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Abstract

The Multi-band characteristics for wireless communications are achieved by U-slot patch in the microstrip patch antennas. Unlike
previous work on the conventional U-slot micro strip patch antennas, the effect of the inverted dual U-slot inclusion on the
performance of the patch antenna is studied across the entire achieved multiband characteristics. A low cost and compact triple
band aperture coupled microstrip patch antenna for Wireless Local Area Network (WLAN) is presented. The proposed antenna
has inverted U-slots and dual substrate with thickness of 3.2mm to achieve the triple band characteristics. The combination of
inverted U-slots, dual substrate and modified ground plane results in the required operational frequency bands—namely, Wireless
LAN. Design details of the proposed triple band antenna and parametric study is also presented. The dual- band antenna resonates
at 3.6GHz and 5.2 GHz whereas triple- band antenna resonates at 3.6 GHz, 5.2 GHz and 5.8 GHz. For U-slot dual- band antenna,
the directivity of 6.345 dBi and 5.725dBi is obtained at lower resonant frequency 3.6 GHz and upper resonant frequency 5.2 GHz
respectively. U- slot triple-band antenna shows 6.103 dBi, 6.371 dBi and 5 dBi directivity at lower resonant frequency of 3.6 GHz,

middle resonant frequency of 5.2 GHz and upper resonant frequency of 5.8 GHz respectively.
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I.INTRODUCTION

The basic geometry of U-slot antenna was introduced
by Huynh and Lee in 1995. ™ In planar and ultra wide
band antennas, it has been found that the presence of
U-slot introduces a band notch and is utilized to minimize
interference. 3! It is firmly established that the U-slot patch
antenna can provide impedance bandwidths in excess of 30%
for air substrate thickness of about 0.08 Ao and inexcess of
20% for microwave substrates of similar thickness. 5 Initially
microstrip patch antenna with U-slot was mainly used for
bandwidth enhancement. However, subsequent researches
revealed that wideband characteristic can be modified to
multiband characteristic by intelligent placement of U-slot,
thereby perturbing the surface current flow in the patch. %7
In this paper, we show that the U-slot technique can also be
used to design patch antennas with dual- and triple- band
characteristics. Our approach is to start with simple aperture
coupled microstrip antenna. The aperture coupled microstrip
antenna is of great interest since it allows for the separation of
the radiating element (microstrip patch) and feed network50Q
microstrip(transmission line) with a conductive layer(ground)
and this provides shielding to an antenna from spurious feed
radiation. Energy is coupled to the patch through an aperture
in ground plane. For better coupling from the feed line, the
aperture is also of U-shape instead of common rectangular
shape. By cutting a U-slot in the patch,notch is introduced within
the matching band, resulting in dual band antenna. Similarly, by

cutting two U- slots in the patch, notches are introduced within
the matching band,resulting in triple band microstrip patch
antenna.

Il. ANTENNA CONFIGURATION

The basic aperture coupled microstrip antenna is shown
in Fig.1. The patch is fed through an aperture coupled 50Q
microstrip line under the feed substrate. Stub length (Ls), the
extension of feed line after the aperture is used to tune the
excess reactance. The overall size of the antenna is LxWxHand
the overall thickness (H) of the antenna is 3.18 mm. The patch
antenna intended to operate at centre resonant frequency
having length (Lp) and width (Wp) is formed on the dielectric
substrate above the ground plane. The FR-4 substrate with
dielectric constant (er) = 4.4 and thickness (h)is 1.57 mm is used
for both patch and feed substrate. The coupling aperture is also
of U- shape having length (L ) and width (W ).

2.1Dual Band U-slot Microstrip Antenna

For dual band aperture coupled microstrip antenna,single
U- slot is cut in the patch. Basically a simple aperture coupled
microstrip antenna with rectangular patch, without any slotin it,
results in single band antenna. However, when a U-slot is cut in
the rectangular patch, a notch is introduced within the matching
band results in dual band operation.

©The Author(s). 2021 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecom-
mons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to
the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

15 Nanoscale Reports 4(1) (2021) 15-18



Satheesh Kumar et.al (2021)

2.2 Triple Band U-slot Microstrip Antenna

For triple- band aperture coupled microstrip antenna,
another U slot is cut in the same patch is shown in Fig. 2 With
these two U-slots, two notches are introduced within the
matching band, results in triple- band antenna. The optimal
dimensions of U-shaped aperture in ground are same as used
in dual- band antenna. The other optimal dimensions for triple-
band antenna are tabulated in Table 1.

2.3 SIMULATION RESULTS

Simulation of proposed antenna has been performed
in High Frequency Simulation Software(HFSS), commercial
electromagnetic simulation software. The two antennas, dual
band and triple band resonate at two same frequencies i.e.
3.6 GHz and 5.2GHz and one different frequency of triple band
antenna is 5.8 GHz. The return loss of proposed U- slot dual-
band antenna is shown in Fig. 3(a). The lower band resonance
is at 3.6GHz with return loss of -32.46 dB and upper band
resonance occurs at 5.2GHz with return loss of -23.30 dB.U-slot
triple band antenna resonates at 3.6 GHz, 5.2 GHz and 5.8 GHz
with return loss of -17.7 dB, -26.85 dB and -23dB respectively as
shown in Fig.3(b).The two antennas,dual band and triple band
resonates at two same frequencies i.e. 3.6GHz and 5.2GHz and
one different frequency of tripleband antenna is 5.8 GHz.The
proposed dual band and triple band U- slot microstrip patch

antenna shows considerably good gain and directivity values.
Measured 10dB return loss band width without any stacking, gain
and directivity at different resonant frequencies for U-slot dual
and triple band antenna are tabulated in Table 2.The directivity
plots for U-slot dualband antenna and triple band antenna at
resonant frequency 3.6 GHz. Fig.4 shows the fabricate antenna.

