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A novel dual-band T-shaped circular patch antenna (CPA) for C-band applications is designed and ana-
lysed in this article. This antenna can function in two different resonating frequencies, making the antenna
appropriate for C-band wireless applications. A microstrip transmission line having an impedance of 50 Q is
utilised to feed the CPA. T-shaped CPA presents an evolution process based on a typical circular patch an-
tenna (CPA). A finite element method-based software An-soft HFSSv13 has been utilized to extract the sim-
ulated results pertaining to radiation patterns, gain, VSWR and reflection coefficient to validate the design
concept. T-shaped CPA is designed utilising polyimide substrate with & of 3.5, a height of 0.1 mm, and overall
sizes of only 38 x 30 mm?2, which is compact in size when compared with the existing circular patch antennas.
T-shaped CPA is operating over the desired bands (S11 <— 10 dB) are 5.2 GHz and 6.8 GHz. 3 dBi gain of 3.1
dBi has been observed at both the resonating frequencies of the T-shaped CPA. The antennas compact design
and the results obtained make them highly recommended for usage in C-band wireless communication ap-
plications.
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1. INTRODUCTION

Compact antenna designs are becoming more and
more necessary in the quickly changing field of wireless
communication, particularly for C-band wireless com-
munication applications. The need for antennas that
perform effectively across a range of frequency bands
while maintaining a small size is become more essential
as these technologies develop [1]. Wireless applications
require multiband antennas with exceptional radiation
characteristics and a broad impedance bandwidth to
meet their demands across a wide range of frequency
ranges over S-band as well as C-band [2]. An important
consideration in the design of small antennas is the feed-
ing structure. CPW and MS transmission lines are often
utilized feeding techniques in printed antenna designs
[3]. Antenna engineers have recently come to favour
asymmetrical coplanar strips (ACSs), which have a sin-
gle lateral ground plane rather of the twin lateral
grounds present in CPW lines. This design strategy,
which uses an ACS structure, preserves concepts compa-
rable to those of coplanar transmission lines while ena-
bling a compact antenna (about 40 % smaller than its
equivalent CPW structures) [4]. A dual-band monopole
antenna is designed by utilising circular fractal ele-
ments and feeding of an antenna is given through CPW
feed [5]. Dual working bands of 3.15 to 3.75 GHz and
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5.02 to 7.58 GHz are provided by this design by inserting
particular slot combinations in the radiator. Excited by
a CPW feedline, a 22 x 22 mm? pentagonal ring fractal
antenna is demonstrated in [6] to attain two frequency
bands (3.12-3.82 GHz and 5.16-5.83 GHz) with reso-
nances at around 3.4 and 5.5 GHz, respectively. In [7], a
fractal monopole antenna with a band-notched design
and a 9-point star form is described. Its ground planes
are equipped with two L-shaped slots that enable it to
function efficiently in two distinct frequency ranges: 3.05
to 3.84 GHz and 5.15 to 5.825 GHz. However, at 30 x 45
mm?2, it 1s quite enormous. In [8], a semi-circular mi-
crostrip antenna with a folded U-shaped slot inside the
patch and a tapered ground plane is shown. Its dimen-
sions are 17 mm x 18 mm, and its operating frequencies
are 3.4 GHz-3.7 GHz and 5.725 GHz-5.875 GHz. A wide-
band antenna inspired by metamaterials and fed by
CPW was described in [9]. With a broad bandwidth of
3.06 GHz to 5.89 GHz, the antenna is appropriate for
WiMAX and WLAN applications. A circularly-slotted
antenna with full ground plane is described in [10] in
order to achieve the intended dual-band functioning.
The third iteration of the pentagonal Sierpinski gasket
island was used in [11] to create a fractal antenna for
use in 5.2 GHz WLAN and 3.5 GHz WiMAX. In [12], a
CPW-fed antenna patch in the shape of a rupee and
measuring 17.5 x 17.5 x 1.6 mm? was described. By add-
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ing an extra horizontal L-shaped strip, the developed an-
tenna achieves a dual-band characteristics. Many mi-
crostrip antenna designs have been put presented to de-
sign an antenna that can handle multiband and broad-
band operations. In [13], a WIMAX and WLAN ACS-fed
L-profile double-band monopole antenna design was in-
troduced. With an area reduction of about 44 %, it was
developed in three evolution stages from its counterpart,
the CPW fed antenna. In [14], a monopole antenna with
a hook shape that is fed by the ACS structure was sug-
gested. The antenna employed a A/4 with a C-shaped
half wavelength loop strip to create two independently
controllable frequency bands with centres at 3.5 and
5.2 GHz. In [15], a second dual-band planar antenna
with an area of 21 x 15.35 mm?2 that is fed by an ACS
was built. The antenna functions at two different fre-
quencies of 3.5 GHz and 5.5 GHz, which correspond to
the WiMAX and WLAN bands, respectively, by utilizing
defected ground and defected microstrip structures. A
compact MIMO antenna has been designed and ana-
lysed for UWB applications [16]. The above-mentioned
antennas are too big, have complex structures, or have a
narrower upper frequency band, which makes them un-
suitable for portable communication devices even
though they are made to efficiently fulfil the necessary
C-band wireless communication applications.

