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Experimental demonstration of photonic-crystal lasers with multijunction active layers
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[STHR] [1] S. Noda, et al., Adv. Opt. Photon. 15, 977-1032 (2023). [2] M. Yoshida, et al.,
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Nature 618, 727 (2023), [3] R.Sakata, ef al., Appl. Phys. Lett. 122 130503 (2023). [4] R. ng]/\oZ/L EXE%}[;@)JE nggfgﬁ 0

Morita, e al., Nat. Photon. 15, 311 (2021). [5] B5EFfih, 2024 4E#Z=I54, 23a-11E-5.
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Development of PCSEL array modules for metal 3D printing applications (II)
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[FF] 7 Ab=y7ikdil—+% — (PCSEL) I, 2 IRIT7 A b= 7l it DR E (0 5055) 1231 D IR R
AU RO AL — —ThD 12, ZTNET, EA 3mm PCSEL 24V, w#ife (CW) BEEhIC
BT, 50W REVEICRREIL TS 3. Zo&H7mH )] PCSEL DA~ —MMUE 3 BHIZBITHICHO1
DELT, &J& 3D FVH~DRMNEZLND. N THY R bE ) e — A7 PCSEL %
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Study on a circular polarization generator based on the valley topology
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JE BRI O SRR ICRE IR 5 2 S E A A & D NI ENEI R N > FED KBl E 5 bR e
IHNT F b=y ZEEEE, BELSH LERER Ty OYCERRE OB R PSRER TR D 25 L
TW3. FARICBIIZRERFESRY LT, FEDEB B ZIET £ K/K' 5) 1283 2 HFEEIR
ROKHPHSNTED [1,2], TvIE— FOBAMNIR 3] FANOILHIHREINLTWS. A
B RO ER D R T BT 2 I CDZ L DI HFTE 2. 2o X5 RIBHI
BETENANBFAEER A4 PS4 > &) ERIOANY FREFHST 208085 35, FRDOKE %
FETH B EIER R NER 2R S, 94 PS54 YO FMINCH 3E— M EHEH#BEIC X DA
YEREFDIRTZETEANEB T Z 2 0[EETH D, FEHIGEFET A T4 v oiRiceE Eh
THE YRR OBINCIER ST\ [4]. ST A, ZEHEHZHH L T v D8R &b
ERRRETH D, OV —7 4 b=y ZHERED K/K' gy FEGCTAE U 2 MREIREE R T
AAAELD U RTREZR S & AT L 72D TS 3 5.

ERFZFIIEOBERFIRCEAILEFRIT =S 257 (220nm ) ZHAME L 32 (X 1(a). B
M EEN 2 2 DO ZALDFE—TE (AKQ) %A, K/K STAY PR LT 4 7 v 7 8
PHENE (74 b= 22757 2 8. —H, ORQD X 5 ITENER % L BRI TN
R¥ v v THEL (N =7+ b=y ZHfl), NV MHTHEXE 225 [2,5]. 20X 5 2
BL 1EB I =ALONEZER (AN@®) T2 TI74 b4 Y RO FIEFrDRESA
TIA4 M4 UZBR, N FHEEABETHREETARGEI NS, AfEe =y DB O
BHCH—E— R 2R B ODERRIERINT5NE 77 7 = V(6,7 #EAL, ZDOMEBAIC
HEME T OIAAT. FDTD IETHERZEE L (K 1(b), —EHEMEED & o E R 7=
&2, KHAAMNZHE L RfE LeWHRCE 2R S 2 el e (M 1(c). —HEATO=A
LOK/NER%E KERS % LA D OFREEHTAE S, NL—T 4 b=y 7RO K gy K
SICERT 3R TH 2 Z RIS, Ny FHESE2ED -3l RIS Hls 3 2.

. .~

EEE \/'ga \/ga A=1550 nm i 10 wm 0 Max 7Max[S.T 0 I\?ax[S‘,]
B S 8 —
Fig. 1. (a) Proposed device structure. Lattice constant a = 500 nm. (b) Simulated electric field distribution in the device plane.
(c) Computed far-field profiles of the intensity So (left) and its circularly polarized component S3 (right) radiated from the region

indicated by the red-dashed square in (b). The black contour in the right panel indicates a region where Ss/Sg > 0.99.

BEXHK: [1]T. Yoda and M. Notomi, Phys. Rev. Lett. 125, 053902 (2020). [2] C. Guo et al., Phys. Rev. Lett. 124, 106103 (2020). [3] S. Okada
et al., Opt. Express 31, 35218 (2023). [4] M. Barsukova et al., Nat. Photonics 18, 580 (2024). [5] H. Yoshimi et al., PECS-XIII P-12 (2023).
[6] Q. Chen et al., ACS Photonics 8, 1400 (2021). [7] C. Zhang et al., Opt. Mater. Express 14, 1756 (2024).
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Observation of unidirectional lasing in a ring resonator with a surface grating
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RCAST, Univ. of Tokyo', FIRST, Tokyo Tech. 2, Graduate School of Engineering, Univ. of Tokyo®, “Zhiwei Dai', Wenbo Lin?,

Sangmin Ji', Hiroya Sakumoto®, Mitsuru Takenaka® and Satoshi Iwamoto'

E-mail: dai-zw@iis.u-tokyo.ac.jp

Whispering gallery modes (WGMs) traveling in a ring resonator can generate topological optical structures
like optical vortexes [1] and skyrmions [2,3] through light diffraction by periodic scatterers equipped with
the resonator. To realize ring resonator lasers directly emitting such a topological optical beam, achieving
unidirectional lasing is crucial. Introducing an S-shaped waveguide inside a ring breaks the symmetry of
counter-propagating two WGM modes in the same order and enables unidirectional lasing [4-7]. For lasers
emitting an optical skyrmion beam, our target, it is necessary to achieve unidirectional lasing under the
presence of surface gratings allowing the formation of an optical skyrmion beam [2,3]. In this study, as a step
for the skyrmion lasers, we fabricated ring resonators with a surface grating and succeeded in observing
unidirectional lasing induced by an S-shaped waveguide placed inside the ring resonators [7].

