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Fig. 1. Schematic of the array and cell structure of terahertz metasurface: (a) Schematic of the terahertz metasurface; (b) cell struc-

ture; (c) top view; (d) bottom view.
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Fig. 2. Electromagnetic response curves of the metasurface for terahertz waves incident along the —z direction: (a) Absorption,

reflection, and transmission curves; (b) equivalent impedance real and imaginary curves.

S/ 0.1, DI AE 12055 B PN % 1 % bR 2% 18
MR T 0.9, W i Al 353 9.8 THz, AHXFHF
TEA 76.2%. 1T 25 R4 XT3 R A O e A5 R <% %
SRR S 2 AR ], 28 B2 A0 BT iR A A Rk
FRrE. AN 2(b) AIE Y, 75 7.96—17.76 THz {u[H
W, BEPTICHEIE 1, AR 0, RUIIZMI AR
BHATS At 2[R BHBTA DAL, I HAR 0BG
PN, T2 R % 1T R SO X5 A S L 1 s S Sl
ZF, SEIEF-58 S R

R T ARG R T 25 A 2% A SR 53 R R 2%
WS HERERZ A, A3 O AR | DU DA K AR A
PN B B2 I A 2% I SR PR A T L, 2551
L& 3. #F 5.28—8.55 THz I 13.97—16.15 THz
TN, Erp s 2 (A EIZE) B IR 4 R
M 8.55—13.97 THz JE [l Py, Bl Har il (i
NEIZ) By, B X P25 A 4R T
T A T R RSO BRI R X X W A BT 52
HATAH G (BRtahZl) BF, MR &l LIE %
YA SRR FRIN T X A 2 Tk 68 T I A, EL IR ALK
FIAR. RS SR B+ 2R g5, i
FEHRAL e B o s R . R A I T LU
WSCRAE 90% LA E YA S8k 3 T 9.8 THz, Xf )
AR SE IR S T 76.2%. [FIE, AT LB RI7E 10.08,
14.61 F1 16.70 THz SZA0A 3 WUk, B0
WSR3 h 95.95%, 98.78% F1 99.34%.

[ 4 A ST B BB SR I AE TE A1 TM
BT AR RIS S A G e A K] 4(a)—
(c) i TE B0 F a4 10.08, 14.61 1 16.70 THz
Rb SR T 25 A B L o A AR L. NI 4 W] LLR
th, 7F 10.08 THz #isikt, g EZENTE ET il

FETE AR AR A PR L K D £ B PR 2 PO, 3845 /0
Ay BE A A AE TP R P AR A b X R AR
LANERA R R R IR S | D AR
DL B v ] - AR PR A =22 18] AR AR S 1. A
14.61 THz A5 &4, 185 11 45 K4 76 DU B o )
TR ESRI Y, DR RE R A e L T AT
TEPRAS P, DT 7= A 5 ) A 2 B W A, e A
OB PR AT R PR DU AR I 4 ARk
F LB R TR S GRS, 7E 16.70 THz #i S 4L, dg
FEEPES MRS AN, XEERHTHA
HHAR 24T 22 ) R 45 A iR 4 22 1) R A 0y 5 | k.

@ 2 ® @
1.0
0.8
=
g 06}
2
8
2 04
. o WAER
02y —o— DU fy %
—o— W%
—— MfEZR
04 6 8 10 12 14 16 18 20
Frequency/THz
Pl 3 OROBR 2% B —2 5 n) A G e AN [) 46 11 8 % O 1 K

o 2% I W AT it £
Fig. 3. Terahertz wave absorption curves corresponding to
different combinations of patterns when terahertz waves are

incident along the —z direction.
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Fig. 4. Electromagnetic field distribution at the resonant frequency points of the absorber for a terahertz wave incident along the —z

direction. Top view of the electric field distribution at the resonant frequency point in (a)—(c) TE mode and (d)—(f) TM mode;

(g)—(i) side view of the magnetic field distribution at the resonant frequency point in TE mode.
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Fig. 5. Effect of incidence angle and polarization angle on absorption performance for terahertz waves incident along —z direction:

