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ABSTRACT

This paper presents an H-shaped reconfigurable antenna fed by a coplanar waveguide (CPW) for wireless
applications. The antenna consists of an H-shape radiator and a CPW printed on a PCB and a varactor
diode connecting the upper and lower arms of the H-shape radiator for reconfigurability. The uniqueness of
the antenna lies on the ability to select the operating mode and frequencies electronically using a varactor
diode. By selecting the DC bias voltages of 11.5, 10 and 8 V across the varactor diode, which in turn
selecting the corresponding varactor capacitances of 2, 4 and 6 pF, the antenna can be controlled to operate
in three different modes, namely, a single-band mode to cover the Global System for Mobile
communications 1900 (GSM1900) system, a dual-band mode at 1.88 and 2.4 GHz to cover the GSM1900
and Bluetooth or Wireless Local Area Network (WLAN) systems, respectively, and a tri-band mode at
1.57, 1.88 and 2.4 GHz to cover the GSM1900, WLAN and Global Position System (GPS), respectively.
Furthermore, by varying the varactor capacitance from 7 to 13 pF, the GPS and WLAN bands can be tuned
by 11.44 % (1.57 - 1.4 GHz) and 6.46 % (2.4 - 2.25 GHz), respectively, yet keeping the 1.88-GHz band
unchanged. Thus our proposed single antenna can be used to support different wireless standards. Detailed
studies on the reflection coefficient, current density, antenna pattern and gain are carried out using
simulations and measurements to investigate the behaviour of the antenna at each resonant frequency in
each operating mode.

Index Terms— Reconfigurable Antenna, Multiband Antenna, H-Shaped antenna, Tunable Antenna, CPW

feed, Frequency selectivity
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I. 1 INTRODUCTION

Several studies on multiband-antenna designs for different wireless applications using H-shape [1]-[4] and
T-shape antennas [5]-[8] have been reported. Although multiband antennas can be used in different
wireless systems, they lack the flexibility to accommodate new services when compared with
reconfigurable antennas which can be considered as one of the key advances for future wireless
communication transceivers. In the past few years, there has been a significant interest in the field of
reconfigurable-multiband antennas. Different techniques used for reconfigurable antennas were reported in
[9]. One of the advantages of reconfigurable antenna is to use the same antenna for multiband operation,
thus the total antenna volume can be reduced when compared with those of having fixed multibands,
leading to a reduction in the overall volume of wireless device and more space for integrating with other
electronic components.

Reconfigurable antennas can be classified into three different categories, namely, frequency-reconfigurable
pattern-reconfigurable and polarization-reconfigurable antennas. In frequency-reconfigurable antenna, the
frequency of the operation band can be tuned/switched to different frequencies, so the antenna is smaller
than fixed multiband antenna but has multiple functions for different applications. In [10] and [11], PIN
diode switches were used for tuning/switching the operation frequencies of the antennas. In [12], switching
among different feeding locations of the antenna was proposed to reconfigure the operating frequencies for
multiband wireless applications. In [13], a method for reconfigurable patch antennas was studied for
satellite and terrestrial applications. In these frequency-reconfigurable antennas, the shapes of the radiation
patterns remained relatively constant when the frequencies were switched, which is one of the important
criteria in the design of frequency-reconfigurable antennas. In pattern-reconfigurable antenna, the radiation
pattern can be tuned/switched based on system requirements, without changing the operation frequency
band. The main antenna beam can be steered to different directions. This type of pattern reconfigurability
was studied in [14] by using a coplanar waveguide (CPW)-fed antenna. In [15], a reconfigurable antenna

combining both frequency and radiation pattern reconfigurabilities was introduced. In polarization-
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reconfigurable antenna, the polarization can be switched from linear to circular [16] and from left-hand-
circular polarization (LHCP) to right-hand-circular polarization (RHCP) [17]. A novel reconfigurable-patch
antenna with both frequency and polarization diversities was studied in [18].

