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FRERKE InGaN BEFHFIZH T H5REXRMEDIER
Reduction of surface defects in red-emitting InGaN quantum wells
RABEL, Of@ &4, #F E, )L ®B—

Kyoto Univ., °Y. Matsuda, M. Funato, Y. Kawakami

E-mail: yoshinobu.matsuda@optomater.kuee.kyoto-u.ac.jp

[iZC®IZ] InGaN LED IX@EZNHE T VAT —HJHE LTHETHS. L, TR IO
LED 1TH~_T, JRfA LED OR KR ITE L KL, @BIRICET H X X v LR
WORESLAARAIRCTHDH. RERBO—D>THD ML F R, & In ka3 E 3508
BRI CHRRICBAEE 2B, InGaN VEVEE DFNFEZAR T S 2 ER & 722 5 [1]. ABF%E Tl
B (0001) GaN 2N b L o F RGO RN TH L Z E 2 R L0 THET 5.
[BOB] m @7l 0.3 FEE 72X 1 EOA 7 A E ST 7= (0001) Y 7 7 A 7R B, B
SR AMREEE AW CREAREE InGaN B HA2ME Lz, RERIX, GaN FHiE,
InGaN/GaN &7 T HJE, InGaN H7 &, AIN HFREE, 3L O GaN [EEEfG 2> AR STV d
[ZE=BER] 0.3 A 7 HAR EOsEl oK m SEM 4 (X 1(a) )} TlX, {EXMEE L TMID Y
By b, BWBRESTEM SN VE Y b, PLUFREABIESNTZ. —J7, 1ELT
FERTIEL, A7 v RN F U TP NRE ORI N0 L, USRS L 72 &K m R a0
AN AN X 1(b) ). X 1(a) & FEfROFREIKAEDfEE {[X] 1 (b) SEM SAM} &, ML T
R & B AR B S B AR S U7 pE (X 1 (b) 2R NBIER S iz, ARM & W= F
PME & Rl RMBIENS, A 7/A5 1 EL EofERicks W CRERMp@AMER L Tnb Z L
Dahode. HWT, M1b) DA Z7A K1 ELT), BEI1E), BIOCEHI2 ELE)
IZBWT, ZEMSECL A7 M ZEIRTHE L. B —7 R, A7ARKRER
BNEIZ, A T667 nm, B T656 nm, C Th54 nm TH-o72{X1(c)}. W EDA 7 MmkLFME
1%, (000D) 2B DA 7 AHEKIZHED In VAR EROIKRTE—ETH(2]. £/, 0.2
7 FEMCTIE, IR 600 nm OFREL G X 1(a) & RKORIERETH S Z L B3R I .
PLEDFEFI G, P8EARL(0001) GaN R AR A OIEBICHZ TH D Z ENTRB I N5, 1K
ERIEIZBIT D b Lo FRIMEOIEEREREIZOWTIE, R FRIBOFEKRTH 58RI
T I ALTO ZRIEARIZ L > THE S, MERETAT vy 77 e —kEMEtEIND
L TEOEMBEEMUR LT EEZ BN S [3].

BEZCHR [1] D. lida et al., JCG 448, 105 (2016). [2] Y. Matsuda et al., APEX 15, 105503 (2022). [3]
H. Matsunami ef al., Mater. Sci. Eng. R 20, 125 (1997).
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Nanoscale correlative study between structural defects and local emission properties
of red InGaN hybrid single-quantum-wells
YKyoto University, 2King Abdullah University of Science and Technology (KAUST)
°Zhang Zhaozong 1, Ryota Ishii 1, Kanako Shojiki !, Mitsuru Funato !, Daisuke Iida 2,
Kazuhiro Ohkawa 2, and Yoichi Kawakami !