Effect of different incidence angles on the absorption performance in (a) TE mode and (b) TM mode; (c) effect of different polariza-

tion angles on the absorption performance.
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Fig. 6. Electromagnetic response curves of the metasurface under the incidence of terahertz waves along the +z direction: (a) Reflec-

tion coefficient; (b) polarization conversion rate PCR.
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Fig. 7. Effect of different polarization angles on PCR under the incidence of terahertz waves along the +z direction: (a) Effect of

different polarization angles on PCR under z-polarized wave incidence; (b) the effect of different polarization angles on PCR under

y—polarized wave incidence.
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Fig. 8. Effect of different incidence angles on PCR under the incidence of terahertz waves along the +z direction: (a) Effect of differ-

ent incidence angles on PCR under z-polarized wave incidence; (b) the effect of different incidence angles on PCR under ypolar-

ized wave incidence.
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rectangular resonator on both sides ws; (b) width of the strip resonator in the middle wy; (c) outer ring radius Ry; (d) inner ring ra-
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Fig. 10. Electromagnetic response curves of the metasurface under the incidence of terahertz waves along the +z direction:

(a) Transmission coefficient; (b) polarization conversion rate PCR.

PO EDCAHZEIEER, R o iR B o I e 4
y PR, PRI, ol i ] SEEZR-28 (LP-LP) &
SR AL S DI BE. 8 B SR LP-LP Fe R
WAt % (PCR) KRy 17

2 2
[ty (__ twl

PCR!, = S b
Y 2 2>
[tay|” + [tyy]

Tyl ool

(4)

b, ¢, A g, HHARAGIE ST R, ¢, 7 ¢, HAEX
DT IEY S

P10 R KR ZE DT +2 7 10 A B %08 2 1hi
SRR 138 SURR AL T AR £ 378 5 3R 50 5 Ak e (b 2%
M. Al LIE Y, 1F 2.19—4.60 THz JGHE N, 28X
W AT ST REL ¢, KT 0.6, WA AR H R 8K ¢,

138701-7


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 74, No. 13 (2025) 138701

AINTF 0.1, TSEEE o D PR I B o i 0 0 e ;i
TEAHIGIRBLIN, ¢, (A%, W ¢, /NT 0.1, AEESEE

y IR 1 e e W&l 10(a) s, THEASH 2/y
3% I BB AL 5% 4 PCR LI 10(b). 7E 0.65—
5.07 THz S Bt N, W fbf% 2% PCR, KT 0.9, N
7F 2.05—4.90 THz {5 [E N PCR, Tl 1. MFEAH
WIS BLN PCR, LUK 0. 45 REIIZE R 2 I
P U T S I SR A A e . KR RE I +2 T
I ASTET, PCR FEASS M1 0°—85° 48 fk R UNIE] 11
Frs. AL 11 AT RUE B, A M 0945 2 701,
£ 0.65—5.07 THz JufIN PCR{ERT 90%, iX 3k

85 +
80 -
1.0

70 -
= 0.9
L 60 0.8
Q
w0 50 0.6
8 0.5
= 40 - :
§ 0.4
g 301 0.3
~ 20 1 0.1

10 - 0

oL

0.1 1 2 3 4 5
Frequency/THz
Bl 11 RBFZEIE I +2 J7 A SR A A8 A ) 4 A % 46

# PCRF 1
Fig. 11. Effect of variation of incidence angle on polariza-

tion conversion rate PCR under terahertz wave incidence

Wi B 45 A0 BAG B 58 WA S AR R
& 12 24 3.08 THz il 4.84 THz PSSR AT 5
Ab B R TR Z548 | rh DA E LA Z 2518 )
oA . E 12(a)—(c) AT LLFE HAE 3.08 THz
AL 7R R T 1) T )2 45 /) 3 T PR U AR TR AE 4R
ha], IERPRSFIE S5 10 2% 1 HL U AT DL R A
—x My PN 5 ] B B O, DU 6 bR R 254 Y
2T LI A3 B R+ Ay IS O ) B LR, RS
o 3 BRI T AR, T AR, A S A
HL37 07 ) FAT I RES, v il BRI T el A ), B
B, S T AR, R A T EDEE
FLIR IV +y J7 o0 A, BeRs, F i J7 i AH R, JE A%
HLE AR T, P AR LR, RS2« T IB 45 i
P SR e o Rl (51 B | AT 1 1l WL 70 S s
Fl+y BN T7 1] A HL IR, 5 T00)2 45 R4 b (] el 2
FL 7 T B R 1) AT R0 S ] AT, 4300l 7= A LS
PRFNREIEIR. PRI, 39 3 AH B AR FH A [) 52 302 S5
AU AL 4. [RBE, A 12(d)—(f) 7] LLFE H 78
4.84 THz W s A, #BFTH 3 J2 4 J@ &5 44 2 i FL
J7 R« R y o 2 5 RV T LU R AR IR B[]
] PAT RIS AT, 5 R L SR A iR, e AT

