% 50% £ 18 #1/2023 F£ 9 B/HEE

R IE XX

35 i 9 52 nl 2% 4 o 2 4

Az, REH", AEE,

MR T RO B,

SRR AI]

AR, 227, A7

JUA TN 511442,

o [E Bl 2E B G BRI AE B, Ui R 610207

mE it

j‘fﬁﬁﬁé B R M i g | AFRAE A i, *I)LTZJP“E’JTJ@I#IJJ
24 AR A S

) 24 G 8 3 T8 T L2 7 A A e ST 1% Y 4 G I
) AR 57 2t B < B 4 B
XK é B

SRS 0436 XEARER A

1 7 5

1% 45 (14 6 2% 2% 1 38 ok 7 S 2% 2% sl T AR T ok #
P 6 Uk, (H R AR A, M DL IE B R R R Y R
PR AT AR AR R IR X D A ST I 4 R A2
B ST, o R R 4 2 W% K R T BT T
[ g v B WA VA i AT - I 0 S
7 A2 2E 56 28 1 ) 4 Ak AR Ak T i kR . YT,
TE AN 22 48 3% 10 R FH r , R R 4 R0 68 2 v IR ) il £ A
X R ERTE 3 M A3 E s NI ok EAR N - e
fi B, 90 T o7 T A B T OB A 4 B LR iE
A L DL A B N B, A% G 4 B XU i i
W A TR) TR B 0 T 6 ol 2 A 3 WA R RIS R A2 R
FI(CGHs) . B8R, 78158 R R AT 28 45 M1 47 7 LA
i )8 2% 1T BE 0% T v RO RN [ A Hh s B 4 R
2015 4%, Zheng 45" I FH 44 oK 1k 25 ¥4 2 50 2F 47 JL AR A
O, U BT UL R LA 80 %6 MR RS EL T
PoEEE RN ERR. XeE " ELR-NIE-4&R
(MIM) % B Hp il F 4 J8 90 K ik, 78 41 40 90 1B 9 R R
T v LA R R A B A R E T
2% 1T 55 S [ D B 20 B 9 45 1) S 1k AR B AR D, BT
Z i E R R, TS TR EOLHE R
g B K ED BB B S N T . i n
Li S5 2 0 T8 02 58 22 % 42 8 B 5 9 oK ER A A
I IR T —Fh =W R 5 SR HE R K
%mnﬁmuﬁﬁlmuwﬁAMﬁTzamﬁg
PRiFR e d |

SR, K B0 2 IR A eV 21 00T ok

R AN IE; SUHiEE e

Ao 3 50N B e PR R SE IR 5 e Al BT T S I T — R 22 0 i iR 52 A R S 4 S B R T S

o HHEE MR BUZAL TR S A, U g i
?.’;IJT o TR AR L R 425 £14 28 Al I 5 DG AT, X o

B JLT AL

DOI: 10.3788/CJL230730

S Sl ] AR S AR SORIR BAT AR S R B
ZALE W R AR A 4 GeSbSeTe™ ™ (GSST) #4 1 #8
P HTT, SEEL T HLA T IEBR D AR Y £ 4 B R .
4[5 i e 6 A GBS, ER TR A TR A A g A R AR A
GSST i [ 4 5+ AT 52 B0 32815 R 1 JRy 33045 1) 5 M 4 o7
VAR 5T A A B R AR b, TS B 5 A G
TRIRA 7 4 B8R . — H GSST & 4= MR i 5 51
ER A ARAS |, SRS GSST M RIAE A g i Je %%, 4= B
A5 2 BAR R BR . B s 0 5 A mT 82 % ) B 1) I
%Eméﬁﬁ%E%AT%%%ﬁﬁ%EEEJWﬁ
2797 O I A5 AR B AT TR AE 1Y o i bR
Tﬁﬁﬁﬁé@mu\ﬁu%vﬁé@ﬁ%ELTu
S A 37 5 A A6 43 A B AT R BR L AR AT AR RS R
AR e 11 1o FH G 5
2 KU B JH 7 AH A IR 4 G b

A b, RGBSz AR A JE B g i TR R 4%
[i] S P O 4 BT, S IR U R R S 1 4% T S A A7
P, — B T 3 TR R BT A L ART AR 7 VA ML
LAY ) 45 1] S P R P B G 48 P B 4 R T N K B
(12 S e AT S o ey R 7 N i
it B A5 X LA [R) 19 45 3500 B A 5 2R IR I ) S B 4% 1)

S AR 7 P 4

T 5 T R 2 T B 4 R AR AR R OR oy, A0 B 1T
7 T 4% 1) S MR A 2R 5T 1) JRy 8 Ak AR R N wow, wow A
Br 2 M X roy A8 bR F A AT B BERE F 0 CED G A A 4R &R
ZI B Jef) . fEFm AT, ot £
A

