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A New Scheme to Enhance Bandwidth of Printed Dipole for
Wideband Applications

Dinh Thanh LE†∗a), Nguyen Quoc DINH††, Members, and Yoshio KARASAWA†, Fellow

SUMMARY This paper presents a new technique to enhance the band-
width of a printed dipole antenna for ultra-wideband applications. The ba-
sic idea is to exploit mutual coupling between the feeding line, which is
designed closed and paralleled to dipole arms, the dipole arms and other
elements of the antenna. Dipole arms, feeding lines as well as other parts
are investigated in order to expand antenna bandwidth while still retain-
ing antenna compactness. Based on the proposed technique, we develop
two sample printed dipole antennas for advanced wireless communications.
One is an ultra-wideband antenna which is suitable for multi-band-mode
ultra-wideband applications or being a sensing antenna in cognitive radio.
The other is a reconfigurable antenna which would be applicable for wide-
band cognitive radios. Antenna characteristics such as radiation patterns,
current distributions, and gains at different frequencies are also investigated
for both sample antennas.
key words: printed antennas, dipole, mutual coupling, ultra-wideband an-
tennas, reconfigurable antennas

1. Introduction

The printed antenna, one of the most common types of an-
tennas, has been developed over a long time. With a number
of advantages, namely low cost, low profile or easy fabrica-
tion, they are increasingly utilized in many systems. How-
ever, a printed antenna, particularly a printed dipole, nor-
mally offers a narrow bandwidth [1], [2], thus making it dif-
ficult for it to support wideband applications. Much effort
has been carried to enhance the bandwidth of printed anten-
nas and a lot of techniques have been reported [3]. Thanks
to these enhancements, many printed antennas can offer a
relative bandwidth of up to 20%–40%. However, antennas
with a wider bandwidth are still needed in many advanced
wideband applications such as ultra-wideband (UWB) tech-
nology [4] or sensing antenna in cognitive radio [5].

Since the FCC (Federal Communications Commis-
sion) released commercial UWB bandwidth (from 3.1 to
10.6 GHz), wideband printed antennas have become the sub-
ject of more and more interest. As a result, a number of
printed UWB antennas were introduced in last decade [6]–
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[17]. Most of these designs are based on tapered slot anten-
nas [8], [9], planar slot antennas [10], or planar monopole
antennas [11]–[16]. Only few designs are based on the
dipole type, where the dipole arms were modified as a planar
or a bridge. Nevertheless, a long balun microstrip may be re-
quired for impedance matching issue [17]. Therefore, these
wideband printed dipole may be still complex and large.

In addition, when enhancing the bandwidth of a printed
antenna, an engineer normally must address the trade-off
with antenna size. In fact, the overall sizes of available
UWB printed antennas are usually around 40 mm × 50 mm
to 25 mm × 25 mm whereas, those of UWB printed dipoles
are 40 mm × 18 mm (without a long-size balun) [17]. There-
fore, designing a wideband and compact printed dipole
would be a difficult work. To address this difficulty, we have
introduced a simple design of wideband dipole for wide-
band MIMO cognitive radio application [18]. The proposed
dipole offers a relative bandwidth of up to 50%, covering the
range of 2.4 GHz to 4.0 GHz while its size does not exceed
15 mm × 80 mm.

In this paper, we present a new scheme to enhance
bandwidth of a printed dipole, making it suitable for ultra-
wideband applications [19], [20]. Based on the proposed
scheme, an UWB dipole antenna and a reconfigurable dipole
antenna are designed and fabricated as examples. The
ultra-wideband dipole antenna offers a relative bandwidth of
95.5% for voltage standing wave ratio (VSWR) less than 2,
extending from 3.5 GHz to more than 9.9 GHz. The recon-
figurable antenna, on the other hand, can provide multiple
wideband operation in two frequency ranges of 2.41 GHz to
around 4 GHz, and around 4 GHz up to 6.88 GHz, offering
a total relative bandwidth of 96.2%. Both sample antennas
are designed in a compact size, only 9 mm × 57.5 mm for
the UWB dipole antenna and 13.5 mm × 71 mm for the re-
configurable antenna. The two sample antennas emphasize
the simplicity and usefulness of the proposed scheme to en-
hance bandwidth of printed dipoles for advanced wideband
applications.

