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Wideband Scattering Performance of Reflectarray
Using Log-Periodic Dipole Array

Hiroki Ito, Keisuke Konno, Member, IEEE, Hiroyasu Sato, Member, IEEE, and Qiang Chen, Senior Member, IEEE

Abstract—In this letter, wideband scattering performance of a
reflectarray composed of a log-periodic dipole array (LPDA) is
designed and studied numerically and experimentally. The reflec-
tarray is designed using method of moments. Numerical simula-
tion demonstrates that a reflectarray composed of the LPDA is
wideband because the LPDA works as a wideband reflectarray el-
ement due to its self-complementary structure. The reflectarray is
fabricated using a three-dimensional printing technology, and its
scattering performance is experimentally confirmed. Finally, it is
shown that the 1-dB and 3-dB bandwidths of the designed reflec-
tarray are 45% and 64%, respectively.

Index Terms—Log-periodic dipole array (LPDA), reflectarray,
three-dimensional (3-D) printing technology.

I. INTRODUCTION

AREFLECTARRAY is well known as a scatterer that can
scatter an incident wave in a specific direction [1]. The

first reflectarray that was proposed in [1] uses a rectangular
waveguide as its element; this reflectarray is bulky and heavy. To
overcome these disadvantages, planar reflectarrays composed of
a microstrip array element have been proposed [2], [3]. Planar
reflectarrays have numerous advantages compared to the con-
ventional waveguide reflectarray—specifically, flatness, com-
pactness, and easy fabrication. Therefore, various planar reflec-
tarrays have been developed for specific applications such as
satellite [4], [5] and wireless communications [6], [7].

The most severe drawback of planar reflectarrays is the nar-
row bandwidth. The bandwidth of a planar reflectarray is limited
by two factors. The first is the inherent narrow bandwidth of pla-
nar reflectarray elements. The second is the differential spatial
phase delay, resulting from different path lengths between a
primary source and each reflectarray element. To overcome the
narrow bandwidth of planar reflectarrays, various remedies have
been proposed. A multilayer reflectarray was proposed to en-
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hance the bandwidth of planar reflectarrays [8], [9]. Wideband or
dual-band loop elements and an I-shaped element have been pro-
posed [10]–[14]. To the best of our knowledge, the 3-dB band-
width of such wideband reflectarrays ranges from 10% to 30%.

In recent years, various multiband or wideband reflectarrays
have been proposed. A frequency selective surface (FSS)-
backed circularly polarized reflectarray has been proposed
as a satellite communication antenna [15]. The proposed
reflectarray has multiband performance because the FSS works
as a ground plane for the Ka-band, while the FSS is transparent
for the L-band. A wideband folded reflectarray operating at
11–15 GHz has been proposed [16]. The folded reflectarray is
composed of a novel wideband element and is designed using
a multifrequency phase matching method. A single-layered
dual-band reflectarray operating in the 10.7–12.7-GHz band in
vertical polarization and the 12.7–14.7-GHz band in horizontal
polarization has been proposed [17]. The reflectarray is wide-
band because of its subwavelength rectangular grids. All of
these reflectarrays have wideband or multiband performances,
but their 1-dB bandwidth is not over 30%.

However, three-dimensional (3-D) printed reflectarrays have
received much attention in recent years [18], [19]. Three-
dimensional printed arrays have numerous advantages, such
as high flexibility, stable angular response, and outstanding
filtering performance compared to their planar counterparts
[20]–[22]. One of the advantages to be expected for 3-D printed
arrays is the wideband performance. According to an antenna
theory, it is well known that the bandwidth of antennas or
scatterers and their volume are tradeoffs. Therefore, 3-D printed
reflectarrays are expected to show wideband performance com-
pared to their planar counterparts. For example, our group has
already clarified the wideband performance of a log-periodic
dipole array (LPDA) as a scatterer [23]. However, the wideband
performance of a reflectarray composed of the LPDA has not
been clarified to date.