From the explanation above, dual-band antennas
with small size, acceptable radiation characteristics, and
a simple geometrical design are still needed. Conse-
quently, a T-shaped CPA with full ground fed by mi-
crostrip transmission line is presented in this document.
The low-cost, 0.1-mm thick Polyimide substrate used to
design the T-shaped CPA and it occupies an area of 38 x
30 x 0.1 mm?. The performance of antennas, including
the radiation patterns, gain, VSWR and reflection coef-
ficient was simulated using HFSS modelling tool. Sec-
tion 2 goes into great detail about the designs of
T-shaped CPA and their structures. Section 3 presents
the results obtained from the simulation software. Sec-
tion 4 provides the conclusion.

2. DESIGN & ANALYSIS OF T-SHAPED CPA
2.1 Evolution Process

Here, a thorough design evolution process is covered
to demonstrate how a reference antenna CPA was first
designed with predetermined specifications (resonance
frequency fr, substrate height hs, as well as the dielectric
constant & After that, CPA is subjected to four design
processes until the suggested antennas reach the in-
tended operating dual frequency bands with small di-
mensions. The impact of structural changes on the
T-shaped CPAs reflection coefficient and VSWR is de-
picted in Figure 2. The following is a discussion of these
design steps. Figure 1 display the iterative based design
of the T-shaped CPA. In first iteration a circular patch
having a radius of 11 mm is attached to the monopole
with full ground plane. Second iteration by subtracting
a circle having a radius of 10 mm from the iteration
1 antenna. A circle having a radius of 8 mm is united to
iteration-2 antenna in iteration 3. Iteration 4 is obtained
by subtracting a 6-mm radian circle from iteration 3 an-
tenna. Iteration 5 is the final iteration and it is obtained

JJ. NANO- ELECTRON. PHYS. 18, 03019 (2026)

by attaching a T-shaped structure having a length of 6
mm and width of 2mm to the iteration 4 antenna. In con-
clusion, it is shown that adding more resonant struc-
tures to the antenna would effectively give previously
unattainable degrees of freedom for regulating the
higher frequency band with a minor impact on the lower
band, all while preserving antenna compactness. There-
fore, when building multiband antennas with small di-
ameters and straightforward construction, this feature
may be more appealing. The mathematical formula that
are utilised in designing the T-shaped CPA are men-
tioned below.

C

L= o241 M

- \/1+;—:r[ln(%)+1.7726] @

0
=21 (2] @

In the circular patch, a stands for the radius, which
is found using equation (2), and L stands for the patch's
length, which is acquired using (1). The variable A indi-
cates the material's thickness. F'is generated from the
application of equation (2). f- stands for the substrate's
centre frequency.

