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Abstract: This paper discussed about radio frequency design of coplanar-waveguide (CPW) based π-matched 
shunt switch for broad-band (18-40 GHz) application. The effects of variation in membrane width (50 – 80 µm) 
of the switch and high-impedance transmission line length (200 – 600 µm) between the switch structures on 
scattering parameters are studied. The variation in beam width has very little effect on return loss and insertion 
loss of the switch in the up-state. The reduction in high-impedance transmission line length yields marginally 
improved return loss and insertion loss. In the down-state configuration, the return loss showed negligible 
change with the variation in beam width and high-impedance transmission line lengths. The isolation is found to 
be improved with the increase in beam width and high-impedance transmission line length in whole frequency 
range. The optimized high-impedance transmission line length (400 µm) and beam width (50 µm) yields 
insertion loss < – 1 dB and isolation better than – 40 dB in 18-40 GHz frequency range. Copyright © 2016 IFSA 
Publishing, S. L. 
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1. Introduction 
 

Radio frequency micro-electro-mechanical 
system (RF MEMS) components are receiving 
significant devotion due to their small size, 
lightweight, low insertion loss, and negligible power 
consumption [1-5]. The trade-off is somewhat high 
electrostatic actuation voltage, relatively lower 
switching speed, and the reliability issues that  
come along. Many RF-MEMS components 
approaches commonly used have also limited power-
handling capabilities.  

RFMEMS switches are fundamentally mechanical 
switches permitting either capacitive contact [6-8] or 
ohmic contact (dc) [7, 9] switching via electrostatic 
actuation. In past, a number of papers had been 
published on the development of capacitive 
RFMEMS switches of different materials [9-14] and 

different configurations [6, 15-19]. The switch 
structure typically consists of a bottom electrode, a 
very thin dielectric layer, and a top moveable 
membrane/bridge. When voltage is applied, the 
membrane/bridge starts deflecting towards the 
bottom electrode and thus changes the  
capacitance between top and bottom electrode. The 
switch performance depends in terms of isolation 
(Cmax/ Cmin ratio).  

Ka-band (18 – 40 GHz) has become the band of 
choice for many radio communication applications 
due to its increasing capacity availability and its 
applicability for broadband services. Ka-band is not 
just the next generation frequency band expansion to 
Ku-band, it encompasses a new type of architecture, 
new transmission and bandwidth management to 
provide higher quality, better performance and faster 
speed [1, 4-5, 7-8, 15]. 
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In radio-frequency devices and components, 
impedance matching is absolutely essential to 
provide maximum power transfer between the source 
or RF energy and its load. This is especially 
important if one deals with low amplitude signals. 
Moreover, if RF circuit is not matched we get 
reflected power, which builds standing waves on the 
transmission line between the source and load. 
Depending on the phase between the forward and 
reflected waves, resultant can either subtract or add. 
Thus one can get places in the transmission line 
where either the voltage is the sum of both voltages 
or equals zero (maximum current). 

The condition for impedance matching is that real 
part of the impedance should be equal to the real part 
of the load and reactance's should be equal and 
opposite in character. For example if our source 
impedance is R + jX to achieve matching our load 
should be R – jX. By using capacitors and 
inductances we can achieve impedance matching 
without power loss assuming the components are 
ideal. Real capacitors and inductors exhibit losses 
which need to be minimized during the match design. 
There are three primary impedance matching 
configurations – L match, T-match and π-match  
[4-6, 8, 13, 16]. Each of them has advantages and 
disadvantages. In RFMEMS switches, either T-match 
or π-match configuration is used. 

In T-match configuration, the up-state capacitance 
is to use two short high impedance sections of t-lines 
before and after the switch. These sections behave as 
a series inductors and provide a good match at the 
design frequency. Whereas in π-match configuration, 
a short section of high impedance line is used 
between two shunt switches to result in an impedance 
match. The advantage of π-match configuration is 
twofold – it provides an excellent match in the up-
state position over a wide bandwidth and wide 
isolation bandwidth. Improved isolation is achieved 
by using double shunt capacitance, which grounded 
the high frequency signal two times faster as 
compared to the T-match as there is only single shunt 
capacitance [4-5]. 

This paper focuses on the RF design of coplanar-
waveguide (CPW) based MEMS shunt switch in  
π-match configuration for Ka band applications  
(18 – 40 GHz). The switch structure consists of two 
bridges separated by a high-impedance transmission 
line. Scattering parameters of the π-matched shunt 
switch is studied as a function of : 

1) Width of the switch membranes; 
2) The high impedance transmission line length. 
 
 

2. RFMEMS Shunt Switch Structure 
in π-match Configuration 

 
The model for the single MEMS membrane 

switch can be used to design the high-isolation, low 
insertion-loss π-matched shunt switch. The  
π-matched switch consists of two single MEMS 

shunt switches separated by a short length (d) of 
high-impedance transmission line as shown in Fig. 1. 

 
 

 
 

Fig. 1. Schematic of RFMEMS shunt switch  
in π-match configuration. 

 
 

The major characteristic parameters of RF MEMS 
switch can be broadly divided into two parts: RF and 
electro-mechanical. The RF characteristics are 
presented by return loss, insertion loss and isolation; 
whereas, modal patterns, resonant frequency, pull-
down voltage, pull-down time and release time are 
clubbed in to electro-mechanical characteristics. In 
order to get broadband RFMEMS switch, we 
concentrate ourselves to analyze the frequency 
response of RF characteristics of the switch at 
different length of the midsection high-impedance 
transmission line. 

