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Theory and Application of Edge States in Topological Photonic Crystals
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Abstract In recent years, topological photonic crystals have attracted growing interest for their unique
propagation characteristics. With the development of theoretical models in topological photonics, numerous novel
applications have emerged. Topological edge states formed by topological photonic crystals can realize optical
enhancement and unidirectional transmission in optoelectronic devices. Such optoelectronic devices can have
distinct characteristics such as immunity to local defects and high transmission efficiency, offering enormous
potential benefits to chip development, biosensor, military communication, and other applications. This study
summarizes and analyzes a range of optical devices based on theoretical models of edge states formed by
topological photonics in different dimensions: topological lasers, optical waveguides, unidirectional conduction
devices, and optical modulators. The presented examples demonstrate the huge potential of topological photonic
crystals in structural design and material selection. Finally, the current research progress of topological photonic
crystals is clarified and the defects and optimization direction of topological photonic devices in the design process
are evaluated and prospected.
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Fig.1 One-dimensional SSH model and its band structure relationship. (a) Single cell arrangement scheme in SSH model*”;

(b) different band relations as the transition intensities « and 2 changed™"!
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under the quantum Hall effect of light™; (b) (¢) band structure before and after opening Dirac point™”

TE W % it v g A B3 6., BE B8 4T I AR A
1 Dirac #E , 1T 3K 15 JE % Chern £ 9 41 Fh 47, 4 1K
AN TP G , & PR L 438 1T B RS0
FA AR X 20 2% LAAR S 0% J5 1) A% i, &1 2 (e) i o L
RN NGNS B AR 0N 51 DrR: P R i A
1 52 B, Haldane 455 2 75 A B PR B[] 2 788 %8 FR 14 11
FEnl b, PR R 1) 23 7 AR RN Dy 2M Y 1E E g
2L RE R 2 B AN LA B . AR XS N M
TE fi b 6] 5 | G 5 25 4T W Ik [a) s e 6 PRk 3R 15 R
% Chern B4H $MiF
PNV BT AN [] 1Y P ol 45 4 25 7 3 Ak AR A2
AN B IS LR AT LAAE IS Chern £
[F] B Haldane #5 # h WL 2 2] 3 5 k28 Mk 2, 51
FFMEAZ 5, 75 G A8 v (0 i % ]
If-}:hvl)(q,,a,.-i— qyay> +m(x)o. , (3)
A 1977 ] B T B I m (). Pl P 2 0
H B U R R AT DU A AL R I S TE 2= 0 &b 7 A R
WS IHAE y I B A E R R B (A B AE 2= O Fff
Slii e S RN N ST i o S i e iR N = SR B G

XF T ) HCS B & R I8 A SN R LR G
9 300 2% 25 B0 vT LA PR O 3% AR 40 5 4 Fh P LR B i
Wb AFAE 1 — 2% R 45 50 1) £ A SE T
2.2.2 AEFTARERAE

FT T B R I [ S 8 X6 AR P X O o AR B Y SR
Bom RSN GO T 19 55 — D SEACRR I, A T
%, P I [ S 3 R AR 1S o0 T BAT R R R E R
e ) WU [ JF . 2005 4F Kane 587V 8 1 B R 4
HR Y Z, 3 PN G A R R A AN A I [R] S
XERRPE RS BUR 5 A e A O B9 & A e A K
BONE . T HBEHLE RS P A BE R B TS A e
o] & oL i 2 B0 T AN ) R e 5 1A 2 Ca) # R
(8 AR AR R IR G — W e, RGE S e AR AR F R R
IR LT 3 T 2K v 7 TR O ) BE 9 A TR AN TR A 9
TN, S AR ORIV AR 7 1) AR SR g o 3K Rl
RETWREF S K 3 PR, 51 2(b) 5 4
SRR AR AN R P 3 T I IR RN TE R T
L 8 8 JR A8 TP AT ] Fi AR 25T AT 2 A A B e A%
i aE , R GH B R E AR N 0, H L & Chern

0100001-4



$£59%5 F18/2022F 1 B/HAEBFFHE

AN,
= N

Y

/A
AN

3 BT R AR RGO T R e A i T R RE T A5

Fig. 3 Band structure of the one-way transmission channel formed by the quantum spin Hall effec

Bl 0 R TE PR 1 E BEAS [R] 4 P b 2 G Ak, 2
5SS FEAL 7= A2 BAT R R AL 4% 07 1) 9 TR 435 )
P FRF [ S 38 X R P B A7 AE IR T Dirac HEWT Y 7
I, 30 G A5 X I B B AT & e, T B O e AR
Gz MR .

T e AR RN A W, 3% B N ] S X R
TR 2K 7 R GE B A BEA X B, B = A — X
WG BAFEIEZ B AMRY . BRI TAE N A e
JEN TR B, A B TR B e A mE, NI
BT RGP IIA AT, M A wAR A ok
SRS gt A X R R A UL B8 OK T, RS T A e A, S B
6 T HOBE R RN . 2020 4R VL 98 K 2% O = W
SR T Rl i T R AR R B R R e B —
27 F BT A RS S A T S TR A R IX R
HL R 2R 260 A9 p BLIE A d B SE B R T A e R
RORE , 5 A M UE B S B I R 22 B 9T B B L E
B2 IR AR AT LA 22 i B B 4T IR G M, BT B SE Y
A BRI R, S Ol e R K R A R A BT R AR
TR M R IR B SRR A AR 25 A

(42

P AA B FRPE B 40 06 f A TE 7 32 B R s T
1Z W BIEFE LR R 8N T A 0 1 A RO R
B BRI, AT g R R S NI &S
FM T SR A R R TR I S A
2.2.3 AEETHERIME