LR FHSZBIN 2 PP I8 (R A A2 .
B, B2 AR IE BT AT PR R AL v
‘ﬁ*&%%?ﬁéﬂfﬂ%@ﬁ AP (1048200 S5 s 4y
s, R 1 s, Hivy, K2 Faaly o 3R 1w

along +z direction. %FJIVE%&EHT b%ﬂ‘ﬁﬁj‘éﬁéfﬂi’ﬂﬁ%ﬁ
(@) (b) § ﬁ‘ et .: ;Gﬂ i 1 ": (c)/.:é%
't ,{ t 4 t + ' .'_.}‘.“ A\
v’ i 1”' ot X
! ' g '; 35' ﬁ: : N X
3.08 THz 'g '!]f" 38 ;S fﬂ' !Q‘&\
il ' g Mt W 2 55
b N, E5
£ AR SRR, Y X 45
'?}: ':}' Ned IS 'E: s ‘\‘g? 40 =
B0 TR PO ,ﬁ B35 35
<
() 3 @1 g1 ok gl B (O g 25
e 8 e b4 é’ &3 o=
nin ko €N
i s l‘* o1 + 3 5
4.84 THz ¢ 1'? {L tL q, ;‘. ey 0
fl h .3' y.. ’;
l A e !l* %‘
1?‘ s !m woW L g
1 F ' "‘l AR 5 !
Ay ..r 'S

& 12

4iH0; (b), (o) FIDEHIIZ: (). (8) HEJ2 < T 24

AR T, KRR 25 BT +2 7 A ST, TUZ A 1) 058 J2 254 78 1 JR 90 At b A R 3L 20 A [

H

(a), (d) TUZ+5%

Fig. 12. Current distributions of the top, intermediate and bottom layers of the structure at the resonance frequencies under tera-

hertz wave incidence along the +2z direction, current distributions

at different resonant frequencies: (a), (d) The top cross structure;

(b), (e) the intermediate grating layer; (c), (f) the bottom “T.” structure.

138701-8


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

W) I8 =

R Acta Phys. Sin.

Vol. 74, No. 13 (2025)

