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Fig. 1. Schematic diagram of 1 bit coding metasurface: (a) Schematic diagram of unit “0”

flection amplitude of units “0” and “1”
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Fig. 2. Schematic diagram of different coding sequences on coding metasurface: (a) Coding sequence 1010/1010; (b) coding se-
quence 0101/1010; At 1.1 THz (c) far-field pattern of coding sequence 1010/1010; (d) far-field pattern of coding sequence

0101,/1010.
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Fig. 3. Schematic diagram of 1-bit coding metasurface: (a) Schematic diagram of unit “0”; (b) schematic diagram of unit “1”; (c) re-

flection amplitude of units “0” and “1” in different vanadium dioxide states; (d) reflection phase of units “0” and “1” in different

vanadium dioxide states.
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Fig. 4. Far-field diagram of chessboard sequence (0101/1010) at 1.1 THz: (a) Far-field diagram when vanadium dioxide is in insulat-

ing state; (b) far-field diagram when vanadium dioxide is in metallic state.
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Fig. 5. Schematic diagram of 1 bit coding metasurface: (a) Schematic diagram of unit "0"; (b) schematic diagram of unit "1"; (c) re-

flection amplitude of units "0" and "1" in differ rent vanadium dioxide states; (d) reflection phase of units "0" and "1" in different va-

nadium dioxide states.
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Fig. 6. Far-field pattern of chessboard sequence at 1.1 THz: (a) Vanadium dioxide is in insulating state; (b) vanadium dioxide is in
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Fig. 7. Schematic diagram of different coding sequences: (a) Coding sequence 1010/1010; (b) coding sequence 0000/1111; At
1.1 THz, (c) far-field pattern of coding sequence 1010/1010; (d) far-field pattern of coding sequence 0000/1111.
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Fig. 8. Coding and phase diagram of focus: (a) Coding diagram of focus (z; = 0 pm, y; = 0 um, z; = 900 pm); (b) phase diagram of
focus (zy = 0 pm, y = 0 um, z = 900 um); (c) coding diagram of focus (z; = 600 pm, y; = 600 pm, z; = 800 pm); (d) phase dia-
gram of focus (z; = 600 um, y, = 600 pm, z; = 800 pum).

228101-6


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

#) 32 % 3R Acta Phys. Sin. Vol. 69, No. 22 (2020) 228101

(a) [CEEOIEEE eI TS . L0 . 10
mEIEEE EG R EE R = — Simulation (b) s — Simulation (c)
FEFERHEEGHEERRE 8 g 8 g
RREEGEERGEEERFRE - = = =
NI [l el S E ] ) T 5 T 5
ROEAERREEEREREE i Eeliee
LEEOERENECNEERE S m T
o EIEIE)E] EEEE ) [=][s) B 3
AEERERECHFHREEEONEE R TR
[l 1] 1 =) S [l =) (] i N e N e
EEGEEENER FREEEE =5 =5
B ERREEEE N EEE g = g £
HEFCOREEERRREREREE 5 g 5 g
EOEE AR MEEREEESE N > g > g
BEEEEGOEEREE oloio 3 3
EEEEERE G EEEEERREEE © oL ) ) ) ) © ) )
EEEEOERERREEEE clo
OOQOGO)CD SR EI : :cl)@c. —1000 —500 0 500 1000 500 1000
x/pm y/nm
(d) A I EE A E R A E R E 1.0 1.0
qclofDloclclol@[c|ooleleic|o o w - I
EEEERREEEGIE R EEEEE = — Simulation (e) = — Simulation (f)
FEEEOEEGGEEEREE 8 g 8 g
A GERERAEEREREREE = 7 = 7
[si] 5] 4 K =] [ ) e ) ) ) [ ) =3 =3 e o) o)
) o e 4 o ] G 4 ) <10 K ] ) [ [ 4 K - ol
e E O EEE G E [ R~ R~
[ [ <] (=) @] [ =) EEF [ T m bl
FHEOEEEEEEOEEEREFEEE S S
) [ 4 L [ O (S T 4 el e ] ) [ ) =g =g
OEEFEEE R EEEOE g g
UERGHEEEEREREEERERE ) g3
EEEGOREEEEEEEEEIE o g- o &
BEERENORRERGGEEEER Z g Z g
[ =] = E = E O EEE R E E E 3] 3]
FEEEDERREREEEE RO ol 1 1 1 1 ol 1 1 1 1
=)l EIE A A B EEA R e —1000 —500 0 500 1000 —1000 —500 0 500 1000
z/pm y/pm

B0 MRS HABIE AN R RER (o) BRELH; (b) 7E 2 = 900 pn VI 277 1 007 —fL b 55 19 o 40 ik I
() 7E z = 900 pm V1 19 y 77 W 19— AL B35 1 o 3 . SR B 50T (d) RIS (e) 7E z = 800 pm -1 1 = 75 [
BIE— 11 2 ] () 7E 2 = 800 pm IR y J7 [ A3 — b B35 14 2 4 &

Fig. 9. Overall structure and electric field diagram. When vanadium dioxide is metallic state: (a) Metasurface structure; (b) x com-
ponent diagram of normalized electric field in X direction of z = 900 pm plane; (c) 2 component diagram of normalized electric field
in Y direction of z = 900 pm plane. When vanadium dioxide is insulating state (d) metasurface structure; (E) x component dia-
gram of normalized electric field in X direction of z = 800 pm plane; (f) z component diagram of normalized electric field in Y direc-

tion of z = 800 pm plane.

