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A band-notched UWB antenna is presented, which can switch between two notch bands and tune the central frequency
simultaneously. It is the 	rst time that the switchable and tunable behaviours are combined together in band-notched UWB
antennas. In the band-notched structure, PIN diodes are used to switch the lower and upper frequency bands, while varactors
could vary the central frequency of each notch band continuously. Measurement results show that the notch bands could switch
between 4.2GHz and 5.8GHz when the state of varactors is 	xed, and the ranges of tuning are 4.2–4.8GHz and 5.8–6.5 GHz when
the state of PIN diodes is ON and OFF, respectively.

1. Introduction

UWB communication (3.1–10.6GHz) has attracted much
attention in recent years owing to its high data rates, great
channel capacity, and low power dissipation [1]. As a nec-
essary component in the system, UWB antenna has been
widely investigated. �ere are many shapes of the radiator,
such as circle, rectangle, cup, and pyramid [2–5]. Besides,
according to the relative position between the radiator and
the ground, the UWB antenna could be classi	ed into the
coplanarwaveguide (CPW) top-radiator-bottom-ground and
stereoscopic structure [4–6].

Nevertheless, parts of UWB spectrum would overlap
with other communication systems, such as WiMax (3.3–
3.8GHz), WLAN (5.15–5.85GHz), or X-band satellite com-
munication links (7.9–8.4GHz) [7], which would cause elec-
tromagnetic interference. Generally, there are two ways to
produce notch bands. One is adding stubs beside the feeding
line or ground to produce notch bands [8–10], while the other
is making slits in the feeding line or radiator [11, 12]. Of
course, the combination of these twomethods could produce
multiple notch bands.

A�erwards, under the tendency of self-adaptive tech-
nologies and smart antennas, the concept of recon	guration
has been introduced into antennas, where PIN diodes and

varactors are common means to realize smart functions.
As a speci	c term, the UWB antenna with recon	gurable
notch bands has been observed recently. In general, these
designs could be classi	ed into two categories according to
the function. One is to produce switchable notch bands with
PINdiodes [7, 13, 14]. In fact,modifying theONorOFF status
of the diodes, the electrical path length of the surface currents
changes and consequently the resonant processes responsible
for the formation of the notch bands. Another category is
using varactors to produce continuously changeable notch
bands, so-called tunable notch bands [15, 16].�e capacitance
of varactor varies continuously when the reverse bias voltage
changes, leading to the resonance moving on the frequency
spectrum. PINdiodes or varactors appliedwith stubs and slits
could produce various band-notched UWB antennas.

In this paper, it is the 	rst time that PIN diodes and
varactors are combined together. �e notch bands of the
UWB antenna are not only switchable but also tunable. In the
design, stubs with a pair of PIN diodes and varactors consist
of band-notched structure. �e ON and OFF states of PIN
diodes are controlled by reverse bias voltages of 5V and 0V,
which makes two notch bands (the lower and upper) switch-
able. Once the state of PIN diode is 	xed, the continuously
varying reverse voltage from 0V to 15V would make the
notch band scannable in a certain range on the spectrum.
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Figure 1: Geometry of the proposed switchable and tunable band-notched UWB antenna: (a) antenna structure, top view (le�) and side view
(right); (b) photo of fabricated prototype; (c) detailed band-notched structure.

Measurement results show that the notch band could be
switched between 4.2GHz and 5.8GHzwhen reverse voltages
on varactors are 	xed at 0V, and the tuning ranges are
4.2GH–4.8GHz and 5.8GH–6.5GHz under the ON and
OFF states of PIN diodes.

2. Antenna Design

As is illustrated in Figures 1(a) and 1(b), the design is
fabricated on a 1mm thick FR4 (�� = 4.3; tan � = 0.002)
substrate, where the dimension is 26mm × 36.6mm. On the
bottom layer, the ground with two cutting triangles for better
impedance matching is printed.�e band-notched structure,
the feeding line, and the UWB circular monopole antenna
are printed on the top layer. Among them, the band-notched
structure is located beside the feed line. Detailed antenna
parameters are listed in Table 1.

