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This paper presents the design and performance analysis of low-profile flexible antenna at 3.5 GHz using
various substrate materials such as FR4, Polyester and Cotton for smart clothing and wearable communica-
tion applications. The simulation has been performed using CST Microwave Studio software The miniatur-
ized dimensions of the antenna is 30 x 20 x 0.8 mm3 and its performance improvement has been achieved
through the incorporation of slotting and partial grounding techniques. The comparative performance anal-
ysis of three antennas by applying different substrates shows polyester textile-based antenna offers better
performance. Therefore, the Rogers RT5880 substrate was chosen to be experimentally tested for antenna
realization and validating the simulated results. Hence the well-suited textile material polyester is chosen
for the proposed antenna realization at 3.5 GHz and experimental validation. The antenna operates over a
wide frequency range of 3.11-4.27 GHz and satisfy the most popular lower 5G (3.33-4.2 GHz) and WiMAX
(3.4-3.6 GHz) bands. Due to its low profile, compact size, cost effective and flexible structure, the proposed
polyester-based textile antenna with satisfactory bandwidth, gain, efficiency, and omnidirectional radiation
pattern, can suite on the surface of the human body and good nominate for smart clothing and wearable
communication applications. Experimental results obtained from the fabricated prototype show good agree-
ment with the simulation data.
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1. INTRODUCTION

The advancement of wearable technology has gar-
nered substantial research interest, primarily due to the
escalating demand for miniaturized, flexible, and high-
performance electronic systems. Within these architec-
tures, antennas constitute a fundamental subsystem, fa-
cilitating reliable wireless communication by enabling
efficient transmission and reception of electromagnetic
signals across various frequency bands. Wearable an-
tennas have garnered considerable interest owing to
their cost-effectiveness, lightweight nature, mechanical
flexibility, and seamless integration into textile sub-
strates [1]. Meanwhile, 5G communication systems —
characterized by ultra-high data transmission rates —
are rapidly evolving beyond conventional mobile appli-
cations, extending into domains such as the Industrial,
Scientific, and Medical ISM) band, where they support
Wireless Body Area Networks (WBAN) [2]. Textile-
based antennas have emerged as a predominant re-
search focus within the domain of wearable technol-
ogy [3]. Given that clothing is an essential aspect of daily
life, integrating electronic components directly into gar-
ments presents a logical pathway toward the realization
of smart clothing systems. The incorporation of wearable
antennas into fabric not only facilitates seamless
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wireless communication but also enhances user comfort
and mobility, thereby supporting unobtrusive and effi-
cient connectivity in everyday environments [4]. Textile
antennas are used for various applications including
wireless information transmission [5], energy harvest-
ing [6], medical and healthcare sectors, sports, fashion,
and military [7-10].

In general, the primary design criterion for wearable
antennas centers on the use of textile substrates that
can be seamlessly integrated into smart garments. To
ensure optimal performance, these fabric-based anten-
nas must operate within the designated frequency
bands, support adequate bandwidth, and exhibit omni-
directional radiation characteristics to maintain con-
sistent connectivity regardless of body orientation [11].
Many wearable textile antennas based on different de-
sign topologies and exhibiting various radiation proper-
ties have been reported in the literature. Some of these
antennas offer single-band operation in the ISM bands
[12], Wi-MAX band [13], 5G application band [14], and
WBAN application band [15]. Some of the wearable an-
tenna designs are capable of providing dual-band such
as Wi-MAX and WLAN bands [16], Wi-MAX and lower
5G bands [17], multi-band [18], and ultra-wideband op-
eration [19].

