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Fig. 1. Hardness of Si;.xGex crystals. ®:TLZ-Bulk
SiGe, O: spark plasma sintering, A: MD simulation,
dashed line: Bulk SiGe, dashed dotted line: epitaxial
layers.
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20p-D62-1 HE5EEFANEF AT LIRS WETFHE (2024 KRAVLEN2RIBEAYSMY)

Ru-Mo-W EifE S RRET D Dewetting <1 7 v 5| & FIFIEIZBIT B RATZEE)
B L OEXEGTROMAUE T
Ru-Mo-W single crystal wire segregation behaviour grown by the Dewetting
micro-pulling-down method and relationship between resistivity and composition
RIEKI !, WIEKEH 2 C&A’, BTILK NICHe!, OM2) KH AR 12, FHLEHES?
AHWEES, SEEY ESREY EHE? WRRK Y SERE 21, EkiEH 21
Kigg = >4, BBEAN >4, HEFS >, TIE 23
Grad. Sch. Eng., Tohoku Univ.!, IMR, Tohoku Univ.2, C&A Corp.’, NICHe, Tohoku Univ.*,
°Kotaro Yonemura'?2, Rikito Murakami?, Shiika Itoi’, Kei Kamada3*, Takahiko Horiai>*, Takashi
Hanada?, Akihiro Yamaji*>*, Masao Yoshino?*, Hiroki Sato>*, Yuji Ohashi>*, Shunsuke Kurosawa>*,
Yuui Yokota?*, Akira Yoshikawa?3*

E-mail: kotaro.yonemura.ql@dc.tohoku.ac.jp

(=]
AHRGE T N—T D3BRAFE L7718l Ru-Mo-W 54 (Ruscaloy) Hifkfh#ibfi%, 1600°C, 3000h LA £
FZEPINBA~DIANMEZ A L[], A8 EL HIEELE TR S0 2 HAEREIE OB R ZmD 5
MEtE LTRSS LT %, — . Ruscaloy #bF OBLEIZ WS LD B E IED Dewetting
u-PDIETIE, ~7 af@irnAE U5 2 & TELRIBPIENEET 5, T D72 Ruscaloy OIS GV
DLFEADTZDIT, MREAL DB LR BRI EZW LN T L2 ERROENATN D,
Dewetting 1 -PD{EIZBT 5~ 7 2 Rt D FMRITIREL (kegp) 13, S FIHEEEIZ L > TkeH 1 £
TEL 5 2 ATREMEDMERI SV TV D, £ 2 TANZE TIE, B—I25] FREE & koD PR % E &AL,
L. Dewetting u -PD £% HV 7z Ruscaloy DfRAT2E@) 2 g4 % Z & | 5 12 Ru-Mo-W = 5RIZ
BT DM & EREROBARE ERL L, B A ERERICKIETIREHA LT D
ZEtEAME L, 22 Resistivity (Qm)

[55714]
L 99.9%LL D Ru, W, Mo JFUEF) & 77— 7 ERRIEIC THERL
LieA v Ty AN T, RS EFSEEO LR
> PRl 2x2x20mm) ZfERL, WimFiEIC L 0 =ET
DELIEIURZME LT, F7- Dewetting 1 -PD method (Z &
D ¢ 0.8mm D RugoMoisWas &4 D LG s fbf 2 51 & T I3
10, 30, 100, 160 mm/min (= TYER L, EEE T BMEEL (SEM) . f 13
BT H% T HGELIEIT (EBSD) I & AAaskEes, 1cp By 50 %0 o1 R, %% %4
L WESE X Mk (WDX) (1 KD/ &7 - 7=, Fig.1: Resistivity map of Ru-MoW
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T, YR OBESIEIIRIT W, Mo OFLREEENNZ AL B
WZHER LTz, F7o. B OFARIZE R OREIZ I U T Mo,
W A3 A U b i35 | Tl o @ bl - TR L 72,
30 mm/min LA EO 5| FEEE CHAK L 728 OB bIE,
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[ZINE o7z, Fig2 IZENEND5I TIHREIZIIT Do puling down rate (mmimin)
R Bl FEE D EEIGITHE S Theg?® 1 IZHTS W2, EA Fig..2: Relationship between keg and
HEHT 2 O SRR AR TR & Ko @ B TR R A2 0] & /s L Pulling down rate of grown crystals
7=

