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Fig. 1. Schematic of the SSH model, there are two sites in

each unit cell.
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Fig. 2. (a) SEM image of the coupled micropillars; (b) Modes of single micropillars; (¢) Different modes of the micropillar array and

edge states; (d) SSH microring array.

224206-3


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 2 3R Acta Phys. Sin. Vol. 68, No. 22 (2019) 224206

SR & SSH ALY 1% 5255 I 46 T 2009 4
1 Malkova 85 ™. NI LI, KEIIR EEEH
TEWA 7T . — 5 AN 6] ) B R I R 421 SSH

FRERY (9 ANl G ot A 01 00 5 [ 1) 18

85 B B B alify s 9] i IR RIR s 180-8T) 46
J3— 7 HEEE T SSH B SN H. XFJE
FIBEFE, FATZEPIZEH LA . —ZE & H
SSH 5 A 14 Jry delids L35 S PG 38T, #ldn 2017
4 St-Jean 55 B8 AN T T 278 —4e4h 4
SR RO A, il 2(a) B, il il
I T 20K 1B (QWSs) JCE FE 5 A0 AR hiAs
K55 (DBR) Wb, FIFHSAKE T/ P, P, PiAD
A PR Z B ARG, Wl 2(b) iR, 78 P&
A S5 e 22 [B] 8 B HrOUR 2] 1 ey dul iy 3 LSO
SCHRROCRIECR, WKL 2(c) s, 2018 4F, Parto 55150
BT S50 £ T F5 T SSH AR )% F I IR
RS, JF S T AR, WKl 2(d) Bk,
W E A SEIE, 0T DR A ARG i
15 ZA R 0 Ryl S 55— 280K SSH Bl 5
w RS A AR 2012 4F, Kitagawa 35 [89)
P20 R RO G T — RPN ALIER: , SCEHhEh
AV 1 B [B) dE AT AR, FERI] Zak AHA 45
Fa ) ST AR I 2 T R R N RS b —4E
HATE RGN 2 5 5 g S
FHAER i H 0091 2017 4, Cardano %5 92 Y5 #1184 ff
Blyim s ] SE R A7 E R MBS, (53X T
M AEH.

3 ZHmAETHA

3.1 ETFHAIEERZHNBHEFE
IRRLRL
WTHTSCHTIR, SRR RN B 7S
MRS T BEREHR T AR R WA . Haldane Fl
Raghu TEH 1 G A K R 5 1 KA I 2 B T
BER Y HP T i Y Dirac 7R M. LIZS A 54
R MG, ERREE RS SR K5 KAATE R
HALMEAROCR M Dirac A5, X SRR & FHT
FHERL TR T LB S G T H ) SR
Hp (k) = vy0.ky + vyoyky + Ao, (4)
XEM v, , OGS, k= (ka, k) W
HKARGEWME G ERIKE, A, WRGEA BT E.

M A, = 0, #5384 T8 & /Y Dirac #iERi £, XF
N DUFFAA (Berry Phase) i 4+ = 1124 A, #
0 I, ik WA B B9 Dirac #ERL T, 7= A AH N Y
PP PR L, AT DL i TG iR AR R 5 AT R
AR TIE R B S EON FR P, A 1Y) Dirac ST TERY
WIS RE Z ] 2T i —A~ 5 AN Ing A0 2 1) B
NI 7 A2 G ) g ZR 8O0 . B IR AN S 2] L)
L RECR A EA TR, AT
2n AEFE R G0 HAT BRI o RER, w1
BT FT BB RECR 55— BREL, FhiR & i sh s
[ O, BIEA] LISy 2
1

C= o /B &k, (k). (5)

Ho 2, (k)= Vi x A, (k)R DL F #f % (Berry
curvature), M Ay, (k) = i(pn.k| Vi [onr) A D1 FE
4% (Berry connection), HR#EHFE 5w BT A A ME &
PRRECAE AT LASA O sl B 25

2008 4, Wang 45 P £ 1 2] 44 1 26 7 0 1
Dirac i Jf3E ™ Az i 18 IR UV Y IR 558, AT
R AR BRSEAR (YIG) BTers Fe i (B
KA BYAERS A Wy TEANINRE S T A RE), e RA
VU7 s BRSSO A AR TP A i T RO A E
FIFR N AR, FFF 2009 AEAE 25 T UL 3 1L
SHME A FAE B Gl 3(a) FE 3(b). B
J&i, Skirlo 4§ U F FHERREGF S IARTE SRl it
iR U EINEN /S G EZEE A CE 3% NI 1 R P 12
MIRRECE R T 1, Bl Gy > 1, XT38 2 5501
HFRZS, R 3(c) MK 3(d) Fras. X Rk 7E 1%
WG 195990 S SRR P01, gl il ik
i DO SRR RR B 7 6 B a5 S

3.2 N EFEEERMM

T2 1 55— R PR e i ] s v
(% B ) 52 360 ) P AR 1 1 7 A E R ZR RN, R 5
YT RGOV, TR TFASEA + A, Hit
XFFRE—AE e s #rT LA (5) 2Bl 4 2 —
AR Cr |, SRR AR A BE R R . IR
FNASAR 5 AT DR PR R AR, — P2 AL 58 1 R 5
C, 73—FhIE A ieRREL C..

