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Abstract This paper presents design and simulation of RE-MEMS capacitive type
shunt switch. The main parameters of electromagnetic and electromechanical anal-
ysis are performed by utilizing COMSOL and HFSS tools. The performance of the
switch is enhanced by including perforation and non-uniform meandering technique.
Here, to design an RF-MEMS switch with a change in dimensions and different air
gaps, and thickness of the beam for low frequency applications. The actuation voltage
of the proposed switch having 10.6 V, the upstate capacitance is 6 x 10"—15. The
stress of the beam was obtained as 41.7 MPa. The switch has shown higher isolation
and lower insertion loss while implementing the microwave and mm-wave circuits.
The S-parameters like return and insertion losses are having —22.37 dB, —0.11 dB,
the isolation is obtained —21.89 dB at 2 GHz frequency.

Keywords RF-shunt switch - Pull-in voltage + S-Parameters

1 Introduction

Micro-electromechanical systems or MEMS technologies are defined as micro
mechanical and electromechanical components with a micromachining processed
devices used in our daily life. These can be done using materials such as ferroelec-
tric, magnetic, ceramic, and semiconductor materials. The physical size of the MEMS
is 1-100 pm and MEMS devices can vary from micrometer to millimeter. Unlike
the other technologies like transistor devices which are also minute devices, these
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MEMS have a moving element in it that can be moved with the help of different types
of physics like electrostatic, electrothermal [1-4]. The basic MEMS have a moving
element of one and for the complex ones, it can have multiple moving elements.

MEMS technology is coming into the picture over the last few decades. The
researchers and developers have invented a large number of MEMS devices for
every possible sensing modality for temperature, pressure, chemical, magnetic fields,
radiation, etc.

MEMS can be used in a different type of application like biological MEMS,
radiofrequency MEMS. RF-MEMS has switches, phase shifters, and resonators.
RF-MEMS switch has two basic types which are capacitive and ohmic type. The
capacitive switches have a moving plate which changes the capacitance. The ohmic
switches have cantilevers that are controlled by electrostatic force. While imple-
menting the RF-MEMS switch we can use the two types of modes, i.e., parallel and
series modes.

Compared to electrothermal, electrostatic actuation is preferred [5, 6] the phase-
change and phase-transition materials [7] there is no necessity for external heating
sources and high resistivity of silicon due to low power consumption [8—11], and no
use of heat for glass substrates and also fused-silica [12—15], or technology of CMOS
[16-19]. RE-MEMS switches of electrical and mechanical designs excellent perfor-
mance at the microwave to mm-wave frequencies compared to other types of switches
such as GaAs-based FET [20].

The steps followed in this paper are, in the first part, an introduction of MEMS with
brief details of RF-MEMS switch and, in second part, description of the proposed
design and its theoretical parameters and specifications. In part three, results and
discussions after that final section concludes the paper.

2 Proposed Design

The switch has a substrate and CPW line. The CPW is a combination of a two ground
plane on either side with a signal line in middle. The dielectric layer is located above
the signal line of CPW to oppose the additional deficiency of signal. In this process,
the electric signal flow is controlled and RF signal becomes transmitted [21, 22]. The
proposed switch is having silicon substrate and the dielectric layer is silicon nitride.
The planar beam consists of perforations and meanders, it is taken as gold material,
and the diagrammatic illustration of the proposed switch is as shown Fig. 1. The
switch specifications are also mentioned in Table 1.
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Fig. 1 The diagrammatic illustration of the capacitive contact switch

Table 1 Dimensions of various parameters in the switch

Parameters Materials Width Depth Height
Substrate Silicon 290 200 200
Oxide Silicon nitride 290 200 1
Ground Gold 60 200 1
Signal Gold 80 200 1
Dielectric Silicon nitride 80 60 1
Electrode Gold 25 40 1
Beam Gold 190 160 12

All dimensions mentioned are in pum

2.1 Electromechanical Analysis

2.1.1 Spring Constant

A nonlinear mechanical behavior, in other terms force needed to pull the beam divided
by the distance beam, gets longer. It is denoted as ‘k’ [23],

_EwWP

k= ()
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Here ‘E; ‘W,” ‘t,” ‘I’ are the young’s modulus, width, thickness, and length of

the beam, respectively.