138701

F 1 ARG HADSCHERHE BURXT L
Table 1. Comparison of the proposed structure in this paper with previously reported works.
SCik Al R it PERE I
N 1.74—3.52 THz: A=90% W 1.78 THz
18] Graphene SRR 1.54—2.55 THz: PCR'=90% J S AL 101 TH
o et A 0.68—1.60 THz: A=90% W450.92 THz
(9] VOIS BRI LR 0.82—1.60 THz: PCR*=90% JHALH45:0.78 THz
o 3.33—5.62 THz: A=90% W 2.29 THz
[20] VO, T AR L3 £t 2.54—4.55 THz: PCR'=90% SR AR 45:2.01 THz
— 1.49—3.58 THz: A=90% HHk2.09 THz
[10] VO SEAFIRBCRER LRt 1.1—3.2 THz: PCR*=90% S AL FA#2.1 THz
7.96—17.76 THz: A=90% 9.8 THz
'S VO,HlGeTe Gt RO L 4 2.04—4.44 THz: PCR'=90% ST AL 2.4 THz
0.65—>5.07 THz: PCR'=90% BIALFR4.42 THz
Thak A B S PR R TR > 16 2200051
gl ZIKjCET‘]&I‘I‘ﬁi'\:ZE ﬂgi RIS [2] Huang X J, Cao M, Wang D Q, Li X W, Fan J D, Li X Y
fifn == J‘*&’f’t%}ﬁyj E’Ji(ﬁfﬂ?ﬁé ﬂlﬁq&?ﬁ'/ul_ 2022 Opt. Mater. Express 12 811
7 9.8 THz, }i%—]—f*ﬂ ETﬁ*&{%%ﬁWJuﬁ%”jﬁ [3] Bader A D, Saghaei H 2023 Opt. Express 31 12653
[4 Luo B, Qi Y P, Zhou Z H, Shi Q, Wang X X 2024
2.4 THz }Fn 4.42 THaz. Nanotechnology 35 195205
[5] King J, Wan C H, Park T J, Deshpande S, Zhang Z,
s . Ramanathan S, Kats M A 2024 Nat. Photonics 18 74
4 A ‘l//t\t [6] Zeng Y, Wang J Q, Yang X S, Yao J Q, Li P N, He Q, Xu
M, Miao X S 2023 Opt. Mater. 136 113447
A CHE H—Fp VO, Fll GeTe /E%E/‘]ﬂfﬁ%:zﬁ [7) Chen Z, Chen J J, Tang H W, Shen T, Zhang H 2022 Opt.
- P Express 30 6778
l—l‘r,% ﬁ1§ V02 Fil GeTe E/JEE‘%E}:/ ’ﬂﬁ }J\ [8] Jiang X X, Xiao Z Y, Wang X W, Cheng P 2023 Appl. Opt.
71T S5 B iy WA MAT . S ST AN A2 45 5 S 2 A A 62 3519
T ¥ NS [9] Phan H L, Nguyen T Q H, Nguyen T M, Nguyen N H, Le D
%Tﬁff IRERY RGN, 5§ VO, R a5 H. GeTe T, Bui X K, Vu D L, Kim J M, 2024 Opt. Mater. 154 115682
R A, KR 2% W2 T ) AR, 12088 3R AR [10] Zhang Y, Xue W R, Du'Y D, Liang J L, Li C Y 2024 Opt.
7.96—17.76 THz iﬁ&:{”@@ [j\]uﬁq&z%{jta: 90%’ IJK - Matg. 149 114984 . A | 5
11] Lin Q W, Wong H, Huitema L, Crunteanu A 2022 Adv. Opt.
q&Tﬁ'JuLEIJ 9.8 THZ *HXT%%%] 76. 2% Jﬂ:ﬁl\ FJT Mater. 10 2101699
TS e i AEASBURR, I HAEBE R AGT A T 3% [12] Li W X, Yi Y T, Yang H, Cheng S B, Yang W X, Zhang H
F,YiZ, YiY G, Li HL 2023 Commun. Theor. Phys. 75
f)uLH RAFRY WIS RE ; AR 2T+ 2 J7 RS, 1% 015503
ﬁ%ﬁﬁ 2.04—4.44 THz }fﬁﬁiﬁ\]XﬂL ZI/y ﬁ%/ﬁ E/‘] [13] Nguyen H Q, Nguyen T Q H, Nguyen T M 2024 Phys. Scr.
% e it o N 99 115534
BALF AT 0.9, *HXTTHW“?\:’ 74.1%. % VO, [14] Zhang P Y, Chen G Q, Hou Z Y, Zhang Y Z, Shen J, Li C Y,
j‘j F% 5H. GeTe jﬂjE%?&Hﬂ‘, W/fﬁ?%ﬁft 0.65— Zhao M L, Gao Z Z, Li Z Q, Tang T T 2022 Micromachines
5.07 THz #UEBL N AT AR Ry i S5 B AL a2, 58 Il - ;‘lﬁﬁgRY o ¥ A Xu g K. Wane 1LY o 11 . T D
. . . N ang , Luo , Xu , Wang , Han , Hu D,
XF o R R e, PCR, Alik® 0.9 DAL, IF Zhu Q F, Zhang Y 2021 Opt. Express 20 42989
H‘Eiﬁj([ﬁg/\ﬁrj‘ﬁ]ﬁi@Wﬂu%*%%*&{t%ﬁ'@ [16] Li N C, Mei J S, Gong D G, Shia Y C 2022 Opt. Commun.
U, . N 521 128581
HE. sz(ﬁﬁ%ﬁ%%ﬁﬁﬁi'f%\ IK'%%&*‘ = ﬁﬁ{m [17) Jiang X Q, Fan W H, Qin C, Chen X 2021 Nanomaterials 11
AU EA W E R AN A 2895
[18] LiZ H, Yang R C, Wang J Y, Zhao Y J, Tian J P, Zhang W
M 2021 Opt. Mater. Express 11 3507
f}/j%j[ﬁjj( [19] Zhang H, He X C, Zhang D, Zhang H F 2022 Opt. Express 30
23341
[1] Zheng C L, Li J, Yue Z, Li J T, Liu J Y, Wang G C, Wang S [20) Niu J H, Yao Q Y, Mo W, Li C H, Zhu A J 2023 Opt.

L, Zhang Y T, Zhang Y, Yao J Q 2022 Laser Photonics Rev.

