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Due to the low-profile and multiband properties circular patch antennas (CPA’s) have become more pop-
ular. The proposed F-slotted CPA enhances performance attributes including bandwidth, gain, and minia-
turization by using an F-shaped slot in the patch and a partial ground plane. An inset feed is used to design
a dual band F-slotted CPA for S-band and C-band applications. F-slotted CPA is fed by using line feeding
technique with an impedance of 50 Q. The top plane of the F-slotted CPA has a modified circular patch, while
the ground plane is a partial ground plane. The parametric analysis of the F-slotted CPA is obtained to verify
the performance of the proposed antenna. A finite element method tool, Ansoft HFSSv13 is used to simulate
the F-slotted circular patch antenna (CPA). The proposed F-slotted CPA resonates at 2.8 GHz and 4.8 GHz
frequencies with obtained Si1 of — 25.8 dB, — 14.6 dB respectively and offers VSWR of 1.1 and 1.4 at 2.8 GHz
and 4.8 GHz respectively Fractional bandwidths of 28.5 % (2.5-3.3 GHz) and 10.41 % (4.5-5 GHz) are
achieved at 2.8 GHz and 4.8 GHz frequencies respectively, with S11 of — 25.8 dB and — 14.6 dB. 3 dBi gain
of 3 dBi has been observed. F-slotted CPA occupies an area of 40 x 40 x 1.6 mm3. These results make the F-
slotted CPA suitable for S-band and C-band applications.
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1. INTRODUCTION gent network environment, 5G is one of the possible

ways to do so [2-3]. High data speeds, applications that
are reasonably reliable, setting up in remote and rural
areas and improved mobile broadband connections are
the primary and most likely prospects for 5G [4]. In ad-
dition to facilitating personal interactions, the 5G tech-
nology can support a broad variety of devices and ser-
vices [5]. The primary goal of the development of 5G
technology is to enhance network capacity while simul-

Due to their multi-band properties and circular po-
larisation, circularly polarised antennas have become in-
creasingly popular. These antennas work well with
Bluetooth, WLAN, and RFID, among other wireless
technologies that employ S-band as well as C-band [1].
By serving as resonators and generating more modes,
the circular slots greatly increase the bandwidth. Addi-

tio.na'lly, circular p’olarisation can be accgmplished by taneously providing improved coverage at costs that are
shifting the feed point on the patch [2]. A high frequency more affordable.

bar}d is employgd 'to transmi't the integl.fa}tgd commun'i- In 2018, South Korea was able to effectively establish
cation data. This is accompl.lshf'ed by .utlhsmg the unh- an experimental 5G service sample at a frequency of
cen'sed 2.4 GHz channel, which is qtlhsed by. ISM appli- 98 GHz using millimetre wave frequency, thereby
cations. There has been a progressive gvolutlon from 1G demonstrating the usefulness of the band [6]. On the
to 4G to meet. the negd for the requirement for more other hand, other researchers indicate that the commer-
channel capamty ?nd improved data rates. HOWGV?Y’ cial implementation of 5G will take place all over the
due. to the mcereasimg nun.lber of beop le who use mobile world in the 21st century. Research communities all over
devices, there is a yearly increase in the amount of mo- the world have been focussing their attention on mm-

bile traffic that occurs in. global settings. It is certain e frequency bands as a viable spectrum for fifth-gen-
that the current 4G mobile network will eventually be .14 tion wireless mobile networks. There is a significant

upable to ke(?p up with the lates‘F adv.ancements n mo- issue regarding spectrum allocation for 5G communica-
blle communication technology since 1ts c.hgnnel €apac-  tjons. The development of these wireless networks ne-
ity and data rate will eventually bef 1n§uff1c1ent. TO eon-  cegsitates scientific advancements in the areas of anten-
nect people, objects, data and applications to an intelli- nas, modulation techniques, and electrical components.

* Correspondence e-mail: jagannaveen.v@gmrit.edu.in

ISSN: 2077-6772; e-ISSN: 2306-4277/2026/18(3)03017(5) 03017-1 https://jnep.sumdu.edu.ua
© 2026 The Author(s). Journal of Nano- and Electronic Physics published by Sumy State University. This article is
distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license.

