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Dual high-selectivity band-notched UWB
monopole antenna using simple dual-mode
resonator and high-impedance lines
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A new planar microstrip-fed monopole ultra-wideband (UWB) antenna with dual notched bands has been presented. By
employing a simple dual-mode resonator with two symmetrical outer high-impedance lines beside the microstrip feed line
of the proposed UWB antenna, two controllable rejection bands with high-frequency selectivity are created. The parametric
studies of the proposed structure are explored for the dual band-notched operating mechanism. Finally, the experimental
results, including return losses, radiation patterns, and peak gains are shown, declaring that the proposed antenna has
good impedance matching performance and radiation pattern properties.
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I . I N T R O D U C T I O N

Since the US Federal Communications Commission (FCC)
released the 3.1–10.6 GHz ultra-wideband (UWB) bandwidth
[1], UWB communication systems have attracted great atten-
tion in the wireless world due to their advantages, including
high-speed data rate and high capacity, while UWB antennas
as the key components in the UWB communication systems
have been deeply studied. Planar monopole antennas are
found as good candidates for UWB applications [2–5]
owing to their fascinated features, such as ease of fabrication,
simple structure, and good radiation properties. Many shapes
of these antennas such as rectangular [2], circular [3], elliptical
[4], and binomial curved [5] types were proposed. However,
many challenges still exist for UWB antennas design in prac-
tical applications. One such challenge is to eliminate the fre-
quency interferences for UWB systems, since some wireless
communication systems have already occupied operating fre-
quency bands within 3.1–10.6 GHz of UWB band, such as
WiMAX (3.3–3.8 GHz), IEEE 802.11 a (5.15–5.35 GHz &
5.725–5.825 GHz), and X-band satellite communication
service (7.25–8.395 GHz). Therefore, it is significantly neces-
sary to create UWB antennas with multiple notched bands.

Several methods to introduce notched bands were reported
such as etching slots on the radiator [6], embedding spur lines
on the feed line [7], and adding a tuning metal stub to the

antenna structure [8]. However, most structures in these
antennas can only generate one notched frequency band,
which means that multiple resonators are required to create
multiple notched bands for an UWB antenna. This increases
the complexity of UWB systems. Although many different
multi-mode resonators have been adopted for multiple
notched bands generation [9–11], the frequency selectivity
and bandwidths of the notched bands still need to be
improved. Some band-notched UWB antennas with good fre-
quency selectivity have been presented in [12–15]. However,
the notched bands were generated by altering the structure
of the radiation element, which may not easily apply or trans-
fer to other UWB antennas with different radiation elements.
Moreover, some of them [14, 15] utilized two resonant
elements (e.g. stub, slot, etc.) having two different resonant
frequencies to create a wide notched band, which would
result in the increase of the design complexity.

In this paper, a novel dual band-notched UWB monopole
antenna using only one simple dual-mode resonator and two
high-impedance lines has been proposed. With the help of two
symmetrical outer high-impedance lines connecting with the
microstrip feed line, the proposed dual-mode resonator can
produce two stopbands with higher rejection level and
better frequency selectivity than that of only one stopband
using the same resonator without outer lines. To verify the
proposed idea, a practical antenna example has been fabri-
cated and measured.

I I . R E S O N A T O R A N A L Y S I S

Figures 1(a) and 1(b) depict the layout of the conventional
resonator and modified structure, respectively, which are
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used to generate notched bands for the UWB antenna. The
conventional resonator is a folded half-wavelength resonator
with a via hole in the center, while the modified structure is
developed with two additional symmetrical high-impedance
outer lines connecting the conventional resonator to the
microstrip feed line.

To investigate the frequency characteristics of the proposed
structure, Fig. 2(a) demonstrates the frequency responses of
three types of the resonators, which are all modeled on the
substrate with a relative dielectric constant of 3.48, a thickness
of 0.508 mm, and dielectric loss tangent of 0.004. The full-
wave high-frequency structure simulator (HFSS) is employed
to predict and study the performance of the proposed resona-
tors. The resonator shown in Fig. 1(a) can obtain dual-
resonance characteristics, while the one without via has only
one resonant mode (see blue and black lines), which means
the original resonant mode will be split to two modes by
adding the inductive via [16]. Therefore, such two resonant
modes can be combined together to form a wider notched
band. The resonant frequency of this conventional resonator
fr can be approximately calculated by

fr =
c

lg
����

1eff
√ ≈ c

2l1
������������

(1r + 1)/2
√ , (1)

Fig. 1. Layout of: (a) the conventional resonator, (b) the proposed structure,
and (c) the corresponding equivalent model.

