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Abstract

In this paper, non-uniform meandered line shunt capacitive RE-MEMS switch is presented at
an elliptical patch etched with a split-ring resonator (SRR) for satellite communication appli-
cations. The non-uniform meander line shunt capacitive is a fixed-fixed type of RF-MEMS
switch that is introduced in this model antenna. The proposed antenna design is resonated
at 10.46 GHz with the return loss of —37.6 dB. The performance evolution of the proposed
antenna design is evaluated with and without integrated RF-MEMS switch on the proposed
antenna SRR. It is observed that the proposed model at the ON-state switch resonates at
10.57 GHz frequency with the return loss of —30 dB. Similarly, at the OFF-state switch, it reso-
nates at 10.53 GHz frequency with the return loss of —43 dB. Al;N, (aluminum nitride) is
used for the switch as a dielectric material, hence the switch attains higher isolation. The actu-
ation voltage of 7.9V is required for the switch to actuate from ON to OFF state. The switch
attains minimum insertion and return loss which is discussed in further sections. The pro-
posed antenna is fabricated and tested by a vector network analyzer; there is a good agreement
between the simulated and measured results.

Introduction

In the present scenario, reconfigurable antennas with multiple frequency bands for commer-
cial applications are most convincing for transmitting and receiving different frequency appli-
cations. In the design of reconfigurable antennas, slot antennas are considered as building
blocks, and these are considered for ultra high frequency [1, 2]. Reconfigurable patch antennas
are additionally intended to work in both L and X-frequency bands [3, 4]. The tunability now
and again makes the system an intelligent system. Generally, reconfigurability of an antenna is
acquired by varying the frequency of operation, improving the radiation patterns. The recon-
figurable antenna governs the resonating frequency of the antenna and assists to resonate at
different frequency bands. Variable solutions are available for matching network; among
them, impedance-matching network is the best possible solution used to estimate the charac-
teristic impedance of the device [5, 6].

At present, the radio frequency micro electro mechanical switches (RF-MEMS) technology
is attractive for different applications such as military, satellite, and commercial applications.
Though many of the RE-MEMS devices exist in the market, only switches are preferred due to
numerous advantages such as lower power consumption, low insertion, and high isolation, and
good reliability switches are preferred to reconfigure the frequency. The system performance
can be increased by embedding the optimized switch on to the patch. To overcome the chal-
lenges of p-n diode and feild-effect transistor such as longer switching time and more power
consumption, switches are preferred as basic building blocks [7-11]. In satellite communica-
tion applications, to attain the switching between frequency bands, the reconfigurable anten-
nas are required [12-14]. There are many possibilities to estimate the achievement of the
MEMS switch integrated with patch antennas, few of them are intended for in [15-17].
Impedance matching also needs to be verified while integrating the antenna with MEMS
device. To overcome a few challenges in the traditional devices, these RE-MEMS devices are
introduced to the patch antennas to enhance the switching probability. Here, switches are
of two types namely series and shunt type. Depending on the configuration, shunt switches
are preferred and they provide excellent performance. Switches are the basic building block
of the RF signal functioning system, so they can be used on the patch to reduce the interfer-
ence. Reconfigurable antennas support more than one wireless standard, reduce the cost and
volume requirement, and provide narrowband or wideband operation.

In the design of reconfigurable antennas, slot antennas are considered to be essential com-
ponents. As mentioned earlier, due to different positions of switch integration on these slot
antennas [18], it is feasible to alter the characteristics of the antenna. This is concluded by
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Table 1. The optimized values of the proposed antenna
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Table 2. The geometry specifications of the proposed device

Parameter Description Dimension Parameter Symbol Dimension Material
Wy Length of the antenna 38 mm Beam length L 320 um Gold

W, Slot width 0.5mm Supporter length Ly 10 um Aluminum
Ws Width of the patch 2 mm Beam thickness h 1.3um Gold

Ly Width of the antenna 36 mm Dielectric layer height d 0.3um SizNg

rn Radius of outer conductor of the patch 8 mm Hole size Ry 8x8um -

ry Radius of inner conductor of the patch 9 mm RF gap g 2.5-3um -

adjusting the electrical length of the current flow or control the
flow of current distribution around the slot [19-22]. By integrat-
ing the actuating circuits in the antenna system, the overall per-
formance of the antenna can be increased. In this work, we
incorporate a slot antenna into RF-MEMS to compose a novel
antenna.