The rest of this paper is organized as follows. In Sect. 2,
the principle scheme for enhancing bandwidth of a printed
dipole is investigated. Two sample antenna designs, based
on the proposed technique, are illustrated in Sect. 3 and
Sect. 4 with detailed discussions. Some concluding remarks
and next works will be presented in Sect. 5.

Copyright c© 2014 The Institute of Electronics, Information and Communication Engineers
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Fig. 1 Printed wideband dipole: (a) Fundamental structure; (b) Multiple
resonance characteristic.

2. Fundamental Concept

In this work, we realize the possibility of exploiting mutual
coupling between components of a printed dipole in order to
expand its bandwidth while minimize its size. The arms of
the dipole, as original design, are remained as thin and small
as those of conventional printed dipoles. The main idea is to
design a transmission feeding line that is closed and paral-
leled to the arms. The mutual coupling between the dipole
arms and the transmission line will make the current distri-
butions on the transmission line changed. In particular, the
currents on the top and the bottom lines of the transmission
line will be unbalanced. Therefore, even if the directions
of the currents on the lines are opposite, but because they
are not equal, the total electric field radiated from the lines
will not be vanished. This means that the transmission line
acts as an additional radiating element in a frequency re-
gion. Since the length of the dipole and the length of the
transmission line are different, they resonate at different fre-
quencies. The total combined performance of the dipole and
the transmission line will create wide-band characteristic of
the whole antenna.

2.1 Basic Technique

A fundamental structure between dipole and transmission
feeding line is illustrated in Fig. 1(a). The dipole has two
arms and the transmission line also has two lines laying at
two sides (top and bottom as shown in the figure) of a printed
circuit board (PCB). The transmission line connects to the
dipole arms at respective sides to feed the dipole. Further-
more, a piece of ground and a connector can be added at the
other end of the transmission line.

With a certain length of dipole arms corresponding to
a certain resonated frequency, f1, for example, the length
of the transmission line as well as the distance between
transmission line and dipole would affect directly to antenna

Fig. 2 Printed wideband dipole: (a) Antenna structure (all dimensions
are in mm); (b) VSWR characteristics.

bandwidth. Basically, there are two options for enhanc-
ing antenna bandwidth. Option one is to make the length
of transmission line corresponding to lower frequency f2,
i.e. f2 < f1. The other option, in contrast, is to make the
length of transmission line shorter, corresponding to higher
frequency, i.e. f2 > f1. As a result, the bandwidth of the
dipole will be expanded into lower band for the first option,
while it will be expanded toward higher band for the second
one.

Figure 1(b) shows the multiple resonance characteristic
of the dipole and the transmission line for the case f2 > f1.
At low frequency region, the main radiation is from the
dipole, whereas at higher frequency range, thanks to mutual
coupling between the dipole and the transmission line (and
other parts of antennas such as ground), currents on the top-
side line and bottom-side line of the transmission line will
be unbalanced. Thus, the transmission line will act as an ad-
ditional radiating source, creating multiple resonance char-
acteristic. Combination performances of the dipole and the
transmission line would result in expanding over all band-
width of the antenna.

Figure 2 shows an example of a completed design and
its VSWR characteristics as we introduced in [18]. In this
design, the length of transmission line is longer compared
with the length of dipole arms. The principle operation is
just similar to the description above except, for this design,
the transmission line will act as a radiation source, extend-
ing antenna bandwidth into lower frequency range (option
one). At high frequencies, because the mutual coupling
is relatively weak, the main radiation source would be the
dipole only. This antenna offers a bandwidth of over 50%
for VSWR less than 2 while still has radiation patterns sim-
ilar to a conventional dipole.

