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Aim: Return loss performance of Rectangular slot MEMS switch and basic rectangular switch is analyzed and simulated at 

upto 30 GHz using HFSS software is described in this paper. Materials and Methods: The return loss performance of 

rectangular slot MEMS switch (n=25) is compared to that of the basic rectangular switch over a frequency of upto 30GHz. 

Calculation of 25 samples using sample computation with Alpha of 0.05, Beta of 0.2 and pretest power of 80 % was done. 

Results: Return loss performance of rectangular slot switch is better than basic rectangular switch. Optimized dimensions 

for improved return loss performance are Lb=160 micrometers, Wb=20 micrometers and Tb=1 micrometer. The attained 

significance of return loss performance is p<0.05. Conclusion: Results show that novel rectangular slot MEMS shunt switch 

has better return loss performance compared to basic rectangular switch. 

Keywords: Novel Rectangular Slot MEMSShunt Switch, Basic Rectangular Switch, Frequency, Return Loss Performance, 

HFSS, Microelectronics. 

 

DOI: 10.47750/pnr.2022.13.S03.026 

 

INTRODUCTION 

 

Return loss performance can be analysed by designing and comparing microelectronics based novel rectangular 

slot MEMS shunt switch with basic rectangular switch at a frequency of upto 30 GHz. Microelectronics-based 

rectangular slot MEMS shunt switches have an excellent combination of low power consumption, minimal 

insertion loss, high isolation performance, and high switching power (Lysenko et al. 2018). There are numerous 

applications for microelectronics based novel rectangular slot MEMS shunt switch. RF MEMS switches have 

applications in the field of Telecommunication (Rangra et al. 2005), power applications (Wong and 

Massachusetts Institute of Technology. Microsystems Technology Laboratories 2000), mobile communication 

(Kumar et al. 2020), Distributed MEMS transmission line phase shifter (Devi, Maity, and Datta 2014), 

reconfigurable integrated circuits (Brown 1998), portable applications (Tang et al. 2010) and phase shifter 

applications (Singh, Anitha, and Usha Kiran 2018). 

 

Several research papers on MEMS switches have been published so far. 65 IEEE journals and 7080 Google 

scholar publications have been made in recent years. Construction of RF‑MEMS Switch Integrated with 

Circular Microstrip Patch Antenna (Rao et al. 2021) exhibits the design of microstrip circular patch antenna 

which is combined with microelectronics based RF MEMS switch. Two switches are proposed in this paper. 

First one is double beam type and the second one is single- beam type. Finite Element Model (FEM) was used to 

design the switches and obtain the return loss performance. With these switches, return loss performance can be 

observed as 31.10 dB, 35.46 dB and without these switches, return loss can be seen as 23.65 dB. Thus 

incorporating the switches with circular microstrip patch antenna enhances the return loss performance. In the 

work by (Narayana et al. 2017) RF MEMS switch is designed using non-uniform meander’s with a membrane 

structure. Return loss is analysed to be below -16 dB. RF MEMS switch is integrated with uniform meanders in 

the work by (Gandhi et al. 2021). Meanders are used to reduce actuation voltage and analyse return loss 

performance. The observed return loss value is -38.60 dBOur team has extensive knowledge and research 

experience  that has translate into high quality publications(Bhansali et al. 2021; Jayanth et al. 2021; Sudhakar, 
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Ravel, and Perumal 2021; Sathiyamoorthi et al. 2021; Deepanraj et al. 2021; Raju et al. 2021; Arun Prakash et 

al. 2020; Kamath et al. 2020; Shanmugam et al. 2021; Rajasekaran et al. 2020; Adhinarayanan et al. 2020; 

Rajesh et al. 2020; Aurtherson et al. 2021) 

 

The primary issue of the RF MEMS switch performance is return loss. So many research works have been made 

to improve the return loss performance. The return loss performance can be improved by introducing the slot in 

the rectangular shaped MEMS switch. The objective of this research is to compare the return loss performance 

of a novel rectangular slot MEMS shunt switch and a basic rectangular switch at DC - 30 GHz. 

 

Materials And Methods 
 
This work is done in the Nanoelectronics Lab, Department of Electronics and Communication Engineering at 

Saveetha School of Engineering, Chennai. Two sample groups were taken. The sample size for each group is 25. 

The overall sample of participants is 50. Using clinical analysis, the pre-test power for continuous testing is 

determined to be 80% with enrollment ratio 1, alpha value is 0.05, and beta value is 0.2 to the total sample size 

of proposed work (Torgerson and Miles 2007) 

Two preparation methods were carried out for this work. In group 1, design of microelectronics based novel 

rectangular slot MEMS shunt switch was carried out using HFSS software. The dimensions i.e., length, width 

and thickness of the substrate are 1090 µm, 600 µm, 525 µm respectively. Likewise, the dimensions of the beam 

i.e., length, width and thickness are 360 µm, 100 µm and 1 µm respectively. 