However,

key challenges in designing textile
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antennas for smart clothing include maintaining an-
tenna performance and reliability while ensuring flexi-
bility, comfort and washability. To mitigate these chal-
lenges, researchers are exploring various approaches
such as optimizing material selection and antenna ge-
ometry for various body movements, utilizing advanced
fabrication techniques, specific absorption rate (SAR)
concerns, and so on [20, 21]. One of the critical chal-
lenges in wearable antenna design is ensuring con-
sistent performance across diverse environmental con-
ditions. Factors such as ambient temperature, relative
humidity, proximity to the human body or adjacent gar-
ments, and repeated exposure to washing cycles can sig-
nificantly influence the antenna's gain and overall elec-
tromagnetic behavior [22]. These variables introduce dy-
namic changes in the dielectric properties of textile sub-
strates, necessitating robust design strategies to main-
tain reliable wireless communication under real-world
usage scenarios. Although the stated antennas showed
promising results for wearable applications, for most of
the cases, they have larger sizes, narrow bandwidths,
expensive substrates, and so on. Therefore, continuous
advances in research are now focused on wideband, low-
cost, and tiny antennas for wearable applications. More-
over, there's a noticeable gap in studies focusing on tex-
tile antenna designs specifically for the 3.5 GHz band,
particularly for broadband wireless communication. Ex-
isting research primarily concentrates on other 5G fre-
quencies like (2.4-2.484 GHz), WiMAX (2-11 GHz), and
other WLAN bands. The 3.5 GHz band is relevant for
various applications including telemedicine, mobile m-
health (mobile health), and e-health, making it a crucial
area for further investigation. While very few research
exists on textile antenna design at 3.5 GHz [11, 23-25],
a comprehensive study covering all aspects is currently
lacking.

This study presents design and comparative perfor-
mance analysis a low-profile small size flexible textile
antenna 3.5 GHz band using various substrate materi-
als (a standard FR-4, and various textile materials like
polyester and cotton) for smart clothing and wireless
wearable communication applications. The design uti-
lizes a set of three substates. The performance of the an-
tennas with various substrate materials is evaluated,
but the low-cost well-suited polyester textile is finally
selected as substrate for the proposed antenna design,
implementation and experimental validation

The rest of the paper is arranged as follows. The an-
tenna design approach is discussed in Section 2. Section
3 presents the results and discussion, including simula-
tion and experimental results under the free space con-
ditions. A comparison of the proposed antenna’s perfor-
mance with previously reported designs is given in Sec-
tion 3. Finally, key findings of the research are listed in
Section 4.

2. METHODOLOGY AND PARAMETRIC INVES-
TIGATION

The proposed antenna’s design, simulation, para-
metric investigation, and numerical analysis are carried
out in Computer Simulation Technology (CST) studio
suite under the free space condition. The prototype is
then fabricated and the performance metrics are
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measured in the laboratory using the Vector Network
Analyzer (VNA). The initial antenna prototype was de-
veloped on a conventional FR4 substrate to establish
baseline performance metrics. To evaluate its suitability
for wearable applications, the design was subsequently
adapted using textile-based materials such as polyester
and cotton — both commonly employed in garment man-
ufacturing. This transition enables a comparative anal-
ysis of electromagnetic behavior across rigid and flexible
substrates, thereby assessing the antenna’s functional
compatibility with smart clothing environments.

Figure 1 describes the construction of the proposed
antenna designed to resonate at 3.5 GHz, and shows
both the front view (Fig. 1(a)) and bank view (Fig. 1(b)).
The design employs a microstrip feed line to deliver
power to the radiating patch element of the antenna. In-
itially, the antenna size has been estimated for 3.5 GHz
using the following set of basic equations. After that, the
antenna design is optimized to a net size of 30 x 20 x 0.8
mm3 to attain the miniaturized structure. A set of rec-
tangular slots to the patch plane and partial grounding
structure are added to improve impedance matching and
effectiveness of the antenna.

Width of the patch, W, = < |2

2fo ] Ex+1

1

Where co — light speed in free space, fr— resonance fre-
quency, €-— substrate dielectric constant.

w.
(Ereps+0.3) (T”+ 0.264)

Length, L = 0.412h 2)

w-
(€resr—0.258) (T”+ 0.8)

€41
2
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Where €7 = +6TT‘1[1 + 12%] 2 3)

€res — effective dielectric constant, i — substrate thick-
ness.

. _ Co
Effective length, L, = Tl (4)
Patch length, L, = Legr — 2AL )

The optimized parameters of the projected antenna
are shown in Table 1. The patch is placed on the top sur-
face of the textile substrate. The optimized size of the
patch is 12.65 mm x 14.64 mm. The antenna comprises
a right-angle triangular slot (p = ¢ = 3 mm, r = 4.24 mm)
and rectangular slots (Li1 = 12.75 mm, Liz = 8.75 mm,
Wi1=2mm). A microstrip feedline having a dimension of
15 mm x 2.58 mm is used to excite the patch.

