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A simplified notched design method for the Vivaldi antenna is exhibiting high frequency-band-selectivity characteristics. By
suitably introducing half-wavelength resonator (HWR) and complementary capacitively loaded loop (CCLL), the notched-band
selectivity is promoted while maintaining the wide impedance bandwidth of the antenna applicable for wireless communications.
HWR is bent in the middle to focus the first notch pole, and the second notch pole is obtained by CCLL on the radiating patch.
Additionally, the resonant frequency of the notched pole can be determined by the position and size of two loaded resonators in
theoretical analysis, thereby realizing a wideband antenna with the desired notched band. Finally, the Vivaldi antenna of loading
resonator was fabricated to verify the feasibility of this new method. Measured and simulated experimental results reveal that the
antenna exhibits directional pattern in the passband, low gain at the band-rejection, and excellent selectivity within a frequency
range. The simulation and measurement results are in good agreement. The proposed antenna achieves S11<—10dB in
2.6-13.7 GHz and a notch band from 4.49 to 6.64 GHz to reject IEEE 802.11a and HIPERLAN/2 frequency band. Moreover, the
proposed antenna has good frequency selectivity, and its gain is good enough in the passband with peak gain up to 10.8 dBi. This
antenna design presents frequency suitability, demonstrating that a UWB antenna with a controllable notched band has

been realized.

1. Introduction

Recently, the limited electromagnetic spectrum resources
are more and more challenging to meet the increasing
demand for frequency. Because of the excellent performance
of approved 3.1-10.6 GHz band ultrawide bandwidth
(UWB) antenna in data transmission and power con-
sumption, UWB communication has been the focus of re-
search for a long time [1]. UWB wireless communication has
attracted worldwide attention because of its robustness of
high data rate transmission and fading, as well as other
advantages of low cost and low loss penetration [2, 3]. It can
be predicted that the UWB wireless communication system
has the potential to realize universal communication re-
quirements to meet the user allocation requirements of
today’s dense network equipment [4]. Although the fre-
quency band is far from being fully utilized, the pressure can

be relieved by eliminating the frequency interference be-
tween the UWB communication system and WLAN band
(5.15-5.825GHz) [5, 6]. Therefore, it is of considerable
significance to develop broadband antennas with notch
bandwidth. There are two main methods for realizing a
notch band. The first method is to etch grooves and slits on
the ground or the radiation patch [7-11], and the other is to
add different structure resonators on or near the excitation
source [12-15]. However, the notch produced by etching the
slit or introducing the resonator shows only one pole in the
slit, which is not enough to improve the selectivity. In [4], the
selectivity of the notch band is improved by introducing two
poles at the same time, but the radiation gain of two poles is
limited.

UWSB technology has been accepted by most countries in
the world. Different UWB antennas including dielectric
resonator antenna, printed slot antenna, printed monopole
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antenna, and planar microstrip patch antenna have been
proposed successively [16]. Among them, the Vivaldi an-
tenna is one type of directional antenna that can introduce
notched band while maintaining an excellent radiation
characteristic. Currently, there are several ways for imple-
menting a notched Vivaldi antenna, including etching slot in
the radiating element [17, 18], introducing several resona-
tors to generate several band-notched characteristics
[19, 20], and loading a rectangular resonator near the ex-
citation source [21, 22]. However, these designs usually cause
a relatively flat transition band and low radiation gain be-
tween the notch and the working band, which limits their
application.

In this article, a new method is presented to design a
notch-band Vivaldi antenna with improved frequency se-
lectivity. In order to achieve this goal, a half-wavelength
resonator (HWR) and a slotted-complementary capacitively
loaded loop (CCLL) are introduced into the traditional
Vivaldi antenna, and a notch bandwidth response in WLAN
band is obtained. By analyzing the resonant characteristics of
two loaded resonators, their frequency positions can be
determined, and the hybrid resonator/loop can be formed.
The combined bottom layer and top layer can make full use
of the circuit board, without increasing the circuit size.

2. Design of the Proposed Antenna

Using a composite structure formed by open-circuited res-
onator and slits, a specific notch band with sufficient sup-
pression bandwidth can be obtained, which brings a filtering
frequency with high selectivity function in limited band. A
microstrip line with a notched band feeds the original Vivaldi
antenna (Antenna-O), and the proposed Vivaldi antenna
(Antenna-N) is shown in Figures 1(a) and 1(b), respectively.
The Antenna-O dimension (73 x 45 x 0.787 mm”) is printed
on a Rogers 5880 substrate (permittivity of ¢, = 2.2). The
excitation of the antenna is given by using a microstrip line
with impedance transition techniques to match 50 QO SMA
connectors. The exponential tapered curve adopted in this
design can be expressed by