2.1.2 Pull-in Voltage

The minimum voltage is required to actuate the switch. It is denoted as V. The
pull-in-voltage mainly depends on spring constant K.

| 8K g
Vp= |20 2
P 2750 A )

Here, ‘K,” ‘go, ‘g9, ‘A’ are the spring coefficient, length of the gap between the
beam and dielectric, permittivity and contact area, respectively.

3

2.1.3 Capacitance

The capacitance of an operation is calculated at two stages, upstate capacitance and
downstate capacitance. The upstate capacitance means the value of capacitance when
switch is in ON state mode. The downstate capacitance means the capacitance value
of switch in OFF state mode.

8()A
Co=—7 3
8o + o
The calculation of downstate capacitance C;[24],
g0 A
4= 4)
ld

Here, ‘A, ‘go, ‘€, ‘€, ‘4 are addition of area of overlapping and area of two
electrodes, length of the gap between the beam and dielectric, relative permittivity
of free space, dielectric permittivity, and thickness of beam, respectively.

2.1.4 Stress
The analysis of stress helps to understand the unnecessary deformation in the beam.
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Tal?le 2 Dimensi9ns of Meander Length (um) Width (um) Thickness
various meanders in the (um)
switch

K1 20 8 1.2

K2 16 8 1.2

K3 22 8 1.2

Fixed block 22 8 3.7

All dimensions mentioned are in jum

where ‘E, ‘t) ‘I’ are young’s modulus, thickness, and length of the beam,
respectively.

2.2 Electromagnetic Analysis

Electromagnetic analysis means analyzing the behavior of the device under electric
field and magnetic field. In this analysis, we analyze the S-parameters (S;; (return
loss), S, (insertion loss), and S;; (isolation)).

The capacitive contact parallel switch is also called a fixed—fixed capacitive shunt
switch. This type of switch is the most used RF-MEMS switch. This is a composi-
tion of a movable beam, fixed supports, dielectric, electrodes, signal, ground, oxide
layer, and substrate [25]. The meanders support movable beam are attached to fixed
supports. The dimensions of meanders are mentioned in Table2.

3 Results and Discussion

The simulation part is done in two parts, electromechanical analysis and electro-
magnetic analysis. The electromechanical analysis is done in COMSOL software
and the electromagnetic analysis is done in High-Frequency Structure Software
(HFSS). The displacement, upstate capacitance, downstate capacitance, and stress
analysis are done in COMSOL software. The S (return loss), S, (insertion loss) and
Sy (isolation) are calculated using the HFSS software. The total displacement of the
beam is observed as in Fig. 2, the upstate capacitance is 6.03 x 10"—15 shown in
Fig. 3, it is depending on the dielectric thickness and material.

The return loss, insertion loss, and isolation are calculated in High-Frequency
Structure Software. Figure 5 shows the return loss as —22.37 dB, Fig. 6 shows the
insertion loss as —0.11 dB. Figure 7 shows the isolation which obtained as —21.89 dB
at 2 GHz frequency. The overall S-parameter values are measured in the frequency
range of 1-4 GHz. During the upstate return and insertion loss are calculated while
the isolation is in the downstate.
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Fig. 2 Displacement of the beam observed at 10.6 V
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Fig. 3 Upstate capacitance of switch

The stress analysis of the proposed switch is observed that the switch can resist
by having stress which is 41.7 MPa as shown in Fig. 4.
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Surface: von Mises stress (mPa)
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Fig. 5 Return loss measured at 2.5 GHz

4 Conclusions

In this paper, the designing and simulation of capacitive type shunt switch is done.
The switch analysis of pull-in voltage (Vp), capacitance (C,, Cy), stress, and S-
parameters are analyzed and simulated with the help of COMSOL and HFSS tools.
The focus of the switch is tried to reduce the pull-in voltage (Vp) and improved
the isolation. Here, the meanders and perforations are utilized to reduce the pull-
in voltage (Vp), the obtained actuation voltage is 10.6 V and upstate capacitance
analysis is 60.4 fF, and the stress is maintained as 41.7 MPa. The electromagnetic
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7 Isolation measured at 2.5 GHz

analysis of S-parameters such as S;;(return loss) and S, (insertion loss) is having —
22.37dB, —0.11 dB and the S;; (isolation) is —21.89 dB observed at 2 GHz frequency.
The proposed switch is obtained better results at 2 GHz, so it is utilized for the S-band
frequency (2—4 GHz) applications.

