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CHAPTER 6 

FABRICATION & CHARACTERIZATION 

6.1 Introduction 

6.2 Proposed Models  

6.3 Monolithic Fabrication Process  

6.4 Characterization 

6.5 Summary 

 

6.1  INTRODUCTION 

In Wireless communication applications, micropatch antennas have gained more 

significance due to their benefits of less weight, very low profile and ease of fabrication 

[1]. Linear polarization can be produced by considering micropatch antennas which is 

operated in single mode whereas Circular polarization can be achieved by the 

rectangular or circular patch structures [2-5]. The traditional antennas are the radiating 

elements which is operated in single operating frequency and cannot alter its 

characteristics based upon applications. Hence there is a disadvantage that large number 

of antennas have to be designed for various applications operating at different 

frequencies. This can be overcome by the reconfigurable antennas [6]. Reconfigurable 

antennas alter their characteristics such as operating frequency, radiation pattern or both 

based on application by rearranging the radiating currents at edges in the antenna. This 

can be achieved by integrating switches on the antennas [7].  

The future microwave and mm-wave antenna systems requires integration of 

switches to achieve reconfigurability in their characteristics. PCB technology is 

implemented for integrating antenna with PIN diodes. These switches are placed 

between the slots in ground and are switched alternatively to achieve reconfiguration 

in frequency of antenna [8]. RoF technology is implemented for developing Optically 

Tuned Reconfigurable Antenna Array Constructed from E-Shaped Elements to modify 

the frequency response over 2.4 and 5 GHz [9]. These technologies contain antenna and 



Fabrication and Characterization  Chapter 6 

 
 

  131 
 

switches integrated with wire bonding and causes high leakage currents which leads to 

have poor electromagnetic characteristics and high noise effect. Hence, RF-MEMS 

switch is an excellent choice to replace semiconductor switches [10].  

Fabrication of antenna and RF MEMS switch monolithically on the same substrate 

is an excellent choice for the implementation of reconfigurability in the antenna with 

good electromagnetic characteristics [11]. However, the monolithic integration is a 

challenging task due to different substrate property requirements. Generally, antennas 

need low – loss low – dielectric constant material as a substrate whereas RF MEMS 

switches require high – dielectric constant substrate. Hence, Surface micromachining 

process is an eminent technological process used to overcome the integration issues in 

reconfigurable antennas. It involves in development of thick passive layer (SiO2 , 

εr=3.9) with low dielectric constant value. Surface micromachining process contains 

various techniques to create different patterned layers over the substrate or surface of 

the antenna. This process eliminates the external wire soldering process which reduces 

the leakage effect and enhances the electromagnetic characteristics with high noise 

reduction mechanism. 

In this chapter, we have proposed and fabricated an RF MEMS switch with low 

pull-in-voltage, low switching time, good restoring force and high S-parameter 

characteristics. The fabrication is carried out monolithically for both switch and antenna 

integrated on the same substrate. Generally, the switches are implemented in between 

the patches of antenna which yields poor reconfiguration with low bandwidth. Stubs 

are introduced to the turn off the switch which contains leakage currents. The proposed 

switches are fabricated over the two CPW feeds of the antenna such that large range of 

reconfiguration is achieved by alternatively switching. The electromechancial 

characteristics are measured by using DC probe station, and electromagnetic 

characteristics by RF probe station. The measured results are compared with previous 

simulation and analytical results along with State – of – Art. 

The organization of the chapter is as follows: In section 6.2, the proposed models 

of switch and antenna is illustrated. In section 6.3, step – by – step procedure in 

development of each layer of proposed RF MEMS Switch and monolithic integrated 

antenna is explained. In section 6.4, the experimental set – up for characterization of 
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switch & antenna and the results analysis carried out is explained with reference to state 

– of – Art.  In section 6.5, the chapter is concluded with major results. 