Similar to group 1, preparation methods for group 2 were also carried out. HFSS software is used to carry out 

the design of the microelectronics based basic rectangular switch. The dimensions are length, width and 

thickness of substrate which can be given as 1090 µm, 600 µm and 1 µm respectively. Beam dimensions are 

length- 360 µm, width- 100 µm and thickness- 1 µm. 

Return loss of rectangular shaped RF MEMS shunt switch can be determined in equation 1 (Waghmare and 

Shah 2019). 

𝑆11 = -20 log |
−𝑍0

2𝑍𝑠+ 𝑍0
|                     (1) 

 

Where Zs= switch impedance 

Z0=characteristic impedance 

High Frequency Structure Simulation is a solution for electromagnetic structure for FEM. HFSS is used to 

design antennas, RF circuit elements and microelectronic devices (“ANSYS HFSS” 2015). The testing 

procedure measures the return loss of the described shunt switch. Frequency of upto 30 GHz was maintained 

and the readings for isolation were taken. The data was collected from the result and then tabulated. 

The work is done in Windows 10 pro, Intel core i3, 7th Gen and for the process of simulation and verification, 

HFSS was used. In HFSS software, Optimized Dimensions of the substrate, Dielectric material, CPW, Anchor 

and Beam should be included. Other Optimized dimensions such as rectangular sheets and airbox should also be 

given. Boundaries, Radiation, solution setup and frequency should be added. Then validate and analyse the 

design. Finally obtain output by selecting S Parameters. 

 

Statistical Analysis 

The data can be exported into excel from the output graph. Data should be input to the SPSS (SPSS Inc 2007)). 

Statistical analysis of the data can be done by using SPSS. Thickness of the substrate and dielectric are 

independent of Return loss but length and thickness of the beam are dependent variables. 

Results 
 

The dimensions of the design were given. Output graph is exported in the form of an excel sheet. Statistical 

analysis was done by giving the output values to SPSS. Maximum return loss (-13.0831 dB) can be obtained 

with the Optimized dimensions like Lb= 360 µm ,Wb= 20 µm ,Tb= 1 µm. 

In Table 1. comparative analysis of return loss performance of rectangular slot MEMS shunt switch and 

rectangular shaped MEMS shunt switch was tabulated. Return loss performance of the rectangular slot MEMS 

shunt switch (-13.0831 dB) is better than the return loss performance of rectangular shaped MEMS shunt switch 

(-11.8533 dB). Group statistics of two groups with its mean (20.7656 & 19.3939), standard deviation (7.05885 

& 6.87543) and standard error mean (0.91898 & 0.89510) is shown in Table 2. The statistical analysis of both 

the groups with its p value of <0.05, mean difference (1.37175) and standard error difference (1.28287) is shown 

in Table 3. In Table 4. descriptive statistics of both the groups is represented with its n value (50), minimum and 

maximum values (11.80 & 42.74), mean (20.0798) and standard deviation (6.97201). 
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Figure 1 (a) and (b) depicts the top view and side view of the rectangular slot MEMS shunt switch. Fig. 2. 

shows the graph for the return loss performance of the rectangular slot shunt switch which was obtained using 

origin software. Fig. 3. depicts the graph for the return loss performance of a rectangular slot shunt switch which 

was obtained using origin software. Fig. 4. Shows the graph of comparison of return loss performance of 

rectangular slot MEMS shunt switch and rectangular shaped MEMS shunt switch. It can be observed that the 

return loss performance of a rectangular slot MEMS shunt switch is better than rectangular shaped MEMS shunt 

switch. From Fig. 5. it can be observed that the mean return loss performance of the rectangular slot shunt 

switch is better than that of the rectangular shaped MEMS shunt switch. It has p-value <0.05 and error bar 95 % 

with proper prediction.  

 

Discussion 
 

Simulation and analysis of Return loss performance of Rectangular slot MEMS shunt switch and basic 

rectangular switch was done at a frequency of 30 GHz. On the basis of various findings, it can be seen that the 

Rectangular slot MEMS shunt switch has better return loss performance than the basic Rectangular MEMS 

shunt switch. Data is stored in excel sheets to obtain graphs with SPSS. 

