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Abstract

In this paper, we propose an all-dielectric chiral metasurface composed of phase-change material
GezSb:Tes (GST) square split-ring resonators (SRRs) with identical sizes but different orientations,
sandwiched between magnesium fluoride (MgF:) dielectric layers. This metasurface exhibits strong
chiral responses to both linearly and circularly polarized incident waves. Numerical simulations
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reveal that it operates in the near-infrared spectral range, achieving a maximum asymmetric trans-
mission (AT) of 0.8 with a tuning range of 420 nm under linearly polarized wave incidence, and a max-
imum circular dichroism (CD) of 0.81 with a tuning range of 275 nm under circularly polarized wave
incidence. This study has significant implications for the research on tunable functional devices based
on GST and potential applications in low-loss and multifunctional photonic devices.
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1. 5]

FALRIEMAR T @S P . e S E SRR A EAIRE. MR TR RN TR
TR EA—RNT =4k, CRESCBLAIT . RS 5 SR SR Ik L& I B R (131 1
NFH YRS, BRI N IHE) 7m0 as . BIE L. S RSB PR K R [4]-[6]. TAEEER
THI I RARATRL T AS B8 BV [ 7], BT AR [ = b DRGSR M [8] [9]. T4k, H
SRATK AR R T O FFRET 2090, (B & IX S 2 ) 70 0 T 5 1 i 1 SE B B2 F A AN L 46 T 1 1 g
D, Al U FAE R T BN ET A7 1), —o@ 5 Nl AR S Bl sh & i . =2, AR
VO, i LA KRB S )(GexSbyTe,, GST)ZH S ABF A R[10] [11]. 2T GST R RMIES KA.
R ST S 0T R R e NP, LAEAR TR, PUR IR GT 2 DhRe A R R It R 4 S A
F12] [13]e @A BN PR 5802 - BIRR K R[14], AFEEFMT GST A RN BE TR

ik

Eofr (4)-1 — mx Ecosr (4) =1 +(1=m)x &asr (4)~1
g (A)+2 Ecgsr (A)+2 a5 (A)+2
H egsr (A) 5 €650 (A) AR RBEEARE GST BEBKABHA RN HER. GST MR s8 m
A i Pk v RO ok e A A R AT R A
2013 4F, Cao HWITHEIE - N - SELEWINFAEBRT[15], BEEE—DRIT T ETHEYK
FLBEF(ENA) I 2 9% Bl 3 5 — e FAREB R [16]. Yin 5@ K GesSbaTes (GST326)5 FAELE #4945
A TESEIG R RSEIL T R ALA i B AT AR [ 17]. 2020 4F, Dong %518 ok (B 15 BLAGHIE T 6
AR FI 3842 )8 /GST225/4: J& 22 J2 25 A6 16 1 (10325 S BB A L B P ARG 22 2 18] 24 GST £
SHAEREMEARN, A5 B kG E S TTE 38.7%. Huang 2050 7 —F =28
KIMGEH A ImIRES, 7£ 4.6~14.0 GHz P N il F e KT 0.9, FFAE 6.0~12.9 GHz SRBLSEI AR R &
Hok 0.8 MFEH A FRALHI[19]. Han $&H R Z TR FAEMEE 5 IO N 2 ZFAE R, 52l
TNXI R AL S 2 %0 0.38 AR M 0.75 [20].
SR, &)@ - MR A R ARG 2 B AT AR B3 I AE R AR R AE[21], B A B FAE A ER T
W ar-Aiig, SEEREERER. XEAE&EERMNBEEGRENL, THREAMKELT, S80%K
PAFAFERCRAR . TART A S M. AR IX S, 22 e e B R R R g 7 %, MLk
SRR, AR EAEIRIIRERIIFE. 5 R BN 2R B S R R A

Q)
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B A FURA R % B 0 DA R B v PR A R AN BAAR E 1, RT DA I U AR RE R - Th RE AR . 2018 4,
Ma ZE4& H —Fl B TUATAR AL A AR R T, 72 R R IR NS N R T 0.8 (EBERE Aty
XS RRAEHREE[22] . BUF 2 I, Wang BETT H AR G5 I8 B [ B S 5 7y s i ¥ D' bL 5 v B — vk
1 4/ AR R T [23]. 7E 1.39~1.6 pm WG FE N, 18R TE S B = 6L 0.9, Wiz G
Lbidid 20 dB. Abdennadher 55 7F 2 P 45 53 OT A HE 251 (1 52 Rg s 45 A Hh ORI T e 7t B AR AR A B, % B
B 3~4 pm KRAUEE L, FEAEZGHE T B N SEBLER R 90% 0~ 35 IH — 4 [24]. Liu 557 2024 4] H
SRS SR B T AR AR T, 735 55 S R 008 3 [R] e S 2 A Ek[25].

