JOURNAL OF NANO- AND ELECTRONIC PHYSICS JKYPHAJI HAHO- TA EJIEKTPOHHOI ®I3HKH

Vol. 18 No 4, 04012(4pp) (2026) Tom 18 Ne 4, 04012(4cc) (2026)
OPEN ACCESS
REGULAR ARTICLE
Theta-Shaped Microstrip Patch Antenna with DGS for Dual NR Mid Band 5G Deployment

Applications

Suganthi Santhanam!* ™2, Vijay Mathiyazhagan?t, PL. Natchiammai3¥, Suriya Kasinathan4$,
S. Athinarayanan®™, Manjunathan Alagarsamy®ff

1 Department of Electronics and Communication Engineering, K. Ramakrishnan College of Technology,

Tir-uchirappalli, Tamil Nadu, India

2 Department of Electronics and Communication Engineering, SRM TRP Engineering College, Irungalur, Trichy —

621105, Tamil Nadu, India
3 Department of Electronics and Communication Engineering, Mookambigai College of Engineering, Pudukkottai,
Tamil Nadu, India
4 Department of Electronics and Communication Engineering, Easwari Engineering College, Ramapuram,

Chennai — 600089, Tamil Nadu, India

5 Department of Computer Science and Engineering, Vel Tech Rangarajan Dr. Sagunthala R&D Institute of Science

and Technology, Chennai — 600062, Tamil Nadu, India

(Received 04 April 2026; revised manuscript received 17 August 2026; published online 21 August 2026)

The design and installation of an improved defective ground structure (DGS) slotting theta-shaped
patch antenna (TSPA) for 5G Sub-6 GHz applications are presented in this work. An FR-4 substrate
(& =4.3, tan 6= 0.025), which has a copper layer on the two sides, is used to manufacture the suggested
antenna. The antenna works at two frequencies of 4.13 GHz and 5.12 GHz, including the n77 (3.3-4.2 GHz)
and n79 (4.4-5 GHz) bands. Its small dimensions are 35 x 34 x 1.6 mm3 (0.394 x 0.374 x 0.024). It has an
enhanced reflection coefficient of — 30 dB at both frequencies and a broader bandwidth of 130 MHz at
4.13 GHz and 400 MHz at 5.12 GHz. The benefits and efficacy of the suggested design for the intended ap-
plications are highlighted by a careful comparison with similar published studies. The results shed light on
how 5G wireless communication networks should be optimized. The antenna's omnidirectional transmis-
sion pattern, significant gain, and effective radiation make it a feasible choice for the spectrum of 5G com-
munication systems in a number of situations. For 5G portable devices, this suggested antenna may be
helpful. The need for active beam forming antenna configurations in 5G telecommunications, especially in
the sub-6 GHz frequency range, necessitates the integration of novel electronics with antennas.

Keywords: Microstrip patch antenna, Defected ground, Circular slotted theta-shaped radiating elements,
Mobile phones, 5G tri-band, DGS, High gain, High directivity.
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1. INTRODUCTION definition live broadcasting, astronomy, space travel,
the internet of things (IoT), smart houses, effective
transportation [2], and remote medical and educational
services. Large data speeds, many connections, incredi-
bly low latency, higher dependability, and a larger
A > ] geographic area of availability with improved mobility
munication 18 an gssen‘mal part ,Of it. The funda'mer.ltal are the main bene-fits of sub-6 GHz 5G that enable it to
performanpe requirements of wireless 'commumcatlon, provide so many services [3]. Even though mm-wave
such as high data‘ﬂow, broad connection, and low la- 5G employs fast-frequency spectrum as well as enables
tency between devices, can be successfully met by sub- extremely high data rates, the 5G technology operating

§GHZ, teChI_lOIF)gy'v Numerous wireless technolqgies, less than 6 GHz is thought to have been more feasible
including Wi-Fi, WlMAX} 3G, 4G, and the potential of ;4 easily deployable due to its higher reach and de-
5G net-works, rely on this technology [1]. Robots, cloud ployment capacities [4].