Table 1 — Optimized values of design parameters of the pro-
jected antenna

Parameters Values (mm)
Substrate Width, Ws 20
Substrate Length, Ls 30
Feed Line Length, Lf 15
Feed Line Width, Wf 2.58
Patch Length, Lp 12.65
Patch Width, Wp 14.64
Ground Width, Wg 20
Ground Length, Lg 14
Substrate Height, h 0.8
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Li; 12.5
Lis 8.75
Wi 2.0
p 3.0
q 3.0
r 4.24

Initially, the antenna is designed on a standard FR-
4 substrate. Next, the same antenna is designed using
two widely used textile materials polyester and cotton
as substrates. The dielectric constant, loss tangent and
thickness of FR4 are chosen as 4.3, 0.015, and 0.8 mm,
respectively. The used cotton fabric has a dielectric con-
stant 1.3, loss tangent 0.033, thickness 0.8 mm, while
the 0.8 mm thick polyester textile material with a die-
lectric constant of 1.9 and loss tangent of 0.0045 is used
as the third substrate. The patch, feed line, and ground
plane are made from conductive copper tape whose
thickness is 0.035 mm. The three antennas are simu-
lated and their performance metrics are compared. As
polyester-based antenna shows much better perfor-
mance than others and offer advantages like cost effec-
tiveness, durability, dimensional stability, and re-
sistance to environmental factors, polyester textile is fi-
nally selected for designing the proposed textile an-
tenna.

Copper tape is popular for use on polyester-based an-
tennas due to its excellent conductivity and flexibility. It
allows for the creation of conductive pathways for radio
frequency signals, while the polyester substrate pro-
vides a lightweight and flexible base. This combination
is ideal for wearable or flexible antenna applications
where conformability and portability are important.

Wi

Ground Le

(@ (®)
Fig. 1 — Proposed antenna (a) front view (b) back view

The various design steps (denoted as Step 1, 2, 3, 4,
and Final Step) of the proposed antenna are shown in
Fig. 2(a), and the reflection coefficient (S11) at various
stages of the implementation is shown in Fig. 2(b). Par-
tial ground is used in each Step. The use of slots in sub-
sequent five design steps improve S11 of the antenna
and widen the bandwidth at the expected frequency. For
the proposed design (Final step), the S11 reaches a min-
imum value of —60.73 dB at the deaired resonant fre-
quency of 3.5 GHz. Lower values of reflection coefficient
indicate better impedance matching (less reflection,
more power delivered), while a broader bandwidth with
low reflection indicating the antenna can operate
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efficiently across more channels, and is well-suited for
real-world deployment in wireless communication sys-
tems.

A parametric investigation showing how changing
the ground length (Lg) affects the impedance matching
and resonant frequency of an antenna is presented in
Fig. 3. Each colored line represents the S11 for a differ-
ent Lg from 12 to 30 mm. As Lg decreases, the resonant
frequency shifts. With increasing Lg from 12 mm, the re-
flection coefficient is decreasing and it achieves mini-
mum at 14 mm, then again it is increasing. Poor match-
ing observed around 3.5 GHz at L; = 30 mm and best
matching at Ly = 14 mm. The purple curve (Lg = 14 mm)
has the sharpest dip (~— 63 dB) near 3.5 GHz. It demon-
strates that Lg= 14 mm offers the best performance near
3.5 GHz, making it optimal among the tested values.

P
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Fig. 2 - (a) Development stages of the proposed antenna,
(b) Reflection coefficient versus frequency
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Fig. 3 —Effect of change of Ground length on the reflection co-
efficient
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3. RESULTS AND DISCUSSION

The simulation results of the designed antennas on
various substrates including FR4 and textile materials
Polyester and Cotton are presented, analysed and com-
pared for selection of well-suited substrate in Section
3.1. The simulation results of the proposed polyester-
based antenna are compared with the earlier works in
Section 3.2. Section 3.3 presents the experimental re-
sults of the fabricated antenna.

