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This research proposes the design of a wideband microstrip antenna with triple notch bands for the
fifth generation (5G) communication system. The antenna is designed using FR-4 substrate with & of 4.3,
tand of 0.0265 and a thickness of 1.6 mm. Triple notch bands are generated using a 2x2 element array con-
figuration that connects each patch antenna in series and is arranged horizontally. From the simulation
results, a triple band notched antenna is obtained with a resonant frequency of 3.15, 3.32 and 3.72 GHz.
The fractional bandwidth (FBW) of the proposed antenna is 770 MHz or 22 % and the gain is 9.24 dB with
an operating frequency of 3.5 GHz. The proposed antenna succeeded in increasing the bandwidth and gain
up to 285 % and 55 %, respectively, compared to a single element antenna. The studied antenna design can
be recommended as it is also very useful as a receiving antenna for the 5G communication system.
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1. INTRODUCTION

The fifth generation (5G) communication system
has been developed and has the advantages such as low
latency and very high data transfer rates [1]. The data
transfer speed and latency offered by the 5G communi-
cation system are up to 10 Gbps (gigabits per second)
and 0.5 ms (milliseconds) and available at a frequency
of 3.5 GHz [2]. To support the communication process
between the customer and the provider, a transceiver
device is needed that is useful for sending and receiving
information signals. One of the recommended antennas
for 5G communication systems is a microstrip antenna
because it has the advantage of low profile, ease of
manufacture and compact dimensions [3-5]. Several
previous studies have described the application of mi-
crostrip antennas for 5G communication systems [6-8].
However, one of the disadvantages of microstrip anten-
nas is narrow bandwidth, low gain and directivity.
Several studies have been proposed to increase band-
width, among others, by using coplanar waveguide
(CPW) [9-11], proximity coupling [12], slot [13] and
parasitic [14]. Furthermore, to increase the gain of
microstrip antennas, several techniques have been
described in previous studies, including array [15] and
subarray [16]. The previous research proposed a mi-
crostrip antenna design with a 2x2 element array tech-
nique with the addition of stubs to optimize bandwidth
[17], while another study [12] described an ultra-
wideband antenna with a step line and a U-slot. How-
ever, the two studies only produced one notch of the
operating frequency. This study proposes the design of
a wideband microstrip antenna with a 2x2 element
array configuration and arranged in a planar series for
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the 5G communication system. The main contribution
of this research is to produce an antenna that has a
wide bandwidth, high gain and a triple notch band of
resonant frequency, so that it can be used as a receiv-
ing antenna in the 5G communication system. From
the simulation results, the bandwidth and gain of the
proposed antenna increase up to 285 % and 55 %, re-
spectively. The structure of this paper consists of the
introduction, antenna design, simulation results and
analysis, and the last section is the conclusion.

2. ANTENNA DESIGN

The structure and development stages of the pro-
posed antenna are shown in Fig. 1.
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Fig. 1 —Design of the proposed antenna: (a) single element,
(b) series array with 2x1 element, (c) planar series array with
2x2 element
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Fig. 2 — Dimension of a planar series array with 2x2 elements

The antenna is designed using FR-4 substrate with
& of 4.3, tand of 0.0265 and thickness (k) of 1.6 mm.
The initial stage starts with designing a single element
antenna and then develops it using a series array with
2x1 elements. To produce triple notch and high gain, a
planar array with 2x2 elements is proposed in this
paper as a solution. The design of the microstrip an-
tenna consists of a patch as a radiating element, a
ground plane as a reflector, a feed line as an input, and
matching impedance between the antenna and the
connector. The impedance of the connector used is
50 Ohm, while the feed line used is a microstrip line.
The structure of the proposed antenna is shown in
Fig. 2. The dimensions of the microstrip antenna are
obtained using the following equations [18]:
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The geometry and dimensions of a series planar an-
tenna with 2x2 elements are shown in Fig. 2, Table 1.

The radiating elements of the antenna array are
separated by a distance denoted by d, this is aimed at
increasing the antenna gain. Furthermore, the width of
the feed line of the proposed antenna is adjusted to the
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impedances used Z;=1000Ohm, Zj=500hm and
Zswp =70.7 Ohm. The overall dimensions of the pro-
posed antenna are shown in Table 1.