computing, augmented and virtual reality, high- In wireless technology, antennas are essential for

The technology transformation of the past century
has drastically altered humanity and worldwide con-
nected-ness. Our everyday lives have been greatly im-
pacted by this technology revolution, and mobile com-
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creating communication links. Patch antennas can now
operate in several bands, have a broader bandwidth,
reduced return loss, and are more compact thanks to
de-sign advancements in recent years. Due to their
multi-band support, affordability, portability, durabil-
ity, and ability to accurately adjust radiation patterns,
planar antennas have been utilized in Wireless LAN,
WMAN, along with the next generation of wireless
alongside 5G use cases [56]. Numerous researchers ar-
gue that array antenna is among the greatest ways to
achieve optimal equalization of impedance and increase
gain [6]. The software for HFSS uses the finite element
method, also known as FEM, to develop an IA adapta-
ble CPW-powered transparent antenna with WLAN in
addition below-6 GHz workloads [7]. AgHT-8 conduct-
ing material, which has an electric size of 0.484 x 0.64/,
is combined with a lightweight, transparent PET inside
the antenna. Specialists created a 40 x 30x 1.6 mm?3
planar antennas featuring a bandwidth of 0.72 GHz in
addition to a successful gain of 2.5 dB considering 5G
applications. The reflecting accuracy is — 31.15 dB un-
der a resonant rate of 3.83 GHz [8].

Another FR-4-based 32.4 x 27.9 x 1.6 mm? plane an-
tenna is reported in [9]. Its entire bandwidth is
0.019 GHz. Its reflecting coefficient is — 26.5 dB and its
greatest gain is 4.2 dB at 3.5 GHz. Defective Ground
Structures (DGS) as a popular method due to its
adaptability and architectural autonomy. The applica-
tion of WiMAX with sub-6 GHz has been covered in
numerous important studies. A compact dual-band 5G
network antenna [9] explains how to utilize sub-6 GHz.
Circular polarization plus a ring-shaped slot antenna
construct-ed from FR-4 substrates are suggested [10].

2. PROPOSED STRUCTURE DESIGN

Antenna-1 uses a novel modified DGS technique
with a special theta-shaped patch antenna. The modi-
fied DGS approach can be used to increase a theta-
shaped patch antenna's bandwidth and return loss. The
simulated form is shown in Figs. 1 (a) and (b), whereas
the structure with optimized dimensions is shown in
Figs. 1 (c) and (d).

GSLL

GSLW

Fig. 1 - The proposed DGS based antenna with dimension
(a) Front view (b) Back view
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The theta slotted patch antenna's radiation perfor-
mance characteristics were estimated using a DGS and
the CST Studio suite 2020. FR-4 (lossy) substance, with
an apparent permittivity of 4.3 alongside is 1.6 mm
thick, was used in the construction of the antenna. The
circularly slotted theta-like patch, feed cable, in addi-
tion to grounding plane are made using metal (average
thickness of 0.035, annealing) and a DGS.

The usage of modified DGS on the ground plane and
circular slotted unique theta forms enables the element
to function in multiple modes upon the area that radi-
ates in separate bands. The microstrip patch technique
further improves impedance matching. The antenna
evaluation procedure is shown in Fig. 2. The solid
ground plane was swapped out for a partial ground
plane and the circle for a ring in order to enhance the
output. A vertical stub and a ground plane design mod-
ification were made to further enhance the outcome.
Additionally, a horizontal line was added to the front
side design. Fig. 3 shows the finished design.

Fig. 2 — Evaluation procedure for DGS design

The circular patch was designed to have a theta
shape using Egs. (1-3). This formula includes a loga-
rithmic function F, the substrate material's relative
permittivity & and the resonanting duration fin GHz.