 6.2 PROPOSED MODELS  

The design procedure of the microstrip patch antenna is very much depends on the 

substrate, radius of the circular patch and resonant frequency. In this model, the 

substrate for the antenna is chosen with silicon material for possibility to integrate RF 

MEMS switch monolithically by oxidizing the upper surface of the substrate to form 

SiO2 layer. The circular patch antenna with the radius (R) is calculated by the eq.6.1 

[12] at the resonant frequencies of 40 GHz & 60 GHz is 

1/22
{1 [ln( ) 1.7726]}
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Where, h is height of the substrate, εr is dielectric constant of the substrate and F is 

the first approximation factor and is given by 
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Where, fr is the resonant frequency of the antenna. The radius of the circular patch 

antenna are obtained as 800 µm and 525 µm at the resonant frequencies of 40 GHz and 

60 GHz respectively. The coplanar waveguide (CPW) is taken as the feeding technique 

for antenna which has high isolation, broadband performances and low dispersion. The 

structure and dimensions of the antenna is described in the figure. 6.1.  

 

Figure. 6.1.  Schematic view of proposed reconfigurable antenna. 
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The general structure of RF MEMS switch is composed of transmission line placed 

over the substrate as shown in figure.6.2. To avoid substrate leakage currents and 

possibility for monolithic integration, the top surface of the substrate is oxidized to form 

SiO2 [13] which acts as an insulating layer. The proposed switch is of capacitive type, 

the transmission of RF signal is regulated by capacitance formed between the 

membrane and lower electrodes [14].   

 

Figure. 6.2.  Schematic view of proposed RF MEMS Switch. 

The proposed switch with the dimension presented in Table. 6.1 is placed on the 

feeding lines of the antenna patches which are used to regulate the transmission of RF 

signal among two patches. These switches are actuated alternatively to shift the 

frequency from 40 GHz to 60 GHz. 

Table. 6.1. Switch specifications. 

Component 
Length 

(µm) 

Width 

(µm) 

Height 

(µm) 
Material 

Membrane 320 90 0.5 Gold 

Biasing Pads 100 90 1 Gold 

Signal line 620 100 1 Gold 

Dielectric layer 100 100 0.1 Si3N4 

Insulating layer 820 620 1 SiO2 

Anchor × 4 10 5 2.6 Gold 

 

Ground

Meanders

Perforated membrane
Dielectric Layer
Signal Line

Biasing pads

Insulating Layer

Substrate
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6.3  MONOLITHIC FABRICATION PROCESS 

The surface micromachining is an eminent methodology for mass production of 

3D MEMS Switches. The fabrication of proposed switch is carried out using four mask 

process. In lithography process, these masks are used to pattern the switch layers in 

desired structures. The four masks used in this fabrication process are represented in 

the figure. 6.3. Based upon the desired structure whether the layer has to expose or 

preserve from UV- light in lithography, these masks are categorized into two types: a) 

Positive Mask b) Negative Mask designed using CleWin 4 Layout Editor. Later, these 

masks are printed on Soda glass using Heidelberg µPG 501 mask writer. 

 

(a) 

          

                      (c)     (d)     (e) 

Figure. 6.3. Masks used in the Fabrication process (a) Mask – 1 for CPW and biasing 

pads and antenna patches (b) Mask – 2 for Dielectric layer (c) Mask – 3 for Anchors 

(d) Mask – 4 for Anchors, meanders and suspended membrane. 

The Mask – 1 is used to form trenches by etching the CPW and biasing pads region, 

Mask – 2 is used to preserve the dielectric layer region, Mask – 3 is used to form 

trenches for anchors development, Mask – 4 is used to preserve the anchors, meanders 

and membrane region of switch according to the dimensions specified in Table 6.1. The 

proposed Iterative meandered switch and antenna integrated with switch are fabricated 

on the same substrate by populating the switch on one half of the wafer and populating 

antenna on another half. 
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6.3.1. Layer – 1: Wafer Processing 

Single side polished silicon with high resistive nearly 10 KΩ - cm which is of P – 

type as shown in figure. 6.4 is considered as a platform for fabricating the proposed RF 

MEMS switch and antenna. The specified size of wafer is selected as 4 inches with 

‘100’ orientation. As a prerequisite process the wafer is subjected for cleaning process 

using RCA methodology. RCA – 1 process is implemented to remove organic 

contaminations on the wafer by treating it with NH4OH : H2O2 : H2O in 1:1:5 proportion 

for 10 minutes at 75oC. Later, the wafer is processed to RCA – 2 cleaning process to 

remove metal contaminations. In this process, the cleaning is done with H2O : HF in 

50:1 proportion for 30 sec to remove unwanted oxide formed on the wafer due to 

atmosphere. 

 

Figure. 6.4.  Single side polished wafers. 