Cite this article as: N.R. Lavuri et al., J. Nano- Electron. Phys. 18 No 3, 03017 (2026) https://doi.org/10.21272/jnep.18(3).03017


http://jnep.sumdu.edu.ua/index.php?lang=en
http://jnep.sumdu.edu.ua/index.php?lang=uk
https://jnep.sumdu.edu.ua/
https://int.sumdu.edu.ua/en
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.21272/jnep.18(3).03017
https://doi.org/10.21272/jnep.18(3).03017
mailto:jagannaveen.v@gmrit.edu.in
https://orcid.org/0000-0001-5657-4140

N.R. LAVURI, L. SURENDRA, M. SUBALATHA, V.J. NAVEEN

Since it is the final link in the transmission chain, the
antenna is the most authoritative components of wire-
less networks. Both the theory and technology behind
printed antenna design have undergone significant ad-
vancements in recent years [11, 12]. The millimetre
wave antenna, on the other hand, is designed differently
than conventional antennas to lessen the impact of the
atmosphere and the amount of signal transmission loss
that occurs at millimetre wave frequencies. It is recom-
mended to use antennas with a high gain and a high de-
gree of directionality in order to overcome these mm-
wave frequency-related hurdles. When it comes to at-
taining these requirements (high gain, better efficiency,
and broadband operation) with a compact antenna size,
however, researchers in the antenna community face a
significant obstacle.

To address the issues, an F-slotted CPA with a par-
tial ground plane is proposed in this study. To achieve a
broader bandwidth and dual-band, partial ground plane
has been utilised with a combination of F-slot in the cir-
cular patch. The work that is being presented demon-
strates an effective combination of dual band, large op-
erational region, simple geometric configuration, small
size.

2. ANALYSIS OF F-SLOTTED CPA

The basic circular patch antenna has been slightly
modified to become F-slotted CPA. It also takes up less
space and has a simple design. Figure 1 depicts the F-
slotted CPA's iteration-based design. Initially, a 13 mm
radius circle is attached to the 8 x 5 mm? microstrip
transmission line. Step 2 involves subtracting an
F-shaped structure from the antenna design in step 1
with full ground plane. Step 3 antenna is the final itera-
tion antenna, and it is obtained by taking the ground
plane as partial with a dimensions of 8 mm x 40 mm.
Here, the green color indicates patch and red color indi-
cates dielectric material for the proposed antenna. The
FEM tool An-soft HFSSv13 is used to carry out the an-
tenna's evolutionary process. Because it affects an an-
tenna's gain, bandwidth, reflection coefficient, and other
important features, the choice of antenna feeding strat-
egy is critical. FR4 material with 1.6 mm thickness, § of
0.02, a & of 4.4, is used to design F-slotted CPA. F-slotted
CPA occupies an area of 40 x 40 x 1.6 mm?3 and is con-
nected by a 50 Q microstrip transmission line. Based on
these factors and considerations, HFSS is used to model
and optimise the antenna dimensions. The primary is-
sue with CPAs is impedance matching, which is brought
on by their small size. Both the width of the rectangle in
the ground plane and F-slot can be changed to alter the
CPA's centre frequencies. A partial ground plane has
been chosen as the bottom plane and F-slotted CPA as
the patch. F-slotted CPA with top and bottom surface
are depicted in Figure 2, along with the dimensions. The
following lists the mathematical formulas that were
used in the F-slotted CPA design. (1) is used to deter-
mine the circular patch's radius.

F

a= 20 (Tfy
\/1+n—gr[ln(2—h)+1.7726]

8.791%10°
F =
fr‘/sr
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Where a is the radius of the ring resonator and is ob-
tained by using equation (1), A is the thickness of the
material. F is obtained by using equation (2). f; is the
center frequency of the substrate. Figure 3 represents
the S11 of F-slotted CPA at various evolutions. Step 1
CPA is resonating at 2.40 GHz and it offers a reflection
co-efficient value of —32 dB. Step 2 antenna is
resonating at 2.45 GHz and 4.91 GHz and it offers
reflection co-efficient values of —20 dB and — 32 dB
respectively. Step 3 antenna is the final antenna
iteration and is resonating at 2.8 GHz and 4.8 GHz and
it offers reflection co-efficient values of —25.8 dB and
— 14.6 dB respectively.

