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Abstract

A compact ultra-wideband (UWB) monopole antenna with reconfigurable band-notch char-
acteristics is demonstrated in this paper. It is comprised of a modified rectangular patch and a
defected ground plane. The band-notch property in the WiMAX and WLAN bands is
achieved by etching an open-ended slot on the radiating patch and an inverted U-shaped
slot on the ground plane, respectively. To obtain the reconfigurable band-notch performance,
two PIN diodes are inserted in the slots, and then the notch-band can be switched by chan-
ging the states of the PIN diodes. The antenna has a compact size of 0.47 1, x 0.27 4;. The
simulated and measured results indicate that the antenna can operate at a UWB mode, two
single band-notch modes, and a dual band-notch mode. Moreover, stable radiation patterns
are obtained.

Introduction

Since the Federal Communications Commission (FCC) released the spectrum from 3.1 to
10.6 GHz for commercial applications, ultra-wideband (UWB) technology has attracted con-
siderable attention due to its low cost, low power consumption, and high data rate. Also, many
narrowband systems share their frequency bands with the designated UWB spectrum, such as
the WiMAX band (3.4-3.69 GHz), WLAN band (5.15-5.35 GHz, 5.725-5.825 GHz) and ITU
band (8.025-8.4 GHz). Therefore, in order to reduce the electromagnetic interference between
the narrowband and UWB systems, it is desirable to use UWB antennas with band-notch
characteristic. The conventional method for band-notch design is etching different type of
slots on the patch or the ground plane, e.g. L- and E-shaped slot [1], C-shaped slot [2],
and U-shaped and split-ring slot [3], etc. Another approach of band-reject design is loading
various parasitic elements, such as modified capacitance loaded loop resonators near the
feed line [4], rotated C-shaped conductor backed plane under the patch [5], and electromag-
netic band-gap (EBG) structure on the CPW line [6].

However, the aforementioned antennas are used for rejecting fixed bands. When there is no
interference, the associated notch-band is permanent. In order to effectively utilize the UWB
spectrum and improve the performance of the UWB system, it is necessary to design UWB
antennas with reconfigurable band-notch performance. The reconfigurability of the notch-
band is usually realized by using radio frequency switches, such as PIN diodes and varactor.
In the past decades, some UWB antennas with reconfigurable band-notch characteristics have
been reported [7-13]. In [9], the reconfigurability of notch-band is obtained by controlling the
states of PIN diodes embedded into the inverted I™-shaped parasitic element and the rectangu-
lar split-ring resonator. In [11], the tunable notch is achieved by loading a varactor diode
inside a z-shaped slot on the patch. In addition, antennas with reconfigurable band-notch
characteristics are presented using optically controlled microwave switches integrated into
the folded slot or the complementary split-ring resonator [12, 13].

The main contribution of this work is to demonstrate a miniaturized UWB monopole
antenna with reconfigurable band-notch performance. Compared to the antennas with recon-
figurable single band-notch property [7, 11, 12], the proposed antenna has single and dual
band-notch functions. Moreover, the size of the antenna in this work is the smallest among
the reconfigurable single and dual band-notch antennas [8-10, 13]. To produce the band-notch
property in the WiMAX and WLAN bands, an open-ended slot and an inverted U-shaped slot
are etched on the patch and ground plane, respectively. The reconfigurable band-notch
characteristics are obtained by changing the state of the PIN diodes inserted in the slots. The
experimental results show that the antenna can switch between a UWB mode, two single
band-notch modes, and a dual band-notch mode. Also, good radiation patterns are achieved.

UWB monopole antenna

Figure 1 illustrates the geometry of the UWB monopole antenna. It is fabricated on an inexpen-
sive FR4 substrate with a dielectric constant of 4.4, a loss tangent of 0.02, and a thickness of
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Fig. 1. Geometry of UWB monopole antenna.

0.8 mm. The modified rectangular patch along with the tapered
feed-line is printed on the top side of the substrate, and the
defected ground plane is printed on the bottom side. The shape
of the radiating patch and the ground plane is modified to obtain
good impedance matching over the entire UWB frequency range.
The antenna is simulated with Ansoft HFSS, and the optimal
dimensions are as follows: L =31 mm, W=18 mm, l,=17.5 mm,
ly=12 mm, [;=13.5mm, wy=1.5mm, ;=11 mm, w; =0.4 mm,
L, =7 mm, w, =6 mm, /=6 mm, and w; =4 mm, respectively.