6.3.2. Layer – 2: Insulating Layer 

Thermal oxidation is a methodology to produce oxide layers on surface of the 

silicon wafer. In this fabrication process, Dry oxidation process is adopted to grow 1µm 

thick oxide layer subjected at 1150oC. The reaction process occurs in the chamber for 

oxide growth over silicon as shown in figure.6.5 is  

01150

2 2

CSi O SiO+ ⎯⎯⎯→  

 

Figure. 6.5.  Oxide growth on wafer surface. 



Fabrication and Characterization  Chapter 6 

 
 

  136 
 

6.3.3. Layer – 3: Transmission Line, Micro-patches and Biasing Pads 

The first step in development of third layer is Lithography process where cleaning 

of wafer with Acetone solution is carried out for 3 min. Later, the wafer is cleaned with 

Isopropyl Alcohol solution (IPA) for 3 min and dehydrated at 20oC for 10 min. Lift – 

off – Resist (LOR) coated over the SiO2 layer. In the next step, HDMS primer is coated 

over the LOR to have good adhesion with photoresist layer. Positive photoresist 

(AZ5214) is spin coated for 40 sec with 3000 rpm for 1.4 µm thickness development. 

Later, Soft baking is done for 1 min at 110oC. To remove moisture the wafer is oven 

baked for 20 min. Mask – 1 is utilized to pattern the specified region for CPW, biasing 

pads and antenna patches. The specified region for these components is taken as a bright 

field such that, UV – rays passes through the mask and softens the specified region. 

The other region is taken as dark field which cannot pass UV-rays through mask. 

AZ327 is used as a developer for photoresist and AZ351B is utilized for LOR for 

etching of exposed region. Here LOR is used to create undercut to Lift-off metal layer 

deposited in the next step. The exposed region is etched off to form trenches as shown 

in figure.6.6 and figure. 6.7 respectively. 

   

          (a)     (b)  

Figure. 6.6.  Trenches formed on antenna part a) at patch A b) at patch B. 

 

Figure. 6.7.  Trenches formed for switch. 
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Cr/Au/Cr stack is deposited in the proportion of 50nm/400nm/50nm over the entire 

surface (at trenches and over photoresist). The deposition is subjected to 3 hours to 

achieve desired thickness. Finally, Wet lift off process is carried out to etch the 

photoresist layer by placing it in PG remover solution (Acetone) at 60oC for 1 hour and 

AZ351B is utilized for removing LOR. The Cr/Au/Cr present over the LOR and 

photoresist material is also etched off and only the Cr/Au/Cr material present in the 

trenches will remains and forms the desired structure of CPW, biasing pads and antenna 

patches as shown in figures 6.8 and 6.9 over the antenna and switch regions 

respectively. Finally, the wafer is cleaned with Distilled water.  

 

Figure. 6.8.  Microscopic Image of Antenna after Cr/Au/Cr stack deposition. 

 

Figure. 6.9.  Microscopic Image of switch after Cr/Au/Cr stack deposition. 
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6.3.4. Layer – 4: Dielectric Layer 

The development of third layer involves in formation of dielectric layer made up of 

silicon nitride material of thickness 100 nm which is present over the signal line of the 

CPW. Initially, the entire surface of the wafer is deposited with the silicon nitride 

material and the development time is maintained for 15 min at 450oC temperature to 

achieve the thickness of 100 nm. Lithography process is carried out using mask – 2. Pre 

– cleaning with acetone and IPA solution, spin coating HDMS primer and photoresist 

layer and baking steps are processed before exposing the wafer to UV – rays. The 

surface of the wafer which contains photoresist as a top layer is exposed to UV – rays 

through mask – 2 for 8 sec in vacuum. The specified region for dielectric layer is 

preserved by taking the region as dark field in mask – 2 and the other region is bright 

field which is exposed to UV – rays. Then the wafer is treated with AZ327 and acetone 

solution to dissolve exposed photoresist. The photoresist material remains only over the 

dielectric layer which preserves silicon nitride as shown in the figure 6.10 & 6.11. Here 

Figure. 6.10 represents the portion of dielectric layer present over signal line of antenna 

integrated with switch and figure. 6.11 shows the portion of dielectric layer on only 

switch part. The wafer is then processed to Reactive Ion Etching which is a dry etch 

process. During this process, the unprotected silicon nitride etched away by treating it 

with chlorine gas for 6 min. Later the PR present over the dielectric layer region is taken 

away using hashing. Thus, the third layer which is a silicon nitride layer is formed as 

shown in the figure 6.12 & 6.13. 