Figure 1(c) shows the detailed band-notched structure.
�e capital letters A and B appearing in Figure 1(c) refer to
PIN diodes and varactors, respectively. In the PIN diodes the
current will go through or it will be cut o�, when the reverse
bias voltage is 5 V or 0V, which corresponds to the ON or
OFF state. As for varactors, the capacitancewill decrease from
2.37 pF to 0.46 pF when the reverse voltage increases from
0V to 15V. Besides, the meander line has been adopted to
reduce the size of the inductance necessary for the excitation
of the resonance process, while the shorting pins are used to
suppress the high-order notch bands.

3. Study of the Notch Band Characteristic

In the design, varactors SMV1231-079LF and PIN diodes
SMP1320-079LF which are all from Skyworks Solutions are
applied. In the numerical simulation, the varactors and the
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Table 1: Optimized parameters of the proposed antenna.

Parameter

� � �� ℎ� � �� � � gap 	� 
1 
2 
3 	�1 	�2 	�3 gapm � 2�
Unit (mm) 36.6 26 14 7.6 11 6 2.6 0.1 1.9 4.4 0.5 2 0.1 0.2 0.4 0.1 1.5 80

Table 2: E�ective parameters of the circuits.

Type Bias voltage (V)  (pF) � (Ω) � (nH)

Varactor

0 2.37 1.65 0.7

8 0.54 0.09 0.7

15 0.46 0.005 0.7

PIN diode
0 (OFF) 0.25 0.8 0.427

5 (ON) 38.91 0.015 0.774

Port 2Port 1

Cp

Ls

Rs

(a)

Terminal

Port 1 Port 2

LCR

SMV1321-079LF
Z = 50Ohm

Vbias

(b)

Figure 2: Extraction of e�ective parameters of the PIN diode and
the varactor: (a) the spice model of the varactor; (b) circuit model of
extraction, which is used to extract the e�ective circuit parameters
of the varactor based on its spice model.

PIN diodes have been replaced, within the operating band, by
equivalent circuits composed by a series RLC circuit. All the
numerical simulations are conducted in HFSS 15. �e exact
circuit parameters are listed in Table 2, which are extracted
from their spice model by using Advanced Design System
2009, as is shown in Figure 2. In the following simulation, the
e�ective RLC circuits will represent the varactor and the PIN
diode for simplicity.

�e equivalent circuit of the band-notched structure
is shown in Figure 3. �e circuit consists of two series-
connected impedances. One of the impedances ��1 + ���1
or ��2 + ���2 describes the e�ect of the PIN diode in the
ON or OFF state, while the other is the variable impedance
describing the electric behaviour of the varactor diode under
changing reverse bias voltage. Besides, the rest RLC of the
circuit produced by other notch band structures are also

Rp1 + jXp1

R� + jX�

≡
Rp2 + jXp2

Port 1

Port 1

Port 2

Port 2

Figure 3: Equivalent circuit of the band-notched structure.

added into �
V
+ ��

V
for simplicity. When the resonance of

series circuit happens, signal will not transfer from port 1 to
port 2 but will pass through the circuit to the ground, as if
port 2 is shorted, and this is the reason that the notch band
shows up on the UWB spectrum.

It is clear that the resonant frequency of the notch band
will decrease when neither or both of the inductance and
capacitance increase in the band-notched structure. Owing
to the series connection of the elements forming the band-
notched structure depicted in Figure 3, the PINdiode acts like
a switch at which the equivalent capacitance values ranging
between 0.25 pF and 38.91 pF are associated, as is shown in
Table 2. To put it in another way, in this design, ON state of
PIN diodes and 0V reverse bias voltage on varactors corre-
sponds to the lowest resonance (series connection of 38.91 pF
and 2.37 pF), while OFF state of PIN diodes and 15V reverse
bias voltage on varactors represents the highest resonance
(series connection of 0.25 pF and 0.46 pF). �at is, the PIN
diode determines whether the resonance of notch band is in
the lower or upper band, and varactors realize scanning in a
range of spectrums once the state of PIN diode is 	xed.

