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Effect of nonradiative recombination process on 2-dimensional exciton in AIN/GaN/AIN
ultrathin quantum well analyzed by phononic—excitonic-radiative model
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Fig. 1 Population distribution obtained by the PXR model (a) without and (b) with the nonradiative
recombination of the rate of 100 ns™'. Excitation rate per unit time is Ryc = 10'° cm?ns™'. Nx(n) denotes the
density of the n exciton. Ne, denotes the free carrier density. M denotes the total existing electron or hole
density, which is X, Nx(n) + Neh.
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[1] D. Bayerl et. al., Appl. Phys. Lett. 115, 131101 (2019).  [2] W. Lee et al., Phys. Rev. Lett. 133, 206901 (2024).
[3] K. Oki et al., Phys. Rev. B 96, 205204 (2017). [4] M. Chizaki ef al., J. Luminescence 243, 118603 (2022).
[5] M. Chizaki et al., Mater. Sci. Semicond. Process. 148, 106794 (2022).  [6] M. Chizaki et al., Phys. Status
Solidi B 261, 2400038 (2024).
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Integrated analysis of the ratio of A1(LO) and E2(high) modes energy shift in Fe-doped
GaN with Raman spectroscopy
Thee Ei Khaing Shwe'!, Kohei Ueno?, Bei Ma!,Hiroshi Fujioka?, Yoshihiro Ishitani'
Chiba University !, The University of Tokyo?
E-mail: ishitani@faculty. chiba-u.jp

Gallium Nitride (GaN) is applied to high-power devices, light-emitting diodes (LEDs), and laser
diodes. Iron (Fe) doping is important as a material of semi-insulating layer in devices. Many of the
operational functions of electronic and photonic devices are suppressed by temperature increases, where the
control of phonon dynamics is indispensable. In particular, the LO phonon has a high probability of
interaction with the electron system. However, there are few reports on the integrated analysis of electrons,
photons, and phonons. We have established a double laser system enabling the layer-identified temperature
variation by photo-generation of thermal energy.? In this article, we mainly focus on the LO phonon
dynamics in Fe-doped GaN. We investigate the difference in energy shifts of phonon modes between two
heating conditions of thermal equilibrium case and laser heating in Raman spectroscopy. A 325-nm laser
was used as the heating and probing laser, and a 532-nm laser was used to detect the Raman signals in GaN.
A confocal optical system with an objective lens or mirror with NA in the 0.47 — 0.5 range was utilized.

Figure 1(a) shows the ratio of the values of energy shift decrements of A;(LO) (A;*°) and Ex(high)
(E2") mode by the 325-nm laser excitation. The energy decrement of A;*© mode AA;© is over five times
greater than the energy decrement of E>" mode AE! in the case of the laser heating. Figure 1(b) shows the
ratio of the value of the ratio is approximately 2 and constant in the measurement temperature range. The
result indicates the anormal high mode energy decrement in the A;"C. As it is known that the electrons are
firstly captured by the Fe atoms, this result indicates the A,'C is affected by the hole plasmon, which
induces the mode energy decrease because of the overdamping. When we analyze the LO mode peak of
layers with high density deep levels in Raman scattering analysis, consideration of hole plasmon is thought
to be required under the condition of high-density irradiation of UV light for heating.
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Figure 1. Ratio of the value of energy decrement of AA;° by AE>" mode energy of Fe-doped GaN
under the conditions of (a) the heating by a 325nm laser irradiation and (b) the heating with an Ohmic
heater.

1) Okamoto et al. Appl. Phys. Lett. 116, 142107(2020).

2) Nakayama et al. Mater. Sci. Semicond. Process. 150, 106905 (2022).
3) Thee Ei Khaing Shwe et al. Appl. Phys. Lett. 125, 012105 (2024).
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Analysis of the in-gap energy states in heavily Si-doped GaN
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Proposal of rear-side excitation configuration to improve the accuracies of thermal characterization
of GaN using photothermal deflection spectroscopy
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Understanding of transient phenomena in photoluminescence
for freestanding direct-transition-semiconductor crystals
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L Internal quantum efficiency of radiation: 10%

TRPL intensity (arb. unit)

o
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Local luminescence characterization of gallium nitride semiconductors

by wavelength angle-resolved cathodoluminescence method
RREWRK !, (FRILFHRASH 2
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(LW ER (GaN) 1T, AT B S E COME RV R Cam B ARt 2 EBHTXx 57~
W, B, T4 AT VLA, BREHARRETHERENTWS, Blo, ~A( 271/t LEDS7#+ b=

v 7 e EOMHIEEE A T 57 N AD
BRFE S HELe HH | Z DI A ZEMIC AT 5
= FIENRRD BTN D,

kol — R KvIxygr A (CL) IET
(B ST o0 Vi e B e i R IR i g
RECIHMBATRE Td 5 b DD | A B AFNERFE
TR & OFEFTIZIZBRA R B - 7=, CL fHgs D
A L0 | ARG OGS ATRRIC /2 o 72
[1,2], S HIT, i, FEMICRGE LK T
5L LR (R L ORI L FDORERK
7 # FRFCFHT C X 2 RAE D Y —
R Ryt A (WAR-CL) IENA[EEE 72 o
T& 72 (Fig.1) [3], THOfAEIE oK & FE 5L/ X4
— L EDOBRPHIETE S L)1 TE T,