JE A, XA AR AT (AR 7 1012k 2 5 ) A4 B S5 1 B A BT R, U AR
AT, 2350 A ACHL AT LIKE A S i I 5 3 PR ARAR SR, BERefe i R R S . CST 15
W 2 A7 I, A Jm AR AR T LR A ST HAERWME 9 iR, ZEAPA S BB, N 2 =
W SR y AR . X A = AT 900 pm P A IEHF L (2= 0 pm, y = 0 um)
SEILPFPAS [F bt 7 91 [B) Y sh A8 A, PRt b3k FIE— L o o B KT A B, Y A
PRI R e, KO 1 st RIs . LA A 250, N 2 = 800 pm “F1r Al LLE H

], )R — AL A AR P ot ] LA S BT BRI ¢ ETE ¢ = 600 pm, y = 600 pm
YiRER AL, WRIEARAAMEEIE, A T (2= 0) i, FFE IR T,
(1) 7R 2 T SR A AR, o0 A1 i 2 A 2

gzs:%(\/(1'*@%)2 + (y*yf)2+(2*2f)2*2f>v (5) 4 % #

A
H XN BB, (2, yp 2y) R ARAR, ST A 2 2 % 6 2 i L RE S BL I — DI iE,
(2, y, 2) AHATCHIF AR Tovk FE SR, e A PUR S bt R R AR

DORETE DR A AR, ek 1 bit Zei A0, BT TR AR B R A -A R
FET YA BT, kT LA SR 3 1 S BLAR A A Oy T (A TR E ok 3 s Ve o1 1| M 2 K s AN )
B, K 8 s, 8 18 x 18 FeA I 4 it AHZAS, (25 A RETE 1.1 THz 5220 Rz 37 ik o (6] 114
HEF T, X (0, 0, 900) FRA (5) AR RANL Vi, FE T RIRE 0 SRR, & 30 da it i 2% 1 7

T AL A B 1 bit JebSBATe, [RIREXT T4 B, WHETE 1.1 THz SEPLUT 3 R 48 S Ak, %
5. (600, 600, 800) L HEAS FIAH LY. 1) Zat B FTAR 7 1] . T8 3 Bl R 9 B9 A 24 2 i 8 2 T 7E R 25 8 1
FCAN [R5 B i P 91 P AN [R) A9 A S R — K25 R A R U A 25 B R B AT 5.
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Terahertz coding metasurface based vanadium dioxide®
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Abstract

Terahertz (THz) has the characteristics of non ionization, penetration, water absorption, high resolution,
etc. It has shown an important application prospect in many fields, such as non-destructive testing, imaging and
communication. However, THz is in the transition frequency band ranges from macro-electronics to micro-
photonics, so, it belongs to the interdisciplinary field, forming the “terahertz gap” in electromagnetic wave. In
recent years, with the continuous development and improvement of THz radiation source and detection
technology, the THz modulation technology has gradually aroused the interest of researchers. Metamaterials
with many properties that natural materials do not possess provide a common way to control THz. The two-
dimensional structure of a metamaterial is called a metasurface. The coding metasurface encodes the phase
digitally so that the electromagnetic wave can be regulated. It is proposed that it is first in the microwave band
and then extended to the THz band. In the microwave band, the number, direction and amplitude of the far-
field beams can be changed dynamically by programming, which is connected with the integrated circuit such as
FPGA by using diodes, but due to the limitation of diode size and micro-nano manufacturing technology, the
programmable metasurface in microwave band cannot be well used in THz band. In order to improve the
flexibility of THz coding metasurface, in this paper we choose the phase change material vanadium dioxide
(VO,) to active modulation coding metasurface. In this paper, we analyze the VO,’s insulating state before the
phase transformation and metallic state after the phase transformation. Then designing an active control 1 bit
coding metasurface by using the influence of the two states on the amplitude and phase of the unit structure,
which is composed of VO,, polyimide and aluminum, can not only realize the basic function of coding
metasurface adjusting the electromagnetic wave beams, but alsoimplement the switching of two kinds of far-
field beams at 1.1 THz for the same coding sequence by thermal stimulated VO,. The coding metasurface also
realizes the switching between two near-field focal points at 1.1 THz for the same coding sequence. Based on the
effect of VO, on the phase, this coding metasurface provides a new way to adjust and control the THz wave

flexibly, and will have a great application prospect in THz transmission, imaging and communication.
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