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Abstract—Phased array antennas whose backscattering level
is lower than conventional phased arrays are presented. The
array antennas are composed of non-identical elements and plane
wave of normal incidence to the array antennas is scattered to
non-specular direction. As a result, backscattering level which
implies existence of the array antennas is difficult to be detected
and secure wireless system is available. The array antennas
are named as “Ninja array antennas” because of their secure
and invisible performance, where Ninja is Japanese traditional
undercover who works stealthily. Beam scanning of the non-
identical array antennas is realized by an excitation making use
of array element patterns. Numerical simulation is performed
and scattering/radiation performance of the Ninja array antenna
using log-periodic dipole array element is demonstrated.
Index Terms—Phased array antennas, Backscattering, Radar

cross section, Log-periodic dipole array

I. INTRODUCTION

Owing to their beam scanning capability and high gain
performance, phased array antennas are applicable to wireless
communication system, radar system, and imaging system [1]-
[2]. In general, phased array antennas are periodic structure
and are composed of identical array elements. As a result,
backscattering signal level of the phased array antennas can be
high. High level of backscattering signal may result in serious
problems, such as interference to the other electronic devices
and leakage of antenna performance to eavesdropper.
In order to reduce the backscattering signal level of the

phased array antennas, various remedies have been proposed.
Radar absorbing materials (RAM) can reduce the backscat-
tering signal level of the phased array antennas [4]-[6]. The
RAM is capable of absorbing incident wave to the phased array
antennas and resultant backscattering signal level is expected
to be low. One of the disadvantage of the RAM is to absorb
radiation wave from the phased array antennas. A bandpass
radome is another promising technique for reducing backscat-
tering signal level of the phased array antennas [7]-[8]. The
bandpass radome is transparent over a specific frequency band
while is opaque out of the frequency band. Therefore, the
bandpass radome can be designed to absorb incident wave out
of the operating frequency band of the phased array anten-
nas without interrupting their in-band performance. Resultant
backscattering level of the phased array antennas is small but
their in-band backscattering signal level is still high.
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Fig. 1. Ninja array antennas with non-identical log-periodic dipole array
elements.

In this paper, a phased array antenna whose in-band
backscattering signal level is low is presented. The phased
array antenna is composed of non-identical array elements
and its geometry is similar to reflectarrays [12]-[14]. Owing
to non-identical array elements, the phased array antenna is
capable of scattering plane wave of normal incidence to non-
specular direction. As a result, backscattering of the phased
array antenna is relatively low rather than conventional one.
The phased array antenna is named as “Ninja array antenna”
due to its invisible performance. Excitation of the Ninja array
antenna is obtained via an array element pattern. Results of
numerical simulation demonstrate that the Ninja array antenna
shows low backscattering performance without degrading its
radiation performance. This paper is enhancement of [15].

II. NINJA ARRAY ANTENNA

A Ninja array antenna using log-periodic dipole array
(LPDA) element is designed. Geometry of the Ninja array
antenna is shown in Fig. 1. The Ninja array antenna is com-
posed of non-identical LPDA elements. Reflection coefficient
of the LPDA element for plane wave of normal incidence is
obtained using method of moments (MoM). According to the
phase of reflection coefficient, size of each LPDA element
is given so that main beam of scattering field is directed to
desired direction.

Proceedings of 2018 Asia-Pacific Microwave Conference

Copyright 2018 IEICE



 

Fig. 2. Bistatic radar cross section of 10 × 10 arrays (Left: Ninja array antenna, Right: Uniform array antenna (l1 = 12.55 mm)).

 

Fig. 3. Actual gain of 10 × 10 Ninja array antenna (Left: Array element pattern based excitation, Right: Array factor based excitation).

On the other hand, beam scanning capability is indispens-
able for the Ninja array antenna. The Ninja array antenna is
composed of non-identical elements and excitation using array
factor is incomplete for beam scanning. Instead of array factor,
an array element pattern is used to obtain excitation of the

Ninja array antenna.

Due to the limitation of space, detail process of design of
the Ninja array antenna is omitted here. Interest readers can
refer our previous publication [15].
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Fig. 4. BRCS pattern of 10 × 10 Ninja array antenna @ 9 GHz.
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Fig. 5. Actual gain of 10 × 10 Ninja array antenna @ 9 GHz.