Fig. 2. (a) Simulated results of three types of the resonators (l1 ¼ 15.24, l2 ¼ 14.6, w1 ¼ 0.7, w2 ¼ 0.1, S1 ¼ 0.2, S2 ¼ 0.16, and the radius of the via r ¼ 0.2, all in
mm); Simulated results of the proposed resonator equivalent model with (b) different L, where C ¼ 0.075 pF, and (c) different C, where L ¼ 10.5 nH.
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where lg denotes the guided wavelength, c is the velocity of
light in free space, and 1eff denotes the effective dielectric con-
stant of the substrate.

To improve the suppression degree and frequency selectivity
of the notched band, two symmetrical outer high-impedance
lines are added connecting the conventional resonator to the
microstrip feed line as shown in Fig. 1(b). With the help of
these two high-impedance lines, the center frequency of the
notched band is lowered and interestingly an extra stopband

is generated. Compared with that of the conventional reson-
ator, both of these two notched bands exhibit higher rejection
level and better frequency selectivity with multiple zeros
located at each side of the stopbands to improve the imped-
ance matching performance. The high-impedance lines can
be equivalent of series inductor–capacitor branch (see
Fig. 1(c)), and the influence of inductor L and capacitor C
on the resonator’s frequency response is demonstrated in
Figs 2(b) and 2(c) with the help of software advanced design

Fig. 3. Simulated results of the proposed resonator with different (a) l1, (b) l2,
and (c) w2.

Fig. 4. Simulated current distribution on the surface of the proposed resonator
at (a) 2.8 GHz, (b) 5.1 GHz, (c) 7 GHz, (d) 7.5 GHz, and (e) 11.4 GHz.
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system (ADS). It shows that the parameter C value of the pro-
posed equivalent circuit model only affects the first stopband,
while the other one remains almost constant. Both two stop-
bands show sensitive to the value of L.

Figure 3 demonstrates the reflection coefficients against
frequency with different dimensions of the proposed reson-
ator. The center frequencies of two stopbands can be both
lowered when l1 increases, while other parameters are fixed
(see Fig. 3(a)). Moreover, when the parameter l2 rises, the
center frequency of the upper stopband will decrease, but the
lower stopband will be changed slightly as depicted in
Fig. 3(b). In contrast, the center frequency of the lower stop-
band illustrates a significant decrease as w2 increases, while
the upper stopband remains unchanged (see Fig. 3(c)). The fre-
quency responses of the parameters l2 and w2 agree well with
the analysis results of the high-impedance lines equivalent
circuit, since the values C and L are mainly determined by
the width and length of the line, respectively, according to
the transmission line theory. Therefore, the proposed equiva-
lent model shown in Fig. 1(c) is reasonable, which can help
to provide design guidance for the proposed resonator.

Based on the analysis above, two stopbands can be
designed by carefully tuning the parameters of the proposed
resonator. Taking the center frequencies of two stopbands at
5.2 and 7.8 GHz for instance, firstly, a resonator can be
designed by tuning l1 to make the lower stopband operate at
5.2 GHz. Then, change the parameter l2 to make the upper
stopband located at 7.8 GHz. In this step, the lower stopband
will be changed slightly, but we can adjust the width of high-

impedance lines w2 to compensate this unwanted change
because the upper stopband is fixed as shown in Fig. 3(c).

Figure 4 depicts the simulated current distribution on the
surface of the resonator at five frequencies using HFSS,
where the right- and left-side ports are the input and output
ports of the bandstop filter, respectively. The areas marked
in blue mean that the current is distributed weakly, while
the current distribution is strong in the red areas. In Figs
4(b) and 4(d), the current is mainly concentrated on the
input port and the proposed resonator for the frequencies
within two notched bands, while the current distribution
near the output port is weak. It is obvious that the signal
power has been blocked by the proposed resonator. In

Fig. 5. Layout of: (a) the reference UWB antenna and (b) the proposed dual
band-notched UWB antenna (unit, mm).

Fig. 6. Photograph of the fabricated dual band-notched UWB antenna as well
as the reference antenna. (a) Top view and (b) bottom view.

Fig. 7. Simulated and measured results of the proposed antennas.

Table 1. Performance comparisons between the proposed and other
reported ones.

Number of
stopbands

Frequency
selectivity

10-dB stopband
bandwidth

[9] 3 Poor 11.99%/31.45%/19.4%
[10] 2 Poor 13.59%/12.61%
[11] 2 Poor Not given
[12] 1 Good 14.41%
[13] 1 Good ,9.52%
[14] 1 Good 12.73%
[15] 1 Good 14.29%
This work 2 Good 11.46%/13.25%
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contrast, the currents for the passband frequencies flow
smoothly along the transmission line from input to output
as shown in Figs 4(a), 4(c), and 4(e).