Figure 1(a) shows an SEM image of one of our devices. Devices consisted of a 6-um diameter ring resonator
with a 100-nm gap to the S-shaped waveguide, formed into an InGaAsP MQWs film bonded on SiO2/Si
substrates. Periodic holes of diameter 70 nm introduce extra scattering to the device. Micro-photoluminescent
measurements at 4 K using a 785 nm pulsed laser revealed the lasing behavior of the resonator (Fig. 1 (b)).
The lasing peak observed in the spectra consists of two peaks originating counter-propagating WGMs: CW
and CCW modes. Detailed measurements and analysis demonstrate that strong suppression of the unintended
mode, achieving unidirectional lasing with a 6-fold intensity contrast (Fig. 1 (c)). The ratio was greatly
suppressed due to the introduction of scattering compared to a unidirectional ring resonator laser without

scatterers [7], which is expected from our theory [6]. However, the unidirectional feature is still pronounced.
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Fig. 1. (a) SEM image of a ring resonator with an S-shaped waveguide fabricated using InGaAsP quantum wells. (b)
Emission spectra at different pump powers. (¢) L-L plot for the CW and CCW modes.

Acknowledgements: This work was supported by JST CREST(JPMJCR19T1) and JSPS KAKENHI (JP23H00172).

References: [1] X. Cai et al., Science, 338, 363-366 (2012). [2] W. Lin et al., Phys. Rev. Research, 3, 023055 (2021). [3] W.
Lin et al., The 2022 CLEO Conference and Exhibition, SM2N.4 (2022). [4] W. E. Hayenga et al., ACS Photonics, 6, 8, 1895—
1901 (2019). [5] A. M. de las Heras and I. Carusotto, Physical Review A 104, 043501 (2021). [6] Z. Dai et al., Jpn. J. Appl.
Phys., 63, 02SP54 (2024). [7] Z. Dai et al., The 29" MOC, submitted (2024).
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Characterization of 10-mm-diameter photonic-crystal lasers
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UF] 74 bh=yZ#ifhL —%— (PCSEL) (1, 2 IRIC7 4 b=y 7SO 5 (T 55 ([Z 361 D HARZH H
AR U ER ARG R L — Y —Th D V. Fli T, B 3mm @ PCSEL 21V, i (CW) BEE)
IZHBWT, 50W #RON ) 215528, REL —H —(CPLHcT 28 1IGWem2sr! 2 FBLL T
W5 D Fxlk, A%, PCSEL ZHICKEFLL, B 10mm LVOBKIERT A AL ER T 5L
FoT, Ot ), LT, MEZRIC M KT H2LE2 BIEL THREAED TN 39, ZO X577 /3o
AZDEBOTZOIZIE, £7, B 10mm O KEFIZIW TN —72 (b LUIFTE D) w0 & 45
DO NEEELZRY, Fillal, ZO720 OBMHEE DR EI 21T LI, REHHIEIZEES< 10mmd PCSEL
D—WFNEITII L2 Z & WE LTz Y. ARl EL72 10mm® PCSEL (IZDOWT, #S/VZBRENC 175
KPR M A T > 72D CTHE T 5.
[3=2B%] X 1 IZ/ERL7- 10mm® PCSEL %/ SV ABRENH R T AU RE LI T HEZRT. 73 AFK
EANZIE, ExRoi@Y) 10mme® PCSEL MIZEXFHSNZEMEE SRS TOD. 7eds, KT /A A
(ZOWTIE, BEREEDZNREMEET HZEIZERZ BN T
WHT, MASNZ7 b=y 7S 10mm® PCSEL
IR ESNTeb DO TIERD. £, KT SAZAOHEIRBEE L
T OEFFEARFZI T DU ER (B REH O F 58
3A0) DBPNCEY, T AL AR H TOREI GO, XL
M IEIZ &> T, EA 10mm O K ~OEHIEANE
BIHR CWAZ 2GR LT, FtW T, KT A RO EE-TEH
TR 2 1R [AIXEY, 10mm® PCSEL O —H —%§ B 1 U AR 5 At
IRICHENTHLLBIT, R MTRBILSNIET SAATE go |+ {omm® PCSEL,
RO, FEARBED 7.5 P%ﬂ“ (3mm® PCSEL OE&D 500
1/6 2 9) OEFRIEAZIBT S00W kDI 1356, Pulsed
TS AFFEILR DR R AR kT, A4, ZHETICH
SEUCEIZHER AR #E 2R 3N HEDOE, = I — heFE L
— MEAREZEUNRIE L7z —EK TS Y28 ATD
ZEITEoT, EBTe bRk EE CW B E~D REHS AR
KD, FEAIEY B HE 5.
[BHEE] AWFTEO—HBIE, B2 AR HEEDTSE (22H04915) , BRIDGE 100 4
DX PEHEZF7=. [3CHR] 1) S. Noda, et al., Adv. Opt. Photon. 15,977-1032 .
(2023). 2) M. Yoshida, ef al., Nature 618, 727-732 (2023). 3) T. Inoue, et ® 0 w0 1000 1500
al., Nat. Commn. 13, 3262 (2022). 4) FifH fth, 2023 EFKZEH 22a- Current (A)

B 2. 10mm® PCSEL D/ VABRENIE

A308-4.5) FHH i, 2024 H=HFZEILY), 23a-11E-9. 6) M. Yoshida, et al., 2B Fi- ot A (L 208 100ms,
CLEO 2024, STu4C.3 (2024). FROIRLUJE %L 250Hz) .
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Self-consistent analysis of lasing characteristics of 10-mm-diameter PCSELs under CW operation