AW TliE, WAR-CLEEZHWT, =y F >
718D GaN fhga&R AR Lo By Ml
PG RIETAR & 50 D BILR A FFAm L
7oo Fig2 (%, JEEE SkV, FKER 1nA T
HE L7 GaN fiidh D SEM %42 /RLTEY
HERE L TOFHEHTELEQOE Y MAlFD 2 7>
AT a3 E L7z, Fig3 &, FLmE v — 7 o
£ CHfS L7 WAR-CL 8% /R L T\ 5,

FER L LT, Fig3(a)k Fig3((b) &7 5
L ENENR DI MB MR I T,
Fig.3(a) ClE, FLLFRIZIRN 23665340 D L
LBENT-DIZH L, Fig.3(b) TIXIeIcfamE:
DBV, FRICKTAESA 50° 700 90° {1 T
b IRWR O HERS Xz, R Tl KIEA
B KON HD < FEH oA DO FHHIFRHT
WZOWTiEmT Do
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Fig.2 SEM image of a GaN etch pit. The numbers
indicate the WAR-CL measurement points: (D is
a flat area, @ is a sidewall of the etch pit.
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Fig.3 WAR-CL emission patterns measured at the
peak emission intensity wavelength from (a) a flat
area and (b) the sidewall of an etch pit. The red and
black numbers represent the zenith and azimuth
angles, respectively.
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HEE7=—/IAEBL-EENEXTSF ViFEA GaN B
74 FILE Ryt X
Impacts of ultra-high-pressure annealing on undoped and ion-implanted
GaN epitaxial layers studied by photoluminescence measurements
RALKXZ TR |, ERH CD-FMat?, JEAEBWF 3, IHPP PAS*, XK IMaSS®, KL ¢
IBHET 1, BHEER 2, LRRBAR 3 Michal Bockowski®, EHE 56, Nk 5, BRE|HE !
IMRAM-Tohoku Univ.}, AIST,? Univ. of Tsukuba®, IHPP PAS*, IMaSS-Nagoya Univ.®, Nagoya Univ.
°K. Shimal, S. Ishibashi?, A. Uedono®, M. Bockowski*5, J. Suda®®, T. Kachi®, and S. F. Chichibu?

E-mail: kshima@tohoku.ac.jp

GaN MOS /3T —F A ZADFEBUZIE, A AL EAMNICE D n B LR p Rl GaN 27 A hD
TeREIR AT H Y . @O EE & BB A2 R OIE LY = — VDB L 72 5, N FEE R
fa(GaZeFL & N ZEfLOHEZE LV VN[L]) 3 L O = — VRSB S D (VeaVn)s FH[L] D22 4L 7 T A
X DPRIE 2RI S 2 HF & U CGEFE, BEET =—/L(UHPA; ~1 GPa, ~1480 °C)23 F: H &L T\
52, LrL7eh 6, UHPA % HIKIRE L T(VaaVN)s FEDZEFLY T A X DFRET 5 Z L AiE S
NTEY[E], 5D ZEAREOKBNALETH D, ARiE TIE, UHPA R (TS5 O SN IR
AN(UID)GaN, Si 1 4> A GaN (1/1-GaN:Si), Mg - 4 > A GaN (I/1-GaN:Mg)D 2 v R¥ ¥ v 7
G ODMGRCOICE- 2 284 7 + MV I Xy B APLIEIC K D FHE L2/ R A2 #E T 2,

+c M GaN i 12 MOVPE il & 7= UID-GaN &([Si] < 2x10%® cm?)iZxf LT, Si-l/l B8 L W
Mg-I/l 2170 Si 38 L O Mg OFFRIRE 7 1 7 7 A V& JERL L 72 (1x10%° cm3, & X 300 nm), UHPA
I$E 7] 1 GPa, T, =1300-1480 °C D5 CTHliti L 7=, UHPA 1% D470 0 83 Jihitt S50 PL A~

