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Abstract

A compact printed reconfigurable monopole antenna with switchable band-notches is
designed and manufactured. The proposed antenna mainly consists of a disc-like radiator
with two pairs of T-shaped strips protruded inside a rectangular aperture. Five PIN diode
switches are employed to bridge or open the slots, which allow the antenna to be configured
into three different structures functioning as an ultra-wideband (UWB) antenna, or an
antenna with notched frequencies at WLAN or WiMAX band. Design and optimization of
the antenna are done using CST Microwave Studio. After fabrication on an FR4 substrate
with dimensions of 35 mm (width) x 41 mm (length) X 1.5 mm (thickness), numerical and
experimental results of the proposed reconfigurable antenna are presented and discussed.
The experimental results confirm the design as a good candidate for UWB applications.

Introduction

Ultra-wideband (UWB) communication has become attractive since the Federal Communications
Commission (FCC) released the frequency band of 3.1-10.6 GHz [1]. In a UWB system, compact
and low-cost antenna design has always been a key issue. The monopole antenna can be applied
in many areas, such as short-range technology for wireless communication, wireless body area
network, UWB radar, and imaging systems with superior penetration and high resolution.
Many novel UWB antenna designs have been proposed, where small printed monopole antennas
with different slots and backplanes have drawn special attention because of their compactness and
simple structure [2-6]. In [6], the impedance bandwidth has been successfully increased by cut-
ting an inverted T-shaped slot on the radiating patch and adding an inverted T-shaped conductor
to the ground plane. Furthermore, UWB antennas with one [7-11] or more band-notches
[12-20] are proposed to avoid unexpected interferences with other existing wireless communica-
tion systems such as the WLAN operating in 5.15-5.35 and 5.725-5.825, and the WiMAX in 3.3-
3.7. Changing the current flow on the radiating patch of the antenna with a narrow slot is one of
the easy and commonly used technique to reject a fixed frequency band [7, 10].

Most recently, reconfigurable antennas have also been proposed to avoid the frequency
interference [21-23]. With the reconfigurable structures providing switchable band-notches,
the antenna can be operated throughout the UWB spectrum whenever there is no coexisting
system while filtering out interferences when necessary. In [21], microelectromechanical sys-
tem switches are integrated to the antenna structures to switch the notching of the WLAN
band, whereas in [22] a PIN diode is added to bridge one of the antenna slots to switch
the band-notched function in the range of 5-6 GHz. Recently, Tang et al. [23] proposed a pla-
nar UWB antenna with continuously tunable, independent band-notches for cognitive radio
applications. Band-notched frequency below 5 GHz and above 5 GHz is realized by adding
varactor diode between the rectangular strip on the top and the leg of the parasitic element
on the bottom.

In [11], a UWB antenna with the tunable notched band is designed. The bandwidth of the
notched band can be tuned by changing the air-gap distance between two T-shaped strips
placed inside the radiating annular patch. Inspired by the document [11], a compact reconfig-
urable UWB antenna design is proposed with dual switchable band-notches covering the 4.9-
6.3 GHz band and the 3-3.8 GHz band to overcome the problem of unwanted interference
from existing WLAN and WiMAX environment. The proposed antenna has advantages in fre-
quency selection for different interference environment. The band-notching function is rea-
lized by electromagnetically adjusting the coupling between two pairs of T-shaped strips
protruded inside the radiation patch through five PIN diodes. In other design, only two status
can be realized by controlling the switch [21-23], and in our design, three status at UWB,
WiMAX, or WLAN bands can be realized by changing the status of the diodes and reconfigure
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Fig. 1. Schematic representations of the proposed reconfigurable UWB antenna:
(a) top layer; (b) bottom layer.
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Fig. 3. Comparison of simulated reflection coefficients of the proposed antenna in
Fig. 2.

Fig. 2. The evolution of the proposed slot antenna, (a) type-A, (b) type-B, (c) type-C, (d) type-D.

the antenna into three different structures. The proposed antenna
is simulated, manufactured, and tested. Good agreements between
simulation and measurement verify the design concept.

