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Abstract: This is an attempt to compare three different shunt configured RF MEMS switches which offers a
choice for applications in satellite and antennas. Advanced RF communication domain demands for design and
modeling of RF MEMS switch which provides extremely reduced pull-in voltage, better isolation, low insertion
loss, and with greater reliability. The proposed work manages with comparison of design modeling and
performance of three different shunt configured RF MEMS switches. The proposed shunt configured RF MEMS
switches are designed with different dimensions with different meandering techniques with perforations on beam
structure helps in reducing the amount of voltage required for actuation of switch which is known as pull-in
voltage. Comparative study of three different RF MEMS switches which involves in conducting
electromechanical analysis are carried out using COMSOL multi physics tool and electromagnetic analysis are
carried out using HFSS tool. Moreover the comparative study involves in comparing the values of pull-in
voltage, switching time and capacitance, stress, insertion loss, return loss and isolation of three different RF
MEMS switches. Proposed first switch model derives pull-in voltage of 16.9v with the switching time of 1.2us,
isolation of 47.70 dB at 5GHz and insertion loss of 0.0865 dB and return loss of 41.55 dB. Proposed second
switch model derives pull-in voltage of 18.5v with the switching time of 2.5ps, isolation of 37.20 dB at 8GHz
and insertion loss of 0.1177 dB and return loss of 38.60 dB. Proposed third switch model delivers pull-in voltage
of 18.75v with the switching time of 2.56ps, isolation of 44.1552 dB at 8GHz and insertion loss of 0.0985 dB
and return loss of 42.1004 dB.
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1. Introduction

The MEMS mainly attributes to the concept of miniaturization which is creating smaller structures than the
present ones without any compromise in the performance of the system. This RF MEMS switches are the minute
versions of the normal conventional switches. This technology has been widely developed in the last decades of
20th century [1]. The RF MEMS switches are widely used in many practical versions like in temperature
Sensors, pressure measuring equipments, accelerometers, Gyro scopes etc [2]. The size of the RF MEMS
switches is very less which is at to be in microns. All the equipment of the switches will be fabricated on a single
semiconductor chip. The basic function of the RF MEMS switches are those to drive the signals through
transmission paths [3]. This RF MEMS switches had Rapid development in the industrial sector and community
ways. As they are very comfortable and constrained to the required system applications those are mainly used in
wireless communication and space communication systems. These are the metallic structures with the capacitive
configurations. As MEMS switches are well structured without any compromise in the switching mechanisms.
So these has greater performance than the normal conventional switches. These switches are also configurable
as required in the mechanical and electrical properties. As the mechanism and the performance of these RF
MEMS switches are same to the normal conventional switches we can say that this replaces the pin diodes and
transistors for switching mechanism used in the previous decades [4]. To match out the RF MEMS switches they
were technically tested in electrical and mechanical outlines [5]. As the MEMS technology is advanced
technology which gives the reduced versions in size and also compatible in the smaller systems with the reduced
cost we had many advantages like the size will be reduced and also the pull in voltage range will be reduced. We
can also observe the enhanced RF performance. This RF MEMS switches are very reliable by having good
lifetime [6]. They also has low resistance losses which comprises with less power consumption. This RF MEMS
switches are widely flexible in multiband frequencies with good linearity [7]. As all these are slightly beneficial
to the system. These are also being implemented in the satellites and military applications.

2. Materials and Methods

In MEMS structures to equip all the materials on the single chip the base is very important. Here the base
represents the substrate used in the MEMS structure. Substrate plays a crucial role in the performance system.
Generally in MEMS use many substrate materials like silicon, glass, quartz many other semiconductor materials,
even though there are many materials mainly prefer the silicon substrate [8]. These Silicon wafers are very much
suitable and flexible to design microstructures. In MEMS structures we also mainly concentrate on the dielectric
materials which has an eminent role while dealing with the frequency systems. So in RF MEMS switch the
dielectric used is Silicon nitride which is very much suitable to required fabrication process. Generally this
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silicon nitride has many properties like diffusion over the solvents and also it will be more stable over wide
range of temperatures. It does not get effected the process of oxidation and also provided a better electric
constant. For the meanders and beams structures we choose a good conductive metal like gold [9]. By
considering meanders we can estimate the spring constant which is more beneficial to the stiffness factor in
design. Based on the material selected the required properties are adjusted to give maximum performance and
also by choosing perfect fabricating materials we can improve the switching mechanism in RF MEMS switches.
We also use any alternative materials required applications and properties.

