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Abstract

In this paper, we have designed and simulations of RF MEMS shunt switch. The electro-mechanical and electromagnetic
analysis of the switch have been done using COMSOL Multi-physics and HFSS tools. Here, we have designed and
simulated the switch with different beam materials of gold, silver, aluminium, and the dielectric material is taken as SizNy.
The pull-in-voltage acquired for gold material is 3.3 V an air gap of 2 pm which is efficient when contrast with other
materials like silver and aluminium. The up and downstate capacitance of the switch is 48fF and 1.19 pF. By using HFSS
(High-Frequency Structure Simulator) software we have performed the RF performance analysis such as isolation,
insertion, and return losses were measured. The return and insertion losses are — 16.71, — 2.69 dB, and isolation of
— 29.39 dB at 40-75 GHz, so the switch is used for V-band applications.

1 Introduction

A micro-electro-mechanical system (MEMS) is miniatur-
ized mechanical moving parts and elements of electronic
segments on a single module chip. In recent years RF
MEMS switches widely used in different band applica-
tions. Nowadays capacitive shunt switches havecreate a
significant part in the growth of advanced communication
applications. Capacitive MEMS switches are preferred for
filter design, reconfigurable microwave antennas, and space
applications. (Dussopt and Rebeiz 2003; Bakri-Kassem and
Mansour 2014; Sharma et al. 2020). V-band has been used
for short line of sight terrestrial application because the
frequency is very high to penetrate. Here users of the
V-band is directly connected to the communication satellite
with the help of the v-band switch. We can implement the
RF MEMS switch in the satellite then we get V-band user
links by (by directional) (Demirel et al. 2015). We can
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implement the RF MEMS switch in the satellite then we
get V-band user links by (by-directional). Nowadays
capacitive shunt switches have a prominent part in devel-
oping in communication applications, these switches are
divided as shunt and series configuration, as a capacitive
and resistive switch based upon the contact. For low-fre-
quency applications the series type switches are used, but it
have poor isolation, for higher frequency applications the
shunt switches are utilized (Vu et al. 2012; Ansari and
Khosroabadi 2019; Naji et al. 2019; Rao et al. 2019).There
is a lot of scope for designing these shunt switches in
wireless and space applications, particularly high-fre-
quency bands.

The V-band challenge is to model a capacitive MEMS
switch for Ka-band applications because the working fre-
quency is the target for the 10-40 GHz band. The switch
shows an actuation voltage of about 9.2 V for the gold
membrane. The RF characteristics are good at desired
frequency range, respectively, for the dielectric layer of
SiO, (Vikas et al. 2018). MEMS switch with DC contact
for resonator tuning from w-band to V-band, the switch
demonstrates adequate RF performance the isolation and
insertion loss at 60 GHz. Characteristics brought for a
device from the W-band to V-band (Chu et al. 2017).
Design and optimization of a MEMS 3-port single pole
double throw switch that utilized two capacitive switches.
The isolation is 62 dB at 79 GHz and the insertion of
— 0.12 dB at 110 GHz (Sravani et al. 2020). The return
loss is about — 7 dB at excitation port more than — 10 dB
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in or conducting port. In the above literature survey, we
have observed some major limitations of the switch for the
V-band (Lakshmi Narayana et al. 2017a). They have high
pull-in voltage, low capacitive analysis, poor RF losses, to
overcome this problem, we design an RF shunt type switch
with non-uniform meandering techniques for V-band
(40-75 GHz) application.

The proposed device is optimized to have a low pull-in
voltage. Here we use the beam material that has gold to
increase the switching speed. The use of the meanders are
to decrease the pull-in voltage and to get more displace-
ment, the voltage is applied to the electrodes (Lv and Chen
2021; Lv et al. 2021, 2022), and the simulations are done
in COMSOL Multi-physics.

This paper as follows, in Sect. 2 the operation of the RF
shunt switch, its dimensions, and calculated the theoretical
parameters of spring constant (K), pull-in voltage (Vp),
capacitance analysis, switching time (ts), and S-parameters.
Section 3 expressed as results and discussions, finally in
Sect. 4 concludes the paper.

2 Structure of proposed device
2.1 Operation

The proposed switch is taken as a shunt type switch., which
is operated as ON and OFF state, Initially, the switch is in
ON state, whenever we applly some voltage the switch will
be is in OFF state, the front view in ON state as shown in
Fig. 1.

When we apply the voltage on the beam, the electro-
static force is generated, directly the beam touches the
dielectric then the switch is in the OFF state (Lakshmi
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Fig. 1 ON state of the RF MEMS shunt switch
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Fig. 2 Schematic of OFF state of the shunt switch

Narayana et al. 2017b; Rao et al. 2018; Sravani et al.
2019a), as shown in Fig. 2 here, there is no flow of signal
input to output.

2.2 Proposed device

The switch is having a substrate, CPW (coplanar waveg-
uide), an oxide layer, signal line, beam, and two anchors.
Here, we have taken the shunt switch with non-uniform
meanders, the schematic of a proposed switch is as shown
in Fig. 3.