 

Figure. 6.10.  Microscopic Image of antenna before ashing PR on Si3N4. 
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Figure. 6.11.  Microscopic Image of switch before ashing PR on Si3N4. 

 

Figure. 6.12.  Microscopic Image of antenna after Si3N4 deposition. 

 

Figure. 6.13.  Microscopic Image of switch after Si3N4 deposition. 
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6.3.5. Layer – 5: Anchors, Iterative Meanders and Membrane 

The final layer of the proposed structure is a combination of anchors, iterative 

meanders and perforated membrane. Initially, as the membrane is suspended over a 

height of 2 µm hence a sacrificial layer made up of photoresist (AZ5214) is deposited 

on entire surface of wafer by Precleaning, spin coating of HDMS primer and photoresist 

and oven baking process. The development of this sacrificial layer is done by spin 

coating PR for 60 seconds at 3000 RPM. Later, lithography using Mask – 3 is carried 

out to soften the specified region for anchors. In mask – 3 the region specified for the 

anchors is taken as bright field and allows UV – rays to pass through it and soften the 

PR present on it. The other portion in the mask – 3 is dark field. After exposing the 

surface for 8 sec, the specified region is etched of using wet etching process by cleaning 

it with AZ327 and acetone solution. Hence, trenches will be formed at the specified 

region for anchors which are shown in the figure 6.14 for antenna part and in figure.6.15 

for switch part. 

 

Figure.  6.14.  Microscopic Image of antenna after etching Anchor portion. 

 

Figure. 6.15.  Microscopic Image of switch after etching anchor portion. 
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Later to develop anchors, meanders and membrane part, entire surface of the wafer 

is deposited with gold material using sputtering method for elapsed time of 314 seconds 

to achieve 0.5 µm thickness. The deposited gold layer is shown in figure. 6.16. 

 

Figure. 6.16.  Microscopic Image of switch after Au deposition. 

Lithography using Mask – 4 is used to pattern the desired structures of anchors, 

iterative meanders and membrane. The region specified is preserved using dark field in 

the mask and other portion of deposited gold is etched of using wet etching process. 

KI:I2:H2O in the proportion of 4:01:40 is used as a developer and the development is 

processed for 2.2 min with etching rate of 240 nm/sec. After etching, the membrane is 

formed along with anchors and meanders as shown in the figure.6.17 over antenna part 

and in the figure.6.18 over switch part.   

 

Figure. 6.17.  Microscopic Image of antenna after Au Etching. 



Fabrication and Characterization  Chapter 6 

 
 

  142 
 

 

Figure. 6.18.  Microscopic Image of switch after Etching. 

6.3.6. Membrane Release process and CPD 

Releasing the membrane is a tricky and difficult process. To release the membrane 

effectively a 10×10 µm perforations which are defined in the membrane structure and 

are responsible to allow the etchant to dissolve the sacrificial layer. In this process, the 

wafer is sliced into small dices and these are placed in the soup spoon as shown in the 

figure 6.19(a). From the top side, Acetone solution, AZ327 and IPA is poured gently 

until the sacrificial layer is washed away. Later, these dices are placed in Critical Point 

Drier as shown in figure 6.19(b) where these dices are underwent Cool, Fill, Purge, 

Heat, Bleach and Vent processes. In this process, the critical point observed is 1180 psi 

and 31oC. The fabricated switch integrated on antenna is then inspected using Scanning 

electron microscopy and is presented in the figure 6.20. 

   

  (a)     (b) 

Figure. 6.19. Membrane Release process a) soup spoon arrangement b) Critical point 

dryer. 
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Figure. 6.20.  SEM picture of Fabricated switch integrated on antenna. 

6.4  CHARACTERIZATION 

6.4.1.  Mechanical Characterization 

The mechanical structure of iterative meanders plays a crucial role in performance 

of switch. Generally, the spring constant is reduced in serpentine section by increasing 

the span length of serpentine sections or by increasing the no. of serpentine sections in 

meanders. These approaches reduce the reliability of the switch by improper 

development of restoring forces during membrane releasing time. Hence the proposed 

iterative meanders is designed with two section where the span length of the first section 

in iterative meander is 40 µm and offers the spring constant of 2.04 N/m whereas the 

second section has the span length of 80 µm and offers spring constant of 1.02 N/m. 

