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Fig. 1. Schematic diagram of the coding metasurface unit cell:
(a) Unit cell structure; (b) rotation structure.
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Fig. 2. Co-polarized reflection amplitude and reflection phase of eight unit cells under the vertical incidence of CP wave: (a) LCP

wave; (b) RCP wave.

098101-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 72, No. 9 (2023) 098101

a=0° a=22.5° a=45.0° a=67.5° a=90.0° a=112.5° a=135.0° a=157.5°
l le lley l,le I Tl” l Ily l,Ily l Tl” I Tl”

| ) J | } ) | }

0 1 2 3 4 5 6 7

3 84 3-bit 4ufi B L I T
Fig. 3. Eight 3-bit coding metasurface unit cells.
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Fig. 4. 2-bit coding metasurface unit cells: (a) Four differ-
ent [, unit cells under the vertical incidence of x-polarized

wave; (b) four different [, unit cells under the vertical incid-

ence of y-polarized wave.
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Fig. 5. Reflection amplitude and reflection phase of unit
cells under the vertical incidence of LP wave: (a) a-polar-

ized wave; (b) y-polarized wave.

4 R RE R BT AR AT

5 2t L R % T BT 49 R — 28 1 G 7 51 HE S
RIATAY BB 2R 1A ZRASIT SN, B B dmht
HBFTH AN [R], L A 2% I ) PR AN [R], B R
BORWATR. f ESCHAL 24 VO, &b F 48 2 ST
TE f, = 0.34 THz 1) CP J T EHAS T, 7716 8

Xt CP i 7 ) 3-bit Zi A T, 24 VO, 4b
T4 BN, 75 f, = 0.74 THz M IEAE LP P H
A, 43 BAFEAE 4 AXF 2 Ay BALI e R A9 2-bit
SR e 1 e, R, a6 A s A
AT, FEREE IR A FIREE VO, IRET, A
A AR [A) — G i 8 e i 1 v AARAS 3 Rl o, S
3 FhIHE.

AT A 1 32x 32 BATTLH i Y 4 i 55
AN 6 Fios, Zgmid B R iE LR T 3 Fhdmit )y
G: EEXF CP P BT 3-bit Fifih)/ 751 A
B o A I 2B B T 2-bit R A%)F 51 B
BTy WAl I A BT 2-bit ik IF 5 C.
MR 0] W,: e w2 im v, fAS ST —
NEA —EREREATE o BRI IR A AR
[ RUSF 7K P R e R B T E 454 . #E VO,
Ib TGS, F B SO, AR A A
F g SRR IR &8, W18 6(a) R, 5 HA A
BERE ML o 1) 8 BT (AN 3 TR $4 I84AD 5
5 A HEF, AT 3-bit g %8 FE T ; ] AE H
M VO, &b F & JRAR, AUTE AT
G5, K 6(b) i 1E o A IR A
iF, K B 1,0 4 4500 (I 4(a) BiR) #%
W 4w t5 )75 B HES, BRAS LT 2-bit 4 8 2 1 ;
WE 6(c) iR, 76 y Wik A G, P B
ARIA) 1, 0 4350 (AN 4(b) 7R ) He B8 4 i 15
G CHEF, WA B T 55 —Fh 2-bit SR . 4%
IR AR A = R I REDEA TR 5 404

4.1 REEKR

WATHE I FROZ — R Pt i 2, AR i S R
JHE 53 IR, AT FH T e i A5 B o PR g o5
G EET RN ), AAE VO, AT
#i A fi = 0.34 THz 1) CP I 3 5 A G &0
T, XT3 BR8N BRIn A BRI, A FTE
) 2 S 6 R T 7 A D ARESE A R R S P R DR R
ARG R T

R R, HAMT R — I EEN S
FMATEL 1 = 1, FoRAE— AU R AL R 2 L kRTS8
& L T i — AR 7 22 360°. S TR B HR F M
Bl =109 HE R R, K 3R ) 8 4> 3-bit
2R 8 2 T BA TR TR 5] 7(a) BT/ B A 21 HES
AHARBATC AL 22 45°, 23 [A] S T e 5% — JA %o
360°. %4 ¥ I LE f, = 0.34 THz ) CP 3% (LA

098101-5



) 32 2 3R Acta Phys. Sin. Vol. 72, No. 9 (2023) 098101

B i 4

(a) (b) (e)
0 2 ()| 2(a) 2(1)% Y)|3W) L 3(y)|3)
2(2)|2(x) 2()|2 () 3() 3)[3®)
3()|3(@)|3(@)|3 ()| 3 ()| 3 (2)| 3 (x)| 3 () 2(y) 2()|2()
3(@)|3(x)|3(2)|3 (@)|3(x) 3 (=) 3 ()| 3(x) 2(y) 2(y)[2@)
2(z)|2(2) 3(y)|3w) 3(1)[3W)
2@}@ 3030 30)30)

2(@)(2(@)(3 (z)| 3 (z) 1(y) 1 () PRI 2(y)|2()

202« - ERE R0 2920

B C

6 gt R m &H SR EE (a) ST E) AR, (b) AT 5 BRI (o) Sifh)F 5 Con il
Fig. 6. Schematic of the coding metasurface and section: (a) Coding sequence A diagram; (b) coding sequence B diagram; (c) cod-

ing sequence C diagram.