Antenna design

The proposed reconfigurable UWB antenna is printed on an FR4
substrate with a thickness of 1.5 mm. The relative permittivity of
the substrate is €, =4.3, and loss tangent is 0.018. Figure 1 shows
the schematics of the top and bottom layers of the antenna con-
ductors. The basic antenna structure consists of a circular radiat-
ing patch with a radius R=10 mm. A cambered conductor is
placed at the bottom of the substrate serving as a ground plane.
The proposed antenna is fed by a 50 Q transmission line con-
nected to a 50 Q SMA connector. As illustrated in Fig. 1, two
pairs of T-shaped strips are protruded inside the radiation
patch working as half-wave resonant structures which perturb
the resonant response [13].

The evolution of the proposed slot antenna is shown in Fig. 2,
and the corresponding reflection coefficient curves are compared
in Fig. 3. As shown in Fig. 2(a), a printed circular disk monopole
antenna with the rectangular ground (type-A) is presented. This
type-A antenna has wide impedance bandwidth. The correspond-
ing reflection coefficient curve of type-A antenna is shown in
Fig. 3. However, the bandwidth of type-A antenna is 2.7-
7.5 GHz, which does not meet the requirements of UWB 3.1-
10.6 GHz. Figure 2(b) shows type-B antenna with the modified
ground plane. It is found that the impedance at high frequencies
has been improved by designing the ground plane with two
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circular tangent angles, as shown in Fig. 3. As we can see from
Fig. 3, the corresponding reflection coefficient of type-B is near
the —11 dB, which is not very good. To further improve the
impedance characteristics in the antenna band, two pairs of nar-
row slots near the feeding line are added, as shown in Fig. 2(c). As
seen in Fig. 3, the reflection coefficient curve is further reduced
after adding the narrow slots on the radiating path, since the
increased narrow slots on the radiation patch can extend the cur-
rent path on the radiation patch, and improve the impedance
characteristics in the band. Compared with type-A antenna, the
bandwidth of type-C antenna is improved both at low and high
frequencies and meeting the requirements of UWB. The type-C
antenna can be further improved in terms of reconfigurability.
For this purpose, two pairs of T-shaped strips are designed inside
the circular radiation patch, leading to the type-D design as
shown in Fig. 2(d). Type-D is one configuration of the proposed
antenna functioning as UWB antenna with 3.5 GHz band-
notched function. In addition, five PIN diodes are added to
short or open the antenna slots among the T-shapes. The antenna
can be reconfigured to different structures by controlling the sta-
tus of the diodes. Three possible connections are shown in Fig. 4,
corresponding to the antenna functionalities as (a) UWB antenna,
(b) UWB antenna with a band-notch centered at 3.5 GHz, and (c)
UWB antenna with a band-notch centered at 5.5 GHz. Simulated
return losses of the three configurations are shown in Fig. 5. In
order to isolate the RF signal from the DC biasing voltage, a
100 pF DC blocking capacitor was used between the PIN diodes
and the antenna metal patch, as shown in Fig. 4. This way RF
and DC isolation was completed in the circuit. HPND-4005
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Fig. 4. Three configurations of the proposed antenna functioning as (a) UWB antenna, (b) UWB antenna with 3.5 GHz band-notch, and (c) UWB antenna with

5.5 GHz band-notch.
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Fig. 5. Simulated return losses of the three configurations: (a) UWB, (b) UWB with
3.5 GHz notched band, and (c) UWB with 5.5 GHz notched band.