E-mail: zhang.zhaozong.28n@st.kyoto-u.ac.jp

[Background] InGaN serves as an active-layer material of light-emitting diodes (LEDs) spanning the entire
visible spectrum, achieved by modulating the indium (In) composition. However, the external quantum
efficiency (EQE) is, at most, 10% for InGaN-based red LEDs. [1] The significant reduction in the EQE
primarily originates from the degradation of InGaN crystal quality. lida et al. conducted atomic force
microscopy (AFM) and cross-sectional scanning transmission electron microscopy measurements on hybrid
InGaN red double-quantum-well LEDs, revealing the presence of threading-dislocation (TD)-related V-pits
and trench defects. [2] However, the roles of the defects remain controversial.
[Experiment] To elucidate the roles of TDs and trench defects, we conducted AFM and scanning near-field
optical microscope-photoluminescence spectroscopy (SNOM-PL) measurements on a hybrid InGaN red single
quantum well (SQW), consisting of a blue and a red SQW and without p-type layers. The collection mode
SNOM system was developed using cantilever with an aperture diameter of 150 nm. A continuous-wave laser
diode with an emission wavelength of 405 nm was employed as the excitation source, with the excitation
power set to 8 mW on the sample surface. All experiments were conducted at room temperature.
[Result] Figure 1 presents the AFM image, revealing the presence of TD-related V-pits and trench defects.
The trench defects are categorized into three types on the basis of their height relative to a flat QW: lowered-,
level-, and raised-center trench defects. A SNOM-PL integrated intensity mapping image taken at the same
area is shown in Fig. 2. The SNOM-PL image demonstrates that TDs and all types of trench defects exhibit
low emission intensity, indicating that they act as nonradiative recombination centers. The PL spectra acquired
from the flat QW and the lowered-, level-, and raised-center trench defects are shown in Fig. 3. Not only blue
(~470 nm) and red (~610 nm) but also parasitic green (~540 nm) emissions are observed, indicating the
presence of In segregation. The bright emission spots within some trench defects, as observed in the SNOM-
PL image, are attributed to the low- indium (In)-content regions caused by In segregation. Unlike previous
studies on low In content samples, [3] all the trench defects in our high-In-content sample exhibit a low
emission intensity because of the In segregation. Given the correlation of dark emission positions between the
blue and red emissions, [4] as well as the reduced screw-type TD density at the surface than that at the n-GaN
layer, screw-type TDs must be one of the triggers in the formation of trench defects. Therefore, to enhance the
EQE of hybrid InGaN red LEDs, it is crucial to suppress In segregation within trench defects and decrease
screw-type TD density.
[Acknowledgment]| This work was partly supported by JST, the establishment of university fellowships towards the creation of
science technology innovation, Grant Number JPMJFS2123.This work was partly supported by KAUST Research Funding under
Award No. ORA-2022-5313 and BAS/1/1676-01-01.
[References] [1] A. Pandey et al., APL. 122, 151103, 2023. [2] D. lida et al., APL. 116, 162101, 2020.

[3] F. Massabuau et al., APL. 101, 212107, 2012. [4] Z. Zhang et al., PSSB. 261, 2400036, 2024.
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Figure 1. AFM image. Figure 2. Integrated PL intensity map Figure 3. PL spectra at the flat QW, lowered-,

of red emission. level-, and raised-center trench defects.
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InGaN #Rf LED T ERICE T SHAZRFAE
Optical gain measurements in InGaN red-light-emitting LED epitaxial layers
#RTHEKZE !, Abdullah EXREEMKE (KAUST)?
OfiR B, LD B! fRE KE2 X B2
Kanazawa Institute of Technology', King Abdullah University of Science and Technology?
CItsuki Shimbo', Atsushi A. Yamaguchi', Daisuke Tida?, Kazuhiro Ohkawa?
E-mail: ¢6401193@st.kanazawa-it.ac.jp

InGaN &7 (QW) ZIEMEREICHWZREER L —FITWELEBL L T, ZhiX, GaN &
E DB REEMEF KRG EREFREL, NTEFDIREZETIEL-DEEZILNTND.
Lo L4, EBAMESEO T K% L2 InGaN 774 LED THEHE WIS EFIRNELNTEY D,
InGaN-QW TOFRESEFHFE B G E R Z O CE 2. AFJETIE, Z® InGaN 77 LED = Ef#(C
*FL, IR AIZ (VSL) 35 912 X B W FRIFERIE 217V, JREFEIE QW 75 OFE BT HELH 2 5 7 7=,

