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ABSTRACT

This paper focused on designing a volumetric antenna to achieve high gain and high band width. For
ground penetrating radars, medical microwave imaging to detect breast cancer, wideband antennas are
significant. This paper focused on designing a volumetric wideband antenna to achieve high directivity
high gain and high band width to address the challenges of both radar and medical imaging applications.
The width of the antenna, effective dielectric constant, defective length, extension length, and micro strip
patch length are meticulously tuned to achieve high directivity, high gain, and bandwidth. The proposed
antenna is designed until the return losses, directivity, VSWR, gain and bandwidth values meet the
requirements of volumetric wideband applications. The top layer is a hexagon patch. Octagonal is
subtracted from hexagonal patch. And then circle is subtracted from the square. FR 4 is used as a dielectric
substrate. Return loss (S11) parameter value is analysed at each stage of the antenna. The antenna Resonates
at14.22GHz and15.33GHz, Voltage standing wave ratio (VSWR) is estimated, maximum peak gain (G) is
achieved at 4.59dB. The band width achieved is 1.88. Input impedance is at 50€, current distribution and
electric field distribution are evaluated. The VSWR and gain values, return losses, bandwidth are analysed
at each stage of the design. The results achieved with the proposed antenna are matched with wide range of
wireless sensor applications including Ku band and in specifically in medical era.

Keywords: Bandwidth, Gain, Voltage Standing Wave Ratio (VSWR) And Volumetric Antenna, Return
Losses.

1. INTRODUCTION The bottom layer is a copper ground plane.
Antenna parameters are analysed using micro strip

Volumetric antenna is nothing, but micro line feed technique [4][5][6].

strip patch antenna is significant for wireless
transmission[ 1]. The proposed antenna is designed
for a wide range of applications. Mounting the el
volumetric antenna at the host device makes it A
easy to radiate the signal. Dielectric substrate is (> : Dy
used to isolate the metal patch and ground j\ \:h -
plane[1][2]. The proposed volumetric antenna —l__ j
comprising of hexagon shaped patch as a top layer / [ \
within a square integrating slot considered in four ocgn»” | by
directions i.e., front, back, left side and right side.
Octagonal is subtracted from hexagonal patch (as a
copper) accordingly circle is subtracted from the
square patch (as a copper) with micro strip line (1) Top View (ii) Bottom view
feeding technique.

"4 Square -
i wg

Figure 1.1: Designed volumetric antenna Top and Bottom view
The middle layer is a frame retardant

substrate.FR4 is considered as a dielectric The RF power is fed directly to the hexagon
substrate material with dielectric constant of & = shaped radiating patch using a micro strip line that
4.4 and thickness of the substrate (h) is 1.6mm. acts as a connecting element. Integrating slots are used
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to distribute the power to hexagon patch and square
shaped patch. These two patches are radiating
energy over a total top area of the patch and more
energy will be concentrating on edges of the
patches [7][8][9][10]. The design view of antenna
is shown in Figurel.1

2. METHODOLOGY

In order to implement the novel design of
volumetric antenna, various design iterations are
implemented. Proposed antenna or design iteration
FR4 gives better performance in parametric
analysis. Various design iterations are shown in
the figures below Fig 2.1. (i) to (iv). In order to
design and implement proposed novel structure of
volumetric antenna, the basic methodology follows

as an algorithm.
Step 1. The width (W) of the micro strip patch

. Cp 2
W=
2f] £041
Where
Co = Light velocity.
€ = Dielectric constant
f. = Radiating frequency
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Step I1. Effective dielectric constant (gefr)
1

ey = o+ 14122 2 o
Where

Ereff = Effective dielectric constant

& = Dielectric constant of substrate

H = Height of dielectric substrate

w = Width of the patch

The length of the antenna increases electrically
because of fringing [11], so the increase in length

18:
c

Step III. Effective length (Lep): Logr =

2fo Ty
Step Iv. Extension length (AL):
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Figure 2.1. (I) To (Iv) Various Design Iterations Of Micro Strip Patch Antenna
R ——
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The length ‘L’ is considered to determine the
frequency of the proposed patch
antenna. Owing to the fringing field the actual
length is bit large and L is considered less than
half the dielectric wavelength [12][13]. The
antenna performance characteristics are analyzed with
the proposed design and fringing effect. Parametric
dimensions (in mm) of the antenna are shown in

resonant

table 2.1.

