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AERIERETYFUTICKYTUF—hy FEhi:
BIEHIILZRR I+ b=y Y BRARBOE— FOH
Mode analysis of GaN two-dimensional photonic crystal cavities
undercut by photo-electrochemical etching
BESUEEXRE CM)FHE BEA, M)2A ), AA 18, AR BT
The Univ. of Electro-Commun., ©M. Yoshida, S. Sosumi, K. Uchida, and T. Tajiri
E-mail: ttajiri@uec.ac.jp

O ED GaN —KIT 7 + b= v 7§ ih(Q2D-PhC) LR 2T, SEMIBGIC I B mh =Rl L — ¥k
U722 E~OIEHAPHIFF STV D[], R, 22X T 7 D GaN 2D-PhC HHRZROIERED —D &
LT, BERILFEPEC) =y F o 7T X —Hy b7 et RAHWD FERH LI TWS[2, 3],
L L7ed b, [AFETER S U2 InGaN &7 2 & ¢ GaN 2D-PhC HHR& TIX, mkE— R
T O0~800 NRTE SNDITE EE - TWDH[3], AWFETIE, LV &V QESEIfF SN D EEE—F
ZRET D200, L—H &z PEC = v F » ZVE[2]% HV 7= L7 4 GaN 2D-PhC HAE#R D 1E
B BAMPL 400 K DRI 21T o7, £ ORER. THET IV @V 0~3400 DIEEE — R A4 E
WL 72[4]1D THET 2,

FATWIZE[3] & DI DT DIZ, =AM FIRICHALDBESNT 5 7 + b= 7 sl (B o, 5%
r) B, BRIEOND 7T OO AR BRu i L7 BIHRER & 5 SUAERI 21T o 7o, BRI OERLZ I,
InGaN &= 1-H 78 % &1 GaN A7 7@ (JEZ 120nm) , InGaN/GaN #4& 1458 (B 220 nm)
Z MOCVD {EIZ K 0 B L= Fitie e W e, Y V79 74 BRORSEA A=y F o 7
(2 & 0 LA TR IR 375 0m O L—H % iz PEC = v F o 7RI L 0 st E 2 R LT,
B(a)iT/FEHE L7z L7 RUILIRER D SEM % Th 5, [X(b)iX He-Cd L —H % W CTHIE L 72 S IR
PL A7 bV Th D, AMLOFERFEL (R B LHELT, Rov—rn3gillanT
W5, T DO RIL, 3D-FDTD AT & 2 HHR IR O BB R (R Mot & —8d 2, £
7o, OREMOE—271%, REE— FOMRER L —H L TRV, B FERDKFME (X(c)
bt —ET 52D, REE—RNTHLZ EB0NDH, BT EE 165nm DRFIZ, ZHLETE
DEWV 0~3400 THDHZ EbmnoTe, ifITY HHRET 5,

— Cavity (c) 540 | - calculation

— Substrate| & 20 [ © experiment
£ 500
=
:5:'0 480
5 460 | o
2
Z 440 |

N . 420 L " .
440 460 480 500 520 150 160 170 180 190
Wavelength (nm) Lattice constant ¢ (nm)

Fig. (a) SEM image of a fabricated PhC cavity. (b) u-PL spectra measured for the cavity (blue) with a~165nm and
r~44.6nm, and for the un-processed substrate (black). Calculated resonant wavelengths are shown by dashed lines.
(c) a dependence of resonant wavelengths for the fundamental mode.

HEE © AWK B, RIGRA R EGL S E . BFEE [20K14788) DBk ZZ T 72 b D TY,
ZFZ 3k . [1] R. Butté&N. Grandjean, Nanophotonics 9, 569 (2020). [2] P. D. Anderson et al., Opt. Mat. Express. 8, 3543
(2018). [3] Y. -S. Choi et al., Appl. Phys. Lett. 87, 243101 (2005). [4] T. Tajiri et al., Jpn. J. Appl. Phys. 62, SG1019 (2023).
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Experimental demonstration of a waveguide and a cavity
in a two-layered SiC photonic crystal with a complete bandgap
Kyoto Univ. !, Sungkyunkwan Univ. 2, °H. Kim!, B. S. Song!%, T. Asano, S. Noda'
E-mail: songwiz@skku.edu, tasano@qoe.kuee.kyoto-u.ac.jp

Two-dimensional (2-D) photonic crystal (PC) slabs are very promising candidate for integrated quantum
photonics because low-loss waveguides and high-Q nanocavities can be easily realized. However,
conventional 2-D PC slabs support photonic bandgaps (PBGs) only for one polarization (mainly TE
polarization), and thus have difficulties of controlling quantum emitters with TM polarization. Although rod-
type photonic crystals can support TM PBG, defect cavities formed in them suffer from TE-TM coupling
loss induced by vertical asymmetry because supporting substrates are necessary. To address this issue, we
proposed and demonstrated a two-layered SiC PC slab with a complete PBG, consisting of rod and hole-type
2-D PC layers [1]. In this work we report, for the first time, an experimental demonstration of a waveguide
and a cavity formed in the two-layered SiC PC slab structure.