MV % 1IZRT, UID-GaN D55 Ta ANCIEW IR N REaZ L 2ME T L7728, UHPA

H5ib, —J7. 1-GaN:Si 35 L O I/1-GaN:Mg @ SR (nm)
P . 1010,700600500 400 700600500 400
A, TaHEINCREWSEIR N > REs38 R 23 1Y ; ool %1 r :
MU7=72%, MGRC & L CT#< [4](VeaVN): D | § 106 § it ]
. S e s o )a g 7 100 [ 12K ﬂf_——\w
EABEROREDP WY LI EZX NS,  |5] § 0 . i :
I1-GaN:Mg DB & T INCHE N T 72 7 200 — i L L | = e
— | AR F w4 g 1
WL T-(ABE) RO TSN LT 0., | B X 10°) ViR o
. ’ " F E]'. 1ir R
Mgea 7 2 & 7 & OIEMEAL[2] 23 e S Lz, Sl 1 1
BUBHEGES L OB E LM ) | S] e 1
BESEBRIC, (KR R IeFERT BT, o 1 F — Vil
~ - 6 /|
FRASRICHB#E L5, AR, OfE |3 L g, o w 1w o ;
WA A% o 8 pR (QPI005357) . EEE A vy | &I N ELCRL S
(IPI00GTTT). St =73 (700 B IHO828) || CFT :/.\./\\\m;
D 2B ;"K:L»o 7":0 11 FEh PSSB 252, 2794 15 20 25 3.0 3515 20 25 3.0 35
O o T D R A HFTRILF— (eV)
(2015). [2] BIHi APL 115, 142104 (2019). [3] Fig. 1. PL spectra at 12 K and 300 K of UID-GaN,
A Sci. Rep. 10, 17349 (2020); PSSB 259 2200183 I/I-GaN:Si, and 1/1-GaN:Mg after UHPA
(2022). [4] ", B4 fth APL 113, 191901 (2018). under 1-GPa-N2 (Ta = 1300 and 1480 °C).
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Deep-UV luminescence characteristics of BN thin films grown on a sapphire substrate
by metalorganic vapor phase epitaxy
RIEXS TR CURHEE, TB/BC, BRRXER
IMRAM-Tohoku Univ., °K. Shima, H. Tsujitani, and S. F. Chichibu

E-mail: kshima@tohoku.ac.jp

spP A E AT 5 _IRoTERIE G TH 57507 h(h)BNREEIE AA) T, EEERAN-EIR[1,2] T
&V 7208 BT TEEFIHAIREY 6 eVITF Y T~ 53 K 215 nm (LD @& 3 2 B9
5231720, TRESMER M ELE L THIFRFCE 2, sp? KA DL TE T 2 ZE w4 () BN(FEE IIH
ABC)¥ L O Bernal (b)BN(fEEJE AB)IE, T ENEEIZBWTHE 215 nm [4,5]8 L O 207 nm
[4,6)TIE DI A BT 2 7= BRIV, 2L E C, RimFE L2 HIFREC & 2 R EIEIZHB VT hBN
FA[7]. BN FH[8,9]4 LU bBN MH[10] D EAER SN TE 72, LL2Rn b, 3tz 25

% L e KRR BN IO EBLL, FRE D DT A FEAE R EIEBCL/NH; 5R)[9-11]IZFR 5
TN D, AGEHTIX, AHESRESMHTE S ¥ v /L(MOVPENEIZ LV sp? it A BN iz kR <

TRERSIMER IO Fr I 2 A L 7R R A 9 2,

c ﬁ*f7 7 A T HMR 1T 1400 °C LLEOIREE T sp? 5 & BN 2 MOVPE ik S 7z, 564
7= BN %, BRI~ A 7 0 A — VU O R H 2 AT 5 E T R DK
Si7e, B1IZ BN D X #BRIEHT S 2 — &R d, B TH D a7 v ¥ LG (a)ALOs O 0006
BTN T, REEIC L VRS- v itk is
WAIN @ 0002 [F[4r, & 512 hBN 0002(72V LI rBN
0003) DIEIHT 3 RS S Tz, 1> T\ ik S 72 BN K
X sp? e L7z c BhEC R g Ch D Z L DR Sz, A
Wy — R IRy APEORER, IRFHKEE X
HILD 4eV BN [12]13 KB T > 7223, sp? fi v BN
DOFEBEAUCKR TS 5.5eV FEEH[13]. B L OV hBN 72
WLIT BN O#ERME FOfEE0 7+ /) v 20 30 40 B0 60 70 8O
U7(5.7~5.9eV)[2,45]& B2 b DTG MR S LT, 20 (degree)

M, RESED BN EE O SAL A F X OVERES g8 Fig. 1. 6-26 XRD pattern of the BN films
ST 5 % 7 B ST b 2T B measured using the Cu K,q, lines.