An independent-multiband antenna, fed by a CPW with finite lateral strips, for WLAN applications was
studied in [19], which showed that the 2.4- and 5.2-GHz bands could be controlled by changing the
physical dimensions of the antenna in terms of the length and the width of the lateral strips. A different
approach to design an independent-multiband Planer Inverted-F Antenna (PIFA) was studied in [20], where
three resonant frequencies were generated and controlled by employing additional parts in the main
radiating patch. Three resonant frequencies were generated to cover the GSM, DCS and DMB applications.
However, this design resulted in larger dimensions, higher profile and a complicated structure to
manufacture. Another design was also reported recently to design a multiband independent antenna by
cutting slots within the main radiated patch to introduce multiband operation [21]. The Double-T antenna
(or H-shape antenna) reported in [7] can operate only in a dual-band mode at the higher frequencies of 2.4
and 5.2 GHz. Multiband antennas can cover multiple frequencies using a single antenna and so are very
desirable for wireless applications. However, fixed multiband antenna usually requires complicated filters
with inflexible requirements to improve their out-of-band noise rejection. The filters are bulky and can add
complexity to the communication systems [9]. As a solution to these problems, reconfigurable antenna can
achieve a better out-of-band noise rejection especially when the design has only one switch with low
voltage for control, as in the proposed design. Furthermore, planar antennas, due to its low profile, low

fabrication cost and simple feeding structure is more attractive for reconfigurability purposes.

Switchable designs using three or more switches were proposed in [10, 24 and 25]. These techniques had
limitations in terms of the number of switches required to reconfigure the antenna to a single-band or dual-
band modes. In addition to increased complexity and space requirements, the multitude of switches also

increases the power consumption and fabrication cost. The antenna proposed in this paper employs a
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simple varactor diode to select three operational modes, i.e., the single-band, dual-band and tri-band
modes, yet without requiring to incorporate with any additional parts to the antenna, yet having more
flexibility with smaller size.

The proposed technique was first introduced in [22] and detailed analyses with further new results are
presented in this paper. The proposed antenna has an H-shaped radiator, a CPW and a varactor diode
connecting the upper and lower arms of the H-shape radiator. Through the use of DC bias voltage across
the varactor diode, the antenna can be operated in three different modes, a single-band mode covering the
Global System for Mobile communications 1900 (GSM1900) system, a dual-ban

d mode at 1.88 and 2.4 GHz to cover GSM1900 and Bluetooth or Wireless Local Area Network (WLAN)
systems, respectively, and a tri-band mode at 1.57, 1.88 and 2.4 GHz to cover the GSM 1900, WLAN and
Global Position System (GPS), respectively. The GPS system uses circular polarization and the antenna
presented in this paper has linear polarization. However, linearly polarized antennas can also be useful for
GPS system in many practical multipath scenarios. According to the investigations carried out in [23] a
linearly polarized PIFA antenna can reach relatively high performance, comparable with that of right hand
circularly polarized antennas.

The frequency bands in the three modes of operation can also be controlled by the varactor diode and the
widths of the arms in the H-shape radiator. Detailed simulation studies on the reflection coefficient, current
density, antenna pattern and gain are carried out to investigate the behaviour of the antenna at each
resonant frequency. Results are validated by measurements using the Small Antenna Radiated Testing
Range (SMART) at the National Physical Laboratory (NPL).

The paper is organized as follows. Section II describes the antenna configuration. The simulation and
measurement results for the single-, dual- and tri-frequency bands are presented in Section III. Studies on

the H-shape radiator of antenna are given in Section IV. Finally Section VI concludes the paper.
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I1. ANTENNA CONFIGURATION

The structure of the proposed reconfigurable antenna is shown in Fig. 1, which is optimised using the
HFSS software version 11.2 with the main optimized dimensions listed in Table I. The antenna has an
overall area of 43.6 mm x 50 mm, suitable for compact wireless devices. The antenna consists of an H-
shape radiator, a CPW feed line and a varactor diode connecting the two horizontal arms of the H-shape
radiator as shown in Fig. 1. The antenna is designed on an FR-4 substrate with a thickness of 1.57 mm and
a dielectric constant of 4.4. The CPW has a characteristic impedance of 50 Q. The varactor diode used in
our design is BB184 from NXP. From its data sheet, the varactor diode has a capacitance C ranging from
14 to 1 pF, depending on the DC bias voltage, as shown in Fig. 2, an inductance of 0.6 nH, a resistance of
0.65 Q and physical dimension of 0.6 mm x 0.9 mm. The location of the varactor diode on the antenna is

optimized to provide the desirable frequency bands for the antenna.
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Fig. 1 Layout of proposed antenna

