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Abstract — A modified TEM horn antenna which has an
asymmetric plates, two plates with different heights, has improved
pulse radiation performance. This paper presents an optimized
asymmetric TEM (AsyTEM) horn antenna and a same size of
conventional exponentially tapered TEM (ETEM) horn antenna
to verify the improvement of the impulse radiation performance.
The AsyTEM horn antenna is shown to yield an enhanced
reflection coefficient at the low frequency of the operation
bandwidth. The results show that the AsyTEM horn antenna has
reflection coefficient less than -10 dB in the frequencies from 2.6

GHz to over 20 GHz while the ETEM has 2.9 GHz to over 20 GHz.

In the case of being compared with the ETEM horn antenna, it
also had an improved impulse radiation gain which increased
over 0.6.

I.  INTRODUCTION

The ultrawideband (UWB) antennas are recently attracting
attention to satisfy the demand for a variety of applications.
The UWB antennas provide many advantages, such as
improved detection ability, adaptive ranging performance, the
higher target resolution, and so on. Thus, the UWB antennas
are used for the -electromagnetic compatibility (EMC)
measurement, the ground penetrating radar (GPR) system, and
the broadband communication systems. Also the UWB
antennas are applied to the transient radar cross section (RCS)
measurements, the synthetic aperture radar (SAR) system for
which the radiation of transient waveform is interesting
through bandwidths exceeding one decade [1]. A lot of studies
on the UWB antennas have worked and many types of the
antennas which satisfy UWB characteristics are well
established [2]-[4].

Specifically, the TEM horn antennas are widely used as the
UWB antenna for having the merit of wideband, low
dispersion, unidirectional pattern and easy construction [5].
Several researches have been preceded to improve the
performance of the TEM horn antenna.

In this paper, the modified TEM horn antenna with the
exponentially tapered asymmetric plates, two plates with
different heights, has been designed.

When the TEM horn plates have the different heights, the
TEM horn antenna can achieve an improved low frequency
radiation ability. For a short pulse excitation, more pulse
energy is distributed in the relatively low frequency range than
that in the high frequency range. Improving the low frequency

radiation means the improvement of the radiation efficiency [6].

To verify compatibility, the same size of the conventional
exponentially tapered TEM (ETEM) horn antenna and the
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Figure 2. the ETEM horn antenna geometry

AsyTEM horn antenna are simulated. The simulated results
show that the AsyTEM horn antenna exhibits the better
reflection coefficient at the low frequency and the improved
impulse radiation gain compared with the ETEM horn antenna.

II. ANTENNA DESIGN

A. Feed Transition

The TEM horn antenna is usually equipped with a balun
structure at the feed position for guide a travelling wave
without any impedance discontinuities. As shown in Figure 1,
the smooth transition has been applied to pass from the inner
conductor of the SMA connector to the upper plate and the
lower plate is extruded to the SMA connector. The height (h),
the length (1) and the width (w) of the transition structure is
optimized to operating the 50 Q line [7].

B.  Horn Profiles
Figure 2 shows the geometry of the ETEM horn antenna
including the transition structure. The main issue of the TEM



Figure 3. The size and geometry comparison of the
AsyTEM and the ETEM horn antenna

horn design is matching the characteristic impedance of the
guide from 50 Q at feeding part to 120z Q at the aperture. To
smoothly varying characteristic impedance from feed to
aperture, the tapered plates form of TEM antenna can be linear,
exponential and Klopfenstein, etc. Linear tapered antennas can
be built easily as compared with an exponentially taped
antenna and Klopfenstein tapered antenna yield the smallest
minor ripples characteristic in the reflection coefficient [8].
However, exponentially tapered plates have the advantage of
the smooth impedance variations than the linear tapered and
can be achieve more wideband characteristics in same size.
Meanwhile, Klopfenstein tapered antenna has the disadvantage
of the complicated design [9]. Thus, the exponentially tapered
form is chosen to the basic structure shape. The TEM plates
width is calculated by the means of equations for the parallel
plate waveguide, as proposed in [9]. The designed ETEM horn
antenna is 62.5 mm long, and the aperture size is 60X60 mm?’
respectively.

C. Effect of the Asymmetric Plates

Usually the TEM horn antenna is a symmetrical structure to
guarantee the end-fire radiation characteristic on main direction.

In [10], the asymmetrical anti-podal taper slot antenna (TSA)
is introduced to further enhance the bandwidth of the
conventional taper slot antenna. However, the asymmetrical
TSA has inclined peak direction of the radiation pattern. To
obtain the similar characteristic in [10], the three dimensions of
the asymmetric plates are applied to the ETEM as shown in
Figure 3. As illustrated in this Figure, the AsyTEM horn
antenna has the same aperture size and antenna length as the
ETEM horn antenna.

The AsyTEM horn antenna can be considered as a
combination of the two different profiles of TEM horn
antennas. To maintain the dimensions of the AsyTEM horn
antenna as same as the ETEM horn antenna, the heights of the
upper plate and the lower plate are complementary.

