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Fig. 1 Designed coding phase gradient metasurface unit. (a) Main view; (b) top view

) FH R A5 B3 AE CST Microwave Studio ¥ #8
TR ITHEAT 05 B O A RN 2 frs . WL 27T LA
Fo, 200 B R A o A0y A Ak R R T G

T 1~1. 5 THz S A B P, 8 2 100 550 B[R] 4% 1k S 3
PREFE KT 0.8, I H W F BYAHN 22 #5630 180°, 6 2 PB
JUART AR ASE Ji B g 25K, BV RT 503 A9 3% T 0 i) LUE

1124001-2



F43% F 11 H/2023 F£ 6 B/ RFFHR

B B AR 1/ 2 9 A o

Xt B A R Y 3R T LT, AR s PB LA AR A7
TRFT RN 25 AR S B A A e I B e A B D A
77 AR TR o B R T SO0 TR S5 4 eS8 F N a,
AH R M AH B O A = & 2a, Fo i — g 7 Jié [ A% 1k
(LCP), + b A fie B 4% Ak i (RCP) o i T 3 1 .00
7E LCP 3 RCP A5 i & B A e P L — 2, DA A L)
RCP A AT 704 o 24 RCP 2 B A, 23 51

,.\
&
g
o

o
)
T

—e— x-polarized

:
S
g
<]
E 06 —— y-polarized
)
£ 04}
=
2
02
=
<%]
[
0 1 1 1 1
06 08 1.0 12 14 1.6

Frequency /THz

V1T A 2 T 50T A TR AR Tk s S R R RN s I A AT, 4
L E 3R, MWE 3(a) AT LIFE W, 7 RCP % 3 H A
SFFESE N TR B % £ BE o T 1 [ A F S S5 B AR — B
H 7 0.9~1.5 THz i F Bl N K F 0.8, MElS
(b) AT AT Y, Y BERE i o LA 3074 58 I 0725 4 150°
HH 408 8 2% T BT 1 R B Ak S S A A 22 358 60°, 5 PB
JUART AR SR B A A A AR 4 o TR L, RE S AL 3 1 BT AR
[Fi] 52 1) 7 ) 768 2 1T A 0C o

® ob —e— x-polarized
—v— y-polarized
& -100
g
= -200F
o
& 300}
E:
% —400
[
-500
~600 L L L L
0.6 0.8 1.0 1.2 14 1.6
Frequency /THz

2 y WA A S IR 2 R 57 A R R 2 AT B TT 14 [ WA S AR S AR AL () S5 35 () R S AL

Fig. 2 Reflection amplitude and reflection phase for co-polarization of encoded phase gradient metasurface under normal incidence of

the z-polarized and y-polarized waves. (a) Reflection amplitude; (b) reflection phase

1.0

,\
&

Reflection amplitude /arb.units

0.6 0.8 1.0 1.2 14 1.6
Frequency /THz

®) 300F

Reflection phase /(°)

0.8 1.0 1.2 14 1.6
Frequency /THz

P 3 A T I A0 P 0 T N S OF AN [ 2 91 o X 7 2 T A £ s 2 7 4 THT P 14 [ e P 5 S 3 RS2 S5 R 32 o () AT 2365 (b)) B AR A3

Fig. 3 Reflection amplitude and reflection phase for co-polarization of encoded phase gradient metasurface under normal incidence of

RCP waves with different rotation angle a values. (a) Reflection amplitude; (b) reflection phase
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Fig. 6 Design of arrangement. (a) Convergence characteristics of genetic algorithm; (b) schematic diagram of arrangement M 1
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Fig. 10 Simulated RCS reduction of designed metasurface compared to the metal plate of the same size under normal incidence of the x-

polarized and y-polarized waves. (a) Coding phase gradient metasurface; (b) coding phase gradient metasurface and ordinary

coding metasurface without gradient
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Fig. 11 RCS reduction value of coding phase gradient metasurface under different incident angles. (a) x-polarized wave; (b) y-polarized
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Abstract

Objective

Radar cross section (RCS) is an important physical quantity to measure the radar echo capability of the target.

