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Abstract

This paper presents design and the performance analysis of capacitive shunt RF MEMS Switch. Here, the proposed Rf MEMS
Switch shows the low pull-in voltage i.e 11.97 V and performed at 38 GHz with high isolation. To improve the performance
of antenna characteristics microstrip feeding technique and co-planar-waveguide transmission line feeding are used in this
design process. The impedance matching of 50Q in the antenna is depends on the width of the feed line can be observed
through simulated smith chart by using the Ansoft HFSS simulator. The micro strip patch antenna exhibits a Return loss
is —12.4264 dB and exhibits resonance at 38 GHz and the band width frequency from 37 to 39 GHz.After analyzing the
performance of the antenna then the antenna is integrated with RF MEMS capacitive shunt switch through co-planar wave
guide transmission feedline technique. By integrating with switch there is a frequency shift OF 1 GHz toward right from
38 GHz in antenna. The resonance is occurred at 39 GHz with bandwidth frequency between 38 and 40 GHz. The antenna
exhibits return loss is —27.2666 dB at operating frequency 39 GHz with RF MEMS switch and total gain of the antenna at
38 GHz with angle of ¢ = 90° is 5.6671 dB. Thus the performance of the antenna is increased by integrating with RF MEMS
switch. These type of reconfigurable antennas are used in high frequency applications at frequency range of Ka-band and in
wireless communication applications and satellite communication.
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1 Introduction RF MEMS switches for multi frequency band operations

because of their precedence of higher isolation with better

In wireless mobile communication and satellite communi-
cation system the microstrip patch antenna have attribute
striking advantages such as low profile, light weight and
easy fabrication .The microstrip patch antennas having
limited bandwidth and are used for single mode operation
with linear polarization. For switching capability between
the two frequency bands reconfigurable antennas are prefer-
able in some satellite communication systems. Generally,
this switching can be attained by using p-i-n diode and FET
switches but some researchers have proposed the latest
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return loss and bandwidth compared to their semiconductor
devices [1].In the recent years the RF MEMS switches are
widely used in reconfigurable antenna due to their superiori-
ties over the others such as small size, high quality factors
and high linearity. Most of the antennas work in low frequen-
cies due to lack of process consistence it means after fabrica-
tion of antenna the RF MEMS switches were just mounted
in the circuit. When the operating frequency increases, the
transmission coefficient becomes more sensitive due to vari-
ation in the thickness of the dielectric and dielectric constant
more over the dielectric loss will be increases [2].There are
different feeding techniques in designing the antenna they
are (i) Microstrip feed line (ii) Co-axial feed line (iii) Aper-
ture coupled feed line (iv) Proximity coupled feed line.
Here antenna designed is based on lateral etching to
enhance the performance of the microstrip patch antenna
on silicon substrate by micromachining techniques. The
lateral silicon is removed underneath the patch to pro-
vide a cavity which Effects to produce a low effective

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s42341-020-00212-0&domain=pdf

58

Transactions on Electrical and Electronic Materials (2021) 22:57-66

dielectric region and this test results have increased
the efficiency and bandwidth by 50% and 25% respec-
tively. The rectangular patch antenna is considered with
0.243 mm width and 4.22 mm length having impedance
matching of 50 ohms feedline operating at resonant fre-
quency Ka-band [3]. Generally Bhatnagar’s posulates
formula is used for transforming one design into another
based on the height of the substrate to the guided wave-
length and height scaling factor. In this, they followed the
same Bhatnagar’s Postulate principle for exacting the new
formulae for the feed line because the Bhatnagar’s postu-
late is limited only for patch. By this the feedline provide
good impedance matching and good results [4].. In this
work they presented the design and analysis of reconfig-
urable antenna which consists of pair of circular patches
and RF MEMS switches to achieve pattern reconfigurabil-
ity at frequency range of 1-10 GHz in Ansys HFSS simu-
lator. The first switch either second switch is actuated
shows pattern reconfigurability at 2.3 GHz and 3.4 GHz.
In terms of return loss and pattern reconfigurability the
antenna is analyzed for L and S bands [5]. To meet the
antenna design aspects and performance of the antenna in
terms of bandwidth and efficiency are increased by using
selectively reducing the dielectric constant in specific
regions for high index materials. There is an improvement
in bandwidth of 64% from values 1.4-2.3% and efficiency
by 28% from values of 66—85% respectively between the
high index patch antenna and micromachined scaled [6].
Bo Pan proposed a novel micromachined air elevated
patch antenna design, analysis and fabrication by using
unique feeding technique and substrate removal methods.
It demonstrates a fractional Bandwidth of-10 Db-10.5%
and 9.5 dBi directivity for an elevation of 600 m [7].