Most of the techniques are introduced to make use of radio
spectrum with great performance; significance interest has
been shown to the orbital angular momentum of light (OAM)
antennas. A large amount of data is to be swapped with the
help of OAM communication system for wireless servers. This
process requires the transmitter and receiver to be aligned with
one another. The channel capacity can be improved in a link
between two antennas through different means. The aim is to
notice that an antenna at once can create various fields.
However, each field is associated with an alternate measure of
orbital force [23].

In this work, the design of reconfigurable elliptical-shaped
patch antenna is proposed with a single band for satellite applica-
tion. The proposed elliptical-shaped patch resonates at the fre-
quency from 10.3 to 10.6 GHz. The presented antenna structure
is controlled by the design of the switch geometry. The radiation
patterns and the return loss are presented. The proposed MEMS
device is embedded into the elliptical antenna. The switching
reconfiguration can be achieved by the proposed switch. The
impedance-matching technique is verified through Smith chart
and is performed for the proposed switch-based elliptical micro-
strip patch antenna. The proposed electrostatically actuated cap-
acitive switch is of fixed-fixed type. The switch provides an
excellent RF performance. The actuation voltage estimated for
the proposed switch is very low. From the results, the proposed
switch is considered for the elliptical-shaped antenna to be inte-
grated. The proposed antenna integrated with the switch can be
used for satellite applications. The prototype of the proposed
antenna is fabricated and tested experimentally. The proposed
antenna is suitable for satellite applications of low interference
due to one resonant band.

The proposed antenna is considered with an elliptical shape
and embedded split-ring resonator (SRR). The non-uniform
meander line shunt capacitive RE-MEMS switch is proposed.
RF-MEMS switch is integrated into elliptical-shaped microstrip
patch antenna at SRR. The antenna performance is observed at
three conditions. The detailed explanation is given in antenna
design. The theme of the proposed antenna is resonated at a sin-
gle band to reduce interference for satellite application. Such a
type of design is not available in the literature as per our
(authors’) knowledge. To validate the performance verification
of the elliptical SRR antenna, the designed model is fabricated
and tested.
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This paper consists of four sections; section “Introduction” pro-
vides introduction. Section “Design description” describes the
design of the proposed antenna and the shunt capacitive switch
specifications and the working. Section “Results and simulations”
consists of the results and discussions of the proposed work at dif-
ferent conditions of antenna embedded into the switch. Section
“Conclusion” concludes the findings of the proposed work.

Design description
Elliptical antenna

The Fr-4 substrate material (g, is 4.4, h = 1.6 mm) is considered
for designing the proposed antenna. The length and width of
the substrate materials are L1 and W1, respectively. An elliptical-
shaped patch antenna is metallized on the substrate material with
a thickness of 0.01 mm. Full ground plane is quoted on the other
side of the substrate. A circular-shaped complementary split ring
resonator (CSRR) is etched from the elliptical-shaped patch
antenna with inner and outer radii of r1 and 72 and a slit gap
of 0.4 mm. The dimensions of the elliptical patch antenna are
given in Table 1. The proposed antenna is embedded on the
ring slot etched on the SRR, and finally, the switch is placed on
the patch.

MEMS switch design

The device was modeled in the tool having one switch on CSRR
slot in an elliptical patch. The characteristic impedance main-
tained for the device is 50 Q. The present design consists of a
dielectric with a thickness of 0.3 um. The area of overlap between
the electrodes is 110 um x 100 um that is used to validate the cap-
acitance of the switch, which improves the isolation performance.
Two sides of the device consist of non-uniform meander lines to
reduce the spring force. The spring constant (k) is associated with
the actuation voltage. Lower the spring constant, lower the actu-
ation voltage. The material used for the membrane of the switch
is gold as it has good conductivity. The dimensions of the switch
are given in Table 2. The RF signal passes through the switch from
input to output in ON state, while in OFF state, there is no trans-
mission and the air gap exists from the signal line, and the co-pla-
nar waveguide line is 3 um which is apt for fabrication (Figs 1-3).

Results and simulations
Electromagnetic performances of the antenna

The implementation evaluations that were achieved from this
simulation are given as follows:
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Fig. 3. One-dimensional view of the proposed switch.