To illustrate the good impedance matching of the UWB
antenna, Fig. 2 shows the steps of the antenna. The VSWR char-
acteristics for an ordinary rectangular patch (Fig. 2(a)), modified
patch (Fig. 2(b)), and the proposed antenna (Fig. 2(c)) are com-
pared in Fig. 3. Compared with the ordinary patch antenna, the
impedance bandwidth of the modified patch antenna is signifi-
cantly improved. Also, the bandwidth can be further enhanced
by introducing the self-complementary structure [14,15], as
shown in Fig. 2(c).

UWB monopole antenna with reconfigurable band-notch
characteristics

Figure 4 shows the geometry of the proposed UWB antenna with
reconfigurable band-notch performance. An open-ended slot is
etched on the radiating patch to produce the notch-band in the
WiMAX band, and an inverted U-shaped slot is embedded on
the ground plane to generate the notch-band in the WLAN
band. Two PIN diodes (D; and D,) are inserted in the open-
ended and inverted U-shaped slots to achieve the reconfigurable
band-notch property. Two small C-shaped slots (marked as
dark gray) with a width of 0.3 mm are introduced for biasing
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Fig. 3. Simulated VSWR curves for antennas in Fig. 2.

circuits. Three 10 pF capacitors are mounted on the small slots
to block the dc passing to the RF source, and one 51 nH inductor
is used to isolate the RF signals. To meet the requirements of
VSWR <2 within the pass bands of the antenna, a parametric
study is performed. The optimal parameters of the band-notch
slots are: I,=11.7 mm, Is=1.5 mm, [gz=3.3 mm, I,=0.65 mm,
ls=1.7 mm, [, =3 mm, [ =1.5 mm, [;; =2.1 mm, [, =2.4 mm,
ly3=7.4mm, l,=2.4mm, and [,5=4.1 mm. The width of the
open-ended and inverted U-shaped slots is 0.8 and 0.5 mm,
respectively. The dimensions of the feed line, radiating patch,
and the ground are the same as those of the antenna in Fig. 1.
The BAR50-02V diodes are selected as the switches. According
to the datasheet of BAR50-02V, it is modeled by a resistance of
3Q for ON state and a parallel circuit with a capacitance of
0.15 pF and a resistance of 5kQ for OFF state. Table 1. sum-
marizes the operate modes of the antenna. The simulated
VSWR characteristics of the antenna are depicted in Fig. 5. It is
observed that the antenna can switch between a UWB mode,
two single band-notch modes, and a dual band-notch mode. In
mode 1 (D; and D, ON), the antenna provides an impedance
bandwidth from 3.1 to 12 GHz. In modes 2 (D; OFF and D,
ON) and 3 (D; ON and D, OFF), single band-notch property
at 3.3-3.7 and 4.9-6.3 GHz is achieved, respectively. In mode 4
(D, and D, OFF), the antenna exhibits dual band-notch perform-
ance at 3.3-3.7 and 5.1-6.5 GHz.

To illustrate the reconfigurable band-notch performance of the
antenna, the surface current distributions are studied. Figure 6
plots the simulated current distributions in the dual band-notch

Fig. 2. Steps of bandwidth improvement of the antenna, (a) antenna with
ordinary rectangular patch; (b) antenna with modified rectangular patch;
(c) proposed antenna.
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Fig. 4. Geometry of UWB antenna with reconfigurable band-
notch characteristics, (a) top view; (b) bottom view (black-
diodes, dark gray-biasing slots, blue-block capacitors, green-

block inductors, brown-biasing lines). (a)
Table 1. Operate modes of the antenna T
o
Diodes D; D, Notch-band (GHz) I "I,
6 |
Mode 1 ON ON - I [
I
Mode 2 OFF ON 3.3-3.7 5k || I.
Mode 3 ON OFF 49-63 I~ || —#®—mode |
= A L —4— mode 2
Mode 4 OFF OFF 3.3-3.7/5.1-6.5 % i l | A mode 3
|
mode. The current distributions at passband frequencies (4 and
7 GHz) are plotted in Figs 6(a) and 6(b), while the current distri-

butions at the notch frequencies (3.5 and 5.5 GHz) are depicted in
Figs 6(c) and 6(d), respectively. As shown in Figs 6(a) and 6(b), it is
observed that most currents pass through to the patch and effective
radiation can be produced. That is to say there is no attenuation at
the passband frequencies. From Fig. 6(c), it is obvious that the cur-
rents at 3.5 GHz mainly concentrate on the open-ended slot and
change their direction along the edges of the slot. Therefore,
powers are reflected back and the notch property at the first  direction along the interior and exterior edges of the slot, as illu-
notch frequency is achieved. Similarly, the currents at 5.5 GHz  strated in Fig. 6(d). The radiation field is canceled out and then
are dominant around the inverted U-shaped slot and in opposite  high attenuation at the second notch frequency is achieved.

