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Abstract—The self-grounded Bow-Tie is a new type ultra-
wide band (UWB) small antenna. It is compact, simple and
has low profile and directional UWB radiation characteristics.
Simulations and measurements have shown its ultra-wideband
performance, such as about -10 dB reflection coefficient and
stable radiation patterns over a frequency range of 2 - 15
GHz, and good time-domain impulse response. Penetration ability
of the antenna through a concrete wall has been also tested.
Compared to a Vivaldi antenna, the test shows the superiority
of the self-grounded Bow-Tie to the Vivaldi.

Index Terms—self-grounded Bow-Tie, UWB antenna, small
antenna, directional radiation, impulse response.

I. INTRODUCTION

In many ultra-wide band (UWB) applications, small direc-
tional UWB antennas with low-profile in radiation direction
have many advantages, such as low interference level, high
penetration ability and compact geometrical configuration.
However, few such UWB antennas have been reported.

Most of small UWB antennas are omnidirectional in radi-
ation characteristics, for example, Bow-tie dipole [1]-[2]. The
most common directional UWB antennas are of the traveling-
wave structure type, such as Vivaldi antennas [3] and Lindgren
horn [4]. However, this type of UWB antennas have high-
profile in the radiation direction which is a drawback in many
UWB applications. Recently dielectric resonator antenna has
also been designed for UWB applications [5].

This paper presents a new type UWB antenna - the self-
grounded Bow-tie. It is small in size with low-profile. It has
ultra-wide band performance with about -10 dB reflection
coefficient, directional radiation characteristics and stable ra-
diation beams for the frequency range of 2 - 15 GHz, and
good time-domain impulse response.

II. GEOMETRICAL CONFIGURATION OF SELF-GROUNDED

BOW-TIE

The geometrical configuration of the self-grounded Bow-
Tie antenna can be described as follows. An tilted infinite
Bow-tie dipole is located above a ground plane, which is
referred as to a seagull-over-sea configuration, see Fig. 1. Due
to this configuration, the antenna is considered as a frequency
independent one with directional radiation characteristics.
However, for practicality, the structure should be truncated.
The truncation is done by connecting the radiating element
to the ground at the outer end of the antenna. Therefore, the

Fig. 1. Seagull-over-sea configuration of Bow-tie.

Fig. 2. Conversion from Bow-tie antenna to self-grounded Bow-tie antenna.

new antenna is referred to as the self-grounded Bow-Tie. This
truncation method is partly inspired by our other UWB antenna
research activities [6]-[12]. Fig. 2 shows the procedure of the
conversion from a Bow-Tie to the self-grounded Bow-Tie.

III. SIMULATIONS AND MEASUREMENTS

A hardware of the self-grounded Bow-Tie antenna with the
extended angle of 𝛼 = 60∘ has been manufactured, with a size
of 54× 58× 24𝑚𝑚3, see Fig. 3. All simulation results in the
paper are obtained by using CST MS [13].

Fig. 4 shows the measured and simulated reflection coeffi-
cient of the self-grounded Bow-Tie antenna. It can be observed
that the reflection coefficient is below -10 dB over the most
part of 2 - 15 GHz, and below -7 dB over the whole band. We
believe that this performance can be improved to be below -10
dB over the whole band of 2-15 GHz and even over a wider
band width by employing some optimization schemes.

The self-grounded Bow-tie is a small UWB antenna. Ac-
cording to [14], the theoretical limitation of small antennas
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Fig. 3. Measured and simulated reflection coefficient of the self-grounded
Bow-tie antenna with the balun.
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Fig. 4. Measured and simulated reflection coefficient of the self-grounded
Bow-tie antenna with the feeding balun.

by the cut-off for gradual transition antennas presented is
𝜆𝑐𝑢𝑡𝑜𝑓𝑓 = 2𝜋𝑎, where 𝑎 is the radius of the smallest sphere
surrounding the antenna and 𝜆𝑐𝑢𝑡𝑜𝑓𝑓 is the wavelength of
the lowest operating frequency for the antenna. For the self-
grounded Bow-Tie in the paper, we have 𝑎 = 0.7 ⋅ 58𝑚𝑚 =
40𝑚𝑚. Therefore, 𝜆𝑐𝑢𝑡𝑜𝑓𝑓 = 6.28 ⋅ 40𝑚𝑚 = 240𝑚𝑚, i.e.
𝑓𝑐𝑢𝑡𝑜𝑓𝑓 = 300/240𝑚𝑚 = 1.25𝐺𝐻𝑧, which matches pretty
well the result in Fig. 4. Thus, the self-grounded Bow-tie is
very close to the theoretical size limitation for small antennas.