The two-layered PC with a line-defect cavity comprising 49 rods (height ~ 570 nm) and a slab waveguide
(thickness ~ 180 nm) was fabricated in a thin SiC film (thickness ~ 750 nm) by using position-alignment E-
beam lithography and two-step etching processes. The SEM images of a fabricated sample are shown in Fig.
(a). A transmission spectrum of the waveguide was measured by using a tunable CW laser (4 = 1500 — 1600
nm), as shown in Fig. (b). A high transmission (> -15 dB) was observed at wavelengths from 1526 to 1575
nm only for TE input light. According to FDTD calculation, the waveguide has a single and TE-like
propagation mode (see Fig. (c)) at wavelengths from 1522 to 1575 nm, which agrees well with the
experimental result. Next, a resonant spectrum of the cavity was measured by using the evanescent optical
coupling between the waveguide and the cavity, as shown in Fig. (d). Six Fabry-Pérot (FP) modes with QO
factors from 1.5x103 to 1.7x10* were observed. It is theoretically confirmed that all FP modes originate from
TM-like modes of a rod-based line defect forming the cavity (see Fig. (e)). Moreover, by increasing radii of
line defect and introducing the heterostructures in it, a nanocavity mode with O factor higher than 10° is
expected to be realized on the shorter wavelength side. Details will be presented at the conference. This work
was supported by KAKENHI (Grant No. 21F51048 and 22H01988). Refs.: [1] H. Kim, et al., 20a-A101-9,
2022 JSAP autumn conf.
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Fig. (a) SEM images of a fabricated two-layered SiC PC waveguide and cavity (upper: top view, bottom: cross-
section view). (b) Measured transmission spectrum and (c) calculated electric field distribution of the waveguide. (d)
Measured resonant spectrum and (e) calculated electric field distribution of the cavity.
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HIRABEZERATALE2RT I+ b=y U #ERT / HiRBORKE (1D
Design of 2D Photonic Crystal Nanocavities on Glass with a Top Glass Plate (II)
BEEET |, RKEHBE2 OCM) A B4, #E %A N Pholsen? EF& #2?, AH &K'
Keio Univ., Japan !, RCAST, the Univ. of Tokyo, Japan 2,
°Ryusei Kawata!, Akinari Fujita!, Natthajuks Pholsen?, Satoshi Iwamoto?, Yasutomo Ota!

E-mail: r.kawata@keio.jp, ota@appi.keio.ac.jp

TUDIT T A LTEEST 2MbEWERS Q2 ot 7 + F = 7 #Ef(PhC) T/ HHRER T
RN OEMERRR S LR E FORIR AR T2 ETEETH S, Ly L—MKIZ, 2 Rt PhC
LIRER &2 T 7 A LICRET 2 & AT 7 LT OISR L7z TE-TM ZH#lZ X
LIRER QAR E < BT D Z e b TV D, filal, 7 2 RIZEE Li-~7 o PhC F
J SRR D EERICH T A MR A SR LS ISRV T, BEOAT T AR T OEARESHALE
O EALNFIRE & 725 Z & &S L7202 Afal W 90O R T 7 2 ) 7 iR Ik LT
FIRROREIE LTS, W T AR OB A BRI I K Vit L e Tl 32,

FE B Lo RIS A X 1@ T, REREL o LA E A 4 4550 L7z L3 B
GaAs PhC 7/ HARZR(HE 7B a = 240 nm, JEF4 130 nm, FIFLEEE 0.22a)08 0 7 A Fp EICiED
. ZND D ESICIERt DT ABERENPELE STV D, =0 D L X QT 3X10VRETH Y |
EF=T7 77y ROGEIZHAT I HTRRERD L, e

ZAUZEIC TE-TM BHIZ X D2 ERBFERTH 5,
FREEICOWT t 2B b &2, QEDZE AT~
7ot R X 1(b)IZR T, O fEIE ¢ 126 L CTiRE 27~ L,
1=475nm IZB W THRKIE 0=1.0X10° L 7o 7z, BBk
WNZ &IT, T2 0 OIRENTATEIER S L7c~
T BRI AR TR E 72 o 7o, — 5. ARIOHE
T BN 72 Q EIE R RITA LT D,

-

\F‘F 2

\

Glass Plate

GaAs Cavity _

REMZR Q MRIRD AN = AL & HOWEZ Do §
IREEIT AT 5 A 7 A MO B & AR S

C
ROFHILY HHRET D, o
SEICER [1] JIIH, KEfh IS F S5p-A501-5 (2023). 0 : : -

0 02 04 -06 08 1 1.2

[2] BEM . AHfth JE#3 S5p-A501-6 (2023). [3] Minkov et. Glass Thickness (Lm)
al., Sci. Rep., (2014) Fig.1 (a) PhC nanocavity on glass with a top glass

film. The right top inset shows a mode distribution

BRE AR TR AF B (22HO1994, 22H00298, of the investigated nanocavity and the left bottom

22H04962)1Z L » TZHAT ST, shows a cross-view. (b) Simulated Q factors as a
function of glass thickness z.
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Proposal for fabrication and integration of high-quality diamond ring resonators using
transfer printing

TEEEREX CASRX, BRREA', KRR @' ®BE B BHRE EBEXH, N\F R
ITUT, K. Kawai', R. Katsumi', T. Hizawa', S. Naruse!, K. Takada', D. Sato', and T. Yatsui'
E-mail: kawai.kenta.lu@tut.jp

ELDIZ FAYEY RHIFET DEH-ZIANVIH LT, &Ry T — 27 OGN TR &
Tk & LTOISHB IR SN D |, BT PHESROMSUTIIBAIIN LS SH L 72 575, B4
A ¥ E L ROMAIN LI OB EHI X L TRIEATH 5 2, 2D, | T-F v MU — 7 ORBIE
fBIZIET T, SiN X AIN O K 5 72l U7 pEED B 7 D HEFEHRIEE EA~NV g 70 v R
ERETDHIENEELWS, o, NVHLOLLORKIZEBNT, BEFEFEICHHASNGEe 7+
J URMZPLYER AT IR 20%FREE (K2 E BRI & 72 > T D, ZPL HEIRICIT Y o U R ¢
DHHTH LN MHE E~O B E R ERER S A vEY Y o VR OFERIIREECH > 72,
Z 2T AL, FEICHHIE 2 A LB T RE IR ) o ME C AW 2 & T, B
A AYEY RF o7 RICER L) v 7% Sio, RICERE L CTHEMET 2 Z LIZEI L7zo T
WET 2,