B (20K20993, 23K22786, 23K17757) B L OV 0 A4 — "—7 5 4 7 L A/MEXT ZED Bk %

=l ﬁ:o BN AR AT DU Thggam VN 2 72D T RRR « JRFAEZ BRI B L £ 97, MOCVD 2L &L

WIS IR A R X OV RS RIS L £ 9, [1] Arnaud ffi PRL 96, 026402
(2006).111j [2] Cassabois ftfl Nat. Photon. 10, 262 (2016). [3] {#iZ{th Nat. Mater. 3, 404 (2004). [4] Sponza
f, PRB 98, 125206 (2018). [5] Zanfrognini f PRL 131, 206902 (2023). [6] Rousseau i, PRM 5, 064602
(2021). [7] Jiang i ECS JSSST 6, Q3012 (2017). [8] Chubarov ftf Cryst. Growth Des. 12, 3215 (2012). [9]
X Hit 2024 FERKZSIS B F2> 18a-P07-3. [10] FRACMH APL 120, 231904 (2022). [11] #ilEift JJAP
55, 05FD09 (2016). [12] Larach i Phys. Rev. 104, 68 (1956). [13] Cassabois ff1 PRB 93, 035207 (2016).
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Luminescent properties of Si-doped homoepitaxial AIN grown by HVPE
000000 'OAdroit Materials, Inc.20North Carolina State University*[
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0000 OO0 1Y, Baxter Moody?, 0000 2, Ramon Collazo®, Zlatko Sitar?3,
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Photoluminescence spectra of p-GaN epilayers grown by halide vapor phase epitaxy (II)
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OVPE-GaN [ZE [T HRZBRDOBRRREKREFNL

Dependence of Thermal Conductivity on Oxygen Concentration in OVPE-GaN Substrates
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[FR] ZLH Y U A(GaN) DX EILED—FETdh 5 OVPE £ TlE, MHEHIZ Gax0 & V5 7-
», GaN fffhH OBEFEAMIEEDL 1020 cm? PL EEIEFITER N E WO FFER H DM ZD A Y v
N LT, BEAMN R F—E70Dd 2 LTy UTEEDN EHL, TIRIEREIY 1 HFRERHTHE
PR 2D Z EMFET HNDHE, —FT AV e LT, BERSMMND 7 + /) EBELSEDH T &
TEAMRERNETTDHZ ENFET L6 Livl, BIED L Z A, BBERED 1020 cm? L ED
GaN /L7 FEERIC DN T, BMRERENBHEREIZ L > TED X ) ITE LT 20T EI N TV
V. &2 TR TIE, OVPE % AWTHRK L7z GaN OEMRERNERRIREIZ & X 5 ITRSF
T HMERAE L, FRITER & O ERE 21T > 7.

[ R R UEL] GaO i f=° NHs i, F¥U T HAEL TRV KEDSE, BRIREARE 5
Z & T, 100~ 102 eme O TR 2RI D GaN & IV THR Lz, FIFREO) 7 v
% 400 pm UL EORREE CTERR L, WRFEBEEAIT O 2 & TANHERAZER L7z, F7o, im0
JEHCE 2 AN B RIS L0 e T M OBYEBCER 2 E Uiz, mEEAREHC - Tt
BAREL, REEEEZNET S 2 L THEEZRD. ZOBYLHEE & EVE BIEOFE) BB
REFEE RO BRBET 2 KA A VEESITESIMS)ICEVHELE. V77 L2 RAELT
HVPE {ECTHM SN GaN EBRICB W THREBRICIHRERE EBVRELRLZHE L. LT,
Callaway-Holland &7 /W2 X > CEHE X172, GaN (281 2 BB E 3 0Ok 58 FE AR A7 o fie (i)
T, EBRE LR LI ARET VT, —~ VifEE v A7 Ty TRk, L0, AlRY
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[1] M. Imade et al., J. Cryst. Growth 312, 676 (2010). Oxygen Concentration [/cm3]
[2]J. Takino et al., Appl. Phys. 13, 071010 (2020). Fig. 1 Thermal conductivity of OVPE- and
[3] R. B. Simon et al., Appl. Phys. Lett. 105, 202105 (2014). HVPE-GaN as a function of oxygen

concentration.
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Investigation of ultra-high-speed growth conditions of GaN in high Ga;O region by OVPE
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— RS LLTIZRA Lz, ZHUTHRE O KIZHE S JEDEINT L - T, BRI EET HNH: A
WO L7z Z ERFEREB X DL, 2T, AEmIEOSEED B 5 U7 Hoifi #9490 scom CNHai AR 7S
DUWCHA L7z, Fig 2I2pR L— b &SRR EONHE &R T2 7~ 77, NHait 750 scem & Clds i D HE
a2 32 <R L — MIER L, 589 pnvh|ZEEE L7223, NHaiit 900 scom Gt 23 B35 | 2 b
Lo, ZAud, ZEMRIZELET HNHEKIZ Ko THERPIZIRV IAENLHBEN/ER L2z LB b,
WA EEMGAIR AR AT DUV TR L7=, Fig. 3IZHaiit 86490 scem,  NH3jit 8450 scemfEE T, AR EIRE
#1286 CTH 51320 CE T LA SERFORR L — b EffdEOHERS 27777, FARECERE1286 C £ 1320 °C
T 5 LR L — MIZEAEEDL T, fmtESE RN R oz, DL EORER2 G, OVPEEIZE
5 mGa ORI K D E R I IIREIRE ORI R IR THL Z ENH LN o7, Wit
BEOMKITETTAINLEZMET 5 Z & TR L — M &HERF L O OmEd bR AIRE CThH 5, GaOffinEE
DICHERSHEAHZ ET, ImmhE TOEFILHEREEEZ LD,

