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ABSTRACT: To solve the problem of antenna miniaturization and mutual interference between the communication band of the UWB
system and other wireless communication system bands, this paper proposes a UWB monopole antenna which has frequency notch
characteristics. By applying two pairs of Split Ring Resonator (SRR) structures on a CPW transmission line, a coupling resonance is
generated in a specific frequency band, and the antenna has a dual frequency notch and a wide band notch function. The measured
results show that the antenna has good band-notch characteristics in the frequency ranges of 3.3 GHz to 4 GHz and 5.1 GHz to 6.2 GHz,
suppressing ultra-wideband interference between WiMAX (3.3 GHz ~ 3.8 GHz) and WLAN (5.15 GHz ~ 5.35 GHz and 5.725 GHz ~
5.825 GHz) in a wireless communication system. The volume of the antenna is 40 mm X 36 mm X 1 mm, and the measured results are
compared with the simulated model results. Besides, the measured and simulated results have a good consistency.

1. INTRODUCTION

With the rapid development of wireless communication
systems, ultra-wideband (UWB) antennas have be-
come a focal point in the field of wireless communication
and have gained increasing attention from researchers and
designers. In recent years, various low-cost and compact
structures have been proposed and applied to UWB antenna
designs [1-6]. However, UWB communication systems
often coexist with narrowband communication frequency
bands, such as Worldwide Interoperability for Microwave
Access (WIMAX) (3.3GHz ~ 3.8GHz) and Wireless Lo-
cal Area Networks (WLAN) (5.15GHz ~ 5.35GHz and
5.725GHz ~ 5.825GHz). To prevent mutual interference
between UWB communication systems and other narrowband
communication frequency bands, it is desirable to design
UWB antennas with notch characteristics. Researchers have
conducted in-depth studies on UWB antenna designs with
notch characteristics. In [7], a dual-notch effect was achieved
on a circular patch by etching open and 7-shaped slots on a mi-
crostrip feed line. In [8], multiple notch effects were obtained
by using partially slotted ground layers and capacitively loaded
loops. Ref. [9] presents a dual-notch UWB antenna designed
with an improved electromagnetic bandgap structure. In [10],
notch characteristics were achieved by slotting on a U-shaped
radiation patch. Most of these methods for achieving multiple
notches involve etching slots or loading notch structures on
radiation patches or transmission lines.

This paper introduces the principle of Split Ring Resonator
(SRR) and presents the design of a UWB antenna with
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notch characteristics by incorporating two pairs of SSRs on
a monopole antenna. The designed antenna provides notch
frequencies that cover the WiIMAX (3.3GHz ~ 3.8GHz)
and WLAN (5.15 GHz ~ 5.825 GHz) frequency bands. The
antenna dimensions are optimized through simulations to be
40mm x 36 mm x 1mm. After fabrication and testing, the
antenna exhibits a reflection coefficient of S3; < —10dB
in the frequency bands of 2.1 GHz to 3.3 GHz, 4.1 GHz to
5.1GHz, and 6.3GHz to 10.8 GHz, except for the notch
frequencies, where S1; > —10dB, indicating effective
band-notch characteristics.

2. DESIGN AND PRINCIPLE OF THE SSRS

The prototype antenna design presented in this paper is a
rectangular monopole antenna fed by a coplanar waveguide
(CPW), which achieves omnidirectional radiation characteris-

FIGURE 1. Structure diagram of the UWB monopole antenna.
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FIGURE 2. Structure diagram of the UWB bandstop antenna. (a) Front,
(b) back.

tics in space. Figure 1 illustrates the structural diagram of the
prototype UWB antenna (Antenna 1).

Figure 2 depicts the structural diagram of the wideband an-
tenna designed in this paper, which exhibits dual-notch char-
acteristics. The antenna radiator is a square monopole antenna
with a lower notch, fed by CPW. The antenna is printed on an
FR4 substrate with a thickness of 1 mm, a dielectric constant
of 4.4, and a dielectric loss tangent of 0.02. Two pairs of SSRs
are loaded on both sides of the CPW backplane to achieve dual-
band notch characteristics.