3. RESULTS AND DISCUSSION

The simulated results are obtained using HFSS

(High Frequency Structured Simulator)
Table.2.1: . Parametric Dimensions (In Mm) Of The Antenna

Design Iteration-1:

Design iteration-1 considered as hexagonal

shaped patch antenna.

The Return loss plot represents the quantity of a
considered

reflected

signal

as

a

S11.1t radiate multiple frequencies i.e.,8.05GHz,8.

8GHz,9.3GHz,10.67GHz,11.17GHz,13.15GHz,15.
35GHz and 15.9GHz with reflection coefficients
of-18.8,-13.19,-29.27,-33.95,-24.22,-30.16,-23.7

and -13.75 respectively.

Parameter | Lsub=Lg | Wsub=Wg H e |Wf| Lf | G | L1 | L2 | Wl | W2 | W3 | W4 | A
Dimension | =, ¢ 38 16 |44[34/105/08|68|68]| 16| 1.6 [518]5.18]3.8
(mm)
by g
Fig.2.1 Simulated Antenna Top View Fig. 3.1: Hexagon Shaped Patch Antenna
6 8 10 12 14 16 18
0

Fig.2.2 Simulated Antenna Bottom View
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The voltage standing wave ratio (VSWR) is 1.29,
1.56, 1.07, 1.04, 1.13, 1.09, 1.13 and 1.54 at
respective frequency bands. This represents the
impedance matching between the field and the load
and is approximately close to’1’. But in ideal
case the VSWR is “1’. practically the VSWR is
considered a good value which is below 2°. The
obtained VSWR shows that the antenna is
operating significantly well. The characteristic
impedance Z is 50 Q. And the load applied is also
50 Hz. The VSWR is approximately equal to value
‘1’ with decreased VSWR values. The variation of
VSWR from 1.56 to 1.07is due to reflections
[14][15]. Hexagonal patch antenna is observed
with the simulated gains of -6.6dB, -4.4dB, -
8.06dB, 0.0dB, 2.7dB, -0.7dB, -1.4dB and
10.27dB at respective frequencies. It is clearly
noticed at frequencies 11.17GHz and 15.9GHz, the
gain is considerable. For remaining all frequencies,
the gain is undesirable because gain values are
negative with respective frequencies [16]18].

L L 14
|——"_Design Iteration-1

A2 e e e | 12
S/ W O QR P L S S U SR 10
o 8 8
=
[
> 6 -|s
L 1 L T S S i TRt SRR 4
P28 WU SRR | SV A S0 A LT SR~ 4O WO 2
0 . 0
6 8 10 12 14 16 18
Frequencyin GHz
Fig. 3.3: VSWR Plot
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Fig 3.4: Gain Plot
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Fig. 3.5: Bandwidth plot

Design Iteration-2:

In design iteration-2 octagon subtracted from
hexagonal patch antenna.

{
P
[ ¥
l
x

Fig. 3.6: Octagon Subtracted From Hexagon Patch

Antenna
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A s A s L A A e A i Y
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Fig. 3.7: Return Loss Plot
The Return loss plot represents the quantity of a
reflected signal considered as a
S11. It radiates multiple frequencies i.e.,7.72GHz,9
.1GHz,9.6GHz,11.72GHz,12.52GHz,13.3GHz and
13.7GHz with reflection coefficients of -30.2, -
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13.97,-16.42,-16.29,-14.80,-26.18 and -21.81
respectively
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Fig. 3.8: VSWR Plot
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Fig. 3.9: Gain Plot
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Fig. 3.10: Bandwidth Plot

The voltage standing wave ratio (VSWR) is 1.18,
1.5, 1.35, 1.36, 1.44, 1.18 and 1.10 at respective
frequency bands. The obtained VSWR shows that
the antenna is operating significantly well. The
characteristic impedance Z, is 50 Q. And the load
applied is also 50 Hz. The VSWR is approximately
equal to value ‘1’ with decreased VSWR values.