EBR XA YT R 7 EEOERICIE, BT A Y
R EIZ SiO, Z#HFRE L= T EfHA L, £3, E1Y
VITTTLIZED, VLURRBIZY TR = B ERLLT,
WIZ, VYA RNEE~AZ L LTCCHF; RI9A =T T &1T
9 Z T, SO BICHEE N F — v AERL LT, 2Dt Si0, B
BRI ELTE O RIAZYTF U T %HITHZET, FAEY
RAMREICHID LY 7V E AR U7, &ZI2, UhRo
BAV N7z Faraday 77— &2 Wl v F 7 87 2475 2 &
T, VU7 FEaRTHIVIRD Y v IIigEx ¥ A vE NI
(2% T SH7Z(K 1(a), Dk, B85 7Y » MEZTT Z & T,
RS U IERE Y 77 v 7 L, SiO;, #HEfE S+
Si F v 7 RICHEMESE S Z LK L72(K 1(b)), & DOfEEm
T HHRET D,

Fig 1. SEM image of diamond ring
structure. (a) on diamond and (b) on
SiO; after transfer printing.

SEER 'M. Ruf, et al., J. Appl. Phys 130, 070901 (2021). 2J. Zhou, et al., 20224EFK 7RI, 21a-A101-8.°N.
H. Wan, et al., Nature, 583, 226-231 (2020). *A. Farason, et al., Nat. Photonics. 5, 301-305 (2011). °R. Katsumi,
et al., Optica 5, 691-694 (2018).°P. Latawiec. et al., J. Vac. Sci. Technol. B. 34, 041801 (2016). ’S. Takahashi, et
al., Nat. Mater. 8, 721-725 (2009). B

BiEE  RLAFE BN 4:(21K20428, 22H01525, 22K14289), LM, A MR, R4
P B
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IF7TVYOREA N EVR I =V IR T /E—L{IRBBEDER (2)
Fabrication of Air-Bridge Diamond Photonic Crystal Nanobeam Cavity Structures (2)
WASImtE |, RALEED 2 ERHS,
CRHED ', WBEFR? MMB, KMBX' GRABHEE? RERRE° MEHELS S&EH"7?
RCAST U-Tokyo ', IIS U-Tokyo, 2, AIST 3,
°S. Ishida', H. Matsukiyo?, S. Ji', H. Otsuki!, M. Nishioka?, T. Makino®, H. Kato® and S. Iwamoto'*
E-mail: satomi@iis.u-tokyo.ac.jp

JRWERIRCTEI CTEWEBITRLEEWVBMRERE G544 YE L RiE T/ 7= AR
JI A NI ADT TR T A —LELTHEEHESIVTWD[1-5], — 5 MR EMEDTD XA PEVRE
W=7 4 b=y Il ih7e E O 7 b= 7 F IEEOIERITIFR S TIER 0, Fox D7 N —T"TiL, 74k
=7t (PhC) M HRER e E DT /7 A b= 2B R T O FEBZ HIEL, MY EVR T/ INTH
I DOBARZHED TS, RilEl, XA VERER E~DOZT 7Yy R PhC F /8 — A IHEREIEDE
FRAZDOWTHRELZ[6], AAl, X ATELRD ICP MR TA T L T ORMERIET 2281280,
JESDFE2% PhC F /8 — LR E OERUC I L =D THE 375,

Fig. 137/ =L DEHL% ICP & HMExyF 7R OEEEL T ry  NL7cb D THD, ICP
My T 71X ICP 900 W, BIAS 0 W, HARIRE 200 COEMTITolz, /<& — OB 0
AZX 10 mm IZBWC, XA TEVREETYT 7 OFESIES T IEIEF— DL —hCHERERE ST
BRI D, FEHTYF 7 500 nm DIREHIOWT, 2 B 0% 5 = F 2 71 0 SEM Hif4 % Fig.
1(bNZ7R9, PhC #53 DJEHIE 206 nm, 225K FLIEARITA 90 nm, /B — AR K EATENL
294 nm, 240 nm TbHD, FIZTyF L 7HEH% 15 73 R<THIETES 200 nm ORESFHIL, Fig.
Lo, 1L PhC F /8 — 2§ OWi i 2719 SEM B TdhD, PhC FirDZERILNT /e —2%
HIBUER SN TOWDZEN R TED, 7 B ARMEOME B LUDE R HIIC SV Ty A& 35,

(a) 1200 @~

g

800 -
. ) BAFME 5 pm
- 4 FAEHE 10 pm '
a0 | e |
I . T
200

o

2 4 6 8 10
Etching Time (h)

Fig. 1: (a) Thickness ot PhC nanobeam as a function of isotropic-RIE etching time. Red (blue) symbols represent the thicknesses of PhC

nanobeams sandwiched between two 10 (5)-um-width apertures. Squres (circles) correspond to the thicknesses for the structures with an initial

height of 500 nm (1200 nm). (b) SEM image of a defect-type air-bridge diamond PhC nanobeam cavity structure fabricated with 120-min

isotropic etching. (c) Magnified SEM image showing the cross-section of a fabricated PhC nanobeam cavity structure.

o

Thickness of Nano-beam (nm)

Acknowledgement: AHFZEIE, JST Moonshot R&D Grant Number JPMIMS2062, #5744 7 v — /)L 11 B @5 MEEEE D 72 D OHF
ZEBHFE (JPMI00316) DXHEA XTI E Lic, ERIZEBWTIL, SUBM KK, KH EXOHHIEZ W,

Reference: [1] K. Beha et al., Beilstein J. Nanotechnol. 3 895 (2012). [2] I. Aharonovich and E. Neu, Adv. Opt. Mater. 2,911 (2014). [3] T.
Schroder et al., J. Opt. Soc. Am. B 33, B65 (2016). [4] C. Bradac et al., Nat. Commun., 10, 5625 (2019). [5] K. Kuruma et al., Appl. Phys.
Lett. 118, 230601 (2021). [6] S. Ishida e al., %5 70 [BlJi I EL -2 R FAE S 15p-A501-2 (2023).
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74 b=y O BRBRBPOERE— FITxT 5 TFD #&4r
TFD analysis on guided modes in photonic crystal waveguides
RAREIDE |, RRERR2, AKX IMB, TRXER - HE 4, BEFS, TILXAIMRS

