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Abstract—A compact linear tapered slot antenna with wideband
performance is proposed. The antenna consists of a microstrip to
slotline transition and a linear tapered slot structure which is connected
to the slotline. Due to the linear tapered slot, the antenna can
realize unidirectional radiation in wideband band. The microstrip to
slotline transition is implemented by using a tapered cross, which can
easily obtain impedance transformation. Furthermore, this transition
can be realized with a small size. The antenna is fabricated and
optimized numerically. Both simulated and measured results validate
the performance of the antenna in frequency and time domains. The
results show that the antenna achieves a bandwidth up to 118% from
2.6–10.1GHz. The simulated time domain response of the antenna also
shows its good performance in time-domain. The antenna can be well
applied to ultra-wideband system.

1. INTRODUCTION

There are many wireless applications that satisfy different demands for
continuous, convenient, and flexible access to up-to-date information.
One of them is ultrawideband (UWB) technologies [1]. UWB
communication systems have attracted great attention in the wireless
world because of their advantages, including high speed data rate,
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extremely low spectral power density, and high precision ranging [2–
4]. Such systems require antennas able to operate across a very
large bandwidth with consistent polarization and radiation pattern
parameters over the interest band [13].

Many types of UWB antennas have been proposed, such as
printed dipoles [5, 6], monopoles [7–9], slot antenna [10] and some
other CPW-fed printed antennas [11]. Most of these antennas
are omnidirectional with low gain. For some applications such as
positioning, directional finding or other link to link communication,
directional or quasi directional antenna with wideband performance
is needed [12]. However, some multi-resonant wideband antennas,
such as log-periodic antennas, will widen the narrow pulse in the time
domain due to multiple reflections and large discontinuities within their
structures [13]. These designs are not suitable for UWB applications.

Some directional antennas with wideband performance, such as
horn antennas [14], tapered slot antennas [15, 16], have a large size
which makes it difficult to be used in engineering. A small tapered
slot antenna with a notched band was proposed for the wireless
communications in [17]. This antenna needs a thick substrate, and the
overall size is relatively large. Some other small directional antennas
have also been designed [18, 19]. However, these antennas need a
double side feed line. Meanwhile, the ground plane will have a big
effect on the radiation. Some slot antennas were proposed to realize
directional radiation and wideband [20, 21]. These antennas always
need a balun to realize symmetrical exciting. Microstrip to slotline
has been successfully used as a balun applied to feed the antenna
[22, 25]. Designing a small balun with wideband performance is still a
challenging issue.

In this paper, a UWB antenna is proposed and fabricated. This
antenna consists of an integrated balun and a linear tapered slot
antenna. The integrated balun based on a microstrip to slotline
transition is applied to improve the matching performance. The
traditional square crossing is replaced by a tapered cross. Therefore,
the impedance transformation between the microstrip and slotline can
be easily obtained without any stepped impedance matching stubs.
This transformation has a wideband performance with a compact size.
This balun can be well integrated to the tapered slot antenna.

The remainder of the paper is organized as follows. In Section 2,
the configuration of the proposed tapered slot antenna with integrated
balun is proposed. Simulated and experimental results are given
in Section 3. Time domain response of the antenna is analyzed in
Section 4. Conclusions are made in the final section.
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Figure 1. The configuration of the proposed antenna.

2. CONFIGURATION OF THE PROPOSED ANTENNA

The configuration of the proposed antenna is shown in Fig. 1. It
consists of a microstrip to slotline and a linear tapered slot. The
microstrip to slotline is composed of an open-circuited microstrip line
and a short-circuited slotline. The radii of the circular disc patch and
circular hole are r1 and r3, respectively. The radii of the quarter rings
of microstrip line and the slotline are r2 and r4, respectively. The linear
tapered slot is etched into the bottom of the substrate and connected
to the slotline of the balun. The length and width of the linear tapered
slot are d1 and d2, respectively.

In this design, the field matching between the microstrip mode
and slotline mode is achieved by a virtual shorting caused by the open-
circuited microstrip line with one circular disc patch. The impedance
matching between the microstrip line and the slotline is realized by
selecting proper values of the characteristic impedance of the slotline
and the matching disc patch.

Due to the symmetrical currents on each edge of the slotline, the
microstrip to slot transition can be used as an integrated balun, thus
a feeding of the antenna. The open microstrip line and short-circuited
slotline are printed on opposite sides of the substrate. Figs. 2(a) and
(b) show the layout of the microstrip to the slotline transition structure
and its equivalent circuit, respectively. As shown in Fig. 2(a), because
the shorted slot is at the end of the slotline, the electromagnetic energy
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Figure 2. Microstrip to slotline transition line: (a) The layout and
(b) the equivalent circuit.

is transferred from microstrip line to the slotline along with the y
direction.