FURBE L, ORi FHEACER, H b sith, &5 B 7 B IR T, B FH S A RR, B
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FIFk &1, 74 b= 7 fiih L —Y—(PCSEL)D KfifE « mlEEE{EOEHICAIT T, 74 h=v 7
fErmiE O FHOTRIL « Bk ZHEDHTND 1D, TNET, 74 b=y ZfifuicBiFs=LrI—1 -
FETN I — MEAREOREE RGN LV | /R L 72 3mmdPCSEL D CW)BRENZ ISV VT, S50W
RO ENEE (1IGW/em?)BIEFEBUCAENT 2 & & $1T 3, 10mmd®PCSEL (Z%f LT, HIROIREZ{ L
ﬁf‘fﬁf\% HEMTIBNT, kW BROH—F— REIRNEBLARETH 5 Z & # BRI L TE 72 29,
i‘é{ﬁ@{mﬁ?wmébéﬂﬁ# a“imb% CW KRB\ T, ZOEEEL L RIEIREL (L%
E Eﬁﬂﬂ—i@% CEFE LT TE N X0 . 10mmOPCSEL OFSIREFEMNT 217\ N, @Y 7 iR B A B i
DOEANZEY, EHT) - %E‘—An”u%f EMENEHFRETH D Z L2 AH LD THET 5,
FEMTHER] fRHTET L% Fig 1 IR T, I E CORGMITR R NCHSE, 74 b= 7 i
Wi, = — b« L I — MEEERRECE B ORI U 7z EASFARIE A ROE L7z 9, BT
IXEEE 10mm OFJEEMAEE L, HEAEAIEmRIZIT, 735 ARl BRSS9
FREE L 702 X O \ZERETF Lo ERiE 02 0E L7z, B oS CW BTICWTId, Figl 178
0, SO ERIZIG UTC, TR COREY Pee). FAR TOREN (Pap). 1HMHEHE (BLOY
7w NE) TORE(Pe)D 3 FEIZHFEL ., BRBATUCL D 7+ b=y 7 iEsEOREZ L, B
TN K DRI - A L OB EBE LTI 21T o7, ZOBE, B CORBIHRRS M4 ]
AR L D HOERIRRE L ZE Lz, 1XUOIT, ke MBSO E AT 57+ h=v 7
FEEEIEIZ RV T, TEAENL 880 A 2B 2l g, BIEARY b, BIOL @ERFO /N Rig
SR AL DTN G3AT OFFENTHE R % Fig 2@\ R, FENIRTEY . 74 b= 7o E ERICE
LC, NI RIEEEEEODAARAE L, BIET— ROZE— MUBNET L8, ZOHATH,
PEAY Y £ 0.03° FREDE BRI ©— MWENGF O, S HIT, EFEO/ S RimfEREs A % #l
BT 2 72O OIREREREE Y2 BN LT2T /3 A ZOWT BT 21T - T2, T DRSSO —15 % Fig. 2(b)
T, BIRE— FEORERERE . ©— AW EOUGENA LI, FHITY BRET 2,
[BiEE] AFTEO— I3 RMIE  (22H04915,24H00430) 35 L T8 BRIDGE O % & TiTbiulz, [3CHR] 1)
Yoshida et al., Nat. Mater. 18, 121 (2019). 2) Inoue et al., Nat. Commun. 13, 3262 (2022). 3) Yoshida et al., Nature
618, 7966 (2023). 4) Hij I, 2023 FKZRIGH) 22a-A308-4. 5) Katsuno et al., Opt. Express. 29, 16(2021). 6) &

Ff, 2024 FFIGA) 23a-11E-9. (a) wio compensation .y 1y
0.8 T
n-electrode 2. 2 08 £055
——————— Source of heat generation 2 o4 1§57 1
® Blocking of laser light g 02l 1 goss 1
IFGAASSUBSIA(E ”e'e ® Joule heating at electrodes .03° o B e S R
- - 9416 9418 942 -
n-AlGaAscl ® Absorption of Iase_r Ilght _ Wavelength(omm) Position(mm)
Psub & spontaneous emission (b) w/ compensation [x10%] i !
photonic crystal layer 0 Joule heating at substrate 6 o 05 ————
. . = I
p-AlGaAs-clad ® non-radiative recombination . 2 4 £ -0.55¢ 1
DBR P ® Joule heating at active layer e 2 06
® \/oltage loss (intraband loss) = 7 § 0.65F A
p-electrode ® Intrinsic absorption o oo
10mm 0416 0418 942 4 -2 0 2 4
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Fig.1. Simulation model of 10-mm-diameter double-lattice PCSELSs Fig.2. FFPs, Lasing spectra, and band-edge frequency distributions of 10-
under CW operation. mm-diamter PCSELSs at 880 A (a) w/o and (b) w/ frequency compensation.
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Exploration of photonic crystal structures for experimental observation of
Non-Hermitian Skin Effects
IR T A, 2NTT ¥, SNTT F/ 74+ F =27 Xk X, ‘BFEEBREAFEET
O/NIF#g 2, T B3l BH KB BH BK23, 8 X— 2, s Hit 123
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WTE [FEz v 3 — b 2 F 38 (Non-Hermitian Skin Effect : NHSE) | OfFEREKA T > Ty 5,
NHSE & i3, "V 2 NOEEE— FAROBERICEHET 5, JExr I — b RFEEOHRTH %5, NHSE
R CIEZ KR INT W B2, EERICTBIMIL 2F:flx P v, 2o 0EHITXA b4
VTAVIRTHY, w7 AV 2 VITRRO XS e A cidil & 1 2R o NHSE (2800 ¢
TR, A ITERGRICE T 5 NHSE O EERBIH 2 BHERIC, 58175 ERBIH O FERZFHMAL .
BECFHTEXDZ 7+ b=y 7 fEMmOWECEM ZHRE L 72, BfTHED 2D v 2 2L —v a v[1][2]
Tld, HENTRRCEMZHEAL 02720, RIFFECIFR 7 02 X CERAVRERFEM 2o T
3DYIal—vavEiTol,