Figure 2(b) illustrates the uniform symmetric distribution of
two square SRRs printed on the backplane of the CPW, which
are magnetically coupled with the CPW feed line. By adjusting
the structural dimensions of the SSRs, broadband multi-band
rejection characteristics can be realized. When the CPW signal
line propagates electromagnetic waves, the magnetic field cou-
ples into the SSRs through their central axis. The varying mag-
netic field induces currents on the open resonant metal rings.
Due to the relative positions of the inner and outer rings, oppo-
site charges accumulate on the same side of the inner and outer
rings, leading to displacement currents between the inner and
outer rings. Consequently, the gap between the inner and outer
rings forms a distributed capacitance. Additionally, the current
loop itself acts as an equivalent distributed inductance, causing
the SSRs to resonate at specific frequencies. At this point, the
SSRs act as magnetic dipoles [11].

In general, the propagation of electromagnetic signals on the
CPW induces an electromotive force on the SRRs, which, in
turn, causes the currents between the two rings of the SRRs to
flow in opposite directions. This excitation leads to resonance
in the stimulated SRRs and prevents the propagation of elec-
tromagnetic waves on the CPW transmission line at their res-
onant frequencies, resulting in a notch effect for the wideband
antenna at specific frequencies. The resonant frequency can be
determined by calculating the distributed capacitance between
the rings and the inductance of the SRR, and it is a function of
the geometric parameters of the SRRs and the dielectric con-
stant of the substrate.

The resonant frequency f, of the open resonator ring can be
calculated by

1 1
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where C., is the equivalent distributed capacitance of the en-
tire open resonator ring. The distributed capacitance can be ob-
tained by calculating the distributed capacitance between the
two rings of the SRR and the capacitance across the gap. The
calculation formula is given by
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where ¢ and t,,, are the width and thickness of the metal ring; d
is the gap distance between the two rings; and ¢ is the vacuum
permittivity. The size of the gap in the open resonator ring is
denoted by g, and the average ring size aq,4 can be obtained
from Equation (3)

d
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where a.z; is the length of the open resonator ring. Clp, is the
capacitance per unit length, calculated by
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where ¢y = 3 x 108 m/s, &, is the effective dielectric constant
of the medium, and Z; is the transmission line’s characteris-
tic impedance. Equation (5) is used to calculate the equivalent
inductance L of a rectangular cross-section wire with finite
length and thickness.

— r) uH

r = 2.85 is the geometric constant for a square SRR. The length
of the metal wire [ can be calculated by

41
Ly = 0.0002! (2.303 logyo — )
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By Equations (1)—(6), the resonant frequency of the SRR can
be calculated, which is determined by its geometric parameters
¢, g, and d, as well as the dielectric constant of the substrate.

At the resonant frequency of the open resonator ring, the
propagated signal is suppressed and reflected. To achieve the
multi-stopband effect of the antenna, multiple SRRs with dif-
ferent geometric dimensions and resonant frequencies can be
alternately placed parallel to the CPW transmission line. In
this design, the two pairs of open resonator rings are separated
along the axis of the transmission line, with a distance of \/4,
where A is the wavelength corresponding to the minimum res-
onant frequency. The monopole antenna radiator and the SRR
are designed independently. Multiple SRRs can be used to ad-
just the desired stopbands as needed within the spectrum range
of the UWB antenna radiation.

The prototype monopole antenna and UWB bandstop an-
tenna structure shown in Figures 1 and 2 were simulated us-
ing the electromagnetic simulation software HFSS. The ob-
tained reflection coefficient S7; results are shown in Fig-
ure 3. It can be observed that the prototype monopole antenna
achieved a reflection coefficient of S1; < —10dB within the
range of 2.8 GHz to 12GHz. The UWB bandstop antenna,
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FIGURE 3. Simulation results of reflection coefficients of monopole an-
tenna 1 and UWB bandstop antenna 2.

