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In this paper, we propose to design a circular microstrip patch antenna printed on FR4-epoxy dielectric
substrate. The designed antenna will be able to operate for UWB (ultra-wideband) applications. The Fed-
eral Communication Commission (FCC) has approved the use of the frequency spectrum from 3.1 to
10.6 GHz for UWB applications. The proposed antenna has a large bandwidth, which covers the frequency
band of 3.85-12.38 GHz except the notch band of 5.1-6 GHz, which is the main characteristic of the pre-
sented antenna. This feature allows to avoid interferences with applications operating at this band such as
WLAN, IEEE 802.11a, and HIPERLAN/2. Besides these characteristics, the designed antenna has a sim-
ple structure and small sizes of 24x14x0.8 mm3. The principal operating parameters of the antenna like
VSWR, radiation pattern, radiation efficiency, and group delay are simulated using both HFFS and CST
electromagnetic simulators. The variation of the group delay of the antenna in the frequency band from
3.85 to 12.38 GHz is almost constant at around 1.25 ns and presents small fluctuations, except in the vicin-
ity of the 5.1-5.8 GHz notch band whose group delay drops from 1.5 ns to — 2 ns. These features make the
proposed antenna a better device for UWB applications.
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1. INTRODUCTION

Because of their many attractive characteristics,
such as small size, lightweight, and low fabrication
cost, microstrip patch antennas have garnered the
interest of many researchers and designers. These
antennas can be used for various applications like GPS,
WLAN/WIMAX, UWB etc. A simple microstrip patch
structure has a radiating patch of different geometries,
such as rectangular, triangular, circular, or square. The
radiating patch is etched on the top of a dielectric sub-
strate. Ultra-wideband (UWB) antennas have attracted
interest particularly due to their simple feed and abil-
ity to cover a wide bandwidth. The trend is to use sin-
gle antenna devices, which satisfy the notch band char-
acteristic instead of using additional elements like
filters, which can complicate the antenna design.

Generally, a patch antenna should be less bulky
with a simple structure, a low profile, and compatible
with printed circuits (Printed Circuit Board, PCB)
[1, 2]. In addition to these characteristics, a patch an-
tenna designed for UWB technology must meet certain
requirements [3, 4]. First, an UWB antenna should
occupy a frequency spectrum from 3.1 to 10.6 GHz with
at least a bandwidth of 500 MHz. Second, the antenna's
operating performance such as radiation pattern, gain,
and efficiency should be satisfactory. Also, it is prefera-
ble that an UWB antenna has one or more notch bands
to avoid interferences with other applications occupying
a part of the UWB frequency band. Finally, it is im-
portant that an UWB antenna transmits a signal with
minimal distortion with a constant group delay over
the entire frequency band to avoid any complexity of
detection at the receiver.

Consequently, in the literature many researchers
have focused their attention on the designing of a mi-
crostrip patch antenna that meets the UWB require-
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ments. In [5], a CPW-fed U-type monopole antenna is
proposed for UWB operations. However, the proposed
antenna does not have a notch band. In [6], an inverted
T-shaped antenna for UWB applications with dual
band-notch function is considered. According to [7], a
compact UWB monopole antenna with a band-notched
characteristic is presented. The band-notched charac-
teristic is achieved by inserting a U-shaped slot in a
half-elliptical ring-radiating patch. The authors of [8]
present an UWB antenna with triple notched band.
The triple band-notched characteristics are obtained by
etching two C-shaped slots on a radiating patch and a
pair of symmetric C-shaped slots on the ground plane.
An UWB antenna with triple notched band, as elabo-
rated in the paper [9], is achieved using hollow-cross-
loop resonator. In [10], a band-notched UWB printed
antenna with a pair of inverted L-shaped slots inserted
on the ground plane is presented.

In this paper, we achieved the band-notched charac-
teristic by inserting a slit ring in a circular patch. The
UWRB feature is obtained by optimizing the parameters
(a, b and g) of the slit ring and the dielectric permittivi-
ty. The presented antenna is designed with a partial
ground plane to improve the impedance bandwidth.
The simulated VSWR shows that the proposed UWB
antenna covers a wide band ranging from 3.1 to
10.6 GHz. In the following sections, various results will
be simulated and discussed.

