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ABSTRACT

The key design issues of antennas at terahertmdray applications is wide bandwidth, there is eessity to
numerically analyze the electrical and physicalapseters of the antenna structures. Simultaneolstyre-geometrical
modelling of the antennas with Defective Groundu@uires is a technological challenge towards tlgh tirequency
communication applications. Fundamentally this pagms to analyze and discuss critically aboutrthierostrip antenna
structures with embedded W shaped defective graindture. The conceptual in depth analysis of Bii&S based
antenna structures can lead to improve performareaize the design and develop high bandwidth dinéctivity

antennas which are potentially useful for the shamge communication application of terahertz fextpy.

KEYWORDS: Antennas, Bandwidth, Directivity, Defective GrouAdtennas, Gain, Microstrip Patch Antennas, Return

Loss, Terahertz Wireless Communications, Terabfentennas, VSWR
INTRODUCTION

The decade’s progress in the field of antenna oy is highly appreciable in the field of scienaad
technology [1]. The high bandwidth and directivitse the prime essential parameters demanded biytilméstic era of
communication technology beyond” 4nd %' generation wireless communication system [2]. Tfierostrip patch
antennas have attracted various researchers tetigat on the applications at terahertz frequehmy to its advantages
[3][4] like low cost, less weight, compatibility, uttiband and multi-frequency. In order to avoid lpabss there is a
requirement of high bandwidth and directivity fbetsuccessful functioning of wireless communicasgstem [5][6]. The
bandwidth can be increased by various methodspbttee best methods is by stacked patch technigu@] in which the
second patch is place in-front of the first onee Blirectivity can be increased by embedding defedround structures in

the antenna system.

In this present contribution the structures areghesl using Polymide as substrate whose dielegaimittivity is
3.5. The electromagnetic coupling is used for fegdhe second patch whereas the first patch igHexigh a coaxial
probe. The analysis of the radiating structuregoise by varying the distance between the patcloegyakith the rotation
of patches and by embedding the W shaped defegtiuend structure.

ANTENNA STRUCTURE

The figure 1 shows the proposed design of conveatipatch antenna and figure 2 shows the propossigm of
the stacked patch model. In proposed model of aaten patch is printed on a ground plane with palgmas a substrate

of thickness't’. The upper patch is placed at sadise’d’ above the lower patch.
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Figure 1: Conventional Patch Antenna

The width [5] of the patch can be calculated usiregequation (1).
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Due to the fringing effect, the effective dielectpermittivity is to be considered.[5] The effeetidielectric

permittivity can be calculated using equation (2)
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The length [5] of the patch can be calculated utiiegequation (3).
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Figure 2: Proposed Model of Stacked Patch Antennaith Distance Variation And
Rotation of Upper Patch At 1750

Impact Factor (JCC): 3.1852 NAAS Rating:23
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Figure 3: Front View of Stacked Patch DGS Antennadr the Configuration Case B Both Plane with Distane of
Separation between Patchds=h, Along With Angular Rotation of 175 and U,sConfiguration of DGS

Ground plane

7

- Unsconfiguration of DGS. |-

Figure 4. Back View of Stacked Patch DGS antennaf the Configuration Case B Both Plane with Distane of
Separation between Patchds= h, Along with Angular Rotation of 175’ and U;sConfiguration of DGS

Table 1: Design Parameters of the Proposed Model

Sr. No

Parameter

Polymide

Dielectric Permittivity of Substrat€rj

3.5

Thickness of the lower patch

1pum

Thickness of the upper patch

1pum

Distance of separation between the pat¢hesd um

Length of the patch

130 pum

Width of the patch

146 pm

N[O U s WM

Resonant frequency

0.6TH;3

N

RESULTS AND ANALYSIS

The design and analysis is carried out in CST Mieree studio which uses the finest integral techaiqu
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Case 1: Conventional Patch Model

Return Loss
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Figure 5: Return Loss Plot of Case 1 Conventional@®ch of Proposed
Model Using Polymide as Substrate

Gain

(FartoLd |

enabled (kR > 1)

Farfield (F=0.6) [1]

8.6

-0.2307 dB

-0.2816 @B

6.825 dB

Figure 6: Gain Plot of Case 1 Conventional Patch dProposed
Model Using Polymide as Substrate

Directivity

Farfield
enabled (kR > 1)
Farfield (F=0.t) [1]

Figure 7: Directivity Plot for Conventional Patch Antenna Using
Arlon Substrate Modeled In CST

Impact Factor (JCC): 3.1852

NAAS Rating:23
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VSWR

Voltage Standing Wave Ratio (VSWR)

10

100

VSWRL

\ | VSR : 11318215 |

02

04 08

Frequency / THz

Figure 8: VSWR Plot for Conventional Patch AntennaUsing

Case 2: Stacked Patch Antenna
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Figure 9: S, Plot of Stacked Patch Antenna for the Configuratio Both Plane with Distance

Gain

Variation t=h and 175 Rotation of Top Patch Using Polymide as Substrate

Type
fipproximation
Honitor
Conponent
Output
Frequency
Rad. effic.
Tot. effic.
Gain

Farfield

enabled (kR »> 1)
farfield (f=0.6) [1]
fibs

Gain

0.6

-.9355 dB

-0.3372 dB

6.649 dB

[il]
6.65
4.99
3.3
1.66

-8.34
-16.7

-25

-33.4

Figure 10: Gain Plot of Stacked Patch Antenna forhie Configuration Both Plane with Distance
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Variation t=h and 175 Rotation of Top Patch Using Polymide as Substrate
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Directivity

Type

fipproximation

Honitar
Component
Dutput
Frequency

Rad. effic.
Tot. effic.