2.4 CONCLUDING REMARKS

U-slot patch antenna is used for providing wide band
characteristics but in this paper, we have shown that cutting
of U-slots in the patch antenna, results in dual band and triple
band antenna. The dual band antenna operates at 3.6 GHz and
5.2 GHz whereas triple band antenna operates at 3.6 GHz, 5.2
GHz and 5.8 GHz frequency and can be used for wireless and
WLAN applications. Even though this paper presents simulation
based results, the use of HFSS for simulation ensures that there
would not be large discrepancies between the simulated and
measured results incase the proposed antennas are fabricated
and measured.The proposed U-slot dual band and triple band
antenna provides dual band and triple band characteristics
without any stacking and provides moderate values of 10 dB
band width.These antennas can be further improved in terms
of resonant frequencies and bandwidth by stacking of dielectric
substrates and patches.

Fig. 1 Geometry of aperture coupled antenna

Fig. 2(a) Geometry of U-shaped Aperture
antenna (Top View)

Fig. 2(a) Geometry of U-shaped Aperture
antenna (Bottom View)

Fig. 2(a) Geometry of U-shaped Aperture
antenna (Side View)
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Table 1 Proposed parameters of U-slot Triple band antenna

L 32 Ts 3.6
W 40 La 3.04
Lp 20.98 Wa 7

Wp 27.8 Ba 0.5
Ls 11 Ha 2.6
Ws 10 Ta 12
Bs 1 wf 3.2
Hs 10 Ls 6
(a) (b)

Fig.3Return loss (a) U-slot dual band antenna (b) U-slot triple bandantenna

Table 2(a) Gain and Directivity plot -Dual band antenna

3.6 6.068 6.345 16.28

5.2 5.234 5.725 28.09

Table 2(b) Gain and Directivity plot -Triple band antenna

3.6 5.838 6.103 10.8
5.2 6.115 6.371 6.00
5.8 3.775 5 22.24
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Fig. 3 b)

Fig.4 (a) Fabricated Structure of the antenna(Top View)

Fig.4 (b) Fabricated Structure of the antenna(BottomView)

Acknowledgemet

Nill

Funding

No funding was received to carry out this study.

Reference:

1.

T. Huynh, KF Lee, “Single-Layer Single-Patch
Wideband  MicrostripAntenna,‘Electronics  Lett”,
31(16) (1995) 1310-1312.

S.W. Su, KL. Wong, FES. Chang, “Compact Printed
Ultra-WidebandSlot Antenna with a Band-notched
Operation,” Microwave and OpticalTechnology Lett,
45(2) (2005) 128-130.

K. Chyng, ]J. Kim, ]. Choi, “Wideband Microstrip-
FedMonopole Antenna Having Frequency Band-Notch
Function,”IEEE Microwave and Wireless Components
Lett, 15(11) (2005) 766-768.

K.F. Tong, K.M. Luk, K.F. Lee, R. Q. Lee, “A broad-band
u-slotrectangular patch antenna on a microwave
substrate,” IEEE Trans. OnAntennas and Propagation,
48(6) (2000) 954 - 960.

18 Nanoscale Reports 4(1) (2021) 15-18

10.

YX. Guo, KM. Luk, KF Lee, YL. Chow, “Double
u-slotrectangular patch antenna,” Electronics Lett., 34
(1998) 1805-1806.

K. F. Lee, S. Yang, A. A. Kishk, “Dual and multiband u-slot
patchantennas”, IEEE Antennas Wireless Propagation
Lett, 7 (2008) 645- 647.

K.F. Lee, S.L.S. Yang, A.A. Kishk, K.M. Luk, “The Versatile
UslotPatch Antenna, “IEEE Antennas and Propagation
Magazine,” 52(1) (2010) 71-88.

S. Prasad Jones Christydass, S. Asha, Suraya Mubeen, B.
Praveen Kitti, P. Satheesh Kumar, V. Karthik, “Multiband
Circular Monopole Metamatrial Antenna with Improved
Gain”, Journal of Computational and Theoretical
Nanoscience, 18(3) (2021) 736-745.

T. Nivethitha, Palanisamy, Satheesh, K. Prakash, Jeevitha,
K.Comparative study of ANN and Fuzzy classifier for
forecasting Electrical activity of Heart to diagnose
Covid-19. Materials Today: Proceedings. 10.1016/j.
matpr.2020.10.400, (2020).

S. Prasad Jones Christydass, Dr E. Kusuma Kumari,
AnnaramSowijanya, P Satheesh Kumar, N Selvam, Murali.
K, “Microstrip Metamaterial Bandpass Filter For 5G
Application”, Solid State Technology, 63(3) (2020).



