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ABSTRACT  
 
Micro Electromechanical System also popularly known as 
MEMS is a technique of combining both mechanical and 
electrical components to produce a miniature device. The 
functionality of MEMS devices are mechanical and 
electrical functions. MEMS has number of micro 
components integrated on one single chip it is done in such a 
way to sense and control the environment at the same time. 
The integration of these chips is done by using micro 
fabrication technologies. There are few parameters  
 
Low Actuation is achieved by using electrostatic 
mechanism. The proposed RF MEMS switch works at a low 
pull in voltage at 17V is achieved by electromechanical 
analysis. The Proposed switch has a capacitance ratio of 159. 
Electromagnetic analysis is analyzed, and RF performance 
of the switch is discussed. 
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     1. INTRODUCTION 

 
Over the last few years, a rapid change in MEMS field took 
place which lead to the design of miniature devices with 
high transfer speed and reduced actuation voltages [1-3]. 
MEMS systems incorporate advantages and overcome 
switch drawbacks such as waveguiding, half- conductor 
switching devices [4-7]. 
In correspondence applications, RF MEMS switchs are the  
choice for substituting traditional switches. These traditional
 switches decrease radio frequency performance like loss of 
 insulation, loss of insertion and loss of signals over 1GHz 
[8]. The devices created by MEMS technology are widely 
used in communication field. The RF characteristics of the 
switch is varied from application to application [9-11]. 
Contact switches finds their  applications  in RF 
communication systems for routing RF signal through right 
antenna by switching between transmitter and receiver, 
routing signal to different blocks in multiband systems [12-
14].Among all MEMS devices switches increase a 
consideration as a result of their favorable circumstances 
[15]. There better way to avoid the contact of metal and 
metal is to design a capacitive switch [16-18]. With no 
actuation DC voltage, capacitance formed is very small (10– 

 
 
 
 
 
 
 
 
100fF), which do not affect impedance of signal line and 
thus, switch simply acts here as an ON state causing RF 
signal to pass through transmission line from one end to 
another end [19].  

 
Dual electrode capacitive shunt switch two electrodes on 
both sides of the switch and near to central signal line of 
the switch [20-22]. 

Extremely great seclusion, less addition misfortune, 
smaller size of the device in this way the device size is 
small [23-25]. The parameters like pull in voltage, 
isolation, and return loss are mentioned. They are mainly 
applicable to antenna applications and filters [26]. The 
modelling of switch and performance analysis of switch 
has taken place [27-28]. And to find the best design 
metrics, the values of beam thickness, width, conductor 
and dielectric materials are varied and verified [29-30]. 
This is the basis to finalize the switch parameters. 
Evaluation of the output of RF parameters takes place 
with the help of HFSS Software. The layout of the paper is 
as follows: Section – II describe the structure and concept 
evaluation of the switch. Section – III covers discussions 
and results of the model. Section- IV covers the 
conclusion. 

 
    2. THE PROPOSED SWITCH ANALYSIS 

Silicon substrate has a dielectric value of 11.68 Oxide 
Layer, silicon oxide has a dielectric value of 3.9. Oxide 
layer is placed on substrate. Silicon Nitride, has a 
dielectric value of 7. 

SWITCH DIMENSIONS: 

 Table 1: Dimensions of the proposed switch 

SNo Structural Element Values 

1. Thickness of Substrate   20 

2. Thickness of Ground and signal 
line 

 15 

3. Thickness of Dielectric layer   0.1 

4. Thickness of Oxide layer   10 
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5. Length of beam  300 

6. Width of the beam  150 

7. Thickness of the beam  0.5 

8. Air gap   2 

  

 
Figure 1:Proposed Switch Schematic  

A. SPRING CONSTANT(K): 

Without any residual stress for shunt switch the spring 
constant value is given by  

K=32*E*w(௧
௟
)3                       (1)                                                          

Spring constant general expression is 

K= 32*E*w(௧
௟
)3 + 8σ(1 – V)w(௧

௟
) 

Where t =the thickness of the beam,  

  l =length of the beam, 

 w =width of the beam and  

 V =Poisson’s ratio 

For a shunt switch the layer is fastened one side it doesn’t 
contain pressure.  

σ= Axial stress (Pa) 

B. ACTUATION VOLTAGE: 

When voltage is applied electrostatic force is induced 
between the beam and electrodes. Based on the voltage the 
beam tends to deflect. The minimum voltage required to 
deflect the beam is called as actuation voltage. 

௣ܸ = ට଼௞௚బయ

ଶ଻ఌబ஺
           (2)    

 Here g0 = Air gap 

         ε0 =  Free space permittivity 

         k = Spring Constant  

         A= W*w 

         w= Width of the beam 

         W=Signal line width 

C. MECHANICAL RESONANT FREQUENCY: 

The mechanical spring is given by  

     ω0=ට௄
௠

                          (3)                          

D. SWITCHING TIME:  

The period to change from on to off state is known as 
toggling time and inversion of toggling time is speed.  

ݏܶ    =
ଷ.଺଻௏೛
௏ೞఠబ

                         (4)                                                     

Where Vp = Minimum Voltage requires to on the switch 

           Vs = Supply voltage,  

            Vs = 1.4 Vp 

E. CAPACITANCE OF THE SWITCH: 

The Capacitance of the switch can be improved. This can 
be achieved by changing the on and off state capacitance. 