BHE, SCHER 1 ICERE O B O & RO InGaN 7R LED = ETH 5. ZoaEHIIL, EEL—F o
&0 A AR 137 <, REIEE QW (RIRICB T 2B E~620nm) &, EAMEHO FHiE @R
Y (ZHHYS T 2% InflEZ£F2) QW 3 5. VSLIETIE, Nd: YAG L—H D 2 5 (hexe=532nm) F7=
1L 315 (hexe =355nm) ZJphiEL Yt & U CTHW . BhEYEIE U > RU b b o XCRYEIR T (3 K) Ol
ANANTARICHEH L=, hiERIEATEI A Y » F T 2.0 mm 25 8.0 mm F TEAL I/, dmmiREGIx
LU ATHENXL, USBOHERTEDARY M aEEZ. BxF3HOIZ, 36FH (heac=355nm) (210 74
<DL L Clexe =4 MW/cm?) iH B EIE 238 7=, T OFER, H QW b OMWiEE K (W=
450 nm) [IBIS TR, RE QW MO OFBEH TR ootz Y, HE QW TORFE K
HIZK XY U T MHEHBEINTLEST72DEEEZLND. £ TRIZ, H6O QW MBI TE 720 2
%{EZ (Mexe =532 nm, lexc = 4 MW/cm?) #Zhiyt & L ClR CHIEEIT>72. L L, R QW ZPE@%%
BT R b Tz, $BICHRE QW Ik LI A7 RV ZHITE L7ZFER, Aexe =532nm T,
hexe =355nm XV L SERINAS 1/100 FRE E THEDL EHEA L. 2O E0 D 250 (hexe =532 11m)
IC LB TIE, R QW TEREND T v U TNV, sFEREAEA LR EHE ST,
IHOMREMEZT, 38 e =3551m) LDV (e = 75 kW/em?) TOYEFFRRIE %
Fhi Lz, ZOREORRERE T, H60 QW TOFEMHICL D% v ) 7TOHE TR, K
QW IZb XY U T DRHIRRETEASIND EBEXTZNHTHD. 1 IR AT MO RETF
MThD. FHIWE 560 nm FUTIZIER T2 EFLMEDIEHRZITHER L TWDE Z ERm0nd. X213,
L & 8.0 mm TOFRENIREZFHILE 2.0 mm OF N THRE LR TH Y EEREZ /RS, ZhiE D
L, K560 nm IZENHEIEO Y — 7 NRE.GN S, X3 1E, FIEIEE 560 nm (21T B Ul 5L IRE O Fh i
FARF 2R T, MR —RoTEEEE T L DI K DT OFE R, gmoa = 1.2 ecm™ EWH /NI RETIEDH
D0, IEOWFREGENGFAET D Z EnmRaEng. BUROGREMESE TIIG CIADIRE N e D /h W
W, BFERBOE /NS EDEEZLND. £72, BFRGO E— 7 PSR EAMER X D & ARl 560nm
72DIE, QW ~D X U 7 OFIEL Z OFRELTONEA UiAD O RARIFIEITRIN T2 L EZE 2T 5.
[FEE] ARE DI Z TN T NIRRT K OB OFAFEANK (B KBCKE) 12T 5.
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Fig.1 Stripe length dependence of Fig.2 Wavelength dependence ofthe Fig.3 Stripe length dependence of
edge emission spectra in InGaN red optical amplification rate for stripe emission intensity. The measured
LED epilayers at 3 K. lengths of 8 mm and 2 mm. results are fitted by Shaklee model.

3R
1) D.Iida, et al., AIP Advances 12, 065125 (2022).  2) K.L. Shaklee, et al., J. Lumin. 7 (1973) 284.
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GalnN/GaN BEFHFEBEIZHTD 2 RREL—YZRAWN=74 / V%
BAFHZDES

Development of Phonon Transport Observation Method Using Two—Wavelength Laser
in GalnN/GaN Quantum Well| Structure

FEKRRL', 9E - HETIREE2 REKBRETL S KAUST OM2) BH &N, TheeEi Khaing
Shwe'!, F#k B, AS ER? BS fﬁiﬁé}&m X4 XN R BB, By &

Chiba Univ.1, NIMS?2, Meijo Univ?3, KAUST?4, °Y. Ishii!, T. E. K. Shwe!, K. Ito!, M. Sumiya?,
M. Iwaya?, D.lida*, K. Okawa*, B. Mat, Yoshihiro Ishitani?!
E-mail: y.ishii502@chiba-u.jp

LED ®KGEMTIIETRE 74/ VROMHEERART A Z0EERME2ELE T3,
FRcEH EETIE PN S8 H0BTREX EXZ e ERMoNTwS, LiL, ZOMHA
ﬁfﬁﬁﬁéﬂﬁﬂ%ﬁi K lZMdDTHh L, ¥774/7 vE—FICKELEHEERSC S @S2 DD
TNRARICEBTDB T VOJEHLE%@%%LCOLVCLiiﬁﬁ%’zﬂﬂﬁﬁ%b‘.