[1] R. Murakami, A. Yoshikawa et al., Int. J. Refract. Met. Hard Mater. 114(2023)106235.
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Mg BRIARLIC & 1T 5 R AFIEIE Mg Si/Si RREBFERDER & 510
Growth of Mg:Si/Si Thermoelectric Crystals with Eutectic Morphology
from chemical compositions with excess Mg
WALKEHF !, FALKNICHe?, EMLHBF?, =3¢
OMH H4'2 K R LBk AE e, RE B ES BE? TN BV
IMR, Tohoku Univ. !, NICHe, Tohoku Univ. 2, AIST3, SANKO*
°Yuui Yokota'?, Hiraku Ogino3, Hiroki Sato*, Atsushi Okuno*, Takahiko Horiai?,
AKira Yoshikawa'-

E-mail: yui.yokota.a5@tohoku.ac.jp

[FES] Ml CHEMED 72 iR TRERR S 4L 2 VBB D MgoSi 13, BREEICHE L 72 Ik AR DO ZEE SR
T DWFFEN A <ATHLI TN D b DD MEREFRE ZT Om EASRE E S Tnd, ZHILE T Fex

IFI R ARSI KD MeoSi OFVENERER L& HIZ, |E T Y v U< (VBEE HW TR
& 70mol%Mg,Si/30mol%Si ftfh Z B U, = ORMERIM 21T - C& 72[1,2), AiENE, BEGHE
HERELT DL THBEFEEEZBMLE L. ZORE 600CICHIT 2 ZT 1 E &85 2 LISk
L7, ARNE. 70mol%MgySi/30mol%Si DIk n, EEMEITH D MgSi OEIG ZHI LT
WS ZIERT 2 2 & CREREDm L& B Lz,

[EBRFE] HRIFETH D Mg (> 2N5)F L O8Si (> 3N K %2 Mg,Si & Si i ik Td 5 Mg : Si
=47:53 (MgSi: Si=70:30)F8LNZ N5 MgRIZT 5B L7z Mg: Si=53:47 (MgSi: Si= 80 : 20),
60 :40 (Mg:Si:Si=90:10) THE - IBA L. 1 AV TFTROI—R U HRWNIZFKE Lz, HifoE

PR TV R W 2 R L BZET ¢ 2 N—N Ar FFR T iR EMEC X HE N IR
BMREEER LT, ERUEBIZ I E & BICREFEE A VNP OB E N2 ]|ET Y v U~

V(VBYEIZ LV S BRCA AT - 72 (Fig.1), HBRUEENZHI & & $12 10° mm/min T FAMICEE) S

5 2 L TRl L7245 6 V7RG fh O AT R0 SR BTl 22 - AR /0 HT 22 XRD X° SEM/EDX TATU Y,

BB T —~ o 7 R B RIS, BMAEE L WET (a) -
A Z & T RN A B Power Factor & MEREFESL ZT %5 T / /[Eﬁi&m:m
(R - BE) SRR 22 X THR LT MpSifSi fEiiE, 4

|
< Mg281 ESid2 *ﬁ@ﬁ?fﬁ& énf:ﬁg%ﬁx*ﬁﬁ%% Lf:o -I H/I:ﬁ!mmmmm/mm
o REB|E

T EBZ oR R, A AR THERLZ 3§
70mol%Mg:Si/30mol%Si 1%, #tidh AT Mg.Si & Si D 2 AT 1;r ]1:
Wk &St 2R Lis, T, Mg iligerE ®) i s
#1172 80mol%Mg;Si/20mol%Si & 90mol%Mg>Si/10mol%Si #ifi drecion © '

B Tl Fig I0ITRT L 512 MgSi D7 7 A% — & Z D JFE
IZIEE S 472 MgoSi & Si D LA E R S v, ZauE, e
Al AR R TS F TR E 72 Mg 43 D MgoSi A ERK S i, =D Fig.1. (a) Schematic diagram of VB
. MgSi ©7 7 A F —OFAICIA T L 72 S 72D method.  (b) BSE  images  of
Mg,Si & Si DILFRIRREEZTERM L7 2 L AVRE S5, 2 H 80mol%Mg:Si/20mol%Si and
I3 B L7 A OBV R O B S RO W T b G T 5, 90mol%Mg,Si/10mol%Si crystals.
[1]N. Hayashi, Y. Yokota, et al., J. Cryst. Growth 627 (2024) 127533.