TABLE 1. Dimensional parameters of the antenna.

Parameter Unit (mm) Parameter Unit (mm)
1 15 w2 0.25
2 1.8 w3 7.6
13 10.6 w4 5.5
14 6.8 gl 0.65
wl 17.5 g2 0.6

on the other hand, achieved a reflection coefficient S7;; <
—10dB within the ranges of 2.1 GHz to 3.3 GHz, 4.1 GHz to
5.1 GHz, and 6.3 GHz to 10.8 GHz. Furthermore, it exhibited
good stopband characteristics within the frequency ranges of
3.3GHz to 4 GHz and 5.1 GHz to 6.2 GHz, effectively sup-
pressing interference from WiMAX (3.3 GHz-3.8 GHz) and
WLAN (5.15 GHz-5.825 GHz) in the UWB wireless commu-
nication system. The dimensions of the designed antenna were
40 mm x 36 mm x 1 mm, and Table 1 provides specific parame-
ters of the physical dimensions of the UWB bandstop antenna.
The front and back views of the antenna are depicted in Fig-
ure 4, and the fabricated prototype of the antenna is shown in
Figure 5.

() (b)

FIGURE 5. Physical fabrication diagram of the antenna. (a) Front, (b)
back.
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FIGURE 4. Dimension diagram of the antenna. (a) Front, (b) back.

Figure 6 shows the measured reflection coefficient S11 of
the antenna using the vector network analyzer Agilent E8363C.
The measured bandwidth with a reflection coefficient less
than —10dB is 2.2 GHz to 3.3 GHz, 4.3 GHz to 5.1 GHz, and
6.3 GHz to 10.8 GHz. The measured stopband bandwidth is
3.3 GHz to 4.3 GHz and 5.1 GHz to 6.5 GHz. Comparing the
simulation and measurement results, they are relatively consis-
tent, but some discrepancies are still present. The reason for
this deviation may be variations in the height of the fabricated
substrate or issues with the precision of the fabrication process.
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FIGURE 6. Simulation and measurement results of the S11 parameter
for the antenna.

The ultra-wide bandstop antenna needs to exhibit bandstop
characteristics and requires good radiation patterns throughout
the entire frequency range. Figure 7 presents the normalized
far-field radiation patterns of the designed antenna at 2.8 GHz,
7 GHz, and 9 GHz in the E-plane and H-plane. It can be ob-
served that the antenna has low cross-polarization in the main
radiation direction. The axial gains at these three frequencies
are 2.8 dBi, 4.8 dBi, and 5.5 dBi, respectively.
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FIGURE 7. The far-field diagram of the antenna radiating E-plane and H-plane at 2.8 GHz, 7 GHz, and 9 GHz. (a) 2.8 GHz E-plane, (b) 2.8 GHz
H-plane, (¢c) 7GHz E-plane, (d) 7GHz H-plane, (¢) 9 GHz E-plane, (f) 9 GHz H -plane.

3. CONCLUSION

To effectively suppress frequency interference between ultra-
wideband (UWB) systems and global microwave interconnect
networks such as WiIMAX and WLAN, a dual-bandstop UWB

antenna was designed in this study. By

loading two pairs of

open resonator rings (SRRs) on the coplanar waveguide (CPW)
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ground plane, the antenna achieved bandstop effects within
two frequency bands, namely (3.275 GHz to 4.05 GHz) and
(4.95 GHz to 6.25 GHz). This design effectively suppressed the
interference from WiMAX (3.3 GHz to 3.8 GHz) and WLAN
(5.15GHz to 5.825 GHz) in wireless communication systems.
Through fabrication and measurement of the antenna’s reflec-
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tion coefficient, it was found that the simulation and measure-
ment results were consistent. Moreover, the antenna exhibited
favourable radiation characteristics, making it suitable for fu-
ture wireless communication devices.
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