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Abstract—A compact dual band-notched ultra-wideband slot
antenna with sharp band-notched characteristics and controllable
notched bandwidths is presented. The antenna is formed by a
rectangular slot with chamfered corners on a printed circuit board
ground plane, a T-shaped stub and two sets of compound band-
notched structures. The compound band-notched structures are
employed to generate desired lower and upper rejected bands with
satisfactory skirt characteristics and sufficient rejection bandwidths.
Moreover, the bandwidth of either the lower or upper rejected band
can be independently adjusted by changing the size and location
of the corresponding band-notched structure. Finally, a UWB slot
antenna with two rejected bands at WiMAX/WLAN frequencies
is successfully simulated, designed, and measured, showing good
impedance matching, stable gain and near omnidirectional radiation
patterns.

1. INTRODUCTION

Ultra-wideband antennas have attracted great attention in the recent
years [1-6]. However, over the designated UWB frequency range,
there are existing narrow bands used by worldwide interoperability
for microwave access (WiMAX) operation in the 3.3-3.7 GHz band
and wireless local area network (WLAN) in the 5.15-5.825 GHz band.
Therefore, it is desired to design the UWB antenna with dual-
notched bands in 3.3-3.7 GHz and 5-6 GHz to minimize the potential
interference. Recently, a number of UWB antennas with band-notched
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characteristics have been discussed [7-14] and various methods have
been used to achieve band notched function, such as embedding a
slot of different shapes in the radiating patch [7—10], using parasitic
patches [11,12], embedding a slit in the feeding strip [13], or etching
split ring resonator (SRR) coupled to the feed-line [14]. However,
each approach above only creates one single filtering frequency and
is not able to provide satisfactory skirt characteristics and a sufficient
rejection bandwidth. In addition, all of the antennas mentioned above
have concerned no more than two notched bands and most of them
only have one notched band, which can not fulfill dual or multi-rejected
band function. A few dual or multi-rejected band UWB antennas were
presented [15,16]. However, the band-notched characteristics of these
antennas are not desirable to avoid the interference problem within
the UWB operating band. Obtaining high effective band-notched
characteristics is a challenging issue. The main problem of the band
rejected function design is the difficulty of controlling bandwidth of the
notched band, and few band-notched UWB antennas with controllable
rejected bandwidth have been presented.

A compact slot UWB antenna with two improved notched bands is
proposed. The dual band-notched operation is achieved by embedding
two sets of composited band-rejected structures on the rectangular slot
with chamfered corners or the T-shaped stub. The desired frequency
notched bands can be easily achieved by adjusting the total lengths of
the rejected structures. Moreover, by changing the sizes and locations
of the compound band-rejected structures, the rejected bandwidths can
be effectively controlled. The geometries and design guidelines of single
band-notched slot UWB antennas are first introduced in Section 2,
while the two improved band-notched UWB antenna is demonstrated
in Section 3.

2. SINGLE BAND-NOTCH UWB ANTENNA DESIGNS

2.1. UWB Antenna Design

Figure 1 shows the geometry of the proposed UWB antenna printed on
a 0.8 mm thick substrate with relative permittivity 2.55. A rectangular
slot with chamfered corners is fed by a 50 2 coplanar waveguide (CPW)
transmission line. The electromagnetic simulation software Ansoft
HFSS v11 is employed to perform this design, and good impedance
matching over a broad frequency range can be obtained. As shown in
Figure 2, the measured bandwidth of the antenna is from 2.9 GHz to
more than 11 GHz.
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Figure 1. Geometry of the UWB antenna.
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Figure 2. Simulated and measured reflection coefficient of the UWB
antenna.

2.2. Single Band-notched UWB Antenna Design

In order to reduce the interference from the existing narrow
communication systems, the band-notched function is desirable in the
UWRB system. Three types of band-rejected UWB slot antennas are
presented, and their geometries are shown in Figure 3. The first type
of the band-notched slot UWB antenna embedded a C-shaped slit in
the feeding line is presented in Figure 3(a) (referred to as antenna 1
in this paper). The second design etches an inverted C-shaped slit
on the top side of the T-stub, as shown in Figure 3(b) (denoted as
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Figure 3. Geometries of three band-rejected designs embedding. (a)
A C-shaped slit in the feed line, (b) an inverted C-shaped slit in the
T-stub, and (c) a parasitic strip in the aperture.

antenna 2). The third band-rejected UWB antenna embedded an
inverted C-shaped strip near the top edge of the aperture is depicted
in Figure 3(c) (referred to as antenna 3). In these designs, each band-
rejected structure of the embedding parasitic slits or strip is able to
provide a single filtering frequency in a certain band and functions
as a first order stop filter. By properly changing the total lengths
of the slits and strip, the desired rejected band frequencies can be
easily obtained. Furthermore, the filter resonator of strip or slit
embedded on the antenna is much more sensitive to retune due to
nearby objects compared to an external filter component. The effects of
fixed components nearby the filter have been considered in our design.