In this work, To improve the efficiency and perfor-
mance characteristics of an antenna in high frequency
applications (i.e., Ka-Band frequency ranges from
27-40 GHz), integrate the antenna with RF MEMS
capacitive shunt switch. By using RF MEMS switch
the impedance matching will be acquired to maximum
power transfer with low return loss. The ka-Band has
many advantages compared with low frequency such as
less interference and compact sizes. These types of anten-
nas can be used for high frequency applications like 5G
mobile communication and satellite communication.

The rest of the paper is organized as follows; the Sect. 2
illustrates the design of the rectangular patch antenna
with RF MEMS switch and associated with impedance
matching for the microstrip patch antenna techniques and
transmission line methods involved in rectangular patch.
The Sect. 3 provides the results and discussion and finally
Sect. 4 is conclusion of the paper.
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2 The Proposed RF MEMS Switch
2.1 Structure of Antenna

The pattern reconfigurable antenna is designed by using
microstrip feedline technique. Here we considered rectan-
gular patch mounted on the substrate. Silicon is taken as
the substrate material because the antenna integrate with
other circuit components with high material index of the
component, without losing the advantage of with low index
material so that the substrate region will house the radiat-
ing elements. The performance of the antenna is based on
the impedance matching of the feeding line .The length and
width of the rectangular patch can be calculated by using
scaling factor which comes from the Bhatnagar’s postulate
theory. The length and width of the microstrip patch can be
calculated by using the known values operating frequency
(fy) dielectric constant of the substrate material (g,) and
height of the substrate.

2.2 Structure of RF MEMS Switch

In this we have considered the capacitive shunt switch with
to integrate with the rectangular microstrip antenna [8]. The
switch dimensions are exacted through optimization tech-
nique which is designed based on the operating frequency
38 GHz. The switch consists of perforations over the beam,
to reduce the stiction problem. Appropriate materials are
selected for the switch through the Ashby approach. The
basic principle is both the ends of the switch is fixed, the
beam actuated at the center of the beam and the capacitance
is developed between the beam and down electrode. Ini-
tially the switch is in ON state with an air gap of 3 um, after
actuating the beam it undergoes 2/3rd displacement with
pull-voltage of 11.987 V.

2.3 Procedure for Designing Antenna

Step 1 The width of the rectangular patch can be calcu-
lated by Eq. 1 [9]

N
W_Zfo € +1 M

Here c - velocity of light in free space, f,-operating fre-
quency,e ,-dielectric constant of the substrate

Step 2: The effective dielectric constant can calculated
by Eq. 2 [10]

e.+1 g -1 h -3
=& r— 12—] 2

Ereff 5 + 5 [ + W 2
where h is the height of the substrate, w is the width of

the patch.
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Step 3 The extension length AL is calculated by Eq. 3 [11]

(% +0.264) (2,05 +03)

AL =0.412h

(% +0.8) (e - 0:258) ©

Step 4 The correlation between the effective length of the
patch and actual length is specified by Eq. 4

Ly=L+2AL 4)

Step 5 The effective length is given by Eq. 5

)’g
Leﬁf = ? (5)

Guided wavelength in dielectric medium is given by Eq. 6
Ao

A, = 6
¢ ‘Ereﬁ’ ( )

C
o= )

Where c is the velocity of light in free space and f; is the
operating frequency. The effective length is simplified
from Eqgs. 5, 6 and 7 [4].

_ (&
T ®)

Step 6 The actual length of the rectangular patch antenna
is calculated by Eq. 9

L

L= Leﬁr —2AL 9)

Step 7 Microstrip Feed Line Technique Here we con-
sidered a microstrip feed line techniques for the patch
antenna. In this the rectangular patch is directly con-
nected to the feed line. The impedance matching of the
antenna depends upon the width of the feedline. The
conductor width is smaller than the patch. The patch is
mounted on the substrate and ground plane is taken under
the substrate. The input signal is feed through the central
conductor feed line to the patch. Thus the rectangular
patch antenna radiates at operating frequency [12].

Step 8 The performance of the antenna is enhanced
through Ansys HFSS simulator without switch (Figs. 1,
2,3,4,5,6and 7).

Step 9 After that the antenna is integrated with RF MEMS
switch for increasing the performance of antenna at high
frequency. The Co-planar wave guide transmission line
feeding is used for integration of RF MEMS switch to the
rectangular patch antenna [13]. The switch is integrated
having an impedance matching of 50 ohms with the cen-
tral conductor.