Dir.
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Farfield

enabled (kR 3> 1)
farfield (F=0.6) [1]
fbs

Directivity

0.6

-0.3355 dB

-0.3372 dB

6.984 dBi

Figure 11: Directivity Plot of Stacked Patch Antenra for the Configuration Both Plane with Distance
Variation t=h and 17% Rotation of Top Patch Using Polymide as Substrate
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Figure 12: VSWR Plot of Stacked Patch Antenna fortie Configuration Both Plane with Distance
Variation t=h and 17% Rotation of Top Patch Using Polymide as Substrate

Case 3: Stacked Patch Antenna with Defective Groun8tructure
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Figure 13: S, plot of Stacked Patch DGS Antenna for the Configuation Case B Both Plane with Distance of
Separation between Patchds=h, Along with Angular Rotation of 175’ and U;sConfiguration of DGS

Impact Factor (JCC): 3.1852

NAAS Rating:23
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Gain

Type
Approxination
Honitor
Conponent
Dutput
Frequency
Rad. effic.
Tot. effic.
Gain

Farfield

enabled (kR > 1)
farfield (F=0.6) [1]
fbs

Gain

0.6

-8.1777 dB

-8.1777 dB

6.777 @B

(]
6.78
5.08
3.39
1.69

5.3
-16.6
-24.9
-33.2

Figure 14: Gain Plot of Stacked Patch DGS Antenntor the Configuration for the Case B Both Plane wih Distance
of Separation between Patchds= h, Along with Angular Rotation of 175 and U,sConfiguration of DGS

Directivity

Type Farfield
fipproxination enabled (kR ») 1)
Honitor farfield (f=0.6) [1]
Conponent hbs

Output Directivity
Frequency 0.6

Rad. effic.  -8.1777 dB

Tot. effic.  -08.1777 dB

Dir. 6.955 dBi

dBi
6.96
5.22
3.48
1.74

-8.26
-16.5
-24.8
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Figure 15: Directivity Plot of Stacked Patch DGS Atenna for the Configuration Case B Both Plane wittDistance
of Separation between Patchds= h, Along with Angular Rotation of 175’ and U,sConfiguration of DGS
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Figure 16: VSWR Plot of Stacked Patch DGS Antennaof the Configuration Case B Both Plane with Distane of
Separation between Patchds= h, Along with Angular Rotation of 175 and U;sConfiguration of DGS
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Table 2: Comparison of Shortlisted Configurations 6 Stacked Patch DGS Antenna Modeled in CST

Configuration Frequency | SLL [ Cam [ Direeihiy | vy | Bandwidh
0.49 25-.10

Conventional Patch Antenna gg 36_.39 6.82 5.677 1.131 9.2
21_.50

Stacked Patch Antenna Both
planet = h, along with angular 0.6 34.10 6.649 6.9556 1.039 8.5
rotation of 178 '
Stacked patch antenna
configuration Both plant=h, i
along with angular rotation of 0.6 6396 | 6777 6.984 1 9.1
175 and Usconfiguration of '
DGS.

Based on the results obtained as shown in figuredigures 16 and table 2 the improvement in theisSmainly
due to the shielding current distribution in thetafiec ground will be disturbed due to the shapd gaometry of the DGS
which influences the impedance and current flothantenna. The effective capacitance and indoetasil get changed
due the shape and geometry of the DGS. The guide® wharacteristics, band gap properties, bandvediiancements
also influence due to the presence of the DGS édgiound plane. Highly directive antennas are esdeat THz
frequency range, in order to enhance the diregtivit the antenna without compromising the bandwitlth new

techniques are to be incorporated in the desigmasdklling of the patch antennas,
CONCLUSIONS

In this paper the conventional Microstrip patchemma and stacked patch antenna with and without B@S
analyzed and simulated at Terahertz frequenciasguBblymide as substrate. The mechanical distafcgeparation
between patches along with the rotation of uppéchpand embedding the W shaped Defective Groundttsie to
analyze this electromagnetic structure. These btiaélectrical results after iterative simulatiofshe proposed model of
antenna prove that the use of electromagnetic swumnhances the value of reflection, gain and wédtth when
compared to those of a conventional patch antemhe. triple band resonance is obtained by carefséliecting the
available substrate materials for the specifiedliegiions. At terahertz frequency the skin depthaliso significant in
determining the return loss, gain and bandwidtte frtultiband multi frequency antennas and high gaitennas can be
had by implementing the electromagnetic couplirdhtéque. The proposed model has a wide scope ilicappns like

high frequency radar sensing and wireless commtioica
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