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Abstract

In this paper we have designed and analyzed shunt capacitive fixed-fixed RF MEMS switch to maintain low actuation voltage. The pull -
in voltage of the proposed switch is 7.7V for 2 um air gap. The electromagnetic analysis for the designed structure is, return loss is -23dB
in the range of 1-40 GHz, insertion loss is -0.04dB at a frequency range of 1-40 GHz and isolation is - 38.5dB obtained at a frequency of
23.5 GHz. Mechanical analysis for the designed structure is also performed using FEM tool.

1. Introduction

Radio Frequency devices has a predominant role in the current
scenario, these RF MEMS Switches are designed under
Microwave Applications with a range of frequencies from 30 KHz
to 300 GHz [1]. These are highly recommended for wide range of
applications like Mobile phones, LAN’s, Radar Applications,
Satellite Communications and in automotive industries. This is
due to their low power consumption, Low noise, Low insertion
loss, high Isolation and ultra-wide frequency range which leads
RF MEMS switches better when compared with traditional FETs
and PIN diodes in many applications [2].

These conventional Switches weakens the RF characteristics of
the following device. To overcome these, we have shifted to RF
MEMS switches. MEMS switches are categorized as series and
shunt capacitive switches based on their electrical

configurations. Direct metal to metal contact switches attain
ohmic contact between two electrodes. Which leads to a limiting
upper operating frequency up to 40 GHz [3]. To avoid this, taking
dielectric layer between the electrodes is the best choice which is
nothing but a capacitive type switch. The designed Switch with a
low Pull - in voltage of 9V, return loss in up and down state is
21dB and 0.98dB respectively [4], High Isolation up to 15dB at a
frequency of 10GHz.In a Novel Seesaw-type [5]

Capacitive RF MEMS switch was designed with a low actuation
voltage up to 5V, Insertion loss is 0.5dB at 10GHz, return loss in
down state is 0.5dB at 10GHz and High Isolation is 28dB at a
frequency of 2.3GHz. The Highly Stabilized MEMS switch
designed with low actuation voltage up to 3 V [6], Return loss in
up-state is 10dB at 10GHz, Insertion loss is 0.37dB at 10GHz and
high isolation up to 40dB at a frequency of 10GHz. The switch
with a low actuation voltage up to 3.7 V [7], Return loss in up and
down states is 15dB and 0.99dB at 10GHz respectively, High
Isolation is 12.5dB at 10GHz. The Con Coff Ratio RF MEMS
shunt switches designed at a low actuation voltage up to 10 V,
return loss is 35dB at 10GHz and High Isolation 20dB at a
frequency of 10GHz [8-11]

In this paper, RF MEMS switch is designed with capacitive type
switch in a micro-strip configuration. This proposed switch leads

to low actuation voltage of 7.7 V for 2 um with having beam
material as Gold (Au). Electro mechanical of switch has very low
actuation voltage and decent RF performance analysis have been
performed.

2. Structure of RF MEMS Switch

o

Fig. 1: Structural model of RF MEMS switch

The capacitive type fixed — fixed RF MEMS switch is outmost
preferred switch for high capacitance ratio during OFF and ON
respectively. The schematic model of switch described in the
below figure. This schematic model consists of movable beam,
dielectric, two anchors and substrate [9].

3. Results and discussions

Stress distribution analysis

To study the mechanical properties of the proposed structure, a
maximum force of 5.28E-6 is applied to displace the beam for 2
um air gap. The graphs for Displacement and Spring constant

across the force range of 0-5.28E-6 is observed and plotted.
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Fig. 2: Displacement of the switch with 2 um air gap
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Fig. 3: Displacement and spring constant plots of the switch with 2 um air
gap

Electromechanical analysis

The fixed-fixed capacitive shunt switch was designed and
simulated using FEM Tool. A DC voltage is applied between
micro strip and top electrode. It pulls down the membrane to get
contact to dielectric layer enabling the OFF condition of the
switch [10]. We have used as SiO2 and Si3N4 as dielectric
material because it ishaving high dielectric constant which
increases the OFF-state capacitance. The static electromechanical
analysis of the proposed switch with air gap (2 m) deformed
structure is shown below and the results are tabulated below.
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Fig. 4: Displacement of the switch with 2 um air gap

Volt(78)=7.7 Capacitance o
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Fig. 5: Capacitance of the Switch with 2 um air gap
The displacement and capacitance graphs with different voltages
are shown in Fig (6) The proposed structure’s pull-in voltage is
observed at 7.7 V. The graphs for Displacement and Capacitance
across the voltage range of 0-7.7 V is observed and plotted.

F-:||3 is[lacement (um )

0.0+ .
(.
L

Dis{lacement {um)

T
2 4 -] ]

Voltage V)

Fig. 6: Displacement of the switch with 2 um air gap electromagnetic
analysis
RF analysis are done by using Ansoft HFSS. The Scattering
parameters are essential over a wide range of frequency. When no
voltage is applied across the beam the switch will be ON state, the
insertion and return losses of ON state switch at 2 m gap with

silicon nitride as a dielectric layer at 1-40 GHz frequency range
are measured. Switch gives the return loss of greater than -23 dB
with silicon nitride as dielectric material. Fig shows the excellent
insertion loss of -0.045 dB over a frequency range of 1-40 GHz.
When switch undergoes actuation voltage, beam collapsed on to
the dielectric layer over the signal line, thus switch undergoes
OFF state and signal will not transfer from one state to another
state. The isolation of the switch will be measured on the OFF
state and it is -38.5 dB obtained at a frequency of 23.5 GHz.

Fig. 7: Return loss in UP state
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Fig. 8: Insertion loss in UP state
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Fig. 9: Isolation of the switch in down state
4. Conclusion

Our paper describes a fixed — fixed switch designed and simulated
using FEM tool to obtain low pull-in Voltage, and better RF
performance Characteristics at different air gaps. From the
simulated results, it is observed that the pull-in voltage is 7.7 V for
2 um air gap. The S-parameter results are the return loss (S11) is
greater than - 23dB, the insertion loss is less than -0.045dB in the
range of 1 to 40GHz frequency and isolation (S21) is -38.5 dB at
23.5 GHz frequency. From the above observation the switch can
be implemented for antennas in K Band Applications.
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