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A Novel Triple Band-Notched UWB Printed Monopole Antenna

Yanming Lv*, Jingjing Zhang, and Huancun Hou

Abstract—A novel ultra-wideband (UWB) printed monopole antenna with triple band-notched
characteristics is proposed in this paper. The antenna bandwidth is extended by grooving on
the connecting floor and increasing the impedance transformation line, with antenna bandwidth of
3.0~11 GHz and relative bandwidth of 114%. The overall antenna size is 35 x 30mm?. The
complementary split-ring resonators (CSRRs) are loaded on the UWB antenna patch with microstrip
wire feed. A symmetric J gap is loaded on the bottom plate, and the spiral gap is loaded on the feeder.
The triple band-notched characteristics at 3.22~3.97 GHz, 4.94~5.84 GHz, and 7.25~7.86 GHz bands
are realized. The gain of the designed antenna in the notch frequency segment can be reduced rapidly
to —4 dbi, while the gain of other frequency bands is above 2 dBi. Simulated and measured results show
that the antenna has stable gain and good radiation characteristics in the UWB frequency range.

1. INTRODUCTION

With the continuous advancement of society, people have put forward higher requirements for
communication speed and communication effects. Ultra-wideband communication technology meets
the pursuit of high-quality communication effects by contemporary people with its advantages of high
speed, low power consumption, and high stability. The operating band of a UWB communication
system [1] ranges from 3.1 GHz to 10.6 GHz. In this band, there are also downlink band such as WiMAX
(3.3~3.8 GHz), WLAN (5.15~5.825 GHz), and satellite communication X-band. In order to avoid the
interference of these narrow-band systems to UWB system and to meet the needs of miniaturization
and integration of the system, the study of notched UWB antennas with band-stop filters has become
a hot topic in recent years [2-4].

A more economical and simple method is to structurally modify the UWB antenna to have a high
voltage standing wave ratio (VSWR) in a narrow band, while in other bands the VSWR is relatively
small, so that it can be filtered. The interference signal in the narrowband communication system is
dropped. After a large amount of research, a wide variety of band notch antennas have also appeared
in people’s field of vision. At present, the commonly used methods to generate notch in the operating
frequency of a antenna are grooving, adding open branch, resonator, parasitic unit, and mixing various
notch technologies [5-14].

In order to meet the needs of UWB antenna, a UWB antenna with triple band-notched
characteristics is presented in this paper. Firstly, a simple microstrip-fed small planar UWB antenna
is designed, covering a bandwidth of 3.0-11.6 GHz; secondly, the complementary open resonant ring
loaded on the radiation patch can generate notches in the WiMAX band; symmetrical J-shaped slots
loaded on the floor can generate notches in WLAN band; the spiral slot loaded on the microstrip line
can generate notches for the downlink frequency of X-band. The proposed antenna is simulated and
optimized by electromagnetic simulation software HF'SS, and the simulation results are further analyzed
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and studied. The antenna is manufactured and measured. The results of measurement and simulation
are basically the same. It is shown that the antenna has excellent performance and can be applied to a
practical UWB system.

2. GEOMETRY OF UWB ANTENNA

The antenna is printed on an FR4 substrate with a dielectric constant of 4.4 and thickness of 1.6 mm.
The antenna structure is shown in Figure 1. The dimension of the antenna is 35 x 30 mm?. The antenna
radiation patch is printed on the front of the dielectric substrate, and the ground plate is printed on
the back of the dielectric substrate. The microstrip feeder is fed by a microstrip line. The width of
the microstrip feeder is calculated to be 3.07 mm. In order to make the antenna transition smoothly at
different resonant frequencies, a 1.3 mm impedance variation line is added between the feeder and the
patch, which reduces the sudden change between the feeder and the patch, and expands the antenna
bandwidth. At the same time, in order to improve the in-band matching characteristics of the antenna, a
rectangular opening of size LC x WC is opened on the ground plate on the back surface of the substrate.
Several parameters are optimized in the following discussion using ANSYS HFSS 15.0. Considering the
length of the article, we put the simulation optimization curve of LC and WC in the paper. Dimensions
of the UWB antenna are listed in Table 1.
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Figure 1. Geometry of the UWB antenna. (a) Top view. (b) Bottom view.

Table 1. Dimensions of the UWB antenna.