SEHREST 2 7 4 b = v 7§ Fig. 1(a) IE/7#& . HAZABRO R 7 7HcH b, SOI Htlk % i
ELTW3, BT EHRIZ600nm THY, vV avDEh% 150nm & L7z, 72 BF0RRINE ZE
T30, 74 b=y 25RO Ry v ARG L7z, NHSE 2 EE BT 2 7201z v oh

ZtERB 0, TQEA+Iricdh s L], INHSE DRERMRE W & BRETH L, $7274 7
AVEDTOE—-FRESHCHETETERICHEZ LV, Z0kd K374 74 v btk
Tl bMETHD, TNoDENRRRT 2 -0ic, 7 u Lo, EARZEEL, Si DEA
%72 % 7z, Fig.1(b)Tl3-Nv FK. Fig.1 (c) TIIEHREHEBEEA 7w vy P ¥NTH Y, PBC T TOIH
HIEEEII Vv — 7% L C\w»%, NHSE |3 OBC TTile& 2R ThH v, BHMEDL 1/e Lk 2HH
MR RTERE Lz, CORERESIEL R 5720ICiE, PBC Fick T 2 EHERKOELZEE L 72 L
I, TONV—TDEHOENPRKREL LR TEAELE Y, KR TR IDBHOENKEL kD
X% 7 b=y VHERERZRR L, SEIRET2HE T, HHLTWEE AV FBIA b
FAvED Fich b, QfEN 20 EDH %, % L T 184.06+3.9678i THz DI, FEREF 3.21 um(GRD
éﬁﬁlhmﬂk&ofméoﬁ%kLTTGBE%%ﬁM®3O@R#%ﬁkTi5ﬁ7iF:Vﬁ
ERRER RO o7, SHBRIDOHEREL LT 7 b=y ZFEREERL, N FHIZEICT NHSE ©
B %17 9 o ARIFFE IR A & B4 (20H05641, JP24H02232 3 L O 24K01377)@%;ﬂj3@w:ﬁ
b7z, [1]] Zhong et al. PRB 104, 125416 (2021). [2] K Yokomizo et al. PRR 4, 023089(2022).

(a)
—— (b) (©
\ %10 | P ! x10M [ htline(ky=0.5
\ § __Iightline lightline (ky=0.5*(a/m)
600nm A 105 %) & e 2.1F . paC
- 1.9 2 o f 2 S v .+ oBC
n=1 185 S S / 1ol Ty o
y [t I = 158 ;‘*’0 \ —~ 18} N
1.7 & =
y X S 1es] o~ L7
X —60011111 s e S 3 16l
g A ¢ % 16
15§ 15|
Si thickness =150nm 1458 “oale Ops = TEO
Cr thickness = 10-50nm 113g 13 Te facter = 5% Imw
Si:n-ik =3.48 (A=1500nm) 112-2 T 12
Cr : n-ik= -3.07-29.91 (A=1500nm) 12 11 |
1 kx*?aﬁr) 1 ) 2 a 6 8  x102
Im(w/2m)

Fig.1 (a)Schematic diagram of a photonic crystal(Unit cell of photonic crystal is a.)
(b)kx-® Band diagram (red line is lightline. Cr thickness=10nm)
(c)Complex eigenvalues plot (ky*(a/m)=0.5, blue circle = Periodic boundary condition, Red circle = Open boundary condition,

The structure is periodic in the y direction and has 20 Unit cells arranged in the x direction under OBC.) 3.10
© 2024%F [HAYERE 03-2056 '



18p-A34-8 HESEISAMIELAKELHMES BETHE (2024 KHAVLEN2RIBEAYT1Y)

FEILNZ—+IA b=V IRRICETAINAIILERLE—FD
BREREREHE
Loss loading dependence of chiral emission modes in non-Hermitian photonic crystals
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FEIA I — PR EIIHERPEEICL ) AT —BREL 2R T, BITRERT 2 EHE o
Fi& e LTl EIRECER B R L & Hod o T3, Bl 213, 2 XIohhED & MRS I
HAZ YT 4 R THREPRE I N TS [1],

Al CORKT, L1377 7 2 VER Si 7+ b= v 7 FEE(PhC)IC I\ T PR SEHEE
XYW TRICBTEHA4 797 4 2BUIL 72 (Q A3 60 FREE) [2], SlHl. [F UJFEEZ VT T 5
TOMREFNEIH S, B % InGaAsP IC& 2 % i, & Qb 2IH S 7= ic TRAZ M A 7=
BUERAHTRE RIS D W CIRE T 5,

HEXE X HTE] & 7] U 2 > 02250 & #0 PhC 2 5 7RIC WRINRSERT IC X W A= 2T,
RS d DAL TRREERTIEI L 74 7V 7 4 5724 % (X 1(a), AIEIFEE CRBINGEIC 7
7 xR L7205, SN 7 0 & 2 FHRIED B 5 48/ HEAE AT O BRI 2 v 72,
¥ 72 KWFE ¢l T 55 C BIC(Bound States in the Continuum)iZ 72 % ¥ v F % 3&R L T Q flEfk %4
27, T LA ENTEL A (K 1(b) % Z 58 L CTRIARERIALE O Fodft 2 X - 72, X 1(c) D
18 13 LI O PR SEEE(DCP) & v Q S 572 b D TH %, X 1(de)ic/RT Cr/Ge fIE % %
fif L 72354 C, (DCP,Q) Dfii & L T(0.979, 858),(-0.987,2358)23 5 b NCH V| BE DN 2SHLHE &
LR TH o7z, 72, HBE OEE CRIMELZ InGaAs JEICZE 2 7 3515(-0.981,3872) & 7¢
D, LI QAR TEL I bhr oK 1), X bic, WIUEERT O D Y ICH D2
SUNDIIRE LI X 2 iHERZEIC L > T T ic et 2Fize 2 2 83T & /-, &FiE
DEHI R B IC O WIS HEN T 5,

[1] V. A. Fedotov et al. Phys. Rev. Lett. 97, 167401 (2006). [2] S. Suzuki et al., JSAP 21p-A308-12(2023).