2.2 Improvement

In order to achieve a wider bandwidth while minimizing an-
tenna size, it would be also possible to design a short trans-
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mission line connecting with a long-arm dipole. Combined
performances of these components at different frequencies
can also expand antenna bandwidth as mentioned in the sec-
ond option in the previous section. The transmission line
will act as a radiation part at high frequencies, while the
dipole will cover the bandwidth at lower frequencies.

Furthermore, the shape of dipole arms, the connecting
point to feeding source, and ground area may be also consid-
ered in design so that currents on the transmission line are
more unbalanced. For example, instead of thin and straight
lines, the dipole arms can be modified as the Vivaldi-type to
inherit additional resonance and increase mutual coupling
between the transmission line and the arms. This type of
arms would also provide a wider bandwidth. However, it is
noted that re-shaping the dipole arms would result in more
complicated design since the conventional thin and straight
arms are much simpler. An alternative way to enhance band-
width of the antenna is to design the transmission line with
a vertical deflection between lines. By doing so, currents on
the lines are more unbalanced, thus making it radiates more
energy.

In the following sections, we will introduce two sam-
ple applications of the proposed technique in designing an-
tennas for different wireless communication systems. One
is an ultra-wideband dipole antenna which is suitable for
multi-band-mode ultra-wideband applications or for a sens-
ing antenna in cognitive radio. The other is a reconfigurable
antenna which is applicable for wideband cognitive radios.
Antenna structures as well as their characteristics will be
presented with detailed discussions.

3. Ultra-Wideband Antenna Design

3.1 Antenna Structure

This section presents an application of the proposed tech-
nique in designing an ultra-wideband dipole antenna. The
configuration of the proposed antenna is illustrated in Fig. 3,
and photographs on front and back views of a prototype an-
tenna are shown in Fig. 4. The substrate material is the FR4
epoxy that has a relative permittivity of 4.4 and loss tangent
of 0.02. The thickness of substrate is 1.6 mm.

Similar to the fundamental structure in Fig. 1(a), the
antenna also consists of a dipole with thin and straight arms

Fig. 3 Geometry of proposed ultra-wideband dipole antenna.

and a transmission line to feed the dipole. The arms of the
dipole as well as two lines of the transmission line are as-
sembled at different sides of the antenna substrate. Further-
more, to widen the bandwidth of the antenna into low fre-
quencies, we extend the transmission line in the top side and
connect it to a rectangular patch. Mutual coupling between
the patch and the top-side arm of the dipole also plays an
important role to force currents on the transmission line un-
balanced. In addition, for further developments for some
advanced systems, the patch area can be used to integrate
another UWB antenna (a slot UWB antenna, for example)
for UWB-MIMO applications or a communication antenna
in cognitive radios.

In the simulation, the frequency dispersive property
of FR4 has not been taken into account. The thickness
of copper layer is simulated with value of 0.02 mm. The
geometrical parameters, optimized to obtain the possible
largest bandwidth for VSWR less than 2, are as following,
m = 10.5 mm, d1 = 8.5 mm, d2 = 21 mm, s1 = 3.5 mm,
s2 = 3 mm, a = 0.5 mm, w = 2 mm, p = 4 mm, q = 1.5 mm,
and n = 9 mm.

3.2 Parametric Study

In order to understand the operation of the proposed an-
tenna, it is useful to investigate the performance of the an-
tenna by changing its geometrical parameters. The effects
of some key parameters will be explored by alternatively ad-
justing each parameter while keeping the others unchanged.
To keep the paper concise, we will only present in this sec-
tion parametric studies on length of dipole arm, width of
antenna, and the length of patch as they may play important
roles in expanding antenna bandwidth.

