-
formed on Ansys HFSS electromagnetic simulator for the frequency range of 1 to 10 GHz. The
reconfigurability of the antenna is analyzed for L to S band (2 to 4 GHz) in terms of return loss
and radiation pattern. Figure 2(a) shows the return loss (S11) for proposed reconfigurable antenna
for frequency ranging from 1 to 10 GHz. In this, an actuation voltage is applied at first switch.
This plot illustrates that this antenna provide the resonance at eight resonant frequencies with
> —10dB for the frequency range of 1 to 10 GHz.

When an actuation voltage is applied at second switch, the simulated return losses are shown
in Figure 2(b). It shows that this antenna radiate at seven resonant frequencies except 2.1 GHz.
So from this graph it can be concluded that this antenna do not radiate at 2.1 GHz by actuating
second RF-MEMS switch.

The E-plane (z-y) radiation patterns are simulated (¢ = 90) for different switch positions.
When first switch is actuated, this antenna shows a different radiation pattern at 2.3 GHz as shown
in Figure 3(a). It shows that radiation pattern can be reconfigured slightly to the left side by
switching the first RE-MEMS switch. When second switch is actuated the radiation pattern shifts
towards the right hand side at 2.3 GHz as shown in Figure 3(b). It is observed that left and right
pattern reconfigurability can be obtained at 2.3 GHz by actuating either first or second switch.

Figure 4(a) shows the antenna radiation pattern at 3.4 GHz when first switch is actuated. This
radiation pattern gets changed at 3.4 GHz when second switch is in down-state as shown in Fig-
ure 4(b).

From these plots it is observed that the radiation pattern at 2.3 GHz get significantly changed
in left side or in right side after actuating the first or second switch. On the other hand it shows
the pattern reconfigurability at 3.4 GHz when first switch or second switch are actuated.
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Figure 3: 2-D E-plane radiation plot at 2.3 GHz for RF-MEMS switch based two element circular microstrip
patch antenna, (a) when first switch is actuated and when second switch is actuated.
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Figure 4: 2-D E-plane radiation plot at 3.4 GHz for RF-MEMS switch based two element circular microstrip
patch antenna, (a) when first switch is actuated and when second switch is actuated.
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4. CONCLUSION

The use of circular microstrip resonating elements integrated with RF-MEMS switches were im-
plemented for reconfigurable microstrip antenna for the frequency band ranging from 1 to 10 GHz.
Simulations are performed on Ansys HFSS electromagnetic simulator. This reconfigurable antenna
shows pattern reconfigurability at 2.3 GHz and 3.4 GHz, when either first or second switch is actu-
ated.
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