138701-9

Commun. 527 128953


https://doi.org/10.1002/lpor.202200051
https://doi.org/10.1002/lpor.202200051
https://doi.org/10.1002/lpor.202200051
https://doi.org/10.1002/lpor.202200051
https://doi.org/10.1002/lpor.202200051
https://doi.org/10.1002/lpor.202200051
https://doi.org/10.1364/OME.451450
https://doi.org/10.1364/OME.451450
https://doi.org/10.1364/OME.451450
https://doi.org/10.1364/OME.451450
https://doi.org/10.1364/OME.451450
https://doi.org/10.1364/OME.451450
https://doi.org/10.1364/OME.451450
https://doi.org/10.1364/OE.485847
https://doi.org/10.1364/OE.485847
https://doi.org/10.1364/OE.485847
https://doi.org/10.1364/OE.485847
https://doi.org/10.1364/OE.485847
https://doi.org/10.1364/OE.485847
https://doi.org/10.1364/OE.485847
https://doi.org/10.1088/1361-6528/ad22ae
https://doi.org/10.1088/1361-6528/ad22ae
https://doi.org/10.1088/1361-6528/ad22ae
https://doi.org/10.1088/1361-6528/ad22ae
https://doi.org/10.1088/1361-6528/ad22ae
https://doi.org/10.1088/1361-6528/ad22ae
https://doi.org/10.1038/s41566-023-01324-8
https://doi.org/10.1038/s41566-023-01324-8
https://doi.org/10.1038/s41566-023-01324-8
https://doi.org/10.1038/s41566-023-01324-8
https://doi.org/10.1038/s41566-023-01324-8
https://doi.org/10.1038/s41566-023-01324-8
https://doi.org/10.1038/s41566-023-01324-8
https://doi.org/10.1016/j.optmat.2023.113447
https://doi.org/10.1016/j.optmat.2023.113447
https://doi.org/10.1016/j.optmat.2023.113447
https://doi.org/10.1016/j.optmat.2023.113447
https://doi.org/10.1016/j.optmat.2023.113447
https://doi.org/10.1016/j.optmat.2023.113447
https://doi.org/10.1016/j.optmat.2023.113447
https://doi.org/10.1364/OE.451935
https://doi.org/10.1364/OE.451935
https://doi.org/10.1364/OE.451935
https://doi.org/10.1364/OE.451935
https://doi.org/10.1364/OE.451935
https://doi.org/10.1364/OE.451935
https://doi.org/10.1364/OE.451935
https://doi.org/10.1364/OE.451935
https://doi.org/10.1364/AO.484368
https://doi.org/10.1364/AO.484368
https://doi.org/10.1364/AO.484368
https://doi.org/10.1364/AO.484368
https://doi.org/10.1364/AO.484368
https://doi.org/10.1364/AO.484368
https://doi.org/10.1016/j.optmat.2024.115682
https://doi.org/10.1016/j.optmat.2024.115682
https://doi.org/10.1016/j.optmat.2024.115682
https://doi.org/10.1016/j.optmat.2024.115682
https://doi.org/10.1016/j.optmat.2024.115682
https://doi.org/10.1016/j.optmat.2024.115682
https://doi.org/10.1016/j.optmat.2024.115682
https://doi.org/10.1016/j.optmat.2024.114984
https://doi.org/10.1016/j.optmat.2024.114984
https://doi.org/10.1016/j.optmat.2024.114984
https://doi.org/10.1016/j.optmat.2024.114984
https://doi.org/10.1016/j.optmat.2024.114984
https://doi.org/10.1016/j.optmat.2024.114984
https://doi.org/10.1016/j.optmat.2024.114984
https://doi.org/10.1016/j.optmat.2024.114984
https://doi.org/10.1002/adom.202101699
https://doi.org/10.1002/adom.202101699
https://doi.org/10.1002/adom.202101699
https://doi.org/10.1002/adom.202101699
https://doi.org/10.1002/adom.202101699
https://doi.org/10.1002/adom.202101699
https://doi.org/10.1002/adom.202101699
https://doi.org/10.1002/adom.202101699
https://doi.org/10.1088/1572-9494/acbe2d
https://doi.org/10.1088/1572-9494/acbe2d
https://doi.org/10.1088/1572-9494/acbe2d
https://doi.org/10.1088/1572-9494/acbe2d
https://doi.org/10.1088/1572-9494/acbe2d
https://doi.org/10.1088/1572-9494/acbe2d
https://doi.org/10.1088/1402-4896/ad85ac
https://doi.org/10.1088/1402-4896/ad85ac
https://doi.org/10.1088/1402-4896/ad85ac
https://doi.org/10.1088/1402-4896/ad85ac
https://doi.org/10.1088/1402-4896/ad85ac
https://doi.org/10.1088/1402-4896/ad85ac
https://doi.org/10.3390/mi13050669
https://doi.org/10.3390/mi13050669
https://doi.org/10.3390/mi13050669
https://doi.org/10.3390/mi13050669
https://doi.org/10.3390/mi13050669
https://doi.org/10.3390/mi13050669
https://doi.org/10.1364/OE.447949
https://doi.org/10.1364/OE.447949
https://doi.org/10.1364/OE.447949
https://doi.org/10.1364/OE.447949
https://doi.org/10.1364/OE.447949
https://doi.org/10.1364/OE.447949
https://doi.org/10.1364/OE.447949
https://doi.org/10.1016/j.optcom.2022.128581
https://doi.org/10.1016/j.optcom.2022.128581
https://doi.org/10.1016/j.optcom.2022.128581
https://doi.org/10.1016/j.optcom.2022.128581
https://doi.org/10.1016/j.optcom.2022.128581
https://doi.org/10.1016/j.optcom.2022.128581
https://doi.org/10.3390/nano11112895
https://doi.org/10.3390/nano11112895
https://doi.org/10.3390/nano11112895
https://doi.org/10.3390/nano11112895
https://doi.org/10.3390/nano11112895
https://doi.org/10.3390/nano11112895
https://doi.org/10.1364/OME.437474
https://doi.org/10.1364/OME.437474
https://doi.org/10.1364/OME.437474
https://doi.org/10.1364/OME.437474
https://doi.org/10.1364/OME.437474
https://doi.org/10.1364/OME.437474
https://doi.org/10.1364/OME.437474
https://doi.org/10.1364/OE.465083
https://doi.org/10.1364/OE.465083
https://doi.org/10.1364/OE.465083
https://doi.org/10.1364/OE.465083
https://doi.org/10.1364/OE.465083
https://doi.org/10.1364/OE.465083
https://doi.org/10.1016/j.optcom.2022.128953
https://doi.org/10.1016/j.optcom.2022.128953
https://doi.org/10.1016/j.optcom.2022.128953
https://doi.org/10.1016/j.optcom.2022.128953
https://doi.org/10.1016/j.optcom.2022.128953
https://doi.org/10.1016/j.optcom.2022.128953
https://doi.org/10.1016/j.optcom.2022.128953
https://doi.org/10.1016/j.optcom.2022.128953
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
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. 74, No. 13 (2025) 138701