4. Results and Discussion

Figure 4 shows the distribution of the surface current on the
feedline and the band-notched structure when the state of
PIN diodes is ON and OFF, while the bias voltage is 	xed
at 0V. It can be seen that, at band-notched frequencies, the
energy is trapped in the notch band structure rather than
passing through the feedline.

As is illustrated in Figure 5, a notch band shows up on the
basis of UWB spectrum. �e measurement of the re�ection
coe�cient is obtained when PIN diodes work at ON or OFF
state, while the reverse voltage on varactors is 	xed at 0V. It
is clear that the resonant frequency of notch band is 4.2 GHz
when PIN diodes are at ON state, while the central frequency
is 5.8GHz when PIN diodes are at OFF state. When the PIN
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Figure 4: Distribution of the surface current on the feedline and the
band-notched structure: (a) at 4.2GHz when the state of PIN diodes
is ON and bias voltage is 0V; (b) at 5.8 GHz when the state of PIN
diodes is OFF and bias voltage is 0V.

Switchable

−30

−25

−20

−15

−10

−5

0

R
e�

ec
ti

o
n

 c
o

e�
ci

en
t 

(d
B

)

4 86 102

Frequency (GHz)

PIN diodes “ON”

PIN diodes “OFF”

Figure 5: Measured re�ection coe�cient under ON and OFF states
of PIN diode when the reverse voltage on varactors is 	xed at 0V.

diodes are ON, the electric length of resonance is relatively
longer, which would lead to a lower resonant frequency.

Once the states of PIN diodes are 	xed, the varying
reverse voltage on varactors would produce a continuously
changeable notch band. As demonstrated in Figure 6, when
the bias voltage on varactors changes from 0V to 15V, the
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Figure 6: Measured re�ection coe�cient of the proposed recon-
	gurable band-notched UWB antenna with the reverse voltage on
varactors varying from 0V to 15V: (a) the state of PIN diodes is ON;
(b) the state of PIN diodes is OFF.

central frequency of resonance varies continuously from 4.2
to 4.8GHz and from 5.8 to 6.5GHz under ON andOFF states
of PIN diodes, respectively.�e reason is that the capacitance
of varactors ranges from 2.37 pF to 0.46 pF under 0V–15V
reverse voltage, which yields the shi�ing resonance of notch
bands.

Figures 5 and 6 together con	rm the function of switch-
able and tunable band-notched UWB antenna, and the
change of the notch band on spectrum 	ts the prediction
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Figure 7: Measured normalized radiation patterns in YOZ plane and XOZ plane at two di�erent frequencies: (a) YOZ plane at 4GHz; (b)
XOZ plane at 4GHz; (c) YOZ plane at 8GHz; (d) XOZ plane at 8GHz.

of the equivalent circuit very well. �at is to say, the PIN
diodes work as a switch to choose the lower or upper notch
frequency, and varactors produce the tunable performance.
It should be noted that using the low loss varactors would
improve the notch band performance.�e normalized radia-
tion patterns at 4GHz and 8GHz when the PIN diodes are

OFF and the bias voltage on varactors is 0V are shown in
Figure 7, which look like patterns of the monopole antenna:
with 8-shape in �-� plane and omnidirectional performance
in �-� plane. It is clear that the band-notched structure does
not a�ect the omnidirectional radiation behaviour of UWB
antenna in �-� plane (H-plane).
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5. Conclusion

A novel UWB antenna with switchable and tunable notch
bands has been presented. �e ON and OFF states of PIN
diodes can control the switch between lower and upper
notch bands, while the reverse bias voltage on varactors can
realize the tunable behaviours. Under the tendency of smart
antennas andwearable devices, a�er combiningwith adaptive
algorithm behind, the recon	gurable band-notched UWB
antenna will 	t more complicated circumstances.
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