III. NUMERICAL SIMULATION

A Ninja array antenna using LPDA elements was designed
and its scattering/radiation performance is clarified numeri-
cally. Operating frequency of the LPDA element is ranging
from 4 to 12 GHz. Array spacing is dx = dy = 50 mm,
l1 = 6.25 ∼ 13.25 mm, τ = 0.85, w=2 mm, and radius
of each element is 0.45 mm. The Ninja array antenna was
designed so that main beam of scattering field is directed to
(θ, φ) = (20◦, 0)@8 GHz.
Bistatic radar cross section (BRCS) of the designed Ninja

array antenna and uniform array antenna is shown in Fig. 2.
It is found that BRCS of the Ninja array antenna is directed
to non-specular direction over its operating frequency band
while that of the uniform one is directed to specular direction.
Backscattering of the Ninja array antenna is 17.1 dB lower
than that of uniform one at 8 GHz and low backscattering
phased array antenna is available.
Actual gain of the designed Ninja array antenna is shown in

Fig. 3. Beam scanning direction is (θ, φ) = (5◦, 0). It can be
seen that array element pattern based excitation is capable of

beam scanning while array factor based excitation is not. As
mentioned earlier, excitation with array factor is incomplete for
beam scanning of the Ninja array antenna because it neglects
the effect of non-identical geometry of the array elements, i.e.
difference of both current distribution and far-field pattern. On
the other hand, excitation with array element pattern works
well because it includes the effect of non-identical geometry
of the array elements.
Fig.4 and Fig. 5 show BRCS pattern and actual gain pattern

of the designed Ninja array antenna at 9 GHz, respectively.
Low backscattering performance and beam scanning capa-
billity of the Ninja array antenna with array factor based
excitation are clearly demonstrated at different frequency band.

IV. CONCLUSION

In this paper, low backscattering phased array antennas,
called as Ninja array antennas, have been presented. Radiation
and scattering performance of the Ninja array antennas have
been demonstrated numerically.

ACKNOWLEDGMENT

We would like to thank staffs in Cyberscience Center,
Tohoku University for their helpful advices. This work was
financially supported by JSPS KAKENHI Grant Number
18K13736 and 18K04116.

REFERENCES

[1] R.C. Hansen, Phased Array Antennas, John Wiley & Sons, 1998.
[2] R.J. Mailloux, Phased Array Antenna Handbook, Artech House, Boston,

London, 1994.
[3] Y. Konishi, “Phased array antennas,” IEICE Trans. Commun., vol. E86-

B, no.3, pp. 954-967, March, 2003.
[4] O. Hashimoto, T. Abe, R. Satake, M. Kaneko, and Y. Hashimoto,

“Design and manufacturing of resistive-sheet type wave absorber at 60
GHz frequency band,” IEICE Trans. Commun., vol. E78-B, no. 2, pp.
246-252, Feb. 1995.

[5] H. Kurihara, T. Saito, K. Tanizawa, O. Hashimoto, “Investigation of EM
wave absorbers by using resistive film with capacitive reactance,” IEICE
Trans. Electron., vol. E88-C, no. 11, pp. 2156-2162, Nov. 2005.

[6] Y. Zhao, J. Liu, Z. Song, and X. Xi, “Microstructure design method for
multineedle whisker radar absorbing material,” IEEE Antennas Wireless
Propag. Lett., vol. 15, pp. 1163-1166, 2016.

[7] B. A. Munk, Frequency Selective Surfaces Theory and Design, Jon
Willey & Sons, 2000.

[8] B. A. Munk, Finite Antenna Arrays and FSS, Jon Willey & Sons, 2003.
[9] Y. Inasawa, T. Nishimura, J. Tsuruta, H. Miyashita, and Y. Konishi,

“Using conducting wire at A-sandwitch junctions to improve the trans-
mission performance of radomes,” IEICE Trans. Commun., vol.E91-B,
no.8, pp. 2764-2767, Aug. 2008.

[10] B.-Q. Lin, F. Li, Q.-R. Zheng, and Y.-S. Zen, “Design and simulation
of a miniature thick-screen frequency selective surface radome,” IEEE
Wireless Propag. Lett., vol. 8, pp. 1065-1068, 2009.

[11] F. Costa, and A. Monorchio, “A frequency selective radome with
wideband absorbing properties,” IEEE Trans. Antennas Propag., vol.
60, no. 6, pp.2740-2747, June 2012.

[12] D.G. Berry, R.G. Malech, and W.A. Kennedy, “The Reflectarray An-
tenna,” IEEE Trans. Antennas Propag., vol.11, no.6, pp.645-651, Nov.
1963.

[13] J. Huang, ”Analysis of a microstrip reflectarray antenna for microspace-
craft applications,” TDA Progress Report 42-120, Feb. 1995, pp. 153-
173.

[14] J. Huang and J.A. Encinar, Refrectarray Antennas, John Wiley and Sons,
2008.

[15] K. Konno, Q. Yuan, and Q. Chen, “Ninja Array Antenna -Novel
Approach for Low Backscattering Phased Array Antenna-,” IET Microw.
Antennas Propag., vol.12, no.3, pp.346-353, 2018.