The impedance matching can be easily obtained by selecting
proper values of the lengths of the open-circuited microstrip line and
short-circuited slotline. Referring to [26], the slotline can be regard
as a series loading of the microstrip. Assuming that the equivalent
impendence at the end of the slotline is zout(slot), the equivalent input
impedance z′in shown in Fig. 2(b) is expressed as

z′in = zo.c +
zs.czl

zs.c + zl
, (1)

where za is the characteristic impedance, θa the electrical length of the
microstrip line, zl the equivalent impedance of the slotline, given as

zl = zb

zout(slot) + jzb tan θb

zb + jzout(slot) tan θb
, (2)

where zb and θb are the characteristic impedance and electrical length
of the slotline, respectively.

In order to get proper values of the parameters shown in Fig. 2(a),
a model is set up and simulated by a software CST Microwave Studio.
The simulated results of the transition, in Fig. 3, show that the
integrated balun has a wideband performance and a low insertion loss.
In the band from 2–14 GHz, the return loss is less than −12 dB and
the insertion loss less than 1 dB.

Based on the balun structure given in Fig. 2, Figs. 4(a) and (b)
show the layout of the proposed antenna and its equivalent circuit.
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Figure 3. Simulated S-parameters of the microstrip to slot transition.
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Figure 4. The proposed antenna: (a) The layout and (b) the
equivalent circuit.

The equivalent impedance is expressed as

z′in = zo.c +
zs.czb

zant+jzb tan θc

zb+jzant tan θc

zs.c + zb
zant+jzb tan θc

zb+jzant tan θc

, (3)

where θc is the electrical length of s shown in Fig. 4(a).
By selecting proper values of the lengths of the open-circuited

microstrip line and short slotline, the equivalent impedance z′in can be
simplified as

z′in = zb
zant + jzb tan θc

zb + jzant tan θc
. (4)

Therefore, the impedance matching of the proposed antenna will
be improved by changing the length and characteristic impedance of
the slotline. The model structure of the proposed antenna will be
further discussed in the following section.



168 Wu et al.

3. EXPERIMENTAL RESULTS AND DISCUSSIONS

The configuration of the antenna, proposed in Section 2, is simulated
by using software CST Microwave Studio. The dielectric substrate
is FR4 with a dielectric constant of 4.4 and thickness of 0.5 mm,
respectively. The microstrip line has a characteristic impedance of
50Ω, corresponding to a width of 0.9 mm. The optimized dimensions
(in mm) are: r1 = 3.5, r2 = 1.5, r3 = 2.5, r4 = 1.6, g = 0.4,
s = 4, d = 3, d1 = 12, d2 = 8. An antenna is fabricated with the
these parameters. The manufactured antenna has an overall size of
38mm × 32mm. Fig. 5 shows the photographs of the antenna. A
50-Ω SMA connector is used to feed the antenna. The results of the
simulations and measurements are compared in Figs. 6–7.

As shown in Fig. 6, the simulated impedance bandwidth is
7.6GHz, from 2.6–10.2 GHz. The measured one is 7.5 GHz, from 2.6–
10.1GHz. The simulated and measured results agree very well.

    

(a) (b)

Figure 5. Photographs of the fabricated antenna. (a) The top side.
(b) The bottom side.

Figure 6. The simulated and measured responses of VSWR of the
antenna.
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(a) (b)

(c) (d)

Figure 7. Simulated and measured radiation patterns of the
proposed slot antenna in E-plane and H-plane at different frequencies.
(a) 3.5 GHz. (b) 6 GHz. (c) 8 GHz. (d) 10 GHz.

Figure 8. Measured peak gain and the gain in y direction of the
antenna.
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Figure 7 plots both E-and H-plane radiation patterns of the
antenna for simulated and measured results at 3.5, 6, 8 and 10 GHz,
respectively. As shown in the figures, the antenna has endfire
characteristics with the main-direction in y direction of the tapered slot
at high frequency band. The gain varying with the frequency is shown
in Fig. 8. In the band 2–4.5 GHz, the gain in y direction is lower than
the peak gain, because the radiation pattern of the proposed antenna
at the lower frequency band is similar to that of a dipole antenna. In
the band 4.5–11GHz, the gain in y direction is close to the peak gain,
which implies that the antenna has a stable radiation directivity in this
frequency band.