To reduce the RCS value of the target object 1s to achieve RCS reduction, which has important applications in the field of
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radar stealth. Terahertz (THz) waves refer to electromagnetic waves in the frequency range of 0. 1-10 THz, which have

broad application space in high-speed broadband communication, precision military radar, high-resolution imaging, and
other fields. With the increasing complexity of the international situation and the rapid development of science and
technology, RCS reduction in the THz band and its application in radar stealth has become a new research direction.
Currently, there are two most effective and commonly used methods for RCS reduction in the THz band. The first one is
to use a perfect absorber, which can absorb the incident THz waves to the surface and convert them into internal energy.
The other is to use a metasurface to reshape the THz wave waveform in the space domain. The former has the
disadvantages of narrow bandwidth and easy discovery by far-infrared detectors. The latter has become a hot research topic
because of its simple structure, small size, and wide operating frequency band. In this paper, a coding metasurface with
more degrees of freedom than the traditional metasurface is adopted. By combining it with a phase gradient metasurface,
this paper proposes a coding phase gradient metasurface. Compared with the normal coding metasurface without phase
gradient, it has a better RCS reduction effect. Moreover, the coding phase gradient metasurface has a wider working
band. This is due to the introduction of a double Q-shaped symmetrical structure at the top of the metasurface element.
The metasurface will generate magnetic dipole resonance and electric dipole resonance in its interior, and the multiple

resonance modes are conducive to broadening its working frequency band.

Methods First, according to the Pancharatnam-Berry (PB) geometric phase principle, a number of double Q -shaped
reflective metasurface elements with different phase responses are designed. The conditions they meet are as follows. For
the vertically incident a- and y-polarized waves, the amplitudes of the co-polarized reflection are almost the same, and their
co-polarized reflection phase difference is 180°. Second, based on the designed metasurface elements, the coding elements
are designed. The so-called coding element is the introduction of phase gradient on the basis of the supercell. Third, a
genetic algorithm is written using Matlab to optimize the arrangement, so that the energy distribution of diffuse reflection is
more uniform, and a better RCS reduction effect is obtained. Then, according to the optimized arrangement, the coding
elements O and 1 are arranged to obtain the coding phase gradient metasurface. Finally, CST Microwave Studio is used to
simulate the far-field scattering of the coding phase gradient metasurface at different frequencies. The RCS reduction value
relative to a metal plate of the same size is calculated. In addition, the influence of x- and y-polarized incidence angles on

the performance of the coding phase gradient metasurface is also analyzed.

Results and Discussions When the x- and y-polarized waves are incident vertically to the metasurface element, the co-
polarization amplitudes are larger than 0. 8 in the frequency range from 1 THz to 1.5 THz, and their phase differences are
close to 180", which satisfy the PB geometric phase principle (Fig. 2). Then, the phase gradient is introduced on the basis
of supercells, and 1 bit coding elements 0 and 1 are designed (Fig. 4). The optimal arrangement M1 of the coding
elements is achieved with the help of the genetic algorithm [Fig. 6(b)]. The coding phase gradient metasurface is obtained
by arranging the coding elements according to M1. CST Microwave Studio is used to calculate the far-field scattering of
the coding phase gradient metasurface at different frequency points under the normal incidence of x- and y-polarized waves.
The result shows that the diffusely reflected scattering waves will be further reflected in the direction of the two
symmetrical main lobes, and the far-field beams have both diffuse reflection and abnormal reflection characteristics (Fig.
9). In addition, the results show that the designed 1 bit coding phase gradient metasurface can achieve RCS reduction of
more than 10 dB (Fig. 10) in a wide frequency range (0. 87-1.725 THz) with a relative bandwidth of 65.9%. The RCS
reduction in the frequency range of 0.9-1.4 THz and 1.6-1.7 THz both reaches over 15 dB with a maximum RCS
reduction value of 31.26 dB. The RCS reduction effect of the coding phase gradient metasurface (composed of coding
elements O and 1 arranged according to M 1) is compared with that of the normal coding metasurface without phase gradient
(composed of supercells 0 and 1 arranged according to M1), and it is found that the RCS reduction effect of the former is
better. Finally, when the incident angles of - and y-polarized waves are both gradually increased from 0° to 30°, the RCS
reduction is more than 10 dB in the frequency bands of 0. 9-1.5 THz and 0.9-1.7 THz (Fig. 11). It indicates that good

RCS reduction effect can be achieved over a wide frequency range with a certain degree of angular stability.

Conclusions In this paper, a coding phase gradient metasurface is proposed, which can reduce the RCS in the THz
band. The results show that the designed 1 bit coding phase gradient metasurface can achieve RCS reduction of more than
10 dB in a wide frequency band from 0.87 THz to 1.725 THz, and the maximum reduction value reaches 31.26 dB.
Finally, the influence of the incident angles of the 2- and the y-polarized waves on the performance of the coding phase
gradient metasurface is analyzed. It was found that its performance is stable in the range of 0° to 30°. The above results

show that this kind of metasurface has potential application value in radar stealth and other aspects.

Key words terahertz; radar cross section; coding phase gradient metasurface; coding element; arrangement
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