[2] BEEfL, 55 71 EOS SR F RS (2024) 22p-12N-4.
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20p-D62-3 HOSEHAMELRUFLAMAR WATHR (2024 KR/ LED2RIBETY T 1Y)

VB ikl & % Fe-Ga Biis B RIFHOHE
Improvement of Fe-Ga single crystal growth conditions by vertical Bridgman method
FRERIEL *
OR BEL RE —H kEk 88 BRH*F R A BEXL KARK ME!
Sumitomo Metal Mining Co., Ltd.!
°Kiyoshi Izumi!, Kazuki Tatsumiya?!, Masaaki Sato?, Gen Fujii!, Kota Jinno?!, Kazuhiko Okubo?

E-mail: kiyoshi.izumi.d3@smm-g.com

[iZrwic]

BxT|mET ) v P~ (VB) EEAV,2.6 4 FAONMIEIRD Fe-Ga B A A M Z B L TV D[],
2.6 A4 »FFAD Fe-Ga Hfifh 2 A L. 10T (Internet of Things)If] F %78 IR E I B2 " HE 72 Fe-Ga BN T
Bl BR% LT\ 5[2], S EFk~ 1, 2.6 1 > F 4 T Fe-Ga

| -Upper insulator

BRA&MZ AE L, ZE L THERZERT 22 LTI L 4

P Carbon heater

72DT, FOFRERIZHOWTHRET B,
[ZE8rT51E]
H—Rrb—Z—%AWEEUNEK VB JFICC, il

| Lid
|~ Alumina crucible

|~ Support stand

| - Melt receiver

AZ(100)D> Fe-Ga fE7-fbdhZ FAvy, Ga IR 18.5at.%0> Fe-Ga

ring-shaped insulator

JFRIZ TR L, 2.6 4 T MAD Fe-Ga AIHEAERA 2y b

- .
Lower insulator

ZHER LT, JFNOD —R 2 WEE O ZZE 2 723 6 HE

S
Seed crystal storage area

Wk TR Z 2mmih E£721E5mm/h & U, BBk L 72

. . . ™ Crucible shaft
Fe-Ga i FEEifk A o = b, SMELHR#S L 08 XRD 12 e
Fig.1 Schematics of vertical Bridgman furnace for

K DRI TSI CHEESRNEMNZFHE L. ICP 4TI T
GaREZNIE L=,

Fe-Ga single crystal growth

[ 5] 20
28 4 -+ 2mmv/h (50mmL) n
L7 A FAMNE 26 A FHSORBUGITHEN SRt db :\5 26 | —©— Smm/h (100mmL)
= 24
MB5E Lisio b, HG FHE L 2mmih & L OSSR EE S  |
2
U728, FlA G O BR S RE & Ao 7, g 207
2 18
Fig. LICRT 910, B e FHOSERE 2B MIRM £ 16 |
S 14 4
BEIE< L, BSOS OREAREKE<TH2ET. & 1 |
s ORI A B Lz, BTk, HHM FdEE % Smmh T

2 LT b ZIERIC B RS ERTRE L 220 | Fig.2 (R i Solidified fraction

. ) NN Fig.2 Dependence of Gallium concentration on the

Y Ga i ITFRHR AT SV 7, e . .
solidified fraction about 2.6 inch [1 Fe-Ga

single crystal
[1] % fil, 25 84 [HIS BT Z ik H S, 19p-B202-1 (2023)

[2] % fil, 28 71 RS A RS, 22p-12N-6 (2024)
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TLZ (RIS & YER LT- SiGe #&RICH 115 B RE L FR—IILBEBEDHRE
Study of boron(B) concentration and hall mobility in SiGe crystals
grown by traveling liquidus-zone (TLZ) method
HEMK, 2JAXA, B3R
ong E—-L OKF OBAlL BHF OREL AT -3
IShinshu University, 2JAXA, *Meiji University
OShinichi Kojima ', Toshinori Taishi !, Yasutomo AraiZ, Kyoichi Kinoshita3

