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18a-A34-1 BRSE S AMELAKELITHES BETFHE (2024 KEAYLEN2RIBEFVTAY)

MEBIREEEZH I SR
2RI+ b=y O BRL—TFOERLEEREGRE
Fabrication and room-temperature continuous-wave lasing of circular defect in
two-dimensional photonic crystal laser with convex edge structure
BRRBET, & ok, R ikt THk &A, E BB /\K %,
FEE EA, RBH B, AWE =i Ak EE
Osaka Univ., °Rubing Zuo, Yuki Adachi, Yuto Kudo, Hangiao Ye, Tetsuya Yagi,
Masato Morifuji, Hirotake Kajii, Akihiro Maruta and Masahiko Kondow
E-mail: zuo@e3.eei.eng.osaka-u.ac.jp

[F] 7y 7HONBEEERT 27012, TxIIMERMEZATL2EREAR 2 Koo 7 + b= ZfEf (CirD)
V=P afE R L, MEE B ZTT> TV D[1], B FEEE (OLW) 1% 20 nm O#iEZ R H, 7 A h—72
FHODLRVERELEBENATRETH D, LL, REABR L CHEDCARIET 5 & BEBRAMEIC K - TS
HBENENT D, I 2 b—a 80 BAMEICRRERREZRET D2 & T, ZOEELYR T,
Z V@GR BN D AR SNT2[2), AR TIE, Z ORMEDIEREAN & B - Mz U, FERRICEE
EER UCEREER T o 7o, FORER, T O 72 iRk L — PR IR 110 TR L 7=,
[EBRAELHER] GaAs =% 7 MNE, InAs QD JE4 &ir GaAs = 7 8., =7 J@%&4kdr LT AlGaAs 7 7 v RIgd
JESE, ZHZ4 180 nm, 220 nm, 550 nm Tb %, FRFIHITLL T RT, OE# (EB) VY777 4 —%H
WT, HER BT+ F =y 7Ny = ERE AN — B L, Iy F oI R o TS —r %
TyF U Ui, ZAKTORTER, 2R, M OAE, BB — b OYRITEI TR RIC X - T
DTN 25 L 72[2], @H20/N2 785, 395 °CC 45 /3], AlGaAs & AlGaOx (ZEE{L L 7=, OrFh Lt
EHEDa 2 7 NEEBRET 272012 BRI CTH LR 10 um OFER Y —> OENEB Y YV /T 7 4 —
L RIAZyF U T ETole, @BHF Uz y by F 7LD, WREGHAEEFT O AlGaAs/AlGaOx 7 7 » K
J@xBREL. Air 7 7> REZEA LT, OIS BIAES DR/ N2 — W TRUBH A BEEH L7z, BEBRTR R0k
O L SEM 4% K 117 T, T OTFIETYERL U230k 0 H 138 BIALEIC & 5 80 22\, 785 nm O L—H %
R 7 LTRFNEEIT o1, MU —E AT T —DBFRERK 21273, BE/ X7 —1250 uyW TH Y |
B OB 2 FF O L — Y v 7 LT ikB O DAL AE BRIV [3], AJI/3T —210 pW DALY ML %K 31w
T, B R ECEERIZ T T 12961 nm, 0.09 nm TH Y, CirD L—H & LTRLRETH D, Zh bk

RiE, LV EOHAEZGL - OOmMEROL R R E, SROMEICHMT DD EEZEZXTND,
[Z#3CHR] [1] V. Xiong, et al., Photonics, 6, 54 (2019)

[2] Y. Adachi, et al., physica status solidi (a), 2300579 (2024)

[3] Y. Adachi, et al., IEICE Electronics Express, 20, 20230054 (2023)
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Fig. 1 Top-view SEM image of Fig. 2 Relationship between input ~ Fig. 3 Spectrum of the sample. Input
fabricated sample power and output power power is 210 pW.
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74 b=y VR LU—F—DR T ARABEDESE