Parameter Value Parameter Value

L 35 LC 3.3
W 30 RR 7.7
H 1.6 W1 3.3
L1 1.3 WK 3.07
LK 14.6 WC 4
LD 14

Figure 2 shows the comparison of the effects of rectangular and non-rectangular slots for S1; of the
UWB antenna. Figure 2(b) shows the comparison of the return loss measurement results and simulation
results of the UWB antenna after optimization. Figure 3 shows the optimized curve of the side lengths
LC and WC of the rectangular groove opened on the ground plate on the back side of the substrate.

The fabricated sample of the UWB antenna is shown in Figure 4. The surface current distribution
of the UWB antenna is shown in Figure 5. Observing the current distribution on the antenna surface
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Figure 2. The comparison of results of the UWB antenna. (a) The effect of the rectangular slot for
Si1 of the UWB antenna. (b) Simulated and measured S1; of the UWB antenna.
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allows a more intuitive analysis of the path that produces the resonance, from which the position of the
notch structure can be determined.

3. DESIGN OF THE TRIPLE BAND-NOTCHED UWB ANTENNA

In order to reduce the interference between the UWB antenna in the actual communication and the three
frequency bands of Wimax, WLAN, and X-band downlink, it is necessary to design an antenna with
a three-notch structure to notch the three frequency bands [15]. This dection explains the sequential
design techniques in detail, and finally an antenna with triple band-notched characteristics is proposed.

The following empirical formula is used to calculate the total length L of slots in antenna patches:

leot =

Cc

2fnotch \/Eeﬁ

er+1

€eﬁc = 5

(1)
(2)
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Figure 4. Fabricated sample of the UWB antenna.
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Figure 5. Surface current distribution of the UWB antenna.
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where c is the speed of the light in free space, fyoscn the center frequency of the notch band needed, .4
the effective dielectric constant of the substrate [16-19], and L the length of the CSRR ring gap. The
radius of the ring gap is R = Lgot/2m.

Formula (1) can be used to calculate the initial length of J-shaped slot and spiral slit, and the
calculated value L; = WJ1+LJ14+WJ2 ~ 16.6 mm and Lgp;rq = 2X LU + %WU—l—LDDU ~ 12.2mm.

3.1. Design of the Single Band-Notched UWB Antenna

On the basis of the UWB antenna, the notch of the 3.22 ~ 3.97 GHz band is realized by loading the
CSRR structure on the radiation patch. The CSRR structure can be equivalent to a resonant tank
composed of a series of inductors in series [20-24]. The inductor is formed by connecting two half-ring
inductors in parallel. In the design of a UWB antenna with notch characteristics, etching the CSRR on
the radiating patch is equivalent to introducing a filter at the corresponding frequency, thereby realizing
the notch characteristics of the antenna. By observing the current distribution diagram of the UWB
antenna, it is determined that the position of the signal radiated by the antenna in the 3.22 ~ 3.97 GHz
band is mainly at the hexagonal radiation patch. Therefore, two concentric rings are embedded on the
hexagonal radiation patch to form a CSRR structure. Figure 6 is the structural diagram of the single
band-notched antenna. Figure 7 shows the effect of the radius RR1 of the CSRR resonant ring on the
single band-notch antenna.

3.2. Design of the Dual Band-Notched UWB Antenna

As shown in Figure 8, the WLAN band notch is achieved by embedding a symmetric J-shaped slot in
the ground plane. Since the influences of WJ1 and WJ2 changes on the notch frequency are the same,
the influence of parameter WJ2 on the return loss of the antenna is given. The length of the J-shaped
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Figure 6. Geometry of the single band-notched UWB antenna.
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Figure 8. Geometry of the single band-notched UWB antenna.
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Figure 9. Effect of WJ2 on the dual band-notched UWB antenna St;.

slit is estimated using Equations (1) and (2). As shown in Figure 9, the change in the notch frequency
is controlled by changing the length of the J-shaped slit.

3.3. Design of the Triple Band-Notched UWB Antenna

The X-band notch is realized by embedding a spiral gap in the microstrip feeder, and its structure is
shown in Figure 10. The length of the spiral gap is estimated using Equations (1) and (2). Figure 11
shows the effect of the parameter LU on the antenna return loss. In this paper, the effect of gradually
introducing the resonant element on the return loss to the proposed UWB antenna is shown in Figure 12.
Due to the influence of mutual coupling, when the J-shaped slit is embedded in the ground plate, the
suppression band of the CSRR is shifted [25-28]. When the spiral slit is embedded in the radiation
patch, the suppression band of the CSRR is shifted, but at this time, the suppression band of the
J-shaped slit is not significantly affected.

