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ABSTRACT

In this paper, a cantilever-based series metal contact radio
frequency micromechanical switch is designed with reduced
pull-in voltage and RF losses. The paper also discusses the
cantilever structural analysis. The analysis is extended with
single and multiple contact regions. The switch RF losses are
reduced by placing separate contact regions. The circular
holes are placed to micromechanical structure which
eventually helped to minimize the necessary pull-in voltage.
The RF MEMS switch proposed in this paper is offering an
pull-in voltage of 8.5V, insertion losses -0.62dB, isolation
losses -62dB.

Key words: Cantilever, CPW Transmission Line, Pull-in
voltage, RF Losses, Series Metal Contact Switch.

1. INTRODUCTION

The micromechanical RF MEMS switching circuits have major
demand in millimeter and microwave communication applications.
Generally, solid state switches like the PIN diodes and GaAs
MOSFET are incorporated in the single pole single through switches
in communication networks because of their extreme adaptability
and low fabrication cost. But the solid-state switches proved their
performance only at low operating frequency and the high frequency
factor mitigating the performance of the electrical solid state
switches [2]. The electrical switches are struggling with high
insertion losses and low isolation losses at high operating frequency
in GHz range[15].

Because of the non-linear behavior the electrical solid-state
switches are not that much preferable for wide band communication
applications [1]. So, the researchers are reluctant to opt electrical
switches for future communication applications.
Electromechanically switches are offering high linearity compared
with electrical switches because of that the RF micromechanical
switches are offering low insertion, best isolation, nominal power
consumption. Crosstalk can be mitigate with the help of
micromechanical switches at very high frequency range [1]. In the
last decade period, many researchers are showing interest on RF
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MEMS switches and advanced the work and proposed many
solutions to the research challenges on RF MEMS switches.

Growth in micro electro mechanical systems have demonstrated
the design and micromachining of high frequency signal switching
devices i.e. RF MEMS switches. The first RF MEMS switch was
introduced in 1979, as electrostatically actuated cantilever structure
micromechanical switches are developed to route low frequency
electrical signals [3].

Because of the small size the micromechanical switches are
offering best performance at high frequency range, and the RF
MEMS switches are struggling to offer low ON resistance in metal
contact switches similarly high ON capacitance in capacitive
switches[4].In this paper, a 10GHz to 35GHz RF micromechanical
switch is proposed with multiple contact regions. The switch
proposed is very small size i.e. all dimensions are in micrometer
range and the performance is analyzed up to V-band.

2. STRUCTURAL ANALYSIS

This paper explains the design of series metal contact RF MEMS
switch with the aim of low pull-in voltage and high RF performance.
In this aspect we have extended the analysis on the role of cantilever
structure and the number of contact regions on the performance of
series metal contact RF MEMS switches.

Overall, we have taken two micromechanical structures as
shown in figure 1, one is cantilever with one contact region and the
other one is cantilever with three contact regions. And both the
structures are associated with the circular holes.
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Figure 1: Cantilever Structure with different contact regions, a) one
contact, b) Three contacts.

In figure 2, we have presented the model structure of proposed
series metal contact RF MEMS switch, the switch is design on CPW



transmission line with best G-S-G dimensions what we have noticed
in the literature i.e. 200um-100pm -100pum.

Three Contact
Regions

Figure 2: Proposed series metal contact RF MEMS switch model
structure.

Table 1: Series metal contact RF MEMS switch parameters

Parameter Dimensions (pm)
Silicon Substrate 500%500%60

Oxide Thickness 1

Thickness of CPW lines 0.1
Gap between cantilever and bottom 1

electrode
Area under electrodes 150x250

Thickness of dielectric 0.1

Cantilever thickness 1

Table 2.:Proposed switch materials

Particular Material Thickness Relative permittivity
Substrate Silicon 1.5mm 9

CPW Au 1 -
Dielectric SisNg lpm 7.2
Cantilever Au lpm -
eterl Ay tpm -

A. Actuation Voltage

Actuation voltage is a DC component which required to
deform the micromechanical structure here it is cantilever.
Not like in thermal, piezoelectric, electromagnetic, this DC
voltage is required in electrostatic actuation technique.

The required DC voltage can be reduced by decrease air
gap between bottom and top electrode, decrease cantilever
stiffness and can increase actuation area. The actuation
voltage is the voltage for which the cantilever deform,

[_Ekagd

Actuation Voltoge = 27 e,

()
B. Spring Constant
The stiffness of the cantilever can be approximate from the

spring constant of the micromechanical structure. The
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required actuation voltage is proportional to the stiffness of
the cantilever, the actuation voltage can be predict from the
spring constant (k). The spring constant can be written as,

Eweed
= (2)

Spring Constent =

where, ‘W' is the width, 'E' is the young’s modules, 't' is the
thickness, 'I' is the length of the cantilever.