PIN diode model was selected, which is designed for use in stri-
pline or microstrip circuits. The extremely low capacitance of the
HPND-4005 makes it ideal for circuits requiring high isolation in
a series diode configuration. Forward biasing the diode through a
DC forward voltage (V) of 1 V can be seen as an equivalent cir-
cuit of a series combination of inductance (L,=0.15nH) and
resistance (R,=4.7 Q), and when the PIN diode is off, there is
one resistance of 5 kQ parallel with a capacitance of 0.017 pF as
shown in Fig. 6(a). An RF choke (L,) of 0.15 nH in series with
the diode efficiently implements RF isolation in the circuit.
Three configurations of the proposed antenna functioning as (a)
UWB antenna, (b) UWB antenna with 3.5 GHz band-notch,
and (c¢) UWB antenna with 5.5 GHz band-notch curves of the
simulated S;; of the ideal switch and the equivalent circuit of
PIN diode are compared, as shown in Fig. 6. It can be seen
from Fig. 6 that although the impedance matching bandwidth
of the diode is narrower than the ideal switch at high frequencies,
the performance at low frequencies is excellent and has little effect
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on the other performance of the antenna. The antenna is simu-
lated and optimized using CST MICROWAVE STUDIO
[htttp://www.cst.com] targeting the best UWB performance and
the two notched bands. The optimal antenna is manufactured
with the following dimensions: Wy =2.84 mm, W;=35mm, W,
=132mm, L,=9mm, W3=48 mm, L;=55mm, W,=1mm,
L,=222 mm, L,=0.75 mm, L.=2.2 mm, L;=2 mm, R=10 mm,
r=7 mm.

Results and discussions

The proposed antenna is manufactured and tested. In this section,
the numerical and experimental results of the proposed reconfig-
urable antenna are presented and discussed, including its
frequency- and time-domain analysis.

Frequency-domain analysis

Figure 5 shows the simulated return loss for the three configura-
tions shown in Fig. 4. Very good UWB performances, as well as
the two expected notched bands, are observed. Therefore, we
could conclude that the band-notch characteristics are signifi-
cantly affected by the connections of the two pairs of T-shaped
strips due to the change in surface current path. In order to better
understand the occurrences of band-notches, we simulated the
current distributions at the two notched frequencies of 3.5 and
5.5 GHz as shown in Fig. 7. It is found that the dense current dis-
tributions around the T-shaped strips protrude inside the circular
radiating patch. At the notch frequencies, the current concentra-
tion on the edges of the square ring and the feeding stripe pro-
duces the desired high attenuation [9]. At 3.5 GHz, the
maximum current density occurs at the T-strips inside the
patch ring, while at 5.5 GHz, it appears at the edges of the hori-
zontal T-strips protrude inside the circular radiating patch and
the narrow slots near the feeding line.

Figure 8 shows comparisons between simulated and measured
return losses for the three configurations. The overall agreement is
good despite some small discrepancies possibly due to inaccuracy
in the antenna parameters such as the fabrication dimensions, the
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Fig. 6. The equivalent circuit of the PIN diode with the comparison between the S;; curves of three configurations of the proposed antenna: (a) UWB, (b) UWB with

3.5 GHz notched band, and (c) UWB with 5.5 GHz notched band.
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Fig. 7. Simulated current distributions at (a) 3.5 GHz and (b) 5.5 GHz.

thickness, and dielectric constant of the substrate, as well as the
effect of the PIN diodes and their biasing circuit.

Figure 9 shows the measured and simulated radiation patterns
of the proposed UWB antenna at 4, 7, and 10 GHz, respectively.
Good agreements are found in both the y-z plane (E-plane) and
x-z plane (H-plane) results. The discrepancy is partly due to the
pin diodes and the connected control lines during the measure-
ment, whereas excluded in the simulation model. An acceptable
approximate omnidirectional radiation pattern is observed
which meets the requirement for UWB systems to be able to
receive signals from all directions. The measured gains and
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efficiencies of the proposed antenna with and without band-notch
are plotted in Fig. 10. Sharp decreases of antenna gains and effi-
ciencies in the desired notched frequency band at 3.5 and 5.5 GHz
are obtained. The measured gains and radiation efficiency is
around 2.5 dBi and 80%, respectively. The proposed antenna is
fully verified for rejecting interference signals from the WiMAX
and WLAN systems.