(a) (b)
© (d

(e
Fig. 1 - Evolution procedure of the T-shaped CPA
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Figure 2 represents the reflection co-efficient of the T-
shaped CPA at all the iterations. First iteration is obtained
by attaching a circular patch having a radius of 11 mm to
the monopole with full ground plane. Iteration 1 antenna is
resonating at 6.8 GHz and it offers S11 of — 16.47 dB. Second
iteration by subtracting a circle having a radius of 10 mm
from the iteration 1 antenna. Iteration 2 antenna is reso-
nating at 6.8 GHz and it offers S11 of — 25.8 dB. In iteration
3 a circle having a radius of 8 mm is attached to iteration-2
antenna. Iteration 3 antenna is resonating at 6.8 GHz and
it offers S11 of — 48.1 dB. Iteration 4 is obtained by subtract-
ing a 6-mm radian circle from iteration 3 antenna. Iteration
4 antenna is resonating at 4.4 GHz and 7.8 GHz and it of-
fers S11 of — 21.9 dB and — 24.8 dB respectively. Iteration 5
is the final iteration and it is obtained by attaching a T-
shaped structure having a length of 6 mm and width of
2 mm to the iteration 4 antenna. Iteration 5 antenna is res-
onating at 5.0 GHz-5.20 GHz and 6.80 GHz and it offers S11
of —39.1 dB and — 24 dB respectively. These results make
the T-shaped CPA suitable for C-band wireless communi-
cation applications.

Reflection Co-efficient (dB)

I
=50 —

1?—— Final Hteration

S B r T T T T

4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0
Frequency (GHz)

Fig. 2 — Obtained S1:(dB) of the T-shaped CPA

2.2 Analysis of T-shaped CPA

Figure 3 depicts the T-shaped CPAs suggested geome-
try and design. Table 1 displays the T-shaped CPAs design
specifications. The Polyimide substrate, which has a thick-
ness of 0.1 mm, a tané of 0.008 and a 3.5 &, is used to design
the T-shaped CPA. A 50 Q microstrip transmission line
connects the T-shaped CPA which features a full ground
plane and measures 38 x 30 x 0.1 mm3. FEM tool HFSS is
used to simulate T-shaped CPA. The antenna dimensions
are simulated and optimized using HFSS based on these
parameters and considerations. By altering the length, ra-
dius and width the antenna, the resonant frequencies can
be changed. Accordingly, for C-band applications, a T-
shaped CPA is designed on the top surface of the antenna
and the bottom surface is full ground plane. The top and
bottom views of T-shaped CPA are illustrated in Figure 3.

14

W

(a) (b)
Fig. 3 — T-shaped CPA (a) Top surface (b) Bottom surface

Table 1 — Measurements of T-shaped CPA

Parameter Values (mm)
L 38
w 30
L, 17

Wi 5.05
L2 2
We 2
L3 6
R 11
R2 10
R3 8
Ry 6

3. RESULTS AND DISCUSSIONS

Bandwidth and gain of the traditional microstrip
line-fed antenna are narrow. Figure 4 represents reflec-
tion co-efficient and VSWR of the T-shaped CPA.
T-shaped CPA is resonating at 5.0 GHz-5.20 GHz and
6.8 GHz and it offers S11 of — 39.1 dB and — 24 dB respec-
tively This antenna is a solid choice for C-band applica-
tions due to its small size. It has been noted that the
suggested antenna iterations greatly enhance antenna
performance. Figure 4 compares how S11 varies with fre-
quency for the proposed and conventional geometry.
VSWR values are plotted in Figure 4 over a frequency
range of 4.0 GHz to 8.0 GHz. The X-axis displays the fre-
quency in GHz, and the Y-axis on right side displays the
VSWR value and left side displays reflection co-efficient.
The VSWR value is lowest at 5.0 GHz-5.20 GHz and
6.80 GHz where it offers to about 1.1 and 1.4 respec-
tively. Figure 5 displays the overall gain plotted in three
dimensions. While the color bar on the left displays the
antenna's total gain in dB, different colours correspond
to different gain levels. The plot's maximum overall gain
of 3.1 dB is outstanding. Current distribution of
T-shaped CPA is shown in Figure 5. The largest field dis-
tribution is represented by the color red. 50 Am-1 is the
highest value that has been noted. The distribution of
surface current in the T-shaped CPA is crucial in deter-
mining the radiation zones; red indicates locations with
the highest radiation intensity. The antenna's core and
edges exhibit the maximum radiation intensities, as
seen in Figure 6.
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Fig. 4 — Reflection Co-efficient and VSWR of the T-shaped CPA
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Fig. 5 — Obtained 3D Gain of the T-shaped CPA
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Fig. 6 — Surface current distribution of the T-shaped CPA