Rectangular patch

CPW ground CPW ground

J— -—
S 11TWIil 5

Fig.1 Schematic view proposed Reconfigurable Patch antenna

Beam Dielectric layer

Anchors
CPW ground

Signal line
(a)

Perforations

(b)

Fig.2 Schematic view of proposed switch

Step 10 The switch acts as a actuator for the antenna,
the characteristics of the antenna is analyzed using
Ansys HFSS simulator (Table 1).
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Patch

Ground

Fig.3 Schematic microstrip feeding technique

Rectangular patch

CPW ground

RF MEMS Switch

Fig.4 Schematic view proposed patch antenna with RF MEMS

Switch

Substrate
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Fig.5 Voltage versus displacement
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Fig. 7 Source voltage versus switching time

Table 1 Device specifications

Parameter Dimension
Length of rectangular patch 0.9683 mm
Width of rectangular patch 1.553 mm
Width of feed line 0.35 mm
Thickness of the substrate 0.45 mm
Extension length 0.17 mm
RF MEMS switch length 0.158 mm
RF MEMS switch width 0.720 mm
Dielectric constant of substrate 11.9

3 Results and Discussions
3.1 Electromechanical Analysis

3.1.1 Pullin Voltage
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The voltage required by the beam to pull down towards the
electrode and exhibits minimum 2/3rd displacement in the
gap between the beam and down electrode is known as pull
in voltage or actuation voltage. The pull in voltage of the
beam is given by [14]

v, = 1/ 3K o (10)
P\ 2764 00

Here k is the spring constant [15]

3
K= 32Ewt

5 an

g is gap between the electrode and beam, €, permittivity in
free space; an acutaion area i.e. is the width of the signal line
and w is the width of the beam. A=Wxw. The pull in voltage
is measured as 11.97 volts and spring constant is 2.406 N/m.

3.1.2 Switching Time Analysis

The time taken by the beam to change its position from
one state to another that time taken by the device is called
switching time or switching speed. The switching time of the
RF MEMS shunt switch can be calculated [16]

3.67V,
= Seconds (12)

V.,

TS

where Vp -pull in voltage, V-supply voltage, V,_ 1.4V,

w, Represent resonant frequency. Then switching time
required by the switch is t =0.19 ms.The resonant frequency
given from the effective mass and spring constant

1 K
= ——1/ = Hert 1
w, 2H o ertz (13)

3.2 RF Performance of Antenna without switch

RF performance of the proposed microstrip antenna can be
enhanced by using Ansys HFSS simulator (Eq. 8).

During the transmission there is a loss of RF input signal
and reflected back at the input terminal due to impedance
mismatching of the switch is known as Return loss. When
the switch is in ON state the return loss is analyzed. The
return loss should be < —10 dB.It is defined as Sy; [17]

VSWR -1
i1 = —2010g | G | (14)
I+y
VSWR = —~
=y (15)
Z0 - ZL
=757, (16)

The proposed rectangular microstrip patch antenna is
having resonance at 38 GHz and exhibits return loss for RF
input signal is — 12.4264 dB as shown in Fig. 8.

Fig. 8 Return loss of patch XY Plot 10 HFSSDesignt 4
antenna without switch at 2.50
38 GHz 7| Name | X Y Cuve Info
| i |38.0000]-12.4261 ;m"m"f'gje‘é;”
.00 — pnans
-2.50 —
O
hs . —_—
@ 5.00 ]
] i
T J
.7'50 —
-10.00 —

- ANNENRRNAN NRRRNANRNRNNRRNANNRRNA NN (NNRNRARNAARRRNANRRRRARANAR
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Freq [GHz]
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Fig.9 Smith chart of antenna
without switch

Smith Chart 1
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Radiation Pattern 8 Radiation Pattern 7
0 0
‘ Name ] Phi { Ang l Mag Name Phi Ang Mag
| m1 [90.0000]90.0000]-4.1807 ml [85.0000/85.0000/-9.1722
60
-90
90 90
-120
Curve Info 2120

— dB(DirPhi)

Setup] : LastAdaptive Curve Info

Freqi'3SGHz' ThI;ta='90deg' -150 150 — dB(DirTheta)
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Fig. 10 Co-polarization of antenna without switch in magnetic field

The simulated smith chart of the microstip patch antenna
is shown in Fig. 9, which inclined the impedance match-
ing of the CPW central conductor i.e., feeding line. The
impedance matching of 50€2 in the antenna at resonant fre-
quency 38 GHz and exhibits magnitude of 0.2552 with RX
0.6044-0.10923.

From the far field radiation pattern, the total directivity in
co-polarization of the rectangular microstrip patch antenna
without switch exhibits —9.1722 dB at resonant frequency
38 GHz in the direction of 8=90°, ¢ = 90° in H-field as
shown in above Fig. 10.

From the far field radiation pattern, the total directivity
in cross-polarization of the rectangular microstrip patch

@ Springer

Setup] : LastAdaptive
Freq="38GHz' Theta='90deg'

-180

Fig. 11 Cross-polarization of antenna without switch in magnetic
field

antenna without switch exhibits —9.1722 dB at resonant
frequency 38 GHz in the direction of 8=90° ¢ = 85° in
H-field as shown in above Fig. 11.

