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Fig. 2. Electromagnetic response curves of the designed metasurface structures under the incident of LCP and RCP waves: (a) Re-

flection coefficient; (b) absorption and circular dichroism.
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Fig. 3. Electric field distribution diagram and current distribution diagram under the LCP and RCP waves incidence: (a) Electric
field distribution under RCP incidence; (b) electric field distribution under LCP incidence; (c) current distribution under RCP in-

cidence; (d) current distribution under LCP incidence.
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Fig. 5. Incident angle vs. absorption properties of the designed metasurface: (a) LCP; (b) CD.

WFE A HTAEAR % 0.8—1.6 THz N, 24 Kbk FMEH 7= R BRI 6 BTk, MK 6(a)
22 (TE WAL T™M #Abi) AS8 2 prisit EH, TE BAS N4 m e s £k (ry,)

057802-4



Y B ¥ R Acta Phys. Sin.

Vol. 72, No. 5 (2023)

057802

5 TM e AT 7= A A s T 2R (r,,) 281k
B2, TE BAS T P2 1 58 SURAL S5 ()
5 TM AT 7 A 58 R AL S5 () B
FE 45 % 1.30 THz &b, 7, = 0.35, 7, > 0.53. HI
Kl 6(b) Bz, Fris it R mZ5 A 7E4i % 1.30 THz
A XF TE F1TM A G35 /W 0503 43 03l o 43.86%
1 58.40%.

3.2 VO, AEE®

M VO, HERE (0 = 2x10° S/m) i}, LCP
FRCP K22 I A G 2 Bk i1 1488 3= 1 45 Fa s
A 1 HRL R T N R 2R LR 7. T 7(a) FARFE LCP
FIRCP K22 SN Prik i8R 244 7™ A 1
A& SR A S S A Al Al B SR il 2. AT UL, AR B
1.6—2.4 THz PN, PP B A X I ()58 SR AL
et i<k se 42—k K’ 7(b) 8 LCP 5 RCP

1.0

e
o

Reflection
N
=

0.8 1.0 1.2 1.4 1.6
Frequency/THz

B 6 TE A TM $A ST BT Beit45 4 ) L e 7 it 2%

RZE e N S8 31 15 11 2 1 245 0 AR A 1Y) P G U8
W%, FEH R 1.95 THz &b i KT 90%,
Aok CD {ER 0, MU AT e 1 25 F R A
XA [ i 285 4) A A % e D5 A e M I i

Kl 8 F/n TE A1 TM U T B A S Frix i1/
FETSE P 7= A B AR 2% 0l SR RIS . 1] 8(a)
H1 TE 5 TM Ak A S Tk v ) 2 i 25 4 1
S FHL 1y, = 1= 0, HAE 1.95 THz &b, TM
WA (R FEAR AL S S R BN 7, > 0.42, TE HALDE Y
AR AL Z AL r, = 0.12. €] 8(b) /R TE Fl TM i
A B e ) 2 T 45 44 7 A AR i £k, 7E
1.95 THz &b, W75k 98.5% Fil 82.0%.

e 1 52 G 8 2% TR 485 ) X AR %% D R A
HA=1-RT = 1-8,|>|Sx[% X R A1 T 435
NS FRFER A, Sy 5 Sy A R TR 2E
RS SECGHER FE T RE A BRI

1.0

(b)
0.8} - — A(TE)
—— A(TM)

Absorption

0 n . .
0.8 1.0 1.2 1.4 1.6
Frequency/THz

(a) BT FREL (b) Bl

Fig. 6. Electromagnetic response curves of the designed structures under the incident of TE and TM waves: (a) Reflection coeffi-

cient; (b) absorption.
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Fig. 7. Electromagnetic response curves of the designed structures under LCP and RCP waves incidence: (a) Reflection coefficient;

(b) absorption and circular dichroism.
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structure: (a) Reflection coefficient; (b) absorption coefficient.
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Abstract

In recent years, the development of ultrafast laser technology has provided a stable and reliable terahertz
source for generating terahertz wave pulses, and the great research progress of terahertz wave has been made.
As a new type of two-dimensional artificial metamaterial, metasurface can effectively control the transmission,
reflection and polarization of electromagnetic waves, which has attracted the extensive attention. Most of the
reported terahertz absorbers so far are based on metasurfaces with linear polarization incidence, and few studies
have been conducted on terahertz metasurfaces that can produce efficient absorption at both linear and circular
polarization incidence, which limits the practical application areas. Therefore, it is necessary to explore an
efficient absorber which can realize both linear polarization and circular polarization. We propose a vanadium
dioxide composite metasurface structure. The vanadium dioxide is a typical temperature-controlled phase
change material, and its conductivity will undergo a huge mutation in the phase change process. When the
temperature is lower than the critical temperature (68 °C), the vanadium dioxide has high resistivity and good
insulation performance. When the temperature is higher than the critical temperature, the resistance changes
from high resistance state to low resistance state, showing metal characteristics. By changing the external
temperature, the phase of vanadium dioxide is changed, the free switching frequency is achieved and both the
linear polarization and circular polarization incident efficient absorption are realized. When the vanadium
dioxide is insulated, its conductivity is 0 S/m, the metasurface can absorb left-handed circularly polarized wave
at 1.30 THz and reflect the incident right-handed circularly polarized wave, and the circular dichroism is 0.85.
When the vanadium dioxide is metallic, its conductivity is 2x10° S/m and it possesses linearly polarized
incident metasurface, the absorption rate of TE linearly polarized incident wave by metasurface reaches 98.5%
at 1.95 THz, and the perfect absorption of terahertz wave is realized. The structure has good wide-angle
absorption performance for both TE polarization wave and left-handed circularly polarized wave. This
composite metasurface structure can achieve the good absorption effect of terahertz waves with different
frequencies and different polarization states. Therefore, the design concept of the composite metasurface
structure can be used for designing other metasurface terahertz devices, and also for implementing the terahertz

imaging and sensing systems due to different response characteristics to different polarization signals.
Keywords: terahertz composite metasurface, linearly polarized, circularly polarized, circular dichroism
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