[BECER] [1] T2 fih, H70[E5FZ09, 18a-E401-8 (2023).  [2]F1E3E fih, 5569[EIFEZ=IEWY, 22a-E202-3
(2022).
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[EBtE2)] AWZeD—TBaEEE [N ECOER DT DO (GaN) 0Fkf (CNF) OF-AFE « 3 & fi B s L
¥ DOZSFER L OUSPSEMFE (FARITFEA)P23H00275 DB 252 1 F T T iz,
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Relationship between the amount of polycrystal in the reactor
and large pits in GaN growth by OVPE method
BRARBE L', BRK L —F—BF, FHEE T 7 2 F v 7 2(#K), BR)AR O
OREAELR, TS RAE, AV IESE, ALSEM 1!, FAT B2, RREES, R4, B A
Grad. Sch. of Eng., Osaka Univ.!, ILE, Osaka Univ.2, Itochu Plastics Inc.?, Sosho-Ohshin Inc.?, ©
N.Fujimoto!, S.Usami', M. Imanishi', M.Maruyama', M. Yoshimura?, M. Hata*, M. Isemura’, and Y. Mori'
E-mail: fujimoto@cryst.eei.eng.osaka-u.ac.jp

[FR] GaNV = Z K= 2 N TIERT 272012, Fx 12Ga0H & % MHEFUE & 3 % b /SFH i
(OVPE) 1:% M\ 7-GaN D Nl BT HL Y fHA T 5, OVPEVETIL, Eda R R I E 4 A £
b3 BN B > T-05, KA TR AR EEIRIBUC & > THAbR A L@ B S RE & 72 o 7210, L
L. ARSI E> T, OVPE-GaN EAIH] « b oA B H K&y b (BlkE Y
R OHBLE WS B 2MENE T, ZOEBAY Y MNEICERER TN SRENROND Z Lk,
KEAERHERE D < 72 DB RRIF OFFBESE OIF RS EIC AT D SR OTREENEER Y v b OFAEER
ELTEZOND, BxldimE, OVPEBEIF OIFEE VIREENT A THh ZNH: O fRfiki C 5 2 o 7' A
T (W) MEHWD Z & TIFRBEOZIER A MH FRETH D Z &2l L TCnAR3 22 ¢, AT
FPREIEM ZWHICET T 5 Z LI2 8D, FRNSZHEREE BERKE Yy NMIOBRMEICOWTREZIT- 72,
[3=8&] Fig. WIAEBRTHWIFENY Y N7 v 7257, 6ROty N7 v FI3FREME « A, AT —
CHE T AT Th D, Ei@ﬁgﬁm%%ﬁM¢étm PRBEIRI A R 2 A L TV D, 2
LT, Fllty h7 v 7 TIE, BBIORAT—VOFEMAEWICETE 5 2 L CHREICBIT 2 F R
EMEWH O E L=, BAIREIT1286°C, Ha/y % 0.8 atm, GaOift &% 42 scem!Z[EE L, GaNfbh %
B LTz, WHZEBA L7- 8BS CIIENUCRIET 5 £ TIINHEROR S T 72, BidE L— F200 umh
PhlEE720 Kol eNIIt EAZ NS -, RERE, REEL74+n Y —BXUOEHEKRY y Mz
SEMRIZ & 0 3 L, A dh i B IIXRCHENS L 0 BF-AME L7z, NSRS IR A L72WHE, A oefE O R
A OBREEZ LV B L=, OVPEIETHERK LI-GaNIZEmARICMN e /o — Ay 22T 5720
HilKEy MIZOEy MG EOREFFOE Yy MEEFR LT,

[FER] JPREfs & BRI OBR A Fig. 212, Bl Yy MIE Bk OBR A Fig. 312777, Fig. 2,
Fig. 3L D IERFM N OWHICET 35 2 & CTURFH B IS B CTRREL RS L B X530 O NTHH S 4v, Bl
KE >y MISHSDOUMGI STz, BRI 22050 £ THIE L THLWH 2 W - BRSPS A L, Bl
By MIE BICKIBIZD T2 LW ) R ZST, A0SR CIIMEREREE ©270 pmvhl E, WP Z
% FBRIZIBNTIE300 umvhPL EORER L— R 2R L TE Y . WHZHWEER TR LY sdiER Th D
WH b bT, BiEKE Y MO0 GaNFE MG b7z, S HIZ002[E1 8T OXRCHEME 32 F ik
TBWTH92.7 arcsec &, FEAGEE & [FRRE OFESRE ZHEEF L Tz, BLEX Y . FFNOZESRSRITE R
KEyY hOFERTHDLZ ENHLNE ST, WHEHAWTHOTDIIFRESRERBREELTEBY, 2
NHEMRT 22 L THBEBRE Yy hOBr{LbRREL B X HILd,

