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Fig. 1. Specular reflection and retroreflection of medium
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Fig. 2. Double-channel metasurface array and super unit:
(a) 2D planar metasurface array; (b) metasurface super
unit; (¢) the microstructure of the super unit.
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Fig. 3. Flow chart of topology optimization for retroreflec-

tion metasurface.
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Fig. 4. Designed double-channel metasurface reflector with a 1:1 ratio of retroreflection power to specular reflection power and its

reflection characteristics: (a) The unit cell; (b) the microstructure; (c) the normalized bistatic RCS in the elevation coordinate;

(d) the three-dimensional bistatic RCS of the designed reflector.

LIRS 2 ST A i SR S8 2 VR RLE, A
WA YT B AN, R TP 5 BB M i 4%6,
XFHE— 4B RCS #EAT IR i s AL 33t
et FE v, AR RIS B4 100 A, 22X
0.5, 5K 0.04, 6 FC KL LL EFEEARA FHRAE
FEAENEARE 1R 2B IG, AT
AN 4(a), (b) FiR. TS HIT — 1L
uli RCS WLIE 4(c), K8 ™ 4 ZEAHM £ -30°7 [n]
5 30°75 a) B o B A, WA 1) RS R AR/
FHAE, i = AEAR T R 4(d) T R, 1
+£30° 7 [11) FE B HH B A )

I5L4 10 GHz B ARHI 1-30°TE I FR G 4> 4 @
AT, X SR AT th B 5 B, %
SSERANAE 30°07 a) 2 B A SR R GT, TCk ™
A I GE . RIS, T R A Sl A
A SB35 Sz S5 38 S e R M ) AR AL 3 I
SFF 308 TE 0 00 T8 S O ELSCS PR AT R A
SRS AR EA — 2 RO MERE . AT 2 BRI R ST R
OFEE 73 S B u s X W N S A V)R i e | 2
G T S | R =N 0K o At 3 2 W o DRl e
B4t

Xof TR T e T A 7 SIS0 E, SR &
R ENE 6(a) FER. B8 2 i et 14 K S ik
B NI UORGAE  SF R 87 FE— i T g A

S BEMRER L, 93— D REAE IR S 2 7
T, T DA S A A T e 3R T S A A
B, P IRIYUR Zeii o [R5 5% 12 9 2 43 BT A
(vector network analyzer, VNA) i 4%, i i X} fiy
RS U 1 Sy 288 B3 U 3 AR BE 44 R 1Y
FSREPE. B sl R m i o an A 6(b) s, SR
B2 T 214, RS 300 mm x 300 mm,
THERES AL 1010 A M. DL KT R
HEATE S 80H—1k, WAL R AE 6(c) PR,
S e 285 28°75 [i) L SRR, IR {EIE AUAR 4%,
7E +30° J7 ) 5 — ALk RCS TR {E R T 0.90, Mt
S5 5 BLAE AL P B KR (7 1 0T

1.0

— WIERCS
0.8
%)
£ o6l
T o4 G R
ool |t

%60 —60 —s30 0 80 60 90
s/ (°)

B 5 4R AR A — A XL RCS
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Fig. 6. Experimental platform for the double-channel metasurface reflector testing and the tested results: (a) The schematic dia-
gram of the RCS testing platform; (b) the designed metasurface specimen; (c¢) the tested reflection characteristics.
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Topology optimization design of dual-channel metasurface
structure with controllable amplitude of retroreflection
and mirror reflection”
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Abstract

For oblique incident electromagnetic waves, the generation of double reflection channels including
retroreflection channel is of great significance in improving target recognition performance and navigation
performance. In double channel reflection, controlling the ratio of retroreflection to specular reflection is the key
to realizing reflection power distribution. In order to realize the control of the proportion of the reflected power
in each channel, a topology optimization method for designing the reflective metasurface microstructure with
dual channel is proposed in this paper. The implementation mechanism is investigated, physical model of
metasurface with dual reflection channel including retroreflection channel is established, and the topology
optimization model of metasurface microstructure with specific power ratio of the retroreflection to specular
reflection is established. As a numerical example, a dual channel metasurface reflector with a 1:1 ratio of
retroreflection power to specular reflection power is designed for a 10 GHz plane wave in the TE mode with a
pitch angle of —30°. The designed metasurface exhibits strong directionality in the retroreflective direction, and
the reflection amplitudes in both directions are similar. The retroreflective metasurface with the maximum
retroreflection ratio is designed. The retroreflection ratio of the designed metasurface is 0.093. There is no
specular reflection or other singular reflection, and the strong reflection on the metasurface is concentrated at
—30°. The ratio of the main beam power to the total reflection power is 0.900. The simulated and experimental

results verify the feasibility of the proposed method.
Keywords: metasurface, dual channel, topology optimization
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