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Scattering Performance of Log-Periodic Dipole Array

Kei Yokokawa, Keisuke Konno, Member, IEEE, and Qiang Chen, Senior Member, IEEE

Abstract—In this letter, the scattering performance of a log-
periodic dipole array (LPDA) is numerically and experimentally
demonstrated. Radiation and scattering performance of the LPDA
is shown. Numerical simulations clarify that a 3-dB bandwidth of
an LPDA scatterer becomes narrow due to the distortion of its RCS
pattern. Relation between the total length and bandwidth perfor-
mance of the LPDA scatterer is numerically examined to extend
its narrow bandwidth. The optimized LPDA scatterer achieves the
bandwidth of 1:1.8. The optimized LPDA scatterer is fabricated,
and the measured scattering performance is shown to confirm the
numerical results.

Index Terms—Log-periodic dipole array (LPDA), scattering,
wideband.

I. INTRODUCTION

N PREVIOUS studies, the radiation performance of various
I ultrawideband antennas, such as bowtie antennas [1],
tapered slot antennas [2], spiral antennas [3], and log-periodic
dipole array (LPDA) antennas [4], [S], has been demonstrated.
These ultrawideband antennas have been studied, and their
radiation performance is well known. However, the scattering
performance of these ultrawideband antennas has not been
clarified sufficiently. For example, the scattering performance of
reflectarrays using the spiral-shaped microstrip patch element
was only reported [6]. The scattering performance of structure
of the LPDA that is well known as an ultrawideband antenna
has not been discussed. On the other hand, 3-D scatterers
have received much attention due to the recent advance of
3-D printing technologies [7]-[9]. Although various scatterers
can be fabricated easily using 3-D printing technologies, the
technologies have not been applied to fabricating the LPDA.

In this letter, the scattering performance of the LPDA is re-
ported quantitatively. Scattering performance of the LPDA is nu-
merically obtained and compared to its radiation performance.
Moreover, the optimum total length of the LPDA is obtained
to extend the 3-dB bandwidth of the LPDA. Finally, the opti-
mized LPDA is fabricated using a 3-D printing technology, and
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Fig. 1. (a) LPDA scatterer excited by the TM plane wave. (b) LPDA antenna
excited by a voltage source.

its scattering performance is measured to confirm the numerical
performance. The designed LPDA is expected to be a wideband
array element for wideband FSSs or reflectarrays.

II. PRINCIPLE AND STRUCTURE OF THE LPDA

The geometry of the LPDA scatterer and the LPDA antenna
is shown in Fig. 1. In Fig. 1, k is the wavenumber of free space,
and Ej, is the amplitude of the TM plane wave. The LPDA
consists of a parallel two-wire transmission line connecting
with dipole elements. For calculating scattering performance,
the LPDA scatterer is excited by the TM plane wave, while the
LPDA antenna is excited by a voltage source for calculating its
radiation performance.

The LPDA is designed as in following three steps. At first,
the length [, of the shortest dipole element that corresponds
to the highest operating frequency and the length [y of the
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longest dipole element that corresponds to the lowest operating
frequency are determined, where NV is the number of total dipole
elements in the LPDA. The structure bandwidth of the LPDA
B, can be then defined as follows:

B, = lﬂ (1)
Iy
Next, the scale factor 7 of the LPDA is defined. Both the length
l,, of the nth dipole element and spacing s, between the nth
and (n+1)th dipole elements are recursively calculated using 7,
l,_1,and s,, as follows:

— o Sp—1
ln Sn

wheren=1, 2, ..., N. 2)

After the structure bandwidth B, and the scale factor 7 are de-
fined, the total number of dipole elements /N can be determined
as

3)

where square brackets [ ] show the gauss symbol and [z] in-
dicates the largest integer that is less than or equal to x (e.g.,
[1.3] =1, [3.8] = 3).

The radiation performance of the LPDA antenna is well
known. For example, it is known that the operating bandwidth
B of the LPDA antenna approaches the structure bandwidth B
when the spacing s,, becomes smaller [10]. However, in general,
the operating bandwidth depends not only on its structure but
also on its excitation. Therefore, it must be examined whether
the LPDA scatterer shows wideband scattering performance or
not. In this letter, the bandwidth of the scattering performance is
defined as the 3-dB bandwidth of the radar cross section (RCS).
The wideband scattering performance means that the bandwidth
of the LPDA is larger than 20%.

