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This manuscript presents the analysis as well as the design of a compact size 3 semicircle CSRR (Complementary
Split-Ring Resonator) loaded multiband antenna. The proposed antenna has 18 mm x 20 mm dimensions and
resonates at three frequency bands, namely 2.7 GHz, 3.75 GHz, and 6.5 GHz, making it suitable for Wi-Fi (802.11a),
mid-band 5G band, and WLAN applications. The design includes a rectangular finite ground plane that is longer than
A4, which enhances performance. The semicircle CSRR structure is etched from a semicircle monopole antenna,
which provides additional resonant modes and also contributes to a reduction in the overall size of the antenna. The
antenna has a height of 1.6 mm and is printed on an FR4 dielectric substrate with a dielectric constant of 4.4. The
designed antenna has been both simulated and fabricated. The results show that all three frequency bands have
achieved stable radiation patterns and acceptable return losses (<— 10 dB). The measured gain averages 2.028 dBi,
indicating effective performance. The findings indicate that the antenna exhibits a bidirectional radiation pattern in
the E-plane and a uniform distribution in the H-plane for lower frequency bands. This work highlights the antenna's
compact design and its potential for efficient operation in modern wireless communication systems, providing a
promising solution for future applications.
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1. INTRODUCTION

The rapid evolution of wireless communication
systems has led to an increasing demand for compact and
efficient antennas capable of supporting multiple
frequency bands. Multiband antennas are essential for
next-generation wireless technologies, such as 4G, 5G,
Wi-Fi, and WiMAX, as they enable the operation of
various communication standards within a single device.
[1] Highlighted the significance of multiband antennas in
enhancing wireless communication systems by offering
compatibility across diverse frequency bands, making
them indispensable for modern multi-service networks
The miniaturization required for multi-band support
often compromises efficiency, and achieving optimal
performance without interference across multiple bands
remains a key limitation. Various techniques have been
proposed to achieve multi-band performance, such as the
incorporation of metamaterials, complementary split-ring
resonators (CSRRs), and defected ground structures
(DGS) [2-4, 5] proposed a triband microstrip antenna
incorporating a hexagonal complementary split-ring
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resonator (CSRR). This design effectively achieved
triband operation, targeting wireless communication
systems. The use of hexagonal CSRR contributed to the
compact size and enhanced frequency selectivity.
However, the performance of this design in highly
congested communication environments and its
suitability for higher-order applications remain areas for
further exploration. Similarly, [6] proposed a compact
triband antenna design incorporating advanced loading
techniques to achieve high performance for wireless
applications. Their approach successfully minimized the
antenna's size while ensuring excellent multiband
operation. Similarly, [7] developed a triband slot antenna
integrated with an asymmetric split-ring resonator
(SRR), demonstrating enhanced frequency selectivity and
compactness. Despite these achievements, scalability to
other frequency bands and fabrication complexities were
identified as limitations requiring further exploration. [8]
introduced a multiband antenna design tailored for
advanced wireless applications, such as Wi-Fi 6E and
Wi-Fi 7. This design utilized optimized complementary
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split-ring resonators (CSRRs) to achieve significant size
reduction without compromising performance.

[9] presented a compact tri-band antenna specifically
designed for wireless communication and fifth-generation
(5G) applications. Their approach leveraged advanced
loading techniques to achieve high-performance multi-
band operation while maintaining a small form factor.

[10] developed a triband compact antenna aimed at
wireless applications. Their design demonstrated
enhanced miniaturization and operational efficiency across
multiple bands, contributing to the growing body of work
on compact multi-band antennas. [11] proposed a tri-band
slot antenna integrated with an asymmetric split-ring
resonator (SRR), specifically tailored for wire-less
applications. The asymmetric SRR configuration enabled
the antenna to achieve tri-band operation with enhanced
frequency selectivity and compactness. Despite these
advancements, there is still a need for innovative
approaches to address the limitations of existing methods.