Demonstration of injection locking of photonic-crystal lasers

HERREI, ®id KBTI CHLEH FAFETFE 2 TEER, RIKET', De Zoysa Menaka', EFH '
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[F] Fxix, 74 b=y 7L —¥—(PCSEL)DEH 7] « @b O EBRICHIT T, HiK T
74 b=y Il VO REREOEL - b2 ED TREY . ZhETIC, BREHE (=Z3mm
Q) H—F— NREIRZ RIS 5720 ORGHEH O & & $122.3mm®PCSEL % EEIZ/ERL L |
1IGW/em?/st &N 9 KA L —HF—1T b VLT 2 S GBI E IS S LT\ 2 3, E£72, milEl, #
#0 PCSEL @@k —L v MEGEWEOEBLZ AT T, PCSEL I[ZAMBIEATEA Lo BRI S
FEMT 24TV, HEED 171000 FREE DS T — O SEE NI K D HFEIIEME N ZB B TH L Z & &
WLz, Al EBRWICEH, SEEARBIEIEOIZFEC KD LIzO TRt 5,

[EER#ER] PCSEL ONiEARMIC AW L% % Fig. (27, B 1mm OH—F— F _H
¥ PCSEL (JHRI R Ape) 12X LT, mEE SN O Ut E b ORI L—3F—) (A4
W ine AFHERER 1mm, AF/ T —Py~05mW) &3 — R¥E LCTAS L, £72, PCSEL ®
5% Fabry-Perot Jefik4s (FSR10 GHz, #E/REE A1=0.2 pm) IZHEH S, TOFZEE R %
ERT D Z & T PCSEL DFEIRANY M D@ 3 fRINE 21T > 72, £3 . PCSEL O /)% Pou=0.33
W IZERE L, AFHEEZK 1 pm %A TR S EZEBICE LN RBIEAXY ML % Fig. 1(bIIR
o AFHEENHLIREED O+ 2B T 256 [TEBD S X (VNITIE, EAERRE S EEICE
KT 56T OEEZEERNT, MR OEIRER TOMS L2 BIRB R oD, —FH, AR
ENRERISGESWEGE [FRIDB L OAV)IZE, AFEARIEE— NEHAEFERTL LD
2720 AT MVICEBOREE — 7 BNENT, S5Ic, AR &SRR O35 1pm DL
TIZ72 D E[FEIRAID]. AF IS LR CTO¥E—5— FRIENE O, VT, LitdHE
B2 BT, PCSEL D)% Pou=0.62 W IZHIIN S/, NF U A RF 45 7 % % T PCSEL
DL v — RHDO~T a4 TR dops M) ZHlE L7, GO THEE, A
FEATORWIGEORER LA HE T Fig. 10IZRT, KA AR LRWES (K#) (X, PCSEL @
HENEFECNEIRIRE OREMA 7258 5 Z IR LT, B — MNEWEIZ H =10 MHz F2EE O LB 234 U
eIz L, JEASRE (DRFY) 121%. PCSEL ORI K & AGTHEEN—H L, —EOMMZETT
WRELTTWDZ bbb, XY HRET 5,

(5] AWFIE O —ERI3RFE (24H00430,22H04915) 3 X OVBRIDGE @ %, & Tirbi /-, [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, 727 (2023). 4) - _I-fth, 2024 4EEZRIEY) 23a-11E-8.
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Fig. 1. (a) Experimental setup for injection locking of PCSELs. (b) Measured lasing spectra when Aix—pc is
varied. (c¢) Heterodyne beat note signals between the PCSEL and seed laser with and without injection locking.
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INPRI7+ b=V IBRL—YF—OXEINDXr—3 EV) T 1 ORE
Investigation of power scalability in InP-based photonic-crystal surface-emitting lasers
EREI EKRBRI? ik k@12 BFAX @F12 fH BE L2 B 4L MNER HL
RE #EL B B KF L FHk shE 12 R EE L2 /K EiEd R 8581
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Sumitomo Electric Industries?, Kyoto Univ.2, °Y. Itoh:?, T. Aoki-?, K. Fujii®2, R. Tanaka!, M. Ogasawara®,

Y. Sawada?, K. Machinaga?, S. Kimura?, H. Yoshinaga® 2, N. Fujiwara-2, H. Yagi*, M. Yanagisawa!,
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[iIZFLoic] 7+ b= /7,%*.% L—H#— (PCSEL) (%, {EMEEIEFICER T 2 koo 7+ h=v 7
ftigm (PC) OFFELE (TR) 2B 5 2 WocHRIEAZFIH Lizm#E e o B8k L —3F—CTdh
D, RBERIZ, mH ) - I_JE- LB 7 U— P RBIEN AR TH DM, Fx X, T OFREETED
L7clBER RO 7RG E LT, InP #BH%R D PCSEL Z st L T\ 5B, ZivE Tl
1.3~15um # D InP % PCSEL (23T, “Hi&F PC L &J& I 7 —EMOEHIT LV =R CW B
iz HmE T (>330 mW) o H—F— REIEZ FZRE L TE 7R3, 4[a], PCSEL ORFHEDO O