Time-domain analysis

Having a good time-domain performance throughout the UWB
band is another desired feature for a UWB antenna, dissatisfying
that may lead to strong dispersion resulting in pulse distortion. To
explore the time-domain characteristics of the proposed antenna,
two identical antennas are employed as transmitter and receiver.
The group delay is an important parameter in UWB antenna per-
formance. It indicates the quantity of the far-field linearity. To
measure it, two identical prototypes are used as transmitter and
receiver, which are kept at a distance of 40 cm and placed in
face-to-face and side-by-side orientations. Figure 11 shows the
simulated group delay of the proposed antenna. As can be seen
here, the group delay of the two antennas at 40 cm is stable at
1.5 ns, the variation of the group delay is kept small (within +
0.5 ns) in the entire UWB band, except in the notched band.
To reduce the signal distortion caused by signal bandwidth
and impedance mismatch, the short pulse reported in [24, 25]
is used to excite the UWB antenna. This signal is a fifth-order


https://doi.org/10.1017/S175907871800096X

International Journal of Microwave and Wireless Technologies

0 —— measured
3 -- simulated

$11(dB)

0123456783101

Frequency(GHz)
(@)
measured ol — n'_leasured
- - simulated o - - simulated
o ﬁ\\
= d . -10 A
a P J,/."fj o \
g Y/ =
b - 20 !
(7] W o .
i 30

40+ -40 T
0123456789101 0123 4567¢8910MN1
Frequency(GHz) Frequency(GHz)
[0} (c)

Fig. 8. Measured and simulated return loss for the three configurations of the pro-

posed antenna: (a) UWB, (b) UWB with 3.5 GHz notched band, and (c) UWB with
5.5 GHz notched band.

derivative of the Gaussian pulse and is given by

r 108 15t )

s1(t) = GMs(t) = C(_ Nz + V2me®  2ma?

t2
X exp (— ﬁ) .

where, o =51 ps, C is the amplitude parameter that can be used to
comply with peak power spectral that FCC permits. The time-
domain diagram of the pulse signal is show in Fig. 12. All the
excitation signals used in the time-domain analysis of UWB
antennas are this short pulse.

To better analyze the time-domain characteristics of the
antenna, each configuration of the proposed antenna is studied
in two cases, which are face-to-face, side-to side, back-to-back.
The received signals of the three configuration antennas in differ-
ent cases are shown in Fig. 13.

It can be seen that the UWB antenna with the notched func-
tion will introduce ringing distortion in both the cases
face-to-face and side-to-side display, but the UWB antenna with-
out notched band will not. This is mainly due to the impedance
mismatch of the antenna in the notch band.

In addition, the antenna received signal amplitude and wave-
form in the side-to-side and face-to-face are relatively close. It
can be seen that the antenna performs well in the time domain
and has the better adaptability to meet the application of UWB.

In order to evaluate the time-domain characteristics of the
UWB antenna, the correlation coefficients p is given as follows:

(6]

ax [s1(0)sa(t — Dt
p= RN A
T [sde/ [ (ndt

where 7 is a delay, which is varied to make numerator in (2) a
maximum; S, (t) is the received pulse; S; (f) is the input pulse.
Using (2), the fidelity factor of three configurations in Fig. 4 is

)
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Fig. 10. Measured gains and efficiencies for three configurations of the proposed
antenna.

calculated when the antennas were placed face-to-face and
side-to-side condition. The calculated correlation factors of
three configurations in different cases are compared in Table 1.
It can be observed that both the face-to-face and side-to-side
received signals of the three configurations are very similar to
the input signal, and the correlation factor of the UWB antenna
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Table 1. The calculated correlation factors of three configurations in different
cases

Antenna Face-to-face Side-to-side
UWB 0.9277 0.9092
UWB with 3.5 GHz notched band 0.8822 0.8619
UWB with 5.5 GHz notched band 0.8478 0.8455

is bigger than the UWB antenna with the notched band. It is
because the impedance mismatching at the notched band will
introduce ringing distortion.

Conclusion

In this paper, a novel design of reconfigurable UWB-slot antenna
with switchable dual band-notch function is proposed. By insert-
ing two pairs of T-shape strips inside the radiation patch, while
bridging or opening the slots via five PIN diodes, the proposed
UWB antenna can be configured into a normal one operating
throughout the entire UWB band, or one with band-notch at
WLAN or WiMAX band which filtering away unwanted interfer-
ences intrinsically. The proposed antenna has a simple structure
easy to fabricate. The measured results agree well with simulation.

https://doi.org/10.1017/5175907871800096X Published online by Cambridge University Press

Good frequency- and time-domain performance confirm the pro-
posed antenna being a good candidate for UWB applications.
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