CEAE . SARES. IRLE/Z . MEMKXS, FRAER . WOEAN'

RCAST, Univ. of Tokyo', IIS, Univ. of Tokyo?, IMI, Kyusyu Univ.3, Kyoto Univ.*,
RIKENS, and AMIR, Tohoku Univ.°
°S. Iwamoto'?, S, Kaji’, T. Sakajo*, K. Takeda*5, T. Uda® and T. Yamaguchi!,
E-mail: iwamoto@jiis.u-tokyo.ac.jp

74 k= 7 fEEE FE(PhC-WG) D BT AR Z M T 2/ s LT, AL —T 4 h=v Ik
fa(VPhC)oME k7R 1 2 0 VAR AR(PTD) & iV 7= b AR 1 2 0 PhC-WG A AFZES LTV B[],
—Ji. N RMRRY—EREST 50—l BN e & 2 E A FV TG #NF 2R PhC E
WERNTTREL 725 Z LD RE SN TVWAHR,3], 25 OREETIX, il T — RO OmRE
& &I EOBRS LI LI R ST g, ARl W1 B PhC-WG =° R AR = 2777 /L PhC-WG
72 E DEW T — FBEFOIIROSATITONT, R RV DIV LRV 7R » D43 fiR[4] &
JiAR b AR v ¥ —7 — X (Topological Flow Data, TFD)##AT[S, 6]% H W TH~_7=D THET 5,

2 It FDTD LI L W RO TZERE— ROKRA T 0 T RT M § Inb o~V ARV R
» PR LR SIS T DN 20 b iy Su 2 fhiH T 5, RICZ Ot & LR 2R T v
FOLRE (N IV R B A RS Z ORISR LT TFD fi##T 217 - 72, Fig. 1 1%, zigzag fifi %
FF> VPhC-WG(a), PTI #1E% V72 PhC-WG(b)F L5 W1 B PhC-WG(c)iZ DT, B il 1
K LTS T RO —Bl Th 5, TnEneo b, ~ v b Bk, TFD fighr ©
"o =T v a7 T 7%KxT, VPhC-WG & PTI % V7= PhC-WG CIE IE ih  F i
LU 72 89 B A A RIE S N7 —J5, WI-PhC WG Tl L 1T D2 S—F v v
DR SN DR & /e o7-, £/, PTI & V7= PhC-WG(Fig.1 (b)) TIE K th 3 o RN #E 5K
DR=TF 4 ¥ a YIBEN DR R E — T e bbb oz, HRICKDENARY —f
KRB r LR MBI DRI R T 5,

HEE: AHFIEIL IST-CREST JPMICRI9T1, JST ASKA-SAE FHEARIZE R A AT 5 4 UKot kR e L7 —4
FENTHEI IR | |2 K TSN, BE SR [1] B AL, L E = —F3C & LT S. Iwamoto et al., Opt. Mater. Express,
11, 319 (2021) [2] J. -K. Yang et al., Phys. Rev. Research 3, L022025(2021). [3] W. Dai i %5 70 [AJS¥ & ZH#EH S, 16p-
A501-9 (2023). [4] H. Bhatia et al., IEEE Trans. Vis. Comput. Graph. 19, 1386 (2013). [5] T. Yokoyama and T. Sakajo, Proc.
Roy. Soc. A, 469, 20120558 (2013). [6] T. Uda et al., H AU AEKEE 2250 3C5E, 29, 187 (2019).

© o SRR
> 2 X
l.
]

Fig. 1: Results of TFD analysis on different types of PhC
WGs. (a) VPhC-WG with zigzag interface, (b) PhC-WG
based on PTI, and W1-type PhC WG. In each, schematic of
the structure (left), Hamilton function (middle), and partition
graph obtained by TFD analysis (right) are shown.

(a)

VPhC-WG

W1 PhC-WG

(b

PTIPhC-WG
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EILZ—FREBRERTRAU I+ b=y I BRRS TOME
Excitation of anisotropic photonic crystal slabs for observing non-Hermitian skin effect
NTT NPC!, NTT ¥pfEE8E2, RIK® OBH @X'?, ‘BEH KB’ &I B33 #WE Rt 12
NTT NPC!, NTT BRL?, Tokyo Tech.3, °Kenta Takata'?, Taiki Yoda3, Yuto Moritake?,
Masaya Notomi'>?

E-mail: kenta.takata@ntt.com

A, FET VI — MEFERFFAOBRICEENEE > T D, TOREFO—DE LT, =
IV — NREWENH H[1], T, FEHERMES D2 0I3FRE, BEOERGHEICI Y AIR2)E W
ROEAIREONDOL S NROWHIZHIET H2BIRTH 5, AilElF 2 1%, HKRIETL I — MEREZ
NROBINCAH LN TFFHR L LT BUENRWRIE R L ORISR 5267 % InGaAs IRJC 7 +

= VR AT T2 RR L2, —FC. FZROBIINZITR DR LI & 72 575 FMER b
RTFICBITDEFIKESE, AiEERE LIk ) BRREE— FREAREBE LT LE—HLARNZ &
. —HREVEET VAR THRE L TWD[3], > T, Mo20iRICE v | FRHRZ BRI R
TEFIREEZED Z LR RERICBOTHLARENE I NERIDLMLERH T2,