LOTHHHAID A —F B YT 4125V T, 1.5 um 47 InP 5% PCSEL THiat L7,

[#%3E & RE] Fex D PCSEL 1Z, RIA =y F U7XV PC 2R LIZRIC, £ O EEICiEE
JEEHEETHZ LT IHEE~OZyF U T HE A=k EHEL TS, £72, 100 nm L F D InP

AR—H—fE% PC LICHAE L, ZEFLR S ZHERr LR TR ZIT ) 2 L Ic X mT A

7 MEEEB)DIRWZEFLAVEME BT FICTERL T & 5, £ ORER, 1EMEE & PCEANOILH CiAD & &
OHIENREE T2 o> T\ D, PCITITFEMIM O ZH& 7 PC 28 H L. BE S M OF AR E &
WwoHEEBIZ, Hj%ﬁ W3t LR R ~BU S otz N ~R T 7200k I 7 —Eim%
HALTNWD, p FEARELAE(L) 100 ~ 300 um DT /31 AEAER UT=, DR D/ KD
CF#/E#%T@%%% F%%T)&%D [f U/ RIZBT D EKE— REIROMGI O, &7 34 2 A

RIZHkF LT, PC # & feiifb L, ﬁ‘érﬁ“\{—ﬁj;f(é:ﬁﬁz%ﬂ—ﬁiﬁ% FHHEE L7, 1E#L L 7= PCSEL @ 25°C,
CW BRENRF O EEIE- Y6 M 1R % Fig. 112, 7 73 AFES) & L2 VMEER (ln) KA TT (Pmax)
DOER%E Fig. 2 1277, TXRTOTNAA A A ZTHREP GO, 7354 AEMEICH LT, LE
VMEEEDE & B K ) D3RR L BN Lto L =300 um & L &V MEER T 490 mA, St H 7713 511 mw
Thotz, F7=, Fig. 1 OXHFITRT L D12, 058D/ e M e — %283 L= (L =300 um),
KT IS ADFKIHTIBEO NIRRT R V% Fig. 3 IR T, TXTOT A A TREM IR HE—F—
RABIRENFHITE Y, 60dB UL EDOEWEITE— RMELR AN L7z,

(3] ABF7e0—1E. NERFSIP 71 25 A - BRIDGE 71 75 &, FHFE(22H04915) D H #2521 T -,
[Z%& k] [1] S. Noda et al., Adv. Opt. Photonics 15 (2023) 977. [2] Y. Itoh et al., Optics Express 32 (2024) 12520.

[3] T. Aoki et al., Appl. Phys. Express 17 (2024) 042004.
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Fig. 1. Light output — current characteristics Fig. 2. Dependences of lth and Pmax Fig. 3. Lasing spectra under
under CW condition at 25°C with far-field on device area (S) at 25°C CW conditions at 25°C.

pattern for L =300 um.
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First emission of active nano-pixel waveguide
using InGaAsP-MQW membrane

1-Eggs, Kyushu Univ. !, The Univ. of Tokyo. ?,
Zhesheng Lei !, Islam Mohammad Shafiqul ¢, Haisong Jing !, Ryota kuwahata !, Eisaku Kato ?,

© 2024%F [SRYEES

and Kiichi Hamamoto ! E-mail: lei.zhesheng.022@s.kyushu-u.ac.jp

1. Introduction — | 1477 (a) (b)
Direct modulation laser diode is one of the promising ; /\j\'j\"‘\‘ 1492
devices for data communication [1, 2]. One possible 5
scheme for Thps class modulation is to utilize photon- g
photon resonance (PPR) [3, 4]. We have proposed and § 1465 © @
demonstrated plural PPRs might lead to higher g
modulation frequency [5]; however, a restricting factor © . . .
1400 1500 1600 1400 1500 1600

toward Tbps modulation is the cavity length because
photon round-trip time limits the maximum modulation
speeds. In this work, we carried fundamental research on
active nano-pixel waveguide using InGaAsP-MQW
membrane structure. Optically pumped active nano-pixel
waveguide exhibits spontaneous light emission with
Fabry-Per& resonance of 40 nm, 36 nm, and 31 nm
spacing respectively that corresponds to the cavity length
of approximately 20 pm, 24 pm, and 26 pm, respectively
which implies plural interference paths whereas securing
a few ten pm total cavity length.