Dipole arm-Related (m): The dipole obviously plays
an important role in the whole antenna performance. Thus,
the impedance matching is very sensitive to its geometrical
parameter. Among parameters of the dipole, we examine
the variation of length of dipole arm as it would be the most
important. Figure 5 shows the effect of varying the parame-
ter on the impedance matching. At low frequency region of
the antenna bandwidth, the dipole plays an important role in
radiation. A longer length of dipole would result in extend-
ing bandwidth into lower frequency. In the meantime, the
gap between dipole arm and the edge of the patch is shorter,
thus enhancing mutual coupling between them. Thus, cur-

Fig. 4 Photograph of the fabricated antenna: (a) front view; (b) back
view.
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Fig. 5 Effects of varying length of dipole.

Fig. 6 Effects of varying width of substrate.

rents on transmission line, and currents on the short edge of
the patch will be changed. As a result, antenna performance
in high frequency (around 7.5 GHz) will be also changed.

Width of antenna-Related (n): When compared with
other available printed UWB antennas [8]–[17], one of the
advantage of this proposed antenna is the small dimension
of substrate width. With this distinguished feature, the an-
tenna can be easily integrated into a narrow space in portable
devices. When designing the antenna, we tried to optimize
it as small as possible.

Figure 6 illustrates the impact of width of substrate on
the antenna operating bandwidth. In fact, this dimension
has a critical effect on impedance matching of the antenna.
The reason is because it directly relates to mutual cou-
pling between the dipole and the transmission line, which
both are very important in antenna operation. In particular,
since n represents to the distance between the dipole and
the transmission line, the currents on transmission lines will
be changed directly when n is changed. With an optimized
value of n, good impedance matching can be observed over
the whole bandwidth of the antenna. In the meantime, the
transmission line acts as a radiating component, extending
the bandwidth of the dipole into higher frequency region.
The combined performance of the dipole, the transmission
line, and the other elements (including transmission line and
the patch) will create the wide-band characteristic of the
whole antenna.

Since impedance matching of the antenna is much sen-
sitive on mutual coupling between components of the an-

Fig. 7 Effects of varying length of loaded patch: (a) d2 < 21 mm; (b)
d2 > 21 mm.

tenna, the variation of width of substrate will significantly
result in changing resonance frequency, particularly in high
frequency region. For instance, as shown in Fig. 6, when
n equals to 8 mm or 10 mm, some different resonating fre-
quencies occurred (around 7 GHz to 9.5 GHz). Also, the
impedance matching may become a serious issue in the high
frequency region. To achieve good impedance matching
over a wide band, the value n of 9 mm is chosen in the fi-
nal design.

Length of patch-Related (d2): Simulated data for d2
are shown in the Fig. 7 for both cases: less than, and greater
than a local optimized value of 21 mm. From the Fig. 7(a),
we can see that when the length of d2 is increased (but still
less than 21 mm), the bandwidth of antenna is extended into
lower frequency, thus widening the bandwidth. However,
when d2 exceeds the optimized value, increasing d2 will re-
sult in mismatching problem as shown in Fig. 7(b). In both
cases, when d2 is longer or shorter than 21 mm, mismatch-
ing around 4.5 GHz can be witnessed. We can expect that
performances of the dipole and the patch together create
multiple resonance characteristic at the low frequency re-
gion of the bandwidth.

There are two important issues those need to be con-
sidered when increasing length of d2. First, the total size of
the antenna will be increased, thus losing the compactness
of the antenna. Second, as mentioned above, currents of the
top-side of the transmission line will be changed. This will
affect on the performance of both the dipole and the patch.
To achieve good matching and remaining the compactness
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Fig. 8 VSWR with/without the bottom patch.

of the antenna, the value d2 of 21 mm is chosen.
Patch design-Related: Compared to the fundamental

design in Fig. 1, we added the patch at the end of the trans-
mission line and closed to the top-side arm of the dipole
to enhance the bandwidth of the dipole in this design. The
patch, in fact, can be designed with the top-element only.
Such structure can also support wideband characteristic as
shown in Fig. 8. Optimizations may be necessary to obtain
good matching in this case. However, for further studies
on UWB-MIMO applications, we intentionally design the
patch in both top and bottom sides so that another antenna
(tapered-slot antenna, for example) can be integrated in this
area. By doing so, we may achieve a dual-polarization two-
port UWB-MIMO antenna in a compact size. Since the
patch is quite small, realizing the integrated antenna for such
UWB-MIMO antenna would be a challenging work.