LCP I A1) 3 B A S F AU 3 A 7(b)
7. B, I B HORE 7 A Al L S AR e D AR,
ANHETH 42 BE A A R A A TR

Normalized E-pattern/dB
0

)
P
ELEiE —40

Yy

.:ii; i ZL.I

B 7 PrAEREEIREN R RIS TS) & 3D w1 (a)
751 (b) 3D m 7 1 &l

Fig. 7. Coding sequence of vortex beam generation and 3D
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far-field pattern: (a) Coding sequence; (b) 3D far-field pat-

tern.
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098101-6



) 32 2 3R Acta Phys. Sin. Vol. 72, No. 9 (2023) 098101

M VO, A T35, f; = 0.34 THz 1) LCP
P B A B4R 9 BrR 4S5 HEAR 1) 2 i AR
Fm b, D EARLEE AP 10(a) ATE 10(c) B,
HER T S W S 42,20 SR % 1 =
1 MR R, 5 SCERE AT Y S A R 4204
FE. VO, AbF4ASIN, 7E f, = 0.34 THz i RCP
BAREASTT, F EAHUZS R aE 10(b) MEl 10(d)
JiR, HR/R T DA SO R 42.9° 0 S 4 M 4
1= +1 FIRENR. ©5 LCP P i A=A
(R IE D HROGT yor TS B H R0 B A X B, 3k

ENEEEEEEEEEEEEEEEEEEEEEEEEEEEE
O H N W ke OO

VO 7 A S SO A S 42.26° 18 BE i SR 4 )7 1) A
Fig. 9. Coding sequence A for generating vortex beam with
abnormal reflection angle of 42.26°.
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Fig. 10. 3D far-field pattern and 2D far-field pattern of coding metasurface under the vertical incidence of CP wave: (a) 3D far-field

pattern under the vertical incidence of LCP wave; (b) 3D far-field pattern under the vertical incidence of RCP wave; (c) 2D far-

field pattern under the vertical incidence of LCP wave; (d) 2D far-field pattern under the vertical incidence of RCP wave.
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Fig. 11. 2-bit random coding sequence.
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Fig. 12. 3D far-field pattern of coding metasurface at
0.74 THz.
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Fig. 13. RCS reduction of coding metasurface.
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Fig. 14. Coding metasurface C of 2-bit chessboard.
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Fig. 15. 3D far-field pattern of coding metasurface under
the vertical incidence of ypolarized wave at 0.74 THz.
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Fig. 16. 2D far-field patterns of coding metasurface in polar

coordinates under the vertical incidence of y-polarized wave.
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Abstract

Terahertz (THz) wave has the advantages of low photon energy, high resolution, large communication
bandwidth, etc. It has broad application prospects in security detection, high-resolution imaging, high-speed
communication, and other fields. In recent years, as a new way to control THz wave, THz metasurface
functional devices have attracted extensive attention of researchers. In this work, vanadium dioxide (VO,), a
phase change material, is introduced into the coding metasurface. By regulating a circularly polarized wave and
the orthogonal linearly polarized waves independently, a multi-function coding metasurface that can work at
dual frequency points is obtained. It is composed of three layers. The top layer is a metal-VO, composite
structure. The middle is a polyimide dielectric layer. The bottom is a metal ground. Under certain conditions,
the double split ring resonator (DSRR) and the cross structure in the top layer are relatively independent.
Designing the coding sequences for them enable the coding metasurface to have multiple functions. The
electromagnetic simulation software CST is used to establish model and conduct simulation, and the obtained
results are as follows. When the VO, is in an insulating state and a circularly polarized wave at 0.34 THz is
incident vertically, the characteristics of coding metasurface elements are mainly affected by the DSRR. The
DSRR is rotated to meet the requirements of 3-bit Pancharatnam-Berry phase coding. The coding sequence is
designed to generate vortex beams with the topological charge | = +1 at a specific angle. The VO, state is
changed into a metallic state, and the DSRR can be equivalent to a metal ring. When the orthogonal linearly
polarized wave at 0.74 THz is incident vertically, the characteristics of coding metasurface elements are mainly
affected by the cross structure. Because of its anisotropy, four different 2-bit coding metasurface elements can
be obtained respectively by changing the length of the horizontal arm and the vertical arm. The design of
appropriate coding sequences can reduce the radar cross section of the a-polarized wave and the beam splitting
of the y-polarized wave, and the results have broadband characteristics. Multiple coding sequences can be
designed by special characteristics of the coding metasurface, then various expected functions can be realized on
the same metasurface. It solves the problem of single function of ordinary metasurface devices to a certain
extent, and paves a novel way to the development of THz multi-function systems.

Keywords: terahertz, coding metasurface, vanadium dioxide, multi-function
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