FIZT, PORELSDOFERBRETGTHET + =y VFERAT T E2WE L, £ O~ OhRIZ%}
TOINEDY I ab—a BT o7DOTHET D, M@IZHET L7 + F =y 7 fiH O
oy, AL x (K FrkQy (BF) FrncEnci 41 B OBAZ o,
7= LIAB KNI L7 AR AIEER S E R O TH D RS InP 12K AT 5 E X 200
nm @ InGaAs &5, JREHSIIRE A4S EHMICEDLEFFO _HEORKEXIOREFE NN TH S,
HAIZES R TH Y | x,y FH & HITH T EEIT a=460x\2 nm Th 5,

F9. 74 b=y 7 s OB TERERER AR L, £22D ETICE S 3 um DZER
JEEBIMLT-RICBTAEAE— REARERETHAE L, ZOFEICIEIRE 2 YV —RA%H
THD, BONAERITIRE LI ARETEOR SN DR E 72D, T, 7+ h=v 7
FEEnORTE OMIE R FRTR O IR S RUMEOSE LU InGaAs A 7 7 8k 2 B L, ALK
AT TEWEE— REAHE LD EFEHNCAS Lz & 20, HENOFE OB, K ORIEIZHIT 5
HAZFE Lz, KON, A7 7HLEICE T 28R f~ 1959 THz D7 + b= 7 iS5 E A
REEO—F (£, BEIHRENLA7r—L) ELOART 7 E— REHRICHT D EFEINE (A, BHIE
XA Tr— V) OHT—7my Meard, fiERE Tld, gV AR I ab—a
BV TEBEH 196 THz OB REZE— FRE LN L, ARRATIEREELRTEEAL
TEARBICBWTHIENAICEE D | ETEENEBIC G IR > TV D, fHST D RIS E T,
ATGRRDEFGHEIZ L0 HRUAEFT 2008 R CERND, 74+ b=y Z7&EENE R T
TR ELAOWIFEST AHMR RO D D, HIEEA T T RIRIZIZN > TWDH 7o, RKEL
RO NNEETH L Z NS IS, ZAuTkt U, K(e)ldEEER £~ 150 THz (2% % [F
ROFERTH S, A SNz EAREIZIEF IR R~ RTELZ TR LT\ 5, [OOSR E
WHGK) 160 THz KON 170 THz THELND Z &b, ZNHOENRIET LI — FERE— R TH
HZENTRBEIND, DI, EWICE TIEM IO WS ~DRTENBEFIZ A DI, FFICh
NI FRLZET— ROMRZ TR T 5 TN R oD, BHEREEIC LD 20 L5 RIBEDZEN
BN DHm & LT, REE— NMEREREN AV 74 b=y 7D/ Riglaiz>5< 2 &
T, 2T ERGIEATH LI RD I ENEBLZoND, ZOMORERITY Hikind 5.

ATFGUTFFE (JP20H05641) |2 K BB A 521 72, 2B 3k [1] S. Yao and Z. Wang, PRL 121, 086803 (2018) %.
[2] B 5, 2023 H=EZEILY), 16p-A501-3. [3] T. Yoda et al., arXiv:2303.05185 (2023).

(a), 41 periods (b) F~195.9 THz g , (¢) f~150 THz

41 periods

Fig. (a) Schematic of the considered photonic crystal (PhC) slab. The inset is its unit sell. (b) Left: Eigenmode with /'~ 195.9
THz of the PhC with perfect electric conductors on its sides and air layers on its top and bottom. Right: Steady response of
the system of the PhC and InGaAs slabs to the ground slab mode excitation at the front. z = 0. (¢) Same for /'~ 150 THz.
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Analysis on optical non-Hermitian skin effect in MT-symmetric media
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IHEEA SN TS, FET LI =ML =T k> TRlid SN2 WBLR CTEE 2 DR
RIS, FETL I — h A% U F (NHSE: Non-Hermitian Skin Effect) 734 %, NHSE (%, =/l 3
— FRTIHARERIZIZN D 7NV F— KRBT X URICRET DIREIZR D, EWVWHFFEZLI—|
REFE OB THY . Fi-RRTEREOR L E L THBER S 72T 5[1,2], FxixiinnE
T, WEROEHR L H2 2 — R R T NHSE 3B+ 5 Z L 2HE L TE 7234, ZORT
X, RT3 B oD Z e b, ZORIERCIE 2 BRI 5 Z E WA TH 5,
L2rL, ZNE TR L TE AT U — Nid, ERERBOBEABEEEZ o720, EEPICER
OHENE - WELH Y . BEAEE— NOBEHEBENHELWNZ LD TETND, £ 2 TR T
1. MT & #E% & S I 206 NHSE I2OW TR 21T 272, MT ®FRE1EX 1) X 9
(2, BEMkE O L e BICESR I (KRR #1382 LIe R BT 2k, 2o
KO 7R TR, HEBRAMHEPTERICEIZRY, BELHEBD LBRWAX U E— RGN 2 E
DT> T,

MT %70 G RIFHEEHR L & ORIk LT, A HWEHE N, AFx B — ROEREBEA
ENFERIZEIT/IRD Z L EARITIIORT Z LN TE 1, /2, TREBREOMESR TEBT -
DIZ, 2 BORAMIEN G225 ZBERICANMEEIEZEHA L, EO X5 RiFERE b o T2k
F & VI MT SRS 72 8 2 & gt LTz, EOfER, FlGLHEEREZ 2T b oM E &
HEDEDZ LT, MT SHENTEZE2 2 L2 R L, 2oL I, AREEERNe =
e ~1.67+097i 70D LI RLEEEREL, V2 b—Ya Vb EFEEAMEERDIZL 25,
M 1b)DO X ICEBAEE L OAF U E—FEHE, TNOHDOAF U E— RNIE, &2 THK
0.25 X 21/1.5(um) T HANZHEIT T 2 A MBEE— R TH DL (K 1(c), TDFRDEE, Hitd Bz
HETYEITHEE, AR RICEDRITEL, TRV EI 2 LItk -oT, EAFE— KR
monzeéBZBronsd, EAXFUE—RNIAF U E— RORE - IFHICBWTEETHY . AHf
FEOFERIL HNSE Z W= T NA RAISHAANF G T 50 EBE 2 b5, AL, BHEEFEE
B4 (20H05641, 21K14551) DO TiZiThbil-,