This work presents three new, enhanced compact
semi-circular monopole antenna designs featuring a
CSRR- based patch structure. These designs are intended
for Wi- Fi (802.11a), mid-band 5G, and WLAN services,
offering good antenna parameters. The proposed antenna
designs aim to overcome the drawbacks of previous
methods by providing a compact solution without altering
the shape and size of handheld devices. Implementing
CSRRs allows for wunique antenna characteristics,
including multiband performance and size reduction,
making these antennas well-suited for modern wireless
communication systems.

2. PROPOSED DESIGN OF ANTENNA

The proposed antenna design consists of monopole
antennas in a semicircle shape. The rectangular finite
ground plane's length is slightly more than /4, Here, 1
represents the wavelength of the frequency being used.
The monopole antenna is printed on the top side of a
FR-4 dielectric substrate, while the ground plane is
printed on the opposite side.

© @

Fig. 1 — Refinement of Semicircle SRR antenna
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Figs. 1a, 1b, 1c¢, and 1d illustrate different
configuration phases of a semicircle split-ring resonator
(SRR)-based monopole antenna designed for tri-band
applications. The proposed design improves the
conventional semicircle monopole antenna with an
insert feed. The antenna is integrated onto an FR-4
substrate (& =4.4) with dimensions of
(20 x 18 x 1.6) mm?3. To achieve three bands with a
partial ground plane, a single, double, and triple CSRR
ring was formed in the conventional monopole antenna
while maintaining the same semicircle shape. The
antenna specifications are shown in Table 1.

The following design equations were used to design
the antenna [12]

f= o (1)

Cm+BTfL
Where a =9 mm and 2~ =1.6 mm
0.5
a, = a{1-2n2 +17726)} @)

f = 1.8412x3x10°8
T 4x3.14x9.3Va4

®3)

Table 1 — Proposed antenna dimensions

Parameters Dimensions(mm)
Width, W 18
Length, L 20
Radius, R 9
Ground length, g 8.2
1st CSRR radius, r1 6
2nd CSRR radius, r2 7.5
3rd CSRR radius, r3 8.5
1st CSRR width, 0.3
1st CSRR Split gap, Ws1 0.3
2nd CSRR Split gap, Ws2 0.4
3rd CSRR Split gap, Wss 0.25

The radius of the monopole is denoted as a., while the
resonant frequency is represented as fr. In this design,
the parameters were selected as ¢ =9 mm, h=1.6 mm,
and a.=9.82 mm to achieve a resonant frequency of
approximately 2.13 GHz. To introduce additional
electrical resonance at 3.6 GHz, a semicircular split-ring
complementary split-ring resonator (CSRR) was etched
from the monopole antenna. This resonance was achieved
by carefully designing the dimensions of the CSRR,
including its width and length. Further, additional
semicircular CSRRs were etched along the outer edges of
the monopole antenna. This modification was
implemented to create resonance at 2.4 GHz while
simultaneously enhancing the impedance matching at
3.8 GHz, which corresponds to the upper resonant
frequency of the band. The top and bottom geometries of
the proposed antenna, designed for tri-band operation,
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are illustrated in Fig. 2. Fig. 3 shows the experimental
antenna. In Fig. 4, a comparison is made between the
simulated return loss (Si1) characteristics of a monopole
antenna with and without CSRR configurations. When a
single semicircle CSRR is employed, the antenna has a
band that resonates at 3.6 GHz. On the other hand, using
dual semicircle CSRR results in resonances at 3.5 GHz
and 7 GHz but with poor impedance matching. However,
by implementing a triple semicircle CSRR, the antenna
demonstrates several resonances at frequencies of
2.2 GHz, 3.8 GHz, and 6 GHz, while also achieving
enhanced impedance matching.

— Wzibmm ——>

.