Tz lt, 2 F T GalnN/GaN ~F v ARG ICB T 3 Bl 7 + / vk oW T, EHlifisr,

M AR O ZEC R 7 + /7 VKT kﬁéEM%M%—F®Lﬁ@®$ @%ﬁbf%t
[1]. —J7, T4 208 HFABIcBT3ET - 74+ / YIHEERAZHIET 2 720i1cid, $ER

FHEICE T2 7+ 7 vodstatteEe— FREOBT, 7%//@%?@&&%%6#1?5%%
BdH b, KTl GaInN/GaN BErHPFESICBNT 2L — ‘H"Eﬁﬁ‘f‘tﬂ'/f(ﬂ[]?@_f‘j“‘
7 GRERBHEDIEIC X 3 7~ v ik m I EE~DEHIC O W TG 21T o 72/ R 2 ik~

AfHE GaInN/GaN o 3 #E~5 HEFHFAHETH Y, HFED InN T L55% (13 18-28 %T
RSB EMHEERECI VY 77 A THENE GaNBE2 N L CREINZbDTH S, 5 HEE T
FCEmAFEEA 50 nm FRETH 0, iENDE R0 cNE s L E2b5Nn5, T
< VEELSEIE 325 nm L 532 nm D CW L —HF B L URYAG SV 2L —H (20 kHz) D 2{53%: 532
nm (L G 750 ps) I X N2 D 2 5% : 266 nm IZ X 5 ¥ AT LAV, LR L —HTILE
R T =Y HHWTRY 7He 7o — 7 HokE K257, BEEER I 0270 v N5
(NA=0.5)F 7= 1Z0L v X (NA=0.46) % F\ 7=,

ZNFET, CW-325nmm L —HF D 10 mW il TfT > T Z 7223, 266nm »¥ )L A L —HF i 1-100
mW TfTo72. 20kHz SV 208 0.75 ns D 266 nm L —F TIFH 7—700 D — Z58EIC L 5.
TICHIERE RO %R .480 cm DB 7 7 4 T D — 27 5 X X GaN D E,(high) 238l . 5.
1EXKD#) 512 cm 'O ¥ — 7 I3 FHMHETH 5. 266 nm L —FDANRFICITH 77 4 771:*—7
mﬁ%htmc&uo&&gM%—b@z—ﬁfﬂﬁﬁ6mé F 72, BIER T — Y DEEIC
BHEZA ML X D R W HRESAEOLNENT E2ERLEZ. bl b, i%ﬁ
ﬁ%f%%LK%I%W¥—@£?#FﬁﬁE%ﬁL#fLL&@E?#ﬁKBH5%%@%?
fliL, EfELGbE T cEsdbnLEIZLNS.
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[1] T. E. K. Shwe et al
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Il B&4B1% InN O MOVPE R EICH T 5 #ERAEAR
The crystal phase diagram in MOVPE growth of I1I-group-polar InN
NTT #t¢8F CILT BEX, "ReR —X, TR —17. 2R 7%
NTT BRL, “Yudai Yamashita, Kazuhide Kumakura, Kazuyuki Hirama, Yoshitaka Taniyasu