Fig. 5 shows the simulated 3D radiation patterns. From the
figure, we can see that the main radiation direction is along
the normal of the ground plane, except around 7 GHz. The
simulated and measured co- and cross-polar radiation patterns
in 𝜑 = 45∘ is shown in Fig. 6. The measurement confirms
that the antenna has the directive radiation characteristics over
the whole band of 2 - 15 GHz. The agreement between the
simulated and the measured radiation patterns is good in a
general sense. The reason for some difference for the detailed
beam shapes we believe is the effect of the connectors and the
cable used in the pattern measurement.

Fig. 7 shows the measured and simulated directivity of the

Fig. 5. Measured and simulated reflection coefficient of the self-grounded
Bow-tie antenna with the feeding balun.

self-grounded Bow-tie antenna. The directivity is about 5 - 8
dBi over the frequency band of 2 - 15 GHz, which means
that this antenna has quite stable radiation patterns compared
to other UWB antennas, for example, open boundary quad-
ridged horn [4], where the directivity varies from 6 to 13 dBi
over 2 - 15 GHz.

IV. TIME-DOMAIN RESPONSE MEASUREMENT AND

PENETRATION ABILITY TEST

The time-domain response of the self-grounded Bow-Tie
antenna was measured by an UWB radar system consisting
of one NOVELDA UWB Radar kit R2A chip [15] and two
self-grounded Bow-Ties (one is for transmitting, the other for
receiving), see Fig. 8. Fig. 9 shows the time-response when
the two self-grounded Bow-Ties are separated by a distance
of 250 mm in face-to-face configuration. From the figure, we
have the time-response measures of 𝜏𝐹𝑊𝐻𝑀 = 134𝑝𝑠 and
𝜏𝑟=0.22 = 260𝑝𝑠. Please refer to [16] for the definitions of
𝜏𝐹𝑊𝐻𝑀 and 𝜏𝑟=0.22.

The penetration ability has been also tested by using the
same UWB radar system. For comparison, two Vivaldi antenna
(size of 144 x 135 x 2 mm3, about 6 time larger than the
self-grounded Bow-Tie in area, see Fig. 8) were also used in
the test. The obstacle was a concrete wall of 515 millimeter
thick and the targets were a metal cookie jar of 213 mm in
diameter and a human being behind the wall, see Fig. 10. the
transmitting and receiving antennas are in the same side of the
wall.

1453



−20

−10

0

1GHz

0

 

2GHz

−20

−10

0

3GHz

−20

−10

4GHz 5GHz

−20

−10

6GHz

−20

−10

7GHz

A
m

pl
itu

de
 (

dB
)

8GHz

−20

−10

9GHz

−20

−10

10GHz 11GHz

−20

−10

12GHz

−180 −90 0 90
−20

−10

13GHz

−180 −90 0 90

14GHz

θo
−180 −90 0 90 180

−20

−10

15GHz

(a) Simulated

−20

−10

0

1GHz 2GHz

−20

−10

0

3GHz

−20

−10

4GHz 5GHz

−20

−10

6GHz

−20

−10

7GHz

A
m

pl
itu

de
 (

dB
)

8GHz

−20

−10

9GHz

−20

−10

10GHz 11GHz

−20

−10

12GHz

−180 −90 0 90
−20

−10

13GHz

−180−90 0   90  

14GHz

θ°
−180 −90 0 90 180

−20

−10

15GHz

(b) Measured

Fig. 6. Co-(solid line) and cross-(dashed) polar radiation patterns in 𝜑 = 45∘
of the self-grounded Bow-tie antenna with the balun.

The pulse signal is transmitted via the transmitting antenna,
penetrates through the wall, hits the target, reflected, penetrates
again through the wall and finally received by the receiving
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Fig. 7. Simulated directivity of the self-grounded Bow-Tie antennas of 60∘
extended angle using CST .

Fig. 8. The UWB radar system consisting of one Novelda radar chip and
two self-grounded Bow-Ties (left), and size comparison of the Vivalde and
the self-grounded Bow-Tie (right) used in the penetration test.

antenna. The results are shown in Fig. 11 and Fig. 12. From the
figures, it is observed that the self-grounded Bow-Tie system
has 7 dB and 5 dB higher received signal power than the
Vivalde system does for the small metal target and the man,
respectively, which states the superiority of the self-grounded
BOW-Tie to the Vivalde in this case.

V. CONCLUSION

A new small, low-profile and directional UWB antenna -
the self-grounded Bow-Tie is presented in the paper. Due
to its many good characteristics, it can be foreseen that the
self-grounded Bow-Tie will find many applications in UWB
technology.

The self-grounded Bow-tie antenna is protected by a pend-
ing patent [17].
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Fig. 11. Received signal for penetration test with a meta box of 213 mm in
diameter as the target behind a 515 mm thick concrete wall.
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Fig. 12. Received signal for penetration test with a man as the target behind
a 515 mm thick concrete wall.
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