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A Wideband Slotted Bow-Tie Antenna With
Reconfigurable CPW-to-Slotline Transition for

Pattern Diversity
Sung-Jung Wu and Tzyh-Ghuang Ma, Member, IEEE

Abstract—We propose a slotted bow-tie antenna with pattern
reconfigurability. The antenna consists of a coplanar waveguide
(CPW) input, a pair of reconfigurable CPW-to-slotline transitions,
a pair of Vivaldi-shaped radiating tapered slots, and four PIN
diodes for reconfigurability. With suitable arrangement of the
bias network, the proposed antenna demonstrates reconfigurable
radiation patterns in the frequency range from 3.5 to 6.5 GHz
in three states: a broadside radiation with fairly omnidirectional
pattern and two end-fire radiations whose mainbeams are directed
to exactly opposite directions. The proposed antenna is investi-
gated comprehensively with the help of the radiation patterns in
the two principal cuts and also the antenna gain responses versus
frequencies. The simulation and measurement results reveal fairly
good agreement and hence sustain the reconfigurability of the
proposed design.

Index Terms—Coplanar waveguides, PIN diodes, reconfigurable
antennas, slotline transitions, wideband antennas.

I. INTRODUCTION

I N RECENT years, reconfigurable antennas have received
significant attentions in the field of wireless communica-

tions. These antennas are capable of achieving selectivities in
the operating frequencies, polarizations, radiation patterns, as
well as gains. In modern wireless systems, data streams over
the air interface are always propagated in multipath-rich envi-
ronment and interfered severely by the reflections or diffrac-
tions from buildings, landforms or near-by objects. In addition,
systems operated in adjacent frequency channels may give rise
to significant performance degradation as well. To tackle these
problems, diversity techniques, including spatial diversity, angle
(pattern) diversity, temporal diversity, as well as polarization di-
versity, etc., are commonly used in wireless communications to
increase the signal-to-noise (SNR) ratio and hence the overall
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performance. A straightforward way to achieve diversity capa-
bility in a wireless system is to use an antenna with reconfig-
urability which may alternatively be switched between several
predetermined states for diversity purpose.

Three major categories of reconfigurable antennas are com-
monly discussed in the antenna community. Antennas with
frequency reconfigurability play a crucial role in integrated
systems which aim at using a single multifunctional antenna
for several services [1]–[3]. The radiation patterns of these
antennas, on the other hand, remain principally unchanged as
the operating frequency switches. The second sort of reconfig-
urable antenna demonstrates pattern reconfigurability over the
frequency band of interest [4]–[6]. Such antennas are capable
of steering their radiation beams or nulls in several predefined
reception directions, and therefore fulfill the requirements
of angle diversity in a given operation frequency band. Yet
another type of reconfigurable antenna with polarization-agile
characteristics has been reported in [7]–[9]. Such antennas
are commonly designed on the base of microstrip patch an-
tennas so as to switch the antenna polarization states between
right-hand circular polarization (RHCP), left-hand circular
polarization (LHCP), and linear polarizations (LPs). Antennas
simultaneously possessing two of the abovementioned three
reconfigurabilities have also been reported in [10], [11].

Reconfigurable antennas are commonly designed by incor-
porating switching PIN diodes on the antenna topology. With
suitably arranged forward- or reverse-biased PIN diodes by dc
bias network, the antenna topology can be rearranged in a sys-
tematic way for reconfigurability. RF-MEMS switches are also
commonly used in reconfigurable antennas [1], [5], [12], [13].
In addition, frequency and pattern reconfigurable antennas with
fractal topologies [14], [15] as well as polarization-agile antenna
with mutually coupled oscillating doublers [16] have also been
found in the literatures.