Simulating and comparing the return loss performance of novel Rectangular slot MEMS shunt switch and basic 

rectangular MEMS shunt switch was carried out. The existing article (M, Abirami, and Rajasekar 2016) has a 

return loss of around -13 dB, the work by (Nafde and Pande 2017) has a return loss of -5.5 dB at 6 GHz. In 

(Glubokov et al. 2017), the return loss performance is -15 dB. The work (Naji, Farhood, and Ali 2019)10 dB. 

From these, it can be inferred that the novel rectangular slot MEMS shunt switch has better return loss 

performance compared to basic rectangular switch. Thus the proposed work has a return loss of -13.0831 dB 

which is better than many existing works. 

Frequency is one of the elements that affects the return loss in this work. Frequency variation is directly 

proportional to the return loss. Uniform and non-uniform meandering techniques can be used in future work to 

enhance the return loss performance for wireless and satellite radar applications.  

 

Conclusion 
 

This article examines and enhances the return loss performance of the novel rectangular slot MEMS shunt 

switch and basic shunt switch. It can be inferred that the return loss performance of the rectangular slot MEMS 

shunt switch (-13.0831 dB) is better than the basic rectangular shunt switch (-11.8533 dB). Hence the 

rectangular slot MEMS shunt switch is significantly better than the rectangular shaped MEMS shunt switch 

which is most suitable for radar and satellite applications. 
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Tables and Figures 
 

Table 1. Represents the comparison of return loss performance of rectangular slot MEMS series and shunt 

switches at up to 30 GHz. 

S. No. SWITCH 
FREQUENCY 

(GHz) 

ON STATE 

RETURN 

LOSS(dB) 

ON STATE 

INSERTION 

LOSS(dB) 

OFF STATE 

ISOLATION(dB) 

 

 

 

1. 

 

 

 

SLOT 

SHUNT 

10 -22.5035 -0.1022 -21.3565 

20 -16.4525 -0.2191 -31.8794 

30 -13.0831 -0.3895 -38.0175 

 

 

 

2. 

 

 

 

SWITCH 

SHUNT 

10 -21.1214 -0.1135 -36.2488 

20 -15.1867 -0.2554 -29.6459 

30 -11.8533 -0.4699 -25.2370 

 

Table 2. Representation of group statistics for both sample groups, mean (20.7656), standard deviation 

(7.05885) and standard error mean (0.91898) 

GROUP N MEAN STD. DEVIATION STD. ERROR 
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SLOT SHUNT 25 

20.7656 

 

7.05885 0.91898 

SWITCH 

SHUNT 
25 19.3939 6.87543 0.89510 

 

Table 3. Representation of statistical analysis of independent sample tests for both the sample groups. p value 

(0.05), mean difference (1.37175) and standard error difference (1.28287) 

 

 

 

 

 

RETURN 

LOSS 

 
ONE-SIDED 

P 

TWO- 

SIDED P 

MEAN 

DIFFERENCE 

STD. ERROR 

DIFFERENCE 

EQUAL 

VARIANCES 

ASSUMED 

0.05 0.287 1.37175 1.28287 

EQUAL 

VARIANCES 

NOT ASSUMED 

0.05 0.287 1.37175 1.28287 

 

Table 4. Representation of descriptive statistics for both the sample groups. n value(50), minimum and 

maximum values (11.80 & 42.74), mean (20.0798) and standard deviation (6.97201) 

 N MINIMUM MAXIMUM MEAN 
STD. 

DEVIATION 

RETURN LOSS 50 11.80 42.74 20.0798 6.97201 

 

FIGURE 

 

 

(a) 
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(b) 

Fig. 1. Design of RF MEMS switch using HFSS (a) Top view and (b) side view (X-axis- Width of the substrate, 

Y-axis- Length of the substrate and Z-axis- Thickness of the substrate).

 

Fig. 2. Return loss performance (-13.0831) of rectangular slot MEMS shunt switch at up to 30 GHz. 

 

Fig. 3. Return loss performance (-11.8533) of rectangular shaped MEMS shunt switch at up to 30 GHz. 
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Fig. 4. Comparison ofreturn loss performance of rectangular slot MEMS shunt switch (-13.0831) with 

rectangular shaped MEMS shunt switch (-11.8533) at up to 30 GHz. 

 

Fig. 5. A comparison of return loss performance of rectangular slot RF MEMS shunt switch and rectangular 

shaped RF MEMS shunt switch. The Bar graph shows (blue bar - return loss, green bar - Insertion loss) the 

comparison of both the groups. A rectangular slot MEMS shunt switch has better return loss performance 

compared to rectangular shaped MEMS shunt switch. X axis: Slot shunt and basic shunt switch, Y axis: Mean 

return loss with detection of +/- 1 SD and error bar 95 % CI. 