It is necessary to control the notched bandwidth to obtain
an effective band-notched UWB antenna. Therefore, the rejected
bandwidths via the widths and positions of the band-notched
structures are investigated. The specific frequency around 5.5 GHz
for comparing the effects on the widths and positions of these parasitic
slits and strip is selected. Since the rejected frequency shifts a lot
corresponding to the length of the slit or strip, the effects of the length
of the slit or strip cannot be compared here. Figure 4 exhibits the
comparison of the notched bandwidth via the width Li; of the slit
embedded in the feed-line for antenna 1. The narrow width Li; of
the slit has a narrow notched band, while the wide width L7 has
wide band-notched characteristics. The results clearly indicate that
the notched bandwidth of the antenna 1 can be effectively controlled
by adjusting the width Li; of the parasitic slit.

The band-notched characteristics for antenna 2 based on the
location and width of the parasitic slit on the T-stub is studied.
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Figure 4. Effects of the width L1 and length Lo of the embedding slit
on the notched bandwidth for antenna 1; g1 = 7mm, Wi; = 0.3 mm.
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Figure 5. Effects of parameters. (a) go2, Lo, (b) Waa, Lag of the
embedding slit on the notched bandwidth for antenna 2.

Figure 5(a) shows the effects of the location gao of the parasitic slit
on the notched bandwidth. In this case, the width Wss of the slit is
fixed to be 0.3 mm, and large effects on the band-notched function are
seen. Results show that the notched bandwidth for antenna 2 becomes
wider when goo increases from 0.2 to 1.4mm. Figure 5(b) shows the
simulated reflection coefficient as a function of Wag, the width of the
slit, and the results for the width Wy, varied from 0.1 mm to 1.2 mm
are presented. In this case, the location goo of the slit is selected to
be 0.5mm. It is observed that narrow width Wy, generates narrow
notched bandwidth, while the wide width Wss has a wide notched
bandwidth. These results indicate that the location g2 and width Wa,

of the parasitic slit are important to control the rejected bandwidth
for antenna 2.
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Figure 6. Effects of parameters (a) gs3, (b) Was of the parasitic strip
on the rejected bandwidth for antenna 3.

The rejected bandwidth of antenna 3 for location g33 and width
Wss of the parasitic strip is also analyzed. Figure 6(a) presents
the simulated reflection coefficient for the location gss varied from
0.2 to 1.4mm. In this case, the width Ws3 is fixed to be 0.5 mm.
A larger value of ¢33 generates a wider rejected bandwidth. The
notched bandwidth for the width W33 of the parasitic strip is shown in
Figure 6(b). In this condition, the location gs3 of the strip is selected to
be 0.8 mm, and noteworthy effects on the band-notched characteristics
are seen. The notched bandwidth is enhanced as W33 increases from
0.1 to 1.3mm. These results clearly demonstrate that the notched
bandwidth of the antenna 3 can be effectively adjusted by changing
the position g33 and width W33 of the embedding strip.

2.3. Improved Single Band-notched UWB Antenna Design

Three band-notched UWB slot antennas have been described to reduce
the interference from the existing narrow communication systems.
However, each of the band-notched structures only creates one single
filtering frequency within the UWB band and cannot be able to provide
satisfactory skirt characteristics and a sufficient rejection bandwidth,
which cannot effectively minimize the potential interference with
existing narrow bands. In order to achieve a certain notched band with
satisfactory skirt characteristics and a sufficient rejection bandwidth,
two sets of compound band-notched structures added to the UWB
antenna shown in Figure 1 are presented. The first type of the UWB
slot antenna with composite band-notched structure formed by a C-
shaped slit embedded in the feed-line and an inverted C-shaped slit
near the top edge of the T-stub is shown in Figure 7(a) (referred to
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Figure 7. Geometries of two band-rejected UWB antennas with
composite band-notched structure; (a) embedding a C-shaped in the
feed line and a C-shaped slit on the T-stub, and (b) etching a C-shaped
in the T-stub, and a parasitic strip in the aperture.

