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Abstract 

This paper seeks to analyze the performance characteristics of 

electrostatically actuated MEMS capacitive shunt switches in 

X and Ku bands. Focus is on adding inductance to the 

membrane by employing springs, close to the anchors, to hold 

the membrane. The magnitude of added inductance depends on 

spring geometry. It is observed that inductive tuning increases 

the switch beam inductance by a few tens of pico-henry. This 

enhances the Q factor and has the effect of tuning isolation 

performance of the switch over desired bands of frequencies. 

In this design, inductive tuning is achieved by employing 

folded suspension beams and also by creating recess in the 

ground plane of coplanar waveguide (CPW) and in close 

proximity to the membrane. Serpentine springs are 

characterized by low spring constant which makes the 

membrane actuate at a low voltage. Electromechanical 

modeling of the devices are done in CoventorWare and 

electromagnetic modeling in HFSS. This paper presents design, 

fabrication and characterization of inductive tuned MEMS 

capacitive switches with characteristics tuned for X and Ku 

bands. The devices are fabricated on high resistivity (8 KΩ-cm) 

silicon substrate by a five mask surface micromachining 

process. The electromechanical characterization of the 

fabricated devices are conducted using Cascode probe station 

and high frequency Power network analyzer. Characterization 

results show actuation voltage of 18.5 Volts. The insertion loss 

and isolation are better than 0.5 dB and -40 dB respectively in 

the X and Ku bands. The excellent RF characteristics make the 

switches suitable for high frequency applications. 

 

Keywords: inductive, MEMS, electrostatic, isolation, surface-

micromachining, membrane, fabrication, proximity, RF 

characteristics, insertion loss. 

 

INTRODUCTION 
The Microelectromechanical systems (MEMS) technology 

based functional devices are in great demand for emerging and 

future microwave applications owing to its superior 

performance, light weight and low power consumption 

compared to its solid state counterparts [1]. Microelectro 

mechanical systems (MEMS) switches have shown superior 

switching and harmonic performance at RF-to millimeter-wave 

frequencies (0.1-100GHz). These RF switches are 

characterized by low insertion loss, high isolation, miniscule 

power consumption, good linearity and high quality factor at 

microwave frequencies and beyond [1]. Prime focus of the 

present work is the design of low voltage MEMS capacitive 

shunt switches tuned for optimum performance in X and Ku 

bands. Switching characteristics assume importance when used 

in reconfigurable applications. The proposed design makes use 

folded springs at the ends of the membrane to modify beam 

inductance, thus shifting the frequency band of optimum 

isolation.  

Since the signal current is concentrated on the edges of the 

CPW central conductor carrying RF signal, the spring part of 

the beam over the CPW gaps will have dominating effect over 

the beam inductance. As the membrane moves down upon 

actuation, down state beam inductance increases shifting the 

frequency switch resonance. The RF characteristics of the 

proposed designs show excellent isolation in the desired band 

(X band) and acceptable isolation in the neighboring band (Ku 

band), making the device suitable for multiband applications. 

Approximate beam inductance can be estimated from the 

isolation characteristics of the switch by curve fitting. It has 

been observed that RF characteristics of the RFMEMS 

switches follow series RLC resonant behavior [2]. So, to cater 

to the needs of various bands of operation, the idea is to tune 

the frequency band of optimum isolation of the switching 

device.  

The broad range of applications of RFMEMS switches include 

multiband RF front-end for cellular handset, tunable filters in 

wireless transceivers and switching of delay lines in phase 

shifters used in phased array antennas. Our main objective was 

to develop knowledge and gain experience in fabricating low 

voltage, high isolation MEMS switches for high frequencies 

with focus on a working device than achieving ambitious 

electrical specification. In this paper, the design, fabrication 

and characterization of capacitive shunt switches are discussed. 