3.1 Simulation Results
(a) Reflection Coefficient (S11)

Figure 4 shows the variation in reflection coefficient
(return loss or S11) with frequency, in the range of 2.5
to 5.0 GHz, of the antennas built on FR-4, polyester, and
cotton substrates. The FR-4 based antenna resonates at
a frequency of 3.52 GHz. At the target operating fre-
quency, the antenna exhibits a return loss of — 30.48 dB,
indicating effective impedance matching. When imple-
mented on a polyester substrate, the resonance fre-
quency shifts to 3.52 GHz, accompanied by a signifi-
cantly improved return loss of — 60.73 dB. Similarly, the
cotton-based variant demonstrates a resonance fre-
quency of 3.50 GHz with a return loss of — 47.13 dB, fur-
ther validating the suitability of textile materials for
wearable antenna applications. All presented antennas
show a deep notch (minimum return loss) around
3.5 GHz, indicating that the antenna is resonant at this
frequency. Polyester based antenna shows deepest
notch, around — 60 dB, excellent impedance matching
and minimal reflection. The width of the notch indicates
how wide the frequency range is where the antenna per-
forms well. FR-4 based antenna appears to have a nar-
rower but deeper notch, while antennas with Cotton and
Polyester have slightly wider notches, which specifies
that Polyester based antenna offers the best impedance
matching and widest usable bandwidth.

0

-10
)
220
t
L
(v}
g 30
v
<1
(o]
c —40
°
k9]
= -50
2
=== Polyester
-60 = Cotton
= FR-4
-70
2.0 2.5 3.0 3.5 4.0 4.5 5.0

Frequency (GHz)

Fig. 4 — Antenna reflection coefficient versus frequency

(b) Voltage Standing Wave Ratio (VSWR)

The plot in Fig. 5 compares the Voltage Standing
Wave Ratio (VSWR) of antennas made with FR-4, Poly-
ester, and Cotton across a frequency range of 2.0 to
5.0 GHz. All three curves dip sharply around 3.5 GHz
where VSWR is close to 1.0, indicating maximum power
transfer and efficient energy transfer. Polyester based
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antenna achieves the lowest VSWR (1.001) near reso-
nance, which is very close to the ideal value and indicat-
ing best impedance matching. Antenna with Cotton sub-
strate has slightly higher VSWR (1.008) than Polyester,
but still well below 2.0, while FR-4 based antenna has
the highest VSWR (1.06) among the three, suggesting
less efficient matching.

30

w= 1 FR-4
mm Polyester
25 = =1 Cotton
20
«
215
>
10
5 '
—— -
0 ; ‘
2.0 2.5 3.0 3.5 4.0 4.5 5.0

Frequency (GHz)
Fig. 5 — VSWR versus frequency

(c) Efficiency
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Fig. 6 — Antenna efficiency versus frequency

Figure 6 compares Radiation Efficiency and Total Ef-
ficiency versus frequency of antennas made with FR-4,
Polyester, and Cotton in the operating range of 2.0 to
5.0 GHz. Efficiency increases with frequency from 2.0
GHz to ~ 3.5 GHz, then gradually declines. Peak effi-
ciency occurs near 3.5 GHz. Antennas with Polyester
and Cotton maintain higher efficiency across the band.
FR-4 based antenna shows a sharper decline in both ra-
diation and total efficiency beyond 4 GHz. FR-4, while
widely used in PCB-based antennas, suffers from higher
dielectric losses and impedance mismatch, reducing its
efficiency. Polyester based antenna is the most efficient
both in terms of radiation (94.54 %) and total efficiency
(94.52 %) of the antenna.