The proposed device is considered with silicon substrate
with 720 pm length and 400 um width and thickness of
10 pm, and the dielectric is taken as 1.5 um thickness
placed above the substrate and coplanar waveguide (CPW),
which is used to communicate the signal from input to
output terminals and ground. The signal dielectric is placed
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Fig. 3 3D view of proposed RF shunt switch
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above the signal line, which is consists of Si;N, material,
the beam is formedbeyond the CPW with a gap of 3 pm,
which is considered as gold material because the young’s
module is less and has high conductivity compared to the
other materials. The non-uniform meanders (M) are taken
by reducing the spring constant and pull-in voltage, the
overall dimensions of the device is given in the Table 1.

2.3 Theoretical parameters
2.3.1 Spring constant

The mechanical moment of the switch is developed by the
meanders, due to non-linear mechanical behavior. Here, we
have taken the non-uniform meanders and it is calculated
byusing the formula is (Bansal et al. 2014) it is denoted by
the letter “K”.

EW?P

where ‘E’ is the young’s modulus, ‘W’ iswidth,‘t’ and ‘I'—
thickness and length of the beam.

2.3.2 Pull in voltage

The voltage needed to operate the switch is known as pull-
in voltage denoted as ‘V’, it mainly relies on the spring
constant ‘K’. If the spring constant is increased as well as
the pull-in voltage is also increased. It is estimated by using
the formula is (Singh et al. 2013),

| 8Kgj
Vp = 2
P 2750A @)

where, K—total spring constant, g,—gap, &p—permittivity
and A—actuated area.

2.3.3 Capacitance analysis

Capacitance is developed between the beam and signal
dielectric, through the ON and OFF state of the switch. The
capacitance in upstate is calculated by the formula as (Rao
et al. 2021),

SoA
u = 7 (3)
g0+ o
In the actuated state the switch conducts as an LC res-
onant circuit. In OFF state the down capacitance is formed,
it is calculated as,

A
Cd _ &o&

(4)

g

where, A—area, gop—gap, &,—ralative permittivity, —
permitivity of dielectric, t;—thickness of beam.

2.3.4 Switching time (t;)

The speed of the beam is deformed in active state, it is
calculated by using formula as (Iannacci 2017),

T, = 3.67V,/V,wo (5)

where, Vs is supply voltage, f, is resonant frequency, and
Vp is pull-in voltage. The angular frequency is calculated
as,

wo =2 (6)

Switching time is depending on the actuation voltage,
and supply voltage the calculated switching time is 3.2 ps.

Table 1 Dimensions of the

proposed switch Parameters Materials Length (um) Width (um) Height (um)

Substrate Silicon 720 400 10
Oxide Silicon oxide 720 400 2

Ground Gold 300 400 3

Signal Gold 140 100 3

Signal dielectric Silicon nitride 140 100 1.5
Beam Gold 400 140 1.5
M-1 Gold 20 10 1.5
M-2 Gold 40 10 1.5
M-3 Gold 60 10 1.5
M-4 Gold 80 10 1.5
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Table 2 Spring constant and pull-in voltages for gold

Beam thickness (pum)

Spring constant (N/m)

Pull-in-voltage (V)

1 0.34 0.67
1.5 0.56 33

2 1.01 6.78
2.5 2.7 9.68
3 9.2 18.69

Table 3 Theoretical values for aluminum

Beam thickness (um)

Spring constant (N/m)

Pull-in-voltage (V)

1 0.38 4.29
1.5 0.66 5.63
2 1.3 7.88
2.5 3.08 12.15
3 10.42 22.32

Table 4 Theoretical values for silver

Beam thickness (um)

Spring constant (N/m)

Pull-in-voltage (V)

1 0.324 39

1.5 0.56 5.17
2 1.096 7.23
2.5 2.604 11.15
3 8.76 20.46

Table 5 Theoretical values for copper

Beam thickness (pum)

Spring constant (N/m)

Pull-in-voltage (V)

1 0.22 4.28
1.5 0.38 5.98
2 0.75 7.87
2.5 1.78 9.23
3 6.03 16.98

3 Results and discussion

3.1 Electro-mechanical analysis

3.1.1 Pull-in voltage

The theoretical calculation of spring constant and pull-in
voltages are done. Here, we have calculated the different
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Fig. 5 Voltage versus displacement of the switch with different
materials

beam thickness with various materials gold, aluminum,
silver, and copper, the theoretical values are shown in
Table 2, 3, 4, and 5

The displacement of the switch is shown in Fig. 4, here,
we have observed that at pull-in voltage of 3.3 V the dis-
placement of a switch is 0.72 pum with an air gap of 3 um
and the graphical representation of voltages versus dis-
placement with various beam materials are shown in
Fig. 5.
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Fig. 7 Voltage versus displacement of the switch for silver with
different air gaps

The theoretical and simulation results have correlated
with each other. Here, we have observed that at our actu-
ation voltage of 3.3 V the displacement has not changed it
is constant as shown in Fig. 5.