as antenna 4), while the second antenna with compound band-rejected
structure consisted of an inverted C-shaped slit near the top edge of the
T-stub and an inverted C-shaped strip near the top edge of the near-
rectangular aperture is shown in Figure 7(b) (referred to as antenna 5).
As discussed above, the embedding slits or strip would generate a single
filtering frequency in the UWB operating band and functions as a
first order filter. So in these designs, each composite band-rejected
structure is able to create two filtering frequency points in a certain
band. When these two filtering frequencies are coupled together, an
improved notch-band with sharp characteristics can be obtained. In
this way, each set of composite band-notched structures functions as
a second order filter. The design rules of the integrated band-notched
structures are similar to that of a second order stop filter. However,
the resonant elements of the integrated band-notched structures are
not placed nearby the transmission line regularly like a standard stop
filter, so it is difficult to compare the integrated filter with a standard
filter. Our further work is to establish equivalent relationship between
the compound filter and a standard filter.

Figure 8 illustrates the comparison of band-notched characteristics
via different lengths of the embedding slits for antenna 4. In the
picture, Lgj;;1 denotes the overall length of the C-shaped slit embedded
in the feed-line while Lgj;o represents the total length of the inverted
C-shaped slit near the top edge of the T-stub. Two separate filtering
frequency bands are achieved when the total lengths of the slits differ
much. When the total lengths of these slits differ slightly, two filtering
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Figure 8. Band-notched characteristics with different lengths of the
parasitic slits for antenna 4; g11 = 7mm, Wi = 0.5mm, Li; = 2mm,
g22 = 0.5 mm, Woy = 0.5 mm.

frequencies are coupled together to shape a much sharper, wider, and
deeper notched band.

As discussed above (seen from Figures 4, 5, 6), the design
parameters L1 of the slit embedded in the feed-line, goo and Waq of the
slit on the T-stub, gs3 and Ws3 of the parasitic strip have large effects
on the notched bandwidth for antennas 1, 2 and 3, respectively. Since
the compound band-notched structures are formed by the embedding
slits and strip, the effects of the widths and locations of the slits and
strip on the band-notched bandwidth need to be analyzed. Figure 9(a)
shows the effects of the width L1 and the location g2 on the notched
bandwidth for antenna 4. In this case, the parameter Wss is fixed to be
0.3mm. The narrow L1 and goo has a narrow notch bandwidth, while
the wide L1; and g9 has a wide rejection bandwidth. Figure 9(b)
presents the effects of the parameters Li; and Wsy on the band-
notched characteristics. In this case, the parameter goo is selected
to be 0.6 mm. It is observed that the rejected bandwidth is obviously
enhanced as L1; and Was increase. From discussion in Figures 4 and
5, the filtering bandwidth becomes wider as L1, Was or goo increase.
For antenna 4, both the filtering bands generated by the slits of the
composite structures become wider as the parameters L1, goo and Waq
of the band-notched structures increase, which are coupled together to
shape a wider notched band. This analysis clearly indicates that the
notched bandwidth of the antenna 4 can be effectively controlled by
adjusting the values of L11, goo and Was of the parasitic slits.

The band-notched bandwidth based on the locations and widths
of the parasitic slit and strip for antenna 5 is also studied. The effects
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Figure 9. Effects of parameters Li1, goo, and Wso on the rejected
bandwidth for antenna 4 (units: mm).
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Figure 10. Effects of parameters goo, Waoo and ¢33 on the rejected
bandwidth for antenna 5 (units: mm); W33 = 0.4 mm.

of the parameters goo and g3z on the band-notched bandwidth are
studied in Figure 10(a), in which the width Way of the slit is fixed to
be 0.4mm. Results show that the filtering bandwidth becomes wider
as g2 and gsgincrease from 0.1 to 1.4mm. Figure 10(b) shows the
simulated reflection coefficient as a function of Was and gs3. In this
case, the location goo of the slit is selected to be 0.6 mm. It is observed
that small values of Wa9 and g33 generate a narrow notched bandwidth,
while large Way and g¢ss generate a wide notched bandwidth. This
analysis indicates that the location gs2, g33 and width Was of the band-
rejected structure are important to control the rejected bandwidth for
antenna 5.
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Figure 11. Geometry of the proposed dual band-notched slot UWB
antenna.