References

1.

Pradell L, Girbau D, Rib6 M, Casals-Terré J, Lazaro A, Contreras A, Llamas MA, Heredia
J, Giacomozzi F, Margesin B (2017) RF-MEMS switches designed for high-performance



Designing of RF MEMS Capacitive Contact Shunt Switch ... 447

10.

12.

13.

14.

15.

16.

19.

uniplanar microwave and mm-wave circuits. Oct 18th 2017- https://doi.org/10.5772/intech
open.76445

Girija Sravani K, Guha K, Rao KS (2020) A modified proposed capacitance model for step
structure capacitive RF MEMS switch by incorporating fringing field effects. Int J Electron
1-22

. Narayana TL, Sravani KG, Rao KS A micro level electrostatically actuated cantilever and

metal contact based series RF MEMS switch for multi-band applications. https://doi.org/10.
1080/23311916.2017.1323367

Narayana TL, Sravani KG, Rao KS Design and analysis of CPW based shunt capacitive RF
MEMS switch. 1080/23311916.2017. 1363356

. Bakri-Kassem M, Mansour RR (2015) High power latching RF MEMS switches. IEEE Trans

Microwave theory Tech 222-232. https://doi.org/10.1109/TMTT.2014.2376932

Girbau D, Pradell L, Lazaro A, Nebot A (2007) Electrothermally-actuated RF-MEMS
switches suspended on a low-resistivity substrate. IEEE/ASME J Microelectromechanical Syst.
2007:1061-1070. https://doi.org/10.1109/JMEMS.2007.904744

Mennai A, Bessaudou A, Cosset F, Guines C, Passerieux D, Blondy P, Crunteanu A (2015)
High Cut-off Frequency RF Switches integrating a Metal-Insulator Transition Material. In:
IEEE MTT-S International microwave symposium, May 2015. IEEE, Phoenix, New York, pp
1-3

DiNardo S, Farinelli P, Giacomozzi F, Mannocchi G, Marcelli R, Margesin B, Mezzanotte
P, Mulloni V, Russer P, Sorrentino R, Vitulli F, Vietzorreck L (2006). Broadband RF-MEMS
based SPDT. In: 36th European microwave conference, Sept 2006. IEEE, Manchester, New
York, pp 1727-1730

Ocera A, Farinelli P, Cherubini F, Mezzanotte P, Sorrentino R, Margesin B, Giacomozzi
F (2007) A MEMS-Reconfigurable power divider on high resistivity silicon substrate. In:
IEEE/MTT-S International microwave symposium, May 2007. Honolulu, pp 501-504
Contreras A, Casals-Terré J, Pradell L, Giacomozzi F, Iannacci J, Rib6 M (2014) A Ku-band
RF-MEMS frequency-reconfigurable multimodal bandpass filter. Int ] Microwave Wireless
Technol 2014:277-285. https://doi.org/10.1017/S1759078714000567

. Cazzorla A, Sorrentino R, Farinelli P (2015) Double-actuation extended tuning range RF

MEMS Varactor. In: 45th European microwave conference, Sept 2015. Paris, pp 937-940
Viha-Heikkild T, Varis J, Tuovinen J, Rebeiz GM (2014) A reconfigurable 6-20 GHz RF
MEMS impedance tuner. In: IEEE MTT-S international microwave symposium, June 2014.
Fort Worth, New York, IEEE, pp 729-732

Llamas MA, Girbau D, Ribé M, Pradell L, Lazaro A, Giacomozzi F, Margesin B (2010)
MEMS based 180° phase switch for differential radiometers. IEEE Trans Microwave theory
Tech 2010:1264—1272. https://doi.org/10.1109/TMTT.2010.2045558