The main challenge of the designed antenna is:

e To achieve a simpler structure to avoid complexity
in the fabrication process.
e To achieve a wide impedance bandwidth suitable for

UWRB applications.

e To achieve band-notched characteristic to prevent
interferences.

e To reduce the signal distortion by realizing a con-
stant group delay.

© 2021 Sumy State University
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2. DESIGNED ANTENNA AND THEORETICAL
FORMULA

The proposed antenna consists of a circular patch, a
ground plane, a feed line, and a dielectric substrate. In
the circular patch, we inserted a slit ring characterized
by the dimensions: inner radius a, outer radius b, and
gap g. The partial ground plane has a length /g and a
width @s. A 50-ohm feed line of length I and width wr
was used as a transmission line to excite the patch
antenna by RF energy. The patch, the ground plane,
and the feed line consist of copper with a thickness
t =0.035 mm as the main material. The dielectric sub-
strate is FR4-epoxy with dielectric permittivity & = 4.3,
loss tangent tand=0.025, length L =24 mm, width
W=14 mm, and height A =0.8 mm. The geometry of
the proposed antenna is depicted in Fig. 1.
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Fig. 1 — Proposed UWB antenna

The antenna feed impedance is chosen to be 50 ohm.
Theoretically, to obtain a good impedance adaptation,
the width of the feed line wyis calculated by [11]:
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(1)
where Sy = &r +1, = 877z and Zo =50 Q.
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We can also calculate the band-notched frequency
generated by the slit ring inserted in the circular patch
according to the following formula [12, 13]:

C

fNB = >
2Ly &0

where c is the speed of light (¢ = 3X108 m/s) and Lns is
the length of the slit ring printed on the circular patch

@)

L, =27ra+2(b-a)-g, 3)
while &y 1s the effective dielectric substrate,
P +1

eff P :

3. PARAMETRIC STUDY

We can conclude from the formulas cited above (ex-
pressions (2) and (3)), that the notch frequency depends
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mainly on the dimensions of the slit ring, namely a, b,
and g and the dielectric permittivity &. In order to
observe the effect of these parameters on the notch
frequency, we performed a parametric study by varying
the parameters (a, b, g, and &) and observing the
VSWR vs frequency response (Fig. 2). We can notice
from Fig. 2a that with an increase in the inner radius
of the slit ring a from 1.41 to 3.81 mm, the central fre-
quency slowly disappears and shifts to lower frequen-
cies. At the same time, by increasing the outer radius of
the slit ring (parameter b), as depicted in Fig. 2b, the
notch frequency shifts to lower frequencies, whereas
the VSWR increases.

The VSWR and the band-notched frequency are also
affected by the variation of the gap g. By changing the
gap g from 1.42 mm to 3.82 mm, the central frequency
moves slightly to higher frequencies as illustrated in
Fig. 2¢. The other parameter which affects the VSWR is
the electrical parameter &. For this reason, we took
three different dielectric substrates, namely Arlon Di-
Clad 880 (tm), FR4-epoxy and Taconic RF-60 (tm),
which have 2.2, 4.3, and 6.15 as a dielectric permittivity
respectively. As given in Fig. 2d, the notch band fre-
quency takes three different values 4.8, 5.5 and 6.5 GHz.

By exploiting these results, we can notice that the
modification of the parameters a, b, g, and & directly
affects the VSWR and the notch band frequency. The
appropriate values used during the process of designing
the antenna are 3.01, 3.98, 3.02 and 4.3 mm for a, b, g,
and &, respectively.

4. RESULTS AND DISCUSSION

The VSWR result for the proposed antenna and the
basic antenna, which consists of a circular patch with-
out a slit ring, is plotted using the HFSS simulator.
From the VSWR graph illustrated in Fig. 3, we notice
that the proposed antenna has a VSWR < 2 in the band
ranging from 3.85 to 12.38 GHz, except the band of 5.1-
6 GHz, where VSWR > 2, which is the condition for
obtaining the band rejection and therefore preventing
interferences with other applications such as WLAN,
IEEE 802.11a, and HIPERLAN/2, while the basic an-
tenna does not expose any notch band.