In this paper, we propose a slotted bow-tie antenna with a
new reconfigurable CPW-to-slotline transition. This antenna
consists of four parts, i.e., a coplanar waveguide (CPW) input,
two CPW-to-slotline transitions, a pair of Vivaldi-shaped
tapered slots as the radiator, and four PIN diodes for recon-
figurability. Depending on the dc biased states of the PIN
diodes, the proposed antenna can be fed by one of the three
feeding configurations, namely the CPW feeding mode, the
right-hand slot feeding mode, and the left-hand slot feeding
mode. With the newly proposed reconfigurable transition, the
antenna demonstrates alternatively switchable radiation pat-
terns between a broadside radiation with fairly omnidirectional
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Fig. 1. Configuration of the proposed antenna. (a) Three-dimensional view. (b) Cross-sectional view. (c) PIN diodes arrangement and the associated dc bias
network.

pattern and two end-fire radiations whose mainbeams point
to exactly opposite directions in the operating range from
3.5 to 6.5 GHz. The organization of the paper is as follows.
The antenna configuration and the design concept for pattern
reconfigurability are first discussed in Section II. The simu-
lated and measured antenna radiation patterns operated in all
three feeding schemes are illustrated in Section III. The gain
responses versus frequencies in four specific directions are then
addressed along with various discussions. Finally, the paper is
concluded with a brief summary in Section IV.

II. ANTENNA CONFIGURATION AND DESIGN CONCEPT

Shown in Fig. 1 is the proposed pattern reconfigurable slotted
bow-tie antenna. The antenna, which is composed of a CPW
input, two CPW-to-slotline transitions, a pair of Vivaldi-shaped
tapered slotlines, and four switching PIN diodes along with the
associated bias network, lies in the xy-plane with its normal di-
rection parallel to the z-axis. The signal is fed to the CPW input
line via a SMA connector. The input CPW, which is cascaded
by a pair of reconfigurable CPW-to-slotline transitions, is de-
signed to have a characteristic impedance of 50 ohm over the
frequency band of concern. The slotline impedance, on the other

hand, is around 90 ohm, which corresponds to a width of 0.2 mm
in the design. The open-circuited radial stub of the first-order
CPW-to-slotline transition has a radius of 19.6 mm and a flared
angle of 60 , and a blocking capacitor and thin slits are added
to the input CPW line and the far end of the radial open stub,
respectively, to provide the necessary dc isolations.

To achieve pattern reconfigurability, as shown in Fig. 1(c),
two PIN diodes are placed over the inputs of the open-circuited
radial stub of the transitions, whereas the other two diodes are
placed across the coupled slotlines of the CPW input. Based on
the dc bias arrangement of PIN diodes, the proposed antenna
can be fed by one of the three feeding configurations, which are
referred to as the CPW feeding mode, the right-hand slot (RS)
feeding mode, and the left-hand slot (LS) feeding mode. In this
design the PIN diode selected is a MACOM MA4AGBPL912
AlGaAs beam lead PIN diode with a forward bias resistance
of 4 ohm and reverse bias total capacitance of less than 0.022
pF at 10 GHz [17]. The dimension of the diode including the
pins is about 0.63 by 0.18 . The diodes were attached to
the CPW-to-slotline transitions by silver paste with the help of
an optical microscope and hot pad. The dc bias voltage is
either 3.3 V or 3.3 V on each side of the transition, and may
be selected alternatively by a standard single-pole double-throw
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TABLE I
BIAS CONDITIONS FOR THE RECONFIGURABLE ANTENNA

(SPDT) switch. The current-limited resistors to are 560
ohm, and the diode current is given by

(1)

In (1), is the voltage across the diode, which is approximate
to 1.35 V for .