III. SIMULATION RESULTS

A. Radiation and Scattering Performance

The LPDA scatterer and the LPDA antenna, whose structure
bandwidth is from 4 to 12 GHz, were designed. The perfor-
mance of the designed LPDA was simulated using the method
of moments (MoM). The simulated radiation performance and
scattering performance of the LPDA are shown in Figs. 2 and 3,
respectively. The radiation performance of the LPDA antenna
was evaluated using actual gain, while the scattering perfor-
mance of the LPDA scatterer was evaluated using the RCS.

As shown in Fig. 2, it is found that 3-dB bandwidth of the
LPDA antenna is 1:2.3. It is also seen that the actual gain of
the LPDA antenna is almost constant in the designed structure
bandwidth. On the other hand, as shown in Fig. 3, the RCS of
the LPDA scatterer oscillates sharply in the designed structure
bandwidth. As a result, 3-dB bandwidth of the LPDA scat-
terer is 1:1.5. Therefore, it can be said that the 3-dB bandwidth
of the LPDA scatterer is narrower than that of the LPDA an-
tenna. In order to clarify the mechanism of the oscillation of
the RCS, both the RCS pattern and radiation pattern at 3.8, 5.4,
and 7 GHz are obtained as shown in Figs. 4 and 5. The RCS
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Fig. 2. Radiation performance of the LPDA antenna (Fy on yz-plane,
z-direction).
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Fig. 3. Scattering performance of the LPDA scatterer (Fy on yz-plane,
z-direction).

patterns of the LPDA scatterer are distorted at 5.4 and 7 GHz,
while the mainlobe of the LPDA antenna is clearly directed to
its endfire direction at three frequencies. Difference between
RCS patterns and radiation patterns is caused by the difference
of the current distribution between the LPDA excited by differ-
ent sources. The LPDA antenna is excited by a voltage source
loaded with the end of the parallel two-wire transmission line.
As aresult, the dipole elements in the LPDA antenna are excited
via the parallel two-wire transmission line. On the other hand,
dipole elements in the LPDA scatterer are excited directly by a
plane wave. Resultant difference of current distribution between
the LPDA antenna and scatterer leads to the difference of radi-
ation and RCS patterns. Therefore, the structure of the LPDA
scatterer should be optimized in order to reduce the distortion
of the beam and extend its bandwidth.

B. Optimization of Bandwidth

Bandwidth of the LPDA scatterer is affected by its dimen-
sions, such as 7 and the total length S of the LPDA scatterer,



742

Eg on Iyz i)lalneI
-5F [;=1.25cm, 5,=0.5 cm,
a=0.1 mm, B=3.0,7=0.95 —e&— 7 GHz

RCS o[dBsm]

Fig. 4. RCS pattern of the LPDA scatterer.
20 — 1 ' T . T T T T T T 1
E,on yz plane —o0— 38GHz
ISF [,=1.25cm, s5,=0.5cm, — A — 54GHz
210
=
O 5
.5
& 0
E
£ -5
<
-10
-15 g

@ [degree]

Fig. 5. Radiation pattern of the LPDA antenna.

which is defined as
“4)

For example, 7 should be given carefully in order to improve the
bandwidth of the LPDA scatterer. As shown in (2), the length
of each dipole element varies smoothly as 7 approaches to 1.
Therefore, the bandwidth of the LPDA scatterer is expected to
be enhanced as 7 approaches to 1. Such relationship between
7 and the bandwidth of the LPDA scatterer is easily found.
Finally, as expected, the maximum bandwidth of the LPDA
scatterer is achieved at 7 = 0.94 ~ 0.95 as a result of numerical
simulations for various combinations of 7 and S. Therefore,
in this section, the total length S of the LPDA, which strongly
affects the bandwidth of the LPDA scatterer, is mainly discussed.