R
y=Cie"+C,,
C. = Y21
17 eRe g2y’ (1)
Rz Rz
C _ie e
2 eRz, _ Rz,

where R is the exponential factor which controls the beam
width of the slot. In our design, R is set as 0.09, and the width
(W) and length (L,) of slot line are 26 mm and 57.785 mm.
On the back of the substrate, a microstrip line crosses
perpendicular to the slot line. The impedance-matching
circuit is included in the feeding line, whose impedance
depends upon its width as current is mainly distributed at its
upper edge. The microstrip to slot-line transition is realized
by etching the slot line on one side of a substrate. Moreover,
the optimized dimensions of the Antenna-O are summa-
rized as follows: R,=7, R;=6.5, L,=7.04, W,=0.,
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L;=6.68, W5=1.43, L, =15.93, and W, =1.83. The Antenna-
T is a tapered slot antenna which ensures a good impedance
match with [S11|<10dB over a frequency range of
2.2-13.9 GHz.

2.1. Open-Circuited Resonator. With the correct introduc-
tion of HWR and CCLL, the Vivaldi antenna can realize an
antenna with two notch poles inside the operation band, as
shown in Figure 1(b). For the first notch pole, it is caused by
the HWR mounted above the circular groove. When the
signal is emitted from the microstrip feed, it will couple to
the underlying gradient slot. The signal will then pass
through the circular slot and be coupled to the HWR. When
the boundary condition of symmetry plane agrees with the
boundary condition of the groove, the coupling will occur at
the top of HWR to achieve the strongest energy. The
structure of HWR is symmetrical about the z-axis with a
centre point that is the same as the centre of the circular
bottom groove. The input impedance of the resonator can be
expressed as Z; = jZ, cot . When the resonance is applied,
with 0 =2nfL+/e/c and Z; =0, the relation between the
notched operating frequency and the length can be derived
as
c

fnotch =77 —
4L</seff (2)
e +1
Eeff = ( 2 )

where L is a function of @ and L, corresponding to the actual
length of 6. The electrical length of the HWR is approxi-
mately half wavelength at the frequency centre rejected
S noteh- € 18 the relative dielectric constant, e is the effective
dielectric constant, and c is the speed of light. The notched
band antenna is simulated and optimized according to the
above designing principles. With the insertion of the slot, we
got notched band at 3.6-4.6 GHz. For demonstration,
Figures 2(a) and 2(c) show the VSWR and the approximate
equivalent circuit of the antenna.

As shown in Figure 2(b), the locations of the first
notched pole varying are displayed with different angles of
the HWR. As « increases from 69.5° to 48.5°, the central
frequency of the notch band goes up from 4.3 to 5.01 GHz,
and its absolute bandwidth decreases from 1.02 to 2.3 GHz.
The reduction in resonator angle shifts the operating fre-
quency to the desired frequency band and has a wider
bandwidth with a higher notch value. The change of angle «
can take proper effect on the convergence of electromagnetic
waves, while the matching wavelength can be adjusted by the
length change of HWR. It is worth noting that the angle of
resonator did not only improve the notched band effectively
but also contribute to the impedance improvement of the
antenna.

2.2. Complementary Capacitively Loaded Loop. The perfor-
mance of the single-pole has room for further improvement.
The second notch position is obtained by the slot line res-
onator. In the first step, a curved groove line is used at the
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FIGURE 1: Geometry and configuration of the UWB antennas. (a) Original Vivaldi antenna. (b) Proposed Vivaldi antenna with a notched
band. (c) Side view.
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FIGURE 2: (a) VSWR of the antenna with the conventional Vivaldi antenna and modified patch. (b) Return loss varies according to the angle
. (c) The approximate equivalent circuit of the first pole.



top side of the dielectric substrate. As shown in Figure 3(a),
this results in reflection with maxima at 5.86 GHz. Following
this, the dimension-optimized slot line is extended to form a
split ring on the original structure which improves the peak
value, albeit a slight decrease in the bandwidth level. Hence,
in order to increase the roll-off performance while main-
taining the low reflection levels, the split-ring slot is ex-
tended in the design, which along with z-axis is placed near
the gap of asymptote. The complementary split ring in
Figure 3(b) displays one peak at 5.78 GHz while maintaining
reflection magnitude —2.4 dB for the resultant band. Due to
the ring shape resonances, the low region of the reflection
spectrum shows a magnitude of approximately —8.1 dB. The
notch position of the new reflection spectrum shows the
same trend in both extension directions. The length of the
total length is constant. Compared with a single slot line, the
degree of impedance matching after bending is improved,
and the influence on the high-frequency portion is small. To
ensure consistent strength of notch band, maintain a stable
distance from the gradient line and the feed line of the
bottom. The gaps are placed in horizontal directions to
maintain the geometric symmetry. As a magnetic resonance
structure that is responding to vertical magnetic fields, CCLL
can be used to create band notches for UWB antennas. The
roll-off performance of the antenna with notch band can be
improved by introducing a CCLL on both sides of the as-
ymptote groove line to introduce another notched pole.