C. Switching Time

switching time of the switch nothing but, time required to
toggle from up state to downstate. Switching time is one of the
switch performance deciding. It directly proportional to
pull-in voltage of the switch and inversely relate to the source
voltage of the switch.

£, = 3.67 =

Pl

©)

Where V5 is pull in voltage, w, is resonant frequency of the
cantilever and Vs is source voltage from electrodes.

s
|k

Wom “)

g =
3.RESULT ANALYSIS

The proposed RF MEMS switch is designed and simulated
with the help of finite element method tools. The switch is
designed on coplanar waveguide transmission line and silicon
used as a substrate. The gold material is chosen for CPW
lines, electrodes and cantilever. The circular holes are created
to cantilever with radius is 5um. The CPW line G-S-G
dimensions are 100-100-100. The structural analysis on the
cantilever clearly show that one contact cantilever requiring
actuation voltage when compared with three contact
cantilever structure in terms of pull-in voltage as shown in
figure 4 and figure 6. Eventually, the three-contact cantilever
structure offering low pull-in voltage i.e. 8.5V because more
cross-sectional actuation area(W*w). The theoretical
measured spring constant is 1.8N/m for cantilever with
dimension i.e. length is 260um, width is 200um, thickness is
lum and the cantilever is designed with gold and its elasticity
is 70GPa. The theoretical pull-in voltage with W=50um and
w=50um is 5V. The g, =8.85 x 10™* is the free space relative
permittivity.

Isolation losses of the RF MEMS switch indicates the
OFF-state performance of the switch. Insertion loss of the RF
MEMS switch indicates ON state performance of the switch.
The isolation losses and insertion losses are measured by Sy;



along the signal line with no applied voltage bias. The radio
frequency performance of the switch is simulated in the range
of 0 to 60GHz.

The simulated isolation loss (S,;) and insertion losses (S,1)
of the three-contact cantilever RF MEMS switch are shown in
figure 7 and figure 8. The radio frequency parameters like
insertion losses offered by the switch is -62dB and the
insertion loss is 0.62 dB at 60 GHz. Overall the three contact
cantilever based switch offering a pull-in voltage of 8.5 V.

This wide parametric extraction from simulated graphs
showcase that the proposed three contact cantilever series RF
MEMS switch is suitable for Q & V-band applications.
Especially in Surface movement radars and High attenuation
radar applications we can prefer the proposed RF MEMS
switch.
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Figure 3: Single contact cantilever

Cantilever Displacement (um)
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Figure 4:Single contact cantilever displacement
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Figure 5: Three contact cantilever
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Figure 6: Three contact cantilever displacement
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Figure 7: Isolation Losses of switch with three contacts cantilever.

0.00

Curve Info

—4— dB(S(1.2))
Setup1 : Sweep

013

-0.25

Insertion Losses
&
@
@
1

-0.50

-0.63

075
1.00

2.00 3.0 4.00 7.00 200 9.60 10kt

5.0 6.00
Freq [GHz]

Figure 8: Insertion Losses of switch with three contacts cantilever.



Table 4:
investigation

Proposed

switch performance comparison with

Reference | Reference Proposed
Parameters Reference [1] 4] 9] Switch
Substrate Silicon Silicon Quartz Silicon
Linear Elastic Cantilever Bridge Bridge Cantilever
Structure
Pull-in
Voltage(V) 20V 25V 35V 8.5V
Hole_s to Linear No No Yes Yes
Elastic structure
. . Circle
Hole Dimensions - - - Radius=5 um
Insertion Losses -0.2dB at
(dB) -0.7dB 40GHZ -0.35dB -0.62dB
'So'at'(‘é'é')‘osses 5108 4008 1508 -62dB

4. CONCLUSION

A cantilever-based series metal contact radio frequency
micromechanical switch is designed with reduced pull-in
voltage and RF losses. The paper also discusses the cantilever
structural analysis. The analysis is extended with single and
multiple contact regions. The switch RF losses are reduced by
placing separate contact regions. The circular holes are
placed to micromechanical structure which helped to reduce
the required pull-in voltage. The switch proposed in this
paper is offering an pull-in voltage of 8.5V, insertion losses
-0.62 dB, isolation losses -62dB.
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