C=Cy+0C, (6)
Cs=(Cr=Cy) /2. (7)
W T2 5 B RGAT IR B I ] S Bk, e

224206-4


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

Y 1B FE I Acta Phys.

Sin. Vol. 68, No. 22 (2019)

224206

(2)

Scatterer of
variable length/

.
Antenna B ™

(d)

CES waveguide
Y \Antenna A

Metal wall

oF
% Bulk crystal
& —20r
2
‘e —40
z — Forwards, |Spal?
E —60}F — Hi:(fk&\';ll'('h‘ .\S\];\) .
. —0.5
g _ A
= e / b
& =
N ot i
e  SAl -
5 — '\
3 ~oh A 2 1
=z 05 L . L L

0 1 2 3 4 5

Frequency/GHz

Sample

12

10

Frequency/GHz

2 Gap Chern number
H3 H2 H! Wo
H-40-3H -1

0.1 0.3 0.5
Gap map

K3 (a) REREOET SRR (b) VRTS8 1% ik LU B TR RS B2 RET; (o) RERBOL T RIASE K, (d) B8

71 H B S R E

Fig. 3. (a) Schematic of the gyromagnetic photonic crystal; (b) forward and backward spectra, and projected band structures with

chiral edge states; (c) the diagram of large Chern number photonic crystals; (d) the band gap map and their Chern number.

PIBREL C = 0, i A BERREL C, B, X FP A JiE
BRECT L) FH A 22 i - B R0 (EAS T
S, AEACH B TA] SO X AR M IS LT, A ERRECAS
FEAEAE W 19 58 S, 3k I AT LA Zo R M AN A8 4
&

T RGN H e T N 2L A Eid A 1R
KA, Bl EEA =M 2ok B e
BRI B — B SRR G 0 i el B
2013 4F, T E I T34 1) Khanikaev 251
FIRYER TE 5 TM (et Bt B, /3 T A A
JEA TE+TM 5 TE-TM. & i # 3 1058 4
RYSLHL T ABEPUE RS A IR T H R
BN SRR — TAE WA Ui B s R] S s R S5 1
RINIFR. 2016 4F, B 5L R He S5 07T 2 17—
FhIETIEHL (PE)— JEfE (PM) #8 58 506 T ik
FERL LU HE (LCP) FiAiE (RCP) J6 M H JiE
A, WE 4(a) s, BEESR T U AR, I
PRUE T B[] BB e, T ORAR T FL R & S5 s ]
SLIHERA BRI (5 At 1R S Xk ), AT IE S
i A S YR R AR Bt U 6 [ A 1 HL 3
Y 240, R A S s AR TR B, St BT A e

IRBANATSR AT LA R A, & 4(b) Fizs. (J]) AiEds
BRI A AR R0 AR A (JE ) B T s 3 Xo) B
PR AT B 2 A RS | 3] B AR o ) S %o R 7
R RSN R AR ) TR R AE A
2014 4, Chen 45 20 1] {0 8 A4 p1oFHE S5 8%
WL E] 7 L TE+TM 1 TE-TM N H A&
+ A TERE SR LN

55 R A R F R JR RN Y T SR i
I AR R AR P SR S B, X R O R R Wu M
Huld 78 2015 42 . W& 5 prs, XF 1 [ — 25 0w
PR 7, IS0 T K KA
MRS, S R O R R A R R
M)A B0 S HRT, REAE T S8 & /i
Dirac mi. 1l 2445 ¥ BE 58 S50k A MU I T s W
Dirac 5 &£ £ F, MBPPIEIFR p,, p, M
dyyy 2o XFFRPERE . XS FR A0 B R,
AT T PFPIEE B BER p R dy, IF LI R A
a3t LRI AR F N SR B SRS 224 2,
P A4 At S A S 8 T A A 9 R A AN e 4 —
2, BIAS BT b0 S G RE T IEAS 2™ % Tl
BRI, X — ] R B AR S R TR - & BT

224206-5


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 2 3R Acta Phys. Sin. Vol. 68, No. 22 (2019) 224206

0.8
~—~ ————"_’—.’_
s 0.6F
~
O
I
o
% 0.4
=]
5]
3
o
£ 02 M
r X - k=0
— £=0.3
0
r X M
m<0 m=0 m>0
Non-trivial = Trivial Non-trivial

4
GHYYSIEEANEYS A ki

I |
m ﬁ n H [
ZC<0l ZC'=0 z(:o -

<

—
A
A
4
PE
3
A
PM
4
A
]
0.65
0.60 | .
c d
- LCP r \“;“-x,__%_‘ RCP
. [
0.50 |
0.45
—0.5 0 0.5
(b) ky(2n/a)
Thgreasesgetorse
Tosettnesss
26 fogeunntaBifiy] "
el 5
o csssataiy
ol 3aeen s
S gtz
I pm— ": :.. -
=} SauT oy
] Zg=0 .t *"Huna..
5] 2 Z0#0  _aTg® iR
E 18 + T ] KM K", .
it i & 7
K M