In this work, high resistivity silicon is used as the substrate for 

fabricating the RF switch. In this study, gold which conducts 

RF currents with extremely low loss, is used as the material for 

CPW transmission line as well as shunt membrane. 
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PROPOSED SWITCH DESIGN DESCRIPTION 
The switches under study use two suspended gold membranes 

1.5 μm thick, separated by a short length of high impedance 

transmission line, to cancel out reflected waves and thereby 

minimize return loss. The proposed structure uses CPW 

transmission line of dimension 60/100/60 μm on a 0.4 mm thick 

high resistivity (8 KΩ-cm) silicon substrate (εr =11.9) to offer 

standard impedance of 50 Ω at the ports. The waveguide 

dimensions are changed to 85/50/85 μm between the 

membranes to have an impedance of Z1 = 66 Ω in order to 

adjust the electrical length βl of the high impedance 

transmission line. The movable membranes are anchored on the 

CPW ground planes and stands suspended over the dielectric, 

shunting the CPW signal line. The switching area is 100*100 

(μm)2 and 0.2 μm thick interposing layer of low thermal oxide 

(LTO) is part of the switching area. The CPW conductors are 

of metal gold with thickness 1.5 μm and the dimension of the 

suspended membrane is chosen to be 320 μm * 100 μm, 

mounted 2.5 μm above the central conductor. This paper 

discusses the design RF MEMS capacitive switches employing 

inductive tuning for operation in X-band (8-12 GHz) and Ku-

band (12-18 GHz). These designs also show low return loss and 

insertion loss. It has been observed from 3D full wave 

simulation in HFSS that excellent isolation can be achieved in 

each of these bands. 

In the proposed work, the focus is on tuning the frequency band 

of isolation offered by these RF switches. The tuning can be 

achieved either by capacitive or inductive tuning. Capacitive 

tuning requires large dielectric constant and thinner dielectric 

to cause RF short to ground. Thinner dielectric causes easier 

dielectric breakdown and accelerated dielectric charging along 

with pinhole problems. The alternative is to employ inductive 

tuning. This is done either by choosing suitable membrane 

topology or by creating recess in the CPW ground plane or 

both, such that the conducting edges of both the CPW and the 

membrane are in close proximity.    

As the RF electric field propagates down the transmission line 

from input to output, the resulting current concentrates on the 

edges of the CPW signal and ground lines. Thus the switch 

beam inductance is dominated by the part of the beam over the 

CPW gaps. Beam inductance is enhanced by employing folded 

or spiral suspension at the ends of the membrane over the CPW 

gaps. Self-inductances and mutual inductances between 

parallel conductors of the beam and that between beam and 

conducting edges of the transmission line contribute to beam 

inductance [3]. Thus, frequency band over which the proposed 

switches offers optimum isolation can be tuned for use in X, 

Ku, K and Ka bands.  

 
 

Figure 1: Two Turn Rectangular Coil  

Calculation of Inductance for Meander Beams and Parallel 

Conductors 

 

A planar rectangular coil represented schematically in Figure1. 

The total inductance LT   for the given coil is given by [3] 

𝐿𝑇 = ∑ 𝐿𝑆 +  2(𝑀1,5 + 𝑀2,6 + 𝑀3,7 + 𝑀4,8 )

8

𝑠=1

− 2(𝑀1,7 + 𝑀1,3 + 𝑀5,7 + 𝑀5,3 + 𝑀2,8

+ 𝑀2,4 + 𝑀6,8 + 𝑀6,4)                               (1) 

 

The general equation can be written as: 

𝐿𝑇  =  𝐿0 + 𝑀+ − 𝑀−                                                                (2) 
where LT is the total inductance, L0 is the sum of the self 

inductances of all the straight segments, M+ is the sum of the 

positive mutual inductances and M− is the sum of the negative 

mutual inductances. For rectangular cross sections, self 

inductance is given by [3]. 

𝐿 = 0.002 ∗ 𝑙 (𝑙𝑛 [
2𝑙

𝑎 + 𝑏
] + 0.50049 + [

𝑎 + 𝑏

3𝑙
]) 

where l is the length and a, b are rectangular dimensions. The 

mutual inductance (M) between two parallel conductors is 

given by 

𝑀 = 2 ∗ 𝑙 ∗ 𝑄                                                                                 (3) 
Mutual inductance parameter Q is given by 

𝑄 = 𝑙𝑛 (
𝑙

𝐺𝑀𝐷 
+ √1 +

𝑙2

𝐺𝑀𝐷2
) − √1 +

𝐺𝑀𝐷2

𝑙2
+

𝐺𝑀𝐷

𝑙
  (4) 

In this equation, l is the length and GMD is the geometric mean 

distance between the two conductors. The exact value of GMD 

may be calculated from equation 5. 

𝑙𝑛(𝐺𝑀𝐷) = ln(𝑑) − (
1

12 (
𝑑

𝑤
)

2  +
1

60 (
𝑑

𝑤
)

4 +
1

168 (
𝑑

𝑤
)

6

+
1

360 (
𝑑

𝑤
)

8 + ⋯ )                                       (5) 

where d is the distance between track centres and w is the width 

of the conductor. 