From the principle parametric studies above, we can
see that the antenna may have more than two resonances
those are described in Fig. 1(b). The reason is because the
fundamental structure in Fig. 1(a) only consists of two ba-
sic elements: the dipole and the transmission line, while
the improvement design in the UWB antennas has addi-
tional elements such as the patch and the top-side segment
of the transmission line connecting to the patch. Radiat-
ing elements corresponding to resonance frequency regions
can be approximated as following: the patch is for frequen-
cies around 3.5 GHz and lower; the dipole is for frequencies
around 4 GHz to 6 GHz; the segments of the top line of the
transmission and the short edge of the patch are for frequen-
cies around 6.5 GHz to 7.5 GHz, and the transmission line is
for the band around 7.5 GHz to 9.7 GHz. Since the elements
are electrically related, it is not simple to clearly clarify in-
dividual resonating bands of them. The performance of the
whole antenna is the combined performance of all elements.

3.3 Antenna Characteristics

We measured a fabricated ultra-wideband dipole antenna by
a vector network analyzer in an anechoic chamber. Fig-
ure 9 shows the comparison of the simulated and measured
VSWR characteristics of the antenna. As can be seen from
this figure, the measured bandwidth, for VSWR less than
2, covers the range of 3.5 GHz to 9.9 GHz, accounting for
a relative bandwidth of over 95.5%. The VSWR response

Fig. 9 Measured and simulated VSWR of the proposed antenna.

across the bandwidth features a multiple resonance opera-
tion. Also, simulation and measurement are in good agree-
ment.

It is noted that, in simulation, the simulated excitation
source with a 50Ω internal resistance is placed between the
end of the feeding strip and the grounding plane. SMA con-
nector and RF cable have not been considered in simulation.
On the other hand, in measurement, the antenna is fed by
the VNA via an FR cable and an SNA connector. Even so,
good agreement between simulation and measurement can
be seen in Fig. 9. Thus, we may expect that leaky currents
on the coaxial cable would be small and does not affect to
the antenna performance. This feature emphasizes that the
proposed antenna can be easily integrated into a small de-
vice for a real application without a serious consideration
on the impedance matching issue.

Figure 10 illustrates the measured radiation patterns at
different frequencies in both E plane and H plane. As can be
seen from this figure, in the low frequency region, antenna
radiation pattern is similar to that of a dipole, whereas in
the high frequency region, there are some additional beams.
This confirms that at the low frequencies, the dipole plays
a significant role in antenna performance, while at high fre-
quencies, a combination of radiation components plays the
main role in radiating energy. The combination may also
make the antenna patterns distorted.

Figure 11 shows the peak gain of the antenna in E-
plane for both simulation and measurement results. The
peak gain is determined as the maximum gain in the plane
without considering to any specified direction. As can be
seen from the figure, the antenna offers good gains in the
whole bandwidth. Measured peak gain varies from about
1.4 dBi to 5.2 dBi, making it comparable to the gain of a con-
ventional half-wave dipole. The maximum measured gain
can be achieved at frequency 6.36 GHz. Also, good agree-
ment between simulation and measurement gains can be
witnessed. Thanks to this good agreement, we may, again,
expect that leaky currents on the coaxial cable may not af-
fect much on the antenna performances even the ground is
relatively small.

Considering about the direction of peak gain, we found
that the peak gain directions in different frequencies are
concentrated around 90∼100 degree. For instant, direction
of the measured peak gain at 3.5 GHz, 6.0 GHz, 8.0 GHz,
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Fig. 10 Measured co-polarization (solid line) and cross-polarization
(dashed line) radiation patterns of the antenna: (a) E-plane 3.5 GHz; (b)
H-plane 3.5 GHz; (c) E-plane 5.5 GHz; (d) H-plane 5.5 GHz; (e) E-plane
7.5 GHz; (f) H-plane 7.5 GHz; (g) E-plane 9.7 GHz; (h) H-plane 9.7 GHz.