(d) Gain

Figure 7 shows how the antenna gain varies with fre-
quency for three different substrate materials (FR-4,
Polyester, and Cotton) based antennas. Gain increases
steadily from 2.0 GHz to 5.0 GHz for all three materials.
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This suggests that the antenna becomes more direc-
tional and efficient at higher frequencies. Polyester
based antenna consistently shows the highest gain
(2.59 dB) across all frequencies. Antenna with Cotton
substrate shows slightly lower gain than Polyester but
higher than FR-4 based antennas. FR-4 based antenna
has the lowest gain, indicating less effective radiation.
5.0
45
4.0
35
z 30 -
=l -
c25 >
]
920 -
15

1.0 FR-4
Polyester

05 +— Cotton

0.0 . , , .
2.0 2.5 3.0 3.5 4.0 4.5 5.0

Frequency (GHz)

Fig. 7 — Antenna gain versus frequency

(e) Directivity
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Fig. 8 — Antenna directivity versus frequency

The plot in Fig. 8 shows how antenna directivity var-
ies with frequency for three antennas based on substrate
materials Polyester, Cotton, and FR-4. Directivity in-
creases steadily from 2.0 GHz to 5.0 GHz for all sub-
strates, which indicates that the antennas become more
directional at higher frequencies. Cotton based antenna
shows slightly higher directivity than Polyester and
FR-4 based antenna at most frequencies. Antenna di-
rectivity with Polyester substrate closely follows Cotton
based antenna, with nearly identical performance, mak-
ing it a strong candidate for flexible antennas. FR-4
based antenna consistently has the lowest directivity.

A comparison of the numerical performance metrics
of three antennas designed on standard substrate mate-
rial FR-4, and textile materials Polyester and Cotton is
presented in Table 2. Antennas with Polyester and FR-
4 show excellent refection coefficient (very negative val-
ues), indicating strong impedance matching. Cotton
based antenna has a weaker return loss (S11), suggest-
ing more reflected power and less efficient matching.
The VSWR of all antennas are close to the ideal value of
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1.0, meaning efficient power transfer. Polyester based
antenna leads both the cotton and FR-4 based antennas
with over 94 % total and radiation efficiency. Antenna
with Polyester textile offers the widest bandwidth
(1.17 GHz) than FR-4 and Cotton, supporting a broader
range of operating frequencies. Polyester based antenna
again leads with the highest gain, meaning stronger sig-
nal transmission. These results implies that Polyester
based antenna consistently outperforms the other an-
tennas with FR4 and Cotton materials across nearly all
key metrics: superior impedance matching (lowest S pa-
rameter), highest efficiency and gain, widest bandwidth
and strongest directivity, which making it the most suit-
able choice for flexible antenna design in wearable com-
munication applications. Henceforth the proposed an-
tenna is designed with polyester textile and results will
be presented only for polyester-based antenna.

Table 2 — Antenna’s performance for using various substrate
materials

Material S11 VSWR Efficiency (%) Bandwidth Gain Directivity
(dB) Total Radiation (GHz) (dB) (dBi)
Polyester -60.73 1.001 94.52 94.54 117 2.59 2.83
FR-4 -30.48 1.060 87.32 87.39 1.02 2.10 2.69
Cotton -47.13 1.008 91.82 91.83 110 2.45 2.82

() Radiation Pattern

The 2D and 3D radiation patterns of the proposed
polyester-based textile antenna in free space measured
at 3.5 GHz are depicted in Fig. 9. The polar plot of
Fig. 9(a) showing the far-field electric field (E-field) dis-
tribution of the antenna at a distance of 1 meter, in the
phi = 0° plane. The main lobe magnitude (peak electric
field strength) and direction are 17.2 dBV/m and 180°,
respectively, showing the antenna radiates most
strongly toward 180° and contributes to better signal
strength and range.

The polar plot of Fig. 9(b) showing the E-field radia-
tion pattern of the antenna at 3.5 GHz, in the phi = 90°
plane. The antenna radiates strongest signal of magni-
tude 17.4 dBV/m in the 170.0° direction. Aangular
width (beamwidth) of the main lobe is 88.5°, measured
between points where the field strength drops by 3 dB
from the peak. The wide beamwidth (88.5°) suggests it
covers a broad area in that direction. The side lobe level
of — 1.0 dB indicates moderate side radiation.