E-mail: yudai.yamashita@ntt.com

[(AEER] E12UUAnN)IX 14000 cm V' s LIEEICEWVEREFBEE2EL. GaN LiE
b T2 TRBARIUIEL /2N RE¥ v 7(0.65 - 3.4 eV)IZTHBNATRETH DI LM, KR
DEERBEFTNAARKBHTINF =BT NAZAANDIGAEHFLTVOSB[1,2], ULHL, InN D
MOVPE R TIEBWEREREIZES InN DX In ROy 7Ly MO KZEDRENHVD[3], —
AR AERIE S (JE-KRJE) D MOVPE FETIE In Ry 71w D7 InN 7R % 258 AT /2R
EAEEA RO N TS, REFFETIL, RO EERE AR (BE-INE) CHREIREDY InN RO &
& REPREEIZ RIFTHE S ZMMIZTHEL, InN D MOVPE KEIZBIT 55 RREAENEER L,
[S2E&] MOVPE #:i2&) ALO;(0001) E:A EIZ GaN AL LA, InN(0001) & TRV vV E
U7z, InN FEREDE ST (P)13 600 1500 hPa, EMRIRE (76) 1% 380 - 565 °C £ L. JFAHZ NH3, TMIn %
FAW =z (554 VT B = 8900) . X AREIHHEIE 5 L OV BEMEREIERIC KO &M & 3R L 7=,
[(£R-EEK] BELEHDOREMER% Fig. 1 IZRT, P =600 hPa Tl T = 450 — 500 °C DR E &
IZBWTOA In RO 71w bWV (WZ) #E&ED InN EIEME SN2, BERIRE 500 °CELE
TIXERDBBEEZ LS InN DR, 440 °CLAT Tld In DR ZE/LH In FrHDEREREEZ 515, 440 °C
LIl BIFSASE (ZB)FEE D InN EFEER L TV B IEN DD o7, —F 1500 hPa Tl T = 410 —
500 °C DIREEHFT In ROy 7Ly v WZ-InN EESKELTEY, IIEIZEL>T, IVKET
WZ-InN BEDKEN T EEL 225 7-, {RIE T ZB-InN ¥ In Ry 7L O 2 IHITX /-DId, EX)
HI72 V/IIIL A, JERF L) & Nerich (272572728 L vMi=8900
THBLFEIND, FATHETIE GaN FRERE.  se0f ' ./0 .
TVGa 7% NHs IEMELORIRE UCHiBETRen 2 | 8 e * ]
|EINTHY[3]. INNDFERIZEWTE TMIn A3 : ]
FREDBREE RA-LUTOBTEEMEDNB WV, Ukh
>7TC, TMIn X NH; D43 FESEANZ LY TMIn Ofif
IEHERE® NH; 2T B B OEEEE N IERI N,
FHZ NH; 2NEMALL D S WERIRE DME FEI _ o :
IZBWT, ShED NH; BEALESEE L S0l o ) ]
600 900 1200 1500
LEZo6ND, SRIE KRR TRUAZER %15 Growth pressure, P (hPa)
e U, InN BLUCE In #HEK InGai.N BEDE  Fig. 1 Teand P dependence on growth phase of MOVPE-

grown InN. Optical microscope images are also

Ef[ﬁﬁﬁﬂﬁi‘ﬂéo shown.

IRARJE Atk 25 Y, Current address: RCIQE, Hokkaido Univ

[1]1J. Wu et al., Appl. Phys. Lett. 80, 3967-3969 (2002). [2] V. M. Polyakov and F. Schwierz, Appl. Phys. Lett. 88, 032101
(2006). [3] T. Matsuoka, Int. J. Optomechatronics 9, 1-8 (2015). [4] D. Yahara et al., The 69" JSAP Fall meeting, 25p-
E203-15 (2022).
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Aluminiumization-Assited Influence on the Crystalline Quality of the AIN
Template Grown on c-Sapphire
RIKEN !, Saitama University %2, Amina Yasin'", Yuya Nagata*, M. Nawaz Sharif!, Hamida Zia'-, Hiroyuki
Yaguchi?, M. Ajmal Khan!, Hideki Hirayama'
*E-mail: amina.yasin@riken.jp
AlGaN-based LEDs are promising alternatives to toxic mercury-based UV light sources, supporting the
Minamata Convention 2020 and the United Nations' Sustainable Development Goals (SDGs). Recently, far-

UVC AlGaN-based LEDs have gained attention for &2 ©
3 pm AIN Layer Flow
their harmless effects on humans while effectively NH,
disinfecting ~ multidrug-resistant  organisms, TMA
. . . . . . c-Sapphire substrate
including fungi (Candida auris) and viruses time
. . . .. temp
(SARS-CoV-2). However, their adoption is limited 3 um AIN Layer 1320° . —
. L L - 950% S
by low efficiency, primarily due to non-radiative A'm'“'“m'zam“ § 8 & 8
AINNucleation & o§ O =z
ination i ; —Nitridation (ATON) o g 5 F
recombination in the multiquantum well (MQW) c-Sapphire substrate 85— < time
S

active region, often caused by high threading  pigyre 1 Schematic structure of an AIN” (a) grown by
dislocation density (TDD), which also leads to ~ conventional method, (b) grown by new method, and (c)
heat generation. A major source of these flow sequence of NH3; and TMA during the AIN growth.

