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Abstract—A novel band-notched planar monopole ultraw-
ideband (UWB) antenna is proposed. A notched band, located
in the 5 GHz WLAN band, is created using a resonator at the
center of a fork-shaped antenna. The resonator is composed of an
open-looped resonator and two tapped lines. With the open-looped
resonator, the antenna has a good band-notched performance and
bandstop-filter-like response in the target band. A parametric
study of the notched bandwidth is described that explored the
antenna operating mechanism. Then, an equivalent circuit model
illustrates the band-notched behaviors more clearly. The antenna
input admittance calculated with the equivalent circuit model
reasonably agrees with the HFSS simulated result. The proposed
antenna also features flat gain frequency responses, small varied
group delay and 15 to 35 dB gain suppression at the notched band.
Accordingly, the band-notched antenna can effectively select
target bands by adjusting these antenna parameters.

Index Terms—Equivalent circuits, high quality factor, monopole
antenna, open-looped resonator, ultrawideband (UWB) antenna.

I. INTRODUCTION

I N 2002, the Federal Communication Commission (FCC)
officially assigned an unlicensed 3.1–10.6 GHz bandwidth

with less than dBm/MHz effective isotropic radiated
power (EIRP) level for commercial applications of ultrawide-
band (UWB) systems. In this regulated signal condition, UWB
technology is applied in extremely high transmission rates over
a short distance, i.e., 480 Mbps data rate signal over 10 m
transmission distance [1], [2].

Many studies have proposed an extreme broadband antenna
for UWB radio systems [3]–[10]. Abbosh et al. discussed the
performances of UWB planar monopole antennas with a cir-
cular or elliptical shape [5]. Chen et al. discussed ground plane
effect on a small print UWB antenna [6]. Cheng et al. proposed
a compact and low profile printed wide-slot inverted cone an-
tenna for UWB applications [7]. Low et al. described a UWB
suspended plate antenna (SPA) with enhanced impedance and
radiation performance [9].

Over the inherently operating bandwidth of the UWB system,
the existing bands are used by a wireless local-area network
(WLAN). Therefore, the UWB antenna with a band-notched
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characteristic is required to reduce the interference. Researches
in some literatures produce band-rejection characteristics by
cutting a slot on the antenna [11]–[14] or adding a tuning metal
stub within the antenna structure [15], [16]. Several researchers
have created transmission zero at the required notched bands
by introducing associated resonators in the antenna. By placing
the resonator in the antenna, the antenna impedance shifts to a
very high or very low level and brings out impedance mismatch
at the notch band. Simultaneously, the antenna at notched
band is similar to the virtual-open or virtual-short circuit and
is capable of not only preventing energy from transmitting to
free space, but of also avoiding receiving the unwanted signal
from free space. Qu et al. created a notched band by a coplanar
waveguide resonant cell [17]. Zaker et al. used an H-shaped
conductor-backed plane to generate band-notched effect [18].
Other resonator forms, such as folded strips, two T-shaped
stubs and capacitive-load strips have also been applied for
band-notching purposes [19]–[21].

Although the resonators are well accepted in band-notched
antenna design, band-notched antenna performance is some-
times quite limited owing to the structure of the antenna and res-
onator. Meanwhile, the return loss level at the notched band is
also a crucial factor for estimating gain suppression. In general,
the return loss level is simply in reverse proportion to the gain
suppression of the antenna. The following examples explain the
limited performance. The first example is that the amount of
gain suppression is around 20 dB at specific angles, but the gain
suppression is only several dB at [19]. The next ex-
ample is that the bandwidth of the notched band on the 10 dB
return loss condition is overlapped with wanted UWB operating
frequency, i.e., the bandwidth of the notched band is unsatisfac-
tory for UWB applications [19], [20].

Previous literatures have mainly focused on the band-notched
UWB antenna for wide operating bandwidth and band-notched
performance. The band-notched performance in these litera-
tures could utilize three observed criteria to estimate notched
band antenna performance, i.e., gain suppression, bandwidth
and roll-off rate (frequency selectivity) of the notched band.
These criteria strongly relate to the structure and quality factor
of the resonator [18]–[20]. According to our knowledge and
experiments, the resonator position at the antenna should be
included in the notched-band antenna design because it is also
related to notched band performance. Hence, the quality factor
and resonator position can be accommodated simultaneously to
improve the controlled ability of the notched band.