The pull-in voltage analysis is done with different beam
materials such as silver and aluminium, and air gaps as 2,
2.2, 2.5 um, Figs. 6 and 7 are represented by changing the
gap the displacement is increased and the pull-in voltage
also increased.

3.1.2 Capacitance analysis

The capacitance is the main factor of the operating of the
switch, the up-state capacitance is when the switch is in
ON, and the downstate capacitance is when the switch is in
the OFF state. The simulation result of the up-state
capacitance is shown in Fig. 5, the up-state capacitance is
48 fF (Bansal et al. 2014).

The simulation result of down state capacitance is
shown in Fig. 8. The down state capacitance is 1.19 pF
(Fig. 9).

3.1.3 Stress analysis

The deformation of stress starts developing in the beam,
which beyond a certain point will cause the beam to fail.
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Table 6 Stress analysis with respect to the force

0.00
Force units (uN) Displacement Stress (Mpa)
(nm) N 5.00 Name X Y
05 0.76 2.54 %_1000 m1 40.0800-2.6932
1 152 2.27 o
1.5 227 227 §-15.00
c
2 3.03 2.7 o
£-20.00
3
£-25.00
- L . -30.00 ' ! :
The value of critical stress is given by the equation (Chand 30.00 50.00 70.00 90.00 110.00
et al. 2022), Freq [GHz]
20,2
0. = nEt (7) Fig. 12 Insertion loss of proposed switch
3R —v)
where ‘v’ is the poisons ratio of the material and ‘E’ is 0.00  Praeter Pt e o St
young modules of the material, ‘t’ is the thickness of beam
(Fig. 10). 500
At initial time when we apply the force on the switch 5_10_00
beam material. We got the displacement of 0.76 um and @ Name X Y
the stress of 2.54 Mpa as shown in Table 6, when we keep 5'15-00 m1_59.1200-29.3948
on increasing the force on the switch at a particular point §_20_00
we get more displacement and high stress value. 2
-25.00
3.2 Electromagnetic analysis 230,00 | | |
30.00 50.00 70.00 90.00 110.00

The RF-performance is analyzed in ON and OFF state the Freq [Gtiz

switch, in this analysis the S-parameters are measured,  Fig. 13 Isolation measured at 59.12 GHz

which are return loss (S;;), insertion loss (S;,), isola-

tion(S,;).The switch is in ON state the return (S;;) and calculated in ON and OFF states by using formulas (Sra-
insertion loss (Si,) are generated, in this time the signal  vani et al. 2019b; Chand et al. 2021),

will be passes to the input to output. In the OFF state the

isolation (S;;) will be generated.The S-parameters are
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Table 7 S-parameters of the

proposed switch Dielectric thickness (pm)

Return loss (dB)

Insertion loss (dB)

Isolation loss (dB)

0.8 — 16.71 —2.69 —29.39
46.80 GHz 40.08 GHz 59.76 GHz
1 — 18.36 — 5.81 — 19.24
39.12 GHz 38.82 GHz 39.12 at
1.5 — 16.28 — 33.69 GHz — 14.58
34.72 GHz 9.26 33.26 GHz
o = 20l0g - _Z:zo ®) References
Ansari HR, Khosroabadi S (2019) Design and simulation of a novel
Sy = —20l0g 27, ( 9) RF MEMS shpnt caPacitive switch with a 9nique spring for Ka-
27, + Z, band application. Microsyst Technol 25(2):531-540

The return, insertion loss, and isolation are simulated in
HFSS. The return loss is measured as — 16.71 dB, and
insertion loss is — 2.69 dB shown in Figs. 11 and 12. The
isolation is obtained as — 29.39 dB at 59.12 GHz fre-
quency as shown in Fig. 13. The S-parameters are obtained
at the frequency from 40 to 70 GHz, the S-parameters of
the different dielectric thicknesses of S-parameters are
analyzed as mentioned in Table 7. Here, we have observed
that at 0.8 um dielectric thickness we have got good RF
performance by comparing 1 and 1.5 pm.

4 Conclusions

This paper, we have proposed an RF MEMS shunt switch
for the v band (40-75 GHz) range used in satellite com-
munication in the VLEO (very lower earth orbit). The RF
performance such as return loss, insertion loss, and isola-
tion loss are measured in HFSS tool, the electromechanical
analysis such as spring constant, pull-in voltage, capaci-
tance analysis are done by using COMSOL Multiphysics.
The switch contributes a low pull-in voltage of 3.3 V. The
up and down state of the switch is obtained as 48 fF and
1.19pF.The material’s influence is current on the switch
delivering superior execution. The analyzed outputs show
that return loss and insertion losses are — 16.71,
— 2.69 dB, at 46.80, 40.08 GHz, and isolation of —
29.46 dB at 59.12 GHz. The proposed switch contributes
better performance in the V-band range i.e., 40-75 GHz.
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