R R

Rs=3 pm @ (b)

Fig. 1 Active nano-pixel waveguide. (a) Schematic, and (b)

implemented device.
2. Device design and fabrication
Figure 1 shows the designed active nano-pixel waveguide.
Three nano-pixel waveguide, and three bending
waveguides are integrated with single input/output
waveguide. 1>2 nano-pixel waveguide is designed with
3 pm>6 m footprint which incorporates 190 of 180
nmx>180 nm nano-pixels. 1>3 nano-pixel waveguide is
designed with 3 pm>3 pm footprint which incorporates
90 sections of 180 nmx180 nm nano-pixel. Three
different bending waveguides are designed with the path
lengths 23 pm, 26 pm and 29 pm, respectively. This
will realize two PPRs in case of laser. As indicated in Fig.
1, input/output is with the common single waveguide
where the facet is cleaved. InGaAsP-MQW membrane
structure was realized using wafer-bonding on top Si via
300 nm thick SiO2. EB (Electron Beam) lithography and
ICP (Inductively Coupled Plasma) dry-etching were used
for the waveguide fabrication.

3. Results and discussion

Optical Pumping light of 1.3 pm DFB-LD was injected
through the input waveguide. Thermo-electric cooler was
used to control the device temperature under 25 °C. For
comparison, single bending waveguide integrated with
1>2 nano-pixel waveguide devices were also fabricated
and evaluated simultaneously. Figure 2 shows the
achieved spectrum of the single bending waveguide
device. The designed path lengths are: (a) 23 pm,
(b) 26 pm, and (c) 29 pm, respectively. As indicated in

Wavelength [nm] Wavelength [nm]

Fig. 2. Emission spectrum single bending waveguide. (a) Path

length = 23 pum, (b) 26 pm, (c) 29 pm and (d) fully integrated

device shown in Fig. 1.
the figure, each spectrum from (a) to (c) exhibits different
Fabry-Per& resonance spacing of approximately 40 nm,
36 nm, and 31 nm that correspond to the path length of
approximately 20 pm, 24 pm, and 26 pm, respectively. In
addition, the peaks for (a) to (c) are slightly different each
other. As indicated in the figure, the peaks are 1477 nm(a),
1492 nm(b), and 1465 nm(c), respectively. This fact leads
to the possibility of interference each other, and we may
design the peaks of PPR based on these results in the
future. Figure 2 (d) shows the spectrum of fully integrated
device (see Fig. 1). As indicated here, the resonance
spacings were different and narrower than the case of
Fig. 2 (a) to (c). Presently we think that the achieved
spectrum was due to the plural interference of three
different optical paths; however, further investigation is
needed in the future.

4. Summary

We have confirmed the spontaneous light emission with
Fabry-Per& resonance of approximately 40 nm, 36 nm,
and 31 nm spacing that correspond to the path length of
approximately 20 pm, 24 pm, and 26 pm, respectively
spacing respectively in case of single bending waveguide
cases. Moreover, different resonance spacing and peaks
were confirmed in fully integrated device. The achieved
results show the potential of plural photon-photon
resonances when the device output reaches to the lasing
threshold.
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BIKPEBE BT InP/Si EAR _E GalnAsP SCH-MQW L —¥ DI HREEME
Lasing Characteristics of GalnAsP SCH-MQW Laser Diodes Grown on
Hydrophilic Bonded InP-Silicon Substrate
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Sophia University, L. Zhao, R.Yada, JY. Zhang, K.Shimomura
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L DI

KIFEEFERI I O 7 R EolfE & KV 2
T CHEBLFT L, Si FR EA~D InP RHT N
A ADEREPEANFTE I TN D, AUk
L., Fexix, #EO InP & Si FEE EHEAL T
EIZE > TREY A8, Z O InP/Si AR EIZ InP
RIEROREET D Z & THT A ADHERR
BELOERZAT ) FIEZIRE L TE7[1,2].