Reflection loss

Reflection loss is characterized as the measure of power loss
caused by the reflection of power at a line interruption. It is com-
municated in terms of decibels (dB) and the return loss is con-
veyed in equation (1).

R (dB) = —201log 10(7), (1)

where 7 is the reflection loss of the proposed antenna.

The return loss of the proposed elliptical-shaped patch
antenna and the other two conditions sustained with MEMS
switch ON and OFF state is shown in Fig. 4. The reconfigurability
can be observed in the figure at different conditions of the switch.
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Fig. 1. Proposed antenna with RF-MEMS switch.

Return loss (dB)

== With Switch ON state
-40 s With Switch OFFstate
=« Without Switch

10.0 10.2 10.4 10.6 10.8 1.0
Frequency (GHz)

Fig. 4. Reflection loss of the proposed antenna with different states of the RF-MEMS
switch.

The proposed antenna exhibits maximum reflection loss at the
antenna with switch in OFF state. The performance of the fabri-
cated prototype is measured by a vector network analyzer in an
anechoic chamber presented in Fig. 5. The comparison analysis
of the proposed antenna’s simulated and measured results is
shown in Fig. 6.

Impedance matching

Impedance coordination is presented by employing a coordinat-
ing system with lumped components (LandC). Different feasible
improvements are accessible for coordinating system design.
They are mostly influenced by design complication, its execution,
and flexibility. The ideal plan for matching network utilizing
lumped components can be achieved by Smith chart. The ideal
impedance of the antenna (Z;) is ought to be considered.
Eventually, the ideal impedance for the switch can be validated
as (Zp). In order to meet the required assessment, the device
geometry is to be made properly. To attain the proper matching,
the antenna and the switch need to satisfy the condition (Z, = Z;).
The lumped elements involve in matching the input impedance.
Only when the proper matching is done, it can be verified with
the Smith chart. Though many solutions are available, only
Smith chart is selected among them. To verify the proper
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Fig. 5. (a) Fabricated antenna with vector network
analyzer in an anechoic chamber. (b) Fabricated proto-
type of the proposed antenna design.

Return loss (dB)

40 — Simulated
==« Measured

10.0 10.2 10.4 10.6 10.8 1.0
Frequency (GHz)

Fig. 6. Simulated and measured results of the proposed antenna design.
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matching, the input impedance should meet the focal point of the
Smith chart. If the input impedance is away from it, the condition
mentioned above will not be satisfied. The impedance ought to be
considered as 50 Q.

From Figs 7-10, the characteristic impedance of the antenna,
antenna with switch ON state, antenna with switch OFF state,
and finally the proposed switch is observed. The investigation
on impedance with and without RE-MEMS switch on elliptical
patch antenna is studied. The switch may be in open or closed
condition depending on the scattering parameters.

The impedance of the elliptical patch antenna and the embed-
ded switch is observed for two (ON and OFF) states. The charac-
teristic impedance of the switch matches with the proposed
antenna impedance.

Radiation patterns

The implementation of the elliptical-shaped antenna is studied for
various far field conditions. The following figures represents the
radiation patterns of the proposed antenna with respect to E
plane an H plane. Here, three distinctive far field conditions are
used, those are ¢ =0, ¢ = 90, and the outlines for these conditions

HFSSDesign1 &

Name Freq Ang

m1 | 105300 167 2218| 0.0070 | 09865 + 00030 S Parameter Chart 1 Curve infa

Mag

A

Fig. 7. Impedance matching of the antenna in Smith
chart showing an input impedance of 50 ohms.
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Fig. 10. Impedance-matching network of the proposed switch in Smith chart.
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Fig. 8. Elliptical-shaped microstrip patch antenna with
the proposed switch in ON-state impedance-matching
network in Smith chart.

HFSSDesign1 &
Curve Info

— ]
Setup1 - Seeep

Fig. 9. Elliptical-shaped microstrip patch antenna with
the proposed switch in OFF-state impedance-matching
network in Smith chart.

are observed in Figs 11(a-c), respectively. Radiation of the pro-
posed antenna at the frequency of 10.46GHz, the proposed
antenna with MEMS ON state at the frequency of 10.57GHz,
the proposed antenna at the frequency of 10. 53GHz.The radi-
ation patterns of all the three conditions in E plane are observed
as omni directional.