A1 850 v Y A R AT 23 7 Dirac 2340 7 JT B
BT, S — A N X, A SR Y RE Y 2 TE
AN H 5 (4 Dirac 4, H 38 Job i R) Sz 386 Bk 1 3% 4%
X WA Dirac #EEE RN LAY o 2007 4F Xiao % DA
B R G R W FE TR X R R R A
JRRIE IR S8 A MO 19 I F e 5 i 3 e R A
oL, 76 AN B IR B ] sz v % Bk M Rtk bl 0 4T il A
[i) 2 8 % B L T REAE RS AN E F A E RS,
M M FT B Dirac 81, 77 AR L RF R E R DG SE T
B, B A (e) A F 4w R B B 30 2 A5 se il 14
A ABEERE B SBRGIERT S MAAwHE & E
A, BOR A A A T8 B0 H o ) AN [R] 1) g
K| 3 kN B A A BB R RN, I b AH 2 A5 AR AR
T AR ROV T R A BER T

@ ® 4 © 4
*~ _ =
> -~
O Q- >
° ORI .
w1y il
1 w N
w
=24 =1 M

0 k(2n/a,) 1

P4 T HEAR B IRAUN T Y AR 20T e EREE S5 o (a) JEL IV A R B0 s (b) A8 B IR AN R I REAF S5 H1s (o) R 4% 5 T IE
J 0 2 25 ) REHT 4]
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Fig. 7 Terahertz quantum cascade laser with topologically protected valley edge states™. (a) Laser structure; (b) (c) energy-band

structure; (d) (e) topological interface formed by cell lattice; () output of an electrically pumped laser at different currents

PR AE AR R 1T RB 7 A R R Y % R i HLAS 7 2
kAR B B R O IR B eSS MY . BT R A&
ZWAMRI A D A CTE R NGBS AN 22 15 R
BAL R PR B 85 A R I R S AR A B B, A
T 44 1 PO A 18 R B 3003

I A 30 2 25 X OGS AT T, R BN |
PERE B 803 R S5 U BT AR Ay v £ A R0 R 2% 4 5
1B BRI . 2020 4R b 5t K2 S HOR A R
FHA N DI P FL DX IR 42 ik iof 7 2 09 AH B 27 i
I B G % 5 A 7 A G 3 BRI A, SE B T
— i 5L A e G R I PR A R T Y A
JEA o 2018 4 WK F I [ 37 K 2% A9 Kivshar ™ 52 B
BB IRYUOKBEOCEE | 38 o AR 58 0 A 4 Fh A% 1Y
A B IR AN K G T IR WO S, T I3 il 4 L A BT
6 2 AR O TR 09 A TR SR I 2 D BRI T R
A ¥, Smirnova %5 7R FH 3 T 4506 F 5 R A 48 K
T AMNE L E RO, R R, ERBOLA
FEAG  AHTE ARE A R A, S R A
RN /7 T NS S N o 7 s ] N U
J6F AR TE AR LM AN KO 2 ART R GK O |
T%N o R DA sl 1< 1= i ey 1

3.2 EERAIEFREFRES

J OS2 S BORE B RR FIE S B 5 4
I 2 25 A 0 RO R 8 2 7 A AR 2 i PR, B T
i Fb G F 45 1 e 0% G ) e WO, B B B
J5 W RE J1 I JLAE & 52 8 A AR G
P T B EER L . 2018 4F BIR AR B E TR
ST A BNARGE T — R AE —4EZ5 8 T R PO
& R, # F Hong-Ou-Mandel (HOM) - #% 52 % |
Tambasco %5 " FE 63 T FE51 F 1Y 502 50 43 H &%
S ] WE R T W RS S, AT
A A B 1A RE B 0 A% i AR O U/ B A X
BF 58K 0 D L G 551 A UG I 5 1 91 R LR i ot
i VU e ol = o L= R (R o G N =R N

2019 4 v 1 K 2 FE HE SCRF ST AT A 4R A 3
(SOD) 25 0 FM 6 7 b A Bl 8 =, 52 76 38 5 D% K
AN ARG T 2R B i, DR R T P R
SR EA o AE SO i i b il £ JZ 8 2 220 nm 1Y
6T L5, AT AR (VPC) i A e 55 RO6 T
A BN R R A Al N N R s R N
¥, ¥4 1 — A~ U K BN 1360~1492 nm 32 F5 # H
W CTE M A3 ) 194 B, I 4 50 e %o ol 1

0100001-8



TTHRFE o S T UE B4R F 0 & B v 1L 4 A 3 VPC
1, 4N 8(a) Bz o Jta i) TE Ak I 28 3 VPC #%
PRIG AL S s R B 8 (o) fr 7, #E7 Bit X 3 Py B il
SR AR AR B M e A I R AR R R A T
[ 7 v N O N 111 @ 1 T s 0 R S

$£59%5 F18/2022F 1 B/HAEBFFHE

{9 45 2% X (8] 2 1360~1492 nm, I i SOT - £ i 1
AR 9 pm X 9. 2 pm, 3 A 45 ] T IR S B R )
S, LAB R B A R T A i R
1 8(c) B , 3k Bl 1 301 2% 245 B [l f 5 0 JF & 40k
A SR T — AR G 18 R 5

(d) Max

Min

Max

Min

B8 REEEA LT R AL L (a) G5 R R R (D) VPCL 5 VPC2 BT Sk HEA 7 20 () NGB ES M ab AR & th
IR B (d) A OG0 G35 T AR I X T P 1 1 0 ) 0 5
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spectrum and output effect
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