) 32 3R Acta Phys. Sin. Vol. 73, No. 5 (2024)

054201

ETF Ga,05;-SiC-Ag Z EE I B E
ITFBRAXBELFENRSHGE

%350
% f, 01

¥ A E V2

FH#V EHEHYY

% $ | D29

1) ([Abathips R, fFEGF ¥ 5l E R E A L=, Jbat  100876)
2) (ALITHBH R AEREA B, (5 BIIREA R S 8RS580 %, JbaT 100876)
3) (WA SRS, JURTIR 2 L 2B, JbsT 100876)
(2023 4 9 F 20 HUL#; 2023 4F 10 A 25 HUEIE M)

e AR A3 — ARG 27 UG D A 200 2 58 v 1 5 DR, T 0 Tl 4 32 5 3. AR T A s 1 A e )
I AEAE 5 B E R B A DR A BE S BDE A WA, B HITEAR IR . AT Gay04-SiC-Ag H & B -1 L
FEREZ T2 G54, A8 52 BUA i W BOE Z 1 K 3 5k i R I, b 51T BAT RAR LM R B AL RE, 2 T4 FROT
TEWESE T A B % )2 B0 V5 B R BE X6 2 WU A B . B ST 45 SRR W, Dl SRR S Bl A v O % )2
(14 T J38 AR 1 39 R A2 A9 A e 3, R I8 (R I B i T G BIEIR B 20 109 W /em?, 5 2 Bif 4l 192 T4 i
BOE T RBHOCE SRS L, BEAR T 9 N ECRE S, I 17006 74 iU 8% 7l Ak v i B R g

KRR EFRERA, Gay05-SiC-Ag, MM HLFEBCEEMEL, JELtt

PACS: 42.25.Bs, 73.40.Qv, 73.61.-1, 42.65.Hw

ail%

1 5

e MRS — R H Z A E R E A,
HEA 2OUME B AL B R E RV I 52 B 0F 52 /Y
Sz R SRR R L i PR AR, DU
A F Gt R A 5 S 2 [] 22 2 R T SRALU R i
[ 24 i FL T [ 2, O R S B M A MR B B X ol
Hoag F R e 2 U S AT IR 4ot 4
JCFR TP OB A T, b AT AR R Tl AR R
78 0 F 1 HRHE BT, BRI, St SR a1 e
SOL2HE W JT S P AR ik 78 A4S 2

DOI: 10.7498/aps.73.20231534

T

DA B A A S LA AT B B 31 i H
8)) J12% (cavity quantum electrodynamics, QED)
S, R SEUEN] T R P RE R RS 3
Sl ok SEBURRR A AT A n REME . Bl S #9016
FRFRAS LI TR ARG M A MR E Tk
A7 BL-FH AR AR R SC B, 2P HERE T X X
BRI G i B 1), ZEX BT, BEFRN 5L IR A8
1) = B ARG i R R AR G SRR A Y
SAE. SR, S EAFOUT, /RN TS,
e v iy A EI R A R AR AT R e i (U Sk 1 R
kbR, BN EE NPT A T — TR

* ERAREEEES (HES 51572241), JbHRTHRH KB A QIHT RS (HEHES: CX2023301) FHp e i AG AR L. 55 9% L300

4 @EHES: 2023RC87) W HIAYIAR.
t iBfEYE#E . E-mail: tianyue zhang@bupt.edu.cn
T BIEYE#H. E-mail: pgli@bupt.edu.cn
© 2024 FEYIEZS Chinese Physical Society

http://wulixb.iphy.ac.cn

054201-1


http://doi.org/10.7498/aps.73.20231534
mailto:tianyue_zhang@bupt.edu.cn
mailto:tianyue_zhang@bupt.edu.cn
mailto:pgli@bupt.edu.cn
mailto:pgli@bupt.edu.cn
http://wulixb.iphy.ac.cn
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 Z 3R Acta Phys. Sin. Vol. 73, No. 5 (2024) 054201

FREA KA R LR}, andfbnt 12, £ a4 19
AR Aty ) 45 5 — 7y T 1k PR g B R ) 37 34 ik ok
SR ARZMERON T, B, BRI P AR R K 373
SR A LR B % (epsilon-near-zero, ENZ) #4 )
AR E AL . ENZ A RHE A AR A
W DRI S R RS (55 T8N T ENZ
WA 1/50), AT LA 45 Bk 35 T 5 A5 =0 hy
ENZ 5 1517), G2 08 I o0 o 5 R A A
() ENZ 2, TS5 1 ki 5 W Joe =22 8] 14 A
HAEH SO B, /2R A& ENZ
PRI 1O AR A, WA A0 B0 A& B S
AW (transparent conductive oxides, TCO)???
S5BRM, X ST A5 R EEAR BN ] T AR
B (1550 nm), PCAE SEFR R rh ik = M. It
A, IXLLT5 G AT O B TE kKW /em®20 ) 2
GW /e g 51|, % I e v B 8 i) o't 74
JCH B PR G T ER I BOTR BT R & — N E R
PRk 5 —J5 i, BT AR B AN IR R
AR AR I 2 DI R OGIR, B D R ASHGRE
SRR A 7 T4 1 B RS K
PRI, IR0 D)5 2 —Fh RE LRI A5 I B S AR AR T
KIE D CF AR TR,