ACBVE TP AR, EITLLAMEBSEI T AR IR AR S R A O ELE . B
TR, SR IR S R RIR RS N R B M FAEm N R 2 GST b FaAEMRAR, 78
LLANEBLE R 0.80 ML MIR A K FRALH R 2 24 GST A NMESH, ZAMEE 0.328. ERRIRIEA
WS, GST A ASH I ER I e tE eIk 0.81, 1 fhASRHOKE —EMEE R 0.23. XEHIETE S
IUE T ZEE MR MR IR G T B &R FaEm pigste, B a2 tats GST MAHARIRE % YA
K.

2. WitRES R

ASCHEH — P TAHAE M B GeaSbaTes (GST)MI &M TR T WA 1(a)frx, HPITH M
ANFERAHE ) GST J7 BT HIMEIR A 1 B S MR, HIA LL MgF, M BU=RaJF, HPANIF DR IT a7
) 52 90° HEFEEE L o 12245 R ok 2 Al A1 R [ 4 FR A SHH I8¢ 29 SR I HH AT S ) TR 2 o BB 3R T AR S 80 JA
p=1200nm, /¥ h=150nm, FFJAJEE £=220 nm, FF 3R a=600nm. b=980 nm. c=260nm.
MgF, & —FRIT 4 R A A RL, A EECN 1.85, GST HIA U HLH B S 25 SCik[26] [27]. BB
FLE OB z S5 e, x Ay J5 e E R B Ak, 2 5 R I IO S Ak . BT A RAR
VEFIT) A IO R EAT 07 BT 55 [28] . R ITIREa S 1(b)Fn, 24 GST NAE&ASK, @& RN
R RRAE S UL R R e bE R, 24 GST AMASR, BRI EINR R
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Figure 1. Schematic diagram of the designed metasurface: (a) Unit structure; (b) Functional schematics of the metasurface
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Hoh T BB 2, 6 AEERMARE, Tu 5 Tre 4NFRIAIRIE S &, Toe A Tr WERIR S XAk %E
Bot. F— T 07 RRHFEPIRIRIRES, 24T <57 BRANFENRIRRES, BAmNS,
Tyr 227 A7 e (B I i (RCP) 22 58 XAl 1325 5 2 46 oMy 7 e (B Al 8 (LCP) Bt B8 T T WU SR 7R A e ) 46
AR ik, BRHRE R A (Top) vl e SUN:

TCD = Lrer _TLCP :|TRR|+|TLR|_|TLL|_|TRL| (3)

Hort Tpep FoR e TR RAR B B 3, Trep Fom A1 TE MRIRBLIE ST F o AT RARICW MNP RTT RN
STIE SR A, HoE SON:

ATRCP = kacp _Tzfcp = |tLR|2 _|tRL|2 4)
AT, cp = TLfCP _TLbCP = |tRL|2 _|tLR|2 (5)
ATop =—AT,(p (6)
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3. RUEMTAEGRS Sh

2 JEoR T R O R AR AR NS N A 7 AR W] 2(a)F7R, 4 GST TS A,
LA RTE 1500~2200 nm JAKIEFE N, A SHRIRES IR T 5 T, 52 HE A, 115438 XAmIRIE 5
Mk T, 5 7. WENEEZR. XRHEY GST L THEMAR, ZEM7EH B AN AR S . 75
1650 nm PAKAL, T KB FRAE 0.81, TR T HAXA 0.01. R AK(T)@®)IHF A, B x iR
B y R S KA IR AL i 73 08 0.8 5-0.8.

