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Fig. 1. Schematic of the catenary atom
structure with a horizontal length of 0.75 A; (b) the locally

varied width W(z) of the catenary by streamlined optimiza-

[43]; (a) Single catenary

tion algorithm along z-axis.

WYL IS o S MA ¢(z) N —n/2
Bl m/ 206 26 A v 5 2 () AE Ak, AR BE LT A 26 &R
W = 2 | R JLAT AR @ (2) = 20€ (), H
o =+ 1588 2 e A e [ Ak (43531 A LCP
1 RCP) AdE. Hr, fiiffy £(x) W LARR N

£(z) = tan~? (ji) - %x (2)

PR, T AR L A B J LA AR S, 20 A (D) 7T LA
Bk

&(z) =20mx/ A, (3)
BIVEE o A e VAR AL B FE S 2/ A AH Y T35 5K
B Jry Sl B ) e R i 10, 20 S R B R L
B A R T BRI T M 8 W () 2214k,
AR BR o i S8 A B O 3 %o I ) Ry 13 53 A
Peni e . i tofe, AR L TE W(a) B«
HAMEICR, WKL 1(b) B B3] (R4 2 5ot

029101-2


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. 71, No. 2 (2022) 029101

2.2 ETERSLBT/UAHEMRERE
S

JUAT A, FRA Pancharatnam-Berry (P-B)
i EVAINE i Jaa o RV T S R R A R NO T S
FITH AR B Xk (st fl) s, YA
N = 2¢, Hr & R HATTEHE BT N B A, G
Kl 2(a) Bz, A4S ICESF ARSI 5 AR, JLAA
AR P07 3R] LD 7 S, B RS HIOL
R ARAE FIZESE LA ARRL. — Ok U, B EU L ARz
e NS HICHES (9 BT A AL R RAT, A R] XS A7 I
PR R FEAT B HCRAE; 18 LA, Wy BA
23 []_L E SEAR A A A IR A5 A ™ A=, flnAS
SCIEBELRE T, AnfE 2(b) . U B L HE
A7, AT A S ESE BUR E B SRR, n
ARSI 7R 58 T 5 LS8 2R R

(a)

e

d

B2 (a) BSHOLATAR A 52 B0 5 5 w375 (b) 3% S JL A A7
S5 R AT
Fig. 2. (a) Discrete geometric phase for abnormal deflection;

(b) continuous geometric phase for abnormal deflection.
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Fig. 3. (a) The zero-order Bessel beam generator based on
spiral catenary arrangement (! = 0); (b) high-order Bessel
beam generator based on concentric circular catenary ar-
rangement (I = 2); (c¢) phase distribution for the arrange-
ment in (a) at the incidence of 9.6 pm RCP waves; (d) phase
distribution for the arrangement in (b) at the incidence of
9.6 pm LCP waves.
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Fig. 4. A catenary-based atom and its characteristic: (a) The cross-sectional view; (b) the top view of one atom. The phase change

with respect to position z (c) in the amorphous state and (d) the crystalline state at 9.6 pm. The normalized cross-sectional intens-

ity distribution at 9.6 pm in (e) amorphous and (f) crystalline states.
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Fig. 5. The switchable meta-array for deflectable devices. (a) The Catenary-Ge,SbyTey integrated quasi-continuous metasurface for

active beam control. (b) The simulated results of the co-polarized and cross-polarized reflectivity in the amorphous state. (¢) Polar-

ization conversion efficiency (PCR) spectrum. The beams with different wavelengths of 9.0, 9.5 pm, and 10.0 pm are reflected/de-

flected to distinctly different angles in the (d) amorphous state and (e) crystalline state. The normalized amplitude distribution of
the reflected electric field (E,) for RCP incidence (9 pm) in the (f) amorphous and (g) crystalline state in the z-z plane.
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Photonic meta-switch based on phase change and
catenary-enabled continuous phase regulation
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1) (School of Microelectronics, South China University of Technology, Guangzhou 510640, China)

2) (Pazhou Lab, Guangzhou 510335, China)
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Abstract

Aiming at the characteristics of passive and discrete phase regulations inherent in current metasurfaces, we
combine optimized isowidth catenary with non-volatile phase change dielectrics and explore a type of bistable
phase-change-based wavefront meta-switch of continuous phase tuning and active switching. First, the
switchable wavefront deflector is demonstrated in the mid-IR range between 9 pm and 10 um. Upon phase
transition between crystalline state and amorphous state, the incident wave can be switched into anomalous

”

reflection and regular reflection, i.e. the “on” state and “off ” state of wave deflection. Further, a type of
dynamically tunable Bessel beam switch is demonstrated. In the amorphous state, the polarization conversion
efficiency approaches to 100% with an incident wave of 9.6 um in wavelength. Therefore, the normal
geometrical phase and the second-order Bessel focus are switched “on”. However, the cross-polarization and
geometrical phase are switched “off ” upon phase changing into crystallized state. Intrinsically, non-dispersive
spin-orbit interaction ensures that this kind of device possesses the broadband characteristics. Such a devise has

great potential applications in active optoelectronic integration, optical communications, etc.

Keywords: phase transition, metamaterials and metasurface, meta-devices, photonic switch
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