E-mail: 23w2044a@shinshu-u.ac.jp , taishi@shinshu-u.ac.jp

[1ZT®IZ] SiGe ITRHEEERTHY | MRELE X D Z & TNV R¥y v 7EOYMEEZ Si &
Ge O CHEFEICEL S/ DH T ENTEX DM, CZIESR VBIETITE LD SiGe ik & BT
L2 ENHNEETH D, F£o. FEH RIIASHIEEOHIEN AR TH D, ZIVE TIZERIFE R
#Eh{%(Traveling Liquidus-Zone : TLZ)[1]I12 & % B B X OVP ORATEIA[2, 31 /at L. ¥—Fk D
SiGe |23\ T Si, Ge DFAFKIC L HF BIREITE I AW THA L, PIREIXR I AW TIREY—IC
DL EWE Ls, ABFZETIE, TLZ 2L 5 B % SiGe fEfb B KICHE T 5 B IRE L R—1 %
BT ORMRIC OV TR LT,

[EB L] TLZ #5iC X v B IRII L 72 B 20mm @ SiGe fifh &2 B L=, B L7k & il E
FHNZH - TOWr L, 810 Uic i OB 2 SRt B2 12 EPMA 12 K0 Fliilh B O T 4
Tolz, Fiob 9 —HOREZAMRICEIN L, R— AR D% v U TIREREZ FEiid 5
Z & T SiGe ffnH O B IR L OV — VRSB 2 R L 7=,

[FER L EBLE] Bk L7 SiGe fifdh DR NG - 7 BTG R O REH A Fig.1 1273,
FAR%IE SioasGeors TH Y . B IEEIIENHETIZHON T 107em? 525 106em? B2 Lz, &—
NVEHRMEIZ £ B A — VBB E OFEMAE R %2 Fig2 2”7, Ge fktt 0.7 725 0.75 1IZ81F 5 R —
VBN X 400 725 580cm?/V » s FRIEE T o 72, ZHUTEE STV D B RN SiosGeors DIEHE)
AN, BFONRITZ S TH D &l LT,

[1] H. Miyata et al., J. Cryst. Growth 303 (2007) 607.

[2] KEpFaHuf, 55 69 [BS B 72 K= "FINGETHZS, 25p-F408-9.

[3] MEJRIRAAL, 25 70 [l B 7 B 2, 15a-D419-8

[4] T.Maedaetal.,J. Appl. Phys. 107 (2015)

1000

* ®Bconc. >10"17cm*-3
& 800 Bconc. <10"17cm*-3
m Maeda et al.[4]
; d > 600
100 fes 25 i
_ : T 5 ®
£ 50 [P*esnagy, t : 0P £ w ;
9, ! = a
N kn t 15 % E n
g ® Ge 1 .g %
S w0 || ug " 0 8 T 200
® . | €
e o00® 5]
5 20 foesesent™” g . s
0 o i 0 0.2 04 0.6 0.8 1
0 5 10 15 20 25 30 35 40 : : ‘ :
Distnce from seed-SiGe interface [mm] Ge content in SiGe Crystals
Fig.1 Distribution of Si,Ge and B concentration Fig.2 Dependence of Hall mobility on Ge content
in a SiGe crystal in B-doped SiGe crystals
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20p-D62-5 HESEISAMEE AHELIMRS BRTFHE (2024 KEAVLEN2RIBEAVS 1Y)

FZ ¥ X 2 Zn BN f-Ga.0s BfER DB
Growth of Zn-Doped #-Ga203 Single Crystals using the FZ method
WHLR T (MDBESHE K#t, KB HRI Y, Jul #6#81, #FT 8=
Univ. of Yamanashi !, °®Daichi Urushibata', Masanori Nagao', Yuki Maruyama', Satoshi Watauchi’