3. RF MEMS Switch

The RF MEMS switches are very much beneficial than then the normal semiconductor switches like having less
size, reduced pull in voltage, enhance the order of RF performance, more reliable and larger lifetime. It has low
resistance losses, the power consumption for the RF MEMS switches is also very less it is also best insolated
switch so it is used in the wide range of RF and microwave frequencies. The size is very much less as microns. It
also has a good capacitive mechanism when compared to the conventional semiconductor switches [10]. The
main principle of the RF MEMS switches is it drives the signal through the transmission parts movement of the
switch decides whether the switch is in open circuit or short circuit in the transmission line of radio frequencies
[11]. Mainly this RF MEMS switches classified into two types like series switch and shunt switch. In series
switch starting stages it will be in off conditions since is no biasing voltage. In series RF switches isolation
capacities are maximum. The radio frequency signal passes through the input signal up to the output signal.
Whereas shunt type RF MEMS switch will be in on condition initially. This capacitive switch where there is a
beam structure with moving electrode [12]. In this switch the transmission of the signal takes place when the
switch is open from the input to output.

4. Proposed Switch

The proposed three RF MEMS switches are shunt type capacitive activated. The proposed Switches are modeled
by best choosing silicon as a substrate material having a length of 450um, switches are associated with CPW,
Ground and Signal line. Beam is clearly separated from signal dielectric with air gap and this air gap establishes
a capacitive effect [13]. Anchors are used to fix the Beam between two ends. Beam with Perforations on the
beam helps in reducing pull in voltage [14]. The proposed shunt RF MEMS switch schematics are show in fig
1,2 & 3 and its design specifications are listed in table 1, 2 & 3.

Parameters Length | Width | Thickness Materials
(um) (um) (pm)
Substrate 450 400 4543 Si
Oxide laver | 450 400 100 Sio;
CPW 1515 | 400 | 100 Gold
ground
CPWsignal | 47 | 400 | 100 Gold
line
Dielectic | 5, | 47 0.1 SisN:
lavers
Anchors 30 80 1 Au
Beam 120 44 5 Aun Cu.Ni
Meander d 10 25 3 Au Cu.Ni
C 30 10 5
B 10 35 5
A 25 12 5
Table 1: Design Specifications of Switch 1
Meanders

chor

t

i Perforations
Fig: Proposed Switch 1
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Parameters Length | Width | Thickness Materials
(um) (um) (pm)
Substrate 450 400 4543 Si
Oxide laver 450 400 100 Si:N.
CPW 150 | 400 100 Gold
Ground
CPWsignal | 65 | 400 100 Gold
line
Dielectric | g5 65 05 SisN:
Laver
Anchors 30 80 5 Au
Beam 120 44 15 Au
Meander 1 10 30 15 Au
Meander 2 30 10 1.5 Au

Table 2: Design Specifications of Switch 2

Meanders Anchor

Fig2: Proposed Switch 2

Component| Length| Width | Thickness| Material
(um) | (qum) (1)

Substrate | 450 400 4543 Silicon

Oxide layerr 450 400 100 Sio2
Dielectric ;
layer 66 66 0.5 Si3N4

CPW line| 151 400 100 Gold

Signal line| 66 400 100 Gold

Beam 120 eE} 3.5 Gold
Meandera| 10 30 3.5 Gold
Meanderb| 30 10 3 Gold

Anchor 30 80 4.5 Gold

Table 3: Design Specifications of Switch 3
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Fig 3: Proposed Switch 3

5. Results and Discussion
The proposed beam structured capacitive RF shunt MEMS switch is simulated on COMSOL software tool &
HFSS Simulator tool.

5.1.1 Spring Constant (K):

Spring constant is key factor for analyzing mechanical behavior of proposed switches. Spring constant of the
proposed switch depends on beams stiffness [15].

K= Ewt®

|3

5.1.2 Pull in Voltage (Vp):

With the pull-in voltage switch can beelectro statically actuated. The voltage needed for activating the switch is
actuation voltage, and it mainly relay on the spring constant (K). The switching on and off utilizes small amount
of DC voltage, which helps in making beam to contact with signal dielectric layer [16-17].

