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Topological photonics, which exploits the concept of band topology developed in
condensed matter physics for realizing unprecedented functions in optical devices, is now
receiving huge attention. In particular, topological optical waveguides harnessing the chiral
edge state of light are expected to lead to innovation in integrated photonic circuit
technology since the waveguides enable robust unidirectional light transport even under the
presence of structural defects and sharp waveguide turns. Aiming for the realization of the
topological waveguides at telecommunication wavelengths, we investigated topological
photonic crystals using ferromagnetic nanogranular materials. Moreover, we proposed
photonic crystals with an ENZ (Epsilon-Near-Zero) material, whose diagonal components in
the dielectric tensor are close to zero. The use of ENZ materials effectively enhances the
magneto-optical effect necessary for emerging the chiral edge state. Consequently, the
topological bandgap is enlarged, enabling more robust light guiding.

1. ZU&HIC

[oT 7% EOAREIZ X 2 W T REEHREOBIEME RISV, =0 EONGHL IR
BBV THEMOEEEI R L2 ET o TBYN . BEFEONTINA 2R M o ¥ 7%
LH/NRAL - ERERE L. BERLOEBIRO LN TWE, L L., JEENEEZ 22 #ig
HIENHEETH D Z & ZOVEREFZEL 2HEY 5 KR AR MITRER 3 % %5 B
EDD, BAFOEWHT + =7 AEAMOHAM R LR TIZZOFEIUIE L v,

VAR, COREOWREWREIZT A2 LNV INRI I AN T+ b= A9 EIHE



() HARBRS AR 2B %4, 40 (2022)

NADEINFEHZHEDO TS, PR IANLV T+ h=r ZALL, KD MR I h VY
FHBLAE - EHLEDIETE 74 b2 Z20FH L WHHO—2TH Y, WHBHTE
L7z R RO Y = IIHENABEEZ R AICEH L2 D0 TH 5, WHEARTIZFEI
W7 E TN OEBPUEETH 1IN FUFOBANES TH ) IETIL I — MYHOEETRS
WHEHLTWh, RO TIANVT 4 b= AT O 2BIGE, FIGFAE O
HhsatbrRuyarrzy VIRETHDL, Ty VIREIZ, HEOWS X7 EOVEET
LA ICH R EIRIEET A LD TE L7720, [T HE THEEW & EI2HRW
TEEPE R, ENOZIOH L7GRBIERSL —HIML —F e &, £R7+ V=27 20H 7%
HEEZD725TFNAL ANOIBHBHEEIS ATV,

FRICEBRPHGE SN DX, —HIIZOAREBEL I ERFSINIEHA T vy VIR
REHWEEEERTH D, A4 Iy VIREIR, B R — ViR Bw CET DS
REE DOIIRRL KGO A D 5T —HIEL A TV y VIREBONEMTH 5, =
TR = NVHFRIKICB I 2B A IV y VIREBEFEBE EA 4 IV y VIREZFH X
5 72D IE R DO WF SCHE R BRI % 05 5 DD Do J6R THRER BOfinxd it 2 i 5 Tk o
— DDV ICF RN R DTG TH 52008 4F, FEAOCFAM 2 WV CEYIIREI S 27 #+
M=y ZfM(MRT YAV T7+ b=y 788, PRI AV PhCO)IZBWT, A I
Iy VIREPERTETH S 2 L 2BERIIREN O, EHED 2009 FFI12iE~ A 7 agH
BICBWTER SN, BHHELZE S N — RO EB P HRE SN TWDE D, F 72,
THE R EWN TRWERBTR M EZ R OMXOCAM R TH 24y P oA k- A—% v b
(YIG) BN P8 K PhC HEAZ AL, A4 TNy VIREZEN L2 T 55 90D
H500, FRUIHANNY FX Y v TOMREIZIERE 1550nm (2B VT 42pm & HRed T/HE
L EPEHE L COIEPFESHRTE LW I T, fEw 5 X124 5 BaEMED
HONPZ o TV, TOLHIT, LHBREFIIBIT LA IV y JIREOEH
BAESTIE R, FOMBIITHICITEATY RV, 2L, BEFH T 2R ORA
WFREANE N LIZLEBEDTH S,