dislocations is the AIN underlayer, where a high
TDD (~10° cm™) often occurs due to the large
lattice mismatch between AIN and c-sapphire [1].
For mass production of AlGaN-based devices,
improving the AIN underlayer quality is crucial.
While high-quality AIN growth on single-crystal
AIN substrates or thick AlGaN buffer layers has

been  explored, these methods remain

Figure 2 AFM images of the AIN templates grown (a)
by conventional method and (b) by this new method.

prohibitively expensive for commercial-scale
production. In contrast, AlGaN grown on low-cost
AIN templates on c-sapphire offers scalability, affordability, and excellent UV transparency. Our group has
previously optimized AIN template growth on c-Sapphire using MOCVD [2]. However, to capitalize on AIN
templates benefits for industrial applications, further improvements in the crystal quality of AIN films grown
on c-Sapphire substrates are necessary. In this work, AIN layers were grown on c-sapphire by adopting a new
strategy introducing a thin Aluminiumization process before the final AIN layer using MOCVD. During the
growth, trimethylaluminum (TMA) was directly introduced without ammonia (NH3) flow, after the
nucleation (See Figure 1). These new templates demonstrate the XRD FWHM values of 156 arcsec for the
(002) plane and 485 arcsec for the (102) plane, indicating improved crystalline quality, when compared to
the AIN template obtained by conventional method (XRD FWHM values for the (002) plane = 253 arcsec
and for the (102) plane = 574 arcsec). The surface roughness is also improved, with a root mean square
(RMS) roughness of 0.08 nm (See Figure 2), which is beneficial for the subsequent growth of far-UVC and
UVB LED with higher internal-quantum efficiency (IQE). References: [1]. Khan et al. J. Mater. Chem. C,
7, 143-152 (2019). [2]. H. Hirayama, et al., APL 91, 071901 (2007).
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AOADRLGS SiCERLAINDEEREE
High temperature AIN growth on different misorientation off-angle SiC substrates
BBHRETL!, BBARKRRNLED 7% + =2 ABFFEHT 2
CEMN FEAT Y, BRI WA, AN A, W AEAT 12, B RE 2, KR BORER 12
Faculty of Science and Engineering, Tokushima Univ. !, pLED, Tokushima Univ. ?
°Yusuke Takayanagi', Koki Fujii', Yuto Matsubaral,
Yuusuke Takashima'2, Yoshiki Naoi'* and Kentaro Nagamatsu'~
E-mail: takayanagi@ee.tokushima-u.ac.jp

BR VRSESL LED O FHIJE AIN & RO T RIS D D FAET DHAALAFEILIE £ Tl T2 &%
KR T T2, Fex D7 L—7"TiT AIN OEIR MOVPE AlRIZ LD | RIS 13 %
D et 7 7 A T HM TR EL08 /em? BRTPE ORI L 2K L TV D[], & b7 5 KER
NEEFEDRBUZIE, AIN & O REGRIZK 1 %L /NEW SiC R EDORREDMeER & L TEER
%o LinL, AKBFHK T TOEERETIE, SiC REmHD Si OEELIZ L 2B L T\ nwrs o7
= U DPERE S D[2]. £72. SIC BBROMEITIT 47 off DRE AT ARG D([3],
c V7 7 A T HAMEICBIT D AIN OEE MOVPE iR T, REENAIIZRU N e 4 7 AL
ThdHZ b SiC R EDOYA REMIZ/R D Z EnTPRINDH[4], £ 2 TRUFETIE, 0°
off & 4° off ™ SiC FE#K EIZ MOVPE JEIZ X - THEIRT AIN O EZ1TV, KRFEHK T TOE
IRARREIZISI1T 5 SIC b b AIN OFEGEME L E DA 7 kA2 A L7,

