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Abstract — A wrench-shaped ultrawideband (UWB)
antenna with dual notched bands is proposed and inves-
tigated. The antenna has a wrench-shaped patch and
two T-shaped slots on the ground, realizing the required
UWB band. To achieve the dual notched band char-
acteristics in upper and lower wireless local area net-
work (WLAN) bands, an Omega-shaped slot is etched
on the feedline and a novel composite right/left-handed
electromagnetic bandgap (CRLH-EBG) structure is built
on the ground. Measured results present an operat-
ing frequency band from 3.04 to 11.4 GHz, with two
notched bands of 5.1-5.4 GHz (uplink of WLAN band)
and 5.7 — 5.98 GHz (downlink of WLAN band), respec-
tively. Both measured and simulated results of the pro-
posed antenna are exhibited, promising that the antenna
applies to UWB applications and can precisely overcome
WLAN interference.

Index Terms — UWB antenna, dual notch band, WLAN.

L. INTRODUCTION

The growing demand for wideband devices with
anti-interference performance toward the fifth generation
(5G) framework and radio frequency (RF) region has
prompted a wide and continuous interest in notch band
ultrawideband (UWB) antennas [1,, 2]. On one hand,
numerous antennas have been designed to pursue a wider
operating bandwidth, satisfying the needs for higher data
rates in 5G deployment [3]]. On the other hand, they are
also required to possess band-notch function, which is
necessarily indispensable for anti-interference in various
5G communication scenarios [4].

Since microstrip patch antennas provide several
advantages such as low profile and low expenses, they
have rapidly become a good choice for UWB appli-
cations [5 l6]. Originally, microstrip UWB anten-
nas mostly adopted straightforward geometric shapes
using half-cutting and folding technologies, etc. [7, |8].
More recently, novel structures as well as patch shapes
have been derived such as axe-shaped, tree-shaped,
and polygon-shaped patches [9H11]]; novel designs such
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as exponential-curve-edged log-periodic slot antenna
have also been reported in UWB applications [12], all
of which testified the feasibility of planar microstrip
designs in pursuit of superior UWB characteristics.

As for band notching techniques, etching different
curved slots, such as U-shaped and double C-shaped
slots on the radiating patch or feedline [[L1 [12], placing
stubs in a suitable position on the patch to impose certain
limitation to electromagnetic signal, etc., have been well
reported [12, [13]. For instance, in [12], a double band-
notched effect has been produced by using two L-shaped
stubs of different lengths. More recently, band notch-
ing techniques of using parasite elements or implanting
the electromagnetic bandgap (EBG) and split ring res-
onator (SRR) structures have also been reported [[13H26]],
such as [[19]]; it uses mushroom-shaped EBGs with open
meander slits to realize notched frequency bands around
3.5 and 5.5 GHz. To highlight, the natural isolation per-
formance of notch structures has been widely used for
multi-input multi-output (MIMO) systems [20} 21} 23]

Nevertheless, it is still a non-trivial task to realize
two or more narrowed rejected bands that are quite adja-
cent to each other, meanwhile maintaining the UWB
characteristics over the entire frequency band. As we
know, structures operating at adjacent frequencies in lim-
ited space are subject to serious interference, thus bring-
ing about degradation or even malfunction of the antenna
and hindering its use in wireless scenarios with such
needs. It is, therefore, of paramount significance to
develop band-notch designs that not only achieve excel-
lent notching effects but also create a compatible com-
panion network.

This paper proposed a microstrip UWB antenna
with a wrench-shaped radiating patch and T-shape-
grooved ground, which realized good impedance match
and, therefore, UWB property from 3.04 to 11.4 GHz. It
then combined the strength of etching and loading tech-
niques and realized one narrow rejected band at 5.725—
5.875 GHz by etching a bent slot design on the feedline
and another at 5.15-5.35 GHz by constructing an EBG
strip design on the ground plane. It is worth noting that
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these two bands are exactly the uplink and downlink of
wireless local area network (WLAN) band, endowing the
antenna with qualities in overcoming interference from
WLAN bands precisely. More importantly, it imple-
mented the design as well as the fabrication within a
limited space (a total size of 40 x 32 x 1.2mm>) where
two distinct notching structures operating at adjacent fre-
quency bands sustained peacefully. To highlight, the
two notched bands are limited to only 1-GHz bandwidth
and are capable of suppressing coupling interference effi-
ciently. Each notched band achieved reasonable notch
properties and occupied no more than 300-MHz band-
width, which is precisely targeted and saves the fre-
quency band resources effectively. The remainder of this
paper is organized as follows. Section II gives a brief
description of the antenna configuration as well as the
design process. The two approaches of band-notching as
well as effect analysis are also detailed in this section.
Simulated and measured results are demonstrated in
Section III and conclusions are drawn in Section IV.