To investigate notched band performance, the proposed an-
tenna consists of a fork-shaped antenna, an open-looped res-
onator with a high quality factor and two taped-lines. The fork-
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shaped antenna is designed for wide operating range. The pro-
posed resonator is placed at the center of the fork-shaped an-
tenna, creating the 5-GHz notched band. Using this arrange-
ment, this work emphasizes the resonator effects. The proposed
antenna also shows good performance, such as fast roll-off rate
of return loss, good gain suppression ability and narrow notched
bandwidth at the notched band.

Section II presents the geometry and design concept of the
proposed antenna and discusses important parameters for the
fork-shaped antenna and band-notched performance. Section III
shows the equivalent circuit model as a simple way to esti-
mate the notched frequency of the proposed antenna. The calcu-
lated antenna input impedance using the proposed circuit mode
agrees with the full-wave simulation data. Section IV further
examines the gain frequency response and group delay of the
proposed antenna. Finally, Section V draws conclusions.

II. ANTENNA CONFIGURATION AND PERFORMANCE

A. Antenna Configuration and Performance

Fig. 1 shows the geometry of the proposed antenna consisting
of the fork-shaped antenna and the proposed resonator. The
wide operating bandwidth of the fork-shaped antenna is mainly
determined by three parameters, i.e., L , L and W . The lowest
frequency is determined by (1) to (3) and the tapered profile of
the antenna structure is described by (4). is the angle between
the radiator and the ground plane

(1)

(2)

(3)

(4)

where L is the estimated longest current path along the outer
radiating strip, approximated as a quarter of the length at the
lowest frequency. The and are the speed of light and the ap-
proximated effective dielectric constant, respectively. The per-
formance of the fork-shaped antenna at the UWB high band is
related to . Here, the UWB high band refers to the optional
band from 5.85 to 10.65 GHz whereas the UWB low band rep-
resents the mandatory band from 3.1 to 5.1 GHz [1], [21]. In our
experiments, should be 0.4–0.6 for better return loss level at
the UWB high band.

According to simulated current distributions of the planar
monopole antenna, the current on the metal plate is inherently
concentrated along the outer edges of the radiating plate, espe-
cially for the UWB low band. Based on this phenomenon, the
resonator position at the interior of the antenna not only realizes
a band-notched characteristic, but also preserves nearly the orig-
inal characteristic of the antenna. The cutting triangular area,
0.5 3.5 mm 14 mm, is applied here to place the proposed
resonator.

To achieve the band-notched property, the proposed resonator
is symmetric around its centerline and consists of one open-

Fig. 1. Configuration of the proposed antenna. (a) Top view. (b) Proposed res-
onator. (c) Schematic equivalent circuit model of proposed resonator.

looped resonator and two tapped lines as shown in Fig. 1(b). The
open-looped resonator is realized by folding back a half wave-
length straight strip to form a pair of coupled lines. The cou-
pled lines are connected together at one end. The total length of
the coupled lines, , approximates one-quarter wave-
length. The current work uses the tapped-line to connect the
proposed open-looped resonator and the fork-shaped antenna.
The proposed resonator causes high input impedance level and
impedance mismatching at the proposed antenna in the notched
band.

Conceptually, the proposed resonator can be represented by
the schematic equivalent circuit model shown in Fig. 1(c), in
which each coupled line and the strip of W can be represented
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Fig. 2. Measured and simulated return loss of proposed antenna.

by a lumped parallel lossy RLC circuit and inductive load, re-
spectively. The tapped-line is treated as the inductive loads and
capacitive loads. The capacitive coupling between two folded
strips is ignored in Fig. 1(c). The resonant frequency of the pro-
posed resonator can be readily controlled by adjusting the equiv-
alent inductance and capacitance values. It is noted that the pro-
posed resonator is operated in inhomogeneous media without
background plane. Thus, the proposed resonator neither sup-
ports the TEM mode nor forms the microstrip line resonator.
Section III discusses the analysis and the simplified equivalent
circuit model.

