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This paper presents the Dual-band microstrip patch antenna integrated with a rectangular split-ring
resonator (R-SRR) metasurface is proposed for 5G-NR Applications. 5G NR applications include mmwave
for the short distance line of sight communications. The short distance communications demand the compact
devices including compact antennas. A metasurface loaded rectangular patch antenna is designed using an
FR4-epoxy (e, = 4.4) substrate. In the proposed design, the R-SRR metasurface is placed 1 mm above a
rectangular patch antenna to enhance performance. The modified antenna operates at two distinct fre-
quency bands, (22.5-23.7 GHz) and (27.4-28.6 GHz). The metasurface integration in a simple rectangular
patch antenna results in improved gain from 2.42 dB to 6.59 dB. Simulations are performed using ANSYS
HFSS V 25.0, and key performance parameters, including return loss, radiation pattern, and gain, are an-
alyzed. This antenna design is optimized for 5G networks, ensuring high speed and low-latency communi-
cation. As part of this work, the proposed patch antenna was fabricated on an FR4 substrate to initiate the

process of experimental validation.
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1. INTRODUCTION

The rapid evolution of wireless communication tech-
nologies has led to the development of the fifth-genera-
tion (5G) networks, which demand high data rates, ul-
tra-low latency, and enhanced spectral efficiency. To
support these requirements, the utilization of millime-
ter-wave (mmWave) frequency bands (above 24 GHz)
has become a key focus area in both research and indus-
try. However, designing efficient antennas that operate
in these high-frequency bands poses significant chal-
lenges due to high path losses and fabrication limita-
tions. Microstrip patch antennas (MPAs) are widely pre-
ferred in 5G systems because of their compact size, low
profile, and ease of integration with circuits [1]. Despite
their advantages, traditional MPAs suffer from narrow
bandwidth, limited gain, and high dielectric losses, es-
pecially in the mmWave range. These limitations reduce
their effectiveness in wideband and high-frequency com-
munication systems [2].

In the recent literature, n257 and n261 are the attrac-
tive bands for 5G applications. Many research has been
published for targeting 26-29 GHz resonance for short-
range communication. In [3], the substrate integrated
waveguide (SIW) technique is adopted to enhance the
performance. Manish Sharma [4] et al proposed the nar-
rowband antenna for n257 and n261 bands. The an-
tenna is designed upon the low- loss substrate, Rogers
Series, for short-range communications. The design ele-
ment occupies 16 x 20 x 0.8 mm? volume and employs
circular slotted DGS for performance improvement [5].
Hexagonal-shaped cross-slotted antenna with DGS
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designed for 5G in [6]. Defected Ground Structures
(DGS) present several limitations, including fabrication
challenges and unwanted ground-plane radiation leak-
age. Similarly, advanced antenna technologies such as
Substrate Integrated Waveguides (SIW) become increas-
ingly difficult to fabricate at higher frequencies. Moreo-
ver, the use of low-loss substrates, although beneficial
for performance, significantly increases the overall cost
of the antenna. Hence, this paper proposes a simple rec-
tangular patch antenna implemented on a standard sub-
strate, enhanced using a proven superstrate-based im-
provement technique. Rectangular SRR is used as a su-
perstrate to enhance the gain and impedance matching
of a simple rectangular patch antenna in the n261 band.
Recent advancements in electromagnetic materials
have introduced metamaterials and metasurfaces as
promising solutions to enhance antenna performance.

However, integrating metasurfaces into compact an-
tenna design without altering the physical dimensions
of the radiating patch remains an open challenge in an-
tenna engineering.

2. ANTENNA STRUCTURE

The antenna proposed in this paper is a dual-band
microstrip rectangular patch antenna designed for mil-
limeter-wave 5G-NR applications, the design consists of
three primary layers: (1) A rectangular radiating patch,
(2) A ground plane, (3) A metasurface layer composed of
a rectangular split-ring resonator (R-SRR) unit cell.
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2.1 Microstrip Patch Antenna

The microstrip patch antenna is constructed with
FR4 epoxy substrate, which has a relative permittivity
of approximately 4.4. A microstrip patch antenna de-
signed for 5G NR application operating at 26 GHz,
which covers the 26.5-29.75 GHz (n257) band, offering
high gain and a wide bandwidth. Its low-profile struc-
ture with optimized impedance matching ensures effi-
cient radiation. The patch is fed using a coaxial probe
feed positioned at the optimal impedance- matching
points for good performance. The physical structure of
the microstrip patch antenna is shown in Fig. 1.

w
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Fig. 1 — Microstrip rectangular patch antenna