(B CHR] [1] T2 fih, FHe9RIFEZIS, 22a-E202-3 (2022).[2] )11 i, 5583 [HIFKZ=547, 21a-C200-3
(2022). [3] C. N Hmshelwood and R. E. Burk, J. Chem. Soc. 127, 1105 (1925).
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Fig. 2 Polycrysal amount
vs. Growth time
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Fig. 3 Number of large pit

vs. Growth time
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OVPE ikIZ &k % GaN O OFR#FEEHDOFEE
Investigation of GaN diameter maintenance area by OVPE method
BRAI! BRABRRL? BRAKL—Y—HS FERETIAFYIRGFR 4 ) RIRED S

OFfE FF L, FxE K2 dE K2 S% EFE2 Al £2WF?
BN BES F REY FEH HLS F BN
Sch. of Eng., Osaka Univ. !, Grad. Sch. of Eng., Osaka Univ. 2, ILE, Osaka Univ. 3,
Sosho-Ohshin Inc. %, °J. Terashima?l, S. Usami?, T. Nakazono?, M. Imanishi?,
M. Maruyama?, M. Yoshimura®, M. Hata*, M. Isemura®, and Y. Mori!
E-mail: terashima@cryst.eei.eng.osaka-u.ac.jp

[F&R-BW] K= X M2 TV UL (GaN) AN FERZEBLT 5720, Fx KRS LT
Ga,O # M\ % Oxide Vapor Phase Epitaxy (OVPE) EICHU D A TV A BSrEROK = 2 ME
ZiE, ATy FInBATAALTY =2 EZHHMY T2 2 ENEENDD, GaN (TLEH T
O 5¥MIEmARMT 52 & TARPHMNT D720, U OREBEIHMESFIREN S, K=
Z MBS TR s L OMERIERE 20 6 O EERE L, NDREZMRE IR T D &
MMEATH D, 2T, AHFFETIT OVPE IEIC L 5 GaN EICE W CEBEH O EE K E N ATRETH
HOTHE LD THIET S,

[28 - ER] HEREA 1286°C ITREL, Ga0 FAEJE LT N0 #HV, N0 @ 20~75
sccm, NHs : 150~1000scem & H AJi 2 20 S TR B R ATV, JEHRBEm A E, L
— bk, ZREEICOVWTYy T =X 2R LZ. 22 oE, lERMIT 60 mn & L7-. Fig.
LIZ~ v 7T =2 1B L 72 NH3=300 sccm , N20=20, 60, 75 sccm &2k EH72 L & DMK
BEME OWrE SEM 8% 7~ 9". N,O=75 scem CTIXFEARBE M 2% 60 © FREE I & Pt mm 2338 H L CTuy
B0, N,0=60 sccm TITIEEMEEROMBEI N 60° LV HRKEL 2D, N,0=20 scem TrEIEEEH
DIHED 90 ° &> TS, N0 Witz FiF 5 2 & TREmAHER 2> & BT 72 DERT- D3 e
iz, R L — MEINO OIE TFIZfE- TR T L, No0=20scem (23T 80 umh Th o7z, F7=
X N2O FHIClE, & NH3 JiiEICHB W T HAEMHIIIEE CTh » NH; Jit &Ik 2 &A1 XfEsE ©
XMoo Tz. KW T Fig. 2 1SS FERIE RO NyO B L OV NH I F 277, N0 3 KO NH; i
B2 T 52 6T, SR TEm & o7z, ZHDZ & L VKN, & NH; fEIIZH VT
BE O EERE D OLHEROIMBNARETH DL Z ENHL N oz, L LN D, JFEHMER
BEE TSI EREL—FUKTT 5720, AN EIH Lo, @milkEL2EHT L0
W2, RRIREEZSZOERLIMAVDVLETHD.