The antenna was fabricated on a 35 mm 30 mm 0.769
mm Rogers RO4350 substrate with dielectric constant

and loss tangent = 0.004 at 10 GHz. The final design pa-
rameters are mm, mm, mm,

mm, mm, mm, mm,
mm, mm, mm, mm,
mm, mm, mm, mm,

mm, mm and mm.
Fig. 2 shows the simulated and measured return losses. The

simulation was performed using Ansoft HFSS 9.2 while the
measurement was taken by an Agilent E8362B performance
network analyzer. The measured result agrees with the sim-
ulated result. The proposed resonator only slightly interferes
with the return loss of the fork-shaped antenna except within
the notched band. Fig. 2 also shows the simulated result of the
antenna without the proposed resonator, evidencing that the de-
sired band notched property is introduced by the proposed res-
onator. The notched band reveals the narrow bandwidth and the
fast roll-off rate due to the high quality factor and the appro-
priate position of the resonator.

In general, the ground plane can be treated as part of a small
antenna. In this work, it is necessary to discuss the effect of the
ground plane. Fig. 3 shows the simulated return loss of various
ground plane sizes. Observations show that the bandwidth of the
UWB low band becomes significantly wider as L changes from
12 mm to 18 mm but both the bandwidth of UWB high band
and the return loss level of the notched band remain practically

Fig. 3. Simulated return loss of various ground plane sizes.

unchanged. According to this phenomenon, the larger ground
size is proportional to the bandwidth at the UWB low band.

The antenna radiation patterns are measured in a 7.0 m 3.6
m 3.0 m anechoic chamber with an Agilent E8362B net-
work analyzer along with NSI2000 far-field measurement
software. Fig. 4 shows the measured radiation patterns in yz-,
xz- and xy-planes at 4.5 and 8.5 GHz. The measured patterns
agree with the simulated patterns. Referring to Fig. 4(a), the
co-polarization patterns are probably omni-directional shaped.
The cross-polarization level rises considerably as frequency
increases. The cross-polarization level is comparable to the
co-polarization level in the yz-plane. In Figs. 4(b) and (c), the
co-polarization patterns are the roughly dumbbell-like shaped
and the cross-polarization levels are generally much lower than
co-polarization levels. The discrepancies of cross-polarization
in xy-plane and yz-plane can be attributed to the interference
of the coaxial cable and the absorber.

B. Effect of Resonator on Notched Bands

To comprehend the effect of the proposed resonator, this sub-
section discusses the geometric parameters of the proposed res-
onator along with the fork-shaped antenna. The following dis-
cussions evaluate band-notched performance by the bandwidth,
roll-off rate and return loss level of the notched band.

Fig. 5 shows the simulated return loss of various folded
lengths of the resonator. The folded length of the open-looped
resonator is the dominated element on the notched band.
As shown in Fig. 1(c), the folded length of the resonator,

, preliminarily determines the values of the parallel
RLC circuit. In the meantime, the resonant frequency of the
resonator is principally controlled by adjusting the values of
the parallel RLC circuit. As the folded strip length becomes
longer, the amount of capacitive load of the parallel RLC circuit
increases accordingly. The center frequency of the notched
band is simply in reverse proportion to the folded length of the
resonator. Simultaneously, the bandwidth and return loss level
retain their original value.

Fig. 6 shows the simulated return loss of various positions
of the tapped-line. The position of the tapped line is the feeding
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Fig. 4. Measured and Simulated radiation patterns at (a) yz-plane. (b) xz-plane.
(c) xy-plane. (Unit:dBi)

Fig. 5. Simulated return loss of various folded lengths of the resonator.

input of the resonator. In this case, the position of the tapped-line
moves vertically while the position of the whole open-looped
resonator at the antenna is fixed. In this arrangement, the center
notched frequency varies from 5.24 GHz to 6.46 GHz as T and
T respectively changes from 0.0 and 2.6 mm to 2.4 and 0.2
mm at the fixed T . The notched frequency shifts over a 1.2
GHz range as the tapped-line moves several millimeters. The
result is different from the general filter design concept where

Fig. 6. Simulated return loss of various positions of the tapped-line.

the position of the tapped-line cannot dominate the resonant
frequency. To explain this phenomenon, the current study em-
ployed an equivalent circuit model of the resonator shown in
Section III. According to the simulated results of the equiva-
lent circuit model, the resonant frequency only shifts around 0.2
GHz as the position of the tapped line changes in same condi-
tion. This implies a certain degree of dependency between the
two situations, i.e., the resonator with ground plane and the res-
onator without ground plane. In the former situation, the res-
onator supports the quasi-TEM mode. Hence, the feeding po-
sition of the resonator cannot dominate the resonant frequency.
In the latter situation, resonant frequency is easily influenced by
changing the resonator input because the resonator is placed in
the antenna/radiator without the ground plane.