Table I: DIMENSIONS OF PROPOSED ANTENNA (UNITS IN mm)
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I1l. SIMULATIONS AND MEASUREMENTS RESULTS

The performances of the proposed antenna, in terms of return losses, radiation patterns and gains, with
different DC bias voltages across the varactor diode, have been studied using computer simulation. In the
simulation tests, the varactor diode is modelled as a capacitance using the characteristic of Fig. 2. The
proposed antenna has also been fabricated as shown in Fig. 3(a) and measured using the Small Antenna

Radiated Testing Range (SMART) at the National Physical Laboratory (NPL) shown in Fig. 3(b).
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Fig. 2 Capacitance versus DC bias voltage for varactor BB184 (obtained from BB184 data sheet)
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Fig. 3 (a) Fabricated prototype and (b) proposed antenna mounted on receiving mast at NPL smart anechoic
chamber

3.1 Single-, dual- and triple-frequency bands

The simulated and measured reflection coefficients S;; of the proposed antenna, for the DC bias voltages of
8, 10 and 11.5 V across the varactor diode, corresponding to the varactor capacitances C = 2, 4 and 6 pF,
are presented in Fig. 4. The measurements were performed using a network analyzer Agilent N5230A. It
can be seen that the measured and simulated results are in good agreements. The differences can be
attributed to the fabrication tolerance and measurement errors. The results in Fig. 4 show that the antenna
can operate in three different modes, a single-band, dual-band and tri-band modes, depending upon the DC
bias voltage across the varactor diode. With C = 2 pF, Fig. 4(a) shows that the antenna generates a single
band at 1.88 GHz with a bandwidth from 1.850-1.910 GHz, which is suitable for the GSM1900
applications. With C = 4 pF, Fig. 4(b) shows that the antenna has a dual-band at 1.88 and 2.4 GHz. Here,
the antenna generates another band at 2.4 GHz with a bandwidth from 2.4-2.46 GHz, which can be used
for the IEEE802.11b/g WLAN and Bluetooth applications, yet the frequency band for GSM1900 remaining
unchanged. While with C = 6 pF, Fig. 4(c) shows that the antenna generates a tri-band at 1.575, 1.88 and
2.4 GHz. The additional band at 1.575 GHz can be used for the GPS applications. In this mode, same as in
the dual-band mode, the GSM1900 band at 1.88 GHz and the WLAN/Bluetooth bands at 2.4 GHz remain
unchanged. The bandwidths for the GSM1900, WLAN and GPS bands are 3.17%, 2.8%, and 2.6%,
respectively. The DC bias voltages with the corresponding capacitances in these three operation modes for
different applications are shown in Table II.

It should be noted that the frequency-tuning concept proposed here can be extended to a more complicated
structure to generate more bands. For example, by using multiple H-shape structures, it is also possible to
design antennas to operate more than three frequency bands. Since our target is for small wireless devices

applications, we have limited the antenna structure to just a single H-shape.



Wireless Networks and Communications Centre(WNCC), Brunel University, UK 8

511 (dB]

=10

-15

-20 20
eveo- Simulated € = 4pF i ------- Simulated C = 6pF
25 = Measured C = dpF H 25 = Measured C = 6pF

0.5 1 15 F] 5 0.5 1 15 2 5 05 1 15 2 5
Freq. GHz Frea. GHz Freq. GHz

------ Simulated € = 2pf
Measured C= 2pF

(a) (b) (c)
Fig. 4 Simulated and measured return losses for (a) single band with C = 2 pF, (b) dual band with C =4 pF
and (c) tri-band with C= 6 pF.

Table II DC BIAS VOLTAGES WITH CORRESPONDING CAPACITANCES IN THREE OPERATION MODES FOR
DIFFERENT APPLICATIONS

. Frequency Frequency bands o
Bias voltage C Mode Application
115V 2 pF Single-band 1.88 GHz GSM1900
10V 4 pF Dual-band 1.88& 24 GHz | G9M1900 & WLAN/Bluetooth
8V 6 pF Tri-band 157, gilgz& 24 | GPS, GSM1900 & WLAN/Bluetooth