The normalized radiation patterns of the proposed elliptical
patch antenna are shown in Fig. 11(a). The simulated patterns
of the antenna are matched well with the measured results at
10.46 and 10.5 GHz, respectively. Due to measurement errors,
there is a slight difference between the simulated and measured
results.

Figures 12 and 13 show the current distributions of the pro-
posed elliptical microstrip patch antenna with and without switch.
The losses are minimized due to elliptical shape.

Figure 14 shows the simulated and measured radiation effi-
ciency of the elliptical microstrip patch antenna. The deviation
from simulated and measured results is due to issues raised dur-
ing fabrication. Radiation efficiency is presented to validate the
antenna performance.
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Fig. 11. (a) Patterns of the proposed elliptical-shaped antenna. (b)Patterns of the proposed elliptical-shaped antenna with switch in ON state. (c) Patterns of the

proposed elliptical-shaped antenna with switch in OFF state.
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Fig. 12. Surface current distributions of the proposed antenna without switch at
10.46 GHz.

The simulated and measured gains of the proposed antenna
are 6.13 and 5.9 dB, respectively, as shown in Fig. 15. For a better
understanding of the proposed model antenna and higher gain
obtained when compared to the other antenna models, see
Table 3.
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Performance of the MEMS switch

MEMS switch analysis

In the process of design, the actuating voltage applied on the switch
is unique which needs to be low and considered to be a challenging
parameter in RE-MEMS; usually when the switches are activated,
the metal beam is bent down and restores its elasticity to the ori-
ginal position. The beam in the upstate is subjected to duty electro-
static force and thus pull-in voltage expression can be given as:

2k

= —9), 2
oA (& —8) )
where g is the maximum air gap maintained between the plates, k
is the spring constant, and A is the overlapping area of beam and
lower electrode when actuated; here, when

81/_

W _ 280
og

3

>

0=g 3)

representing the maximum actuation voltage when the air gap
between the upper and lower electrode reaches 1/3rd of its height,
then the expression can be evaluated as

4)
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Fig. 14. Radiation efficiency of the elliptical patch antenna.

where A is the area of overlap.

Actuation voltage is defined as the voltage that is given to the
upper beam and lower electrode.

RF performance of the device is evaluated with lumped ele-
ments. The typical values of the lumped components are import-
ant to notify. The ON and OFF states of the switch capacitance
are the important ones which are given in the equivalent circuit.
The ON-state capacitance is evaluated with the expression.

In the parallel plate switches, charges are implemented
through charge carrier. Based on the overlapping area, parallel
plate capacitance relies between the two capacitive plates. The
total beam area is directly proportional to the total switch capaci-
tance. Here, the term Cj, represents the ideal capacitance (parallel
plate). It is important to support the minimal capacitance to
attain the required frequency for the switch. The Cy simply relies
upon the holes on the switch beam. Here, in the proposed shunt
switch, the electric field moves across the switch beam and modi-
fies the overall capacitance of the switch beam. However, the Cg
can be observed across the upper surface of the plate and between
the sides of the plates.

80+A

g+ (ta/er)’ ©)

Con = Cpp +Cpp =
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Fig. 13. Surface current distributions of the proposed
antenna with switch (OFF-state) at 10.57 GHz.
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Fig. 15. Gain versus frequency of the elliptical patch antenna.

where C,, is the parallel plate capacitance and Cy is the fringing
field capacitance.

When the switch is in ON state, the on capacitance must be
low in order to keep the insertion loss minimum. The
OFF-state capacitance is typical to calculate because when the
membrane is in OFF state, it is not fully flat over the oxide
layer. The switch OFF-state capacitance can be expressed as

gog,A
Copr = ~=. (6)
td

The ON-state and OFF-state capacitance of the switch with
aluminum nitride as a dielectric is 1.83 and 2.91pF. The
ON-state capacitance should be lower than the OFF-state
capacitance.