ARl BKMERHERE T 2 FVC InP/Si Fobi |
(2R & 72 GalnAsP SCH-MQW LD & R
IZDOWTHE T 5, BUKMEEREMATTIC L DR
A RRTA=ZLL—TFDLEWHEERE D
BIRZII SN LT, £ LT Si R EL—W
WZBWT, InP B EL—H LRIZ%O L EVWME
EIE A FF72,

ERFG

Si FEM B L —V OERIFIEIILL T O@EY T
» 5, MOVPE ik T WP % # Lk 2
GalnAs/InP/GalnAs J§ Z ik S €, JES 1-2 um
DO InP 2155, MK InP & Si Fet a8k
PEEERLAE THEA L, 400°C, ZEHEFHKT
T1RRT =—Y > 7 %4757, 2O InP-Si &
M _EIZ MOVPE T 1 12779 GalnAsP SCH-
MQW L — Wiz Rk S 87, #a0ERIC
InP & Si OFEIZHRA RBEAE T, TNk
X v UTHEACEELY 52, LEVEERE
WIS, RA R L—F L EVWEBEROBM
fREFIRD T, RA RORE & LBIE 2%
L 72, B & 1 & 13 Keyence VE-7510 THIE L,
e L B EREIL L A S BEREE T A E
L7z, ZNZEI T = \ENT 15 2 FrilE L
BE 157,
ERER

B2 1IARA Ro 5 AEEE Si Fk B —3
DI L EVMEEBRBEZEOGRTH L, A1 K
DIRTA—=FDHFT, RA RO EHHBEILY
aHER EL—Y O LEVMEERZ KT 57
ODEZIR/NT A= ThHhDH I EDmm-oT, Si

FoAr 0> SCH-MQW LD O L &\ MEERZE X
AA FEREED 5% DGA . 20°Cf
1O3KA/ecn? MG B 72, & OfEIE InP Fo E 11—
P LRIFERETH D,

BE
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vol.55, no.11, p.112201, 2016.
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Investigation of device length dependence of 1.55-pum-band QD-RSOA in
threshold current of SiPh-based heterogeneous tunable laser
BXRET! HE#E. CM)IRK XELLXK B2 P Eh? R #E? Chih-Hsien Cheng?,
P E—2 WA ERZ )IE gh!
Waseda Univ.t, NICT?, °T. Matsuki', A. Matsumoto?, S. Nakajima?, T. Umezawa?, C. H. Cheng?, K.
Akahane?, N. Yamamoto?, and T. Kawanishi?

E-mail: libra-tree70@akane.waseda.jp
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FTT TR E O JEE A A TRELC
T 5728, F 4 ILBIE RoF (radio over fiber) [1]
2K D EAE AR A O L & WE, &,
WRAIZ, 2 WRFERPEIRAIEE T S A%
BAHELTWD, RIFETIX, ORI &
LT, 1.55um #iZHi) B &7 Ny MR-
AR ZE (QD-RSOA) DT A 2Rk fF
PEIZEET 2 MENIZTE A ERWNWZ &G, 28
Vo IREEED Si 7+ =27 % (SiPh)
& QD-RSOA # W - BAEMEHER L —V D
L EVWEE L, QD-RSOA OF A A DR
f& %R HE L 72D CHET D,

XA ARV THI 40nm D& ] B i PH & 52
BHLTWD,
AHFFETIE, QD-RSOA DT A ZARIZL D

L EVMEET O ZALR0W & w] 2 M 2 RERAYIZ

FEAfi L, QD-RSOA DT /34 A RARAF: % LMl

L7co 73 AR O K 2 Rtk 3 JiA

N, ARIFTRERZ B LTV,

[1] A. Matsumoto, et al., CLEO2017, SWAC.6
(2017).

[2] K. Akahane, et al., Phys. Status Solidi A, Vol.
208, No. 2, pp. 425-428 (2010).