3.2 Radiation Patterns, Gains and Efficiencies
The simulated and measured co- and cross-polarization radiation patterns in the E- and H- planes for the
single-band, dual-band and tri-band modes are shown in Figs. 5(a)-5(c), respectively. The measured
radiation patterns have been normalized to the maximum values. It can be seen good agreements between
measured and simulated patterns. The differences in some cases are due to the fabrication tolerance,
measurements accuracy and the effects of the coaxial cable used for measurements. Figure 5 shows that the
radiation patterns at a given bias condition remain nearly constant. The cross polarization is below -15 dB
in most of the cases. More studies have also shown that the length of the CPW feed line affects the cross
polarization level. Figure 6 shows the radiation patterns in the H-plane at 2.4 GHz with different lengths
used for the CPW-feed line. It can be seen that a shorter feed line leads to a lower cross polarization. The

measured 3D patterns in the three bands with C = 6 pF are shown in Fig. 7. The measured peak gains at the
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frequencies 1.57, 1.88 and 2.4 GHz are 1.8, 3.4 and 2.5 dBi, respectively, with the corresponding simulated
radiation efficiencies of 72, 8land 75 %. Simulations have also shown that these results do not change

much in the other cases.
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Fig.5 Simulated and measured Co- and X-pol radiation patterns in E- and H-plane for (a) single-band, (b)
dual-band and (c) Tri-band modes.
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(a) 1.57GHz (b) 1.88 GHz (c) 2.4 GHz

Fig.7 Measured 3D patterns at (a) 1.57, (b) 1.88 and (c) 2.4 GHz

3.3 Control of Frequency Bands
Although the three frequencies 1.57, 1.88 and 2.4 GHz are used for studies here, other combinations of
frequency bands can also be generated by using different arm widths, W5 & Wg, in the H-shape radiator.
The previous results in Fig. 4(c) show that, with C = 6 pF, Ws = W = 4 mm, the antenna generates a tri-
band at 1.575, 1.88 and 2.4 GHz. If different values of Ws & Ws are used, the antenna can generate
different frequency bands as shown in Fig. 8, which indicates that increasing the widths of both arms
simultaneously shifts the bands to the higher frequencies, and vice versa. Thus the arm widths of the H-
shape radiator can also be used to generate other combinations of frequency bands. Some simulation results
are shown in Table III. With W5 = W4 = 0.5 mm, a single UMTS band can be generated by using C =2 pF.
A dual band for the UMTS and WiMAX systems can be created by increasing C to 4 pF and a tri-band for

the DCS, UMTS and WiMAX systems can be generated by increasing C further to 6 pF.

More studies have shown that, apart from the arm widths Ws & Ws of the H-shape radiator, the varactor
capacitance C can also be used to shift the frequency bands to other frequencies. The varactor diode used in
our study here has a capacitance ranging from 1 to 14 pF and Fig. 4(c) shows that, with C = 6 pF and W5 =
Ws = 4 mm, the antenna generates a tri-band at 1.575, 1.88 and 2.4 GHz. With the varactor capacitance C
increased from 7 to 13 pF at a step of 1 pF, simulation results in Fig. 9 shows that the higher and lower

frequency bands of the tri-band move to the lower frequencies. The tuning range for the lower band is
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11.44 % (from 1.57 to 1.4 GHz) and for the higher band is 6.46 % (from 2.4 to 2.25 GHz). The middle
band at 1.88 GHz is not affected by the varactor capacitance. This tuning capability of our proposed
antenna can give designers more flexibility in designing reconfigurable antennas for uses in different

systems and environments.
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Fig. 8 Effect of widths W5 and W on frequency bands

Table III: FREQUENCY BANDS (GHZ) USING DIFFERENT WIDTHS W5 AND W¢ AND CAPACIATNCE C

Tri-band (6pF)
Ws & Ws (mm) Dual band (4pF)
Single band (2pF)

0.5 1.75 2.06 2.78
1 1.72 2.01 2.60
3 1.62 1.95 2.45
4 (Proposed) 1.57 1.88 2.4
5 1.49 1.81 2.3
7 1.39 1.79 2.1
10 1.29 1.61 1.89
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IV. STUDIES ON H-SHAPE RADIATOR

4.1 Full H-shape radiator

The previous results show that a single-band, dual-band or tri-band mode can be generated by using the
varactor diode through the applied DC bias voltage. Here we study the operating modes using the Smith
chart. Figure 10 shows the Smith charts with the varactor capacitance C = 2, 4 and 6 pF. With C =2 pF,
Fig. 10(a) shows that S;; is less than -10 dB for the frequency band from 1.86 to 1.91 GHz and minimum at
1.88 GHz, generating the single-band mode. With C increased to 4 pF, Fig. 10(b) shows that the 1.88-GHz
band remains unchanged, but a higher frequency band is created from 2.37 to 2.44 GHz with S;; <-10 dB
and minimum at 2.4 GHz. This generates the dual-band mode. With C further increased to 6 pF, Fig. 10(c)
shows that the 1.88-GHz and 2.4-GHz bands remain about the same, but a lower band at 1.57 GHz is
created, resulting in a tri-band mode.