(@) (b)

©

Fig. 1 - Step wise design of F-slotted CPA (a) Step 1 (b) Step 2
(c) Step 3

=
%

40 mm

40 mm

40 mm

(@ (b)
Figure 2. F-slotted CPA (a) Top plane (b) Bottom plane
3. RESULTS AND DISCUSSIONS

Figures 4 and 5 represents the parametric analysis of
the F-slotted CPA by varing the length of the microstrip
rectangle which serves as a partial ground plane.
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Fig. 3 — S11 of F-Slotted CPA at different evolutionary stages

S11 and VSWR improves by increasing the length of the
rectangle from 7 mm to 9 mm, high amount of Si1 is
obtained when the it is 8 mm. Si11 of the antenna is
obatined at 2.8 GHz and 4.8 GHz and best amount of S1:
is obtained when it is 8 mm. Reflection co-efficient of
—25.8 dB and — 14.6 dB at 2.8 GHz and 4.8 GHz respec-
tively. Figure 6 represents the reflection coefficient and
VSWR of the F-slotted CPA. F-slotted CPA resonates at
2.8 GHz and 4.8 GHz with an Si1 of — 25.8 dB, — 14.6 dB
respectively. F-slotted CPA offers VSWR of 1.1 and 1.4
has been observed at 2.8 GHz and 4.8 GHz respectively
and these results make the F-slotted CPA applicable for
S-band and C-band wireless communication applications.
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Fig. 4 - Parametric analysis of F-slotted CPA by varying
ground plane length
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Fig. 5 — Parametric analysis of the F-slotted CPA by varying
ground plane length

The gain of the F-slotted CPA is depicted in Figure 7,
and it has been observed that the highest possible value
occurs at 3 dBi. Figure 8 illustrates the current
distribution of the antenna at two different frequencies,
2.8 GHz and 4.8 GHz respectively. The greatest field
distribution is represented by the colour red at the
resonant frequencies; values of 200 Am-1 and 250 Am-1
have been recorded as the highest possible values
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obtained. The E-field distributions of the F-slotted CPA
are displayed in Figure 9. A representation of the
radiation effectiveness of the crescent-shaped CPA may
be found in Figure 10. A radiation efficiency of 90% has
been achieved at 2.8 GHz, while a radiation efficiency of
77 % has been achieved at 4.8 GHz.

3
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Fig. 6 — Reflection co-efficient and VSWR of the F-slotted CPA
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Fig. 7 - 3 dBi gain of crescent-shaped CPA

Isurf[a_per_n]

2. B008e+aa1
1. BE@3E+ARL
1.7207e+B@1

1.5810e+A@1
1. 4413e+@@1
1. 3817 e+E@1
1. 1628e+@@1
- 1.822%e+@@1
4. G270e+B00
7. 4303e+008
6. @337 +B00

Y4, 6371e+B00
3. 24B5e+A00
1. 6433e+000
4, 4728e-B@1

Jsurf[A_per_m]

2. SAARe+Aa1
2, 324Ge+0aL
2. 149Ze+@E1

1. 9739e+@A01
1. 7985e+@@1
1. BZ51e+@01
1. 447 7e+BBl
1. 2724e+@A01
- 1.8970e+0@1
9. 2161e+BEE
7. 4623e+008