The design consideration of antenna is expressed as

1
3
R =R 1+ [ ) 117726 @
e, R 2h

In this case, R is the rings radius and R. is the ef-
fective circular patch radius.

2)
R= £
1+ 2h
F
ﬂ1F|:ln[ L ZhJ +1 .7726:|
Where:
9
F:8.79l><10 3)

fe

3. RESULTS & DISCUSSIONS

The complete electromagnetic simulation was per-
formed using CST Studio Suite 2020 in order to ascer-
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tain the constructed antenna's reflection coefficient.
Fig. 3 displays the reflection coefficient plot for the
recommended antenna with enhanced DGS. At reso-
nant 4.13 GHz and 5.12 GHz, the simulated |Sii]
values are —35.64 dB and - 32.69 dB, respectively.
These resonant frequencies have a bandwidth of
400 MHz (5.05-5.45) and 130 MHz (4.11-4.35).

—204

Return loss(dB)

_354 {5.125, -32.69144)
{4.1375, -35.63824)

3.5 4.0 4.5 5.0 55 8.0
Freq [GHz]

Fig. 3 — Reflection coefficient of theta shaped antenna
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Fig. 4 —- The VSWR plot of theta shaped antenna

Fig. 5 — Gain of the theta shaped antenna
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Fig. 6 — Current distribution proposed antenna

The suggested antenna's simulated VSWR values
fall between 1 and 1.1 as in Fig. 4 which is satisfactory.
Ultimately, the results demonstrate that the recom-
mended antenna can be used in both desired frequency
bands. The impedance mismatch between the antenna
along with feed systems is measured by the VSWR the
amount of voltage over standing waves ratio is known
as VSWR. The simulated 3D gain of the proposed an-
tenna over 4.13 GHz and 5.12 GHz is displayed in
Fig. 5. At 5.12 GHz and 4.13 GHz, the structure's gain
is 1.88 dBi and 0.05 dBi, respectively. It is discovered
that the gain in the 4.13 GHz frequency range is be-
tween 1.87 and 1.01 dBi. Although the gain started out
negatively, it rose when frequency climbed. For the
frequency band at the resonance frequency of 5.12 GHz,
gain ranges from 2.36 to 1.51 dBi. The starting gain in
this frequency range was sufficient, yet as the frequen-
cy range rose, the gain dropped and eventually settled
at 1.51 dBi. Figure 6 displays the outermost current
distribution of the suggested antenna at 4.13 GHz. The
surface current distribution must be used to determine
which antenna components are necessary on the multi-
ple band frequencies. The lower portion of the theta-
shaped patch and the feed line have higher levels of
current density, either the center portion of the patch
along with the DGS line. The obtained characteristics
are compared with various literary works in Table 1.

Table 1 — Comparison with literature results for the proposed work

Ref Operating  Frequency | Antenna Size (mm?) | Substrate Bandwidth Return Loss (dB)
(GHz) (MHz)

[10] 3.3& 4.5 0.44 x 0.341 FR-4 340 & 410 - 22 & —-23

[11] 4.53 & 4.97 0.854 x 0.854 R0O5880 200 & 50 —14 & - 28

[12] 5.65 0.584x 0.611 Arlon 135 —12.5

[13] 3.51 0.424 x 0.421 Rogers 69.2 —54.08

[14] 3.4&5.9 0.44x 0.411 FR-4 356 & 443 —19.36 & —22.9

[15] 4.0& 4.9 0.564 x 0.451 FR-4 130 & 890 —18.82 & —19.91

This 4.13 & 5.12 0.484x 0.414 FR-4 130 & 400 —35.64 & — 32.69

work

4. CONCLUSION

A unique defected grounded system with slotted
theta-formed antenna patch targeting sub-6 GHz 5G
services is presented in this research. The traditional
one-band patches antenna is outperformed by a mi-
crostrip powered patch antenna utilizing the FR-4. The
main technique to increase the antenna's performance

is to use a single line in the DGS. We additionally mod-
eled the compact (35 x 30 mm2) and easy-to-construct
proposed DGS-powered two-band TSPA to verify its
operation. The suggested antenna provides an excellent
return loss of more than — 30 dB at both 4.13 GHz and
5.12 GHz for Sub-6 GHz, and its narrow spectrum
width exceeds 130 MHz in addition 400 MH. Models