Fig. 2 — Displays the suggested shape of the antenna (a).
Overhead perspective (b). View from the bottom

S44(dB)

- - without semicircle CSRR
16 - =1 semicircle CSRR
=== 2 semicircle CSRR
—— 3 semicircle CSRR
20 T T T T T T

1 2 3 4 ] 6 7 8
Frequency(GHz)

Fig. 4 — Displays the simulated Siu1 characteristics for the
proposed antenna both with and without CSRRs

3. SURFACE CURRENT DISTRIBUTIONS

The surface current distribution of the proposed
monopole antenna was analyzed to understand its
operating mechanism across three frequency bands:
2 GHz, 3.6 GHz, and 6 GHz. This analysis is critical for
identifying the role of various antenna parameters in

performance across these bands. The results reveal that
in the three-slot circular antenna structure, the center
and outer slots are primarily responsible for resonance
at the lower frequency band (2 GHz), while the inner
slot contributes to resonance at 3.6 GHz. Through a
coupled effect, the three circular slots collectively enable
resonance at the higher frequency band of 6 GHz. In the
semicircular CSRR-loaded monopole antenna, the outer
semicircular CSRR is primarily responsible for the
resonance at the 2 GHz frequency band. The results of
this analysis are illustrated in Fig. 5.

4. RADIATION PATTERNS AND GAINS

This antenna has been fabricated, and its E- and H-
plane radiation patterns were measured at frequencies
of 2.7 GHz, 3.75 GHz, and 6.5 GHz in an anechoic
chamber. Fig. 7 presents the measured radiation
parameters of the proposed antenna across these three
frequency bands. The results indicate an average gain
improvement of 2.028 dB at the measured frequencies.
The findings show that the antenna exhibits a
bidirectional radiation pattern in the E-plane and a
uniform radiation distribution in the H-plane for the
lower frequency bands. However, at 6.5 GHz, deviations
from the expected pattern are observed, likely due to
manufacturing inaccuracies or measurement errors.
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C

Fig. 5 — Surface current distribution of semicircle CSRR for
respective frequency band, (a) 2 GHz, (b) 3.6 GHz, (c) 6 GHz

5. SIMULATED VS MEASURED RESULT
DISCUSSION

The fabrication and measurement of this antenna
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have been completed. Fig. 9 displays the |Si1| results
obtained from simulations and measurements within the
frequency range of 2 to 7 GHz. The experimental results
suggest that the lower band has a functional range (| S1i1 |
10 dB) of 150 MHz (2.6 — 2.75 GHz), the middle band has
a functional range of 100 MHz (3.7 — 3.9 GHz), and the
higher band has a functional range of 500 MHz
(6.2 — 6.7 GHz). These bandwidths allow the antenna to
provide LTE band, WiMAX, and WLAN operations, as
requested. The differences between the modeled and
tested curves might be caused by a manufacturing fault,
the substrate's relative permittivity tolerance, or a
mismatch in the particular impedance be-tween the SMA
connection and the micro strip feed line.

=== simulated
= measured

T T T
2 3 4 5 6 7
Frequency(GHz)

Fig. 6 — Simulated and measured S1: parameters

= = = Measared (E-Plase)

6.5 GHz

Fig. 7— H-plane and E-plane patterns
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A comparison of the recommended performance
parameters for the proposed triple-band antenna and
existing multi-band antennas designed for WLAN and
WiMAX applications is provided in Table 2. The table
offers detailed insights into the antenna dimensions,
resonant frequencies, advancements, radiation patterns,
and frequency ranges utilized by each design. The
antennas described in references [6, 11, 12] exhibit
relatively large dimensions, and their suboptimal ground
structures contribute to reduced gain. In contrast, the
triangular split-ring resonator (SRR) demonstrates a
notably low gain performance.

Table 2 — Comparison of the performance characteristics

Ref Antenna |Antenna |Resonant Gain
dimensions Frequencies (dBi)
(GHz)

[13] Triangular (30 x 50 x 1.6 (3.5, 4.1, 5.6 & |1.24,
SRR 9.7 0.62,
[resonator 0.69

[14] Defected 50 x 50 x 1.5 1.2 GHz, 2.45 [NA
ground GHz and
structure 5.6372 GHz

