JOURNAL OF NANO- AND ELECTRONIC PHYSICS
Vol. 18 No 5, 05023(5pp) (2026)

REGULAR ARTICLE

MYPHAJI HAHO- TA EJIEKTPOHHOI ®I3UKH
Tom 18 No 5, 05023(5¢c) (2026)

OPEN ACCESS

Microstrip Patch Antenna with Parasitic Elements and Slots for Narrow Bandwidth for

Modern Wireless Applications

Suganthi Santhanam?! ** @ V. Mohan2?, T. Muruganantham3, V. Kavitha4,
S. Athinarayanan® Manjunathan Alagarsamy!

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

Tiruchirappalli, Tamil Nadu, India

2 Department of Electronics and Communication Engineering, Saranathan College of Engineering,

620012 Thiruchirappalli, Tamil Nadu, India
Tiruchirappalli, Tamil Nadu, India
Technology, 611102 Nagapattinam, Tamil Nadu, India

Science and Technology, 600062 Chennai, Tamil Nadu, India
(Received 20 May 2026; revised manuscript received 18 October 2026; published online 28 October 2026)

The present research compares two innovative patches with microstrip topologies using slot with para-
sitic strips, that are primarily utilized in modern wireless networks involving WiMAX, Wi-Fi or WLAN,
along with forthcoming 5G smartphones and tablets. The pair of antennas have been replicated using a
FR-4 substrate with a relative permittivity of 4.3 and copper having a diameter outside of 0.035 mm span-
ning the transmission and grounding planes. A narrow bandwidth of 140 MHz at 3.4 GHz and 350 MHz at
5.88 GHz is accomplished by the suggested Antenna-1. An extra resonant has been achieved in antenna-2
by adding five slots at the top, bottom, and sides of Antenna-1, resulting in Antenna-2 being shaped like a
teddy bear. Having return inefficiencies of — 20 dB, — 23 dB, and — 16 dB, accordingly, Antenna-2 exhibits 3
harmonics at 3.25 GHz, 3.7 GHz, and 5.37 GHz. At resonance frequencies of 3.4 GHz and 5.88 GHz, antenna-
1 achieved return losses of — 31 and — 16 dB. The greatest surface current densities are 180 A/m and 74 A/m,
correspondingly, and the electrical current distribution is consistent throughout the patch area, particularly
antennas 1 and 2 having the highest values of 108 A/m and 52.5 A/m, respectively.
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1. INTRODUCTION

Throughout the years, 5G networks for mobile
phones have evolved significantly and have become in
widespread use because they offer many benefits, in-
cluding decreased latency, an elevated data rate, and
large bandwidth for data [1]. A microstrip patch antenna
is a created architecture for 5G cell phone services due
to its advantages, which include minimal weight, small
dimensions, cheap, discreet, minimized size, and ease of
fabrication [4]. Traditional microstrip antennae's poor
gain along with limited bandwidth are their primary dis-
advantages [5]. Patch antennas can now function in
many bands, attain higher strength, have a wider band-
width, and be more compact thanks to new concepts cre-
ated by scientists [6-12]. A Teflon substrate-mounted
patch design having a total size of 50 x 80 mm?2 [6] that
functions in three distinct bands in fifth Generation (5G)
sub-6 GHz was reported for tri band applications .

In reference [7], a Rogers platform patch antenna
made having a slot addition form that operates during
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3.12 GHz leveraging the Defected Ground Structure
technique was suggested. The RO5880 substrate, which
has a total size of 77 mm x 70.11 mm, is used in [8]. How-
ever, the antenna's frequency band is not disclosed. The
effectiveness about 5G wireless networks operating
above frequencies below 6 GHz has significantly im-
proved as a result of recent developments in microstrip
patch antenna design. Reference [9] presented a 1-band,
powerful antennas having a frequency range about 135
MHz having a total power for 7.15 dBi that uses suitable
material and operates at 5.65 GHz. The airgap approach
was described in [10] as a way to raise the gain of mi-
crostrip patch antennas at 2.4 GHz. Using a reflective
layer, as suggested in [11], which uses four spacers
spread across the patch antenna's four corners, is an-
other way to boost antenna gain. Similarly, a broad
printed antenna featuring a total size of twenty-eight x
twenty millimeters was created within [12] using FR-4
material for operation within the n77 as well as n78
range that comprise 5G New Radio network (NR). A
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multichannel coplanar plane prism (CPW)-driven mo-
nopoly antenna about an entire dimension of 20 x 8.7
mm? was proposed by the investigators in [13] employ-
ing FR-4 base with an outer diameter of 0.4 mm when a
permittivity coefficient of 4.3. However, the model's gain
were 2.6 dBi, while the observed gain for 6.2 GHz re-
mained 2.25 dBi. In order to function in four distinct
wavelength categories — Wireless LAN 6E (5925 regard-
ing 7125 MHz), five-GHz n77 (3300 through 4200 MHz),
n78 (3300 towards 3800 MHz) — the scientists created
four-band circle polarized antennas [14]. The dish an-
tenna achieved increased bandwidth plus moderate gain
for each of the four frequency bands. Zelong Hu et al.
constructed a graphene-based flexible antenna that can
function in two bands [15].