The reconfigurable transitions are then followed by another
section of CPW line which is terminated by a pair of tapered
slotlines. The tapered profile of the slotlines is described by the
equations of a Vivaldi antenna [18]

(2)

where

(3)

(4)

Here, is the opening rate, represents
the start point, and is the end point of the tapered
profile. The initial width of the tapered slotline is 0.2 mm, i.e.,
a slotline impedance of 90 ohm. As the width of the slotline
becomes wider, the line impedance rises accordingly and hence
facilitates the radiations from the tapered slotline to free space
with an intrinsic impedance of 377 Ohm. It is interesting to note
that aside from the reconfigurable CPW-to-slotline transition,
this antenna is in essence a wideband CPW-fed slotted bow-tie
antenna with fairly omnidirectional xz-plane radiation patterns
in most of the frequency band of interest.

Table I summarizes the dc biased configurations for the
three antenna feeding schemes. When the antenna is intended
to be operated in the CPW feeding mode, the diodes ,
are turned on whereas , are turned off. In this configu-
ration, the wave injected into the CPW input line propagates
directly downward to the radiating tapered slotlines. The two
CPW-to-slotline transitions, on the other hand, are disabled
by PIN diodes and have no function. Accordingly, the antenna
simply behaves like a slotted bow-tie with the maximum radia-
tion occurred in the broadside direction, i.e., along the -axis.

For the antenna to be excited by the right-hand (RS) slotline,
the diodes , are kept forward biased whereas , are
reverse biased. Likewise, as the left-hand (LS) slotline is used as
the feeding input, the diodes , are turned off whereas ,

Fig. 2. Photograph of the proposed reconfigurable antenna.

are enabled. In either RS or LS feeding scheme, the unbal-
anced signal injected to the CPW input line will be transformed
into a balanced slotline mode by one of the CPW-to-slotline
transition upon the diode operation state. Accordingly, when
operated in the RS or LS mode, the proposed antenna behaves
more like a tapered slot antenna which demonstrates end-fire ra-
diation patterns to either positive or negative - axis with good
front-to-back ratio.

It is worthwhile to mention that in designing the proposed
reconfigurable antenna, tradeoffs occur between the impedance
bandwidth and optimal radiation characteristics of the antenna.
To accomplish widest operation bandwidth of the CPW-to-slot-
line transition, the slotline impedance should be selected as close
to the impedance of the CPW line as possible, say, around 70
to 80 ohm. Nevertheless, a low-impedance slotline requires a
narrow slot, for example, for the current design.
Apart from the fabrication tolerance, a narrower slotline will in
turn imply a narrower signal trace, i.e., S, for a given character-
istic impedance of the CPW line. It therefore suggests that in the
proposed design the two adjacent slotlines are geometrically in
close proximity to each other, and are hence prone to give rise
to parasitic couplings in either CPW (even) or coupled slotline
(odd) mode. Such unwanted couplings will inevitably propagate
downward to the inactive Vivaldi slot and may therefore diminish
the high front-to-back ratio in either RS or LS operating mode.
In addition, it is also noted that the parasitic radiations from the
aperture of the radial open-circuited stub also impose a tradeoff
between the optimal antenna impedance bandwidth and the
desired reconfigurable radiation characteristics.

III. SIMULATION AND MEASUREMENT RESULTS

The proposed antenna was first simulated by the EM
full-wave simulator HFSS version 9.2 and then fabricated on
a RO4003 substrate with a dielectric constant of 3.38 and
thickness of 60 mil. The loss tangent of the substrate is 0.0027.
The optimized parameters in accordance with the design con-
siderations in Section II are given as follows: ,

, , , ,
, , , ,

, , and . The overall
dimension of the proposed design, i.e., , is 60 by 50

. For demonstration purpose, the single-pole double-throw
switches are not included in the design and the dc bias is
provided by a pair of coin cell batteries. A photograph of the
propose antenna along with the bias network and the connecting
cable is shown in Fig. 2. The simulated and measured return
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Fig. 3. Simulated and measured return losses. (a) CPW feeding. (b) LS feeding.