The deformation of beam with different beam thickness at 0.8,
1, and 1.2 um is considered to evaluate the switch performance.
To validate the switch three different beam thickness like 0.8, 1
and 1.2 ym are considered.and analysed) instead of (To validate
the switch and for the material saving three analysis are ought
to be considered for the switch after 1um if the thickness is
increased the beam cannot meet the required demand. The
time required for a switch to toggle from ON state to OFF state
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Fig. 17. Isolation performance of the switch.
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There are switching times concerned with switch. The first
referred to pull-in time or the settling time, defined as the time
taken to move the flexible beam to the bottom ground electrode
through the voltage applied referred as pull-in voltage. The
second referred to the pull-up time or the recovery time, the
time taken by the beam to release from the pull-in position to
its switched position by removing the voltage applied to the
beam referred as pull-up voltage. Here the settling time and the
recovery time of the switch are presented in Fig. 16. Due to the
force applied on the switch, it undergoes three different stresses
at overall, center and edge of the beam.

In this section, the analysis is presented with switch on the
proposed antenna. Switch performance is evaluated on the isola-
tion, low return, and insertion loss. Therefore, by adjusting the
geometrical parameters of the switch, the RF performance can
be optimized. It is concerned with the return loss of —78 dB at
8 GHz and the insertion loss of —0.07 dB at 8 GHz frequency.
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Table 3. Comparison of the proposed SRR elliptical patch antenna with literature work

Dimension Operating Return loss Radiation Band width Gain
Ref. (mm?) frequency (GHz) (dB) efficiency (%) (MHz) (dB) Application
[24] 28x30x1.6 9.5 16 N/A 625 1.8 X-band
[25] 2x2 FRA 9.3 20 N/A 2200 N/A X-band
array
[26] 50 %20 9.4 25 N/A 540 N/A Satellite
communication
[27] 15x 15 9.75 20 N/A 800 5 X-band
[28] 40 x 48 x 1.59 13.67 42.18 N/A 335 6.08 Satellite
communication
Proposed 38x36x1.6 10.46 42 0.88 400 6.1 Satellite
antenna communication
N/A, not available.
-60 Xll]n 7
Retu I'l"l loss 0.02 T T T T
. Insertion loss 0-
-0.04 T
70 - 2
) Z E
=] ] =
= 008 2 = 1
g s g E -4 -
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85 8 o
-90 0.12 o
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0 2 8 10

Frequency (GHz)

4 6
Voltage (V)

Fig. 18. (a) Return loss and insertion loss of the proposed switch. (b) Actuation voltage and displacement curve.

By changing the dielectric height, the capacitance between the
electrodes is changed, leading resonant frequency change. So,
the dielectric layer thickness must be chosen between 0.1 and
0.5 to attain the required frequency range. The isolation perform-
ance of the proposed switch can be observed in the following fig-
ures. The isolation of —77dB at the frequency of 8 GHz is
obtained. From Figs 17 and 18, the performance can be observed.
The actuation voltage calculated for the proposed switch is 7.9 V
to actuate the top electrode to move from ON state to OFF state.

The performance of the RF-MEMS switch related to the low
return loss, insertion loss, and the improved isolation is —78,
0.07, and —77 dB at 8 GHz. The radiation patterns of the pro-
posed elliptical antenna integrated with the switch are observed.
The proposed SRR elliptical patch antenna is compared with
the previous works in Table 3.

The proposed antenna is suitable for satellite applications and
the optimization is carried out with HFSS. So, we consider only
one resonant frequency band. The purpose of generating a single
resonant band is reducing interference because the satellite com-
munication antenna may have low losses. However, the proposed
shape can be generated by a dual band with different optimization
techniques.
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Conclusion

This work proposes a novel type of elliptical-shaped patch antenna,
and the characteristic of the antenna is controlled by the RE-MEMS
switch. The impedance-matching technique performed for the
antenna integrated with switch at ON and OFF states is examined.
The proposed device return loss observed at different conditions
(without, ON, and OFF switches) is presented as —37.6dB at
1046 GHz, —30dB at 10.57 GHz, and —43dB at 10.53 GHz,
respectively. The actuation voltage obtained for the proposed
switch is 7.9V to actuate from up state to the down state of the
switch. The fixed-fixed type RF-MEMS bridge is introduced to
operate the antenna either at 10.46 or 10.57 GHz subjected to the
position of the switch. The design of the elliptical-shaped antenna
with switch geometry is simulated with HFSS electromagnetic
simulator considering ideal MEMS switch. The fabricated proto-
type of the antenna is resonated at 10.5 GHz with the return loss
of —35 dB which is considered to be a good agreement; there is a
slight deviation between simulated and measured results.
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