II. METHODOLOGY

In this section, we first make an explanation for evo-
lution principles of the plier-shaped radiated patch and
then discuss design of slots and EBG loading for band-
notch effects. Figure || illustrates the geometry of the
overall UWB antenna. The front of the antenna consists
of a wrench-shaped patch and feedline, on which a bent
slot is etched to realize one rejected band, as can be seen
in Figure[Ia). The ground is grooved and loaded with an
EBG structure, as can be seen in Figure c). The EBG
strip is connected to the patch through a via with diame-
ter D, = 0.3 mm. We use FR-4 (¢,= 4.4) as substrate with
a length L, = 40 mm, width W,= 32 mm, and a thick-
ness of # = 1.2 mm. All design parameters are depicted
in Figures 1(b) and (d) and are as listed in Table |1 for
reference.

A. Design of the patch

Figure [2] describes the optimization process of the
patch and ground. The patch was initially square and the
ground was also simply square grooved. A small size
T-shaped slot was etched on the ground afterwards to
slightly tune the resonant frequency, as shown in Ant.
2 of Figure E} In order to realize a wider bandwidth, the
patch shape was further optimized and the structure of
Ant. 3 was proposed. The wrench-shaped patch suc-
ceeded in broadening the frequency band from 2.4 to
12 GHz along with the two T-shaped groove backside.
It is obvious from Figure[Z] that the S1; curve of Ant. 3 is
the best among the three conditions because this config-
uration excited surface current more efficiently over the
entire frequency band. The gains of antennas with the
three different shapes are also shown in Figure 2]
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Table 1: Dimensions of the proposed antenna

Par. | Value Par. Value | Par. | Value
(mm) (mm) (mm)

L, 40 Wy 30 E, 5.8

W, 32 Ws 6 E> 1.4

Wi 2.6 We 3.5 Es 2.2
Ly 16.9 W7 1.8 Ey4 2.6

W, 10 Ls 15 Es 1

L, 10 Lg 4 S 0.8
W3 4 V% 5 \Y) 7.4
Ls 6.5 Lg 5 S3 0.3
Ly 2 Lo 16 W, 0.4
D, 0.3 t 1.2 Wi 0.3

Fig. 1. Geometry of the proposed antenna. (a) Top view
of the antenna 3D model. (b) Description of the patch
and feedline. (c) Bottom view of the antenna 3D model.
(d) Description of the ground and EBG structure.

B. Band-Notch techniques for upper WLAN band

Embedding varieties of slots on the feedline or patch
of antenna to obtain notched band has been widely stud-
ied and applied. The slots can produce an effect equiv-
alent to resonant circuit and conducive to the integration
of the microstrip planar antenna. However, the length
and width of slot as well as its position may generate
distinct results.

In this work, thickness and permittivity of the sub-
strate are taken into account during the UWB antenna
design process. We calculated resonant frequency for
5.8 GHz through the following formula:

c 2
=\ e+ M
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Fig. 3. VSWR of antenna for different values of W;.

where f; is resonant frequency for notched band, c is the
speed of light in vacuum, L is the sum of the physics
length, and &, is the dielectric constant of antenna sub-
strate. This equation does not mention the width of the
slots; however, width of the slots may produce certain
influence on resonant frequencies. Based on eqn (),
preliminary parameter values can be calculated, which,
however, are far from satisfying. Regarding the shape
and location of the slot, as well as the manufacturing pro-
cess, the parameters must be further optimized.

Based on the above analysis, a slot similar to Q
shape was proposed. Figure 3] shows the VSWR sim-
ulation results for parameter W varying from 0.1 to
0.3 mm when the parameter S, is fixed to 7.4 mm. In
contrast, Figure E| shows how the variation of parame-
ter S tuned the notched band when W; is fixed at 0.3
mm. It is not difficult to find out that width of slot and
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Fig. 4. VSWR of antenna for different values of S,.

length of the slot determined the center frequency of the
notched band jointly. It is determined that the center of
notched band at 5.8 GHz is achieved when W is equal to
0.3 mm and S5 is equal to 7.4 mm, verifying that the stop
band range of upper WLAN band (5.725-5.875 GHz)
is achieved.

C. Study of Band-Notch techniques for lower WLAN
band

Given the design of Part B, to realize another notch
effect at the lower WLAN band (5.15-5.35 GHz), it is
quite necessary to reduce the effect of coupling, espe-
cially for compact antennas. In the schematic structure
diagram of the traditional mushroom-shaped EBG, as
shown in Figure [5(a). The metallic EBG structure is
etched on the top side of antenna and connected to the
ground by via, which produced LC shunt circuit. In this
article, we proposed an EBG structure as shown in Fig-
ure [5|b), the EBG strips and patch are separate and con-
nected by via, which also forms an LC shunt circuit. The
proposed EBG structure possessed EBG characteristic in
terms of principle. In this sense, a novel EBG structure
is proposed and built on the ground plane to realize the
desired band-notch feature, meanwhile suppressing the
coupling as was a filter.