(b) __upper band lower band max  (¢)

‘a& " metal or
nGaAsP PhC . semiconductor

pattern A pattern B

min

()

(3
- 5v i = Ge40nmCr5nm 0858 ()l %% GedOnmCr5nm (f)l * % InGaAs50nm
o~
W R

930nm o '«.,_\ - f
bep s \_ bce i e DCP - ~
Unit cell -—.____/ "\_ R T——

N - e—s
1 Pl et 0 Q23ss a ol
140 160 ISS(NV‘)?OO 220 240 140 160 183, m‘ZOO 220 240 140 160 ISg(mmZOO 220 240
T nm) )

Fig.1 (a) Structure and unit cell of PhC. (b) Electric field distribution |E|. (c) Loading Pattern.
(d)(e)(f) Degree of circular polarization and Q-factor at the I" point with Ge/Cr or InGaAs.
(FBEE] AHFZEIX. RlARFFE B4 (20H05641, JP24H02232 # X UF 24K01377) DB O Ficfrb iz,
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Design of free-space-coupled photonic crystals with variable beam polarization via non-Hermitian/Hermitian control.

RKBEL, O&dmtt, HF beth, SHER, HHE
Kyoto Univ., °T. Kanesaka, T. Inoue, M. Yoshida, S. Noda
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[FF17 4+ b= 7 G5 HERICERT 2 I ET L I — MEEZRIT 5720, T LI — N REE
BOYBEBRZEH - IEHT 27D EELERV 5%, ZHET, Fxl, 180° [HlIT%E
FT TV — MEERE 2 HI LoD, 90° [T &2 RS = I — MEGTREup & FET LI —
NMEGRE O ZERGIE (ZH) 28 A L7+ b=y ZFERICBWT, BHEZEM D EE AL
LIe A — L% ALEORESE OB E— L~ L BRPRICEBATRE TH D 2 & 2 1%
L7z, A, ERRO7+ b=y 7 fiRE SOICRBISEL 2 LICL 0, HE E—20FkEE
DORERE A S AREE T2 2L 7 + b= JfEEhOKEH 2 1T - T DO THIET 5,

[BEHER] 2R T2 WEAIE Y + b= 7 RO AIX % Fig. 1(IRnd, AL, 45°

BRI E O RS & W0 BE L CEAA~ET S (FEO) . mw 907 BT (@) B &
ONAHFARE (K@) Z#AT-o7-t. HERLARE L s~ 2 (@) £F7ThoH, K
FAIE, REEE L 72 OB O L B 2 fEIOIC B W T, b —& — Tl 2 2 & T,
MR CIREE (ERURYE R LOMFEL) ZH#ETRECh b, £9. FHEKO 7 + b=y 7 I
KD LN DFEERIMDFMDOFE I ZAT o T-/ER, 907 EIHTEE (FH®) TiX. Kkyp,p & HEZL
Tryp W REZR 4 [ERITEES LI TH Y | R BEsEE (FEO®) TIE. kyp, kyp & HEZ LT
WINKE 72 AFEE NV ETH D Z ENHA LN E 2o 72D, 22T, ERoSME 2= 9 Bk
W77+ h=w 7t LT, ZEETER7 4 F= v 7 ERORGHERET Uiz, stEHEE o
A% Fig. 1(b)(c)DLEKNIRT, AHEOBEAFE 1L, 5 16 HOZEAN GRS N DHIETH
V. F2AOEEERLEREY C.. FHEEE S & LT, Fig. 1(b)TiX (1+C)S () BLVU-C)S
(GE)D 2 BEFFIT, Fig. 1(c)TlX, (1+C)S, (1-C)S. S(FR)D 3 BEEFETEL S H TV 5, Fig. 1(b) D
T, x HIB L0y HifCa/4BEn 7z 22 fLIA - Cry p OFENAE U, x FRB IOy FHIC a/2
TET BN 7o 22 LA L CuD N E T D70, Bt G 22bsE s L, FAKIRT LT,
Kop D Fr % RN HIBI ATRE T H D, [FERIC, Fig. (IR LTEEETH, kpOFZENA L, =
(Cp % BRI R TRE T 5, 7035, Fig 1(ITHRE L 7o I B W T, A RE O Y 7 22 [H]
I VEAEHE DEIUT, HIHRIGIREE & ©— AT & RIS HATREIC 22 5 2 & IR S,

Z OFEMZRFENTRE RIS B35, [BREE] AR O—ITRMAE (22H04915, 24H00430) D3
a7, [SUBR] 1) A, 2023 F=FK)GH 21p-A308-10. 2) 4:3ifth, 2024 4E4)&4 22p-11E-3.