I I I . D U A L B A N D - N O T C H E D U W B
A N T E N N A

In order to validate the design idea of the proposed resonator,
two UWB antennas with/without dual notched bands are
designed on the RT/Duorid 4350 substrate with 1r ¼ 3.48

and the thickness of 0.508 mm. The proposed UWB
antenna without dual notched bands as the reference
antenna consists of a microstrip feed line and a staircase-like
tapered semi-circular patch on a truncated ground plane as
shown in Fig. 5(a). A rectangle slot is etched on the bottom
ground to improve impedance matching of the antenna.
Figure 5(b) displays the proposed dual band-notched UWB
monopole antenna with the above-mentioned bandstop
filtering element beside the feed line. The outer high-
impedance line is modified into a meandering shape to
achieve size reduction. The dimensions of the proposed

Fig. 8. Simulated and measured radiation patterns of the proposed antenna in the E- and H-planes at: (a) 4 GHz, (b) 6.5 GHz, and (c) 10 GHz.
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resonator were initially calculated by equation (1), and then
HFSS was employed to optimize and determine the final
dimensions of the whole structure based on the analysis as
shown in Fig. 3. After simulated optimization, the dual band-
notched UWB antenna and the reference antenna as its coun-
terpart are both fabricated whose parameters can be seen in
Fig. 5. The photographs of the fabricated dual band-notched
UWB antenna and its reference antenna are displayed in
Fig. 6. Compared with most previous published work where
multiple resonators are required to create multiple notched
bands for an UWB antenna [6–8], the proposed design
greatly simplify the design process since only one multi-mode
resonator is needed.

The simulated and measured reflection coefficients of
the two UWB antennas are illustrated in Fig. 7, where they
are all below 210 dB from 3.2 to 12 GHz except the dual
notched bands. Two notched bands (S11 . 210 dB) of
4.77–5.35 GHz and 7.26–8.29 GHz with sharp selectivity
occur in the UWB frequency range. Table 1 exhibits the com-
parisons between the proposed antenna and the previous
reported work [9–15]. Although many papers such as [9–
11] using multi-mode resonators to generate more notched
bands than one were reported, very few of them mentioned
frequency selectivity and bandwidths of the notched bands.
Compared with these [9–11], the proposed structure has the
advantage of high-frequency selectivity. Additionally, when
it comes to the designs having high selectivity but with only
one rejection band [12–15], our proposed design can
achieve one more notched band. This feature shows a great
advantage in the scenario where more than one unwanted
wideband signal occurs and needs to be rejected. Moreover,
note that the reflection coefficients of the proposed dual
notched-band UWB antenna are significantly improved espe-
cially in the frequency range from 10.5 to 13 GHz compared
with those of the reference antenna. This is because that the
proposed bandstop filtering element can introduce multiple
zeros to improve the impedance matching, which has been
mentioned in Section II.

Figure 8 shows the simulated and measured radiation pat-
terns of the proposed dual band-notched UWB antenna at 4,
6.5, and 10 GHz in the E-plane (XOZ-plane) and H-plane
(XOY-plane). We can see that the antenna has good
dumbbell-like radiation patterns in the E-plane and omnidir-
ectional patterns in the H-plane. Moreover, the simulated and
measured peak gains of the proposed and reference antennas
as well as their efficiencies are plotted in Fig. 9. They signifi-
cantly decrease at two notched bands due to the function of
the proposed resonator structure. Compared with the simu-
lated data including peak gains and efficiency, the measured
center frequency of the low-frequency stopband increases
while for the high-frequency stopband it slightly decreases.
For the |S11| in Fig. 7, it has the same observation about fre-
quency offset between the simulated and measured results,
where the measured center frequencies shift right for the low-
frequency stopband and move left for the high-frequency
stopband compared with the simulations of the |S11|. The
above-mentioned frequency offsets between the simulated
and measured data may be attributed to unexpected tolerances
in fabrication and material parameters, and another reason
may be that the high-impedance line of the proposed resona-
tors is located very close to the probe of the SMA connector as
shown in Fig. 6, which leads to moderate deviation by the con-
nector soldering.

I V . C O N C L U S I O N

To obtain dual high-selectivity notched bands, a simple dual-
mode resonator with two symmetrical outer high-impedance
lines connecting to the microstrip feed line of the antenna
has been proposed and applied in a planar UWB monopole
antenna. Due to its simple structure and excellent perform-
ance, the proposed antennas are expected to be good candi-
dates for use in UWB systems where unwanted wideband
signals appear or rejected signals locate close to the desired
signal.
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