3. TWO IMPROVED NOTCHED BANDS UWB
ANTENNA

Besides WLAN systems, WiMAX from 3.3-3.7 GHz also operates in
the UWB band. To minimize the potential interferences between
UWB system and narrowband systems, a dual band-notched UWB
antenna with good band-rejected function is proposed to demonstrate
the superior features. The geometry of the proposed antenna is shown
in Figure 11. The antenna is formed by the slot antenna described
in Figure 1 and two sets of compound band-rejected structures. The
first compound band-rejected structure consisted of an inverted C-
shaped strip etched on the rectangular aperture and an inverted C-
shaped slit near the top edge of the T-stub is employed to create the
lower rejected band, while the other band-rejected structure formed
by a C-shaped slit embedded in the feed-line and an inner C-shaped
slit on the T-stub is employed to generate the upper rejected band.
When the design parameters of the compound band-rejected structures
are properly selected based on the rules described on the last section,
two notched bands with excellent band-notched characteristics can be
achieved.

It is necessary to control the notch bandwidths in practical
application to obtain an effective band-notched UWB antenna.
Therefore, the rejected bandwidths based on the widths and positions
of the compound band-notched structures are studied. The specific
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Figure 12. Effects of the parameters g33, W33, g44 and Wyy for the first
compound band-rejected structure on the band-notched function(units:
mm); g;1 = 6mm, Wi; = 0.2mm, L;; = 1.9mm, Ljs = 9.8 mm,
goo = L.bmm, Woy = 0.5mm, L33 = 11.6mm, Ly = 7.2mm. Short
dot line: Lo = 4.5mm, Log = 2.3mm, L34 = 6.5mm, Ly = 2.2 mm;
short dash dot line: LQQ = 5.1 mim, L23 = WQQ, L34 = 6.8 mim,
L4s = 2.3mm; solid line: Loy = 4.5mm, Loz = 2.1, L3y = 6.5mm,
L4 = 2.5 mm.

b b
oS o o O
.

A
oS o O

Reflection Coefficient (dB)

1
~
(=]

S}
~

6 8 10 12
Frequency (GHz)

Figure 13. Effects of the parameters Li; and Wy for the second
compound band-rejected structure on the band-notched function
(units: mm); g;3 = 6mm, Wi; = 0.2mm, goo = 1.5 mm, g33 = 0.3 mm,
Ws3 = 0.2mm, L33 = 11.6mm, g4 = 0.2mm, Wy = 0.2mm,
Ly = 7.5mm. short dot line: L1s = 10mm, Loo = 4.5 mm, Log = Was,
L3y = 6.8mm, Lys = 2.6 mm; short dash dot line: Lis = 9.6 mm,
L22 = 5.1H1H1, L23 = WQQ, L34 = 68mm, L45 = 2.5mm; solid
line: Lis = 9.2mm, Loo = 5.5mm, Loz = 3mm, L3y = 7.2mm,
Lys = 1.5mm.
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frequencies around 3.5 GHz and 5.5 GHz for comparing the effects on
the widths and positions of these parasitic slits and strip are set here.
Figure 12 exhibits the effects of the parameters gs3, Wss, g4q4 and
Wy of the first compound structure on the rejected bandwidth. The
lower rejected bandwidth becomes wider as gs3, Wis, gaq and Wy
increase, and the result is similar to that of Figure 9, while the upper
notched band has small effects. Figure 13 shows the band-notched
characteristics as function of the parameters L1 and Was of the second
band-notched structure. The upper rejected bandwidth is enhanced as
L11 and Wy, increase, and small effects on the lower band are observed.