The mathematical expression for pull-in voltage (Vp) is,

3
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Fig 3: Electromechanical analysis of shunt RF MEMS switch 1
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Fig 3: Electromechanical analysis of shunt RF MEMS switch 2
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Surface: Total displacement (um)
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Fig 3: Electromechanical analysis of shunt RF MEMS switch 3
The electromechanical analysis, shows that how the switch is displacement with particular actuation voltage.
5.1.3 Capacitance Analysis:

In RF MEMS switch, the key factor to be taken is Capacitive Analysis. The performance of bridge type switch
depends on both up state and down state capacitance. The air gap between beam material and signal dielectric
helps to form the up state capacitance, and no air gap indicates down state capacitance. The proposed switch has
an upstate capacitance which is equated as:

&A
C, = - 3)
o+
gr
The applied voltage to beam, will make beam to colapse towards down due to electrostatically actuated force
[18]. The capacitance which is developed, known as downstate capacitance when the switch is in OFF state

condition. The downstate capacitance (Cd) is equated as..

& A
ty
Here , ty indicates signal dielectric layer material thickness ‘& indicates beams relative permitivity, ‘é&o’

indicates air relativity, and ‘A’ indicates area.

Cq

Surface: Capacitance (F)

x10714

Fig 5: Capacitance analysis of Shunt RF MEMS switch.1
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Fig 5: Capacitance analysis of Shunt RF MEMS switch.2
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Fig 5: Capacitance analysis of Shunt RF MEMS switch.3

5.1.4. Switching Time analysis
The transition speed depend on switching time. This switching time relay on the angular frequency, pull-in
voltage (Vp) and supply voltage (Vs) [19].
Switching time is formulated as,

3.67V,

s =
Vs 0)0

5.1.5. Stress analysis
The Deformation of switch depends on applied force on the beam, and it is evenly distributed. The stress is anti
parallel to the area and direct parallel to the force.

Stress = Foree (8

Area

The Force is formulated as

g,8, V2
Force(f)=22_ o)
2d
Here,
‘€’ indicates beams relative permitivity, ‘&0’ indicates air relativity, ‘I’ indicates beam length, ‘w’ indicates

beam width, d indicates air gap from signal line to beam, and 'V’ indicates proposed pull-in voltage(Vp) of
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Fig 7: Stress analysis of shunt RF MEMS switch 1
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Fig 7: Stress analysis of shunt RF MEMS switch 2
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Fig 7: Stress analysis of shunt RF MEMS switch 3

5.2. ELECTROMAGNETIC ANALYSIS

The HFSS tool is used for calculating scattering parameters of proposed switches. Return and insertion losses are
evaluated during up state condition of switch, whereas isolation is evaluate during down state condition of
switch, [20-22].
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Fig.09. HFFS tool simulated result for Insertion loss of switch 1
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Fig.09. HFFS tool simulated result for Insertion loss of switch 2
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Fig.10. HFFS tool simulated result for Isolation of switch3

Parameters M. Giridhar Mafinejadand M. Tang Proposed Switch1  Proposed Switch 2 Proposed Switch 3
Kouzani
Pull-in (Vp)voltage 50V 20V 204V 169V 185V 1875V
Stress analysis @~ 0 0-—— - 1.286 MPa 4.19 MPa 4.19 MPa
Switching ime (ts) - = - 25 us 1.2 us 25 pus 2.56 us
Upstate capacitance(Cu) -—--— = - 137 fF 7.46 fF 5.12fF 523 fF
Downstate capacitance = ----- 4.26 pF 3.9 pF 1.25pF 3.27pF 332 pF
Capacitance rattio ~  -—--— - 16.75 1.56 1.57
Return Loss(S;;)) - 24dB 0 -41.55dB -38.60 dB -42.1004dB
Insertion Loss(S:,) -0.5dB 0.9 dB -0.46 dB -0.0865dB -0.1177 dB -0.0985dB
Isolation Loss(S,;) -30dB 18 dB -25dB -47.70dB -37.20dB -44.1552dB

6. Conclusion

The design of three different RF shunt MEMS switches is done in this paper. COMSOL software is used for
conducting Electromechanical investigation for calculating pull-in voltage and switching time. Proposed
Switches 1,2 & 3 offers pull-in voltage of 16.9v, 18.5v & 18.75v respectively with the switching time of 1.2 ps,
2.5 ps & 2.56ps. HFSS tool is used for conducting High frequency analysis. Proposed switches provides
isolation of -47.70dB, -37.20dB & -44.1552dB and insertion loss of -0.0865dB, -0.1177dB & -
0.0985dB and return loss of -41.55dB, -38.60dB & -42.1004dB. From the results we conclude that the switches
are activated at extreme low pull-in voltage which offers high isolation in RF Switch and with improved
insertion loss. So, this shunt MEMS switches with extreme low pull-in voltage and enhanced switching speed
can be used in many RF applications.
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