E-mail: g24tz004@yamanashi.ac.jp

L& ]

f-Gay03 1% SiC ° GaN &b, N2 KXy v 708 4.8~49 eV & R&E <, BWakxhEEE N 24
TDHEND WD T =TS, AfFEFE LTHIRF ST D, F72, BAREEREIC L 0 BN E
KTEDHZENDL, KT A N CHAERERPMERAETH D L W o R b H 5, p-GaOs 1% KT
—RHHE L TO Si®Sn ZRMNTHZEICED n BULNAEETH Y . 105~100cm> DAV EiH
TX v UT (KT )BEOHBNET L TND[1], LML, pBYLIZREETSH D . RIET A A&
FHATREZAM B OERLCE » TR, O H, f-Gay03 Ikt LTT 78 7 — Rl & L CTE< 7]
REMEDNHE STV D Zn(Zn?M)[2, 3)ICEH Lo, ARBFSETIX, VY RIZ LD NHIRA D72 F
WEFABRIAREFZ N LV | Zn BN B-GaO5 B S D Bk & 37, Zn WINDNE b B IZ 52 D5
BLF R LT f-GayOs FHO FARMT HHIZ SOV TR =,

[EBR k]

Ga2.+Zn,03,(x = 0.002 ~ 0.2, Zn: 0.1~10 at%) & 72 % K 512 f-Gar03(4N) & ZnOGBN)D#y K& FF&E L
Tre FOH, =& =X VRAIRA L. 700°CE 1000°CTFIFH 10 h BERRLZ1T o712, il
LR E 3 LF 2 — 7|55, WM TTE 7 L AH(CIP)IZ L ¥ 300 MPa CHIE LAEIRICERA L
7o b D% 1450°CT 10 h BERE L, B & Uiz, ERU7Z0BHMRIL, BEE Tmmp & 72572, 1.5
kW O a7 Z o7 4 Sk MBYCIRORIMINEY) & LT FZ EEEEA S 7 VA Z LV AT I
FZ-10000-H-II-VPS-YT)IZ K U #EdE B AT o 72, FEAG AR IZIE<0 1 0>H AL ORI B-Gar03 Hif i
R, BRGEEZ Smm/h, FHEKITERZERE AW, Zn B0 L72 R K 2 SR8 eIt
RO 6 (UV-Vis) Z I THRAMREER O WU SW TR L7z, Bk L 726G 1 A -1
EE(SEM) & = 3 /L X —23 808 X #R EIREDS) & W TR DA EEFI~T=, £7-. Zn DR
RAEZRET D720, BT o—T~A 707+ 74P —EPMA)ZHWCEESITE1TO TET
H5,

[EERFER] (a)

RO f-Gar0s 1E, w72 T T KD MEACGRIMRINEIZ X e
> CRMEST D DK U, Zn WNEAT o T2 JFEHE TR, FERED T B
THITESI TR Z B2 o T2, Zn RN B-Ga05 & BRI -
Ga,03 I RIZOWTHRIMRFEIR DU 2 R ~7= & = A FRIMERI Y
ICRE IR FIIMEER SN o T2 2 & D, JFUBMEINEER iR 3 ) (b)
AL T Ga OIRTTHEE Z D 2 & THRIMRILILA 15U, FUEHE
DEET A D EE 2 Zn TRINT L o THIEEEOREFE RN = 0
WL K potzb o LSRR T 72, £ 2T, FERICHOTWL D R
N B-GayOs % it U, JFUEMRICHE S8 5 = & TREMEZ @M L, &
2R 5 2 EICF LTz, £, Zn IRNE(REHE) O
PR, B RO 7 7 IEINIE T L, Fig.l 12 Zn IRINE
5 at% D JFEMEZ IV CTHE K L7285 db(a) & BRI O SEM (b) %
R, BEHMET O Zn PINED 5 at%(x = 0.1)LL B2 72 D5 & H ik
i FUZEFE & LT ZnGa04 DT MR STz, Z O RS “jg;j;{) ;‘;jjjfyg‘;jﬁsﬁ‘n;“jf;; /j;j;:;:f‘fjg;jg region
(B-GaO3 fH)D Zn JREZ EET H Z & T p-Gar03 ITxF T 5 '

Zn OERBFRICONWTELREZITH) TETH D,

[1] W IES, ~—Z BT ) T LT SA A, ISHIEL, 90 5 5 75, 2021.

