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Abstract—An ultra-wideband planar rhombic antenna with
Gaussian tapered profile is proposed for short pulse applications.
Compared to a conventional linear rhombic antenna, the
proposed antenna has a smooth Gaussian tapered edge, which can
diminish the reflected pulse signal and thus can enlarge the
bandwidth significantly. The proposed planar Gaussian tapered
rhombic antenna was fabricated and its performance both in
frequency domain and in time domain was investigated. Good
agreements between the simulated and the measured results have
been observed. Both of the simulated and the measured results
show that the proposed antenna is featured by broad bandwidth,
low cross polarization levels, and suitability for short pulse
applications.

Index Terms—Gaussian tapered rhombic antenna, planar
antenna, short pulse, traveling wave, ultra-wideband.

. INTRODUCTION

hombic antenna is a typical traveling wave antenna, which

is widely used because of its wide bandwidth and the
simplicity (linear profile) of construction [1]. Considering its
travelling wave feature and wideband performance, rhombic
antenna is a good choice for short pulse applications, such as
ground penetrating radar, high speed imaging, and so on.
However, the sudden turns in the feeding section and in the
middle of the rhombic antenna produce large reflection, which
deteriorates the traveling wave feature of the antenna and lays
severe constraints on the antenna bandwidth.

Vee antenna, usually treated as half of a rhombic antenna, is
also a travelling antenna. Diverse tapered profiles, such as the
common exponential profile [2] and the subsequently emerged
Fermi [3], hyperbolic [4], elliptic [5], half-Gaussian profile [6],
and other optimized profiles [6-8], are proposed to implement
planar variations of Vee antennas to improve the antenna
performance. However, there is little literature on the planar
rhombic antennas and on the optimization of the profiles of the
planar rhombic antenna. And mechanically employing the
tapered profile of a Vee antenna on the four arms of a planar
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rhombic antenna may also lead to enormous reflection.

In this letter, an ultra-wideband planar Gaussian tapered
rhombic antenna is proposed. The proposed tapered profile,
different from the half-Gaussian profile reported in [6], tapers
gradually in a Gaussian curve in the diverging segment at first
and then presenting a smooth transition to the converging
segment tapered in another Gaussian curve. The proposed
Gaussian tapered profile is favorable for diminishing reflected
pulse signals caused by sudden bents and thus can enlarge the
bandwidth significantly. The prototype of the planar Gaussian
tapered rhombic antenna was fabricated and measured. The
simulated and the measured results, both in frequency domain
and in time domain, show that the proposed antenna is featured
by broad bandwidth, low cross polarization levels, and
suitability for short pulse applications.

Il. ANTENNA CONFIGURATION AND ANALYSIS

The geometry of the proposed Gaussian tapered rhombic
antenna is shown in Fig. 1 (a). The two fins of the proposed
rhombic antenna are etched on opposite sides of a substrate,
therefore the proposed antenna can be easily fed by a coaxial
connector. The proposed tapered profile diverges gradually in
the region of -I, <z <0 and converges in the region of 0<z<I,

in accordance with the Gaussian functions expressed as follows

a-exp(—4;r(£)2), ,<z2<0
T
x(z) = zl : 1)
a-exp(—4z(—)?), 0<z<l,
7
where a determines the maximum of the Gaussian curves, and
7, and r, indicate the width of the Gaussian profiles. A resistor

with value of R is utilized to bridge the two converging antenna
fins at the terminal point C.

For comparison, a planar conventional rhombic antenna with
the same dimensions is also designed, as depicted in Fig. 1 (b).
For the conventional rhombic antenna, the reflected pulse
signals aroused at the feeding point A’ and the middle turn
point B’ severely limit the impedance bandwidth. The Gaussian
tapered profile of the proposed antenna has a smaller variation
rate at the feeding point A compared to the conventional
rhombic profile (at apex A" ). Additionally, the derivative of the
Gaussian profile at the middle turn point B is zero, which
indicates a smooth transition from the diverging segment to the
converging segment.

The proposed Gaussian tapered rhombic antenna is modeled
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in CST MWS and time domain solver is used to obtain the
antenna performance. In this design, Rogers 4003C with a
relative permittivity of 3.55 and a thickness of 0.813 mm is
used as the substrate. For accuracy, the SMA connector is also
included in the simulation. The Gaussian pulse with a -10 dB
bandwidth from DC to 20 GHz is utilized to excite the proposed
antenna and is expressed as
_4x(ttg)

Giy=e = )

where t, equals to 0.08885 ns and z is 0.086 ns.
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Fig. 1. Geometry of the antennas. (a) The proposed Gaussian tapered rhombic
antenna. (b) The planar conventional rhombic antenna.

The effect of the terminating resistor on the reflected pulse
signal is shown in Fig. 2. It can be found that the reflected pulse
is greatly decreased when the resistor is 200 Ohms compared to
other smaller or larger values. The final parameters of the
Gaussian profile antenna, after optimization in CST MWS, are

given in Table I.
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Fig. 2. The reflected pulse signals with different terminating resistors.
TABLE |
PARAMETERS OF THE PROPOSED ANTENNA