The application of a stub is aimed at reducing the
reflection coefficient of the antenna. Moreover, the
distance between elements denoted d and stub imped-
ance are determined using the following equations:

; ©)

Zstub = Zin : Za : (7)

Table 1 — Dimensions of the proposed antenna

Parameter | Dimension (mm)
We 90
Lg 120
w 26
L 20
W 3
L 41
WZCL 2 . 1
Lz 12
WZS 1
LZS 5

The dimensions of the feed line with impedances of
50, 70.7 and 100 Ohms are denoted by the parameters
W., Wzs and W.q, respectively. Furthermore, the dimen-
sions of the substrate are denoted by the parameters W
and L, while Wy and L; denote the dimensions of the
radiating element, and the distance between the ele-
ments is denoted by d.

3. RESULTS AND DISCUSSION
3.1 Simulation Results

The simulation process is carried out using EM
simulation software by observing the reflection coeffi-
cient, VSWR, impedance and gain of the three proposed
antennas. The simulation results of a single element
antenna are shown in Fig. 3.
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Fig. 3 — Simulation results of the single element antenna: (a)
reflection coefficient, (b) VSWR, (c) Zin, (d) gain
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Fig. 3 shows that the single element antenna oper-
ates at a resonant frequency of 3.5 GHz with a reflec-
tion coefficient of — 15.21 dB, VSWR of 1.42, impedance
of 38.61 Ohms and gain of 5.97 dB. The bandwidth of
the single element antenna is 200 MHz with a frequen-
cy range of 3.4-3.6 GHz. Furthermore, the simulation
results of a series array antenna with 2x1 elements are
shown in Fig. 4.
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Fig. 4 — Simulation results of the series array antenna with
2x1 elements: (a) reflection coefficient, (b) VSWR, (c) Zin, (d) gain

Fig. 4 shows that the series array antenna with 2x1
elements produces a wider bandwidth than the single
element antenna, which is 420 MHz from the frequency
range of 3.26-3.68 GHz. Furthermore, the series array
antenna also produces two notch bands which have the
best reflection coefficients of — 29.05 dB at a resonant
frequency of 3.59 GHz and — 16.69 dB at a frequency of
3.32 GHz. The gain of the proposed antenna is also
increased to 7.76 dB at a resonant frequency of 3.5 GHz
while the impedance of the two notch bands is close to
50 Ohms. Furthermore, the simulation results of the
reflection coefficient, VSWR, impedance and gain of a
series planar array antenna with 2x2 elements are
shown in Fig. 5.

o
=

o
)
- . 8
£
2 .
]
£ - g s X
3 . ) VSWR{
(3] > 4 RS
- -
8.
] 2f===-Y TR
9 .
K
[ ¢
2 25 3 35 4 45 5 2 25 3 35 4 45 35
Frequency (GHz) Frequency (GHz)
100 10
75 8
E T g
S 50 2
N £
N 34
25
2
0 0

2 25 3 35 4 45 5 2 25 3 35 4 45 5

Frequency (GHz) Frequency (GHz)

Fig. 5 — Simulation results of the series planar array antenna
with 2x2 elements: (a) reflection coefficient, (b) VSWR, (c) Zin,
(d) gain
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Fig. 5 shows that the series planar array antenna
with 2x2 elements produces a wide bandwidth of
770 MHz with a resonant frequency range of 3.05-
3.82 GHz. Furthermore, the proposed antenna produc-
es three different notch bands at the resonant frequen-
cies of 3.14, 3.38 and 3.72 GHz with the reflection coef-
ficients of — 22.69, — 42.08 and — 21.46 dB, respectively.
The gain of the planar array antenna is increased up to
9.24 dB and the impedance of the three notch bands is
in the range of 50 Ohms.