[2] A. K. Singh et al. Structural and photoluminescence properties of Co-Sputtered p-type Zn-doped f-Ga20;3 thin films on
sapphire substrates. Journal of Luminescence, 260 (2023) 119836.

[3] Q. Feng et al. Catalytic growth and characterization of single crystalline Zn doped p-type f-Ga203 nanowires. Journal of
Alloys and Compounds, 687 (2016) 964-968.
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FZ 12 X 5 [001 i L 7z GaFeOs Biftdh DE A
Growth of GaFeQs single crystals controlled at [001] by FZ method
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1] H. Nishinaka et al,. ACS Omega (2020) 5 29585-29592
2] V.I. Nikolaev et al,. J. Solid State Sci. Technol. (2020) 9 045014
3] B. Srimathy et al,. Phys. Met. Metallogr. (2021) 122, 1234-1240,
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[4] H.J.Van Hook, J. Am. Ceram. Soc. (1965) 48 470-472
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Elucidation of the mechanism of solidification initiation in the production of
Al203 microcrystal spheres using grain boundary network analysis
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[IZLOHIZ] ALOs U INKEARER X, BMRE T ¢
T — & LA FEREEINTEY, AlLOs DE
Ry PR SE D Z L THRBGEROE LR
AREIZ 72 D, » VT DEFEERMEHZ W T, #E
p b ST EMRE 2 151 5 2 & B BUINES AL ER
2B W T BRI D 7 E EBVRE RN
IpBEEZLND, L, fEdEhiosd7aun
W INRE S ER DU 7 1 RN S U TUN R
W, Fox i, oG E TR ERLED AR K
RIEICHE B LUREARREE A 1 = X L OB
DERMBMREROE SRRSO 2 B
LTW5b, ZHETIE, fEskr i o fEx AR
& LT DRI R Y MU — 7T LD
f R FR C O M LA L BRI 52 T % O/ INME KL
RFEEREDRA T =X LOHEENATRE & 725
72[1]e L2rL. BEEBAGERED A 71 = X MIEAR
B Cd v | JFRINE IR LT HEERE L
T 7 SRR DN ER 4 BN VAl L 7 KRB D & ARV
JFUB & A & U CHERE L7223 v o T/
Moz, & 2 CTARMIETIL, RBEEBIAEED A
= A LB T RS A B LT,

[ =B 1] Befs RO ALOs YR % 5k & L.
KU TRIYE U7 NERAS S 2 AT L 72, 97,
it e ER 2 MR HL DA Z WS L C b i L &
1To e, WIZ, EBSD 4 Gtk di BRIT i D it 7
R34 2 BUAS L, B BEAR & /IR R B AR A f)
EL.ZNHOBBRER ARy hU—2 7T 7
W2 & DAk L7,

[ 5 & 22 s S ER D i 7 G243 A & BT %
v WU —2 75 7% Fig. LITRT, BiARA+R >~ b
= 77713/ —K () =y (fp) T
RSN TRY, /— RIikEMRkL, = v i3k
PR R BRI 6 LTV D, = O3
KRR OFEE AR L CW\W5, £/, T 5
J— RFMB, =y VTR TINI L TV 554
L AR R IX R ARIAR N S D L HEETE 5,
RSt N U — 2 fifT OFER, Fig. 1 (b, d)IZR

TR ICHEEEN BN — R LT & A LR
L CWRWT — AR LT, 8RS E
— A NTINRI I & BRI D3N, Z A 6 135
f AR Bl AR SCREE 58 TR ICHAE L TV D L HfE
TECE GBS L7z — REEIE o g )
HAE LIk mnd B2 6n5[1], &
ST, 2O — AT E Ll ik s K& v
ZEERLTEY BRI E 72X N
WELL CCETLHEETED, — T LA
R LW ARWnWr — I RARIR NS ), £
ZTIATE AL DR - EEE T e ' A TIERA
KRN HIERT D ATREME IR CTH D = L=,
FEEBL R RN CH D BERS IR L b L TR &
W2 EHEREZDHE 2D — A TEASHINT L
BEEL CWho Tzt iEE SN D,