9.0 GHz, and 9.5 GHz is 90 degree, 110 degree, 110 degree,
150 degree, and 140 degree, respectively. At high frequen-
cies, the pattern is distorted as shown in Fig. 10, thus the
direction of peak gain is far from 90 degree as it is origi-
nal peak gain direction of a conventional half-wave length
dipole.

In order to provide an insight view of antenna perfor-
mance, we explore the current distributions in simulation

Fig. 11 Peak gain of the UWB antenna [dBi] in XY plane.

Fig. 12 Simulated current distribution (brighter color corresponds to
higher value): (a) 3.5 GHz; (b) 5.5 GHz; (c) 7.5 GHz; (d) 9.7 GHz

at some different frequencies as shown in Fig. 12. At the
low frequency region of the antenna bandwidth (around 3.5
GHz), the main radiation part is the dipole since electric cur-
rents on it are strong compared with currents on other parts.
As a result, radiation pattern is similar to that of a conven-
tional dipole as shown in Figs. 10(a) and 10(c). However,
there are still some side lobes, mainly due to the effects of
the transmission lines and the SMA connector of the an-
tenna.

On the other hand, at high frequency region shown in
Figs. 12(c) and 12(d), currents on the dipole and the patch
are relatively weak whereas a majority of the electric cur-
rents is concentrated on the transmission line. Thanks to the
unbalanced design of transmission line as well as mutual
coupling between the dipole, the patch and the transmis-
sion line, the transmission line will act as a radiation part.
It is also noted that the upper line of the transmission line
consists of two segments separated by the feeding line of
the dipole. These segments and the short edge of the patch
correspond to multiple resonance operation at the high fre-
quency region.

In comparison with the current distributions of the ba-
sic broadband antenna in [18], there are two important dif-
ferences. First, at lower frequencies, currents on the dipole
in [18] are weaker, whereas currents on the dipole in the
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UWB antenna in this paper are stronger. On the other hand,
at higher frequencies, currents on transmission line in [18]
are weaker, while currents on the transmission line and the
short edge of the patch in this paper are stronger. The rea-
son is because these two antennas are based on two different
options discussed in Sect. 2.1. In [18], the length of trans-
mission line is longer than the length of dipole (option 1),
whereas in this paper, the length of transmission line of the
proposed UWB antenna is shorter than the length of the
dipole (option 2). Therefore, in [18], the transmission line
is the main radiating element in low frequency region, and
the dipole is the main radiating element in high frequency
region. In contrast, in this paper, the transmission line is
the main radiating element in high frequency region, and
the dipole is the main radiating element in low frequency
region.

The second difference comes from multiple resonances
thanks to the patch and the segments of transmission line on
the top side. As shown in the Figs. 12(c) and 12(d), rela-
tively strong currents on the short edge of the patch, where
the patch connects to the top-side of the transmission line,
indicates that additional resonances can be obtained at high
frequencies. The patch, on the other hand, was not included
in design in [18]. Thanks to shorter length of the transmis-
sion line in the scheme in this paper, the UWB antenna re-
mains its compactness while still offers wide-band charac-
teristics.

4. Reconfigurable Wideband Antenna Design

4.1 Antenna Structure

In this section, we will present another application of the
proposed technique in designing of a reconfigurable dipole
antenna for wideband cognitive radio. Figure 13 illustrates
the structure of the dipole antenna. There are two branches
which are connected to a shared ground (bottom side) and
feeding strip (top side) by switches. Each branch has its own
transmission lines and dipole. The long branch (on the right
of the ground piece) is connected to the ground and feed-
ing strip by switches 1 and 2. The short branch (on the left
of the ground piece) is connected to the ground and feeding

Fig. 13 Configuration of proposed reconfigurable antenna. All
dimensions are in mm.

strip by switches 3 and 4. Switches 1 and 3 are on the top
side, whereas switches 2 and 4 are on the bottom side of the
antenna. The structure is similar to the fundamental one in
Fig. 1(a), except there are additional switches to reconfigure
the antenna. The substrate material, as well as its thickness,
is similar to those of the ultra-wideband printed antenna in
Sect. 3. Photographs on front and back views of a fabri-
cated prototype (without integrated switches) are shown in
Fig. 14.