Table 1 — Dimension of the microstrip patch antenna

Design Parameters Values (in mm)
Length (L) 6
Width (W) 6
Thickness (7) 1.6
Patch Width (WP) 4.2
Patch Length (LP) 2.1

Feed Width (WF) 0.3

Feed Length (LF) 1.95

2.2 R-SRR Metasurface Integration

To improve the performance, an 8 x 8 array of Rec-
tangular Split-Ring Resonator (R-SRR) unit cells is in-
troduced above the patch. The R-SRR structures are
patterned on a thin dielectric layer and placed at a fixed
height above the patch. The metasurface used the same
dielectric constants and thereby bandwidth and ena-
bling dual-band operation. Each unit cell is placed with
a distance that is optimized to obtain the gain. The
metasurface alters the surface current distribution and
resonance behavior, helping to introduce a second band
and widen the response.

The gain of the microstrip patch antenna at higher
frequencies improves by shortening the patch length and
width compared to standard dimensions. The proposed
antenna is designed using calculated parameters, as
shownin Fig. 1 and summarized in Table 1. A microstrip
line feed excites the antenna, and its dimensions are op-
timized to achieve a 50 Q characteristic impedance. This
setup ensures efficient power transfer and correct im-
pedance matching. To boost performance even more, an
8 x 8 array of rectangular split-ring resonator (R-SRR)
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metasurface is placed 1 mm above the patch. The spac-
ing of the unit cells is carefully optimized to enable dual-
band operation. This design increases bandwidth, im-
proves gain, and enhances directivity. The metasurface
focuses the radiation pattern in the broadside direction.
The whole antenna structure, including the metasur-
face, is modeled and simulated in ANSYS HFSS v25.0.
Key performance metrics like S-parameters (S11), gain,
bandwidth, directivity, and the stability of the radiation
pattern are analyzed to confirm the improvements from
integrating the metasurface.

o
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One Unit Cell
R-SRRs Structure

Fig. 2 - R-SRRs metasurface loaded antenna

3. RESULTS AND DISCUSSION

When integrating the Rectangular Split-Resonator
(R- SRR) metasurface above the rectangular patch, a no-
ticeable improvement in antenna performance is ob-
served. This includes enhanced bandwidth, gain, and
dual-band resonance, while maintaining the original
patch size. The effect of the metasurface on the an-
tenna’s S-parameter, electric field distribution, and far-
field radiation pattern is analyzed and compared in de-
tail below.

3.1 Return Loss

(a) Rectangular Patch Antenna

The return loss of an antenna represents the amount
of input energy reflected back from the antenna. It is
typically derived from the antenna’s reflection coeffi-
cient. When the characteristic impedance of the antenna
is well matched with that of the feed line, minimal en-
ergy is reflected, resulting in a very low return loss.

Return loss(dB)
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Fig. 3 — Return loss of rectangular patch antenna
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The return loss of the rectangular patch antenna
shown in Fig. 1. The antenna resonates at 28.4 GHz with
the return loss of approximately — 30.5 dB, sufficient for
covering the 5G NR n257 band.

(b) Rectangular Patch Antenna with R-SRR
Metasurface

The integration of the metasurface modifies the an-
tenna’s characteristic impedance, which in turn shifts its
resonant frequency, as reflected in the Si1 response. Af-
ter incorporating the R-SRR metasurface above the
patch, the antenna demonstrates dual-band operation
with two distinct resonances at approximately 23.1 GHz
and 28 GHz. The corresponding return loss values im-
prove to —17.9 dB and — 15.5 dB, respectively, both of
which indicate good impedance matching.

Return loss(dB)

Frequency(Ghz)

Fig. 4 — Return loss of rectangular patch antenna

3.2 Radiation Pattern

The radiation pattern illustrates the directional ra-
diation characteristics of the antenna. From this pat-
tern, key performance parameters such as directivity,
peak gain, and beamwidth can be determined.

(a) Rectangular Patch Antenna

The conventional microstrip patch antenna shows a
relatively broad bandwidth with moderate directivity.
Some minor side lobes are observed, which can result in
reduced efficiency in targeted communication.

-180

Fig. 5 — Radiation pattern for rectangular patch antenna

(b) Rectangular Patch Antenna with R-SRR

Metasurface
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After integrating the metasurface, the radiation pat-
tern becomes more focused and directional. The main
lobe sharpens in the broadside direction, side lobes are
significantly suppressed, and cross-polarization levels
are reduced. This results in improved directivity and
beam stability, especially beneficial for high-frequency
5G mmWave applications.