oo twinning relationship
1700 . . .
SiE1210 — small-grain boundary relationship

Fig. 1. IPF map (a, ¢) and grain boundary
network graph (b, d) of crystal spheres
solidified from a most or all molten state (a, b)
or a partial molten state (c, d).
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BREERRICKIBRAXTHILOT A FOEGERER & YT
Single crystal growth by melt-solidification method and physical properties
characterization of layered oxychalcogenide
ERR L, RRERK? RIXS OmEE BEE!2 Bk 4hH #E F5° BH Xz
S |ES, ) B3 BRE KX—2 K ¥ KB K
AIST. 1, Tokyo Univ. Sci. 2, Tohoku Univ. ® °Takahiro Kato*?, Yuki lwasa?, Yuui Yokota®,
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[Fx] JEREET = A ALEWITER TR R SIS D H 2N & < Ak x 7R BEREME 2 88T 5
W, DRERATHD EEZEZDN TR, BdERICE L TIE7 7 v 7 Xk W T/
DEF DI TIH 5, SraMCuzSe20, (M=Co, Ni, Zn)i& CusSe; J& & #aizE T 5 SrMO, @2+ 6 |
JERREICHRT 2 &8 FRIRITE Y . N2 Ry » T OBEMPEERERIC L D8N - BVE R
BEIFSND 2D, p HGHREER, BVEME L L TOSAPBR SN TV D, miifixid, 2
AL DALE W DGFB 2 BB Loy 3 2 4] L 72885 P ICB W CRllfniE@Al CTh 5 Z & 2 3iE L
721, 2], AENTEEEEEEEZ AN TIN GO mm A —X —OHFERZBKR T 5 & &b, Ptk
O D DEIF M DT 2 58 T2

[ ORR] BT I L0 @R 2 T U 7% EAR BOSTE TR R L 7o 2 S aleh 2 IV THLRS
mOBREIT T2, Shifmilbta % o~ VEICHA LTIRECAHREICE AL, Bl EOIRE
T A48 BFRIBER . 2 Chh TG Z1T- 72, TORERE Fig.l (-9 X 912, 1 mm2 LU Lo Aok
b a2 fF0 Z LTI Lc, 20 OBREEhZ W T, 4 i f-EZ2 O CTIREUE O 55V 2 5
L7z, $PiRIT ab)yh sm & c @hism &5 & b 8RN 2 28 2" b DD, WTL b IR
PEZ/NS Do Tz, Fio, EWNIT ab)iiidr st U, mfE7m Cd % o iy i 103 fEREE &R
PLRZR L TEY | BizSr2CaCuzOs+s72 E DRI A BN D X 5 IR ORE 2RIt %
R LT2(Fig.2), AR L7 BRSSO PEREAR O FERS DWW TR IS Chigam 3~ 2.
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[1] T. Kato et al., Ceram. Int., 50, (2024) 21505., [2] HNEFEEAL, 25 84 [HIIS AL FH2 KTk H S
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Crystal growth and optical properties of Fe-doped Lu2Si2O7
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[F7EEF] AMEEZIET 5 650~950 nm 267 7 A /S—DNAE AN S0 800~900 nm & Uo7
REFER CORNEZRTTHL U F L —HiE, BDAD X BIBERFZB T 2MEV T NLE A LE=H
U v I RBETFIFNEORBE R EREE T COMBEE =% Y » ZIEHICNT TEFER AT
TWD, (EFICZERBILRESEICER T2 L. BBAEA 4 (Cr¥f, Mn*) 23 e L
THEARM LIZBEIAMTHOITE TV D08, FEOREEN 720 nm FREE LA LE < K0 RERMANZ
RWEATDHY U FL—FOBRENRDLNATND [1,2], &SR EOEWRE(LICHIT T, %
Jela& LCFReF 2 WD Z SIZEH Lz, F I ARELNL TIE~750 nm F2EE DI %2 7703,
NEABALTIE 800 nm KV b RIERICHENAE =7 2 (T2 & RMESNATND [3], £Z TR
MR TCIE, BATZNERENZ AT 5 LuSih0r 12 Fe 2 MERIN L FgillRam s H 350 v
FL—XORREITH Z&IT LT,