Fig. 7 shows the simulated return loss according to various
vertical positions of the resonator at the antenna, i.e., various
values of T while T , T , W and W are fixed. Here, the pro-
posed resonator moves along the x-direction. The center fre-
quency and the return loss level of the notched band slightly
changes as T changes from 1.8 mm to 7.8 mm, whereas the
bandwidth of the notched band is significantly larger as the res-
onator is placed near the end of the fork-shaped antenna. In this
case, since the proposed resonator structure is not changed, the
unload quality factor of the proposed resonator or each compo-
nent of Fig. 1(c) retains its original value. This study considers
the external quality factor of the resonator when the resonator
cooperates with the radiator/antenna. Fig. 7 implies that when
the resonator is placed near the end of the fork-shaped antenna,
the external quality factor becomes lower and the bandwidth of
the notched band becomes wider simultaneously.

Fig. 8 shows the simulated return loss according to horizontal
positions of the resonator at the antenna, i.e., various values of
W and W at fixed T , T and T . Different from Fig. 7, the
proposed resonator moves along the y-direction. Referring to
Fig. 1(c), L is not equal to L because W is not equal to
W . When the proposed antenna becomes non-symmetrical, the
notched band moves farther apart and splits into two individual
notched bands whose peak values are dB at 5.56 GHz and

dB at 6.48 GHz when mm and mm, and
are dB at 5.4 GHz and dB at 6.08 GHz when

mm and mm, respectively. Fig. 8 shows that the
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Fig. 7. Simulated return loss according to various vertical position of resonator
at the antenna.

Fig. 8. Simulated return loss according to various horizontal positions of res-
onator at the antenna.

proposed resonator can be treated as two sub-resonators, where
each sub-resonator is formed by a tapped-line and a folded strip
of the open-looped resonator. The notched frequencies of the
proposed antenna depend on the structure of each sub-resonator.

III. THE EQUIVALENT CIRCUIT MODEL

Conceptually, the schematic equivalent circuit model shown
in Fig. 1(c) represents the proposed resonator. The inductive
and capacitive loads explain the band-notched behaviors at the
notched band. However, it is difficult for band-notched antenna
modeling using the schematic equivalent circuit model to obtain
accurate values of each component. To tackle this problem, this
section proposes the simplified equivalent circuit model to ex-
plain complex resonant behaviors.

This work first extracts the impedance characteristic of the
proposed resonator shown in Fig. 9(a). Here, the dimension of
each ground plane is 8 20 mm and the two delta sources ex-
cite at each node interface of the proposed resonator at the Ref
plane. The proposed resonator in the fork-shaped antenna is ac-
tually floating. Therefore, during the extracting process shown
in Fig. 9(a), the proposed resonator is placed at the RO4350 sub-

Fig. 9. (a) Exacting structure of the proposed resonator. (b) One-port lump
equivalent circuit network of the proposed resonator. (c) Two-port lump equiv-
alent circuit network of the proposed resonator. (d) Simplified equivalent circuit
model of the proposed antenna.

strate without ground plane to accompany the actual operating
mechanism.

To transfer the proposed resonator to the equivalent lumped
circuit model, the procedure of the equivalent lumped circuit
model shown in Fig. 9(b) and (c) can be accounted for using the
filter design theory in [[22], Chap 6–8]. Using the HFSS simu-
lation, the Z-parameters of the proposed resonator can be easily
achieved and can transfer into a one-port lumped equivalent par-
allel resonant as shown in Fig. 9(b) with

(5)

(6)

(7)

where FBW is the fractional bandwidth. and are frequen-
cies as the input impedance magnitude of the one-port resonant
network is respectively 0.707 times the maximum magnitude of
the one-port network. is the center resonant frequency of the
resonator. R is the real part of the impedance of the one-port
network at the center frequency. L and C are the inductance
and capacitance of the one-port network, respectively [21]. Be-
cause the resonator is symmetrical, the one-port resonant net-
work can separate into the symmetrical two-port resonant net-
work as shown in Fig. 9(c). The T-T’ line is a symmetrical plane.
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TABLE I
EXTRACTED VALUES OF THE RESONATOR PARAMETERS AND J INVERTER

Here, we define two-port network elements, Q , L , C and R ,
as

(8)

(9)

(10)

(11)

Note that R is the real part of impedance of the two-port
network and is 2R to keep the real part of implement of the
two-port network equal to that of the one-port network. R or
R in the lumped circuit model represents the amount of con-
ductor and dielectric loss, not radiation loss. Fig. 9(c) presents
the proposed resonator with two node interfaces by a two-port
lumped circuit model.

