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Abstract

Metasurfaces, artificially engineered with periodic subwavelength meta-atoms, can flexibly and

effectively manipulate the inherent properties of electromagnetic waves, such as amplitude, polarization, phase and

propagation mode. Thus, metasurfaces have attracted great attention in recent years. However, the optical functions

of most metasurfaces are static, which cannot realize the dynamic control of electromagnetic waves. Compared with

static metasurfaces, reconfigurable metasurfaces can realize the active switching of optical functions by introducing

different external excitations without changing the metasurface design. In this paper, we present a few research

achievements to review the research progress of phase change material metasurfaces in multifunctional switching.

The design principles and applications of multifunctional switching metasurfaces are introduced in detail from four

configurations, in which the GST material operates as the unit cell, film, embedded gap and programmable structure.

Finally, the future direction and applications of phase change material metasurfaces are presented.
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Fig. 1 Reconfigurable metasurface based on different control methods. (a) A mechanically reconfigurable metasurface which can con-

tinuously tune the wavefront based on a stretchable substrate

[21

1 (b) a silicon-nanodisks dielectric metasurface infiltrated with

liquid crystals and its two states when heated””, (c) a prototype dual-gated metasurface with a continuous phase shift from 0°to

303° ™1 (d) reconfigurable metasurface based on amorphous silicon nanodisk structure achieves efficient modulation of trans-

mittance within 65 fs”
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Fig. 2 Metasurface configuration of phase change materials as unit structures. (a) Schematic diagram of VO, metasurfaces device with

adjustable polarization resolution™, (b) by changing the crystallization ratios of GST, dynamically tunable bifocal metalens are

achieved™, (c) a switchable terahertz metasurface can be switched from a broadband absorber to a reflecting broadband half-

wave plate (HWP)™, (d) make a collar shaped VO, nanocrystal array into patterns with the letters "V" and "U" to achieve

faster switching and more precise spatial control™”



o5

LT S5 S TR BORLR R T ) 22 D RE VI ST 381

Sy B 1) R R TR R 22 40 MIML A A, 2 38 ok 45 5
TIEIRAE 7| A 42 8 45 14 2R T 1) FR I 1S 5, i IR T
JE| FEURA A 7 S5 258208 A 43 BRI AR 72 A R
IR IR 5 A, 8t B R 4T 5 36 22 5 S0t
M 7 P 30T )

DAAHZAS B4 6 Ry A J57 )23 100 6 35 T A4 28 AT S B XF
LN N s SR eI K P (| R 7 X
289 39 1t fF MIM(metal-insulator-metal) 4544 H 5] A
GST Wi EAE A B2 (A&l 3(a) Frzm), Xof #8218 1Y
FAEFFPESEA TR, TEAIZS /T 5580 1 70 THz 2247
(AT AR TR o 3K TR 5 A DA B e R O i I ) 8%
A TBR] 41 i R s 2 008 ' 8% 45 T AR TR 14 1
Wl . I 3(b) R T —Fh AT AL R EFES) 1988 %
T 25 F . 7, S T LA S [ A L AR R (1 45
s TR BE A GST Wi, 1208 R 1
TEAHZZ T IS AT LA 5625 i S0 8 A0 48 I EL, DA T
ST AR AR S AR . MR REER T HA A
AR E PR A, 8 i A i AN IR, v AL TN
[l A FREE A R EIZS . 14N, Zhou C A5 B2 T —
TR AT 3 W 20 () e R R S T, DR AEREAK v T
ASIN GST W, T4 47 1) GST )2 H25 & Lefail, wT LA

(a) (b)

s 3 s s 5

Diotectne contants

(d) (e)

TG M, S A ) 2 e P PR I ANAAR, AT
ST 35 1 ) S SR

BEAR, LAAHAS B A A 5 J2 45 ) 1) e 2 1 ] 52
PG RE Z (8] () F2 sh D)4 . 38 A 8 2R AT GST
WAL G, T LASEEL—FP T | JE S Ry L AT
HEH Z D RS WA 3(c) iz, Galarreta C R
BV AR SR SO B4 BT GST TS ) 48 26 i
TSV . 4 GST AbF AT, 8 2 m LAsE 1
(77 2R A, ZEE S 2 0 A ki T 5
WARYT . & 3(d) JB7R T RREIR] [R5 B i HAg A
LI g ERE™ . 78 VO, R, fefg7E dh 24k
W K W Au/air ST 9 3 1 AE B P A 3L R
(Surface Plasmon Resonance, fijict & SPR) 2, 3875
BRI RB I RR, VO, HH7E B 4 J8 A0, AGHwi
SRR, 3303 AR . Wt JE R VO, AR 4
JB A A 22 1] B D040, 12088 2 1 n] LA A5 6
B ST R RN R Ik, MO S B G IF ST BE

AR SRR AR A AR SRy A 5T )2 Y e 2 T AL TR
T K A AR B R A SR T =7 26 e B e i ik, )
BERT B G A T RE R T . FE 2 I,
Qu Y U0 GST-Au NI W I8 7 5 21 490 1 6 1T,

(c)

T

Vo,
insulator-metal
transition

w A

FEI3 AEAERTRME A IR Y ] AR R A B () FF MR FIR BB 22 1, S 30 3 T (¥ SME TAERFHESES T, (b) 3

TET A i, P A7 AR R [R5 A B, (o) S ok i) R T, S B0 1 % A 6 TE 6 B2 S R S 6 s T vy w06, () 3
Au/NVO, BRI IR, S AT, (o) AR SR EE T AR, 5 s GST AHZS AT LA 92 B 56 5 1 ke ™,
() VO, {7 ITO GIKLLFFHI I SSHIFRAL, ST UL 3] MIR § g 4 Dy

Fig. 3 Reconfigurable metasurface configuration of phase change materials as thin films. (a) A metasurface with an open resonant ring

configuration can control the external chiral characteristics of the metasurface™, (b) a metasurface absorber that can produce
different structural colors™”, (c) a reconfigurable beam-steering metasurface, realizing the reversible switch of normal reflec-

[29]

% (d) a metasurface based on Au/VO, structure to realize all-optical switch®™”,

tion and abnormal deflection of incident light
(e) thermal camouflage maps under different background temperatures. Perfect disguise can be achieved by controlling the
GST phase transition™, (f) structural characterization of VO, coated ITO nanorod array, realize all-optical switching from visi-
ble MIR range*"”
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Fig. 4 Reconfigurable metasurface configuration with phase change materials embedded in nano gaps. (a)Open resonant ring configu-

ration metasurface, achieving regulation of the external chiral characteristics of the metasurface'™, (b) a metasurface of liquid
crystal dual band filter unit, changing the frequency band center frequency by changing the effective length of resonator'”, (c) a
two-layer VO, embedded hybrid chiral hypersurface can be dynamically controlled by external thermal excitation™, (d) the
structural schematic of the switchable metasurface absorber with integrated VO, phase material. Switching effect between dual

band absorption and broadband absorption™, (e) a top view of embedded GST cell structure, excitation of significantly differ-

ent dipolar and charge transfer plasmon (CTP) resonances'"”, () the structural diagram of GST arc embedded metal dielectric
hybrid unit can effectively control over the interplay between narrow and tunable Fano and toroidal modes™
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Fig. 5 Direct writing reconfigurable metasurface configuration based on phase change materials. (a) Various devices can be realized
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