[1]S. Yao and Z. Wang, Phys. Rev. Lett. 121, 086803 (2018). [2] S. Yao and Z. Wang, Phys. Rev. Lett. 121,
136802 (2018). [3] K. Yokomizo, T. Yoda, and S. Murakami, Phys. Rev. Research 4, 023089 (2022). [4] T.
Yoda, Y. Moritake, K. Takata, K. Yokomizo, S. Murakami, and M. Notomi, arXiv:2303.05185

(a) : ()20 2 (c)H]
6=45:deg.6 ’ 5 15 203 -
g 0 — ; g =€ + 1 §10§ Skin EM) ‘_,a.-
H 4 -
................. E 0] B EE ® R R N X
E 10 ] =~ Skin (ML
H 4 ~
=g 20 ] a—
I =& MTsymmetry 20 Bulk i NN
& A0 I————————— i NN

N
B c =071-071i 0 100 200 ™ N\
£2 = 2.64 + 2.64i e (THE] N e
s k, = 0.25 X 2 /1.5(um) R
ASHS g = €;~1.67 +0.97i d

Fig. 1 (a) anisotropic permittivity with MT symmetry. (b) Complex eigenfrequencies for the bulk and skin
modes (c¢) Magnetic field distributions of the skin modes.
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Reflectionless waveguide with controlled radiative electric-field distribution by non-Hermitian/Hermitian control

RARL, CHROER HFLEth, SHER, HFHE
Kyoto Univ., °N. Noguchi, T. Inoue, M. Yoshida, S. Noda
E-mail: noguchi@nano.kuee.kyoto-u.ac.jp, snoda@kuee.kyoto-u.ac.jp

[F] 74 b= 7 &g, FI5 - WIBE 28 A L < THREHER T 5 IET L 3 — MEZFHT
B2, FEXAI— FREEFEOMEBSZAZBNT 272D 0FRREE LRV 95, ZNET, Bxig,

74 b=y ZEICE T DR EZ D A GEZ LI — MER) BLOEDRVEA (=1 —
MES) ORIENC LV, SEOBMIT I X 0 seamE A (W4) LN B s —Jmk
e KR BENEBFARETH D Z L &IRE - FEELZ Y. A, EZ A I—h - ZAI— MEA
FENC D < T E BRI IR IZ W T, IR RKA R A EAT 5 2 & C, WA - |E G &M%
72 L7en o, HKE Lo B E SAA BIEICHIETRiE Ch L Z E A R Lo THET 5.

[EBER] Fig.l (TR T X910, BANCEVBAREPNERLIES LOT7 4 b=y 7S8R KICRB N T,
F ORI BRI EHER (KA 0° ) ZEAN LG EE2E 2D, BT Rx) & % iBHE S(x) D
DTV — MBI E RE)HIY), FETL I — MREAREE u() & L, EIRRSIE oo T E AU R R
JEOAi % Ena(x) & LTz 2 X, T REREROXE AN LIZBEONSOEIRITILL ToFRA TRt s b 2.

66_x<—R§Cx) - i[(R(x) Ej](x) R(x) -(l)_ iI(X)) + (L’jgg :ZES)] (?ﬁ) (1), Epagx) = W(Rx(x) + Sx(x)) - (2)

ZZTC, AMOBmEGFERBE S L Fx) & LIz L &, Enx) = F(x) 2> OMESME (5,(0) =0)
=T 2 D DFEAR A O—FIE, (HR)REHANTLUTO LY ITEHENS.

1 9F(x) F2(0) s

R(x)=0--(3), I(x) = “F@) ox (4, ux) =2f0LF2(x)dx -6

B Z1E, S — AR (F(oO)=E80) % EBLT 5 720 DSRE, RE)=I(x)=0 7> u(x)=0.5/L &E)h 5.
[BREt] LROFEAIREOEIZR -3 7=, Figl "3 X o12, 2 >ORFHZEILNS 25D _Hik T
T4 h=vrftEiE, KEBEE LTl BT T 4 b= I s A B L2 B K A 3 kot FDTD ik
IZCaRe L7, 22 CIEHMOBEEBIFENBESM OB & LT, O Fx)=EHR (—HFIE), BLW,
@ F(x)= C{2+cosQQmx/L)} D 2 2% HF %z, )R EG)R AT L ) EH FEEOE LM ER &8
WEER L 2BE L2, @R TIRE D T OMEICHS LT, F5EIT0 ERFEEDZELNT A 2 &
FAEE L7z, U722 DO EE B EREEICOWT, B IKE E ORGSR E A0 OFHR RS R % Fig.2
R WTROEAE L, ARECE T 5 KR E 0.01 RIEISHH Loo, et IFIER URIROE
FEREESSADRBUHE TND Z oD, [BREE] AN O — IR HEENJE(22H04915) D 4 & C
Tz, [3XER] 1) £ B, 2021 4EFK0E4 12p-N321-8. 2) BF {1, 2023 4EF04 16p-A501-5.