2. PROPOSED STRUCTURE DESIGN

The current study offers a thorough examination for
both antennas patch to confirm the effectiveness of the
suggested approach. Antennas-1 is a traditional an-
tenna patch with slots, but Antenna-2 is a unique an-
tenna patch with parasitic components with slots. Incor-
porating parasitic components into a traditional patch-
ing antenna may improve spectrum and antenna effi-
ciency. The calculated and manufactured front views of
the two antennas are shown in Figure 1. The devices,
that depend by the notion of a microstrip patching an-
tenna, are constructed using FR-4 substrates, having an
absolute permittivity about 4.3 as well as an overall
thickness about 1.6 mm, in addition copper, that in-
cludes a thick from 0.035 mm to make the radiate while
grounding surfaces. The idea is that the microstrip- for
improved impedance correlation, a feeding approach is
employed whereas slots are made across the area that
radiates to allow the design to be used at different two
bands. The proposed antenna was designed using formu-
lae (1) by means of (7). The radiating patch dimension
were calculated using the subsequent formulas.

C

W= —— M

in this case, C = 3 x 10® meters per second (m/s), r = per-
mittivity of material as well as fo = frequency of reso-
nance (GHz).

LP :Lreff -

2AL 2)
where Ly is located utilizing
c

L =-—°<
reff [
2 f;) greff

Following that, base dimensions and length were
computed using

3

W, =6h+W, (4)
L,=6h+L, (5)

Here, h represents the substrate's height.
The breadth of the feeding line,
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Fig. 1 - The proposed DGS based antenna with dimension
(a) Front view — Anetnna-1 (b) Front view — Anetnna-2 (c)
Back view for both with all dimensions as mentioned
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The sum of total antenna lengths (unit in mm) for the
two antennas have the same value as shown in Figure 1
(a) and (b). There are no parasite strips on Antenna-1.

3. RESULTS & DISCUSSIONS

The Computer Simulation Tools (CST) of the Electro-
magnetic Studio (MWS) program version 2022 was used
to model the reflecting Coefficient (| Si1|) along with Ca-
pacity of the planned antenna. Figure 2 displays the re-
flection coefficient graph for the two modeled designs.
Antenna-1 resonated at 3.4 GHz with a bandwidth of
140 MHz (3.31 to 3.45 GHz), whereas the | S11]| ratio at
the targeted frequency bands was less than 10 dB. Fur-
thermore, the antenna resonated at 5.88 GHz and
achieved a frequency range of 350 MHz (corresponding
to 6.1 GHz). The simulations for the second antenna at
3.25 GHz, 3.7 GHz, and 5.55 GHz showed less than
— 10 dB. Despite having three bands, it barely spans a
small bandwidth for impedance of less than 100 MHz
across all frequencies. The return on loss for the follow-
ing frequencies consists of — 23 dB, — 21 dB and — 16 dB
accordingly at 3.25 GHz, 3.7 GHz and 5.55 GHz.
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Fig. 2 — Simulated results of the designed antenna — Reflection
coefficient (a) Antenna-1 (b) Antenna-2

Our 2D polarization radiation fields that result from
the suggested structure are visible in the following illus-
tration (Fig. 3). As shown in Fig. 3 (a), the simulated ra-
diation distributions at 3.4 GHz indicate that both
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antennas exhibit a higher radiation spectrum above
downward direction, representing a notable degree of
concentration as well as gain. The development of great-
performance wireless networks that need antennas that
are directional with significant gain as well as effective-
ness can benefit from these findings. Around 5.88 GHz,
nevertheless, the simulated pattern of radiation is prac-
tically omnidirectional, because it is diffused across a
broader area. As seen in Fig. 3 (b), Antenna-2 at
3.25 GHZ displays identical radiation performance with
comparable gain values.