In this letter, a reflectarray composed of an LPDA is proposed.
A 10 × 1 reflectarray is designed by the reflection coefficient
obtained using method of moments (MoM). The wideband per-
formance of the reflectarray and its mechanism are clarified via
numerical simulations. The 10 × 1 element reflectarray is fabri-
cated using a 3-D printing technology. The performance of the
fabricated reflectarray is measured, and the wideband perfor-
mance of the proposed reflectarray is clarified experimentally.
To fairly compare the bandwidth of the proposed reflectarray
with conventional reflectarrays, both 1-dB and 3-dB bandwidths
are shown. In this letter, the frequency range over which the drop
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Fig. 1. Reflectarray element.

Fig. 2. Phase of reflection coefficient.

of the bistatic radar cross section (BRCS) from its peak is less
than 1 and 3 dB is defined as the 1-dB and 3-dB bandwidths,
respectively [24].

II. DESIGN AND FABRICATION OF THE REFLECTARRAY

An LPDA structure is shown in Fig. 1. A reflectarray com-
posed of the LPDA is designed as follows [23].

1) Initial structure parameters of an LPDA, l1 , s1 , Bs =
lN /l1 , τ = ln−1/ln = sn−1/sn , and N = [1.5 + log Bs

log 1
τ

]
are given. During design process, l1 is incremented, while
s1 , Bs , τ , and N are fixed.

2) The LPDA is illuminated by a plane wave of normal in-
cidence, and the LPDA reflection coefficient is obtained
using the MoM. Then, l1 is incremented, and the reflection
coefficient of the LPDA is iteratively obtained. Finally, the
reflection coefficient of the LPDA is obtained as a function
of l1 . During the numerical simulation, the LPDA is iso-
lated, and mutual coupling between LPDAs is neglected
[25].

3) Using the reflection coefficient of the LPDA, the dimen-
sions of each LPDA in a reflectarray are obtained to form
a planar phase front to the mainbeam direction.

The phase of the reflection coefficient of an LPDA is shown
in Fig. 2. The reflection coefficient was calculated using far field
in (θs, φs) = (20◦, 180◦). It is found that the phase of the re-

Fig. 3. Current distribution of LPDA elements (f = 4 GHz, s1 = 5.2 mm,
τ = 0.85, Bs = 3, d = 4 mm, and a = 0.45 mm).

flection coefficient varies smoothly and linearly as l1 increases.
Moreover, a phase range of more than 360◦ is achieved at every
frequency. Linear and smooth phase variations of the reflection
coefficient indicate that a fabricated reflectarray using the LPDA
is robust for fabrication error. To clarify why the LPDA has such
an outstanding performance as a reflectarray element, the cur-
rent distribution of the LPDA is shown in Fig. 3. It is found that
the so-called active region shifts to a forward part of the LPDA
as l1 increases. It is well known that the active region smoothly
shifts when the LPDA works as a frequency-independent an-
tenna. Therefore, Fig. 3 implies that the scattering performance
of the LPDA can be wideband in analogy with its radiation
performance, i.e., the LPDA works as a wideband reflectarray
element because of its self-complementary structure. Linear and
smooth phase variations of the reflection coefficient also come
from its self-complementary structure. However, it has been
clarified that the scattering performance of the LPDA is not
as wideband as its radiation performance [23]. This is because
when the LPDA works as a scatterer, it has two different current
modes excited by plane waves, either directly or via the paral-
lel two-wire transmission line. The current mode excited via the
parallel two-wire transmission line only contributes to the wide-
band scattering performance of the LPDA because the current
mode comes from its self-complementary structure. The current
mode excited by the plane wave directly degrades the band-
width of the LPDA because the current mode is independent of
its self-complementary structure.