KBRS E AR TIE, KEFFEK T COERIRIEIZIIT D 0° off & 47 off @ SiC H# | AIN @
FEmPEZIHA L7z, 91 ecm MAIZL72 0° off & 4° off @ Si i SiC FE L2 AIN O E #1772,
TMA OG5 % 341.4 pmol/min, NH; O fit#G &% 44.6 mmol/min, V/IIIk 130.8 D44 T AIN % 15
NEESEE, ZOLEOREREL 1600 CHDH 1750 CETEL S, FiREIZLS AIN O
ftiem M2 XRD (0002)if D o JIE T 30N THE 2R 2 79 L 72,
ERER X1 IIFIEEICBIT50° off & 4° off D 1600

SiC 2 | AIN 0 XRD (0002)1fi 0 -t 48 % 7 L E W:4° off
TWA, FREOTa v R 0° off, BEO 1 v 1200 | u E @®:0° off
IR 4 off O SIC ML AN DbOTHS, 0 off 3 T
SIC JEHE AN BEREIRE A TP 5 2 L TRl S 00 1 .-
BRIELTOBABHORE, S T o
T2 ETERLRNS T 7 > O] o °
SNEZLICE D bDRELEZTNG, —FTA .
off SiC AR k= AIN 1% 0° off SiC MK Lo H o Ltk 1550 1650 1750
ST 1700 CE CIEEESMERE(L LT DA, Growth temperature [°C]
1750 CORSE TRIFLEE L 705 = & BHER S 7=, Fig.1 Temperature dependence of XRD FWHM
in the (0002) plane

BEE AHTZEIT BT K - HUBEE SRR 220 & s 1 UY ISPS RHFER
22H0197320 DR EZ T2 bDOTH S,

[1] K.Nagamatsu et al., Sci. Rep. 13, (2023) 2438

[2] T.Aritsuki et al., Jan. J. Appl. Phys. 55, (2016) 06GF03

[3] T.Kimoto et al., Prog. Cryst. Growth. Charact. Mater. 62, (2016) 329

[4] A.Tomita et al., Sci. Rep. 13, (2023) 3308
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HI7AFEBREAINTUOTL—MZETR05v7{F &
LED @ FE Y iE
Crack suppression in AIN templates on sapphire substrates and LED yield improvement
£2EX', BEHEFEHEXSL?Z CM)RE B2 ', T4 AR MDA FF', M2)E EHAY
M) =i |, AR AF" MR 0!, £l ', 58 RE', 2% %02 TR SE°
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TREESN LED (ERUC L2 S 7 7 A TEM EAIN 7> 7 L— MZBWT, LI TN E TIZ 2
FEEOBRLLIME TRZHRE L CE, OEDIE, V7 74 7TEREEET, BKEHE(~
1050°C). i, % LT AIN JEIE L BRI s RIRE 2 EiF 72 AINDTH Y . b5 D& DI,
ZALEATV, BB ORRIRE S AIN JERE L 1ZIZFE C(~11500)Im o7z AN THh 5 (1],
AINDIZ, AR eftitEZ R L, DD LED HbEIELZA, 7 7 v 712K IRV
FONRFEETH-T, —FH, AINOTIE, 7777V —2EBL7cbDD, K FHEMENE
<. LED XV —7 L7, A, AINODDODZWElLE AINQDOEIEEEIZI T 5 @l AR iR E
wiAEDE, BB E Y TRSORMEEZ AT 5 LED ZRB LD THRET %,

