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ABSTRACT Ultra-Wideband (UWB) is a wireless communication technology that can be utilized
for precise indoor positioning system. UWB is low power-consuming and resistant to complex
multipath environments, thanks to a short pulse signal. Since the main desired characteristics of the
UWB antennas for radio-frequency localization systems are wide bandwidth, omnidirectional
radiation pattern, and low profile for simple integration with printed circuit boards, various planar
monopole antennas for UWB applications were proposed to meet the requirements. In order to
satisfy these conditions, in this paper, a novel compact UWB planar monopole antenna operating in
3.1 GHz - 10.8 GHz is designed on FR-4 substrate. The overall size of the antenna is 12.5 x 12.5 x
1 mmé&, which is 0.129 &0 % 0.258 Ao x 0.01 Ao in free space at the lowest frequency. The transmission
line is designed based on a coplanar waveguide with ground (CPWG) and vias in the CPWG are
employed to eliminate non-radiating phenomenon at some specific frequencies. The shape of the
radiator is modified from the hexagonal shape and a ribbon-shaped slot inside the radiator is adapted
to improve the operating frequency range. The proposed UWB planar monopole antenna is
fabricated and measured. The proposed antenna provides good antenna performance from 3.1 to

10.8 GHz and also the radiation patterns at various frequencies are omnidirectional pattern.

INDEX TERMS UWB, planar monopole antenna, slot

I. INTRODUCTION
Ultra-Wideband (UWB) technology was perceived in

1960 with study of a linear time-invariant system via
characteristic impulse response. Since there was no
infrastructure to build UWB at that time, the interest in UWB
was renewed in the late 20th century. In particular, UWB was
grafted for military purposes as communications security and
radar in the United States [1]. UWB was exclusively used by
military and government agencies. However, ever since 2002,
Federal Communications Commission deregulated UWB,
the frequency range of 3.1 GHz to 10.6 GHz, to civil use for
wireless communication in indoor environments. As the
private use restrictions were lifted, UWB was an interesting
research from 2002 to 2010 [1]. WiMedia Alliance, which
consists of Intel, Microsoft, and HP, was also founded to
encourage connectivity and interoperability of wireless
multimedia between devices in personal area network in

VOLUME XX, 2017

2002. The WiMedia sought prosperity of UWB by pursuing
wireless universal serial bus, but the interest of UWB
languished after 2010, as the Wi-Fi, which is rival of UWB,
released IEEE 802.11ac as the response to wireless universal
serial bus [2]-[3].

Recently, interest in the UWB technology is surging again.
From 2019, smartphone manufacturers have started to apply
the location estimation technology by embedding a UWB
chip in their phones, and also numerous companies are
building indoor location tracking systems based on the UWB
technology in various industry fields such as smart factories,
smart home, etc. [4]. The reason why UWB’s popularity has
lately re-emerged is the accuracy and reliability of UWB
signals. Although other radio frequency signal-based
positioning systems, including GPS, Wi-Fi, and Bluetooth,
already exist, GPS signals cannot be used due to non-line-of-
sight satellite signals and other technologies do not provide
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sufficient accuracy and reliability in indoor environments
[4]-[7]. Note that UWB short pulse signals can increase the
transmission speed, overcome multipath fading and
frequency selective fading, and offer the high security and
resolution for precise indoor positioning systems [8]-[10].

In general, for UWB-based indoor positioning systems,
the main desired characteristics of UWB antennas are wide
bandwidth, omnidirectional pattern, and compact size [11].
Recently, some researchers proposed UWB antennas that
satisfy the aforementioned characteristics in many different
ways [12]-[26]. Various planar monopole antennas for UWB
systems were studied for miniaturization by employing an
electromagnetic-bandgap [12], a metamaterial [13], a partial
ground plane [14], and two triangular and one circular sector
slots [15]. In addition, various shaped compact UWB planar
antennas were proposed, including a symmetrical hexagon-
shaped radiator [16], a z-shaped radiator [17], a compact
tapered-shape slot [18], a bow tie-shaped antenna [19], and
so on [20]-[26].