In the modeling process, the metal strip is regarded as the
high impedance line with a length of , which
is approximately one-quarter wavelength of the notched band.
Here, the metal strip is between the proposed resonator and the
feeding microstrip line. Hence, this metal strip behaves quite
similarly to a quarter-wavelength transformer, and can be there-
fore modeled as a pair of J-inverters [21], [22]. The values of
the J-inverter are determined by the characteristic admittance of
the feeding microstrip line and the real-part admittance of the
equivalent resonant circuit. G stands for a constant radiation
conductance and accounts for the wideband nature of the an-
tenna. Finally, a simplified equivalent circuit model presents the
proposed antenna as shown in Fig. 9(d). The extracted values of
resonator parameters are summarized in Table I and Y is
the input admittance of the antenna given by

(12)

Fig. 10 shows the simulated impedance of the proposed res-
onator and the simulated admittance of the proposed antenna,
respectively. Reasonable agreement exists between the results
of the HFSS simulation and the simplified equivalent circuit
model. The discrepancy between the curves mostly attributes to
the simplistic modeling of the resonator and the J-inverter. The
results, in terms of a simplified equivalent circuit with higher
quality factor, reasonably explain the narrower bandwidth of

Fig. 10. Compared results between HFSS and the simplified equivalent circuit.
(a) Simulated impedance of the resonator. (b) Simulated admittance of the pro-
posed antenna.

frequency gain response in Section IV. Despite some inaccu-
racy in the simplified equivalent circuit model, the results still
provide valuable information of antenna behavior.

IV. MEASURED GAIN RESPONSE AND GROUP DELAY

In measuring antenna gain frequency response, the EMCO
3115 double-ridge horn antenna with a constant group delay of
630 ps is used as a reference antenna for calibration. Fig. 11 il-
lustrates the measured gain frequency responses in the yz-plane
at eight angles, ranged from to 180 with 45 interval.
The gain response of the proposed antenna is quite flat from
3.1 to 10.6 GHz except at the notched band. According to
Fig. 11, the range of gain suppression is from 15 dB to 35 dB
within these eight angles at the target notched band. Although
the notched band slightly shifts at and at ,
it remains within the range of the target notched band. The
notched frequencies are quite similar at the observation angles.
The notched bandwidth is significantly narrower due to the fast
roll-off rate and high level of return loss at the notched band.
The distance between the referenced antenna and the proposed
antenna is 3.4 m. In the UWB system, the constant group delay
response is required. Fig. 12 presents the measured group delay
of the proposed antenna. Except at the notched band, group



1896 IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 58, NO. 6, JUNE 2010

Fig. 11. Measured gain response of the proposed antenna. (a) � � � � � �

�� � � � ��� � � � ��� . (b) � � �� � � � ��� � � � ���� � � � ��� .

Fig. 12. Measured group delay of the proposed antenna.

delay variation over the 3.1 to 10.6 GHz is less than 130 ps
with average of 718 ps as the spatial angle varies. Figs. 11 and
12 show that the proposed antenna has good time/frequency
characteristics and a small pulse distortion over the UWB
operated band.

V. CONCLUSION

This paper proposes and analyzes a novel band-notched
monopole ultrawideband antenna. By applying an open-looped
resonator, the antenna shows a narrower bandwidth and high
return loss level as well as good gain suppression ability at the
desired notched band. The parameter studies of the proposed
antenna provide brief guidelines for a band-notched antenna
design using the similar monopole antenna and resonator. This
study investigates these parameters in terms of the relation-
ship between the fork-shaped antenna and the open-looped
resonator. The simplified equivalent circuit model explains the
rather complicated resonant behavior of the proposed antenna.
The calculated antenna input admittance using the simplified
equivalent circuit model agrees with the HFSS simulated result.
Evaluations of return loss, radiation patterns, gain responses,
and group delay confirm the antenna performance. These
features of the proposed antenna demonstrate that the proposed
antenna is suitable for UWB communicational applications and
prevents interference from the WLAN system.
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