Basically, by setting switch pairs (1, 2) and (3, 4) al-
ternatively ON or OFF the left or the right branch will be
connected to the ground (on the bottom) and the feeding
strip (on the top). When connected to the feeding strip by
the switches, each branch will operate as a wideband an-
tenna, which has input impedance of 50 Ohms. Because the
reconfigurable antenna introduced in this section is to show
an example application of the main technique discussed in
Sect. 2, we will not focus on analyzing the performances of
the switches. Principally, the switches are utilized to re-
configure the antenna, and we assume that their responds
are ideal. However, when fabricating the antenna with real
diode switches, one may need to consider on several issues
such as respond duration of the switches, or the failure of
switching those are discussed in [21], [22].

In addition, similar to the ultra-wideband dipole an-
tenna design in the previous section, to retain antenna com-
pactness, in each branch, the length of transmission line is
relatively shorter than the length of dipole. It means that the
transmission lines will correspond to the high frequency re-
gion, whereas the dipole corresponds to the low frequency
region of the bandwidth of the branches.

Because the dimensions of each branch in Fig. 13 are
in different scales, these branches will offer different band-
widths when they are connected to the feeding strip and the
ground plane. Thus, the frequency reconfigurability can be
achieved by just controlling switching pairs (1, 2) and (3, 4).
Nevertheless, by setting some other combinations of these
four switches, currents on each branch will be changed.
Thanks to this change, radiation pattern of the antenna will
also change. Therefore, pattern reconfigurability may be
also obtained at some frequencies.

4.2 Results and Discussion

There are two bands for wideband frequency reconfigurabil-
ity. The low band corresponds to states of switches 1 and 2
are ON. The high band, on the other hand, corresponds to
states that switches 3 and 4 are ON. In each band, there are
four other possible cases when other switches of the band

Fig. 14 Photograph of a fabricated prototype: (a) front view; (b) back
view.
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Fig. 15 VSWR vs. frequency when switches are ON/OFF.

Fig. 16 Measured VSWR for low band (switches 1, 2 ON).

Fig. 17 Measured VSWR for high band (switches 3, 4 ON).

are ON or OFF. Figure 15 shows the comparison of the
simulated and measured the VSWR of the antenna for the
two bands. The measured bandwidth, for VSWRs less than
2, covers a range of 2.46 GHz–4.64 GHz for the first band,
whereas for the second band, the antenna offers a bandwidth
in a frequency range of 4.23 GHz–6.65 GHz.

Figures 16 and 17 show the measured VSWR for all
possible state combinations of the switches which can offer
wideband feature. The simulated and measured results are
presented in Table 1. As can be seen from the table, the an-
tenna can offer a wide bandwidth or multiple bands with dif-

Table 1 Operating bands achieved when switches are ON/OFF.

Switch 1 Switch 2 Switch 3 Switch 4 Freq. band (GHz)

Simulated (Measured)

ON ON ON ON 2.50 ∼ 3.40 (2.51 ∼ 3.50)

3.81 ∼ 5.32 (4.08 ∼ 4.99)

ON ON ON OFF 2.49 ∼ 4.26 (2.41 ∼ 4.57)

5.90 ∼ 6.25 (6.14 ∼ 6.49)

ON ON OFF ON 2.49 ∼ 4.36 (2.45 ∼ 4.67)

ON ON OFF OFF 2.50 ∼ 4.38 (2.46 ∼ 4.64)

ON OFF ON ON 3.79 ∼ 6.71 (3.97 ∼ 6.88)

OFF ON ON ON 3.82 ∼ 6.38 (4.22 ∼ 6.67)

OFF OFF ON ON 4.06 ∼ 6.36 (4.23 ∼ 6.65)

Fig. 18 Normalized gain patterns of the antenna.