Llamas MA, Girbau D, Ribé M, Pradell L, Giacomozzi F, Colpo S (2011) RE-MEMS uniplanar
180° phase switch based on a multimodal air-bridged CPW cross. IEEE Trans Microwave theory
Tech 1769-1777. https://doi.org/10.1109/tmtt.2011.2140125

Contreras A, Ribé M, Pradell L, Casals-Terré J, Giacomozzi F, Iannacci J (2013) K-band
RF-MEMS uniplanar reconfigurable-bandwidth bandpass filter using multimodal immittance
inverters. Electron Letters 704—706. https://doi.org/10.1049/e1.2013.0681

Mansour RR (2013) RF MEMS-CMOS device integration: An overview of the potential for
RF researchers. IEEE Microwave Magazine. 39-56. https://doi.org/10.1109/MMM.2012.222
6539

. Bakri-Kassem M, Fouladi S, Mansour RR (2008) Novel high-Q MEMS curled-plate variable

capacitors fabricated in 0.35-um CMOS technology. IEEE Trans Microwave Theory Tech
530-541. https://doi.org/10.1109/TMTT.2007.914657

. Fouladi S, Mansour RR (2010) Capacitive RF MEMS switches fabricated in standard 0.35-

mm CMOS technology. IEEE Trans Microwave Theory Tech 478-486. https://doi.org/10.1109/
TMTT.2009.2038446

Riverola M, Uranga A, Torres F (2017) A reliable fast miniaturized RF MEMS-on-CMOS
switched capacitor with zero-level vacuum package. In: 2017 IEEE MTT-S international


https://doi.org/10.5772/intechopen.76445
https://doi.org/10.1080/23311916.2017.1323367
https://doi.org/10.1109/TMTT.2014.2376932
https://doi.org/10.1109/JMEMS.2007.904744
https://doi.org/10.1017/S1759078714000567
https://doi.org/10.1109/TMTT.2010.2045558
https://doi.org/10.1109/tmtt.2011.2140125
https://doi.org/10.1049/el.2013.0681
https://doi.org/10.1109/MMM.2012.2226539
https://doi.org/10.1109/TMTT.2007.914657
https://doi.org/10.1109/TMTT.2009.2038446

448

20.

21.

22.

23.

24.

25.

K. G. Sravani et al.

microwave workshop series on advanced materials and processes for RF applications
(IMWS-AMP); Sept 2017. pp 1-3

Rebeiz GM (2003) RF MEMS, theory, design and technology. Wiley, Hoboken, pp 483. https://
doi.org/10.1002/0471225282

Lakshmi Narayana T, Sravani KG, Rao KS (2017) A micro level electrostatically actuated
cantilever and metal contact based series RF MEMS switch for multi-band applications. Cogent
Eng 4(1):1323367

Rao KS, Thalluri LN, Guha K, Sravani KG (2018) Fabrication and characterization of capacitive
RF MEMS perforated switch. IEEE Access 1-1. https://doi.org/10.1109/ACCESS.2018.288
3353

Rao KS, Ashok Kumar P, Guha K, Sailaja BVS, Vineetha KV, Baishnab KL, GirijaSravani K
Design and simulation of fixed—fixed flexure type RF MEMS switch for reconfigurable antenna.
Microsystem Technologies, to be published, https://doi.org/10.1007/s00542-018-3983-2
GirijaSravani K, Guha K, Rao KS, Elsinawi A (2019) Design of a novel structure capacitive
RF MEMS switch to improve performance parameters. IET Circuits, Devices Syst 2019 Jul 12
13(7):1093-101

Rao KS, Naveena P, GirijaSravani K (2019) Materials impact on the performance analysis and
optimization of RF MEMS switch for 5G reconfigurable antenna. Trans Electrical Electron
Mater 20(4):315-327


https://doi.org/10.1002/0471225282
https://doi.org/10.1109/ACCESS.2018.2883353
https://doi.org/10.1007/s00542-018-3983-2

	 Designing of RF-MEMS Capacitive Contact Shunt Switch and Its Simulation for S-band Application
	1 Introduction
	2 Proposed Design
	2.1 Electromechanical Analysis
	2.2 Electromagnetic Analysis

	3 Results and Discussion
	4 Conclusions
	References