Octagon subtracted with hexagon the maximum
gain obtained is 3.1 dB with resonating frequency
of 9.1 GHz. The remaining gain values are below
3dB  which are undesirable for
applications. The gain is decreased with octagon
subtracted from hexagon

Design Iteration-3:

In design iteration-3 Square patch antenna is
integrated to hexagonal patch antenna using slots.
The Return loss plot represents the quantity of a
reflected  signal considered as a  SIlI.
It radiate multiple frequencies i.e.,7.72GHz,8.75G
Hz,9.02GHz,10.80GHz,12.40GHz,13.90GHz and
15.15GHz with reflection coefficients of -23.42,-

wireless

37.82,-23.14,-14.43,-15.74,-29.12  and  -26.82
respectively.
fe—t * * t : j e

— Design Iteration-3

VSWR

T T T T
6 8 10 12 14 16 18
Frequency in GHz
Fig. 4.2: VSWR Plot
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Fig. 4.3: Gain Plot
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Fig. 4.4: Bandwidth Plot

The voltage standing wave ratio (VSWR) is 1.20,
1.02, 1.23, 1.36, 1.54, 1.34, 1.07 and 1.10 at
respective frequency bands. The obtained VSWR
shows that the antenna is operating significantly
well. The characteristic impedance Zo is 50 Q.
And the load applied is also 50 Hz. The VSWR is
approximately equal to value ‘1’ with decreased
VSWR values.

The maximum peak gain is achieved 3.2 dB with
resonating frequency of 13.90 GHz. The remaining
gain values are below 3dB which are undesirable
for wireless applications.

4. PROPOSED ANTENNA

Proposed antenna structure is best suitable for
wideband applications, because all parameters
having better results as compared with the
remaining design iterations

¥

Fig. 4.5: Proposed Antenna Design
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Fig. 4.7: VSWR Plot

Return Loss (S11)

The Return loss plot represents the quantity of a
reflected signal considered as a
S11. It radiate multiple frequencies i.e.,7.8GHz,8.8
GHz,9.07GHz,10.95GHz,12.42GHz,14.22GHz
and 15.33GHz with reflection coefficients of -
28.08,-31.53,-20.97,-19.53,-17.24,-25.09 and -
24.30 respectively. Figure 4.6 shows the frequency
versus reflection coefficient of the proposed
antenna. The results of the designed antenna
significantly shows two resonating frequencies at
14.2 GHz with-25.09dB reflection coefficient and
15.35GHz with -24.30dB reflection coefficient
which combine to give broader bandwidth.

The voltage standing wave ratio (VSWR) is 1.08,
1.05, 1.19, 1.23, 1.31, 1.1 and 1.2 at respective
frequency bands. The obtained VSWR shows that
the antenna is operating significantly well. This
indicates the impedance matching between the
field and the load and, the value should be equal
tol in an ideal situation but not realizable
practically.

Practically it should be less than 2 but greater than
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1for good operation of the antenna.This antenna ha
s achieved the desired values
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Fig 4.8: Gain Plot
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Fig 4.9: Bandwidth Plot

The maximum peak gain of the proposed antenna
achieved 4.69 dB with resonating frequency of
1422 GHz. To achieve reasonably good
bandwidth, input impedance matching is
deliberated. The efficiency is significantly good
with better bandwidth. The band width achieved
with the proposed patch antenna is 1.88 GHz. The
bandwidth has increased to 54.8 percent. The gain
increased 73.70 % with proposed antenna over
hexagon shaped patch antenna.
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Fig 5: Electric Field Distribution Plot
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Fig 5.2: S11 Plot Of Design Iterations

The electric field distribution of the
projected antenna is shown in Fig 5. From Fig 5.
It is observed that the maximum field distribution
is obtained in the octagon and inside square of the

radiating patch
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16 1 " 1 A L i 1 i 1 i 1 i 16
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Ly . ! £ """~ Design lteration-3 14
i : i ; Proposed Antennal
124 \ : T emsasie ] 12
10 o 10

6 !; 1I0 ‘I'Z 1'4 16 18
Frequency in GHz
Fig.5.3: VSWR Plot Of Design Iterations

1256



Journal of Theoretical and Applied Information Technology
15" February 2024.
© Little Lion Scientific

S

Vol.102. No 3 N

ISSN: 1992-8645

Www.jatit.org

8 10 12 14
n 1 L n

16 18

Gain in dB

H Design Iteration-1
________ Design Iteration-2 | y
Design lteration-3 {
~ Proposed Antenna
f

7" PR,

T T T T
8 10 12 14
Frequencyin GHz

Fig. 5.4: Gain Plot Of Design Iterations

S11indB

Frequency in GHz

Fig. 5.5: Bandwidth Plot Of Design Iterations

Table 5.1. Comparative Parametric Analysis Between The Design Iterations

The current distribution of the proposed
antenna at center frequency is shown in Fig
5.1. From Fig5.1 it is observed that the
maximum current strength is obtained in the
edges of the octagon and inside square of the
radiating patch which follows longer path
in around. The directions of current flowing
on the radiating patch are responsible for
generation of lower and higher order modes[2
0]. These nearly excited modes are combined
and produce wider bandwidth.