() [Region 3] (b)  Air, GaAs , , (© A, GaAs ,
. Regon ]| [@ [ Y ) O| T T TR od oo ' ||
[Region 2] out o0 o0 % o0 o0 5
o0 o0 (- 00000000 c |
25 ( (X [ ) £ 00000000 -
° oo B oo 0 8
:ﬁ (X o0 |7 oo oo £
yEin®ECI _ (X ) oo |° | (@@ cle@eef?
/ [Region 21| - |@ o|® O i 908008 s Og 01 0;2 03 04 0%
]_[Rggzion 1] : Polarization a1, unit I Avea fodutation fatio - C, a~\ unit Zell red modulation ratio': C,

Fig 1. (a) Schematic of the proposed photonic crystal for beam-polarization conversion. (b) Design of
multi-lattice photonic crystals with controllable 2D coupling coefficients. (c) Design of multi-lattice
photonic crystals with controllable non-Hermitian coupling coefficients.
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Experimental observation of zero-refractive index states at M-point in photonic crystals
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T, AZ~T VTR EOZBTHITENE T & 72 5 W E (ZIM: Zero-index material) 3 FE H DTN 5, £
o RITRIRAE T, JREms, MAEEES, 20 —F 0 7R E Vo BRI OGBS N R S, xRk
APBFEINTND, 74 b=y ZfEBICBWTIE, 74 7 v 7 a—rE AW BIrRREBOHFENED 5
NTEE[L, LrL, IhBiEI7A4 F 94 EOE—RTHDITED, BMEHBEENGEET D, TO=H, KRERHME
BT Tk 2 I TRB ENTE R, a4 L, a7 v VREFKR T 7+ b=y 7RO M BT 47 v
Ja—rEHAWHAI LT, 74 FIA UV TOBRBITRIRENEBCEZAH 250 Ial—Ta itk RLE
2], AENE, BUEMERS KO, EFHAEEITV., a7 =M 7 3 b= ZERICEBIT 5 M S o ErRkEE
D FEBRABIEN A L7z O THRET 5,

a7y VT 5 b= 7 fE O SEM #ifg % Fig 1IR3, NAEO Si 7 —I2, \ABDOER N % HIT
T2, EMERIEIZE Y, 1000 pm O RIEEHERERR, 74 7 v 7 AR W OO R R YEH L £ Fuic
I FRBOWD E TR L= (Figl (b)), T72. RO AFHC L 2 BITANEN S BITRERDIZER, T4 707
RBRBIZBWT 0.05 BEO/NSRBITEDEH L TND ZENEIETE, TUOOERERIIT 477
HOFEEL, TOREICBI A2 o EIrRREAT LTV, 5612, M AT aEirRREOISHICmIT T,
ER AR L DA ERE LTz, a7 Y2 VM ST T v 73—, SEWEEmAIER /NS R ME
LB, HERIEMIEONAATHEFIENRL TSI EZE2 NS, YIalb—Ta BT, Hig
PO ET+ =y JRERICAS L, ZOEEBBENMZTE LTz, TORE, Si AT T HOBERFITHA~,
JMRE BT B 2 & AR L7 (Fig 1(c)(d)).

Fio. ZOPEBBBIIIERICHWVEIREHCAEUD 2 bbb TR Y ST O BRSO IG A 23 W
INb, (c) PhC |E| (d) Si Slab [E]
ARFZEIL., BEEAFZEE M4 (20H05641, 24K01377, JP24H02232) z Ty §
DOEB O TITAT oI,
[1] Huang et al. Nat. mater. 10, 582-586 (2011).
[2] U538 fh, 25 84 [A] A A Bk 2Rk I £2(2023).
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Fig.1 (a) SEM image of fabricated core-shell photonic crystals. (b)Beam waist broadening and transmittance depending on wavelength
in PhC (20 pm X400 pm).

Simulated magnetic field distributions when beam is incident from waveguide to (¢) PhC (17.5 pum X 91 pm) and (d) Si (same size).

© 2024%F [SAMEZS 03-208 3.10



18p-A34-11 HE5EEFANEF AT LIRS WETFHE (2024 KRAVLEN2RIBEAYSMY)

NL—=T# b=y O BRANTOEEERBIZETS
AO—54 FE— FOERA
Observation of slow-light modes in valley photonic crystal heterostructure waveguides
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RCAST ', 11S 2, Univ. of Tokyo, Keio Univ.?3
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Highly localized slow-light modes in W1 [1] and valley photonic crystal (VPhC) waveguides [2] are
advantageous for enhancing light-matter interactions, enabling efficient optical modulators [3], Purcell-
enhanced single photon emission [4], and many other nonlinear devices [1]. Meanwhile, the enhanced
nonlinearity will restrict the optical power that can be transmitted without significant signal distortion. Recent
studies [5,6] numerically demonstrated that VPhC heterostructure waveguides can host slow-light modes
with a wide mode width. Here, we report the experimental realization of the slow-light waveguides based on
VPhC heterostructure waveguides.

Figure 1(a) shows an SEM image of a fabricated 220nm-thick Si VPhC heterostructure waveguide with
N = 4 layers photonic graphene (yellow) sandwiched by topologically distinct VPhC A (red) and C (blue).
The group indices (ny) of topologically guided modes can be tuned by distance d [6]. Figure 1(b) shows
the projected band structures for the device in Fig. 1(a) with N =4,d = 1.2a (lattice constant a =
500 nm), where topologically slow-light guided modes are colored in red. We measured the transmission
spectrum for the fabricated waveguide and extracted the group indices from the fringe spacing, which are
represented by red circles in Fig. 1(c). The measured group indices are above 20, and their wavelength
dependence shows a reasonable agreement with that obtained from the dispersion curve (black curve in Fig.

1 (c)), indicating the slow-light modes are realized in the VPhC heterostructure waveguide.