losses of the proposed antenna operated in the CPW and LS
feeding schemes are illustrated in Fig. 3(a) and (b), respectively.
The measurement was taken by an Agilent E8362B network
analyzer. It is shown in the figure that when the antenna is
driven by the CPW feeding mode the impedance bandwidth
with return loss better than 10 dB covers a very wide frequency
range from 3 GHz to more than 8 GHz. As for the LS feeding
mode, the antenna return loss exhibits slight deterioration for
frequencies lower than 3.5 GHz but otherwise remains better
than 10 dB. It should be emphasized that the actual antenna
impedance bandwidth, which is from 3 GHz to more than 10
GHz, is by far wider than that shown in Fig. 3. Nevertheless, the
reconfigurability of the proposed antenna becomes deteriorated
for frequencies higher than 6.5 GHz, and is therefore less
attractive for the present design. Accordingly, it is not shown
here for the sake of simplicity.

The simulated and measured radiation patterns of the pro-
posed antenna operated in the CPW and LS modes at 5 GHz in
the xz-plane are shown in Fig. 4(a) and (b), respectively. In the
simulation the reverse-biased diode was modeled by a perfect
open circuit since the reverse-biased capacitance of the diode is
relatively small at the frequency band of interest. On the other
hand, instead of modeling the forward biased diode by a perfect
short circuit [10], in our simulation the PIN diode was modeled
by a constant current source of 3.5 mA with zero internal resis-
tance. It is believed to be a better approximation to the actual

Fig. 4. Simulated and measured xz-plane radiation patterns at 5 GHz. (a) CPW
feeding. (b) LS feeding.

operating condition in the measurement. The radiation patterns
of the proposed antenna were measured in a ane-
choic chamber in National Taiwan University of Science and
Technology. The measurement was performed by an Agilent
E8362B network analyzer along with the NSI 2000 far-field
measurement software. An EMCO 3115 double-ridged horn an-
tenna was served as the standard antenna, and the distance be-
tween the transmitting and receiving antennas was 3.6 m. In the
measurement the connecting cables were shielded by the ab-
sorbers to reduce the multipath interference. As shown in the
figure, the agreement between the simulation and measurement
is fairly well, and the slight discrepancy can be attributed to the
fabrication tolerance, the interference from the dc bias lines and
connecting cables, as well as from the lossless diode model used
in the simulation. The simulated antenna peak gain is a little bit
higher than the measure one, which is also likely a result of the
lossless diode model. Moreover, referring to Fig. 4(a) and (b),
it is noted that the antenna radiation pattern in the CPW mode
is fairly omnidirectional, whereas the front-to-back ratio of the
antenna in the LS feeding configuration is better than 11 dB.
It preliminarily demonstrates the effectiveness of our proposed
pattern reconfigurable antenna scheme. Similar results can be
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Fig. 5. Comparisons of the measured xz-plane antenna radiation patterns in LS, RS, and CPW feeding scheme at 3.5, 5, and 6.5 GHz. ( : co-polarization with
LS feeding; : co-polarization with RS feeding; : co-polarization with CPW feeding).

readily observed in the RS feeding mode but not shown here for
simplicity.

To further manifest the reconfigurability of the proposed de-
sign, the measured antenna radiation patterns in the xz- and
xy-planes for all three feeding configurations are illustrated in
Figs. 5 and 6, respectively. The measured operating frequen-
cies are the center frequency of the antenna, 5 GHz, and the
frequencies at the band edges, i.e., 3.5 and 6.5 GHz. According
to the figures, as the antenna is operated in the LS or RS mode,
end-fire radiation patterns with the front-to-back ratio, for some
angles better than 10 dB, can be readily observed in both prin-
cipal plane-cuts throughout the frequency band of interest. The
measured radiation patterns at 4 and 6 GHz also exhibit similar
performance but are not shown here due to the limited space.
Meanwhile, in the CPW feeding scheme the radiation patterns

remain roughly a donut-like shape in most of the operating band
with the axis of the donut pointing to the y-axis. Referring to
Fig. 5, in the CPW mode the xz-plane radiation pattern pos-
sesses broadside-radiation characteristics at the lower frequency
edge. It remains fairly omnidirectional in most of the band but
begins to deteriorate for frequencies higher than 6 GHz. Al-
though not shown here for simplicity, it is observed that the an-
tenna eventually radiates bidirectionally toward the x-axis for
frequencies higher than 7 GHz. On the contrary, the xy-plane
radiation patterns in the CPW feeding configuration, as illus-
trated in Fig. 6, consistently demonstrates butterfly-like shapes
over the entire band.