The 3D far-field radiation pattern of Fig. 9(c) show-
ing how the antenna radiates electromagnetic energy in
space at 3.5 GHz. The pattern resembles a flattened
sphere, indicating omnidirectional behaviour in the hor-
izontal plane (around the Z-axis). There is a null or low
radiation along the vertical (Y-axis), suggesting minimal
radiation directly above or below the antenna. Red and
orange zones represent the strongest radiation, with
field strengths around 17.4 dBV/m. Green to blue zones
indicate weaker radiation, dropping to — 22.6 dBV/m in
the null regions. The pattern is symmetric around the
Phi (azimuthal) axis, confirming omnidirectional hori-
zontal coverage. This antenna is likely designed for
broad horizontal coverage, making it ideal for applica-
tions in wireless broadband technology.
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Fig. 9 — Radiation patterns of the proposed polyester-based an-
tenna: (a) and (b) 2D, (c) 3D.

(g) Surface Current Distribution

Figure 10 shows the surface current distribution of
the proposed polymer-based antenna at 3.5 GHz. It il-
lustrates how electric current flows across the surface of
the antenna when it's excited at a frequency of 3.5 GHz.
Highest current density up to 85.3 A/m and lowest cur-
rent density near 0 A/m are observed. Maximum current
is concentrated near the feed region. The current flows
upward and spreads across the structure, exciting dif-
ferent parts of the antenna.
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a/m

surface current (f=3.5) [1]
Frequency  3.5GHz

Phase
Maximum

85.2937 A/m

Fig. 10 — Surface current distribution of the proposed antenna

(h) Power Flow Pattern

The power flow pattern of the proposed polymer-
based antenna operating at 3.5 GHz is depicted in
Fig. 11. It illustrates how electromagnetic energy prop-
agates away from the antenna structure. The highest
power flow up to 539,523 V-A/m2 and lowest power flow
near zero are observed. The antenna is efficiently radi-
ating energy upward, suggesting a directional radiation
pattern. The high concentration of power vectors near
the feed and central axis confirms strong coupling and
effective energy transfer.

5.3%+05

4.5e+05
4e+05
3.5e+05
3e+0S
2.5e+05
2e+05
1.5e+05
100000
50000

power (f=3.5) [1] ‘ e : 22 7 L”‘

Frequency 3.5 GHz
Maximum 539253 V.A/m*2

Fig. 11 — Power flow pattern

3.2 Comparative Performance Analysis

A comparative performance analysis between the
proposed polyester-based antenna and the several refer-
ence antennas is given in Table 3. This work uses low-
permittivity textile material polyester (¢r= 1.9) — same
as [25], which helps in maintaining flexibility and me-
chanical durability. The proposed antenna is smallest in
size (30 x 20 x 0.8 mm?3), has the widest frequency range
(3.11-4.12 GHz) and largest bandwidth (1.17 GHz) suit-
able for wearable applications. The bandwidth of the
proposed antenna covers the most popular lower 5G
(3.33-4.2 GHz) and WiMAX (3.4-3.6 GHz) band. This
work and [24] show very good impedance matching
~ — 40 dB), indicating minimal return loss. The pro-
posed design has the best VSWR (1.001), almost ideal
(1.0), moderate gain (2.59 dB) balanced for omnidirec-
tional use, and highest efficiency (94.52 %), which
means most of the input power is radiated. The proposed
antenna is the smallest (enhancing wearability and
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integration), offers moderate gain (balancing perfor-
mance and compactness), and design simplicity (uses a
rectangular patch that is easy to fabricate and simu-
late).

Table 3 — Performance Comparison of the proposed polymer-
based antenna with the previous work

Reference No.
[11] 23] [24] [25] This Work
Parameter

Antenna Size 30x30x1.8 40x40x0.44 35%25x2 55%46x1.5 30x20x0.8
[LxWxh] mm?
Substrate Materiall | Jeans/Denim/ | PhotoPaper/ FDMS/ Polyester/ Polyester/
Permittivity 1.7/1.67 3.2 2.74 1.9 1.9
Operating Frequency | -3.15 to 3.95 3.33-3.15 2353ta581 | 341t03.59 | 5.11ta427
Range (GHz)
Reflection coefficient -20/-19 ~-30 -45.38 ~-13 -60.73
(dB)
VSWR 1.19 — 1.01 — 1.001
Bandwidth (GHz) 0.540 3.28 0.18 1.17
Gain at center — ~1.4 2.58 5.38 2.59
frequency (dB)
Efficiency (%) 70 78.59 94.52

Hence this work outperforms previous references in
most critical performance parameters. Although [25]
has slightly higher gain, its bandwidth and reflection
performance are lower. Based on the comparative table,
the proposed antenna demonstrates a strong balance be-
tween bandwidth, gain, efficiency, compactness, design
simplicity, flexibility and wearability. Furthermore, the
low profile, small size, cost effective and flexible struc-
ture, excellent impedance matching, and omnidirec-
tional radiation pattern making it a suitable candidate
for real-world applications in wearable communication
and smart clothing technology.