 
 

 

Figure 2: Two Parallel conductor geometry  

 

Now consider the two conductor geometry represented 

schematically in Figure 2. Two conductors of length j and m are 

separated by a geometric mean distance, GMD. In this case, 

2𝑀𝑗,𝑚 = +(𝑀𝑚+𝑝 + 𝑀𝑚+𝑞) − (𝑀𝑝 + 𝑀𝑞)                            (6) 

and individual M terms are calculated using equation (3) and 

the length corresponding to the subscripts can be represented as 

𝑀𝑚+𝑝 = 2𝑙𝑚+𝑝𝑄𝑚+𝑝 = 2(𝑚 + 𝑝)𝑄𝑚+𝑝                                 (7) 
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Design and Modeling of RF MEMS Switches for X – Band 

Figure 3 shows the inductive tuned RF MEMS shunt switch for 

X-band frequencies. Inductive tuning of the beam is achieved 

by creating notches in the CPW ground plane [2]. The length 

of the notch is fixed to be 170 μm and the width (X+Y+Z) μm 

is variable from 36 to 39 μm with X varying from 0 to 3 μm as 

shown in Figure 3. In this design, a planar rectangular coil 

attaches membrane to the anchor. Membrane inductance gets 

enhanced by this meander like suspension [4] and the created 

notch in the CPW ground plane. Electromagnetic simulation of 

this design in HFSS shows improved isolation in the 8-12 GHz 

band as shown in Figure 5. Conventional RF MEMS shunt 

switch isolation characteristics (S21 in down state) resembles 

series RLC resonance behavior. Equivalent CLR model values 

are extracted from isolation characteristics by curve fitting 

techniques. Table 1 shows the extracted inductance values. For 

the same beam dimensions, the rectangular coil suspension 

introduces an additional inductance of 3.2 pH compared to 

fixed-fixed non-meandered beam (spring type). With 170 μm x 

37 μm notch, the switch gives maximum isolation of 71dB at 

10 GHz. 

 

 
 

 

Figure 3: Diagram of inductive tuned switch for X-band  

 

Table 1: Summary - RFMEMS shunt switch (X-band) 

 

Notch Width (Z μm)  

L = 170, Z = (36+X) 

fr 

GHz 

LT=Lb+ LN (pH) Isolation at 

fr (dB) 

36 μm 11.8 46.3 -60.38 

36 + (X = 1)  10 64.5  -71.8 

36 + (X = 2)  9.1 77.91  -61.13 

36 + (X = 3)   9.1 77.91  -64.40 

Meandered - no notch 20.8  Lb = 14.9  -69.57 

Spring type - no notch 23.5  Lb = 11.68  -55.2 

 

This design makes use of two meandered beams, separated by 

400 μm of high impedance transmission line, shunting the CPW 

transmission line, these switches, while in up state, shows ON 

state return loss minima at the input port at a certain frequency, 

ωr, due to cancellation of reflected waves. Electrical length 

between the switches can be varied to adjust the frequency at 

which reflection cancellation occurs at the input port. When 

switch is in ON state (membrane up), signal travels down the 

transmission line from input to output. Neglecting beam 

resistance and inductance, the relation between electrical length 

of the high impedance line and frequency of return loss null is 

given by [5]. 

𝑡𝑎𝑛𝛽𝑙 =
2𝐶𝑢𝜔𝑟𝑍1𝑍0

2

𝑍1
2 − 𝑍0

2 + (𝐶𝑢𝜔𝑟𝑍1𝑍0)2
                                            (8) 

where  βl is the electrical length of the line of impedance Z1, Cu 

is the up capacitance and Z0 is the characteristic impedance at 

the ports. The ON state return loss S11 null, can be made to 

occur at the same frequency but with a reduced transmission 

line length between the membranes provided Z1 > Z0. 