We propose a novel compact UWB planar monopole
antenna using a new shape to yield good antenna
performance in the frequency range of 3.1 GHz — 10.8 GHz.
Our proposed UWB antenna is developed by the following
three-step procedure:

1. Basic design of a hexagon-shaped radiator

2. Modification of a hexagon-shaped radiator to

improve matching performance

3. Insertion of a ribbon-shaped slot to increase the

bandwidth

In this work, the transmission line is made of a coplanar
waveguide with ground (CPWG). The proposed antenna
performance is investigated in both frequency and time
domains such as reflection coefficient, radiation pattern, gain,
efficiency, and fidelity factors. The main contributions of our
work include compact size, elimination of radiation
efficiency deterioration, and comprehensive analysis of
antenna performance. The remainder of this paper is
organized as follows. We first present the UWB planar
monopole antenna operating the frequency range from 3.1
GHz to 10 GHz. And then, vias are employed in the CPWG
to prevent unwanted electromagnetic phenomenon at 3.6
GHz and 10.2 GHz. Next, we propose the UWB planar
monopole antenna operating the frequency range from 3.1
GHz to 10.8 GHz by inserting a slot inside the radiator.
Moreover, the effects of the position and the shape for the
slot are investigated. The proposed UWB planar monopole
antenna is fabricated and its experimental results are
presented. Finally, concluding remarks are provided.
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Il. Design

A. UWB Planar Monopole Antenna
As alluded previously, in this work, the UWB planar

monopole antenna is designed for compact size, broad
bandwidth, and omnidirectional pattern. Fig. 1 (a) shows the
planar monopole antenna, which is adopted by a hexagon-
shaped radiator [16]. The lowest operating frequency (3.1
GHz) is considered to initially design the hexagon-shaped
radiator. The lowest operating frequency (3.1 GHz) is
considered to initially design the hexagon-shaped radiator.
The lowest frequency of the planar monopole antenna can be
approximately calculated by equating its area to an
equivalent cylindrical monopole antenna [27]:

2xrl = area of the radiator (8]
co X 0.24 (2)
YTy

where ¢, is speed of light in free space, | is the height of the
radiator, and r is the equivalent radius. Note that the effects
of the substrate and the feed gap are not considered in the
above design equation [28]. In this work, we choose the
height (I) of the hexagon-shaped radiator as 8 mm and its
area as 77.2 mm? (its equivalent radius r of 1.54 mm). Since
the substrate effect cannot be considered analytically, we
adjust the feed gap by the EM simulator (HFSS) such that
the lowest operating frequency of the radiator is 3.1 GHz.
Fig. 1 (a) shows our hexagon-shaped radiator with the feed
gap of 2.6 mm.

The hexagon-shaped radiator is transformed to a modified
shaped radiator, where both sides are partially cut into an
oval shape to have a concave shape and both top and bottom
shapes are the same as that of both sides in order to improve
the reflection coefficient performance, as illustrated in Fig. 1
(b). The CPWG consists of the spacing of 0.2 mm and the
width of 1 mm for a given 50 Q impedance as shown in Fig.
1 (c). Fig. 1 (d) shows the CPWG with vias of which
diameter of 0.5 mm. The input port is fed by an end-launch
2.92 mm connector and it is connected with the CPWG. Fig.
1 (e) displays the overall schematic of the modified shaped
antenna. FR-4 (thickness = 1 mm, g = 4.4, tan & = 0.02) is
employed as the substrate. The width of the substrate, which
is selected by the size of the end-launch 2.92 mm connector,
is 12.5 mm and the total length of the substrate is 25 mm.
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FIGURE 1. Planar monopole antenna. (a) Hexagon-shaped radiator.
(b) Modified shaped radiator. (c) CPWG (w/o vias). (b) CPWG (w/ vias).
(b) Overall schematic.