3.3 Experimental Results

The structure of the proposed polyester-based an-
tenna is fabricated, and the reflection coefficient (S11)
parameter is measured in free space using LiteVNA 64.
Figures 13(a) shows the top view and 13(b) the back view
of the fabricated antenna. Figure 14 depicts the experi-
mental arrangement utilized to assess key performance
parameters of the fabricated antenna. In Figure 15, the
variation in the reflection coefficient (S11) as a function
of operating frequency is presented, comparing results
obtained through simulation with those measured under
laboratory conditions. As seen, the simulated and meas-
ured resonant frequencies are 3.52 GHz and 3.54 GHz,
which are close to each other and very close to 3.5 GHz
of the designed antenna. The measured value of the re-
flection coefficient at resonant frequency is — 45.42 dB.
The measured S-parameters exhibit strong alignment
with the simulated data, indicating a high level of con-
sistency between the theoretical model and the fabri-
cated antenna's real-world performance. This agree-
ment reinforces the validity of the simulation approach
and confirms the reliability of the design under practical
operating conditions. The antenna's operating band-
width measured at — 10 dB is 1.5 GHz (2.8-4.3 GHz) cov-
ering the most popular lower 5G (3.33-4.2 GHz) and Wi-
MAX (3.4-3.6 GHz) band applications, indicating the an-
tenna’s performance remains within acceptable limits
with the range of these frequencies.

The deviation of experimental results from the sim-
ulated ones may results from the real-world factors,
such as imperfections in the antenna's construction, the
presence of parasitic elements or coupling from nearby
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structures in the physical setup, lossy materials in the
antenna's construction, measurement setup effects, and
variations in the measurement environment. Variations
or ripples observed in the measured data may arise from
multiple sources, including material absorption, electro-
magnetic dispersion, and scattering effects induced by
structural imperfections or inconsistencies in material
quality. Additional contributing factors such as con-
nector losses and interface mismatches can further de-
grade measurement accuracy and antenna performance.

{(a) Front view {b) Back view

Fig. 13 — (a) Front view, (b) Back view of the proposed antenna

Fig. 14 — Experimental set up for the measurement

0

=10+

=204

_30 .

-40 4

-50 H |—— Simulated
Measured

Reflection coefficient (dB)

-60 <

25 3.0 35 4.0 45
Frequency (GHz)

Fig. 15 - Simulate and measured reflection coefficient of the
proposed antenna
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The simulated results show ideal performance, while
the measured results confirm good real-world behavior
with slight deviations. The antenna achieves a strong
match and wide bandwidth, making it suitable for appli-
cations in the 3.5 GHz frequency band (e.g., 5G, Wi-
MAX).

4. CONCLUSION

This paper presents a novel design, development and
performance analysis of a low-profile compact flexible
antenna at 3.5 GHz using various substrate materials
such as FR4, Polyester and Cotton textiles for smart
clothing and wearable communication applications.
Through simulation, various antenna parameters are
evaluated and their comparative analysis shown polyes-
ter textile-based antenna perform better at 3.5 GHz
band. Hereafter, the well-suited polyester textile is fi-
nally chosen as substrate for the proposed antenna de-
sign and implementation. The proposed antenna with
compact dimensions of 30 x 30 x 0.8 mm3 operates over
a wide frequency range of 3.11-4.27 GHz and satisfy the
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IIpoexTyBamHs Ta po3po0Ka HU3BKOIIPO(DiJILHOI rHyuYKkol aHTenu Ha yacToTi 3,5 I'T'x
3 BUKOPHUCTAHHSM Pi3HUX MaTepiaiB migkIaaKu