The total analytical spring constant offered by proposed meanders for actuating the 

beam is 0.68 N/m. The meanders possess the mechanical force developed by the 

stiffness of beam as 4.08 Newtons to restore the perforated membrane when voltage is 

removed. The fabricated switch is loaded in the Microsystem Analyzer to evaluate the 

spring constant experimentally as shown in the figure. 6.21.     
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Figure. 6.21.  Experimental set – up to obtain spring constant. 
 

The amplitude – frequency response of fabricated switch is measured by 

combination of 0.6V AC and 2V DC signals. The standard temperature and pressure is 

maintained for taking the measurements velocity magnitude and spring constant of the 

membrane against frequency of oscillation as shown in figure. 6.22. The proposed 

switch shows the mechanical resonant frequency of 1.35 MHz and spring constant is 

observed as 0.71 N/m which is closely approximated to the simulation results. The 

quality factor is measured by observing Fres / (F2-F1) [15] and obtained as 1.4 (≈1) shows 

good releasing response in non-actuated state. 

 

Figure. 6.22.  Mechanical frequency response using LDV. 
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6.4.2  Electromechanical Characterization 

The fabricated switch with 10×10 µm [16] perforations in the membrane is tested 

for C – V characteristics using DC – probe station [Agilent Device Analyzer B1500A, 

PM5 with thermal chuck with pulsed source 5MHz] and the measurements are carried 

at room temperature with the experimental set – up shown in figure. 6.23. The 

Capacitance is measured during actuation of the switch increasing the voltage from 

negative pull-in voltage to positive pull-in voltage and again decreasing to negative 

pull-in voltage with a step voltage of 10 mV. 

 

Figure. 6.23.  Experimental set – up to evaluate C – V characteristics. 

The experimental value of pull-in voltage is observed as 1.85 V which is closely 

approximated to the simulated value of perforated switch design 1.8 V. The deviation 

of measured value (1.85 V) is due to tolerance (±10 nm) in dimensions of beam during 

fabrication process. The pull-out voltage of the fabricated switch is observed to be 1.1V 

from the calibration graph shown in figure. 6.24 and shows high downstate capacitance 

of 2.43 pF along with upstate capacitance of 37.4 fF. The increase in capacitance from 

simulation to measured values is due to change in dielectric thickness from 0.3µm to 

0.1µm due to fabrication feasibility. 

Manual DC Probe Station

DC Stable
Voltage
source

Switch Loaded 
with probes
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Figure. 6.24.  C – V characteristics of proposed fabricated switch design. 

Table 6.2. Comparison of electromechanical performance characteristics. 

Component Simulated Measured 

 Perforated Perforated 

Pull-in voltage 1.8 V 1.85 V 

Upstate capacitance 32.4 fF 37.4 fF 

Downstate capacitance 2.10 pF 2.43 fF 

6.4.3  Electromagnetic Characterization 

 

Figure. 6.25.  Experimental set – up to evaluate RF characteristics. 
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The small signal RF performance characteristics are observed by numerical 

simulation of proposed design using HFSS software (FEM tool) and these results are 

compared with the measured results for validation. The measured results are obtained 

by using RF probe station [Agilent technologies E8361A with TRL/LRM calibration, 

GSG: 100 µm] as shown in figure. 6.25. The shot-open-load through technique was 

used to calibrate the probes to a reference plane.  

The S – parameters are measured at various frequencies for proposed switch 

designs. The switch is optimized based on upstate capacitance to transmit the RF signal. 

Hence resonance occurs in return loss as shown in figure. 6.26 such the switch shows 

measured value as -54.1 dB which is closely approximated to simulated value of -49.2 

dB at 41 GHz. As shown in the figure.6.27, the fabricated switch shows a very low 

insertion loss of -0.16 dB as simulated value and the measured value is further 

decreased to -0.15 dB at 41 GHz frequency. The isolation of the switch during offstate 

is measured and presented in the figure.6.28 to be -54.8 dB whereas the simulated value 

is observed to be -46.7 dB. The enhancement in the RF performance characteristics of 

switch is due to increase in downstate capacitance of the switch by lower the dielectric 

layer thickness to 0.1 µm. 