F. UPSTATE CAPACITANCE: 

Upstate capacitance (Cu) can be expressed as: 

            Con= 0

d

r

Ww
tg






          (5)                             

 G. DOWNSTATE CAPACITANCE: 
When voltage is applied to the switch, it deflects and 
comes to downstate. This is called as off state capacitance 
(Coff)is given as: 

 Coff= 0 r

d

Ww
t

             (6) 

    H. CAPACITANCE RATIO: 
Downstate to upstate capacitance is ratio of capacitance 
and is given as 

Cratio= off

on

C
C

               (7)                              

THEORETICAL VERIFICATION OF THE 
PROPOSED SWITCH: 

    Table 2: Theoretical verification of the proposed switch 

Parameters Value 
Spring Constant value 8.9 

Actuation voltage 15.43 V 

Switching Time 29.7 µs 

Upstate Capacitance o.o4397 pF 

Downstate Capacitance 6.99 pF 

Capacitance Ratio 158.9 
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 3. RESULTS AND DISCUSSIONS 

 1. ELECTROMECHANICAL PERFORMANCE 
AND ANALYSIS OF PROPOSED RF MEMS 
SWITCH: 

The proposed switch is designed and simulated in 
COMSOL Multi Physics. Parameters like Air gap, beam 
width, beam thickness, dielectric materials, conducting 
materials are analyzed and plotted. In order to design a 
low pull in voltage switch these parameters needs to give a 
high deflection. 

A. ANALYSIS OF AIRGAP ON SWITCH: 

The figure  2 shows the graphs of displacement vs voltage, 
by varying the airgaps. The airgaps is varied between 1 to 
3 µm. But during fabrication a minimum of 2 µm airgap is 
suggestable.  

 
Figure 2: Deflection graph obtained by varying the 

airgaps 

B. SELECTION OF BEAM THICKNESS OF THE 
SWITCH BASED ON HIGH DEFLECTION: 

The figure 3 displays the deflection occurred by varying 
the thickness of the beam. At 0.5 µm the switch has more 
deflection and low pull in voltage compared to others. 

  
Figure 3: Deflection graph obtained by varying thickness 

of the beam. 

C. SELECTION OF BEAM WIDTH OF THE 
SWITCH BASED ON HIGH DEFLECTION: 

To select the beam width for the switch, make the length 
and thickness of the beam to be constant and vary the 
beam width. Fig. 4 shows the graphs of displacement vs 
voltage for varying beam width. Pull in voltage and beam 
width are inversely proportional to each other from the 
equation (2). From the Fig. 4 beam width with 150 µm has 
a high deflection compared to others.  

 
Figure 4: Deflection graph obtained by varying width of 

beam 

D. SELECTING THE CONDUCTORS BASED ON 
DEFLECTION FOR THE SWITCH: 

To obtain good performance of a switch, a proper 
conductor should be chosen. From the figure 5 we can say 
that gold has high deflection hence gold will be the 
conductor of the switch. 

 
Figure  5: Displacement graphs obtained for different 

conducting materials. 
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E. EFFECT OF DIFFERENT DIELECTRICS ON 
SWITCH: 

From the Fig. 6 we observe that Si3N4 gives a better 
deflection compared to ZnO. 

 
Figure  6: Different Dielectrics Deflection  

 
F. DETERMINING SWITCHING TIME: 

Switching time depends on Vp, w0 and Vs from the 
formula mentioned in equation (4) mentioned above. Fig 6 
explains about the change in voltage with respect to 
switching time of the switch. The Switching time of the 
proposed switch observed as 29.7 µs at pull-in voltage 
15.43V. 

 
 

 
Figure  7: Switching time vs source voltage 

 

Figure  8: Proposed RF MEMS Switch 
 

2.ELECTROMAGNETIC AND RF PERFORMANCE 
OF THE SWITCH  

The electromagnetic analysis tells about Radio Frequency 
analysis of RF MEMS switch in decibels. The Parameters 
which gives the analysis of RF MEMS Switch is Isolation, 
Insertion loss and Return loss. Return loss is analyzed in 
both ON and OFF condition, Insertion loss is analyzed in 
ON state and Isolation is analyzed in OFF state. There is 
an air gap of 3µm gap with dielectric material as silicon 
nitride. Here, 0-10 GHz range of frequency is measured. 

 

 
 

Figure  9: Return loss(S11) of proposed switch [ON State] 
 

The electromagnetic simulation takes place at 0-10GHz and 
the parameters are evaluated. In ON state of the switch a 
return loss of -5 to -35 dB is shown in fig.8 and fig.9 
displays an insertion loss of -0.01 to -0..5 dB. 



N. Siddaiah et al.,  International Journal of Emerging Trends in Engineering Research, 7(11), November  2019, 670- 676                                    

674  

 
Figure 10: Insertion loss(S21) of proposed switch[ON 

State] 
 

Figure 11: Return loss(S11) of proposed switch [OFF    
State] 

In Fig. 10, a return loss of -1 to -27 db is observed in OFF 
state of switch and Fig. 11 shown below displays a 
isolation loss of -1 to -18 db  in OFF state. 

    
Figure 12:. Isolation loss(S21) of proposed switch[OFF State] 

 

4. CONCLUSION 

In this paper, a low actuation voltage switch is modelled 

with electromagnetic and electromechanical properties 
analysis. It is designed with a function of different 
parameters. By the observation from the graphs during the 
ON state of return loss it has a less than -35 decibels and 
the insertion loss in ON state is higher than -0.1 decibels 
at 10GHz frequency. The Isolation in its OFF state has 
higher than -16 decibels at 10GHz frequency. The 
Proposed switch has a capacitance ratio of 159. The 
designed switch shows excellent RF characteristics and 
can be highly useful in reconfigurable antenna 
applications. 
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