()

Wave vector k

(a) Poincarék I #Y LCP Fl RCP, LI 1 PE Fl PM A A4 i A6 T A 1A (b) B I B el LR BA I B TERl 4 ) Ae
(c) T4 B Jm AL 1 S B A RO RE A

Fig. 4. (a) The polarization of LCP and RCP on the Poincaré¢ sphere, and the photonic crystal consisting of PE and PM superlat-

tices; (b) band structures without coupling between dseudospin states and with their coupling, and the projected band structures for

the latter case; (c¢) photonic crystals consisting of metallic rods and collars at different positions, and their band strucutres.

AR LA SRR R A5 S g R AR BB TR AE
7, TR, A B R SR A E AR R R
B

S =07 SOE DG R 18 IR I 1A 28 A A
RSB, P T W R I B R0
LA, R RGHAEH TR T AERY A
HIBE, T XA R GER IR ORAF 1 I [ 52 3800
P, Pl AR G T8 1 AR R R0 Al 6 fr
71N, Hafezi 45 223595 i AR & BRI POE IR I
FHIEFF LA B TCHE B IR & P51, $ Hh e 5
B b ST HAT R R RSO ' M A
A, AR — FE T BoAT B e HLBR B e 1Y

Rk

3.3 ¢ Floquet ¥RFp LA

A 3 I e v A s T A ) i S AT s
(] A IR ), o T DA AR bRt A B AT I VR
X — BN SR PR Floquet #hiHh4a %%
A&, 2012 4F, Fang % 10 60X — ARG | AOET Mk
RZ&, MITSEBE T 6249 Floquet #ifha ik, 4n
Bl 7(a) frn, il G2 E IR R A S ] A
A A S B TR H V(1) = Vocos (2t + ¢45),
Q2 PR RIBAR, @y WS R[] Y U AR A7
JE AT 1) e s it e S 9 ) )R R O AR

224206-6


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

I8 =

R Acta Phys. Sin.

Vol. 68, No. 22 (2019) 224206

g/l\ﬁ%(@j% Beff

1 Aeff
Beff =

a2

K HL a Ay i R, Al 2 R T RT3 AR

(a)

o
ee oe 0eg 00 8O

F RO, FL A 6, — / " Al Fang % i
BT B s, B L fERR T B LA Y
R ORI T TR SR AT N

. 2013 4E, Rechtsman 2 9 #81 @ BEOCEHS

e ee o® _<o0> 00 O
ee oo0’’gde o0 0@’
S8 S S 8 . e :‘_ﬁ.
e o9 ;
eeiiee /4 &
guosEnany =1 00
[ ] . L ]
°oe oo
z xT
(b) /'_‘K ,_,_.—.\\ ds
0.6 ao/R 3.125 a0/ R = 3.000 [ ao/R=2.900
3 T —
> ¥
O N
’ 4 b
«;T 0.2t K,
LL‘ I
0 D=+
M K M K r M
(© 100 - -
YT / : 1 2
B JEJET :JE i 50 1 g 10
sl 44 . ; g2
E o o T3
s Z 510
i E 3
=90 : -1 E -e— S1
- = 10—2 S2
—1004 i : , . . .
—100 0 100 7.0 7.2 7.4 7.6 7.8
z/mm Frequency/GHz
B 5 (a) @0 FOGTF MRS K ; (b) W | = R FR LR 5K qfk ok L R BEHE 5 (c) IR E1 58 M50 A9 2 35 2 1) S5 56 L)
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Fig. 11. (a) The nonlinear SSH model; (b) the winding number (Berry phase) changed by intensity; (c) schematic diagram of qubits

and their couplers in 2 D lattice; (d) the superconducting circuit including three qubits.
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eigenfrequencies; (d) experimentally measured corner states when the source is placed at the corner.
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SPECIAL TOPIC—The frontiers and applications of topological physics
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Abstract

Inspired by topological phases and phase transitions in condensed matter, a new research field based on
topological band theory, topological photonics, has emerged. It breaks through the traditional idea of light
regulation by optical superposition principle of real space and energy band theory of solids of reciprocal space,
providing a novel mechanism of optical regulation and rich properties of transport and light manipulation. Such
as transmission properties of against backscattering and rubout to defects and disorders, selective transports
dependent on spin-orbit coupling, and high dimensional manipulation of light. This review paper classifies
different topological photonic systems by dimensions, briefly introducing the topological model, the novel
physical phenomena, and the corresponding physical picture, such as SSH models, photonic quantum Hall
effects, photonic quantum spin Hall effects, photonic Floquet topological insulator, and photonic three-
dimensional topological insulator; other advanced platforms such as higher-order, non-Hermitian, and nonlinear
topological platforms are also involved; a summary and outlook about the current development, advantages,

and challenges of this field are present in the end.

Keywords: topological phases in condensed matter, topological photonics, higher-order topological insulators,

non-Hermitian photonic systems
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