4. TIME-DOMAIN RESPONSE

Time-domain response is an important feature of a pulsed radio
communication system. As discussed in the previous section, the
proposed antenna has a wide bandwidth. The center frequency of
the proposed tapered slot antenna is at the 6.35GHz with a 118%
bandwidth. However, the wide band does not necessarily ensure its
good performance in time-domain. The group delay will be unstable
because the gain decreases substantially induced by some band-notched
structures [27]. Thus the pulse will be changed in time-domain.
Following similar methods as in [1, 23, 24], the time-domain response
of the antenna is numerically studied.

The antenna is assumed to be excited by an UWB signal which
covers 3.1–10.6 GHz. Fig. 9 shows the transmitted signal along with
its Fourier transform. The time-domain performances of the proposed
antenna are obtained by placing virtual probes at a distance of 700mm
from the antenna. The distance is set according to the far-field
condition.

Figure 9. Time domain and frequency domain of the input signal.
(a) The input signal. (b) Fourier transform of the input signal.
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(a) (b)

Figure 10. Virtual probe signals of the proposed antenna in different
angles. (a) ϕ = 90◦, θ = 0◦, 45◦, 90◦, 135◦. (b) ϕ = 90◦, θ = 180◦,
225◦, 270◦, 315◦.

Table 1. Field factor of the antenna in different angles.

Angle (◦) Value Angle (◦) Value
ϕ = 90, θ = 0 0.9362 ϕ = 90, θ = 180 0.9217
ϕ = 90, θ = 45 0.9560 ϕ = 90, θ = 225 0.9036
ϕ = 90, θ = 90 0.9596 ϕ = 90, θ = 270 0.9137
ϕ = 90, θ = 135 0.9520 ϕ = 90, θ = 315 0.8870

Figure 10 shows the received signals of the virtual probes at
different angles. The output signal of the proposed antenna at
ϕ = 90◦, θ = 90◦ is similar to the input signal with very tiny
distortions. The output signals at other angles also have similar
waveforms. In order to further determine the correlation coefficient
between the output and input signals, the correlation coefficient is
induced, expressed as [23]

ρ = max
τ





∫
s1(t)s2(t− τ)dt√∫
s2
1(t)dt

√∫
s2
2(t)dt



 , (5)

where s1(t) and s2(t) are input and output signals, respectively.
The values of the correlation coefficient obtained at different

angles are summarized in Table 1. It is seen that the field factors
of the proposed antenna in θ = 45◦, 90◦ , 135◦ are close to 1.0 when
ϕ = 90◦. The output signals at these angles are very similar to the
input signal.
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Figure 11 shows the peak-peak values of the virtual probe signals
at different angles. It is seen that the peak-peak value has a maximum
value of 45 V/m at ϕ = 90◦, θ = 90◦ . The peak-peak values at other
angles are lower than 20 V/m, which implies that this antenna has a
good directional radiation in time domain.

Figure 11. Peak-peak values of the virtual probe signals in different
angles with ϕ = 90◦.

(a)

(b) (c)

Figure 12. The communication link established of the antennas in
different types: (a) Face to face. (b) Face to side. (c) Side to side.
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(a) (b)

(c) (d)

Figure 13. Receiving signals of the antennas in different types:
(a) Input signal. (b) Face to face. (c) Face to side. (d) Side to side.

Table 2. The correlation coefficient and the peak-peak values of the
receiving signals.

Type Correlation Coefficient Peak-Peak Value
face to face 0.9315 67 mV
face to side 0.8879 14mV
side to side 0.7467 8mV

In order to further verify the time-domain response, two identical
antennas are placed at different positions as shown in Fig. 12. The
communication link is established by the antennas placed in free
space. The distance between the transmitting and receiving antennas
is assumed to be 400 mm. The received signals of the antennas at
different types are shown in Fig. 13. The correlation coefficient and
peak-peak value are given in Table 2. As shown in Fig. 13, it is seen
that the received signals do not change too much at the main direction
when the antennas is placed face to face. The correlation coefficient
between the transmitting and receiving signals is about 93%. Thus the
antenna can be well applied to ultra-wideband system.
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5. CONCLUSION

A compact linear tapered slot antenna with wideband performance
is proposed. The antenna consists of a linear tapered slot structure
and a microstrip to slotline transition. The linear tapered slot
structure is connected to the slotline. The features of the antennas
are both theoretically and experimentally studied in frequency and
time domains. Obtained results show that the antenna can achieve
a bandwidth of 118% from 2.6–10.1GHz. The time domain response
of the antenna shows that it has very good time-domain performance.
In addition, the obtained results demonstrate that the antenna has a
good directional radiation in time domain. Therefore, the antenna can
be well applied to ultra-wideband system.
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