M GST T &asn, wiE 2R, HTEEKHRHEaOE. SIERKSHERAEL, HNHEmIRE
SR To 5 T, VA RFFE S, A XRIRES 2R T, 5 T MAFAEZE R . (B2 GST MAESSFEAR N 5
AR, BFERFERN, SERNTAAR RBORRRFC. BN TR HILE 2070 nm #KAL, HE N
0.334, T GST M HEEMAL, TR KM 1650 nm £ZLF2 4 2070 nm, SZHL T £ 420 nm 5 TE H
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Figure 2. The transmission of metasurface under LP incident when GST in (a) amorphous state and (b) crystalline state
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Figure 3. The transmittance of metasurface under CP incident when GST in (a) amorphous state and (b) crystalline state
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Figure 4. (a) AT curves of the metasurface; (b) CD curves of the metasurface
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Figure 5. The effect of different crystallization rates m on the performance of metasurfaces: (a) AT curves; (b) CD curves
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Figure 6. The absorption for (a) XLP, YLP wave and (b) LCP, RCP wave incidence when GST is in crystalline state
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S, HERTHTE 1625 nm ARIE 5 KR 0.96, 1 y IR ASEE 1615 nm A2 KRR 0.926.
YRR NESE, 40 6(b)FTR, {E 1500~1675 nm K0 B AR KT 0.8, FoAr A e B fmdf i A
SITE 1620 nm Abik BB KRR 0.952, o e[RRI NS B UZE 1510 nm ALIE S5 KR ILEE 0.942. iX
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Figure 7. Simulated electric field distribution of (a) aGST, y-polarized wave incidence,
wavelength = 1650 nm; (b) aGST, x-polarized wave incidence, wavelength = 1650 nm; (c)
c¢GST, y-polarized wave incidence, wavelength = 2070 nm, and (d) cGST, x-polarized wave
incidence, wavelength = 2070 nm
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Figure 8. Simulated electric field distribution of the metasurface when (a) aGST, LCP wave
incidence, wavelength = 1625 nm; (b) aGST, RCP wave incidence, wavelength = 1625 nm;
power loss density of the metasurface when (¢) cGST, LCP wave incidence, wavelength =
2015 nm, and (d) cGST, RCP wave incidence, wavelength =2015 nm

5| 8. BREMEIADM: (a) IEMS GST, ZIEEMIREANS, ;&J& 1625nm; (b) 3E
A GST, AEEMICENST, HK 1625 nm; §EEHRFE() &S GST, ERERR
BAGE, K 2015nm; (d) &Z GST, BAEERREANST, KK 2015 nm
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Table 1. Comparison of the proposed metasurface with existing typical designs

= 1. ABRESHARBRITHIX LR

2 3Lk IR AT CD AT
[18] 25 [ miRk 0.28 0.36 IR

[19] SAITEIR 0.8 I i

[20] 2k [ fmR 0.38 0.75 AT
[22] 2. Rk 0.78 0.88 AT
[23] [ ff I I 0.993 ANAT I
[24] [ ff i ¥ 0.8 ZNCIN
AL 2. R iR 0.8 0.81 CINL]

4. &g

i EPTIR, 3T GeoSboTes (GST)HIMAR L, ARSI 1 —Fh BA FAL DI RERI 2 5T Al R
T, P S IILE D 4R 5 (0 AN 0 FR A 5 T IR DB 1) 8 — v 4% . GST AR — R B4R 5 AR M6 22 A AR
FOBE, B A ARBIFE S AT 3 . A 5 R R A AR 25 (R0 2 0] LE FE R A 15 — (v 5 A kA e
PERYP 4. 3 CST Studio Suite 75 ELHF, FATIGUE T 128 2 1 75 21 AMB B H I 53 - Ak i Ry 4
AHE TS T GST Al R h e as PEE R RAT B S B E, (ERBIAE 2 DhREJE T s IF e ULt 12
ERY R

B O

SRR B T B S B Tk B TCRIBE AL 7 RARIES 07 AR R SO 5 S L
RS WXHIRHESOLIRE, TAEEHS5RERANEBIT S %E. REMMFE MR 4

E&WE

BT TARIRAT K B RBH A (W S . 62175119) WITLA H AR e (W H S
LY24F010003).
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