% 100 —r—r—
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80 H - NI, 300 scem
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Fig. 1 The SEM image of OVPE-GaN Flow rate of N2O [scem]
(a) N20: 75 scem  (b) N20: 60 scem  (c) N20: 20 scem Fig. 2 Polycrystalline coverage

vs. Flow late of N2O with each NH3

[Z23%&3CHk]  [1] M. Imade et al., J. of Cryst. Growth 312, 676 (2010)

[#8E] AFEO—EITRES (RN CO2 EBLO 7= OE M (GaN)RLHE M (CNF) D112 35 -
R BRI OZEFEE L OV ISPS B (FHAEFT AYJP23H00275 DBhEY & 5% 1T TiTh iz,
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The Effect of Ga Composition Ratio of Ga-Na melt on the Dislocation Density at the
Coalescence Region of GaN Crystal Grown with the Na-flux Point Seed Technique

BRABET !, BRKL—H—8F2 OEAKR B,

FEE RE AL RMF

EH #E
5 BE

S8 EE
& EN

L s

Grad. Sch. of Eng., Osaka Univ. !, ILE, Osaka Univ. 2,
°Ryotaro Sasaki', Shogo Washida'!, Masayuki Imanishi', Kosuke Murakami',

Shigeyoshi Usami!, Mihoko Maruyama!, Masashi Yoshimura'-2, Yusuke Mori!

E-mail: rsasaki(@cryst.eei.eng.osaka-u.ac.jp

[WFFEds ] #8Y GaN R0 —F 34 2D ERI TR E

D GaN B MLETH D, Fix

1L Na 77 v 7 ZEIZB W TN GaN figa a7 7 A4 7 IR & % multi-point seed (MPS)

TEIZ K VARSI EE D GaN fidn A FR L C& 7o, M FIETIR
KOG DRET 21\ TR E U 5729, flux-film-coated (FFC) {71
FFC B 1365 5 2 Bl 2> 55| & B CRAEHICRRE L, fdh 2 mm o MIER S

HEBIT> TV B[],

. PUNERESE D B F I E S
LD, RSO

ERAICEIE 2 7 S5 2 & TRk 2t 5, MPS iE& FFC BdfiOfflAadh HHEIC &

D DAL 103~

% L7=[3],

52 EDBRBEEIINTVD[2],
FELAR 2ME U
Ga #HAK G2 FFC Hf71
TEAR~D B LA LT,
[S28k L FER] MPS JEMK % FlifGdh & L CHMRIERE
870°C, K N#E#£JE 1 3.0MPa CTHKA#1T>72, Ga-Na
R FE M A 35 WEMEIRIE L7-1% ., 880°CIZH-R L

I L AL K UV

FFC £z W TRk 217 - 72, FFC £#ifix AV &

7oA 132 BT - 72, Ga fHARITHER D 27 mol%!IZ
Mz T Ga fKSETH D 19 mol%DfEsh 2 BRL L

10* cm2 > 72 S O B RIS RRTD L TV B 3,
B S ERT D HEIRIC 105~ 100 cm? OBRNEETNE LS Z LR L 7o > TV 5[2],
2T, AR Ot AR R EE RIS K 0 S ARER A HiIE L,

3 DD ANA RS
TAE OIS
AR TEIR D RN 5 FE DRI

RBFFECIE 2 HIRIERLALE B L, (8% OFA > o= KB 5RO
RICHH LTz, ZIVETORY AT, A OBEREE

I WEERERAE - THHIF LT

F7-. MPS A W T- R 7222128V T, Ga-Na @i D Ga
S CTRERTAR DY — MR B4 5 2 & b iE STV B [4],

T 2T AW TIHK
(b)

710 'ﬁzit l/t_;‘/fd:aa 1ZoOV \"C %%%b—i‘biﬁﬁiﬁfﬁ (MPPL) e \.‘

Z TR e B R O ¥ —MEFEI 21T > 7= (Fig. 1),
Ga n’*ﬂﬁktt 27 mol% TE#L L 75
R LTZOIZx LT, 19 mol% THERE L 7= il TIXIEA
AGIEWERZ R LTc, RIS, T ) @ik v
VT EATO, FERAEES L 250 pm x 250 pm FEIKIC
BTy Ty ML VEMEELZREH L (Fig
2), Ga fHAKAY 27 mol% CHERL L7 il i DHAAL 6 1T
2.54 x 10°ecm? TH - 7=DIZx L, 19 mol% TIER &
TG T 1.85X10° em? & LTz, TR
A Ga MLARIC K 2 ¥ — 72l IR T O & ek
AN DIRBICAR Th D Z L v minol,

(25 3iik]

1] M. Imanishi et al., Appl. Phys. Express, 12, 045508 (2019).

2] M. Imanishi et al., Appl. Phys. Express 13, 085510 (2020).