 

 
 

 

Figure 4: Insertion loss (S21-membrane up) of X-band switch  

 
 

 

Figure 5: Isolation (S21-membrane down) of X-band switch  

 

Electrical Model of the Inductively Tuned Switch 

The electrical model of the inductively tuned switch is shown 

in Figure 6. LN models the membrane series inductance added 

by the ground plane notch, Ln is the transmission line series 

inductance due to the notch and Lb models the inductance of the 
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meandered suspension over the CPW gaps. Ln can be extracted 

from ON state S11 where as LN and Lb from OFF state S21. HFSS 

simulation shows that resonant frequency of the switch is found 

to be lowered to 10 GHz from 20.8 GHz by the notch of 

dimension 170 μm x 37 μm. Increased Q factor explains the 

improved isolation and tuning of the isolation band to 8-12 

GHz. The notch introduces an inductance of 49.4 pH at 10 GHz. 

The down state resonant frequency of the membrane is given 

by 

𝑓𝑟 =
1

2𝜋√(𝐿𝑏 + 𝐿𝑁)𝐶𝑑

                                                                (9) 

where down capacitance, Cd, is given by [6] 

𝐶𝑑 ≈
∈0∈𝑟 𝐴

𝑑
                                                                               (10) 

For the designs discussed in this paper, Cd is calculated 

to be 3.93 pico farads. 

 

 
 

Figure 6: Equivalent Circuit of MEMS capacitive shunt 

switch  

 

 
 

Figure 7: RF MEMS Shunt Switch for Ku band  

 

Shunt Switch for Ku Band 

Figure 7 shows the switch for use in Ku band. Beam geometry 

has been modified to increase the membrane inductance to 

lower the resonant frequency to 12-18 GHz. Isolation 

characteristics of the Ku band switch is shown in Figure 8 and 

it is observed that value of isolation is -59 dB at the resonant 

frequency of 17.2 GHz. The switch down capacitance remains 

the same at 3.93 pF as in previous design and the extracted 

inductance from the curve is 21.8 pH. With notch dimension of 

90 μm x 37 μm, the isolation band gets lowered to the middle 

of Ku band with improved isolation of 75 dB at the resonant 

frequency of 14.5 GHz. The presence of notch enhances the 

series inductance by 8.8 pH to 30.68 pH. The extracted 

inductance values along with operating frequencies and 

isolation are presented in Table 4. 

The equivalent circuit of the RF switch is simulated for Lb = 

21.8 pH (meandered - no notch) in Advanced Design System 

(ADS) tool as shown in Figure 9. Isolation characteristics from 

ADS is given in Figure 10 and the obtained resonant frequency 

of 18.3 GHz and maximum isolation of -46.106 dB are entered 

in Table 2. On comparison with corresponding entry in Table 

2, it is observed that the variation in fr from 17.2 to 18.3 GHz 

is due to neglecting of Ln in ADS simulation as it could not be 

accurately estimated 

 

 

Table 2: Summary - RFMEMS shunt switch (Ku-band) 

 

Notch Width (Z μm)  

L = 170, Z = (36+X) 

fr 

GHz 

LT=Lb+ LN (pH) Isolation at 

fr   (dB) 

36 + (X = 1)  14.5 30.68 -75.12 

36 + (X = 2)  14.5 30.68 -68.37 

36 + (X = 3)   14.5 30.68 -62.16 

36 + (X = 4)   15.4 27.2 -46.89 

Spring - no notch 23.5 Lb = 14.9 -55.2 

Meandered - no notch 17.2  Lb = 21.8 -59.2 

Meandered - no notch 

From Agilent ADS 

18.1  Fig. 10 

Lb = 21.8  

-46.10 

 
 

Figure 8: S-Parameters : Ku band Switch  

 

Fabrication Process 

 

Figure 11 outlines the procedures followed to fabricate the 

switch. The switches are fabricated on 4”, 400μm thick high 

resistive silicon (HR) substrate and the surface preparation is 

done by wet chemical cleaning. SiO2 (1μm) is deposited on the 

substrate surface by high temperature furnace exposure while 

passing O2 along with steam. To generate CPW layer, 1.5 μm 

gold is deposited by E-beam sputtering. Table 3 lists the 

material parameters and switch dimensions. 

CPW pattern is created by photolithography (Mask I exposure) 

and plasma asher strips off photoresist to obtain clear CPW 

pattern. Though simulated design had notches created in CPW 

ground planes near the beam anchors, these were not included 

in the CPW pattern during fabrication, for better stability of the 

anchors. 
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Low temperature oxide (LTO) of thickness 0.2μm is deposited 

to form dielectric cover over actuation pad (CPW signal line) 

and is patterned using photolithography (Mask II exposure) and 

wet oxide etching. Mask III exposure using mask aligner is 

performed for creating planarization pattern and surface 

planarization is verified by 2D/3D profiler. 

