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Abstract. A conjoined rectangular shaped cantilever beam switch is designed to operate in the frequency range from 2 to 12 GHz. The
proposed switch exhibits good RF characteristics with low pull-in voltage which makes it ideal for various wireless mobile applications. The
switch is designed in terms of electrostatic actuation mechanism with the optimization of the beam gap, switch beam thickness, and low
actuation voltage. The switch shows excellent RF characteristics, low actuation voltage using a simple cantilever beam structure over a
reliable contact. The proposed design is investigated by using IntelliFab v8.7¢ software for electromechanical and EM software for
electromagnetic analysis. The developed RF-Microelectromechanical system (MEMS) switch was actuated with a very low pull-in voltage of
5V and the maximum Mises stress under actuated condition is 16.7012 MPa. Its insertion loss is -0.25 dB to -3.56 dB at 2 GHz to 12 GHz

and isolation is about -74.55 dB to -57.65 dB at 2 GHz to 12GHz.
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1. Introduction

In high performance wireless systems RF-Microelectro-
mechanical system (MEMS) technology plays a vital role as
it has the ability to realize almost an ideal microwave
switches for its applications [1]. With the advancement in
RF MEMS devices it is possible to discover new architecture
and configurations which were not possible in the existing
technologies. Its applications can be extended to defence
related products to personal communications devices by
combining its advantages such as high performance, low
cost, and ultra-low power consumptions. The MEMS DC
metal contact switch is one of the most promising MEMS
devices and has the same principle of a mechanical moving
switch to manipulate an electrical signal. The performance
of these RF MEMS switches is superior to the existing solid
state switches. RF MEMS switches exhibit excellent
performance in terms of insertion loss, isolation, and
linearity. Several vertical RF MEMS switches were
developed in the last decades due to their excellent RF
performance [2]. In last few years many researchers
reported the ohmic contact RF switches [3-9]. In general a
low voltage of 4-5 V is required for the operation of all the
wireless mobile devices, but a complex charge pump
circuitry is required for the operation of RF MEMS switches
with high actuation voltage in the range of 40-100V [10,11].
The proposed RF switch design approach is to achieve a low
actuation voltage in order to avoid the large circuitry.

In this paper, we have discussed about the design
approach, fabrication process, and the simulated results of
the proposed switch in detail. The switch is a cantilever
beam designed on a silicon substrate. The main feature of
the proposed design is an optimized conjoined rectangular
beam structure with low actuation voltage, high RF
performance, high reliability, and long life time. In section 2
the design considerations of the proposed switch and its
specifications is given in detail. Section 3 illustrates the

virtual fabrication process involved in the design of the
proposed switch. Section IV discusses the simulated results.

2. Design consideration

The mechanical and electrical characteristics of RF
MEMS switch depends upon its structural parameters. So it
is important to design and optimize the structure of the RF
MEMS switch. The micro-cantilever structure results in high
temperature stability and reliability [1]. RF Switch with
optimized cantilever beam has lower actuation voltage and
higher dynamic structure [2]. Proposed design is a RF
MEMS DC-metal contact series switch with conjoined
rectangular beam structure. One of its ends is fixed and the
other free end is covered with metal layer to open/connect
the RF signal line. The proposed RF MEMS switch is
shown in the Figurel.

The switch design parameters are given in the Tablel. A
conventional coplanar waveguide on a dielectric substrate
consists of a center strip conductor with semi-infinite ground
planes on an either side of the structure as it supports quasi-
TEM mode of propagation [3]. The coplanar waveguide
(CPW) offers several advantages over conventional
microstripline, first it simplifies fabrication, and second it
facilitates easy shunt as well as series surface mounting of
active and passive devices. Our switch is a CPW series
switch; consist of a cantilever with conjoined rectangular
beam structure. The proposed RF MEMS switch has a
coplanar waveguide (CPW) line of 1um thickness made of
aluminium for RF signal transmission on a 50 pum thick
silicon substrate. A 0.lum thickness of Silicon Nitrate
(Si3Ny) is deposited over the electrode at the bottom to avoid
direct metal contact. The cantilever beam with length of 350
pm and width of 200 um is fixed to the anchor with the
conjoined rectangular structure. The cantilever beam is made
of aluminium.
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Fig.1 Geometry of the proposed switch: (a) Conjoined beam
structure, (b) Side view, and (c) Front view

The switch is actuated using electrostatic actuation.
When a voltage is applied between the cantilever beam and
the strip line, an electrostatic force is created and the beam is
pulled down to the signal line and a metal to metal contact is
made, the switch is now in ON state. The RF signal is
propagated form input port to the output port at this state.
On the contrary without the applied voltage the beam is in
upstate position, so the RF signal cannot be propagated. The
switch is in OFF state. The force applied is directly
proportional to mass and acceleration. The mass of the
switch can be calculated by multiplying the area of the
switch with the density of the aluminium. The pull-in
voltage can be calculated using the equation (1)

8kzpa
i @
where k is the spring constant of the cantilever beam, z, is
the initial gap height between the beam and the signal line,
€, is the permittivity of air, 8.854 x 10* F/m and A4 is the

area of the beam namely the width (w) and the length (/) w
x /.