Md. Samiul Islam, Abu Zafor Md. Touhidul Islam

Antenna Design Lab, Department of Electrical and Electronic Engineering, University of Rajshahi,
Rajshahi-6205, Bangladesh

VY craTTi mpecTaBiIeHO aHaJIi3 KOHCTPYKIII Ta IMPOJIYKTUBHOCTI HU3HKOIPOMIIHHOI THYYKOI aHTeHW Ha
gactoTi 3,5 ['T'11 3 BUKOpHMCTAHHAM Pi3HUX MaTepiaJIiB MIKIaaKN, Takux sk FR4, mosmiecrep Ta 6aBoBHAa, It
IHTeJIeKTyaJIbHOTO OJATY TA HOCUMUX KOMYHIKAIIMHUX 3acTocyBaHb. MojeoBaHHsa 0yJI0 BUKOHAHO 34 JI0TI0-
moroio mporpamuoro 3abeamevenus CST Microwave Studio. MiniaTiopHi po3aMipu aHTeHU CcTaHOBIATH 30 X 20
x 0,8 MM3, a IIOKpalleHHs il IPOyKTUBHOCTI 0yJI0 TOCATHYTO 3aBIAKYA BUKOPUCTAHHIO METO/IIB IIa30BOT0 Kpi-
ILUIEHHS Ta YACTKOBOIO 3a3eMJyeHHs. [[opiBHAMBHUN aHAJII3 IPOYKTUBHOCTI TPHOX aHTEH 13 3aCTOCYBaAHHAM
PISHHX ITIJKJIAIOK [TOKA3ye, [0 AHTEeHA HA OCHOBI II0JIIeCTePY Ta TEKCTUJIIO IIPOIIOHYE KPAIll XapaKTePUCTUKH.
Tomy 1JIsi €KCIIepMMEHTAJIBHOTO TECTYBAHHS peasrisallii aHTeH! Ta IePeBIPKYU Pe3yJIbTaTiB MOJie JIOBAHHS
OyJi0 o6pano migkaanky Rogers RT5880. Otixe, niia 3amporoHoBaHol peasisarii antenu Ha yacrori 3,5 [Ty
Ta eKCIIePUMEeHTAIBHOI IIepeBipKY 0yJi0 00paHo 1o0pe MiAXONSIInIi TeKCTUIIBHIYM MaTepias — moJriecrep. AH-
TeHa IpAaIfioe B MUPOKOMY mianasoni dacror 3,11-4,27 I'T'; Ta 3a70B0JIbHSE HANUTIOMY JIAPHIIIT HAKHI Jiana-
3ouu 5G (3,33-4,2 I'T') ra WiMAX (3,4-3,6 I'T'r). 3aBasAaxu cBoeMy HU3BKOMY TTPOQiIi0, KOMIAKTHUM PO3Mi-
paM, eKOHOMIYHO e(PeKTHUBHIN Ta THYYKIH CTPYKTYpI, 3aIPOIIOHOBAHA TEKCTHJIbHA aHTEHAa Ha OCHOBI IIoJriec-
Tepy 13 3aI0BUIHHOI0 IIPOIIYCKHOI 3JaTHICTIO, KOe(IIIEHTOM ITOCUJIEHHS, e(DEKTUBHICTIO Ta BCECIIPIMOBAHOIO
iarpamMor CIpPSAMOBAHOCTI MOKe PO3MINTYBATHCS HA MTOBEPXHI JIIOICHKOTO Tijia Ta J00pe MiIXOMUTh JIJIsd BU-
KOPHCTAHHS B PO3yMHOMY 0/15131 T2 HOCUMUX KOMYHIKAI[IMHUX 3aCTOCYHKaX. ExcIIepuMeHTaIbHI pesyibraT,
OTPUMAHI Ha BUTOTOBJIEHOMY IIPOTOTHIII, JOOPE Y3rOmKyIOThCs 3 JAHUMU MOJEJTIOBAHHI.

Kirouosi cinosa: [lomecreposa migkmnanka, ['myura, BesnporoBuit muporocmyrosuit qocryn, TexcruibHa
anTeHa, PogymHuMM oxsr.
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