YEfL L 7= QD-RSOA (%, InP(311)B Ak iz S 14 .
& L7z InAlAs 7 7 v KJ&, 15 %t InAs QD % 1
J& & InGaAlAs H[ElfE, p+il InGaAs =12 & 7 :
FESOHRSI, QD REE ML, U v UHE 5 o)
11 3.5um T, RSOA O JiHifiifilL AR =1 — b & g o2

NTW5, SiPh X, v~ 7ok —4%—D8
FORTHIREREZ A TEHES 2 B
THARGB AR, R 7 4 V2 BIUOSNHB L —
PIIRER & U THBET 2, ERITITT A AR
1.5mm 7>% 3.5mm F Th QD-RSOA % H\,
5 OEE A SiPh F v FICHES LT,

Figl IZ T 2L —% oD I-L FeEi,
QD-RSOA DT /XA AENEWMEE, LEVWVE
BIMABDTHZ L 2R LTV D, 2T
NA AENEL 705 2 & C, IEEERICBIT 5
HEANEIROE)— MR /L X —3h %03 m kL,
FIESEEERm E Lo itk B2 BN,
Fig2 IZRTHIN AT ML TIE, ~( 27tk

Current (mA)

Fig.1 I-L curve of this heterogeneous QD tunable laser for
each QD-RSOA device length

Output power (dBm)

1510 1520 1530 1540 1550 1560 1570
Wavelength (nm)

() Jamod adjeay

Fig.2 Output lasing characteristics when heater power of one of
the ring was controlled (L = 1.5mm)
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{EEMITYF>oI0F ) DA VER S| T4 bZv UERIIRSROL —RIE
Lasing operation of etched nanowire integrated III-V silicon hybrid

photonic crystals cavities
NTT $)74b20R009 1, NTT $¥014$6% 2, NTT %658 3, R KHE 4
OBOMA 2, BARE P ARAE 2, #iRkEE 2, BMREE 3, wEkt >
NTT NPC!, NTT BRL?, Tokyo Tech. 3
“M. Takiguchi'?, T. Fujii'3, H. Sumikura®?, A. Shinya'?, S. Matsuo'3, and M. Notomi'%*
E-mail: masato.takiguchi@ntt.com

WHER/NBOILEMHEREZE Si Fv T (CEEIT D EE. ABERERT RN T /(1R
ZRFAITDDICEETHD. BAFINFETEHSHREEDEMHERS ) DAV ZSi JA4 hZwv o
ERPDRLFBECEATDIZET, LY - HRAyF -2/ ZERIRLUTE[1-3]. LML,
F DAV DBENT M ML > F-F ) DA VREIOBRRURWIVF vy T (d. /DA 7ADN
FACADETDRAL/RD, RFHEREZHIRLTCUED, €T, L (HMEEMFEKRS /D117 %Z
TyvFIOTOCATHERT D ETIHEZERAARIC U, Si T4 hZw IFE8ROD hL > F (TR
<EESERZET. ARALRADDEWW\ATUY RIA by UfEGRIRSEROERZIRELZ. 8l
BIDIRE[4]TE. F/ T4V E ML FRBICTHITMRRENEC TUVETesd. AR UIADHNEEEN
IJL—TRIRICLESRMN DIz, EZTSEI(E ./ TJATDREE ML > FiEzE K DIEEICERET L.
I7FvvITORMEGEZRIRUIZ E1(a)[FRBDF ) DAV EASI T4 b IHERIRF CTH D
F DA (EEERB(InGaAsP SMQW)ZED InP JT/\E RSATYF I TIMIUL. TNEEHEET
U> NEEREFEDEMIRERVT, L3 HiREBAD ML F(ICEBA L. B 1(b)EI7FrvITEX
FACIADDIIFHETH D, BHS 25nm LU LD (EHEE UiAhZ KR (ICEB S E D 2 EHAD D,
kgD izdIC. F /) DAV DKREE KL FDIEA. (300 nm, 300 nm). (300 nm, 400 nm)dD 2
BEOHIRSRZFR Uz, B 1(b)(&. ZNETNDY>TILD PLBAIE (pulse FhfE) 21TV, L-L 4%
BEEDIEEDTHD. INSHNDLD(C. BIRRKRIZF v v ITDHDHY > TILIEHIREEETR
SR FrvIT L RADRFIFHEERL —PRIRZRUZ, 252, CW BIEDHBEICDNT
B, L—URIRZRIRIBOREL (K 1(c)) . WROIIL—>T b AFAEEICELD g2 D
R TSIz, SO ENDS, AMBEICK DK LIAD EBMREBDWE(CHRINLIEEWR D, KRIAF(E
JSPS #EAE 23H01888 MENMZ=Z I TT=EDTH D,

[1] M. Takiguchi, et.al., APL Photonics, 2, 046106 (2017)

[2] M. Takiguchi, et.al., ACS Photonics, 7, 1016 (2020)