Fig. 2 (a) shows the simulated reflection coefficient for

61 mm the conventional hexagon-shaped antenna and the

modified shaped antenna. For the modified shaped

antennas, two types of CPWGs (without vias and with

vias) are considered. It is observed that the reflection

coefficient of the hexagon-shaped monopole antenna is

larger than -10 dB from 9 GHz to 9.8 GHz. For the two

S s : modified shaped antennas, the reflection coefficients are

1 mm less than -10 dB from 3.1 GHz to 10.1 GHz, different from

the hexagon-shaped antenna. Fig. 2 (b) illustrates that

radiation efficiency is significantly deteriorated at 3.6

GHz and 10.2 GHz for the hexagon-shaped antenna and

the modified shaped monopole antenna without vias. In

125 mm addition, Fig. 2 (c) shows that the imaginary values of the

impedance for these antennas are rapidly changed near the

same frequencies. To further investigate how the antennas

operates at these frequencies, we examine surface current

density distribution for the considered antennas at the

corresponding frequencies. As shown in Fig. 3, the

surface current densities are concentrated on the

1.25 mm transmission line for the antennas based on the CPWG

— without vias and lower current flows on the radiator,

which leading to poor radiation efficiency. On the other

hand, for the antenna based on the CPWG with vias, non-

radiating phenomenon does not occur and thus radiation

efficiency is significantly improved compared to the non-

vias counterparts. Therefore, the CPWG with vias is

selected for the transmission line of the UWB monopole

antenna in this work. Note that the return loss is not larger

than 10 dB at high frequencies (> 10.1 GHz) for the

designed UWB planar antenna up to now. Therefore, the

operating bandwidth of the UWB planar antenna should

be further increased and this will be discussed in the
following subsection.

0.2 mm

(©
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Simulated antenna parameters. (a) Reflection coefficient.
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(b)

Surface current density distribution. (a) 3.6 GHz. (b) 10.2

B. UWB Planar Monopole Antenna with a Ribbon-
shaped Slot
In this subsection, a ribbon-shaped slot is applied inside

the designed modified shaped planar monopole antenna to
satisfy the entire UWB band (3.1 GHz - 10.6 GHz). A
ribbon-shaped slot that becomes narrower from both ends of
the radiator toward the center is formed and both ends of the
slot have a concave cut shape to minimize reflection
coefficient. Figure 4 shows how the reflection coefficient
performance of the antenna changes depending on the
position of the ribbon-shaped slot. According to Fig. 4 (b),
the -10 dB Sy; bandwidth is improved due to the additional
resonance at 10.2 GHz, when the position of the ribbon-
shaped slot is -2 mm. Also, we analyzed how the
performance changes when a rectangular slot is applied to
the antenna based on the minimum and maximum widths of
the ribbon. Fig. 5 (a) displays the rectangular slot with
minimum and maximum widths of the ribbon and Fig. 5 (b)
demonstrates that the reflection coefficient for the ribbon-
shaped slot antenna near 10.2 GHz is significantly small
compared to the other rectangular slot antennas. As shown in
Fig. 6, itis illustrated that the ribbon-shaped slot resonates at
10.2 GHz and thus the operating bandwidth is extended to
cover the whole UWB band. Fig. 7 shows the final design
schematic of the proposed UWB planar monopole antenna,
consisting of the modified shaped radiator (which is
transformed from a hexagonal shape for bandwidth
enhancement), the CPWG with vias (which can eliminate
undesired non-radiating phenomenon), and the ribbon-
shaped slot (which extends the operating bandwidth by
resonance at 10.2 GHz).
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FIGURE 4. Simulated reflection coefficient performance of the
designed antenna depending on the position of the ribbon-shaped
slot. (a) Optimized position of ribbon-shaped slot. (b) Reflection
coefficient versus the position of the ribbon-shaped slot.
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FIGURE 5. Simulated reflection coefficient performance of the
designed antenna depending on the shape of the slots. (a) Ribbon-
shaped slot shape and rectangular slots shape with minimum and
maximum width of the ribbon. (b) Reflection coefficient versus the
shape of the slot.
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FIGURE 6. Surface current density distribution at 10.2 GHz.

FIGURE 7.
antenna.