| w Iy 1, a 7 7, R

110mm 54mm 80mm 25mm 25 120 42 200 Ohms

The reflection coefficient |S,,| and the reflected pulse by, of

the proposed antenna are shown in Fig. 3. For comparison, the
performance of the conventional rhombic antenna with the
same dimensions is also depicted in Fig. 3. From the
appearance time of the peaks of the reflected pulse signals, it
can be concluded that the reflection in the proposed antenna is
mainly produced by the discontinuity at apexes Aand B, and
the reflection in the conventional rhombic antenna mainly
occurs at apexes A’ and B'. Meanwhile, it can be found that the
peak value of the reflected pulse signal for the proposed
Gaussian tapered rhombic antenna at A is about half of that for
the conventional rhombic antenna at A’ . Consequently, the
reflection coefficient for the proposed antenna decreases about
6 dB in the frequency range from 1.48 GHz to 12 GHz
compared to that of the conventional rhombic antenna, as
shown in Fig. 3. Correspondingly, the lower limit operating
frequency is extended from 7.7 GHz to 1.48 GHz.
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Fig. 3. The reflected pulse signals and the reflection coefficients for the
Gaussian tapered rhombic antenna and the conventional rhombic antenna.
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I1l. SIMULATED AND EXPERIMENTAL RESULTS

In order to characterize the radiation performance of the
proposed antenna, the prototype, whose parameters are shown
in Table I, was fabricated and is shown in Fig. 4 (a). For
comparison, a planar conventional rhombic antenna was also
fabricated using the same substrate and is depicted in Fig. 4 (b).
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(b)
Fig. 4. The fabricated antennas. (a) The Gaussian tapered rhombic antenna. (b)
The conventional rhombic antenna.

A. Reflection Coefficients and Reflected Pulse Signals

The reflection coefficients of the fabricated antennas were
measured using a calibrated Agilent vector network analyzer
N5230A. The measured reflected pulse signals b, (t) can be

expressed as
b (t) = IFFTIG(f) - S, ()] @)
where S, (f) represents the measured scattering parameters of
the fabricated antennas and G(f) is the spectrum of the
Gaussian pulse given in (2).
Comparisons between the simulated and measured reflected
pulse signals b, at the antenna ports and |S,, | are shown in Fig.

5 (a) and Fig. 5 (b) respectively. A good consistency has been
observed between the simulated and the measured results. Due
to the Gaussian tapered profile, the reflected pulse signal of the
proposed antenna has been significantly diminished compared
to that of the conventional rhombic antenna, which leads to the
enlargement of the impedance bandwidth. As shown in Fig. 5
(b), the proposed antenna has an ultra-wideband frequency
band ranging from 1.48 GHz to 20 GHz while that for the

conventional rhombic antenna is 7.7 GHz to 20 GHz.
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Fig. 5. The simulated and measured reflected pulse signals and the reflection
coefficients for the two rhombic antennas. (a) The reflected pulse signals. (b)
The reflection coefficients.
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B. Patterns, Gain and Cross Polarization Level

The radiation performance of the proposed antenna was
measured in anechoic chamber. Considering the large
bandwidth of the proposed antenna, the patterns at 6 GHz, 10
GHz, 14 GHz, and 18 GHz were measured and are shown in Fig.
6, along with the corresponding simulated results to
characterize the radiation performance. The measured and
simulated radiation patterns agree very well. It is founded that
the proposed antenna has a directional radiation patterns and
the main direction is along the z axis. The sidelobe level of the
proposed antenna is roughly -10dB in frequency band below 14
GHz and is about -5 dB at 18GHz.

The gain and the cross polarization level along the z direction
for the proposed antenna are shown in Fig. 7. It can be found
that the measured and the simulated gain agree very well across
the involved frequency range, and the gain is quite flat from 6
GHz to 18 GHz. The cross polarization level of the proposed
antenna is quite low, and it is lower than -20 dB from 2 GHz to
12 GHz based on the measured result.
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Fig. 6. The E-plane (xoz plane, left) and H-plane (yoz plane, right) patterns for
the proposed antenna. (a) 6 GHz. (b) 10 GHz. (c) 14 GHz. (d) 18 GHz.
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Fig. 7. The gain and the cross polarization level of the proposed antenna.

C. Transmission Performance in Time Domain
Two identical proposed antennas were placed 1.3 meters
apart along the main radiation direction in the anechoic
chamber and the transmission coefficients (S,,(f)) under the
co-polarization and the cross polarization conditions were
measured by using vector network analyzer. Being similar to
(3), the corresponding transmission signal b, (t) in time domain
is determined by the spectrum of the Gaussian pulse G(f) and

the measured S, (f) , which can be expressed as
b,(t) = IFFT[G(f)-S,,(F)]. @)
Fig. 8 gives the measured transmission signals b, (t) of the
two identical antennas positioned in co-polarization and in
cross polarization respectively. According to the pulse signal
obtained in co-polarization condition, the ringing level is lower
than -19.7 dB [9]. The system fidelity factor for the proposed
antennas is 0.71 [10]. Therefore, both of the small tailing effect
and the weak distortion demonstrate that the proposed Gaussian
tapered rhombic antenna is suitable for short pulse applications.

In addition, the maximal amplitude of the co-polarization
short pulse signal for the proposed antenna is 20 dB higher than
that of the cross polarization situation. Both the cross
polarization levels shown in frequency domain and time
domain indicate the well polarization purity performance of the
proposed antenna.
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Fig. 8. The transmission short pulse signals between two proposed antennas.

IV. CONCLUSION

In this letter, an ultra-wideband planar Gaussian tapered
rhombic antenna is proposed. The Gaussian tapered profile
diminishes the reflected pulse signal and therefore enlarges the
bandwidth significantly compared to the conventional rhombic
profile. The simulated and measured results, both in frequency
domain and time domain, show that the proposed antenna is
featured by broad bandwidth, low cross polarization levels, and
suitability for short pulse applications.
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