In addition to the radiation patterns, the antenna transfer func-
tions are reported to be helpful in providing a comprehensive
understanding of the wideband antenna radiation characteristics
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Fig. 6. Comparisons of the measured xy-plane antenna radiation patterns in LS, RS, and CPW feeding scheme at 3.5, 5, and 6.5 GHz. ( : co-polarization with
LS feeding;: : co-polarization with RS feeding; : co-polarization with CPW feeding).

over frequencies [19], [20]. In this work the proposed antenna
is further examined by means of the gain responses versus fre-
quencies at four specific reception angles. Fig. 7(a) to (d) illus-
trates the gain responses in the xz-plane at , 90 , 180 ,
and over the frequency band of concern. Here only the ra-
diation characteristics in the xz-plane for the RS and LS feeding
configurations are discussed for the sake of simplicity. Referring
to Fig. 7(b) and (d), the dramatic change of gain responses as the
antenna being switched between RS and LS feeding schemes
further demonstrates the pattern reconfigurability of the pro-
posed design. The gain difference between the two end-fire ra-
diation states is at least 10 dB and can be more than 20 dB
around the center frequency of the operation band. For frequen-
cies higher than 7 GHz, however, the end-fire radiation charac-
teristics become less evident. Such performance degradation is
most likely a result of the parasitic radiations from the open-cir-

cuited radial stub of the CPW-to-slotline transitions as well as
from the parasitic coupling between the active and inactive slot-
lines, which have been discussed in the previous section. In ad-
dition, the antenna gain responses in the RS and LS feeding
modes reveal very good agreement at but some-
what discrepancy at . Such discrepancy can be mostly
attributed to the fabrication tolerance of the antenna. The cou-
pling from the connecting cable is also believed to have some
contribution. Despite those nonideal effects during the fabrica-
tion and measurement, the gain responses in Fig. 7 further sus-
tain the consistency of the wideband pattern reconfigurability of
the proposed design.

IV. CONCLUSION

A new slotted bow-tie antenna with a pair of reconfig-
urable CPW-to-slotline transitions has been proposed and
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Fig. 7. Comparisons of the gain responses of the proposed antenna operated in the RS and LS feeding schemes at (a) � = 0 , (b) � = 90 , (c) � = 180 , (d)
� = �90 in the xz-plane.

demonstrated for pattern reconfigurability. By means of four
PIN diodes and the associated dc bias network, it has been
shown that the antenna has the ability to alternatively switch
its radiation pattern between three states, i.e., a broadside
radiation state with roughly omnidirectional pattern, and two
end-fire radiation ones whose mainbeams are directed to op-
posite directions. The radiation characteristics of the proposed
antenna have been carefully investigated in terms of radiation
patterns in the principal plane-cuts as well as the gain responses
versus frequencies. The experiment results agree well with the
simulation ones, which demonstrate that the proposed design
exhibits excellent pattern reconfigurability over the frequency
range from 3.5 to 6.5 GHz. The future work will be in further
improving the antenna impedance matching and the associate
radiation characteristics at the lower frequency edge as well
as in designing a miniaturized wideband CPW-to-slotline
transition so as to avoid the undesired parasitic radiations and
therefore to improve the antenna responses in higher frequen-
cies. This antenna may find applications in a variety of wireless

communication systems which are plagued by multipath inter-
ference and urge for pattern diversity.
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