Figure 4 indicates the E-field distribution on near two
antennas
at 2.6 GHz in the y-z plane. This figure shows that the contour
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(a) E-field at 2.6 GHz of the ETEM horn antenna
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(b) E-field at 2.6 GHz of the AsyTEM horn antenna
Figure 4.Simulated contour path of the E-field vectors

48 mm

Figure 5. Final geometry of the AsyTEM horn antenna

path of the E-field vectors differs from each other.

The E-field vectors in the AsyTEM are not perpendicular to
the edge of the each plate, which means that the equivalent
aperture has been extended. Thus, the lower boundary of the
resonant band can be downsized [10]. As expected, this result
is the same as the analyzed phenomenon of the asymmetrical
planar type TSA.
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Figure 6. Input bipolar pulse in the time domain
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Figure 7. Power spectral density (PSD) of the input pulse

For optimum performance of the AsyTEM horn antenna,
finding the optimized values of the different heights is
preceded. The final values of the different heights have been
founded with CST Microwave studio software using parameter
sweep function.

The final geometry of the AsyTEM horn antenna is shown in
figure 5. As shown in this figure, the horn length and the
aperture size are the same as the ETEM horn antenna, but the
height of the upper plate is 48 mm, the lower plate is 12 mm
respectively.

III. RADIATION CHARACTERISTICS

First of all, the input voltage pulse is presented to simulate
the radiated field of the two antennas. Figure 6 shows that
pulse form is bipolar pulse with a null mean value.

Compared with the monopolar pulse, when received antenna
receives pulse, the bipolar pulse can reduce pulse distortion. It
also has several other advantages [11]. The basic Gaussian
pulse is described analytically as [12]
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Figure 8. The reflection coefficient of the two antennas

The bipolar pulse is given by the first derivative of the
Gaussian pulse
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Where 4 is the amplitude of the Gaussian pulse and o defines
the width of the pulse.

The peak value of the pulse is 200 V, the width of the input
pulse is 150 ps and the rise time is about 24 ps respectively.
The normalized power spectral density (PSD) of the input
pulse is plotted in Figure 7. PSD spectrum can be achieved by
Fourier transform of the input pulse. As shown in this figure,
the bandwidth of the signal is about from 2 GHz to over 20
GHz and centered around 8 GHz. It is clear that the PSD of the
input pulse meet the condition of the operating bandwidth of
the two antennas.

Figure 8 shows the computed reflection coefficient as
function of the frequency for the two antennas. Both antennas
can cover the UWB characteristic. The bandwidth (S11<-10
dB) of the ETEM horn antenna is 2.6 to over 20 GHz and the
AsyTEM horn antenna is 2.9 to over 20 GHz respectively.

The AsyTEM horn antenna has the enhanced bandwidth
range at the low frequency. This result is already explained in
the section II, figure 4. The AsyTEM horn antenna also has the
better reflection coefficient compared with the ETEM horn
antenna from about 2 to 8 GHz band. Mentioned in [6],
improved low frequency characteristic makes the radiation
efficiency better for a short pulse excitation. To obtain the
transient radiated far-field result, E-field probe is 5 m away
from the antenna in the simulation.

However, the AsyTEM horn antenna has difference length of
the upper and the lower plates that cause the inclination of the
peak direction in the radiation pattern. The farfield peak
direction of the AsyTEM horn antenna rises up to about 13
degree in the elevation angle from the bore sight direction.
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Figure 10. The reflected voltage in the horn
Thus, E-field probe to the AsyTEM horn antenna is located in

the same distance and rises up to the peak direction for the
correct comparison with the ETEM horn antenna.

Figure 9 indicates the impulse radiation gain of two antennas.

The impulse radiation gain of the peak direction is defined as
the ratio of the absolute level of a transient radiated far- field
(E., unit : V/m) times the received distance (d, unit : m), and
divided by the peak level of the voltage accepted by the
antenna (V e, unit : V):
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As a result of this UWB improvement, it is obviously seen at
the impulse radiation gain graph in figure 9 that both of the
antennas show the low pulse dispersion. The AsyTEM horn
antenna has the higher peak gain and the narrower received
beam width than that of the ETEM horn antenna with the same
physical size.

The maximum impulse radiation gain value of the ETEM
horn antenna is 2.43 while the AsyTEM horn antenna is 3.03.
Therefore, the AsyTEM horn antenna has improved impulse

radiation gain which increased over 0.6 compared with the
ETEM horn antenna.

The pulses reflected from the horn are given in Figure 10. In
this figure, there is seen to be similar reflections between the
two antennas. The biggest difference in the reflection occurs at
the aperture. The ETEM horn antenna has the higher reflection
voltage pulse from the aperture than the AsyTEM horn antenna.
This result influences the radiated pulse from antenna that
makes impulse radiation gain worse.

IV. CONCLUSION

The modified TEM horn antenna with the exponentially
tapered asymmetric plates, two plates with different heights, is
proposed to improve the impulse radiation performance
compared with the same size of the exponentially tapered TEM
horn antenna. To verify compatibility, the ETEM horn antenna
and the proposed TEM horn antenna are simulated. The
proposed antenna can improve the reflection coefficient at the
low frequency range and low reflected pulse in the horn
aperture. Therefore the impulse radiation gain of the UWB
antenna system can be enhanced compared with the system
with the conventional TEM horn antenna.
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