The far-field radiation pattern of the proposed an-
tenna is also studied at different frequencies, whether
in the elevation plane xoz (E-plane) or the azimuthal
plane xoy (H-plane). For this purpose, we plotted the co-
and cross-polarization radiation patterns at 3.5, 5.5 and
10 GHz frequencies as shown in Fig. 4. In the elevation
plane, we notice that the antenna presents a bidirec-
tional radiation diagram for all operating frequencies,
while we obtain omnidirectional radiation in the azi-
muthal plane. We can also observe that the microstrip
patch presents minimal cross-polarized radiation.

The radiation efficiency of an antenna is a ratio be-
tween the power delivered to the antenna and the pow-
er radiated by the antenna. The efficiency cannot be
practically 100 %, as it is affected by losses in the struc-
ture of the antenna itself such as conductive losses,
dielectric losses, and reflections due to the mismatch
between the antenna and the feed line. For this reason,
we determine the total efficiency which takes into ac-
count all these losses. We note that, as depicted in Fig. 5,

02032-2



A SMALL ULTRA-WIDEBAND CIRCULAR PATCH ANTENNA ...

VSWR

VSWR

74 ——a=1.41 mm
= 3 == -a=221 pun
£ e 2=3.01 mm (proposed)
& # = a=3.81 mm
”"
e
44 2
-
34
24
' -
0 . v v p ' ¥
x < M M 10 12 "
Frequency |GHz|
(a)
74 e g 142 VY
2] "".l oo egu2 22 mm
- 2=3.02 mm (proposed)|
<4
&
=
44 z
-
34
24
14
0 T Y 3 Y ¥ .
2 4 6 s 0 = e
Frequency (Gil7)
(c)

J. NANO- ELECTRON. PHYS. 13, 02032 (2021)

O e
3 j——b=3.18 mm
141 ] I b=3.98 mm (proposed)
12 4 " f====b=4.78 mm
i == b=5.58 mm
10 S SRS i
84
64
44
24
0 - -
2 Kl (3 s mn 12 14
Froguemey [GHz|
(b)

e=2.2
-------- £,=4.3 (proposed)
b5 =615

2 4 6 8 10 12 14
Frequency [GHz)

(d)
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Fig. 3 — VSWR vs frequency of the proposed antenna

the UWB antenna designed has a total efficiency of
around 70 % over the entire frequency band except the
notch band. A maximum total efficiency of around 85 %
is reached at a frequency of 4.6 GHz.

UWB communication systems require a smaller an-
tenna with constant group delay [14]. This parameter
is one of the important characteristics of the UWB
antenna, which indicates the pulse distortion. Constant
group delay is desirable, because it indicates how the
UWB pulse will be transmitted and how it can be dis-

torted or dispersed. Fig. 6 illustrates the group delay of
the proposed UWB antenna. The variation of the group
delay of the antenna on the frequency band from 3.85
to 12.38 GHz is around 1.25 ns and presents small
fluctuations, except in the vicinity of the 5.1-5.8 GHz
notch band, whose group delay drops from 1.5 ns to
— 2 ns. The results of Fig. 6 indicate that in the UWB
band, except the notch band, the characteristics of the
group delay are almost constant at around 1.25 ns
either in the face-to-face configuration (Fig. 6a) or in
the side-by-side configuration (Fig. 6b).
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Fig. 6 — Simulated group delay of the proposed antenna: (a)
face-to-face configuration, (b) side-by-side configuration

In order to confirm the nature of the distortion of
the input signal, the time domain of the proposed an-
tenna is also determined and plotted in Fig. 7. Two
configurations were taken into account, namely side-
by-side configuration and face-to-face configuration. In
these configurations, one antenna is used as a trans-
mitting antenna, whereas the other is used as a receiv-
ing antenna. The distance between the two antennas is
fixed at 30 cm to ensure that the antennas are in the
far-field region of each other. By exploiting the normal-
ized amplitude of the transmitted and received pulses
in time domain, we conclude that the excitation signal
presents low distortion in both configurations.

The input impedance simulation is illustrated in
Fig. 8. In the operating band from 3.85 to 12.38 GHz,
the real part of the input impedance varies between 45
and 79 Ohm. An impedance mismatch between the feed
line and the antenna is observed in the notch band.
According to the imaginary part of the input imped-
ance, we observe that the behavior of the proposed
antenna is inductive (positive polarity), while for other
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Fig. 7 — Normalized amplitude of transmitted and received
pulses in time domain for the proposed antenna
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Fig. 8 — Simulated input impedance of the proposed antenna

frequencies it is capacitive (negative polarity).