Mask IV exposure with a mask aligner transfers the anchor 

pattern over 2.5μm thick negative photoresist (PR) layer and a 

wet chemical etch is carried out to reveal the anchor pattern. 

Plasma asher processing step is done to clear anchor holes. 

Metallization process involves depositing 1.5 μm gold by DC 

plasma sputtering for the formation of anchor and switch beam 

layer 

 

 
 

Figure 9: Equivalent CLR circuit simulated in Agilent ADS  

 

 
 

Figure 10: Isolation characteristics for the circuit in figure 9  

. 

Fifth stage photolithography involves mask V exposure which 

transfers switch beam pattern over 1μm positive PR and metal 

etching (wet chemical etch) of 1.5 μm forms the beam pattern. 

The beam pattern has 10mum etch holes to aid proper release 

and prevent squeeze film damping. Subsequent plasma asher 

processing removes 2.5μm photoresist from underneath the 

patterned beam, thus releasing the switch membrane. The 

membrane after release is shown in Figure 12 

The fabrication process followed in this work produced an 

average yield of nearly 10-15 %. Observed better yield on 

testing the devices close to the centre of the wafer as the process 

non uniformities are much lower there. Many devices on the 

wafer were precisely inspected for possible defects and the 

selected few were tested. Many devices were rendered useless 

due to minute cracks developed in the serpentine legs holding 

the membrane. Scanning electron microscope (SEM) and 

optical profiler were employed for inspection and 

measurements. Measurements were also carried out during 

intermediate fabrication steps to verify the dimensions such as 

dielectric thickness, beam thickness and capacitor air gap 

 

 

Table 3: Geometric Dimensions and material properties 

 

Parameters and Properties  Dimensions and 

Values 

CPW dimensions (G/S/G) 60/100/60 (μm) 

Membrane Dimension (l*b*t) μm (320*100*1.5) μm 

Capacitor overlap area 100 μm * 100 μm 

Dielectric area 120 μm * 120μm 

Membrane material Gold 

Membrane Height 2.5 μm 

Young’s modulus of Gold 78 GPa 

Poisson’s Ratio of Gold 0.42 - 0.44 

Permittivity of Silicon 11.9 

  

CHARACTERIZATION AND RESULTS 

On-wafer RF probing is done to ascertain the true performance 

of the device and thus to identify reliable die for packaging. The 

scattering electrical parameters (S-Parameters) of the 

fabricated switch shown in Figure 13 were measured using 

Agilent Power Network Analyzer and Cascade probe stationed 

which is equipped with ground-signal-ground (GSG) RF and 

DC probes of 200 μm pitch. Measurement has been performed 

under ambient environmental conditions. Prior to 

measurement, short-open-load-thru (SOLT) calibration is 

performed from (DC-40 GHz). The fabricated switch has 

actuated at 18.5 V as shown in the Capacitance Vs Voltage 

curve given in Figure 14. The UP state and DOWN state 

capacitances are 53 fF and 1.7 pF respectively. 

Table 4 shows the comparison of isolation characteristics 

obtained from HFSS, Agilent ADS  and measured results. 

It can be seen that the resonant frequency inferred from the 

measured results is lower at 15.1 GHz compared to those from 

HFSS and ADS at 17.2 GHz and 18.3 GHz respectively. This 

variation is due to increased beam inductance and fringing field 

capacitance in the case of fabricated device. 

S-parameters of the MEMS switch for signals from DC to 40 

GHz is shown in Figure 15. The measured value of insertion 

Loss (S21 in ON state) of the fabricated Ku band switch is better 

than -0.5 dB and the isolation (OFF state S21) is better than -30 

dB respectively in the 8-18 GHz frequency band and is given 

in Figure 15(a). The return loss (S11) is shown in Figure 15 (b) 

and is better than -25 dB in the frequency range of 10 to 25 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 9 (2018) pp. 6620-6627 

© Research India Publications.  http://www.ripublication.com 

6625 

GHz. As already explained, the mid-section transmission line 

impedance (Z1 = 66) and its electrical length (βl) causes the 

reflected waves from the two switch membranes getting 

cancelled at the input port in the vizinity of fr = 20 GHz. From 

these measured S-Parameter values, it can be inferred that the 

switch has acceptable RF performance suitable for multiband 

applications in X (8- 12 GHz) and Ku (12-18 GHz) bands. 