(a) (b) 03¢ ! s
] 40
Lonl 1.2
e | 4
; o
8 B
z 2201 * s
E 0.32 1 ‘g—
E ()
£ o, _ 10 | Simulation ]
: \ .
- _. d 1.2a 0 X " L s i L L
0.30 3
| " . 0 1430 1435 1440 1445
Wavenumber (k=2m/a) Wavelength [nm]

Fig. 1 (a) An SEM image of a VPhC heterostructure waveguide with N = 4,d = 1.2a. (b) Projected band structures for the device shown
in (a), which are calculated in 3D plane-wave expanding method. (¢) Group indices for topologically guided modes extracted from simulation
(black lines) and measurement results (red circles). The black lines are shifted in horizontal axis for better comparison.
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Investigation of lattice-separation in GaN-based double lattice PCSEL
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TOREELRDREEZ AN/ - BE—2mE L — =t Th Y, ITHL—F—YH,
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GaN R7 # b=y 7L —V —Z H\/=/K T 3 k5T ToF-LiDAR DBI% (IV)
Development of GaN-PCSEL-based 3D ToF-LiDAR for ranging in water (IV)
HRBEL!, RZ U L—EK? O/NIEEE!, DeZoysa Menaka'!, +E&FEIL !, dbATfEss 1,

AR, /N>, HEEh !, AR, FFHEE!
Kyoto Univ.!, Stanley Electric CO., LTD.2, ©Kenji Ogawa', Menaka De Zoysa',
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Takuya Inoue !, Kenji Ishizaki!, Susumu Noda !
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[Faa] 74+ b=y 7L —3— (PCSEL) 1%, I&VEETHCERIT 72 2 Rt 7 + b= 7 §Edd
OFRERS (DS B2 HIEDHREZFIHLZKEMTae — L MRIEFRERER L —Y
—ThH, NI v 7EDRDO/NI L —F— R L U THfF ST b, Frx X, PCSEL
OMELFRD—>& LT GaN ZH L, HEH O PCSEL OBIFEICE Y flA T 72 9. 2008 4E(
BIREANC L D U= —=FIRAZEFEL TLCR D, 73 ZEREN LSRRG TR b A D, &
E— A0 E - @OV AENE 2D, CW BIE~DRERSE M EIToTE . I, HRamEkTo
KFDOWILA D722 LD, GaN R D PCSEL % V72K 3 ¥Ryt LIDAR OAFEEIZ S HLY #H A
T3k7- Y. Hill, GaN 5% PCSEL & MEMS % 72K 3 kot LIDAR 2B\ T, miEE - U 7L
S A LOMPEICRTI LTZ 9. £ 2T, A4El%, PCSEL O B — AW E - & RS L OV & E 7
SPAD OFRHIZ L 5, KPFTOREEHE (4mLlL) JEZRATEREZRET S,

[3E8&] GaN 5% PCSEL, MEMS = 7—, B J'SPAD % H\ 727k H 3 kot LIDAR O FEER R & 41
KXAYIZK 112779, ALIDAR Y AT AIZBWT, Ly X7 U —0 GaN 5% PCSEL (2L 5 B — A
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7. [3C#R] 1) H. Matsubara et al., Science 319, 445 (2008).2) & s s
2

A fh, JE#%, 11p-W631-17 (2019). 3) K. Emoto, et al, 05 -

Comms. Materials 3, 72 (2022). 4)+ 5 1, J&#%K, 21p-A101-7 11 I .
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InGaN/GaN % k7RO <A )L PhC IR EEDEE & H 4T

Fabrication and optical excitation characteristics evaluation of
InGaN/GaN-based topological PhC resonator structure
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XTI : 7+ =y 7#f (PhC) I M AR Y —DEEEZEAN L AR 2L PAC]NEHER S
TWb, N RMReY—0DHERZ 250 PhC ZBE S S fim TIERMEIZ = N2 R 22—t s
W7 EORFRIRBIGNIEBL L, PhC OIEREEIN N LT D T 7~ ~ I ARIMKIZ 380 TEBREY
BREEDSEANTAT O TV DAY, AR CO®ME MO TH Ry, Fx i 2 E CIOREEHAIN T
WchHKEFMKIE TR T »F 7 (HEATE) #5[2]1& AllnN BEPERE ORYESEIN T » F > 7' %
TA7 L GaN % PhC3]AERI L, EFEHEA GaN AR w2 /L PhC ITHBIT DRENLFHE
WSO D A TO MR e Y hrT y DIaik4, 5], B L InGaN/GaN £ &1 5 iE Mg & NTE
T2V 7RG R AR m 290 PhCIZERIT D EANRIBE T TOF @Y o ZIRFEIEE6IT DOV Tl
Lo, ARFFETIX, A XD 52 515D InGaN/GaN MQW WNTERI LR 2 /ERL L €. Stphie %
HRHED R 21T > 72,

EBRFHE - fEER : p-GaN(60nm)/MQW (42nm)/n-GaN(50nm)/AlInN(300nm)/GaN/(0001) Al O D~ &
U = NRENE AL A2 RN BERIRICEE LB =7 AEED SiO, v A7 B LTz, RNEBERY 7
2B DM % a0 (~350nm), 7 7 A ZHLE ZATBEOHEOBEHEZ R & L, R > a3 T 5 Topological
IR A U R L=3~9 7 T A X ONRMABICEIE L, Z DJEFH% R<ay/3 O Trivial SR CH -7z, A7
L B PhC i 1E O ERLFRIEIL, LRTOWME L [FAEETH 5, Fig. 1(IIERL L 7= L6 IHRER D Lifi SEM 4,
(O)FKERT > TR OB NFEAMBE T E TH 5, £ TORHEIZIB VT, Topo./Tri. BEFUIZIN » 7= FH BDKR
58U RN BIER S, FEGIE Trivial fEIICHR < /04 L CW 2, Fig2 1, U v Z3EE o0t
BRIED LIKFMETH Y, L=6 D & EF{ il L=9 DL /b Aol