()
Fig. 3 — Radiation pattern of proposesd structure (a) Anetnna-1

at 3.4 GHz (b) Antenna-2 at 3.25 GHz
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Fig. 4 — Density of surface current (a) Antenna-1 in 3.4 GHz
(b) Antenna-2, currently 3.25 GHz

The exterior electrical current concentrations of the
suggested antenna configurations at 3.4 GHz using An-
tenna-1 and 3.25 GHz alongside Antenna-2 are dis-
played in Diagram (Fig. 4). To determine which parts or
areas of the antenna are in charge of the multi-band fre-
quencies, a current distribution study is essential. Simi-
lar to Fig. 4(a), the two-sided parasitic strips and the an-
tenna length's edges are where the current radio inten-
sity is focused at 3.4 GHz. These regions are what allow
the antenna's resonance to produce resonance at the de-
sired range of frequencies. As seen in the illustration —
Fig 4(b), the currentintensity at Antennae-2 for
3.25 GHz is greater across the antenna's width but up-
per parasitic strips and less concentrated at the antenna
length's edges.

Table 1 — Simulated outcomes of Antenna-land 2 at various
resonant (GHz)

Parameters Antenna-1 Antenna-2
Frequency (GHz) | 3.4 | 5.88 3.25 3.7 5.37
Return Loss (dB) [-31| —16 - 20 - 23 - 16

Gain (dBi) 19] 02 | 321 2.2 1.6
Bandwidth (MHz) | 140 | 350 <100
Dimension (mm?) 35 x 36 35 x 36
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ally, the proposed 3-band parasitic strip antennas are
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quencies when in comparison with previous reported re-
search, as shown in Table 2.

4. CONCLUSION
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crostrip-driven techniques. Antenna-1 is a standard two-
band patches with slots; however, Antenna-2 is a para-
site strip-supported antenna that is suggested in the
present investigation. We demonstrated how Antenna-2
outperforms standard two-band patch antennas by con-
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MikpocMmy:kKOBa aHTEHA 3 MAPASUTHUMHU €JIEMEHTAMHU Ta IIJIHNHAMU
JI BY3bKOI CMYTH IPOIIYCKAHHS B CyYaCHUX 0€3POTOBUX CHCTEMAX
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¥ poGoTi IOpiBHIOIOTHCS ABl IHHOBAIIHHI MIKPOCMY*KKOB1 aHTEHH, 1110 BUKOPUCTOBYIOTH IIIIMHY Ta Iapas3u-
THI cMysKKA. Takl aHTeHU 3aCTOCOBYIOTHCS [IEPEBAIKHO B cydacHuxX OesnporoBux mepeskax (WiMAX, Wi-Fi,
WLAN), a Takosx y mepcrekTuBHEX cMapTdoHax i mianmerax craagapty 5G. O0uaei aHTeHn peastizoBaHi HA
maksTam 3 martepiairy FR-4 (BigHOCHA MieeKkTprdHa IPOHUKHICTD — 4,3) 3 MiTHUM TOKpATTsIM ToBIIIHOI 0,035
MM, sike hOpPMye ILIONIUHY IIepeiadl CUTHAJLY Ta 3a3eMJIeHHsI. 3alpolioHoBaHa «AHTeHa-1» 3a0e3mneuye By3bKi
cmyru mporryckanssa: 140 MI' #a gacrori 3,4 I'Tir Ta 350 MI'ty ma gacrori 5,88 [T, B «AnTeni-2» peasizoBaso
JIOZATKOBUI PE30HAHC IISXOM JIOJABAHHS IT'SITH IIUINH (3BepXy, 3HU3Y Ta 3 OOKIiB «AHTeHHU-1»), uepes 1o 3a
dopmoro BoHA Hara/ye ILTIOIIEBOrO BeAMeINKA. «AHTEHA-2» IEMOHCTPY€E TPY PE30HAHCHI TAPMOHIKY — HA YaCTO-
tax 3,25 I'T, 3,7 I'Ty ta 5,37 ['T'r — 13 BiAmOBIIHUMY PiBHAMHA BIOOUTHX curHams (return loss) — 20 nb, — 23 b
Ta — 16 1Bb. s «Aurenn-1» Ha pesoHaHcHUX dactoTax 3,4 I'Tr i 5,88 I'T'r piBHI BIIOUTHX CUTHAJIB CTAHOBJIATD
— 31 nb Ta — 16 nb BigmosigHo. MakcuMasIbHI 3HAYEHHS T'yCTHHM IIOBEPXHEBOTO CTPYMY IOPIBHIOITE 180 A/M
Ta 74 A/M; PO3IIOALT €IEKTPIIHOTO CTPYMY II0 BC1i ILJIOIT BUIIPOMIHIOBAYA € PIBHOMIPHIM, IIPUYOMY JIJIsI AHTEH
1 Ta 2 MakCHUMAJILHL 3HAYEeHHA CTAaHOBJIATE 108 A/M Ta 52,5 A/M BifmoBITHO.

Kirouosi cioBa: Anrena 3 neerToBaHNM eKpaHOM, BumpomiHOBaIbHI eJeMeHTH, 3BOPOTHI Brpatu, Pos-
ozt crpymy, Mo6inbHi Tesedonn, MobinbHi 3actocyrku 5G.
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