(@)  Double-lattice photonic crystals (b) Double-lattice photonic crystals
0.15rrrrrrr e

Incident wave at ' Arbitrary vertical radiation 015+

x=0 field distribution F(x) oy Perfect reflection —Simulated — Simulated
: g 01l —Designed ] _ g1 —Designed |
* . . . s ~ =]
'! - 2 s
y @ >
—X - .2 . 2 L
RadiatioWntrolled R(x), 1(x), (X)) Reflectionarea £ 0.051 /Regeocgs\llty 1 2oos REf(I)eoC[t)Ii”ty ]
90 nm + 2x 90 nm - 2x / ' =
— " . . . AAAA
g g Flg'l Simulation model of double- R AN i b 0\\\\H\H\\H\HHHHHHHHHHHH
i i i 0 20 40 60 0 20 4 100 120 14
8 S q la?tlce photomc qystal ngegulde position (2) 80 0 OPOSGi(t)ions((.)a\ ) 00 120 140
v&{lth.arb.ltrary vertical radiation field Fig.2 (a)(b) Simulated vertical radiative electric-field distribution above
a= 750 nm distribution. the designed waveguides with two different radiation patterns.
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Reflectionless 2D antenna with uniform vertical radiation by non-Hermitian/Hermitian control
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Kyoto Univ., °T. Inoue, N. Noguchi, M. Yoshida, S. Noda
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[FFl] 74 b=y 7T, BHARICERT 2L I — MEEZRIT 5720, T — MRIFE
OB G BT 51D DOFHBER LY 95, TNET, Fxid, 74 b=y 7 fEaIZBIT 5
SHERZ 9 kS GFmA I — MER) BROEDR WS (=4I — MES) OfIEcE v, o
BTN £ 0 SR TE U & 2R ) 0 B 5 — 7 e« AT BIG: W0 1 oo Ic R
VB i B RRE S AR I Y RB R RETH D Z L A LM Lz, Al & 51T 90°mElrEE£ T =L
2 MEAREE LEUICHIET 2 2 & T, KEETHREERZT D F I HRICIET 5 2 & AR
ThHZEERHBL, —BARAEREKFAZERTS 1RT 74 b=y 7R IEHMAEDESLZ LT, 2
WICHNZ IS S« —RERE N 2 BT 57 v T TG RETH D 2 L 2 WiET 5,

[90°EIPriERERRE] Mitd 5 90cmlPrikiE DX % Fig. 1 1R d, 4 BIXFMEEZHT 5 EHE 7+
= 7 kEd (GHE LixL) 2%z, 180°H DTV I — MEGERIREEMRE rip B L OWRSHE K%
PESFET L S — MEBRE 1 120 TH Y, 90°H DTV I — MES ko DIRNFAET DA ZAET
Do Fio, BEROLN & THITEARRNESR (KN &35, 20L&, 7+ b=y /Rt %
x AR D HEITH R & BRI S« OB AL LT TR EN D CEHOFEMITY AR5 TE).

G[ij:i[iﬂzo _i,uzD](ij cee (D), pp=24AL ()

ox =S, —lpy iy )\ S,
TIT 1 I Ean 2 LD 74 b=y s RS Bl IIITTTTTTTRLLE
% LS e e L " En  93838383¢ , 88383333 ,
ﬁ‘B/\O)IZ\/I/f'\’“—*E%%{* D ;'331/1/ RN ]\ﬁ\lﬂ:l:/ﬁ\’f%\ﬁf&) 988000808 SxQQRDX §§§§§§§§§ ?RefJIg:t;%r)]
B (DRUF, BEHS LD | KCEREICET HiaHy 7 (098985388 ¥ oo BESEBRERE|

Reflection (R,+S,=0)
(Ry*Sy x=L,

FREAIE GO EROT) AL THY , ols=05, <
T2 5 kp=0.5(Li1L2) "2 37 SN B EAEIT. AR E Fig. 1. Schematic of a square-lattice photonic
B W5 Bt 7o — R 7R BREE G 90° T (A1 [T AT BE T db B crystal (PC) with uniform 90° diffraction.
2 RIET T FEREH LR 90°HIEIC, —ARAEBEIN 2 RBT 52— LD 1 KoL 7 4+ h=v
7 fitidh ¥ (eip=ran=0, uLr=0.5) Z#Hf L, N R¥ v v 7(PBG)Z AT H 7+ h = 7 ftish CH AT Fig.
QITRTHEEBE R D, AREEICHOWT, MEEHERICE D o2 AH LIZBROETIE (R) - ik
(89 = 90° [EHfr (Ry) » TEEBHIE (Eua) @ @
BRI A, F6 K ONEHE & 2 it L7 R
Z Fig. 2 (Z-3, B (S0 Z4dl LoD, 90°
[T (Ry) 22 S U T — AR 70 T T I (Eraa) ™~ & e e o
S, BRVIEDN Y £8 (~0.03°) DiEREFE A Er
oD ZLBDND, FEEOREE, T
HHWET D, [BFEIANITEO — B R h HEE
MHE DR A = T 7=, [3CHR] 1) J A, 2021 42
BIS® 12p-N321-8. 2) B [, 2023 Y Fig. 2. (a) Schematic of a reflectionless 2D antenna with
uniform vertical radiation. (b) Calculated light intensity

16p-A501-5. 3) Bf P, AIEH. distribution inside the antenna (Rx, Sx, Ry, Erad) and the far-
field radiation profile (FFP).
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Zero-refractive index states using the Dirac cone at the M-point in photonic crystals
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OM2)E:E # 12, Ffr B INBEE S, AR —, WE B
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W, AZ~=T VT N7 EOECHEITENE a & 725 Y- (ZIM: Zero-index material) 237 H Z#4£9
TWD, BTN OME T, IHms, (HEEER, 7 e —F 0 V2R LN SRR DR
%ﬁ%ﬂﬁ%m BRa RISHPHREENTWD, 74 b=y ZfEdZB 0T, MARHRIC K-> T
RITIBRENDT 4 T v 7 a—r 202 ZIM O ERED b TEZ[1], L2rL, TR EOE'E—R
FEHZEROT A T4 O RITHFET D720, BOHEEDKRE LOREHRARETH L, —
KT, T4 7y 7 a— Il RERL CotFEZRF> M RICHRFIRETH D . 7+ / = v 7
DHTIEIM AT 47y 7 a—rEH0WE ZIM BZESIVTWAI2)[3], iRl Fkxld =0 21D
KRT 4T v 7 a—AUloNWTHE LB, AL TIETA P TA L TOMBET 47 v 7 a—2Iz
B b Ea BRI OWCGREZIT 572,