To further understand the antenna behaviour, the current distribution for the three resonant frequencies at
1.88, 2.4 and 1.57 GHz have been studied by simulation and results are shown in Figs. 11(a), 11(b) and
11(c), respectively. The current density in Fig. 11(a) shows that the CPW feed line and the H-shape
radiator have the highest densities and so generate the resonant bands at 1.88 GHz as shown in Fig. 4(a).
Figure 11 (b) shows that the highest current density is on the left-hand side (LHS) of the H-shape, which
generates the 2.4-GHZ band in Fig. 4(b), while Fig. 11(c) shows that the current concentrates most in the
right-hand side (RHS) of the H-shape radiator, generating the 1.57-GHz band in Fig. 4(c). So different
parts of the H-shape radiator are responsible for generating different frequency bands and are further

studied in the following section.
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(a) (b) (c)

Fig. 11 Simulated current distributions at (a) 1.88 GHz, (b) 2.4 GHz and (c) 1.57 GHz with C = 6 pF

4.2 Partial H-shape radiator

With the uses of only the upper arm, only the LHS of the H-shape radiator and only the RHS of the H-
shape radiator, the simulated S;; are shown in Figs. 12 (a)-(c), respectively. Figure 12(a) shows that, a
1.88-GHz band with a return loss of less than 10 dB (S;; > -10 dB) can be generated by the upper arm of
the H-shape. The lower arm with C = 2 pF increases the return loss to more than 10 dB. The 2.4-GHz band
as shown in Fig. 12(b) is mainly generated by the LHS of the H-shape with C =4 or 6 pF, while the 1.57-
GHz band is generated by the RHS of the H-shape with C = 6 pF as shown in Fig. 12(c).

The resonant behaviours of the antenna in these three conditions are also studied using the Smith charts in
Fig. 13. With the use of only the upper arm in the H-shape, Fig. 13(a) shows that the return loss cannot be
larger than 10 dB (i.e., cannot reach inside the -10-dB circle). With C = 2, 4, or 6 pF, the antenna with only
the LHS of the H-shape generates a frequency band centred at 2.4 GHz as can be seen in Fig. 13(b), while
the antenna with only the RHS of the H-shape generate the bands all centred at 1.88 GHz as shown in Fig.
13(c). These results agree well with the corresponding results in Figs. 12(a), 12(b) and 12(c). Figures 12
and 13 indicate that different parts of the H-shape are used to generated different frequency bands.
However, it should be noted that the role of the varactor diode is simply to help achieve the required

matching at these frequencies.
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() (b) (c)

Fig. 12 Simulated S;; with (a) upper arm only and two arms with C = 2 pF, (b) LHS arms and C =2, 4, and
6 pF and (c) RHS arms with C =2, 4 and 6 pF.

(a) (b) (c)

Fig. 13 Simulated Smith chart with (a) top arm only and two arms with C =2 pF, (b) LHS arms and C = 2,
4, and 6 pF and (c) RHS arms with C =2, 4 and 6 pF.

V. CONCLUSIONS

The paper has presented a reconfigurable H-shaped antenna using a varactor to control three different
operation modes, namely, a single-band mode to cover the GSM 1900 system, a dual-band mode at 1.88 and
2.4 GHz to cover the GSM1900 and Bluetooth or WLAN systems, respectively, and a tri-band mode at
1.57, 1.88 and 2.4 GHz to cover the GSM1900, WLAN and GPS system, respectively. Simulation studies
and measurements on the reflection coefficient, current density, antenna pattern and gain have been carried
out to study the antenna behaviour. Results have shown that, by using the DC bias voltage across the
varactor diode, which in turn controls the diode capacitance, the frequency bands in different operation
modes can be turned for other applications. The proposed antenna is small and light weight, and so suitable
for small wireless devices.
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