Fig. 19 Normalized gain patterns of the antenna.

ferent combinations of switch state. Also, good agreements
between simulation and measurement can be witnessed for
all the reserved combinations.

In addition, for a same combination of switch states,
when achieving good impedance matching in a wide fre-
quency range, antenna should also have radiation pattern
stability. Thus, examination on radiation patterns would be
necessary. Figures 18 and 19 show the normalized simulated
patterns of the antenna at different frequencies in both E
plane and H plane in two typical combinations of switches.
Data were normalized to the maximum gain among differ-
ent frequencies in the same plane. For example, in Fig. 18,
the gains of the antenna in the E plane for different frequen-
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Fig. 20 Normalized gain patterns of the antenna at 4.0 GHz for two cases
with switches 1, 4 ON.

Fig. 21 Peak gain in E-plane: (a) Low band for switch combination
12ON-34OFF; (b) High band for switch combination 12OFF-34ON.

cies were normalized to the maximum of them. Thus, 0 dB
indicates the frequency and the direction that has maximum
gain. As can be seen from these figures, the radiation pat-
terns keep mostly unchanged in a whole operating band.

Table 1 shows that some resonated frequencies can be
achieved from different switch state combinations. For ex-
ample, to operate at the frequency of 4.0 GHz, two possible
switch combinations are switches (1, 2, 4) ON-3 OFF, and
switches (1, 3, 4) ON-2 OFF. In such combinations, currents
on the branches would be different due to different reconfig-
ured structures. Therefore, although antenna may work at
a same frequency, the radiation pattern of the antenna may
be changed. As a result, radiation pattern reconfigurability
may be achieved. Figure 20 shows the changes in radiation
patterns at frequency of 4 GHz for the different switch state
combinations. Data were also normalized to the maximum
gain of them. Thanks to the changes, main lobes of antenna
patterns are directed into different angles, making the an-
tenna flexible in cognitive radio operations.

Figure 21 shows the simulated peak gain of the antenna
in E-plane, including the switch combinations (1, 2) ON-(3,
4) OFF for low band and the switch combinations (1, 2)
OFF-(3, 4) ON for high band. The peak gain at a frequency

was determined by taking the highest gain among different
directions. We can see that the gain of the reconfigurable
antenna, in any band, is comparable to that of a conventional
half-wave length dipole.

5. Conclusion

This paper presents a new scheme to enhance the bandwidth
of the printed dipole antenna to suit wideband applications.
Based on the scheme, we introduced two sample wideband
printed dipole antennas. One is an ultra-wideband printed
dipole. The other is a reconfigurable dipole. The first an-
tenna offers a relative bandwidth of over 95.5% for voltage
standing wave ratio less than 2, extending from 3.5 GHz to
more than 9.9 GHz. The other can provide multiple wide-
band operation, covering a frequency range from 2.41 GHz
to about 6.88 GHz. The designs of both antennas permit
compact realization, making them realizable in a small vol-
ume. Characteristics of proposed antennas such as radiation
patterns, gains, reconfigurability are carefully investigated.
Measured and simulated results show that they would be
suitable for wideband applications. In particular, the ultra-
wideband dipole antenna would be applicable for multi-
band orthogonal frequency-division multiplexing or being
a sensing antenna to sense environment in cognitive radio,
whereas the reconfigurable antenna would be suitable to uti-
lize in wideband reconfigurable antenna applications. More-
over, the structures of these antennas confirm that the pro-
posed technique to enhance bandwidth of printed dipoles is
simple yet very useful in designing antennas for wideband
applications.

In the next step of this research, it would be also inter-
esting to focus on integrating another UWB antenna into the
ultra-wideband dipole antenna to realize an UWB-MIMO
antenna, or to combine the two sample antennas to complete
a set of sensing and communicating antennas for cognitive
radios.
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