In fact, when the split-ring resonance is in a time-varying
electromagnetic field, the metal ring generates an induced
current, and due to the presence of the opening, the internal
and external metal rings on the same side gradually accu-
mulate a different electric charge to form a displacement
current. According to the dual principle, if the metal surface
is an ideal electrical conductor (PEC), the gap is the ideal
magnetic conductor [23]. Therefore, CCLL can generate
strong resonance when the CCLL structure is subjected to a
time-varying electric field or a time-varying magnetic field
along the opening direction of the ring and parallel to the
torus. Since the operation of the typical Vivaldi antenna
depends on the microstrip feed, the bandgap characteristics
are affected by the position of CCLL on the antenna. E-field
distribution and the specific configuration of CCLL are
shown in Figures 4 and 5, respectively. The improvement is
to change the closing loop on the inner ring and enhance the
coupling between the outer and the inner loops, which
enables an effective notch band. The inner ring length L, of
CCLL can also be used to adjust the frequency position of the
second notch pole.

Therefore, to realize the notch band and roll-down
characteristics of the designed notch poles, two appropriate
structural parameters of the load resonators can be selected
using the relationship shown in Figures 2 and 3. The po-
sitions of the HWR and CCLL elements relative to the feeder
and slot lines can be further fine-tuned to obtain the best
impedance matching.

2.3. High Selectivity Analysis. Desired strong coupling is
realized by changing the position between microstrip and
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slot line portions. A hybrid notched structure is adopted to
develop a novel UWB antenna with a controllable notch
band. Notched band function is one of the critical charac-
teristics of the UWB antennas, especially at on-demand
WLAN band to avoid the interferences with the existing
licensed bands. By analyzing the current distribution on the
Antenna-N at different notch frequencies, the imple-
mentation mechanism of the notch band can be further
understood. The current is mainly concentrated in the HWR
at 5 GHz, as shown in Figure 6(a). On the contrary, based on
Figure 6(b), the current distributes primarily between the
inner rings of the CCLL at 5.9 GHz. As a result, by dis-
tributing two notch poles in the vicinity, the antenna can
hardly radiate at the two frequencies, achieving the expected
notch pole.

In the applications of IEEE 802.11a, HIPERLAN/2 and
other narrow-band systems, the selectivity of notched an-
tennas is an essential factor affecting the design of notched
antennas, defining the ratio of —3 dB bandwidth to —10dB
bandwidth as the roll-off criterion to facilitate the evaluation
of the notch band selectivity. Figure 7 shows a simulation
S11 of three types of antennas for comparison. The notch
band of antenna with HWR and CCLL has a higher roll-off
property comparing with the other antennas. For the final
antenna, the roll-off ratio reaches 0.67, while, for antennas
with HWR and CCLL, it is only 0.41 and 0.46, respectively.
Also, the return loss of the notch band of the Antenna-N
reaches —1.24 dB, which means that most of the signals in the
notch band are reflected. It can be seen that the selective
performance of the notch band can be greatly improved by
the positional parameter of the resonator.

3. Results and Discussion

3.1. Group Delay for Face-to-Face. The degree of distortion in
the UWB antenna can be characterized using group delay. A
stable group delay with less nonuniformity is always de-
sirable for the whole UWB frequency range in a UWB
system. The group delay of the proposed antenna is mea-
sured by placing two designed antennas at a distance of
10 cm and is shown in Figure 8. The group delay is less than
1 ns throughout the operating band except in the notched
bands (>9ns). Other than the notched bands, the group
delay is relatively flat, which indicates that the proposed
antenna exhibits linear transmission performance.

3.2. Antenna Performance and Analysis. To study the ra-
tionality of the notched Vivaldi antenna proposed operating
in the 5-6 GHz band, the antenna prototype was fabricated
on 31 mil (0.78 mm) thick available substrate of Rogers 5880
for experimental verification is shown in Figure 9(a). Agilent
vector network analyzer has been used to measure S11 and
radiation characteristics of the designed antenna. The result
of manufacturing and measurement are shown in
Figure 9(b); the simulation results are consistent with the
data of measurement. It is clear from the results that the
antenna operates at a bandwidth from 2.6 to 13.7 GHz with
the band-rejection function in the WLAN band. The
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FIGURE 4: E-field distribution of slot line at different structure. (a) The ordinary rectangular slot. (b) The complementary split-ring slot with
C-shape. (c) The CCLL.
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FIGURE 6: Simulated surface current distribution on the radiating patch of the proposed antenna at the corresponding central frequency of
the notched band at (a) 5GHz and (b) 5.9 GHz.
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FIGURE 9: (a) Fabricated prototype of the Vivaldi antenna loaded with HWR/CCLL. (b) Simulated and measured S11 characteristics of the
fabricated prototype with HWR/CCLL loading. (c) Measured and simulated gain characteristics of the fabricated prototype with HWR/

CCLL loading.

proposed antenna has a notch band of 4.49-6.64 GHz at
5.5GHz. The difference between the simulated and mea-
sured S11 results may be due to inaccurate processing and
substrate loss tangent.