|‘Design Radiating Return loss VSWR (I;z?: Bandwidth
teration Frequency (GHz) (dB) (dB) (GHz)
-18.8,-13.19,-
| 8.05,8.8,9.3,10.67,11. 29.27,-33.95.- 11312’ 11::1 1i315é 27 (13.71-12.59)
17,13.15,15.35 & 15.9 | 24.22,-30.16,-23.7 ' :&1 12) ' ' 1.13
& -13.75 ’
-30.2,-13.97,-
) 7.72,9.1,9.6,11.72,12. 16.42,-16.29,- l'lg’lli"lflsélj 31 (9.85-8.81)
52,13.3 & 13.7 14.80,-26.18 & - P ' 1.04
&1.10
21.81
-23.42,-37.82,-
.| 7728759.02.00800 | 23141443 1530113'321162732' \) 048
2.40,13.90 &15.15 15.74,-29.12 & - ’ '1 10' ) '
26.82 ’
4 -25.09,-24.29,-
(Proposed | 7.8,8.8,9.07,10.95,12. 28.08,-31.53,- 213'05’31i015’111'18?ili 4.69 (15.80-13.97)
Antenna) 42,14.22 & 15.35 20.97,-19.53 & 7 ’2' ’ ) 1.88
17.24
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Table 5.2. Comparative Analysis: Proposed Antenna With Various Existing Structures

Ref Dimensions of Antenna Resonant Peak Gain Band
VSWR
No (LxW) mm2 Frequency (GHz) (dB) width (GHz)
(8] 35%35 12.2 <2 7.6 0.95
[10] 110x110 5.18 <2 5.85 0.72
[11] 24.8x30 5.7 <2 1.13 0.32
[12] 28.02x23.44 4.90 <2 5.49 0.27
[13] 24x24 3.7 NM 43 0.21
[14] 40x28 3.65 NM 2.5 0.7
[15] 28.03x23.45 5.8 <2 6.21 0.86
Proposed 45x38 14.22 & 15.35 LT & 4.69 1.88
antenna 1.2
5. CONCLUSION: gain is 3.1dB at 9.1GHz. once the square patch is

For ground penetrating radars, medical microwave
imaging to detect breast cancer, wideband
antennas are significant. For long distance wireless
applications and specifically node to node
communication, antennas are
imperative [16] [17] [18]. This paper focused on
designing a volumetric wideband antenna to
achieve high directivity to address the challenges
of both radar and medical imaging applications.
The 1.88GHz bandwidth is achieved. the
proposed volumetric antenna operates at a wide
range of frequencies. This antenna exhibits VSWR
below 2:1. i.e. 1.11 and 1.2. With increasing the
frequency, observed that the centre lobes are
narrower owing to significant amount of phase
cancellation for plane waves of the volumetric
antenna. The simulated results of volumetric
antenna with hexagon shaped patch combined with
square patch produced significant dual band
characteristic results. By subtracting octagon from
hexagon patch and circle form square patch, dual
resonant bands observed one is at 14.22GHz and
second one is at 15.35GHz. the return losses for
hexagon shaped patch radiates at multiple
frequencies.

Maximum return loss -13.75 is observed at 15.9
GHz. And 10.27 dB gain is observed at 11.17
GHz. After octagon is subtracted, the return loss -
21.81 is observed at 13.7 GHz and the maximum

volumetric

ie.

integrated the return loss is -26.82 at 15.15 GHz

REFERENCES

[1]. .Surendar , M.Kavitha, “Wideband Fractal
Antenna For Ku Band Applications”, National
Journal Of Antennas And Propagation,
Vol.1(1): Pp 21-24, March 2019.

[Farooq Al-Janabi , Mandeep Jit Singh , and

Amar Partap Singh Pharwaha,” Development

of Microstrip  Antenna for  Satellite

Application at Kuw/Ka Band”, Journal of

communications,Vol.16(4), April 2021.

. Umut Ozkayaa, Levent Seyfia,” Dimension
Optimization of Microstrip Patch Antenna in
X/Ku Band via Artificial Neural Network”,
ScienceDirect, Procedia Social and
Behavioral Sciences 195,2015.

. Gurpreet Singh Saini, “A low profile patch

antenna for Ku-band applications”,

International journal of electronics letters,

Vol.9(1):pp 47-57,December 2019.