[3] M. Takiguchi, et.al., ACS Photonics, 7, 3467 (2020)

[4] O, 25 84 LlIGAYNIEFSMEFMEEES, 21a-A308-3
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Fig. 1 (a) Optical microscope image of Si photonic crystal cavity with etching nanowire (b) Airgap vs Q
factor and optical confinement factor. (c) L-L curve for different samples under pulse excitation. (d) L-L
curve under CW excitation.
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Enhancement of frequency modulation of multi-section photonic-crystal lasers
RAREL' LKL KDDIEAHER ' BXEILY FHEEL', HLg#! HBFR,
De Zoysa Menaka !, HIGER !, ANFKX’ EREXE’ HBRMAE’ HKAKEH‘ FHE!'
Kyoto Univ.!, Tohoku Univ.2, KDDI Research, Inc.>, Waseda Univ.*, °R. Morita'%, T. Inoue!, S. Nakano!,
M. De Zoysa', K. Ishizaki!, S. Ishimura®, H. Takahashi®, T. Tsuritani®, M. Suzuki‘, S. Noda'
E-mail: ryohei.morita.cl@tohoku.ac.jp, snoda@kuee.kyoto-u.ac.jp

[FF] EHICGW) - @mE—AMEEERREZR 7 4+ b=y Zfifh L —% — (PCSEL) DIZH W\ C, @il
(>GHz) 7REAEZFHENED FIEE & 724U, MR MIBE A 1L U & Lz B HZERDGEIE ~D B 23 1
FEEND Y. BxITINET, H{EZ%((FM) STHENEZ ATRE &9 5 4y EInE PCSEL & A 12457 5
EEHITY, ERERIER LR FI2B 0 TY > Mk FM ZEFHENEOHIIETEIZAREI LT D 9. 4
[\, FM ZZFHEMEDOZFEHKRICANT C, R EEOUREFZITo72DO THET 5.
[ﬁﬂ#ﬁﬁ*%] 4y E6E sz PCSEL D JAAME & DR % Fig. 1 (@)IR7. 74 b= 7 b tRERT,
Flg IO T LIS, EPRETERGE Aa 26T 2 2 FHIRICHEISNLTEY, %éﬂ?z ja (E£E
=500 um) 2fKl _:Jﬂou\f$~~%— RIIRZMERF LoD, FEIRFEBNHENIC N R AR 723 8
Aéhé ZIT, ZOKFERDERD 2 I —EDAA T AEREIEAL-DD, AV
MHOEEEEARHER>EETDHI LT, 2 Eﬂ?@‘&]\ﬁéﬁm@ﬁk/\/ }‘ﬁﬂ”ﬁﬂﬁ?ﬁ% ZHef L C,
WP RAR B B A mR I B (b S/ A 2 E R FREIC/2 5 Y. T 2T, WHHOLETERIEAZ LTS
T2 DF ff‘ﬁff%a_& LC, AIEIOMETIX, Fig. 227 L O HE o nﬁ”ﬂ?ﬂi%/\il L 724
EEERL L7 9. Ko BIEMOENEREIG 2 ST 0, VRO NG E 54 DG
BAE R %A Fig 20)0RT 28, BB S R AN L CEEEICEIET 5 £ Tl “‘om}fﬁﬁw
I E OB BN NS WD ERDD. £ 2T, Fig 22T X912, IEERICIEW
WO p BUEM A 38 LIS 2 872 1ORET L. RE IS T 2168 O NE S E oA
Fig. 2(d) & 72V, RiFEHEE & G LT, 5~10 f5RREDO R E 2EREEZ LN HF oD 2 & 3 HFF
ENb. WEEICONWT, BTFEEAEE Aa=1.0%x10% (a=276nm) & L, EFRER 1.25A IZHF
fllaaO15A@JE*HIE@K(E%:F%EEL?L_W@J—J{EZ%Z SSHEOE L% Fig. 31T, ks, gD
W, B HARES 2 0B L TR W@ O PCSEL OFER B R L TWA. [FK LY, pAIEMmE 5
#| L7z PCSEL 1%, n MIEMZ /3% L7z PCSEL L0 &, FEEL{bEEZ | HfEEHEKAETH D
ZENHI IS, REHEEOEREE R 25, FEMITYE ARE T 5.
[BHEE) AR —EIZBMFE (22H04915, 24H00430, 24K17622) 3 X O BRIDGE O X% %1} 7-.
[3THK] 1) M. Yoshida et al., Nat. Mater. 18, 121 (2019). 2) S. Ishimura et al., J. Lightw. Technol. 41, 3688
(2023). 3) b fth, 2023 FEFRIEY), 17p-A303-3 (2023). 4) fHEF {1, 2024 H=FIEH, 23p-11E-7 (2024).
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Fig. 1. (a) Schematic of atwo- Fig. 2. (a) Schematic structure and (b) calculated current density Fig. 3. Calculated frequency change as
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Proposal of high-speed modulation of high-peak-power short-pulse photonic-crystal surface-emitting lasers via the
introduction of global band-edge frequency distribution and split electrodes