W,
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Figure 10. Geometry of the triple band-notched UWB antenna. (a) Top view. (b) Bottom view.
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Figure 11. Effect of LU on the triple band- Figure 12. Mutual coupling effect of the
notched UWB antenna S1;. notching elements on reflection coefficients.

4. SIMULATED AND MEASURED RESULTS
The specific size and position parameters of CSRR resonant ring, symmetrical J-shaped slot, and spiral

slot in the triple band-notched UWB antenna are determined by continuous simulation and analysis
with HFSS software. The values of these parameters are given in Table 2.

Table 2. The parameter values of the triple band-notched junction (Units: mm).

Parameter Value Parameter Value

LJ1 2.8 WS 0.55
LJ2 4.5 WU 2
LU 3.4 RR1 6.3
LDU 15 RR2 5
LDDU 2.9 G1 0.5
W1 9.8 G2 3
WJ2 5 G3 14
WI3 1 G4 0.3

Figure 13 is the physical picture of the triple band-notched UWB antenna.

Figure 14 shows the comparison between the results of S1; measurement and simulation of the
triple band-notched UWB antenna. The working bandwidth of the antenna simulation results is
3~11 GHz, and the notch bands are 3.22~3.97 GHz, 4.94~5.84 GHz, and 7.25~7.86 GHz, respectively.
The measurement results of the antenna are in good agreement with the simulation ones. The deviation
is due to processing errors, and SMA joint welding will lead to changes in test results. Figure 15 shows
the comparison between the VSWR test results and simulation results of the triple band-notched UWB
antenna.

The triple band-notched UWB antenna pattern also selects the frequency corresponding to the
lowest value of the return loss as the observation frequency. Figure 15 shows the radiation patterns
of the FE-plane and H-plane of the triple band-notched UWB antenna at 4.5 GHz, 6.5 GHz, and
9.5 GHz. It can be seen from Figure 16 that the radiation pattern of the E plane of the antenna
is similar to the “8” shape, and the H-plane radiation pattern indicates that the antenna has an
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Figure 13. Photograph of the triple band-notched UWB antenna.

Figure 14. Simulated and measured Si; of the

Lv, Zhang, and Hou

—=— Measured
— @ - Simulated

Frequency(GHz)

proposed antenna.

(a) 4.5GHz

—&— Measured
- & - Simulated

Frequency(GHz)

Figure 15. Simulated and measured VSWR of

the proposed antenna.

180

(b) 6.5GHz

| .
b <, /
. e - -
. zw\,\_ _///150

180

(c) 9.5GHz

Figure 16. Radiation pattern of the triple band-notched UWB antenna.

approximately omnidirectional radiation characteristic, so the antenna has good radiation characteristics
at the operating frequency band. Figure 17 shows the surface current distribution of the triple band-
notched UWB antenna at 3.5 GHz, 5.5 GHz, and 7.5 GHz, respectively.

Figure 18 shows the simulated gain of the proposed triple band-notched antenna. The maximum
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Figure 18. The simulated gain of the triple bandnotched UWB antenna.

gain of the antenna in the non-notch band is 4.3dB, and the minimum gain is 2dB. The gain is less
than 0dB in the three notch bands, and the lowest is around —4 dB. In general, the antenna has a
relatively stable gain over the entire operating frequency band, and the gain rapidly drops below 0dB
in the three notch bands. It indicates that the designed triple band-notched antenna can work in the
UWRB frequency range and can filter out WiMAX bands, WLAN bands, and Satellite communication
X-band downlink frequency segment.

5. CONCLUSION

This paper proposes a triple band-notched UWB printed monopole antenna with a antenna bandwidth of
3.0 to 11 GHz and relative bandwidth of 114%. Triple band-notched characteristics at 3.22 ~3.97 GHz,
4.94~5.84 GHz, and 7.25~7.86 GHz bands are obtained by etching the CSRR resonant ring on the
radiation patch, etching the symmetric J-shaped slot on the floor, and etching the spiral slot on the
feeding line. The antenna can effectively filter out WiMAX (3.3~3.8 GHz), WLAN (5.15~5.825 GHz),
and satellite communication system X-band downlink frequency segment (7.25~7.75GHz). The
antenna’s radiation characteristics and gains have also been examined. Moreover, the antenna is
expected to get applications in various UWB systems.
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