Schematic of the proposed UWB planar monopole

Ill. Fabrication and Measurement
The designed UWB planar monopole antenna is fabricated

and measured, as shown in Fig. 8. The simulated and
measured results of the reflection coefficient for the
proposed UWB antenna is shown in Fig. 9. The measured
result is generally in agreement with the simulated result.
Somewhat discrepancies between the measurement result
and simulation result may be caused by errors of fabrication
and measurement. It is observed that the measured reflection
coefficient of the fabricated UWB antenna is below -10 dB
from 3.1 GHz to 10.8 GHz. The measured radiation patterns
for the cross polarization and the co polarization at various
frequencies are also shown in Fig. 10. Omnidirectional
radiation patterns can be observed, similar to the simulated
radiation patterns. Fig. 11 show the simulated and measured
gains of the proposed antenna and it is observed that its
maximum measured gain is 4.12 dBi at 7 GHz. Fig. 12
provides the simulated and measured radiation efficiencies
and some discrepancies are caused by the fabrication and
measurement errors. Also, the time-domain behaviors of the
proposed antenna are investigated by CST EM simulations
[17], [19]-[20], [23], [29]-[30]. The antenna fidelity factor
can be obtained by calculating with the cross-correlation
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(b)
FIGURE 8. Fabrication and measurement setup of the proposed
UWB planar monopole antenna. (a) Fabrication. (b) Measurement
setup.
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FIGURE 9. Reflection coefficient of the proposed UWB planar
monopole antenna.

between the input pulse and the radiated E-fields. Fig. 13 (a)
demonstrates the antenna fidelity factor of 0.8-0.9 values for
all angles. The system-fidelity factor is calculated by cross-
correlation between the transmitted pulse and the received
pulse. To verify the system-fidelity factor, the two same
proposed antennas are placed in 1 meter away from each
other and the two cases of face-to-face and side-by-side are
considered. Fig. 13 (b) and (c¢) show the normalized
transmitting pulse and received pulse for the two cases. The
system-fidelity factors for the face-to-face and the side-by-
side are 91.8% and 82.6% respectively. Fig. 14 shows the
phase and group delay of Sy; between the two proposed
antennas placed in 1 meter from each other. The measured
phase and group delay are in good agreement with the
simulated results.
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FIGURE 10. Simulated and measured radiation patterns. (a) 3 GHz. (b) 4
GHz. (c) 5 GHz. (d) 6 GHz. (e) 7 GHz. (f) 8 GHz. (g) 9 GHz. (h) 10 GHz.

Finally, Table 1 shows comparison between the proposed
UWB planar monopole antenna and the previous UWB
antennas in literature. Note that the o is the wavelength at
the lowest frequency of the operating bandwidth in free
space. As shown in the table, the UWB antenna proposed in
[25] is the smallest size, but the authors did not provide the
time-domain analysis such as fidelity factors and group delay,
which are important characteristics for UWB antennas
discussed in [30]. Although the proposed UWB antenna is
not the smallest size, our antenna is comprehensively
analyzed in both frequency domain and time domain and is
sufficiently compact compared to other UWB antennas.

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/




This article has been accepted for publication in IEEE Access. This is the author's version which has not been fully edited and
content may change prior to final publication. Citation information: DOI 10.1109/ACCESS.2022.3182443

IEEE Access

Multidisciplinary : Rapid Review : Open Access Journal

10 — ———
& 6
=
o
= 2
(O]
° -2
N
© 1
&, 67 measurement
— — simualation
-10
2 3 4 5 6 7 8 9 10 11
Frequency [GHz]
FIGURE 11. Realized gain versus frequencies of proposed antenna.
1
)
.5 0.8
S
EO'B
w
504
5
T0.2 1
A i
0 1 1 1 1 1 1
2 3 4 5 6 7 8 9 10 11
Frequency [GHz]
FIGURE 12. Radiation efficiency of proposed antenna.
13 1 ‘ ‘ ‘ ‘
L
$0.8 AN
T8
2
=06
(]
2
(18 L
m0'4
c
c
"30'2 xz-plane
L4 yz-plane
0 1 L L L
0 60 120 180 240 300 360
Theta [degree]
(@
2 .
@
3 1.5
205 |
0.5+ 1
< 0 I\ M A MA"_
T N v
S | u
N 0.5
©
e -1
S input pulse
= -1.5 received pulse
-2 L : L L
0 1 2 3 4 5
Time [ns]
(b)