RF performance of the switch structure is 
simulated using High frequency simulation software 
(HFSS) version 12 for full wave analysis. The CPW 
line with dimensions of G/W/G = 60 µm/ 100 µm/ 
60 µm (50 Ω) was designed for Ka-band 
applications. In this study, width of the membrane 
bridge is varied from 50 µm to 80 µm; whereas, high-
impedance transmission line length is varied from 
200 µm to 600 µm. Each of the MEMS switch is 
designed with Si3N4 (k~ 7) as dielectric layer with 
isolation loss optimized (minimum) at 35 GHz. The 
frequency response of the structure is sweep  
18 – 40 GHz range. 
 
 
3. Results and Discussions 
 

Simulated scattering parameters of the π-matched 
switch structure are presented in this section. Up state 
return loss (S11) behavior of the switch 
corresponding to different bridge width (50 - 80 µm) 
are presented in Fig. 2(a) – Fig. 2(d). Each figure 
corresponding to the S11 values for different high-
impedance transmission line lengths (d)  
(200 µm - 600 µm). The up-state S11 parameters are 
found to vary between – 10 dB to – 45 dB in the  
18 – 40 GHz frequency range. The return loss 
performance is found to be poorer with the increase 
in d values. In the present study, the switch structure 
(with w of 80 µm and d = 400 µm) showed the best 
possible return loss (> -15 dB) in full Ka-band.  
Up state insertion loss (S21) of the π-match switch 
are similarly presented in Fig. 3. Like return loss, 
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reduction of the distances between the two bridges 
(d) yield marginally improved insertion loss.  
At higher frequencies, the insertion loss is found to 
be increasing rapidly up-to – 2 dB with the increase 
in d value above 400 µm.  

In the down-state configuration, return loss (S11) 
and isolation (S21) of the switch structure are shown 
in Fig. 4 and Fig. 5 respectively. 

Return loss (S11) is found to vary -0.1 to 0.3 dB 
range in the Ka-band frequency range. 

 
 

 
(a) 
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(b) 
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(d) 

 

 
(d) 

 
Fig. 2. Up-state return loss (S11) in (a) width – 50 µm (b) 

width – 60 µm (c) width – 70 µm (d) width – 80 µm.
Fig. 3. Up-state insertion loss (S21) in (a) width – 50 µm (b) 

width – 60 µm (c) width – 70 µm (d) width – 80 µm.
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Fig. 4. Down-state return loss (S11) in (a) width - 50µm  

(b) width - 60µm (c) width - 70µm (d) width - 80µm. 
Fig. 5. Down-state insertion loss (S21) in (a) width - 50µm 

(b) width - 60µm (c) width - 70µm (d) width - 80µm. 
 

 

However, the S11 parameters do-not show  
any noticeable change with the width of the switch  
as well as with high-impedance transmission  
line lengths. 

Effect of variation of beam widths and high-
impedance transmission line lengths on the isolation 
can be seen in Fig. 5. The isolation values (– 30 dB  
to – 60 dB) seem to be decreasing with the increase 
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in the high-impedance transmission line lengths, 
while it increases with increase in the beam width. As 
the beam width increases, the downstate capacitance 
increases, which results in better isolation. 

Thus, in totality for the π-matched switch 
configuration, the optimized distance between the 
two switches should be 400 µm with beam width of 
50 µm. The optimized configurations showed 
improved broad-band scattering parameters (return 
loss < – 15 dB, insertion loss < – 1 dB and isolation 
better than – 40 dB) in the 18 – 40 GHz frequency 
range. Equivalent circuit model for each part of the 

RFMEMS shunt switch in π-match configuration 
with d = 400 µm are modelled using Advanced 
Design Software (ADS). Fig. 6 shows the equivalent 
circuit of the switch. From the equivalent circuit 
modelling, the matching resistance, inductance and 
capacitance values for the each bridge of the 
optimized switch structure is found to be 1.5 Ω, 
14 pH and 3.5 pF respectively. Fig. 7 shows the 
isolation (S21) of the switch structure in down  
state estimated by using ADS and HFSS  
simulation software. 
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Fig. 6. Equivalent circuit RFMEMS shunt switch in optimized π-match configuration (w = 50 µm; d = 400 µm). 
 

 

 
 

Fig. 7. Comparison of HFSS simulated and ADS calculated 
isolation (S21 parameter) of the optimized RFMEMS shunt 

switch in π-match configuration. 
 
 

4. Conclusions 
 

This paper presents parametric analyses of 
scattering parameters of the π-matched switch 
structure for broad band (Ka-band) application. In 
this study, width of the membrane bridge is varied 
from 50 µm to 80 µm; whereas, high-impedance 
transmission line length is varied from 200 µm to 
600 µm. The variation in beam width has very little 
effect on up-state scattering parameters; whereas, the 
reduction in high-impedance transmission line length 
showed marginally improved return loss and 

insertion loss. In the down-state configuration, the 
S11 parameters do-not showed any noticeable change 
with the beam width of the switch and high-
impedance transmission line lengths (d). The 
isolation is found to be improved with the increase in 
beam width and high-impedance transmission line 
length in 18 – 40 GHz frequency range. The present 
configurations (w = 50 µm; d = 400 µm) showed 
improved broad-band characteristics (return loss  
< – 15 dB, insertion loss < – 1 dB and isolation better 
than – 40 dB) in the full Ka-band. For each bridge of 
the optimized switch structure, equivalent matching 
resistance, inductance and capacitance values are 
found to be 1.5 Ω, 14 pH and 3.5 pF respectively. 
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