W B . 2023-04-17; EEHHE: 2023-06-16; KA BHA: 2023-07-18; MEHAXBHH: 2023-07-28
HETH: mA4 QAR E4 (2022A1515010872) , )7 JH AT SL6l 5 w7 FH L 60#F 58 (202201010110)

BIS1EE . “eeslzhou@scut.edu.cn; “husong@ioe.ac.cn

1813016-1


https://dx.doi.org/10.3788/CJL230730
mailto:E-mail:eeslzhou@scut.edu.cn
mailto:E-mail:eeslzhou@scut.edu.cn
mailto:E-mail:husong@ioe.ac.cn
mailto:E-mail:husong@ioe.ac.cn

2505 F 18 H1/2023 £ 9 B/ EH*¢

@ (b)

L R B ST A o7 ] T R o Ca) A B0 A 2% 1) S At 02 38 2 BT 5 (b) 4 Jmp A A 28 45 Jmy Jel e A 2R
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Abstract

Objective Recently, emerging ultracompact planar photonic devices have been developed using a plurality of metasurfaces with
excellent performance in light manipulation. In particular, the versatility of metasurfaces in pixel-level high-resolution phase control
has prompted the emergence of single-channel metasurface holograms that simplify the computer-generated hologram (CGH)
production procedure. Subsequently, the progressive advancement of multi-channel metasurface holograms with polarization-
multiplexed control opens a new direction for potential applications such as optical encryption and storage. However, most optical
holographic or storage metasurfaces are currently static and lack mechanisms for active regulation or dynamic anticounterfeiting. In
this scenario, to further strengthen the applicability and security level of optical encryption and storage devices, this study proposes a
type of actively switchable or “erasable” metasurface hologram with multi-channel polarization-dependent multiplex control. Although
diverse mechanisms for active control are available, such as liquid crystals, semiconductors, conductive oxides, varactors, and device
architecture design based on micro-electromechanical system, the phase change materials integrating scheme transpires to be a
solution with a practical trade-off owing to its advantages of nonvolatile and high-speed switching control, and a significant number of

reversible phase transitions.

Method In this study, by introducing the phase-change dielectrics of GeSbSeTe with almost no loss into the multi-channel
holographic metasurface architecture, a type of phase-change dielectric meta-hologram concurrently with actively “erasable” control is
achieved for the incidence of circularly-polarized (CP) waves. In order to achieve the two-dimensional (2D) isotropic phase encoding
with “erasable” control, the GeSbSeTe elliptical pillars with varied diameters are screened out initially via a rigorous process of
numerical calculations to produce a phase map that covers the full range of 0—2x. Subsequently, according to the near-field phase
profile immediately behind the meta-hologram to be designed for the far-field holographic images, all GeSbSeTe elliptical pillars are
determined to construct the metasurface hologram once their diameters are customized by fully retrieving the phase map. To enable
multi-channel polarization-dependent phase control for CP incidence herein, both the geometrical and propagation phases along one

axis are treated in the phase profile coding process for holographic imaging.

Results and Discussions After numerical simulations, a group of pillars with optimized copolarized transmittance and cross-
polarization efficiency are selected for as-required phase profile encoding. For efficient phase encoding, a series of 36 pillars are
screened in the 36-level phase sampling process to construct the metasurface hologram. Consequently, when the phase-change
coupling layer or GeSbSeTe pillar is in an amorphous state, well-defined metasurfaces exhibit multi-channel polarization-independent
phase control, assuming different holographic images or focal points under different CP inputs. When the phase-change layer becomes
crystalline, the cross-polarization that determines the phase modulation is turned off such that the corresponding phase encoding is
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deactivated and the far-field images disappear, 1. e. they are “erased”. The erasable polarization-multiplexing holographic metasurface
proposed in this study provides a new degree of freedom in potential applications, such as optical anti-counterfeiting, encryption, and

storage.

Conclusions In summary, this study introduces a new degree of freedom for actively switchable control into recent multi-channel
polarization-multiplexed metasurface holograms, and a scheme for the erasable meta-hologram is demonstrated by integrating the
phase-change material GeSbSeTe into the metasurface design. Elliptical GeSbSeTe or silicon pillars are customized to construct a
metasurface with the intended near-field phase profile for holographic imaging. Finally, the numerical results confirm that at the CP
wave incidence with opposite helicities, different far-field images can be created in the GeSbSeTe amorphous state. However, upon
the GeSbSeTe phase transition to the crystalline state, the cross-polarization efficiency is minimized, the geometrical phase
deactivates, and the far-field images in both channels are erased. As verified by the numerical results, a 36-level phase-sampling
procedure completes phase-profile encoding to efficiently construct the intended erasable meta-hologram, which feasibly poses a new
degree of freedom for applications such as optical anti-counterfeiting and encryption.

Key words holography; metasurface hologram; phase change dielectrics; two-channel multiplexed holography; geometrical phase
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