Using the LPDA element, 10 × 1 reflectarrays were designed
at 4 GHz. All structure parameters of the designed reflectarrays
are the same as those shown in Fig. 2, except for l1 . Designed re-
flectarrays are H-plane arrays; their array spacing is dx [mm]. To
clarify the wideband performance of the designed reflectarrays,
simulated BRCS patterns are shown in Fig. 4. It is found that the
bandwidth of reflectarrays decreases as their array spacing in-
creases. However, their 3-dB bandwidth is still wide and is more
than 30%, even when their array spacing is relatively large (e.g.,
dx = 50 mm). As mentioned earlier, the LPDA works as a wide-
band reflectarray element because of its self-complementary
structure. As a result, the designed reflectarrays are wideband
compared to those composed of conventional planar elements
that suffer from their inherent narrow bandwidth.
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Fig. 4. Simulated BRCS of 10 × 1 reflectarrays.

Fig. 5. Fabricated 10 × 1 reflectarray (dx = 20 mm).

The designed reflectarray was fabricated using a 3-D print-
ing technology and was coated by ink made with copper. The
fabricated 10 × 1 reflectarray is shown in Fig. 5.

III. MEASUREMENT RESULTS

A BRCS pattern of the fabricated 10 × 1 reflectarray was
measured in a radio anechoic chamber. Double-ridged wave-
guide horn antennas (Schwarzbeck BBHA9120D) were used
for transmitting/receiving antennas. Because of the limitation
of the measurement system, it was difficult to deploy the re-
flectarray in the far-field region of both transmitting/receiving
antennas. Therefore, the distance between the fabricated reflec-
tarray and transmitting/receiving antennas was as long as pos-
sible, but was not sufficiently long to reach the far-field region
during the measurement.

The measured BRCS pattern of the fabricated reflectarray is
shown in Fig. 6. A simulated BRCS pattern using MoM is also
shown in Fig. 7. It is shown that the BRCS pattern obtained from
measurement and simulation has good agreement. The measured
BRCS pattern shows that the fabricated reflectarray forms a
main beam to the desired direction (θs, φs) = (20◦, 180◦) over
the wideband. A beam squint of the BRCS pattern is seen as a
result of the effect of the mutual coupling between reflectarray
elements. The beam squint over the entire bandwidth can be
minimized by designing a reflectarray using an optimization

Fig. 6. Measured BRCS pattern.

Fig. 7. Simulated BRCS pattern.

technique [11]. As shown in Figs. 6 and 7, the measured BRCS is
larger than the simulated BRCS. Generally, the measured BRCS
is smaller than that of the simulated one because conductive loss
and surface roughness were not considered in the simulation
model. However, in our measurement, the distance between the
reflectarray and the transmitting/receiving antennas was not long
enough to satisfy the far-field criterion. The measurement error
should have been removed if our measurement system were
improved.

The 1-dB and 3-dB bandwidths of the simulated BRCS are
45% (3.1–4.6 GHz) and 64% (2.8–5.45 GHz), respectively. It
is difficult to evaluate the 1-dB and 3-dB bandwidths of the
measured BRCS pattern because the measured BRCS pattern
shows a ripple due to the effect of the near field and small
receiving signal levels. However, as shown in Figs. 6 and 7,
it is clarified that the measured BRCS pattern is similar to the
simulation. Therefore, it can be concluded that the measured
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BRCS pattern also shows the same bandwidth, except for these
measurement problems.

IV. CONCLUSION

In this letter, the wideband scattering performance of a reflec-
tarray that is composed of an LPDA was shown numerically and
experimentally. The reflection coefficient and current distribu-
tion of the isolated LPDA were obtained using MoM. Numerical
simulation clarified that the wideband scattering performance
of the LPDA comes from its self-complementary structure. A
10 × 1 reflectarray was numerically designed and fabricated
using the 3-D printing technology. The BRCS pattern of the
fabricated reflectarray was measured in a radio anechoic cham-
ber. Except for beam squint and the near-field effect, it can be
said that the wideband scattering performance of our designed
reflectarray was verified both numerically and experimentally.
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