A comparative study has been conducted between
the proposed antenna and the antennas cited in litera-
ture as mentioned in Table 1. The comparative result
reveals that the proposed patch antenna with a small
structure and a partial ground plane is a better device
for UWB applications.

Table 1 — Comparative study

Reference Antenna size Frequency | Notch band
[mm3] range [GHz] [GHZz]
[15] 12.72x17.22x2 3.1-10.6 _
3.3-3.6 and
[16] 30x30x1.6 2.94-12 A
[17] 26x27x1.6 2.19-13.95 4.67-6.21
18] 30x30x1 215 ig 8.5 and
3.3-3.8 and
[19] 33x32x1.5 2-11 5.9.5.7
[20] 42x53%1 3.1-10.6 3.5-5.5
5.12-6 and
[21] 30x30%1.6 2.45-12.0 2 12763
Proposed |24X14x0.8 3.85-12.38 5.1-6
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5. CONCLUSIONS

In this paper, we designed a simpler structure of a
microstrip patch antenna for UWB applications. The
proposed antenna is designed on a low-cost dielectric
substrate FR4-epoxy with a thickness of about 0.8 mm.
A partial ground plane is introduced in the bottom part
of the dielectric substrate to improve the VSWR (volt-
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Y poboTi MM TPOMOHYyEMO pO3POOMTH KPYIVIy MIKPOCMYIrOBY IIaT4-aHTeHy, HaJIpykoBaHy Ha FR4-
ETIOKCHTHIN JTleJIeKTPpUYHIN miaKIa. Po3pobiena anTena 3amoske 3acrocoByBartucs 1iuss UWB (aagmmporo-
cmyrosux) gomatkiB. Oemepanbaa rowmicis 3B'sa3ky (FCC) cxBasmiia BHKOPHCTAHHS YaCTOTHOTO CIIEKTPY Bif
3,1 10 10,6 I'T';, iyt UWB nopmarkis. 3ampornoHoBaHa aHTeHa Mae IMIHPOKHH TIama3doH YacToT MPOIYCKAHHSI,
SIKWH BRJTIOYA€E cMyry dactor 3,85-12,38 I'T', 3a BumsaTROM peskerTopHOi cmyTH 5,1-6 I'T', 110 € ocHOBHOIO Xa-
PAKTEPHUCTHUKOI mpencTaBieHol aHTeHU. L[s 0coOIMBICTE [03BOJISIE YHUKHYTH BTPYJYaHHS B JOJATKH, SIK1
IPAaIooTh y IboMy miamasoHi, Takux sk WLAN, IEEE 802.11a ta HIPERLAN/2. OxpiM 1iux XapakTepUCTHK,
po3pobJieHa aHTeHA Mae MPOCTY CTPYKTYPY Ta HeBesuki poamipu 24x14x0.8 mm3. OcHoBHI poboul mapamerpu
aHTenu, Taki sk VSWR, miarpama BUIIpOMIHIOBAHHS, €)eKTUBHICTh BUIIPOMIHIOBAHHS TA TPYIIOBA 3aTPUMKA,
MOZIEJIIOIOThCA 34 JOIOMOron enekrpoMarHiTHux cumysaropis HFFS ta CST. 3mina rpymoBol 3aTpuMKn aH-
TeH: B cMy3i dacror Bixg 3,85 mo 12,38 I'T'wy e maitike ImocTifiHOO Ha piBHI mpubmuaHo 1,25 HC 1 mpeacTaBIse
HEeBEJIMK] KOJUBAHHS, 32 BUHATKOM PEKEKTOPHOI cmyru 5,1-5,8 I'T', rpymoBa saTpumika skoi magae 3 1,5 He
110 — 2 He. 111 0cobmuBoCTI poOJIATE 3aIIPOIIOHOBAHY aHTeHy KpammM mpuctpoeM aysa UWB momaTkis.

Knrouoei ciosa: Pexerropuuit mianason, [latu-aurena, UWB, VSWR, I'pynosa sarpumxa.
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