Table 2 shows a comparison of the T-shaped CPA with
a few previously published antennas. According to the
analysis, the intended dual working bands are covered by
the peak gain achieved by the proposed antenna. Further-
more, compared to many of the published counterpart an-
tennas, the antenna presented in this work is smaller. Ad-
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Komnakrua T-mogiouna kpyria mard-anreHa s 3acrocyBanb y C-nmiamasoHi
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Pospobsiero Ta mpoanasrisoBaHo HOBY ABomiamna3oHHy T-momiboHy Kpyriay matd-anteny (CPA) s s3acro-
cyBaub y C-miamasoni. [lg anTeHa Moske MpallfoBATH HA JBOX PISHUX PE30HAHCHUX YACTOTAX, IO POOHUTH il
IIPUAATHOIO JJIs 0e3apoToBUX 3acrocyBaub y C-miamasoni. s sxusimenus CPA BUKOPHCTOBY€ETHCS MIKPOCMY-
JKKOBa JIHIA mepenadi 3 immemarcom 50 Om. T-moxiona CPA mpemcrasiisie co6oto IIpoliec eBOJIIONl, 3aCHOBA-
HUM Ha TUIOBIN kpyriai# matd-antedi (CPA). {isa orpumanHsa pe3yabTaTiB MOAEIIOBAHHS, IO CTOCYIOTHCS
miarpam crpsaMoBaHocTi, koedimienTa migcuiaernsas, KCXH ta koedimienTa BIOOUTTA, 3 METOIO IIEPEBIPKHA KOH-
TerIii MpoeKTyBaHHA 0yJI0 BUKOPUCTAHO IporpaMue 3abesnevens An-soft HFSSv13 na ocHori meTomy cki-
HueHHHuX ejgeMeHTiB. T-mmomi6ua CPA pospobiieHa 3 BUKOPUCTAHHAM MOJIIIMIAHOI MAKJIAAKY 3 & = 3,5, BUCO-
tow0 0,1 MM Ta 3arambHEUME po3Mipamu jumie 38 X 30 MM2, 1110 € KOMITAKTHUM 34 PO3MIpOM IIOPIBHSHO 3 iCHY-
YUMHU KPyruMuy naTd-agredamu. T-momiouaa anrena CPA mpaioe B morpibHux giamasonax (S < — 10 nb)
5,2 I'T, ta 6,8 I'Ti. Ha o6ox pesonancuux uacrorax T-momiouoi anrenu CPA cmocrepiraerbes xoeditrienT
nocuenHs 3 abi, mo cranosuts 3,1 nBi. KoMmakTHa KOHCTPYKINA aHTEH Ta OTPUMAHI Pe3yJIbTaTh POOIISATD
IX JIysKe PeKOMEHIOBAHUMHU JIJIsi BAKOPUCTAHHS B 0€3[pOTOBUX KOMYHIKAIIMHAUX cucteMax C-miamasoHy.

Kmrouoei ciosa: T-momibHa kpyriia anrena, MikpocmyskkoBa martd-anTeHa, ['Hyuka migriaagka, Brucokoski-
cuwmit mteHMi ciias (HFSS), 3acrocysanus B C-mgiamasoni.
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