BEE . AWFIEO—EBIL, JSPS BHIFE JP24K00950 DL % % 1 TiThiT-,

ZEZCHR : [1] L. Wu et al. Phys. Rev. Lett., 114 (2015) 223901. [2] R. Kita et al. Jpn, J. Appl. Phys., 54 (2015)
046501. [3] K. Yoneta et al., Jpn. J. Appl. Phys., 61, SC1078 (2022). [4] Y. Takano et al. ICNS14, OD7-2, Fukuoka,
2023. [5] FZiifl, 71 RIEYEFEE S, 22a-21C-1, HH, 2024. [6] A, F71 S EFHES,
23a-11E-3, 3L, 2024.
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Fig.1. (a) SEM top-view and (b) mercury lamp excited Fig.2. Peak fluorescence intensity of ring-
fluorescence microscope images of InGaN/GaN shape emission as a function of resonator
MQW topological PhC resonator structure. (L=6) size L.
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FRODALIF Py I ER—FATRBZAV: Y EERE
Y-junction optical combiner composed of unidirectional waveguides
utilizing topological photonic crystals
RX' ‘D ER' 5F& &'
Univ. Tokyo!, °(D) Guangtai Lu', and Satoshi Iwamoto'

E-mail: lugt@iis.u-tokvo.ac.jp

The phenomenon of destructive interference in light indicates that two out-of-phase light waves can cancel
each other out. This principle, however, seems to challenge the concept of energy conservation, due to the
inequality of input power and output power, which is also known as interference paradox (see Figure 1(a)).
However, it is theoretically impossible to couple two such light waves into a single mode. For instance, when
a beam splitter receives two out-of-phase incoming beams, it produces two outgoing beams: one that
undergoes destructive interference and another that experiences constructive interference due to a phase shift.
Traditional Y-junctions, shown in Figure 1(b), result in no light coupling to the output port due to destructive
interference inside the waveguide but the energy leakage through radiation modes.[1] For photonic crystal
Y-junctions, destructive interference is associated with energy reflecting back to the source (Figure 1(c)) or
out-of-plane radiation.[2]

Recent advances in topological photonic crystals in quantum Hall phase have opened new possibilities for
creating unidirectional waveguides that are immune to back scattering.[3] A Y-junction optical combiner
based on these unidirectional waveguides can function differently because of no backscattering at the junction.

We consider a 2D structure composed of photonic crystals carrying different Chern numbers. Different
from conventional Y-junction combiners, in the topological Y-junction combiner, two out-of-phase inputs are
combined and guided to the output port as demonstrated in Fig. 1(d). The result reveals that energy
conservation is held through bulk-edge correspondence. This principle necessitates that the output waveguide
must be multimode. The destructive interference in one of the output mode is associated with the constructive

interference in another output mode, keeping the energy conservation of the system.

(a)

(b)

Figure 1. (a) Illustration of destructive interference. (b-d) Destructive interference by input out-of-phase waves in (b)
traditional Y-junction. Energy leakage through radiation. (c) photonic crystal Y-junction. Energy leakage through reflection.
(d) topological Y-junction. Energy is preserved due to its multimode nature. Chern numbers of photonic crystals are labeled.
References: [1] S. K. Burns, et al. IEEE J. Quantum Electron. QE-16 (1980): 446-454 [2] Y. Wu, et al. Physica B: Condensed Matter 405.7 (2010): 1832-1835.
[3] Z. Wang, et al. Nature 461.7265 (2009): 772-775.
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BIMEICLSEAPEEZHAET 5 BiEDEHR

Preparation of Bil3 film with periodic structure by electrodeposition method
RARIRE Ok BEE Mzl 50, =% EH
Kyoto Univ. °Suzuki Naomichi, Takumi Ikenoue, Masao Miyake
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74 h= v 7D R A I EER TR S TV D, MA;Bilo(MA; methylammonium) -
IR, KIAIZ L > TELU D=3 X — AN &L L EWRBEIRHEN KIRIC X - THRZRbi
W22 FE 72 St R GaAs 72 EDRERONHERE B2 Y | i CR G R 7 m 2 AT
TERIFTREE WO RSN B B, £ DT, 74 b= I fEFROF - 7ef B & L THIfFTE 5,
FxZ7T 7= FA~OEHZFH LT MABbly 7+ }\w—‘/7#taa@ﬁz;®7i’ﬁ*a LT
W5, EEIREDT 7 L— FAIC Bil 2@ SE 2k, 564072 Bils OJEHIEERE
MAIEIR & SO S5 Z & T MA3Bialy 7 l\w‘/7ﬁtaa’% /L 7aEAEBEL TN,
AFFFETIE, PS 2 A RiEHOT 7 b— MBS NI I ENT 21T 5 2 & CEHIE
ExAT D Bils BEOERAEZIT -7,

Bil; D EHNT X, 5-100mM @ Bi(NO3)3-5H20, 10mM @D I, 3L 100mM D NaNO;
ZETVRIR (H0,EtOH=1:1) |2, %% C pH % 1 DL FICHHE L EfiR %z v C
{To72, 250 mV TOEBMEN & Lc, FAEEEDT 7 L— MIIARY 2AF L2 (PS)
avA Rz AV,

Bi(NO3)3 £ /% 5 mM T, (Fig. 1 a) IZRSNDH LT 7L —RDPS 2 A Ridh
O _EEIC Bils 23ENT SH7z, Bi(NOs); JEEE S0 mM TIL PS =2 v A RiESE D22 & 52 2T
H9 % K 9IT Bils AEN T SN /(Fig. 1 b), ZAUTBHTRHZ v A NEEEEOZERIZ Bl A A4
VR FSICHEE LT E X B D, BiNOs)s IREA 100 mM LA EE 725 &, Bils 1%
ﬁﬁéﬂfmwk (Fig 1 ¢)o VL EDOFERD G BiNOs); R 50 mM 23, 7 7' L — RN~D
Bil; OFEATICHE L CWD Z E RN yhoTz,

Py 0 Ll !\'» e e e~

il . —
Fig. 1 Cross-sectional SEM images of Bils layers electrodeposited on substrates with PS colloidal

crystal from electrolytes with various concentrations of Bi(NO3)3
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