AL ! RAEXRI? CNHEM' HLSth' FHEARTFE L2 HHE'
Kyoto Univ. !, Tohoku Univ. 2 °Y. Shibata', T. Inoue!, R. Morita"2, S. Noda'
E-mail: shibata.y@qoe.kuee.kyoto-u.ac.jp, snoda@kuee.kyoto-u.ac.jp

[F] 74 b=y ZfifE L —%—PCSEL))IE, 2 KILT + = 7 fEdmOReEE(T R%) TO IR
TERZ AW mEERREE L —F—CTh b, Hald, TIVET, KRIKA S NG 6 48
A L7V A PCSEL #4242 L 2, 60A OFEFIEATE — 2 1177 500W #kD & H 7]« F 3L A8
TEDSFEICEHKPI L TS Y, EFLOH VA PCSEL IZEBW T, ALEE 512 & 2 #i#E(>GHz) £ iR E)
TEAHTRE & 724U, A -HIBKE % ol B T 2 D GlE ~O RS HIRF S 5, ARl Ry
> Rl JE R B o3 AR 238N U 7= PCSEL (23 Bl 2 B A L, BB & AfEREZ2 01 C
HEATSHZET, mitihinromEEREEE2 R+ 2 FEL RE Lo THRET 2,
R X OMENTRE B #2284 % PCSEL D4y B fnt & ORI % Fig 1(a) o4, Bt AGE
DHMEITZ 1000 pm TH Y | Fig. (R THEGEER (R L) ZFEAT D F—F RO A &
Fig. l(d) RT VLA (RIE L, 7SV AR A, 7 vy 7 B HEEAT SRR GEK B (B
d) WZHFEILTND, o, 7+ b=y 7L, TRAEEEERE 2530 R Hrﬂzi&ﬁ%ﬁ
[Fig. I0)]ZE AL TH Y, ZHHOHRICEL Y a2 P RICRESE 2@ 26T 5, FfEEICE
W, 27OV RABRIEART (50) BEOEARE (Fh) OFT 3 ANEOF v U 70408 L OO 75
FESAR DOFHFEAE R O—H % Fig IR T, =0 B W TIE, kA OBRIZF v U T REMIN
TRRE L 720 | JEDRIET D REOWIEA N K E W BRI S D, —FF =6 TiX,
Rl B ~DF ¥ U 7 HEAIC X0 WIHB R U CRIENBRM SN D03, T D%, Fig l(QIIRd
IR A ICEREINT-X v ) 72 bIHE LN DR BIRITIEN D728, Figl(e)Ilrd L)
RN IR SV ARG O D Z ERHIRF SIS, BARR9IZ d=200um, 1=18A, L=0.4A,
f=0.5GHz, At=1ns & LT, Fig2@II™IEEEIIE S 2888 B IZEA LIZERD, JeH ) okF
MZA L& fifdT L= R R % Fig2(b)IZrd . AJIE BT Uiz 300W fk D& )« 530 25 5035
IV AMFFED—EIIRIE D S8 %52 1T 7, [3CHR] 1) Noda et al., Adv. Opt. Photon. 15,977 (2023).
2) Inoue et al., Nat. Commun. 14, 50 (2023). 3) _E i, 2024 FEFRILY 22p-11E-7.
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Fig. 1 (a)(b) Schematic of the split electrodes and the band-edge frequency distribution of the Fig. 2. (a) Pulse injection current in
proposed PCSEL. (c)(d) Injection current waveform for each electrode. (¢) Temporal change Region B. (b) Calculated output
of the output power. (f)(g) Carrier and photon density before and after lasing oscillation. power of the proposed PCSEL.
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