 
Figure. 6.26. Simulated and measured S-Parameters of switch. 
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Figure. 6.27. Simulated and measured S-Parameters of switch. 

 

Figure. 6.28. Simulated and measured S-Parameters of switch. 

The proposed antenna characteristics are observed over the frequency range of 0 – 

65 GHz. Initially, when switch - B which is present on the CPW feed of Patch B antenna 

is actuated by applying the biasing voltage and the other switch – A is not actuated. In 

this condition, the switch B offers high impedance and does not allow the RF signal to 

reach Patch B. Hence, Patch A only radiates the RF signal as the switch – A is in upstate 
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(onstate) which offers low impedance for RF signal transmission. As the Patch – A is 

designed to radiate at 40 GHz the antenna shows good return loss at desired frequency 

(40 GHz) as shown in figure. 6.29. The antenna exhibits the return loss of -28.74 dB at 

40 GHz with a bandwidth of 5.6 GHz. The gain of the antenna at this condition is 

presented in the figure. 6.30 is observed to be 2.31 dB at the direction of 172oC.  

 

Figure. 6.29. Return Loss of antenna at 40 GHz. 

 

Figure. 6.30.  Radiation pattern of antenna when only patch A radiates signal. 

When switch A is actuated and it turned into offstate and switch B is released by 

disconnecting the voltage to biasing pads enabling on-condition. Then the patch B is 

supplied with RF signal power and radiates the signal at 60 GHz and supplied power 

for patch – A is cut off by proposed switch-A. Hence in this condition, the frequency 
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of the antenna is shifted from 40 GHz to 60 GHz. The return loss of the antenna radiated 

only by patch – B is observed and is presented in the figure. 6.31. At 60 GHz the antenna 

shows return loss of -40.1 dB with a bandwidth of 7.5 GHz. The gain of the antenna at 

this condition is presented in figure.6.32 is observed as 5.02 dB at 151o. 

 

Figure. 6.31. Return Loss of antenna at 60 GHz. 

 

Figure. 6.32. Radiation pattern of antenna when only patch A radiates signal. 

The fabricated switch is compared with the state – of – art literature presented in 

Table.6.3 and examined that the proposed switch is efficient for millimeterwave 

applications. 
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Table. 6.3. The comparison of proposed switch with existing switches in literature. 

6.5  SUMMARY 

 In this Chapter, Capacitive type RF MEMS switch with iterative meanders is 

proposed and fabricated using surface micromachining process. The switch shows low 

pull – in voltage of 1.85 V with high capacitance ratio of 64.9. The switch gives very 

low insertion loss of less than 1 dB in onstate and exhibits high isolation of -54.8 dB in 

offstate at 38 GHz which efficiently exhibits switching activity at millimeter wave 

frequencies (above 30 GHz).  

The switch is monolithically integrated on the CPW feed of circular patch antennas. 

The reconfigurability in the frequency of the antenna is achieved by alternatively 

switching the two circular patches to radiate the signal at 40 GHz and 60 GHz. The 

feature size of switch is maintained as 820 µm × 240 µm× 455 µm and for antenna it is 

4650 µm × 2950 µm × 455 µm which are effectively used in millimeter wave 

applications. 
 

REFERENCES 

[1] Lee, S. D., Jun, B. C., Kim, S. D., & Rhee, J. K. (2005). A novel pull-up type RF MEMS switch 

with low actuation voltage. IEEE microwave and wireless components letters, 15(12), 856-858. 

[2] Tilmans, H. A., De Raedt, W., & Beyne, E. (2003). MEMS for wireless communications:‘from RF-

MEMS components to RF-MEMS-SiP’. Journal of Micromechanics and Microengineering, 13(4), 

S139.  

[3] Liu, Y., Liu, J., Yu, B., & Liu, X. (2018). A compact single-cantilever multicontact rf-mems switch 

with enhanced reliability. IEEE Microwave and Wireless Components Letters, 28(3), 191-193. 

[4] Rebeiz, G. M. (2004). RF MEMS: theory, design, and technology. John Wiley & Sons. 

[5] Y Rappaport, T. S., Xing, Y., MacCartney, G. R., Molisch, A. F., Mellios, E., & Zhang, J. (2017). 