METL7+ b=y G L 2Dy FEEZH 1), O)IT~T, EAMEIESE v
T—HTHDHMN, PLEICELAREH T ATy VRICTHZETTF 4 T 78D I E—R
BEFEBRLTWD, T4 7 v 7 i CIEEREEmAEF NS WHIB L R DT FEREITERN
IFEE v &R VDB BT 5 Z LIRS D, ICNEZ DT+ b=y 7D I'-M J5[H)
T 4 Ty 7 RAEEOH T v E— b AR LIy I ab—ra VR TH D, AFEITHERN
ZIRIBY | RASHNSAAE A TR S COPFEEA I SN T D, ZO/MENGT 4 7 v 7 i TER

JEITFRENEBLEINTND Z EARBEIND, F/o, flE CIEASERRE L2 M A ZIM & RiEHEZE L
72 KUS ZIM OFE SIZOW T h i Do
[FEE] ARFZEIIRIE 20H056 4 1 DBIRE =T TIThiu-,

[1] Huang et al. Nat. mater. 10, 582-586 (2011). [2] Gao et al. Solid State Commun. 234-235, 35-39 (2016).
[3] Dubois et al. Nat. Commun. 8, 14871 (2017). [4] iE:fh, 55 83 [BlJis M BR 2 EKF A HlTaiE 2> 20p-A101-7(2022).

N n ———‘a\ / (©) w¥” PhC
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0 1 x10°m

Fig.1 (a) (b) Unit cell and TE band structures of core-shell photonic crystal. (c) Magnetic field distributions when a Gaussian

beam is incident on a PhC slab at the Dirac frequency.
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Manipulation of exceptional points in k space of non-Hermitian

photonic crystals based on symmetry control
VR T RH INTT WML NTT /) 7 4 b= XU #
B B, KIE FAE, kH ®BE 2, EH KB FW 23 MEREES,
BREER— P, WE i 123 1Tokyo Tech, 2NTT BRL, *NTT NPC
°Satoshi Suzuki'?, Shutaro Otsuka'?, Takahiro Uemura'?, Taiki Yoda%?, Yuto Moritake!, Masaaki Ono>>,
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PT i #MEZ &0 /L X — MBLR Tld, 4 mi(Exceptional point: EP)Z £ 72V /2 PT
FHERREIZ Lo C| %ﬁﬁ%?ﬁ%%%ﬁ?%é*kﬁ%%éh“ﬂ%ﬁﬁ%Mwaéo
RO IRCIREE & 72 D EP CIIFMRICEBE N IR & 5 7ot BRIZRVBLG:
DR TED L & BIZEP 2 FEBMICHER T2 FE Lo TWD[L], Fxld, ZhETY
T 7 xR T = fER(PhC) & VT T IS EPﬁYC%éﬂJ¢%%mJ#%TﬁHE
2T L, PERE U 78 L C % DR 2 FEBRAICHERR L 72 [2], AWFSE ClItEiE O xtFrtE & EP
@%6%W@@@’@ELKO%@F%‘ﬁﬁﬁﬁﬂ%4@ﬁﬁ@%ﬁoﬁﬁfiﬁﬁﬁ
M EIZ4DOEP N TE LT &, ZNOPREEDRRIENEND Z & CHIE | RIS
JTT120 EP 2725 2 ERHAL NI oTz, £, EBRIZBWTHIETD AT TéEP
DIFAEZ R U, AEIEOFE &R EOBIR &2 ., EROM TR ENTE T,

B 1) XABGE THWZIES# 7 SiPhC OFIETH 5, 77 7 = AER (W) IC X
of@%@#ﬂ%ﬁ%\ﬁﬁ%d@WM’ioT%ﬁ®#ﬁﬁﬁ%i&ﬁT’kﬁT%
Do ZOFREMER L, EAMREDL, RIS XD REHIIEZIT- 72, K 1(0) X ZERIc
B E OEMEH(L—R, R=L)DIEFFME{(R, g — mﬂymhR+m%n%7u/%L
2D THD, WHIEN 4 BIRIFEE RO L X(C,). FERTFRED K E W EOREIE 4 S
FET D, £, I dE2/NhELTHZ L THEDOHHEZE L TV EZNHMAT

BICEE DT MR TE S, ZNHONE, B OESNIIEMEEEICIIT D EP DT
J:xﬂtbf:?o D, FETRLEDTEP DT ZFEBRNICHRE T2 2R LTV 5, i
T TR (L—L, R=R)DHFME & A 1E ORI FRIEDEURIC DN T HHET 5,

[RtEE] ABFTRIT R 20H05641 DB % %13 TiThhi-,

[1] M. Lawrence ef al. PRL. 113, 093901 (2014). [2] #aAft, 5 83 [RISMRk TR FAhlraf i 2, 20p-A101-2(2022)

01 01 01
(a) (b)
B AN
5 5 i
1.0 = = m.
B 1
01 0.1 -0.1 "
-0.1 kx[mr/a] 01 -01 kx[ mr/al 01 -01 kx[m /a] 0.1
d=190nm_WL=1449nm d=170nm_WL=1449nm d=150nm_WL=1463nm
. ¢, ————d(nm) —> EPatrl
d=190nm_WL=1460nm d=170nm_WL=1460nm d=150nm_WL=1480nm
-1.0 |

‘ = Exp.
2

-0.1 kx[ mr /a] 0.1 01 kx[ m/al 01 -01 kx[m/al 0.1

Fig.1 (a) Schematic of graphene-loaded photonic crystal. (b)Calculated results and experimental results of asymmetry-factor
(R ok — Rr=1)/(Ry g + Rg_,) in wavenumber space.
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