[15] Hilbert 24 x 34 x 1.6 2.45, 3.6, 5.7 |1.7,
fractal slot 2.1,
and DGS 4.02

[Propos (Tri 18 x 20 x 1.6 [2.7GHz, Avg

ed] Semicircle 3.75GHz, and |gain of
antenna 6.5GHz 2.028
design

6. CONCLUSIONS

The analysis reveals that the antenna proposed in this
study provides adequate gain, a reliable omnidirectional
radiation pattern, and sufficient bandwidth to cover the
desired Mid-Band 5G and WLAN frequency ranges.
Additionally, these benefits are achieved within a compact
form factor, making the proposed antenna a highly
efficient and practical solution.
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KomnakTua anrena 3 HamiBuupkyaapauMm CSRR-pesonaTopom ai1a Tpugiana3soHHUX 3aCTOCYBAaHb
A. Am06ikal, Y. Txapiui?, I1. Yakpao6opri?, C.C. IIpadxy!, C. IIpisgapcimi?, ﬁ.ﬂm.H. Axamen3

1 Kagpeopa enexmporixu ma 36’ a3xy, Incmumym nayku @i mexnonoeiii B.S. Abdur Rahman Crescent, Yernnai, Indis
2 Kagbeopa komn’iomeprux Hayk ma inscernepii, Inocenepruii koneds PSR, Cisakxaci, Inoin
3 Kagbeopa komn’iomeprux Hayk ma incernepii, Incmumym Sreenivasa, Yimmyp, Inois

VY pmaniii poGoTi IpeCcTAaBIEHO aHAI3 TA IPOEKTYBAHHS KOMIIAKTHOI TPUIIATIA30HHOI aHTEHH, HABAHTAMKEHOI
HamBIupKyIapHoo crpykTyporo CSRR (Complementary Split-Ring Resonator). 3ampomonoBana anTeHa Mae
poamipu 18 X 20 mm 1 mparroe Ha TPHOX pedoHaHcHUX yacrorax: 2.7 'l (migxomuts ama Wi-Fi 802.11a), 3.75 I'Tg
(nns1 cepemabouacrorHoro miamazony 5G), 6.5 I'T'm (ms WLAN-zacrocyBamb). KoHCTpyKIliss aHTeHuM BRIIIOUAE
IPSIMOKYTHY OOMeEKeHy OIIOpHY ILIONIMHY, TOBMKMHA SKOI mepesuinye 1/4 moesuuHuH XBuil (A/4), mo copusie
moKpareHHo pobounx xapakrepuctuk. CSRR-cTpykTypa BuTpaB/ieHA 3 HAMBIMPKYJSPHOTO MOHOIIOJIBLHOIO
€JIEMEHTA, 10 CTBOPIOE JOJATKOBI PE30HAHCHI MOJY Ta JI03BOJIsI€ 3MEHIIUTH PO3MIPH AHTEHH. AHTEHA Mae BHCOTY
1.6 MM 1 BUTOTOBJIEHA Ha JieseKkrpuuHiil makgamn FR4 3 mienexrpuynoo craion & =4.4. Yci Tpu aiana3oHu
MAaloTh CTA0LIbHI XapaKTePUCTUKN BUIIPOMIHIOBAHHS Ta 3BOPOTHI BrpaTtu HmkdYl 3a — 10 1B, Cepenmiit KoeditrienT
mgcrienss: 2.028 nbi. B E-tutomumH1 criocTepiraeThes TBOHAIPSMHA liarpamMa BUIPOMIHIOBAHHS, a B H-turommH1
— PpIBHOMIpHMI pO3MOMIT HA HIMKYMX dYacrorax. lle mocimipkeHHS JeMOHCTpye egeKTHBHICTH MiHIaTIOPHOI
KOHCTPYKIT aHTeHW, MPUIATHOI JJIs CyJYacHUX Oe3JIpOTOBHX KOMYHIKAIWHMX cucreM, 3okpema 5G, Wi-Fi ta
WLAN, i cTaHOBUTE IIePCIIEKTHBHE PIIlIeHHS IS MAOyTHIX KOMITAKTHUX IIPHUCTPOIB.

Kmouori ciosa: Komnakrua anrena, CSRR, Tpumianasousnicrs, 5G, Wi-Fi, WLAN, Miniaropusarris, Poamois
TIOBEPXHEBOI'0 CTPyMy, 3BopoTHi BTpaTH, Jliarpama BunpominoBauss, [linkmanka FR4.
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