Ci Microstrip Feed Via
EBG Radiated Patch/Microstrip Feed
I —
s E
GEL GEL
Via Ground Plane Proposed EBG strip Ground Plane

Conventional mushroom EBG This work

Fig. 5. Schematic view of conventional EBG structure
and this work. (a) Mushroom EBG. (b) This work.
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As we all know, composite right/left-handed
(CRLH) transmission line has been widely used to
realize novel EBG design, and we used the interdigital
method to realize a CRLH-EBG structure. Figure[6]a)
illustrates the side view of the EBG structure and
Figure[6[b) shows the plan view of it. The relationship
between the size of the structure and resonant frequency
can be expressed by the following formulas:

C
ln I’lﬁ, (2)
0, = Buly = ng 3)

where n is odd, [, is the length of the open-loop, and f
is the resonant frequency, namely, the length of the loop
is a quarter of the resonant wavelength, or the electrical
length is an odd multiple of p/2. The length of the pro-
posed antenna is //4 makes it a potential candidate for
compact microstrip antenna application.

To further understand the behavior of the
CRLH-EBG structure in Figures 6(a) and (b), an
equivalent circuit model is constructed in Figure [6]c).
The via connecting the patch and the EBG structure
in Figure [6[a) brings about parasite inductance Lp and
capacitance C,, and, therefore, was modeled as L, and
C, in Figure |§Kc). It can be defined as right-hand
capacitance and inductance. The generated capacitances
C;y and Cj are used to characterize the left-handed
capacitance and the shorted microstrip branch is used
to characterize the left-handed inductances L,; and
Ly>, as shown in Figure [6{b). It is then obvious
that the above resonant circuit represented a filter
model, the resonant frequency of which is calculated
to be 5.25 GHz, meaning impedance mismatch at
this point.

According to the above analysis and calculation, we
have decided the value of E| to be the most significant
factor and its values should be limited between 5.4
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Fig. 7. VSWR of antenna for different values of E.

and 6. Figure [7] exhibits the optimization process
of parameter E;. The simulated results of VSWR
versus E; demonstrate that the resonant frequency
decreases as E; increases, and the optimal value of E;
should be 5.8 mm.

Since the proposed notching structures are aimed
at two adjacent frequencies, Figures 8(a) and (b) show
the surface current distribution of the antenna at reso-
nant frequencies of 5.25 and 5.8 GHz, respectively. In
Figure [8(a), the CRLH-EBG structure proposed in this
paper concentrates a strong current, whereas the Omega-
shaped slot etched on the feeding line produces only
a weak current, which can be drawn that the CRLH-
EBG structure has an effect alone at 5.25 GHz. On
the contrary, the obvious strong current distribution is
generated at the edge of the Omega-shaped slot in
Figure[8b), while the EBG structure on the upper side

Max.

(Am)

(b)

Fig. 8. Surface current distribution of the proposed
antenna at (a) 5.25 and (b) 5.8 GHz.
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Fig. 9. Photograph of the fabricated antenna.
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has only gathered a small current concentration. It can
be concluded that the slot achieves resonance at the
5.8-GHz frequency point and produces a notch effect.
Furthermore, Omega-shaped slot formed a closed-loop
resonant tank, while the proposed EBG structure formed
an open-loop resonant tank. And they produced two
different resonances. In summary, these two structures
work independently and there exists almost no interac-
tion between them.

III. MEASUREMENT AND DISCUSSION

The antenna prototype was fabricated and shown in
Figure[9] It was measured with Agilent E8362B vec-
tor network analyzer. Figure presents the sim-
ulated and the measured VSWR for the proposed
antenna. Measured results show that the antenna pro-
vides an impedance bandwidth (VSWR < 2) from 3.04
to 11.4 GHz except the notch band of 5.1-5.4 and
5.72-5.98 GHz.

The bandwidth requirement for UWB applications
is satisfied, and the dual notched bands presented good
notch characteristics for the lower (5.15-5.35 GHz) and
upper (5.725-5.875 GHz) WLAN bands. Figure
shows the measured and simulated peak gain results.
Both results are well-matched. It can be observed that
the gain curve rises as the frequency increases, and the
gain drops sharply at the notched frequency bands. Sim-
ulation and measurement are in good agreement.

The radiation pattern in E-plane (xz-plane) and
H-plane (yz-plane) at 3.5, 7.5, and 9.5 GHz of measured
and simulated results are shown in Figure [I2] The pro-
posed antenna presents an omni-directional characteris-
tic in H-plane and bi-directional patterns in E-plane for
all simulated and measured results.

IV. CONCLUSION

The proposed wrench-shaped UWB antenna has
realized an impedance bandwidth of 3.04-11.4 GHz.
The approaches of etching an Omega-shaped slot on
the feedline and building a novel CRLH-EBG structure
have achieved notched features at uplink (5.725-5.875
GHz) and downlink (5.15-5.35 GHz) of WLAN fre-
quency bands, respectively. There is almost no inter-
ference between these two structures. Measured and
simulated results of the proposed antenna are in good
agreement substantially. The peak gain value of the
proposed antenna is 6.53 dBi, while it sharply decreases
to —4.5 dBi at notched bands.
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