Ahmed Sayed, R.S. Ghonam, Abdelhalim

Zekry,” Design of a Compact Dual Band

Microstrip Antenna for Ku-Band

Applications”, International Journal of

Computer Applications , Vol. 115(13):pp 11-

14, April 2015

. Rajeev Kumar, Gurpreet Singh Saini, and
Daljeet Singh,” Compact Tri-Band Patch
Antenna for Ku Band Applications”, Progress
In Electromagnetics Research C, Vol. 103:PP
45-58, 2020

. M. R. Ahsan, M. Habib Ullah, F. Mansor, N.
Misran, and T. Islam, “Analysis of a Compact
Wideband Slotted Antenna for Ku Band

(2].

[5].




Journal of Theoretical and Applied Information Technology
15" February 2024. Vol.102. No 3

S

I

© Little Lion Scientific

SMminl

ISSN: 1992-8645

Www.jatit.org

E-ISSN: 1817-3195

Applications”, International Journal of
Antennas and Propagation Vol. 2014:PP 1-
6,April 2014.

[8]. Zhang, H., Y.Mahe, and T.Razban, “Low-cost
Ku-band dual-polarized and beam switchable
cross-type antenna array for satellite
communcations,” MicrowOptTechnol
Lett.,Vol. 56(11): 2656-2659, 2014.

F. Meng and S. Sharma, “A single feed dual-

band (2.4 GHz/5 GHz) miniaturized patch

antenna for wireless local area network

(WLAN) communications," Journal of

Electromagnetic Waves and Applications, vol.

30, no. 18, pp. 2390-2401, 2016.

[10].T. Ali et al, “A miniaturized slotted
ground structure UWB antenna for multiband
applications”, Microwave and Optical
Technology Letters Wiley Online Library,
Vol. 60, No.08, pp- 2060-2068, 2018.

[11].T. O. Olawoye, P. Kumar, "A high gain

[9].

microstrip  patch antenna with slotted
ground plane for sub-6 GHz 5G
Communications," 2020 International

Conference on Artificial Intelligence, Big
Data, Computing and Data Communication
Systems (icABCD), IEEE, pp. 1-6, 2020.

[12].R. Swain and A. K. Sharma, “An investigation
of dual-band dualsquare ring based
microstrip antenna for WiFi/WLAN and 5G-
NR wireless applications,”  Progress in
Electromagnetic Research M, vol. 86, pp. 17-
26,2019

[13]. apoor et al.,, “Compact wideband-printed
antenna for sub-6GHz fifth generation
applications”, Int. J. on Smart Sensing and Int.
Systems, vol. 13, pp. 1-10, 2020

[14].Taiwo Olawoyel and Pradeep Kumar“A
High Gain Antenna with DGS for Sub-6 GHz
5G Communications”, AEM Journal.org, Vol
11,No 1,pp.41-50,March 2022.

[15].K. Vidya Sagar et al.,“Saline fluid flow
Supervision in Intensive Care Unit using
Precision Algorithm”, Journal of Theoretical
and Applied Information Technology, 2023,
101(23), pp. 7769-7775. ISSN: 1817-3195.

[16]. S. Rao Borra et al., “Real and Accurate
Speech Enhancement Model for Orthogonal —
Daubechies Based Multiresolution Analysis”,
Journal of the Balkan Tribological
Association, 29(2), pp. 161-167.

[17].Appari Geetha Devi et al., “An Improved CHI
2 Feature Selection based a Two-Stage
Prediction of Comorbid Cancer Patient

1259

Survivability”, Revue d&#39;
Artificielle,2023, 37(1), pp. 83-92

[18] Surya Prasada Rao Borra et al., “Unhealthy
Plant Region Detection in Plant Leaves Using
Adaptive Genetic Algorithms”, Journal of
Theoretical and  Applied Information
Technology, 2023, 101(8), pp. 3133-3137,
ISSN: 1817-3195.

[19] S Hanumantha Rao,T Madhu & C Premellama
“Design of a Quadrifilar Helical Antenna for
Satellite and Mobile Communications” IETE
Journal of Research ,Pages 141-148 |, 01
Sep,2014,

[20] Grandhi Challa Ram, D. Girish Kumar, G. R.
L. V. N. S. Raju, “Synthesis of Linear
Antenna Array with Optimal SLL and Beam
Width” International Journal of Recent
Technology and Engineering (IJRTE) ISSN:
2277-3878, Volume-9 Issue-1, May 2020.

Intelligence