 

 
Figure 11: Fabrication procedures of the MEMS Switch  

 

 
 

Figure 12: Membrane after release  

 

 
 

Figure 13: SEM picture of MEMS Shunt Switch for Ku band  

 

 
Figure 14: C-V Curve of MEMS switch at die level  
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(a) Insertion loss and Isolation 

 
(b) Return loss - Switch ON 

 

Figure 15: Measured RF characteristics of MEMS switch in 

Figure 13  

 

Table 4: Brief Comparison of results 

 

Membrane Geometry fr 

GHz 

LT=Lb+ LN (pH) Isolation 

at fr (dB) 

Meandered - no notch 17.2  Lb = 21.8  -59.21 

Meandered - no notch 

Fabricated 

15.1 Fig.15(a) 

Lb = 32.6 

-52.81 

Meandered - no notch 

From Agilent ADC 

18.1  Fig.10 

Lb = 21.8  

-46.10 

 

 Packaging and PCB design 

A good packaging should permit physical interface of the 

device to the environment, provide mechanical strength to the 

die and facilitate thermal dissipation. Package should not only 

serve to isolate the device from harmful effects of environment 

but also enable interaction with the environment to perform 

accurate measurements. RF MEMS switches are fragile and 

require wafer level packaging which allow for hermetic cavity 

sealing. A cavity is required to allow movement whereas 

hermetic sealing is required to prevent cancellation of the 

spring force by the Van der Waals force exerted by water 

droplets and other contaminants on the beam. 

Packaging issues of MEMS devices presents unique problems. 

Reliability and RF performance of MEMS switches are 

strongly affected by the package. Packaging introduces 

parasitics which adversely impacts the RF performance of the 

switch. Low pass behavior of the bond wire presents high 

impedance to high frequencies. Thus, the packaged switches 

operate at lower frequencies compared to wafer level devices. 

Bond wires interfere with RF signal causing degradation of 

switching characteristics. 

 

 
 

Figure 16: PCB for testing packaged switches  

 

Printed Circuit Board for testing packaged switches is designed 

in OrCAD software. PCB is designed in accordance with the 

pin diagram of the packaged switches and Bias-Tee. Bias-Tee 

is a diplexer used as a 3-port network used for setting the DC 

bias point. The low frequency port is used to set the bias, the 

high frequency port passes the radio frequency signals but 

blocks the biasing levels. The combined port connects to the 

device, which sees both the bias and RF. Double sided two 

layer PCB of dimension 121.90 mm x 69.85 mm is used for this 

work. This PCB is made out of 1.6 mm thick FR4 (ϵr = 4.5) and 

35μm copper clad laminate with solder mask over bare copper 

(SMOBC) and HAL (hot air level) finish. For perfect matching 

with SMA (Sub-Miniature version A) connector, signal and 

track width dimensions of the CPW on the PCB are properly 

chosen to offer 50 to the connector. SMA connectors are 

coaxial RF connectors which provide an interface for coaxial 

cable with a screw type coupling mechanism. The connector 

has a 50 impedance and is suitable for DC to 27 GHz. RF signal 

from network analyzer and actuation voltage are together 

applied to the switch through bias tee. Two 20 pin sockets are 

provided on the board for 16-pin RF MEMS switches along 

with separate DC connections. The two layer PCB with bias-

tee and switch sockets is shown in Figure 16. The test plan 

diagram and the set up for testing the packaged switches are 

shown in Figure 17.  
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CONCLUSION 

In this paper inductive tuning of the switch membrane is 

employed to tune RF MEMS shunt switches for excellent 

performance in X and Ku bands. Meandered suspension beams 

and fixed-fixed flexure beams are also employed to aid 

inductive tuning. These methods have found to enhance the 

series beam inductance by a factor of 6. Experiments in HFSS 

show that increasing series inductance is the right method to 

enhance isolation and to lower the tuning frequency. The 

simulation results of the proposed switches exhibit excellent 

isolation characteristics in the respective frequency bands. The 

fabricated device actuated at 18.5 V with CDOWN to CUP 

ratio of 30. The RF characterization of the fabricated switches 

also show RF response to suit X and Ku bands. Dual beams, 

separated by a short section of high impedance transmission 

line, are used in these designs to cancel reflections and thus 

minimize return loss (S11) in ON state. This work can be 

extended to design high isolation switches in millimeter wave 

bands (40-100GHz). 
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Figure 17: Test plan for packaged switch.

 