The 3-dB bandwidth of the LPDA scatterer and the LPDA
antenna is shown as a function of S in Fig. 6. From Fig. 6, it
can be seen that the operating bandwidth of the LPDA scatterer
is strongly affected by S, while that of the LPDA antenna is
less affected by S. Fig. 6 also shows that the 3-dB bandwidth
of the LPDA scatterer decreases when S is relatively long. The
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Fig. 7. RCS pattern of the optimized LPDA scatterer.

degradation is assumed to be caused by the phase difference be-
tween the current of dipole elements excited by TM plane wave
directly and that coupled via the parallel two-wire transmission
line. Therefore, it is concluded that the total length .S (and 7) of
the LPDA scatterer should be optimized in order to minimize
the phase difference. The RCS pattern of the optimized LPDA
scatterer with S' = 14 cm is shown in Fig. 7. The bandwidth of
the LPDA scatterer with .S = 14 cm is maximized. It is clarified
that the distortion of the RCS pattern at 5.4 GHz is improved
compared to Fig. 4. The distortion of the RCS pattern at 7 GHz
is not improved yet because the phase of scattering field of each
dipole element on the LPDA is still not in-phase at z-direction.

IV. FABRICATION AND MEASUREMENT

In this section, measurement results of the scattering
performance of the LPDA scatterer are shown. A photograph
of a fabricated LPDA scatterer is shown in Fig. 8. The LPDA
scatterer was fabricated using 3-D printing technology (Dimen-
sion BST768 with 0.254-mm precision) and consists of ABS
(Acrylonitrile butadiene styrene) resin coated by conductive ink
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Fig. 8.  Photograph of the fabricated LPDA scatterer.

Fig. 9. Photograph of measurement in anechoic chamber.
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Fig. 10. Measurement and simulation result of the LPDA scatterer.

made of copper (S-SHIELD EMI-21, measured conductivity
o~ 2 x 10* S/m at 4 GHz). The conductive ink was sprayed
on the fabricated LPDA. Conductivity of the ink was obtained
from a measured transmission coefficient of a microstrip line
fabricated in the same manner. Both ends of the fabricated
LPDA scatterer are short-circuited, and a 50-2 resistance is not
loaded because the termination of the fabricated LPDA scatterer
is mechanically difficult. The geometry of the LPDA scatterer is
the same as the optimized one, except for the termination. Fig. 9
shows the system for measuring RCS of the LPDA scatterer in a
radio anechoic chamber. It was difficult to measure the backscat-
tering signal using a monostatic measurement system due to the
poor dynamic range of the measurement system. Therefore, we
selected a bistatic measurement system. Transmitting and re-
ceiving antennas were BBHA 9120D double-ridged waveguide
horn antennas from SCHWARZBECK Mess Elektronik.

The measured RCS is shown in Fig. 10. As a reference, the
RCS obtained by numerical simulation is plotted in the same

figure. The conductivity obtained from measurement was in-
cluded in the RCS simulation. It is found that the measured
RCS agrees well with the simulated RCS except for a ripple
and a little frequency shift. Therefore, it can be said that the
scattering performance of the LPDA scatterer is verified exper-
imentally. The ripple and the frequency shift in the measured
RCS pattern come from the surface roughness of the fabricated
LPDA and the error of the measurement system. On the other
hand, it is found that 5 dB loss is roughly introduced in the
simulated RCS when the LPDA scatterer is terminated by the
50-2 resistance. It can be said that the LPDA scatterer should be
short-circuited in order to keep a large value of the RCS. Due to
the limitation of our measurement system, measurement of the
RCS pattern of the LPDA scatterer is difficult, and the results
will be obtained in the future.

V. CONCLUSION

The scattering performance of the LPDA was studied. Nu-
merical simulation clarified that the bandwidth of the LPDA
scatterer can be narrow due to the distortion of the RCS pat-
tern. Therefore, the total length of the LPDA scatterer must be
optimized to improve the distortion of the RCS pattern. The
bandwidth of the LPDA scatterer is strongly affected by the to-
tal length of the LPDA scatterer. The RCS of fabricated LPDA
scatterer shows agreement with simulated RCS except for a little
frequency shift.
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