MOVPE £ AWV T, I FOTAIZE Y AINT > 7 L— FMAIN®) ZER LT-, 7 7 A 7
WA~DZEAbIE, 1slm LLFDO NH; 25 L2235 1 3LA FIZTiT o 72, Z0#%, 50 nm ORI AL
&% 1170°C, T84 1020°C THLE S, 2.6 pm @ AIN JEE$% D Ga ##H[1]) % 1150°C
THGR S BT, RisatEdeE 20 A O Jg /R 2 16k O 240 nm 525 540 nm (ZHINS H 7z,
12RO AIN JEEIC 1T 2N G M OE & 208 ERERREZ 7T, 4EO AINGTIE
AINDOIZIT WV, TRb B EENIGI STV D ZEnbholz, ZTOREER, K 2 [TRT
L ENIRTD Y T v 7 BRIBIZHf S iz, ARIOGIEEE 7 T » 7 i 3 @ AIN
@i SEM #2303 X 512, FffE EOoRA RGR B RER2EEEZ R LTNDHEEZD
n%[2], Zo AIN® Lo LED (%, AIND Lo LED &A%Y a2 R Lo, BREY (LH
EAYYBIE 4V BLE DRI XA (AIND 1) OF 50%7> 59 90% £ TR E < d Lz,
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Fig 1. In-situ Curvature Profile Fig 2. Microscope image Fig 3. Cross-sectional SEM image
[Z%&3c#k]  [1] T. Kachi et al., physica. status. solidi. (b)261, 2400063 (2024)
[2] N. Okada et al., J. Appl. Phys. 136, 025705 (2024)
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AlGaN /8y 7 7—R@Z B = QST Eix E D BGaN K EI=H (T35
B FIR B R E AT
Evaluation of growth temperature dependency for BGaN growth on AlIGaN/QST template
"BKRBEL, 2B KBRT, S EKIRBE, ‘4K IMaSS, S A—L#X =1L, CFHRKEDR
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(=] HEFENmEO KXW\ B2 & T BGaN 138 7- a8k & LT
WIFF STV A, Z40E TP BGaN bR Tl c-ALOs MR HW O TE 7223, KA
BACICREDR o7, £ 2T, Si REMITIEHER L Si B LU QST O Hpk E~D BGaN f%
EZfTo T, &51T, AlGaN Ny 7 7 —J@ % /- BGaN fifukEI12 L VY . BGaN @D
ERAETMEIC LIERKEICLY, BEHIZBT D7 7 v 7 OMEINERSNTZ[2], L
L. QST Mk I BGaN O gl R T+ 2 a2 T4 Ty, FriZ, AlGaN/QST 7 &
7'L— MIBIFTSH BGaN KEIZOWTIEEADREI T TREZ M T 24BN H D,
% Z CARMFZE T, AlGaN/QST 7> 7' L— M & W2 [EMEE T2 1T 5 BGaN fEdmai (2
BWT, BEIREDZEA BGaN J&~KIE 2% 34 L 7=,

[32BR 5] BGaN fif fid A4S B S = 4 % —(MOVPE)EA AW CIERL L 72, I %
JEBHZ X TMGa, TMB 2 L, V EEEHZIZ NH; 26 Lz, 7> 7 L — ME QST &k
2 Algs3GagasN 2N 7 7 —J@ &k L7z AlGaN/QST 7> 7' L — &R L7, 27
ZFL— b RICHEREIREE £ 1100~1180 °C T BGaN B& K E S8, BERMah&21T -7,

[RR] ARCEIRE CT/ER L7~ BGaN J8 % X flfitk~ v v o ZIEIC L 0 3348 L 7=,
LICHIERE R L B LSRR EIEED BGaN B — 7 (i BOBURK 277, Ak - B
OB ENEE . REREICL > TE— MBI LRV, HIERT LY BGaN v
— INLENEALT D Z L 2R LT, REREOK TICE-> T, a OB EHIIHAK, ¢
B ORE T EETME /N U, JERETE OFEFN & RO 278 L7z, RIZ, Wik SEM #1534 fuv
72, BGaN BEOFHM 1T > 7=, X 2 IZEIRE 1100, 1150 CiZI51T 5 Wi SEM 8% /R,
1150 COFERIZT A2 LIk o T, RERRA RBPEFICEEGFEL TND 2 LR
Nz, Tk, HIERERICIE B B AICER U RERESCBEE R Sk > TRA FR
FERENTWDEEEZLND, ZHODFRERLIY  REREEMEL 25 L. RA N I
Hl &, ZHDEMEE OB L CW D AEEMEINRIR SN, EHIC, ZNHDEMC
FHAONWT, T3, AMERAIT 572, BGaN fitti#s 2 W 72 BERRRRHIIZ OV TS B o33
W THET 5,
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Fig.I BGaN(10-14) peak position at each growth Fig.2 Cross sectional SEM images of the BGaN layer
(a) 1100 °C, (b) 1150 °C

temperature in reciprocal space mapping measurement

[ 3C#R] [1] T. Nakano, ef al, JAP. 130 (2021) 124501 [2] #REcs: fh, 45 85 RIFKZRIS M
HFREA22(2024) 20a-A24-4

[BtaE] AFZE D —i%. BHFE A B 4:(19H04394, 23H00099)DHEBNIC L 0 32l S vz, 3
BRIZAEH U7z QST BB bkl th L 0 24t L Tz 72z,
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