4 @ -4 2k 1K -4 J& (metal-insulator-metal,
MIM) 454 PR e Jo 15 PR FH S 24 R ) AR,
Iz N T A R R R o L AR SCIE ST
ZE ML MIM 254, (i HTRE Fa 4800 F SR B Ak
B (GagOs) R A I 4 Z AR B RE, I LAt Ry 2
filt, ZER A T A TR AR (SiC-Ag) 22 HE
SLMM ENZZ, it T —Ma)E-L k-l s
B Z B2 R -4 )8 (metal-semiconductor-
ENZ-semiconductor-metal, MSESM) £ f4 [ ;2%
MRS, I R G R T HAEAR ENZ )2
SEMSECT MDA RS R, 153 TG R (T
I T DA SCHR A 40 2022 Sl Tl I T Y
AT X B RS, A R T s+
B L FEL B 1) A J o, M R e R EC R M 1 T £
[) .

2 FEAGHRETHE

Kl 1(a), (b) &7 TiHHY MSESM St XA
SR BRI MEAS . Ag M —FhaEEs
TRRRE, LB SR I LRGSR, A

Tl 655 9 AR AR A AR SR 5 2. R, FE I
Mgl A& IR Ag, H & R 180 nm LA
TROICAREIE . A SR B T A Gay0
Ve R SRR AT Z Ag Z 18], 2% LT
P Ag-GayOs ST ZE Al A FE 85 200, D) Je
/N AT OB S TR T SR A KA H 2 R PO %
FERZE Gay03 RN 30 nm. Ga,03 HAKK
(A EL R R e RS o 2 HL R LA AR S
AL SRR M B, L7 0 TG HUER I #2850
FIE T 285 14 Y A5 S5

(®) 180 nm
_--QO nm
- _
(SRR NNRRE R B
i‘_’l‘_" 30 nm
Lag'Lsic! 3o
Y 180 nm

| -
4 X L !

1 (a) 3T ENZ B b (GayOy-SiC-Ag) 2 RUE 5 HY
TAERBLE; (b) £ 2005 WA e R LA 454 P

Fig. 1. (a) The working principle diagram of an optical
bistable based on ENZ material (GayO3-SiC-Ag); (b) the
proposed multi-layered optical bistable device’s geometric

characteristics.
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Fig. 2. (a) Optical phase diagram of the positive and negative permittivities; (b) real and imaginary parts of the parallel (e,,)

permittivities for the multilayer structure with a Ag fraction of 0.1.
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Fig. 3. The spatial distribution of the electric field in the device: (a) Normal mode (1550 nm); (b) ENZ mode (1350 nm). The amp-
litude distribution of the electric field in the Y direction: (¢) Normal mode (1550 nm); (d) ENZ mode (1350 nm).
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Fig. 4. When the ENZ layer thickness H is 10 nm, optical bistable curves are obtained for varying quantities of SiC-Ag pairs:

(a) 40 pairs; (b) 60 pairs; (c) 80 pairs.
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Fig. 5. The spatial distribution of the electric field in the device: (a) Normal mode (1700 nm); (b) ENZ mode (1400 nm). The amp-
litude distribution of the electric field in the Y direction: (¢) Normal mode (1700 nm); (d) ENZ mode (1400 nm).
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Fig. 6. When the thickness H of the ENZ layer is 20 nm, optical bistable curves are obtained for varying quantities of SiC-Ag pairs:

(a) 40 pairs; (b) 60 pairs; (c) 80 pairs.
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Abstract

Optical bistability has attracted much attention due to its enormous potential applications in all-optical
operation and signal processing. However, the weak nonlinear responses typically require huge pump power to
reach the threshold of the optical bistability, thus hindering the real applications. In this study, we propose an
efficient optical bistable metamaterial, which is composed of multilayer Gay,03-SiC-Ag metal-dielectric
nanostructures. We not only use the epsilon-near-zero (ENZ) with SiC-Ag thin layers to enhance the substantial
field, but also incorporate the SiC material to increase its significant optical nonlinear coefficient. In the
structural design, the introduction of GayO4 layer facilitates the light field concentration, contributing to the
further reduction in threshold power for optical bistability, and also conducing to the improvement of the
physical and chemical stability of the device. The influences of the thickness and length of the ENZ layer on the
optical bistability are systematically investigated by using the finite element method. The results demonstrate
that optical bistability becomes more pronounced with the increase of the thickness and length of ENZ layer,
exhibiting a bistability switching threshold as low as ~10% W/cm? in the telecommunication band. Comparing
with the previously reported optical bistability based on ENZ mechanism, the threshold shows a significant
reduction by 9 orders of magnitude, demonstrating great application potential in the fields of semiconductor
devices and photonic integrated circuits.

Keywords: optical bistability, Ga,03-SiC-Ag, epsilon-near-zero materials, nonlinear optics
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