04012-3




S. SANTHANAM, V. MATHIYAZHAGAN ET AL.

using the CST Studio Suite 2020 program demonstrate
the benefits and efficacy of the suggested design accord-
ing to the intended uses. The results provide insight
into potential two-band patched antennas, considered
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PobGora mpucBsiueHa IIPOEKTYBAHHIO TA BCTAHOBJIEHHIO BJIOCKOHAJIEHOI IIIJIMHHOI TeTa-Ioai0HOI maTd-
aurern (TSPA) 3 medexrHon 3aszemumoBaiabHo0 crpykryporo (DGS) mgms sacrocysaub 5G Sub-6 GHz. Jlaa
BUTOTOBJIEHHSI 3aIIPOIIOHOBAHOI AHTEHU BUKOPUCTOBYEThCS migkaanka FR-4 (g = 4.3, tan §= 0.025), sixa mae
MIigHHUI map 3 OBoX 00KiB. AHTeHa mpairioe Ha ABox yacrorax: 4,13 I'Tr ta 5,12 I'T'w, BrIovatoun miamasonu
n77 (3,3-4,2 I'T'm) Ta n79 (4,4-5 ['Tw). Ii mai poamipu cramosasaTs 35 X 34 X 1,6 mm3 (0,39 x 0,37 x 0,02 Q).
Bona mae moxpamenuii koedimient Bigourtsa —30 1B Ha 000X YacToTax Ta IIMPIIY CMYTY IpomycKaHHs 130
MTI'y ma gacrori 4,13 I'T'ir Ta 400 MI' Ha wacrori 5,12 I'T',. IlepeBarn Ta edeKTHUBHICTL 3aIIPOIIOHOBAHOI
KOHCTPYKIM JJIsT I[IJTBOBUX 3aCTOCYBAHB IIIIKPECIIIOITHCS PETEJIbHUM IIOPIBHAHHSAM 3 aHAJIOTIYHUMU OILyO-
JIIKOBAHUMH JIOCITIPKeHHSAME. Pe3ybTaTy IposIMBaioTh CBITJIO HA Te, SIK CJIIJ OITUMI3yBaTh 0e3IpOTOBI KO-
myHikariial mepexi 5G. BeecripssmoBana miarpama cIpsiIMOBAHOCTI aHTEHW, 3HAYHUM KOeMIIIEHT IIOCUIIEH-
Hs Ta ed)eKTUBHE BUIIPOMIHIOBAHHS POOJISATH 11 MOKJIMBUM BHOOPOM JIJISI CIIEKTPY KOMYHIKAILMHUX CHCTEM
5G y mmami curyariit. Jlaa mopraTuBHux mpuctpoiB 5G I 3aIpoIIOHOBaHA aHTEHA MOXKe OyTH KOPHCHOIO.
Ilorpeba B akTMBHUX KOHMITypallisix aHTeH 3 (POPMyBAHHSIM IIPOMEHSI B TeJleKOMyHIKaIisax 5G, ocobirBo B
miamadoHi yacror Hrzkde 6 [T, BuMarae iHTerpariii HOBOI €JIEKTPOHIKY 3 AHTEHAMH.

Kmouosi ciosa: MikpocmyskkoBa matd-anrena, Jdedexrna semusa, Kpyri Tera-momi6Hi BUIpoMiHIOBAIBHI
eneMeHTH 3 mpopizamu, MoGineHl Tenedonn, Tpumianasounnit 5G, DGS, Bucorumit xoedilieHT moCHIeHHS,

Bucoka crpamoBaHicTs.
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