In electric field,the total directivity in co-polarization
of the rectangular microstrip patch antenna without switch
exhibits —4.1807 dB at resonant frequency 38 GHz in the
direction of 6=90°, ¢ = 90° as shown in the far field radia-
tion pattern, above Fig. 12.

In electric field,the total directivity in cross-polarization
of the rectangular microstrip patch antenna without switch
exhibits —9.6792 dB at resonant frequency 38 GHz in the
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Radiation Pattern 9
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Fig. 12 Co-polarization of antenna without switch in electric field
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Fig. 13 Cross-polarization of antenna without switch in electric field

dCtion of 8=90°, ¢ = 90° as shown in the far field radiation
pattern above Fig. 13.

3.3 RF Performance of Antenna with RF MEMS
Switch

Here the switch is integrated with the rectangular patch
antenna by using coplanar wave guide transmission line
feeding. The switch acts as regulator to the antenna for acti-
vating and deactivating and shifts in frequency shift and
bandwidth. By using RF MEMS switch the performance of
the antenna is increased and antenna frequency of applica-
tions will be increased. Below Fig. 14 show the simulated
of patch antenna with RF MEMS switch when switch is in
ON state.

Fig. 14 View of simulated antenna with switch in HFSS

XY Plot2 HFSSDesignt

I
1 mizs

Fig. 15 Return loss of antenna with RF MEMS switch in ON state

The proposed rectangular microstrip patch antenna with
RF MEMS switch is showing resonance at 39 GHz it means
by using RF MEMS there will be a frequency shift towards
the right side. There is an increase in frequency of opera-
tion after integrating the switch. Now, the rectangular micro-
stip reconfigurable patch antenna exhibits a return loss of
—27.2666 dB at 39 GHz in Fig. 15. Thus, in this aspect of
RF performance of the antenna is improved.

From the above radiation pattern, the Fig. 16 shows the
total RF gain of the reconfigurable antenna at operating fre-
quency 38 GHz in all directions at an particular angle of
360° is 5.6671 dB.

From the far field radiation pattern, the total directivity in
co-polarization of the rectangular microstrip patch antenna
without switch exhibits —0.5062 dB at resonant frequency
38 GHz in the direction of 6=90°, ¢ = 90° in H-field as
shown in above Fig. 17.

@ Springer



64

Transactions on Electrical and Electronic Materials (2021) 22:57-66

Radiation Pattern 3
o HFSSDesignt 4
Curve Info
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Fig. 16 Radiation pattern of antenna with switch
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Fig. 17 Co-polarization of antenna with switch ON state in Mag-
netic-field
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Fig. 18 Cross-polarization of antenna with switch in Magnetic field
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Radiation Pattern 2
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Fig. 19 Co-polarization of antenna with switch in Electric field
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Fig. 20 Cross-polarization of antenna with switch in Electric-field

From the far field radiation pattern, the total directivity
in cross-polarization of the rectangular microstrip patch
antenna without switch exhibits —30.7478 dB at resonant
frequency 38 GHz in the direction of 8=90°, ¢ = 90° in
H-field as shown in above Fig. 18.

In electric field,the total directivity in co-polarization
of the rectangular microstrip patch antenna without switch
exhibits —0.5062 dB at resonant frequency 38 GHz in the
direction of 6=90°, ¢ = 90° as shown in the far field radia-
tion pattern, above Fig. 19.

In electric field,the total directivity in cross-polarization
of the rectangular microstrip patch antenna without switch
exhibits —30.7478 dB at resonant frequency 38 GHz in the
direction of 6=90°, ¢ = 90° as shown in the far field radia-
tion pattern above Fig. 20.

The above Fig. 21 shows the simulated graph of the
reconfigurable antenna which is having the VSWR value of
1.7294-9 throughout the frequency range of 35 to 50 GHz at
the operating frequency 38 GHz it is having 1.729
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Fig.21 VSWR of the reconfig- XY Plot 9 HFSSDesign! 4
urable antenna with RF MEMS 35.00
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4 Conclusions

In this paper, we have been designed the proposed rectangu-
lar microstrip patch antenna, extracted the dimensions based
on the operating frequency 38 GHz and analyzed the char-
acteristics of reconfigurable patch antenna by using Ansys
HFSS simulator. Later the patch antenna is integrated with
RF MEMS capacitive shunt switch and enhanced the char-
acteristics of the proposed reconfigurable antenna through
simulations. The performance of the antenna is increased
in terms of return loss and gain and bandwidth. The return
loss after integrating with MEMS switch the reconfigurable
microstrip patch antenna exhibits return loss is —27.2666 dB
at operating frequency 39 GHz and total gain of the antenna
at 38 GHz with angle of ¢ = 90° is 5.6671 dB and band-
width frequency between 38 and 40 GHz.
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