Table 1: Geometric parameters of the proposed switch

Beam length, / 350pum
Beam width, w 200um
Beam thickness, ¢ Ium
Air gap, zy 2um
Length of CPW Line 1000pm
CPW Gap 80um
Young’s Modulus of Aluminum 70GPa
Poisson’s ratio of Aluminum 0.44
Dielectric constant of silicon nitride 7.6

The actuation voltage is directly proportional to the
spring constant of the beam. It can be varied by changing the
dimensions of the beam and the materials used. It is
expressed as in equation (2).

__ 2E'wt?

k=2 @

Where E is the Young’s modulus of the beam, w is the
width of the beam, ¢ is the thickness of the beam and / is the
length of the beam.

Moreover the moment of inertia of the cantilever beam is
given by equation (3)
d%y
M=—EI1 (3)
wr?
where [ = o 4
The electrostatic moment applied at the beam tip
represents the electrostatic force F along the beam
multiplied by the resulting beam tip deflection a.

From this equation the moment of inertia is calculated
and the stress is obtained from the equation (5)

a(z) = Et G)
12M
mﬁ = EWT3 (6)

The closing time of the switch depends on the actuation
voltage and the opening time depends on the mechanical
properties of the switch. By scaling the MEMS devices the
switching time is also scale downs, as equation (7)

t,=3.67 -2 (7)

Vgl

©2016 WDAMT




International Journal of Advances in Microwave Technology (IJAMT)

fo =\E ®)

Where (a, fo)) is resonant frequency, V), is pull in voltage
and ¥ is the applied voltage.

3. Virtual fabrication process

The fabrication is carried out wusing surface
micromachining techniques by using IntelliFab, a process
simulation module in Intellisuite® [12]. The virtual
fabrication process flow is shown in the Figure 2. Silicon of
50um thickness was used as the substrate. A 3.5 um of PR-
S1800 is used as the photo resist material for masking by
spin coating. The first metal aluminium of 1 pum thickness for
CPW is deposited through E-beam evaporation and
patterned. Si3;N, (Silicon nitride) layer of 0.1pum thickness is
deposited using plasma-enhanced chemical vapor deposition
[PECVD] and patterned over the actuation electrode. The
anchor is realized by using the sacrificial layer. The beam
structure with 1 um thickness is realized using RF sputter
deposition of aluminium. The sacrificial layer is etched out
using plasma etching.

4. Results and discussions
4.1. Mechanical characteristics

The fabricated structure in IntelliFab module is simulated
using ThermoElectroMechanical module in Intellisuite. The
variation of displacement with the applied voltage was
studied to determine the pull-in voltage of the switch.

(i) Raw Wafer

(i) CPW and Actuation Electrodes

(iil ) Silicon Nitride on RF line and dc Electrodes

(i) Patterned sacrificial layer

(v) Deposition of metal Cantilever

E

(i) Structure release

Fig.2. Fabrication process flow.
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The switch shows a maximum displacement of
0.00493149 pm as shown in Figure 3 with an actuation
voltage from 0 to 10 V. Pull-in voltage of the switch is
calculated when the gap between the beam and the signal
line is (2/3)Z, which is also called as critical gap height in
ON state. The pull-in voltage of the switch was found to be
5V from the simulated graph displacement versus Voltage as
shown in Figure4.

Mises stress is determined to check whether the design
withstands to the given load conditions. The stimulated
Misses stress is shown in the Figure5. The maximum
Misses stress under actuated condition is found to be
16.7012 MPa.

The dynamic response of the switch is carried out using
frequency analysis to find the structural resonance
frequency. The structural resonance frequency was found to
be 2.887 kHz. Figure6 shows the simulated values of the
resonance frequency for the first three modes.

4.2. RF analysis

The RF performance of the switch was measured by
stimulating the structure using EM software in the frequency
2 to 12 GHz.
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Fig. 3. Displacement of the switch
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Fig. 5. Stress Analysis.
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Fig.7. Isolation S,; in OFF state
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Fig. 8. Insertion loss S,; in ON state

Figure7 shows the stimulated result of isolation of the
switch in off state. The switch had an isolation of -74.55 dB
at 2 GHz and -57.65 dB at 12 GHz.

The insertion loss of the switch is shown in Figure8. The
insertion loss was found to be -0.25 dB at 2 GHz and -3.56 dB
at 12 GHz.

The reflection coefficient (S;;) of the switch is shown in
Figure9. The reflection coefficient in OFF state is found to
be -9.71 dB at 12 GHz and -3.45 dB at 12 GHz in ON state.
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Fig. 9. Reflection coefficient (S;;): (a) ON and (b) OFF state
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5. Conclusion

A metal contact RF MEMS switch with conjoined
rectangular cantilever beam structure has been simulated,
designed and virtually fabricated. The conjoined rectangular
beam structure was successful for achieving low stress and
high spring constant. The switch exhibited an insertion loss
of -0.25 dB to -3.56 dB from 2 to 12 GHz. The isolation of the
switch was found to be -74.55 dB at 2 GHz and -57.65 dB at
12 GHz. The pull-in voltage of the switch was found to be
5V. The maximum stress Misses under actuation condition
was 16.7012 MP. The results of this proposed switch makes
it suitable for wireless applications.
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