Figures 14(a) and (b) show the current distributions at 3.5 GHz
and 5.5 GHz on the proposed antenna, respectively, and large current
distributions around the parasitic slits and strip are observed. In
this case, destructive interference for the excited surface currents in
the antenna will occur, which cause the antenna to be nonresponsive
at those frequencies. At 3.5 GHz, large current distributed around
the first set of compound band-rejected structure and small current
flowed along the second set of band-rejected structure are seen,
which indicates that the changed dimensions of the first compound
band-notched structure has small effects on the upper rejected band.
At 5.5 GHz, the current distributions mainly flow along the second
compound band-rejected structure, while the currents around the first
compound structure are small. In this way, the adjusted size for
the second composite band-notched structure affects the lower band
slightly.
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Figure 14. Current distribution of the proposed antenna at (a)
3.5 GHz, and (b) 5.5GHz; g11 = 6 mm, W1 = 0.2mm, Li; = 1.9 mm,
L12 = 98H1H1, goo = 1.5mm, W22 = O5mm, L22 = 5.1 mim, L23 =
Waa, g33 = 0.35mm, W33 = 0.2mm, L33 = 11.6 mm, L3y = 6.8 mm,
gaa = 0.25mm, Wyy = 0.2mm, Ly = 7.2mm, Lys = 2.3 mm.
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According to the above discussion, the overall design procedure
for the proposed dual band-notched antenna can be summarized as
follows. Firstly, design a T-stub fed rectangular aperture antenna
with chamfered corners to cover the whole UWB operating band (3.1-
10.6 GHz). Secondly, embed an inverted C-shaped strip near the top
edge of the aperture and an inverted C-shaped slit near the top of the
T-stub to create the lower rejected band, and then etch a C-shaped
slit in the feed-line and an inner inverted C-shaped slit on the T-
stub to generate the upper rejected band. Finally, optimize the sizes
and locations of the slits and strip to get the required band-notched
characteristics.

Finally, based on the design rules, an improved UWB antenna
with dual band-rejected filtering properties in the WiMAX/WLAN
bands is successfully designed. The design parameters are g;; = 6 mm,
W11 = 02mm, Ln = 1.9HHI17 ng = 98mm, g2 = 1.5HH117 W22 =
0.51’I1H1, L22 = 5.1 mim, L23 = WQQ, g3z = 0.35 mim, W33 = O.2mm,
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Figure 15. Measured reflection coefficient of the UWB antenna.
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Figure 16. Radiation patterns of the proposed antenna. (a) H-plane
(ry) at 4.5 GHz. (b) E-plane (zz) at 4.5 GHz. (c) H-plane (zy) at
6.5 GHz. (d) E-plane (zz) at 6.5 GHz. (e) H-plane (xy) at 8 GHz. (f)
E-plane (zz) at 8 GHz.

L33 = 11.6mm, L3y = 6.8mm, g4g = 0.25mm, Wy, = 0.2mm,
Ly = 7.2mm, Ly5 = 2.3mm. The reflection coefficient of the antenna
is shown in Figure 15. According to the result, the antenna covers
the band assigned for the UWB application. It is apparent that
the proposed antenna can satisfy the UWB band (3.1-10.6 GHz) for
S11 < 10dB, while rejecting the 3.2-3.8 GHz band for WiMAX and
the 5.15-5.85 GHz band for WLAN.

The measured and simulated radiation patterns of the proposed
antenna in the H-plane (xy-plane) and E-plane (zz-plane) for three
different frequencies 4.5, 6.5 and 8 GHz are shown in Figure 16,
and good agreement between the simulation and measurement are
obtained. The patterns in the H-plane are quite omnidirectional as
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Figure 17. Gains of the proposed antenna.

expected. In the E-plane, the radiation patterns remain roughly a
dumbbell shape like a small dipole leading to bidirectional patterns.
For simplicity, the radiation patterns of antenna 1 to 5 are not depicted
in this paper. To the best of authors’ knowledge, the proposed band-
notched structures including the single band-notched and dual band-
notched ones have little influence on the radiation patterns of the UWB
antenna. Figure 17 shows the measured and simulated gain of the
proposed antenna. Sharp gain decreases occur in the vicinity of 3.5
and 5.5 GHz bands. However, for other frequencies outside the rejected
bands, the antenna gain is nearly constant in the entire UWB band.

4. CONCLUSION

An improved dual band-notched antenna with controllable notched
bandwidths has been proposed. Compound band- rejected technique
was provided to create much sharper, wider, and deeper notched bands
within UWB frequency range compared with the previous published
works. In addition, the frequency and width of the lower or upper
rejected band can be independently controlled by adjusting the length,
width and location of the corresponding compound band-rejected
structure. Finally, a UWB slot antenna with two rejected bands
at WiIMAX/WLAN operating frequencies is successfully simulated,
designed, and measured, showing good impedance matching, stable
gain and near omnidirectional radiation patterns. Accordingly, the
proposed antenna is expected to be a good candidate in various UWB
Systems.
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