Theoretical design of tunable terahertz metasurfaces with
dual-mode polarization conversion and ultra-broadband
absorption functionality”
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Abstract

In this paper, we propose a vanadium dioxide and germanium telluride composite metasurface. The
conductivity of vanadium dioxide and germanium telluride is varied by changing the temperature, which
enables the switching of functions such as ultra-broadband absorption, reflective-type polarization, and
transmissive-type polarization. When vanadium dioxide is metallic and germanium telluride is crystalline, the
terahertz wave is incident along the —z direction, and the metasurface can be used as a broadband absorber,
with an absorption rate greater than 90% in a frequency range of 7.96-17.76 THz, and the absorption
bandwidth reaches 9.8 THz, with a relative bandwidth of 76.2%. In addition, the designed metasurface absorber
is polarization-insensitive and exhibits good absorption performance at large incidence angles. Terahertz waves
are incident along the +z direction, and this metasurface can be used as a reflective polarization converter with
a polarization conversion ratio greater than 0.9 for z— and y—polarized waves in the frequency band from 2.04 to
4.44 THz. The effects of incidence angle and structural parameters on polarization conversion performance are
also investigated. When vanadium dioxide is in the dielectric state and germanium telluride is in the amorphous
state, the metasurface can be used as a transmissive polarization converter, with a polarization conversion rate
of greater than 0.9 in a frequency band of 0.65-5.07 THz. And the high polarization conversion performance can
be maintained in a wide range of incidence angles. Finally, the physical mechanism of polarization conversion is
analyzed using surface currents. The results show that the metasurface structure has bi-directional, switchable
and multi-functional characteristics for terahertz wave manipulation, and has broad application prospects in

terahertz wave sensing, imaging and communication.

Keywords: reflective polarization conversion, transmissive polarization conversion, ultra-broadband

absorption, metasurface
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