The simulated and measured gain of the final antenna is
shown in Figure 9(c). It can be inferred that the gain of the
proposed antenna is more than 2 dBi in the whole frequency

band. Notably, the gain drops sharply around the 5.5 GHz
frequency, which is in the band with notched poles. The
results show that the good combination of the desired trap
characteristics with the selected characteristics is suitable for
WLAN band wireless communication applications.

Figure 10 shows the simulated and measured radiation
patterns in E-plane (yz-plane) and H-plane (xz-plane) at 3, 7,
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FiGure 10: Simulated and measured radiation patterns for E-plane (yz-plane) and H-plane (xz-plane) of the fabricated antenna. (a) 3 GHz.

(b) 7GHz. (c) 10 GHz. (Sim. —, Mea. ---.)

and 10 GHz. The primary purpose of demonstrating the
radiation patterns is to prove that the antenna works over a
broad frequency band. The radiation pattern at E-plane is
little deteriorated since the equivalent radiating area in-
creased at high frequencies. The experienced results are in
good agreement with the simulated results. Moreover,
according to the plots, the proposed antenna exhibits good
directional radiation patterns in the E- and H-planes. Stable
radiation directivity is achieved.

3.3. Comparison of Proposed Antenna with Other References.
A comparison is made in Table 1, with other reported an-
tennas in terms of size, bandwidth, and notching charac-
teristics. Almost all the antennas have limited selectivity or
low antenna gain. Although these antennas offer comparable
notched structures size to our proposed geometry with
Vivaldi antenna, most of the antennas reported in the lit-
erature have the drawbacks of complex antenna geometry

with unstable radiation patterns as well as parasitic stubs and
resonators being irregularly placed on the radiating and
ground surfaces in model design. Furthermore, it should be
noticed that, compared with the listed counterparts, the gain
of the proposed Vivaldi antenna is significantly higher due to
the directional characteristics of the end-fire antenna. In
summary, the proposed antenna is superior to others in
terms of notched-band selectivity and suppression level of
the notched band due to its simple antenna configuration,
notched tunability, radiation pattern stability, and sym-
metric etched slots. Therefore, it can be concluded that, by
employing a hybrid resonator/loop, the selectivity perfor-
mance of the notched band can be significantly improved
while maintaining a higher radiation gain.

4. Conclusions

A band-rejection UWB antenna with high selectivity is
proposed and studied for WLAN communication systems.
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TaBLE 1: Comparison of the proposed antenna with other reported references.

Antennas Coupling Dimension (mm) Bandwidth (GHz) Rejection band (GHz) Max gain (dBi) Selectivity/roll-
structure off

[24] SIR 27.5x18 2.78-12.3 5-5.9 — 0.33

[25] C-shaped strip 20 %20 3.04-10.87 5.03-5.94 <4.5 —

[26] SRR/CPW 47 x 37 2.8-13.5 5.1-6.1 <4 <0.6

[27] CSRR 68 x 35 3.1-10.65 3.35-3.55 5.65-5.95 4.2 —

[28] SRR/CSRR,/DGS 30x28 3-10 3.3-3.6 5.15-5.827.0-8.5 5 <0.5

[29] RPR 30x22 2.98-12 3.26-3.82 5.01-5.75 7.05 —

[30] TAR 29 x20.5 2.98-10.76 35,55 <6 —

Proposed work HRW/CCLL 73 x45 2.6-13.7 4.49-6.64 9.8 0.67

SIR: step impedance resonator, SRR: split-ring resonator, CPW: coplanar waveguide, CSRR: complementary split-ring resonator, DGS: defected ground

structures, RPR: rectangular parasitic resonator, TAR: triarm resonator.

In order to verify the proposed design mechanism, the
resonance characteristics for generating the notch poles were
studied, and the conventional Vivaldi antenna loaded with
HWR and CCLL was realized and measured. The first
notched pole of the antenna is obtained employing a metal
stub fed by the antenna, while the second notched pole is
obtained by etching a capacitor loop on the radiant patch.
Besides, the selectivity of the notch band is discussed. By
comparing the simulation results with the measurement
results, the two results are consistent. Based on the above
results, the proposed new antenna has a proper frequency
selection performance of the notch band, good impedance
matching, and stable radiation directivity in the passband.
With these unique features, the proposed antenna is suitable
for UWB applications.
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