5. 7035e+B068
3. 9547 e+00B
2. 2A1Ae+BEE8
4. 4720e-0B1

(b)
Fig. 8 — J-surface distribution (a) 2.8 GHz (b) 4.8 GHz

03017-3



N.R. LAVURI, L. SURENDRA, M. SUBALATHA, V.J. NAVEEN

E Field[Y¥_per_m

. 5. BOB0e+80 3
4. E439e+0B3

4. ZB77e+B03
5. 9316e+0B3
3. 5755e+003
5. 2193e+003
2, B632e+003
Z,507T0e+B03
2, 1589:+883
1. 7I45e+@D3
1. 4386e+0605

1. BE25e+BD3
7. ZB57e+@602
3. 723e+B02
1. 4A96e+@AEH1

E Field[¥_per_m

. 4, BOPEE+E 3

3. 7153e+083
3. 4306e+083
3. 1459e+083
2. 861Ze+AA3
2.5765e+003
2. 2918e+AA3
2.8070e+083
1.7223e+AA3
1. 4376e+083
1.1529e+AA3

8. 6022e+082
5. 8351e+002
2,9860:+082
1. 4996e+aG1

(b)
Fig. 9 - E-field Distribution (a) 2.8 GHz (b) 4.8 GHz
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3aBasgKy HU3HKOMIPOQLILHUM Ta 0araTogiana3oHHUM BJIACTUBOCTSM, Kpyruil natd-aurenu (CPA) cramm
OiIbII IOy IApHUME. 3arpornonoBana F-momiouna natu-anTena (CPA) mokpaliye XapaKTepUCTHKHA IIPOIYK-
THUBHOCTI, BKJIIOYAIOYUN IPOIIYCKHY 3JIATHICTH, KOe(IIlieHT IOCUJIEHHS Ta MIHIATIOPHU3AIIii0, 3aBIIKN BUKOPHUC-
raHHo F-110/110HOT0 T1a3a B ITaTYl Ta YaCTKOBOI 3a3€MJITIOBAIHHOI IIIONTUHY. JJ1sT TpOeKTyBaHHS JTBOTIaIa30H-
"ol F-mrismanoi CPA nms 3acrocyBamb y S- ta C-mianmazoHax BUKOPUCTOBYETHCS Bpi3HE SKUBJIEHHS. F-1mmi-
ymaaa CPA sKuBHTBCA 3a JOIIOMOr00 METOY JIHIMHOTO sKuBJIeHHS 3 iMmenancoMm 50 Om. Bepxus mrommna
F-mismmanoi CPA Mae MogudikoBaumii Kpyrimii IaTd, TOMl K 3a3eMJIIOBAJIbHA IUIONIUHA € YaCTKOBOIO 3a3e-
MJTIOBAJIBHOKO IUIONIHHOL. J[J19 mepeBIpKu IPOAyKTUBHOCTI 3aIIPOIIOHOBAHOI aHTEHH OYJI0 IIPOBEeHO0 mapa-
METPUYHMIA aHAJI3 Ta BUKOPHUCTAHO IHCTPYMEHT MeTo/y CKiHueHHUX enemenTiB Ansoft HFSSv13. 3amporo-
"oBauwuit F-oniouuit CPA pesonye Ha wacrorax 2,8 rta 4,8 I'Th 3 orpumanum S11 — 25,8 1B ta — 14,6 1B
BigmosigHo Ta mporonye KCXH (koedirmient xBasesoi xsuui) 1,1 Ta 1,4 Ha vacrorax 2,8 ta 4,8 I'T'y Bigmo-
BigHo. YacTroBi cMyru mpomyckauusa 28,5 % (2,5-3,3 I'T') ta 10,41 % (4,5-5 I'T') mocsAraoThbesa Ha YacTOTax
2,8 ta 4,8 I'T'y BimmosinHo, 3 S11 — 25,8 1B Ta — 14,6 n1B. Coocrepirasocs mocuierus 3 nbi. F-momxioauit CPA
3aitmae oty 40 x 40 x 1,6 mm3. I1i pesynpratu pobssts F-mogioauit CPA npumaTauM 118 3aCTOCYBaHHS B
S-miamasonax ta C-mlamasoHax.

Kmouosi cinosa: Kpyrosa martu-anrena (CPA), Koedimienr Bigourrs, J[Bomianasonna, Koedimient mimcn-
nenss, MikpoxsuiaboBi C- Ta S-miamnasoHu.
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