3] R. Sasaki et al., 12" TWN, P107 (2024).
4] M. Honjo et al., Opt. Mater. Express, 65, 38 (2017).
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Figure 1: (a) Schematic of the MPPL-observation
depth indicated by the red line, (b) schematic of MPPL
images taken at the c-plane, and those images with Ga
compositions of (¢) 27 mol% and (d) 19 mol%.
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Figure 2: The relationship between flux composition

and threading dislocation density above the
coalescence region of three GaN crystals grown from
each point seed.
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Flux-Fi Im-Coated FffiZBEAL=Na 725 v I XEIZHITS
GaN FRARFHAKOEER - BELIC K 52 EEIH

Suppression of polycrystal by increasing the temperature and pressure of the GaN
crystal growth atmosphere in the Na Flux method using Flux-Film-Coated technic
CHf ME', ST EFE’ KH FEL #L #HNL
FEE EE? AL ERTFL HF BE & BN’
BRAL' BRABRIZ BRAKL—Y—HEHRERHR
Sch. of Eng., Osaka Univ. !, Grad. Sch. of Eng., Osaka Univ. 2, ILE, Osaka Univ. 3
OTomoki Tashiro', Masayuki Imanishi2, Shogo Washida?, Kosuke Murakami?,
Shigeyoshi Usami?, Mihoko Maruyama?, Masashi Yoshimura??, Yusuke Mori?
E-mail: tashiro@cryst.eei.eng.osaka-u.ac.ip

[5] ZAV UL (GaN) ZHWIHMTR AT —F A ZOEHOT O, K ORI IKEENL 72
GaN DB RO LN TWDH, Na 7 T v 7 AIETIE, fuh7e GaN FifE Rz 7 7 4 7 EICE ST %
multi-point seed (MPS) 75 & #dh 10 % 4 L & % flux-film-coated (FFC) £ lf DM A& HIZ XL
DROBNOEE 7 GaN A ERFTRE TH 210, BUuN e m~ OB EERET D720,
W, RENHITEBEfISM (REIRE 850°C, %% /) 3 MPa) Z#M L, ki< FFC Yu+tk
A% 870~880°C THJ L Tz, L L, Ml F CIEEEmNBELLT NI ERMET
bolo, —HIH, KELRFEZER - &E (RREIRE 880C, £F/ET) 5MPa) I2T5Z2L 7T, &
Ex2 T 52 ez mmlbfafn R L, MPS Ak EORmEEI AL M LTz, £ 2 TARIZE T,
YL - MESRMEZ FFC Hf 28 AL LEE T 22 2B W T, ZREMIHIN RN E L
D0EEE LTz, RIRFIC, ZR5mPtliR 20T 2 mBORME (BERSEMHETIEL 0.5 mol%) b EF
L7,

[FBr & AER] MR % 35 ff#] Ga-Na @R ICiRIE L. MPS RICAMRREEK LT, 61T,
FFC i T4 k% 60 WRE[EAT o 7214, 30 Re[fliRIE L CEB{L 21T o 72, R LRICBW T, IREIX
880°C., HEHZENL SMPalZH— LTz, £/, RFBMEZ 0.5 mol%IZMZ T 1.0 mol% & ¥ =+
EHICBWTHLHREEITo T2, BONZEMmONEFEEZZNZE1 Figl (@) X (b) 1277,
880°C72>> 5 MPa OFHEIR « BELRMICE W TY FFC Hifff CofdmEm FHlb 2 /it + 5 2 &
MTET, EFRMFICBT 5D, MPS K Efff & ZEMmOIEE (JFE Ga &0 5 5 GaN b Ak
T OB Sz ElE) KON MPS SR B dl O R E E % Fig2 ISR L TW5, fEkREMFTIE
RINETHHIZHEADLL T, ZRMmABE L, REFEFRIMED 0.5 mol% D 5E TiX, MPS Lfid
IR AHK 50% (FEHEE : 9.6 um/h) THoT-DITH L, Zhdhds 30%LL ERA Uiz, RFBUINE
1.0 mol% CTlix, MPS E#EEIEN 80%LL I (BB : 16 um/h) O @EEfaFn & 2 o722, Lk
RGN oTe, LLEORERNG, MIREESRFICBWTRERNEL LT 5 &, LV &EE
FEMOGEICEB N TS, FFC IR Z 8 A L7ZBAEE 28 L CEAEMMHE AR Th 5 2 L3R

=i, 100 tal
) 9.6 um/h 16 um/h : Q
80 Polycrystal
= B Crystal on
Crai é 60 |  MPSsubstrate A4
crystal
% 7.2 um/h 4F 7o T
L40 e . . Crucible
— - @
Schematic Schematic > “« | |
3 diagram diagram 20 + - Viewing
direction
a b 0 ; o .
( ) ( ) Conventional ~ Carbon Carbon Images of crucibles

conditions  0.5mol% 1.0 mol%
Fig.2. Growth rate and yields of crystal on MPS substrate
and polycrystal.
(2% 0] (e
[1]M. Imanishi et al., Appl. Phys. Express 12, 045508, (2019). AHFZ21E ISPS BHIFE JP23H00275 DB 2= 1T 7= & DT,

Fig.1. Images of grown crystals with (a) 0.5 mol%
and (b) 1.0 mol% carbon addition
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