Dbl szEE 2. AT, G@EFRER CTHRIET 20604 I vy VIRIBDFE
HAHBLZ RO Y70 PhC #iE 2 MG L7zo BARRIZIE (1) #1539 K5 € YIG @ 40
R DWENCFR R 2R TR F 2 79 =25 — 9% w2 hFEa Y » 0V PhC, (2) &
BT VIO A T Wil % 5D ENZ (Epsilon-Near-Zero) F#% % 7R 315
KF M2 W2 PRI YAV PhCIZOWTHRET L7ze LT TIX, (2) DBRIZOWTEE
Mz 9 5,

2. BREFDRICBITHENZHEORE

WA U 72M & 2 ORI 2 5G9 A HIC. ENZ AR & T MBSO RS RIT LA
BB OVTHmT 5o BEET ¥V VOB AETITE ENZ ST, 4
R GCFBSSHIET LI ERAONTEY 08, ZOHIEEHISEETRE ST
Voo z JFINI Y & FUIN L 725 6 ORI F MR OFERT > V)b éyo (1) TH 2
bNbo

Ex —IA 0
éMO: iA Eyy 0 (1)

0 0 &



NSG Found. Mat. Sci. Eng. Rep.

22T, HBROIEF ARG ADBREEOCFIIR T B ST 5, BEOCFRIROMNENHL
THHLT7IT—MEEEZSH, BNEEHZVDT7 7T 7 —Minf 0 EFEERT VY
W DIER DR AR TH /NS WA Q) TH 2oL 2 EAL N
TWwhb,

w iA

91: = _ZE (2)

S TwlOEBEE. cl3EHETHY), DD e,=en & L7z N2 OH5H5
LB, FEEONAAIA0IEDL & O THEHICH KT S5, L7225> T, ENZFE
xRS 52 LT BAEFRIREE2EIIHBRTEXLWREELRD DL LD 25,
Fig. 113 e, DL LTOr 2R LR TH 5, R
MRHER OB Z533 5720, WO0D Im (¢,
DI T L HERDDDOE TR LT en DD
LREEREZVEITIE, 2> TOr EALT
LTl euNHEINEL 22 EXQ) DHIIEE S
A 727 %0 06 38T 5 2 E2bh
%o WHWOBEIFME CTlde, X5 FED LI

T T TR

Im{e,, )=0

6
5
4
3 Im{g,,)=0.01
2t Im{e,)=0.1

FImleg)=1 ~ 7

Faraday rotation angle (deg. /um)
o

N W oo

sl Lol Lol
2 4 68 2 4 68 2 4 68

FRPETHS LB b, ENZ ARG o o ’
REWMS 5T L L“Cﬁ’fdﬁl'(&% bt ﬁi‘}iﬁgfé & Fig.1:Faraday rotation angle as a function
bo FIRELGBENDDLGEITH e RIRITL S of Re(e.). Each curve corresponds
AR R OSSN TX A2 Eb 2 5, to the result with different Im(¢.).

3. ENZ-BERAFHEZAWVENROSINT+ b2y 7S
3.1 BEE7A b=y INVNiEE

et L7z bR 4 )V PhC id Fig.2 (a) (28§ AL UV A = AR T-IR R @) 1I2ELS &
NIEETH LD, B VIET ) T VIR EN 2 00 E =ML (—LDEX L) I
ENZ- AR AT N7 ETH Do LT TR OIRL IR U e, 13FEH &

0.7 0.7
06 = 0.6
a % 0.5 5051
2 0.4 S04
Tos- 0.3
302 o2
0.1 0.1
0.0
0‘0[' M K r I M K I
044 0361 Aw/w=4.5%
043 0.551 ¢
Soa 50.541
s 50.534
g 041 )
~ 0,52
—040 051
S0 S 0.50]
038 0.491
037 0.48/ : X
K K

Fig.2:(a) Unit cell structure of topological PhC with ENZ material. (b) and (c) photonic
band diagrams for topological PhCs with different parameters.
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Fig.4:(a)Schematic of the interface formed with two topological PhCs with
different Chern numbers. (b) Photonic band diagram along the interface.
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Fig. 5: Light propagation along the interface with a defect made of perfect electric conductor
(PEC). (left): Schematic of the configuration. (center) and (right): Field distributions for
& w=2and 0.01, respectively.
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