3.2 Analysis of Simulation Results

Simulation results of the three antenna models were
analyzed to observe the impact and changes in antenna
characteristics before and after optimization with a
series array and a series planar array. The parameters
to be compared are the resonant frequency, bandwidth
and gain of the proposed antenna. A comparison of the
reflection coefficients of the three proposed antenna
models is shown in Fig. 6.
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Fig. 6 — Comparison of reflection coefficient simulation results
for three models of the proposed antenna

Fig. 6 shows that the antenna bandwidth is signifi-
cantly increased with the addition of a series array and
a series planar array. The antenna design with a series
array has succeeded in increasing the bandwidth per-
formance up to 110 %, while with a series planar array
— up to 285 % compared to single element antennas, as
indicated by A, B and C. Moreover, the number of notch
bands of the proposed antenna also increases. The
number of notch bands on a series array antenna is two
at 3.2 and 3.59 GHz, while a series planar array gives
three notch bands at 3.14, 3.38 and 3.72 GHz. Fig. 7
shows a comparison of the gains for the three proposed
antennas.
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Fig. 7 — Comparison of gain simulation results

Fig. 7 shows that the gain of the proposed antenna
is also significantly increased. The antenna gain in-

01019-3



S. ALAM, 1. SURJATI, L. SARI ET AL.

creased up to 30 % and 54.7 % after optimization with a
series array and a series planar array, respectively.
The radiation patterns of the three proposed antenna
models are shown in Fig. 8.
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Fig. 8 — Comparison of radiation pattern simulation results
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4. CONCLUSIONS

A wideband microstrip antenna with three notch
bands has been described and studied in this paper.
The bandwidth and gain of a single element antenna
were successfully increased by using an array with 2x1
elements and a planar series array with 2x2 elements.
The gain and bandwidth of the proposed antenna were
significantly increased up to 54.7 % and 285 % when
optimized with a planar series array. Furthermore, the
three notch bands of the proposed antenna were suc-
cessfully obtained with a planar array configuration at
3.14, 3.38 and 3.72 GHz. This proposed antenna can be
recommended as a receiving antenna for the 5G com-
munication system.
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MikpocMmy:KKOBA aHTEHA 3 TPHhOMA PEKEKTOPHUMU CMYTraMH 3 BUKOPHUCTAHHAM ILJIAHAPHOIO
MAaCHBY MOCJIIJOBHUX €JIeMeHTIiB 2x2 mjia cucremu 3B'a3Ky 5G
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¥V mocsisKeHH] TPOIOHYeThCS KOHCTPYKITA IMMPOKOCMYTOBOI MiKPOCMYSKKOBOI AHTEHH 3 TPhOMA PEsKEK-
TOPHUMU CMyTaMU JIJIsT CUCTeMH 3B'sI3Ky m'sitoro mokosaiaasa (5G). AaTena po3pobiieHa 3 BAKOPUCTAHHSAM IIi-
nrnanku FR-4 3 & = 4,3, tand= 0,0265 1 Topmmuoo 1,6 Mmm. IToTpifiHl pesKeKTOpPHI CMyTI'H TeHEepYIOThCSI 3a
IOTIOMOT0I0 KOH(Irypalii MacuBy 3 2x2 eJIEMEeHTIB, B AKIN HaTUY-aHTEeHU 3'€THAHI IMOCIII0BHO 1 pO3TAlIOBAHI
TOPU30HTAJIBHO. 3a Pe3yJIbTaTAMUA MOJIEIOBAHHA OTPUMAHO AHTEHY 3 TPHOMA PEKEKTOPHUMH CMYTaMU 3
Pe30HaHCHOI YacToTor 3,15, 3,32 Ta 3,72 I'T'y, Bimmosigno. BigHocHa mupuaa cmyru mnponyckanus (FBW)
IIPOIIOHOBAHOI aHTeHn craHoBUThL 770 MI'L ato 22 %, a xoedimienT migcunenHa cknamae 9,24 nb mpu poo-
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it vacrori 3,5 I'T'. 3ampormoHoBana aHTeHa J03BOJIMIIA 30LIBIINTHA CMYTY IIPOILYCKAHHS Ta OTPUMATH KOe-
dimienT migcuaeHus 1o 285 % Ta 55 % BIAMIOBIIHO, y MOPIBHAHHI 3 OJHOEJIEMEHTHOK aHTEHOW. BuBueHa
KOHCTPYKIS aHTeHH MOsKe OyTH PeKOMEHI0BaHa, OCKLIBKY BOHA € Jy’e KOPHUCHOIO K IpUiMasIbHa aHTeHa
ISt cucremMu 3B's:3Ky 5G.

Knrouogsi ciora: Mikpocmy:xkoBa anrena, [lnanapuumii mocigosauit macus, CMyTra pomycKaHHsa, AHTeHa
3 TPHOMA PEKEKTOPHUMH CMYyTAMHU.
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