Overview of millimeter wave communications for fifth-generation (5G) wireless networks—With 

Parameters 
(Muhua Li et 

al. 2016) [17] 

(Shekhar et al. 

2017) [18] 

(Osor Pertin et 

al. 2018) [19] 
This work 

Membrane 

thickness (μm)  
1 0.5 1 0.5 

Airgap (μm) 3 2-3 0.6 2 

Dielectric layer 

thickness (μm) 
0.3 0.15 0.4 0.1 

Pull-in-Voltage (V) 18.3 4.8-6.3 19.2 1.85 

Capacitance Ratio  - - 64.9 

Insertion Loss (dB) 
0.29 dB @  

35 GHz 

-0.25dB @ 

20GHz 

-0.7dB@ 50GHz 

-0.05 dB @ 61.5 

GHz 

<1dB upto 71 

GHz 

Isolation (dB) 
20.5 dB @  

35 GHz 
-30dB@ 40GHz -12 dB @ 61.5 

-54.8 dB @ 38 

GHz 



Fabrication and Characterization  Chapter 6 

 
 

  152 
 

a focus on propagation models. IEEE Transactions on antennas and propagation, 65(12), 6213-

6230. 

[6] Casha, O., Micallef, J., Grech, I., & Gatt, E. (2007). Utilisation of microsystems technology in radio 

frequency and microwave applications. 

[7] Fang, D. M., Li, X. H., Yuan, Q., & Zhang, H. X. (2010). Effect of etch holes on the capacitance 

and pull-in voltage in MEMS tunable capacitors. International journal of electronics, 97(12), 1439-

1448. 

[8] Effect of Etch Holes on Quality Factor of Bulk-Mode Micromechanical Resonators . 

[9] Pozar, D. (1986). An update on microstrip antenna theory and design including some novel feeding 

techniques. IEEE Antennas and Propagation Society Newsletter, 28(5), 4-9. 

[10] Rahim, M. K. A., Hamid, M. R., Samsuri, N. A., Murad, N. A., Yusoff, M. F. M., & Majid, H. A. 

(2016, October). Frequency reconfigurable antenna for future wireless communication system. 

In 2016 46th European Microwave Conference (EuMC) (pp. 965-970). IEEE. 

[11] Brown, E. R. (1998). RF-MEMS switches for reconfigurable integrated circuits. IEEE Transactions 

on microwave theory and techniques, 46(11), 1868-1880. 

[12] Ramli, N., & Sidek, O. (2012). Reducing an actuation voltage of RF MEMS capacitive switch 

through three electrodes topology using architect coventorware. J Eng Technol, 2(2), 46-51.  

[13] Guha, K., Laskar, N. M., Gogoi, H. J., Borah, A. K., Baishnab, K. L., & Baishya, S. (2017). Novel 

analytical model for optimizing the pull-in voltage in a flexured MEMS switch incorporating beam 

perforation effect. Solid-State Electronics, 137, 85-94. 

[14] Manivannan, M., Daniel, R. J., & Sumangala, K. (2014). Low actuation voltage RF MEMS switch 

using varying section composite fixed-fixed beam. International Journal of Microwave Science and 

Technology, 2014. 

[15] Lin, C. Y., Hsu, C. C., & Dai, C. L. (2015). Fabrication of a micromachined capacitive switch using 

the CMOS-MEMS technology. Micromachines, 6(11), 1645-1654. 

[16] Elshurafa, A. M., & El-Masry, E. I. (2006, December). Effects of etching holes on capacitance and 

tuning range in MEMS parallel plate variable capacitors. In 2006 6th International Workshop on 

System on Chip for Real Time Applications (pp. 221-224). IEEE. 

[17] Li, M., Zhao, J., You, Z., & Zhao, G. (2017). Design and fabrication of a low insertion loss 

capacitive RF MEMS switch with novel micro-structures for actuation. Solid-State 

Electronics, 127, 32-37. 

[18] Shekhar, S., Vinoy, K. J., & Ananthasuresh, G. K. (2017). Surface-micromachined capacitive RF 

switches with low actuation voltage and steady contact. Journal of Microelectromechanical 

Systems, 26(3), 643-652.  

[19] Pertin, O. (2018). Pull-in-voltage and RF analysis of MEMS based high performance capacitive 

shunt switch. Microelectronics journal, 77, 5-15. 

 