VOLUME XX, 2022

2 ‘ ‘ . :
[+]
E 1.5
24 '
0.5} ]
< AllAM A |
@ “ | v
% -0.5
£ -1
S5 inputpuse
-2 : : ; :
0 1 2 3 4 5
Time [ns]
(c)
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Table 1. Comparison of UWB planar monopole antennas.
. o Operating frequency range Time-domain analysis
Ref. Antenna Size (unit: mm (o)) Antenna Substrate (criteria: VSWR < 2, unit: GHz) (fidelity factors and group delay)
VTVQ:S& 12.5x25x1 (0.129x0.258x0.01) FR-4 31-1038 Yes
2.64-12.9
[12] 30.5x31x1.575 (0.268x0.273x0.014) &g=2 (except: 4.8-59, 7.1 7.8) No
13 14.5%x22x1.6 (0.149x0.226x0.016 FR-4 3.08-14.1 Partially (group delay
iall del
[14] 26x25x1.6 (0.277x0.267%x0.017) FR-4 32-12 No
15 x30x1.52 (0.34x0.34x0.017 Taconic RF- 4— Partially (group delay
30x30x1.52 (0.34x0.34x0.0 i 30 34-9 iall del
[16] 20x25x1.6 (0.207x0.258x0.017) FR-4 3.1-12.18 No
[17] 35x38x1.57 (0.327x0.355%0.015) Roger 5880 2.8-22.7 Yes
[18] 22x24x1.6 (0.22x0.24x0.016) FR-4 3-11.2 No
[19] 24.5x20x1.6 (0.256%0.213x0.017) FR-4 32-11 Yes
2.83-11.56
[20] 27x19x1.6 (0.255x0.179x0.015) FR-4 (except: 3.3— 4.2, 4.9 6) Yes
[21] 50x50x1.575 (0.467x0.467x0.015) Taconic TLP 28-11 No
3.1-10.6
[22] 38x40x1 (0.393x0.413x0.01) FR-4 (except: 3.6, 5.5) No
[23] 24.5x20x1.6 (0.249x0.203x0.016) FR-4 3.05-11.25 Yes
3.2-105
[24] 20%x23x1.6 (0.213x0.245x0.017) FR-4 (except: 4 5.78, 6.83 — 8.22) No
. 29-235
[25] 22x13x0.87 (0.217x0.126x0.008) Taconic TLY-5 (except: 4.9 6.1) No
[26] 20x18x1.6 (0.24x0.216x0.019) FR-4 3.6-15.46 No

IV. CONCLUSION

In this paper, a novel compact UWB planar monopole
antenna is proposed. The proposed UWB antenna consists of
a modified shaped radiator from a hexagonal shape and the
CPWG with vias. The modified shaped radiator is designed
to improve the -10 dB Si; bandwidth from 3.1 GHz to 10.1
GHz and vias in the CPWG are used to avoid the unwanted
electromagnetic field phenomenon at specific frequencies.
Also, a ribbon-shaped slot which resonates at 10.2 GHz is
applied inside radiator to extend the operating frequency
band. The overall size of the proposed antenna is 12.5 x25 x
1 mm3, (0.129 Ao x 0.258 Ao x 0.01 Ao). The proposed UWB
antenna is fabricated and measured. Experimental results
indicate that -10 dB Si1 bandwidth is from 3.1 GHz to 10.8
GHz and the radiation pattern is omnidirectional pattern in
the frequency range of interest. The proposed UWB planar
antenna has compact size, omnidirectional radiation pattern,
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and good performance in both frequency and time domains
in the UWB band and thus it is highly suitable for UWB
indoor positioning systems.
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