Frequency (GHz)

Fig. 5. Simulated VSWR characteristics of the antenna.
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Fig. 6. Simulated surface current distributions in mode 4, (a) at 4 GHz; e L R
(b) at 7 GHz; (c) at 3.5 GHz; (d) at 5.5 GHz. (c) (d)
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Fig. 7. VSWR characteristics for different slot size, (a) lsiot1; (b) Wetots; (€) lsiotz; (B) Wsiota-

The effect of the slots on the performance of the antenna is
also investigated. Figure 7 shows the VSWR characteristics in
the dual band-notch mode for different slot size. Let [jo and
lyorz denote the length of the open-ended and inverted
U-shaped slots, wgor; and wge denote the width of the open-
ended and inverted U-shaped slots. As shown in Fig. 7(a), it is
observed that when [, (I4) increases, the center frequency of
the first notch-band decreases, while that of the second notch-
band remains unchanged. From Fig. 7(b), it is found that the cen-
ter frequency of the notch-bands slightly changes with the
increasing wgo. Similarly, the center frequency of the second
notch-band is sensitive to [go, (Is+2XxIlg+2x1,+2x15) and
insensitive to Wy, as illustrated in Figs 7(c) and 7(d). In other
words, the notch-band is mainly determined by the length of
the band-notch slots. The length of the open-ended slot and
inverted U-shaped slot is approximately A,/4 and A,/2 (4, and

Fig. 8. Photo of the antenna, (a) top view; (b) bottom view.
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A, are the guided wavelength at the center frequency of two
notch-bands), respectively. To realize the desired notch-band in
the WiMAX and WLAN bands, lj,; and [, are selected to be
11.7 and 12.8 mm.

Experimental results

To demonstrate the validity of the proposed design, a prototype of
the antenna is fabricated and measured. Figure 8 shows the photo
of the fabricated antenna. The VSWR characteristics are measured
by an Agilent N5230A vector network analyzer, and the radiation
patterns are measured with an SZ-VL antenna automatic test sys-
tem. The results are shown in Figs 9-11.

Figure 9 shows the simulated and measured VSWR character-
istics of the antenna. It can be seen that the antenna can switch
among a UWB mode, two single band-notch modes and a dual
band-notch mode. A basic agreement between the simulation
and measurement results is obtained. In the UWB state, the mea-
sured bandwidth for VSWR<2 is 3.07-12 GHz. In the single
and dual band-notch modes, the measured notch bandwidth is
3.32-3.83, 5.15-6.94, and 3.17-3.79/5.14-6.82 GHz, respectively.
The discrepancy between the simulated and measured ones is
mainly caused by the parasitic effects of packaged diodes, the
accuracy of the dielectric constant of the material used and the
fabrication error.

Figure 10 plots the simulated and measured radiation pat-
terns in the dual band-notch mode. It is observed that the
antenna displays bidirectional radiation patterns in the E-plane
(yz-plane) and omnidirectional radiation patterns in the
H-plane (xz-plane). Table 2 lists the antenna parameters of the
radiation patterns. The measured peak gain for the UWB
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Table 2. Antenna parameters of radiation patterns in dual band-notch mode

Max Max.
x-polar x-polar
level of level of

Frequency E-plane H-plane E-plane H-plane
4 GHz 8-shaped Omnidirectional —16dB -13dB
7 GHz 8-shaped Omnidirectional —-25dB -30dB
9 GHz 8-shaped Omnidirectional -21dB -25dB

mode and dual band-notch mode is depicted in Fig. 11. It can be
seen that the gain falls sharply in the vicinity of 3.5 and 5.5 GHz.
For other frequencies outside the notch-band, the antenna exhi-
bits stable gain performance. The simulated efficiency in the
UWB band is more than 89%, while that of the notch-band
sharply decreases to 36%.

Finally, Table 3 compares the proposed and other reported
antennas with reconfigurable band-notch characteristics.
Compared to the antennas with reconfigurable single band-notch
property [7,11,12], the antenna in this work has single and dual
band-notch functions. Also, the size of the proposed antenna is
the smallest among the single and dual band-notch antennas
[8-10,13].

Table 3. Performance of antennas with reconfigurable band-notch characteristics
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Conclusion

A compact UWB monopole antenna with reconfigurable band-
notch characteristics is proposed. The band-notch performance
in the WiMAX and WLAN bands is realized by etching an open-
ended slot on the radiating patch and an inverted U-shaped slot
on the ground plane, respectively. By controlling the states of
the PIN diodes embedded in the slots, the antenna can switch
between a UWB mode, two single band-notch modes, and a
dual band-notch mode. Also, the antenna exhibits good radiation
patterns and stable gain except for the notch-bands.
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