-180

Fig. 6 — Radiation pattern for R-SRR metasurface

4. GAIN

(a) Gain of rectangular patch antenna

The gain indicates the amount of power radiated in a
given direction. The Rectangular patch antenna
achieves a gain of 2.42 dB at 28.4 GHz.
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Fig. 7 — Gain of rectangular patch antenna

(b) Gain of Rectangular SRR Metasurface

The gain improves to approximately 6.59 dB, show-
ing an increase of around 4 dB, which is crucial for
mmWave 5G applications.
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Fig. 8 — Gain of rectangular SRR metasurface
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Table 2 — Performance analysis of antenna

Refe- |Resonance|Material Size Technology
rence |Frequency| Used
No

[3] n257 FR4 |50 mm x 38 mm —

[4] n257 Rogers |16 mm x 20 mm DGS

[5] n257 FR4 | Not mentioned DGS

[6] n257 FR4 48 x 36 mm? Slot An-
tenna
[7] n257 — Not mentioned |Metasurface
supports Di-
electric
[8] n257 Rogers | 60 x 25 x 0.49 | MTM array
RT5870 mm3
In this n257 FR4 6 mm x 6 mm |MTM super-
work strate
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JBogiamazoHHa MiKPOCMY:KKOBA aHTeHa 3 meTamoBepxHer HAa ocHOBiI R-SRR myia 3acrocysaun
y mepe:xax 5G-NR

B. Sivashanmugavalli, R. Kaviya, G. Lokesh Kumar, M. Lakshmi

B.S. Abdur Rahman Crescent Institute of Science and Technology, Vandalur, Chennai, India

¥V 11iif cTaTTI HPECTABIIEHO JTBOCMYTOBY MIKPOCMY’KKOBY aHTEHY, IHTETPOBAHY 3 METATIOBEPXHEIO HA OCHOBI IPsi-
MOKYTHHX PO3pI3HMX KuIbileBux pesonatopie (R-SRR), mpusHnaveny mist 3acrocysans y mepexxax 5G-NR. Texwo-
sorist 5G NR niepenbavyae BUKOprCTaHHS MUTIMETPOBUX XBIJIB [ 3B sI3KY HA KOPOTKUX BIZICTAHSX Y MEKAX IIPSIMOL
BuauMocTi. Taki ymMoBY 3B’s13Ky BUMAraloTh BUKOPHCTAHHS KOMIIAKTHUX IIPHCTPOIB, 30KpeMa ¥ KOMIIAKTHIX aHTEH.
Pospobiiena anTeHa, 110 MICTATH METATIOBEPXHIO, BUKOHAHA HA TTTKJIAJIIL 3 €ITOKCUIHOTO cKyIoTexcronTy FR4 (mi-
€JIEKTPUYHA ITPOHUKHICTD & = 4,4). Y 3amporioHoBaHiil KoHCTpyKIi MeramoBepxus R-SRR poamimena wa Bincrami
1 MM HaJI IPSAMOKYTHUM BHUIIPOMIHIOBAYEM JJIsI TIOKPAIIEHHs pobounx xapakrepuctur. MozudikoBana aHTeHa
MPAIToe Y TBOX OKPEMIX YACTOTHHX miamasonax: 22,5-23,7 ['T1y ta 27,4-28,6 I'T'ir. IuTerpaitiiss MeTaroBepxHi B KOHC-
TPYKIIIO 3BUMYANHOI IIPAMOKYTHOI aHTEHH! T03BOJIMIIA 30LIBIIMTH KoedilieHT macmieHnas 3 2,42 nb mo 6,59 nb.
Mopemosanns nposoauitocs B cepemosuim ANSYS HFSS sepcii 25.0; Taxosk 6ys10 IpoaHAI30BAHO KJIOU0BI poboul
mapaMeTpH, 30KpeMa 3BOPOTHI BTPATH, JiarpaMy CIIPpAMOBAHOCTI Ta KoediltieHT macrieHHsa. KoHerpykitia anrenn
OIrTMMI30BaHa I Mepesk 5G, 110 3a0esnedye BUCOKY IIBUOAKICTD IIepeaadl JAHNX 1 HU3bKY 3aTPUMKY CUTHAIY. Y
MesKax Ifiel poboTr 0yJI0 BUTOTOBJIEHO JOC/IHMM 3PA30K 3apOIIOHOBAHOL aHTeHH Ha maxaamn FR4 nis npose-
JIeHHS eKCIIePUMEHTAJILHOI ITePEeBIPKU.

Kmiouori ciosa: MikpocmyskkoBa amreHa, Emoxcumuumit marepian FR4, Meramosepxusi tumy R-SRR,
Jliamazou N257, JIomianasornna, Brucokuit KoedillieHT i CHIeHH.
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