[EBRFER L OWR]

~A 7 w5 FiFEE AT (Fey
Luix)2Si207 (0.002 < x <0.030)7 Hi
RSB EIT o7, FEHHERE L
T 99.9%LL D Si0,, a-Fe 03,

CeOy, LuOs 2 L, Ar+ 2% O»

TR T IR\, 0.03 mm/min T

Sl FIF%4TH 2 & CTHfESZ B Fig. 1 Photoluminescence excitation spectra (dashed line) and emission
Ui, 25 LA StEhE . S 1 mm spectra (solid line) of the grown (Fex Lu1x)2S1207

TUIWT - WS AT 21TV, RS SREE T K OO R R A 1T o 7,

B L7/ OBAR X BEHHRE OFRERN D . T X TORMHICHB W THES RIS K OZEMEER,
TNETNHERRB IO C2Um THD Z & 2R Lz, K 1IZHERK L7z(Fex Luix)28i:07 D 7 4 ~ b
2Ry B AR AR BV EIRT, 295nm (2 OF-Fet OB ENER IC H KT SR v —
JIRFHHIIC, ETo, R 295 nm TR T 5 Z & T, £ 840 nm (Z Fe¥* 4T (*G) — °Ai (°S)
BRICHKRTH7 0 — RRREH0 2 LR TE R,

[1]K. Seki, et al., Chem. Lett. 43 (2014) 1213.
[2] B. Malysa, et al., J. Lumin. 171 (2016) 246.
[3] D. Liu, et al., Light: Science & Applications 11 (2022) 112.
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Single crystal growth of Ce**, Pr3* co-doped Lu2Si207
and optimization of Ce3*/Pr3* ratio
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[FH] C RN LuSia07 (Ce:LPS) > F L —F X, @Vt (26,300 photons/MeV) & i
PRI (=38 ns) REDHLEREMEEZA LTS [1], CelPS X2 bDENT-HME, BIO
FIRICBWTHEE LRI FEZ T Z &0 b, BB IR A R E R &~
JICHZHIF STV D, Btk T T BEfFO v > F L— 2280 TRIEH L O LRI B
T HHTENIL<ATONTEY . CeLPSIZBWTH Prradbifid 2 Z & T FL—ia UHHE
N ET 285 2 ENHE SN TND [2], & 2 CTARIMFZE T Ce/Pr b Ok 2 B &
L. Ce¥ & P Lb & R iIC AL S 7z PritJRiRIN Ce:LPS Bk G O F plkids & U 24T - 7=,
[EBI7E] HIJEEEL L LT CeOa. PrOs, LwOs, SiO R EM, = A 7 vl FIFIEIC LV
A & AT 272 [3], AR & L C LPS HURSAR &2 FH L Ar+ 2% O, Z7PHA T 2380 T 0.03 mm/min
OB FIFHETEMREIT 72, 728, Ce¥/Pri b O bIZfT T, (Cex Pry Luixy)2Six07 @ x/y
bz RRRICZ L S E 7z, MERL Z2RURHIR R X BRIETIE, 7 4 by IR &2 A(PLJIRE,
IR, o KON 72 & OFGEbiE, JLERE. o FL—a UREAFHE L7,
[EBRFER] ~ 1 7 05| FIFIEIC L Y., (Cex Pry Lui xy)2Si07

ol Ce® 5a-4f o
((x, y) = (0.005, 0.000), (0.002, 0.005), (0.005, 0.005), (0.010, CogaProe
0.005), (0.000, 0.005))DFARL CTEW /il fa D HERUICHRI LTz, £ S - =2047an
RN BV T PR 4f-5d B ICH R 2 it v — 2 :05 -
RO (A =247 nm) L7c & ST, Ce¥* 5d-4f BRIZHRD  § 1D, to 3H,
FAHER ST, PR+ S WA D Co™* SAWERL~DEFAE | T
—EBENEI S TNDLZERHLMNIIR ST, EHIZ PP 5d L

1 1 1 1
300 400 500 600 700

~4f TR RS 2 RE0 PLHOER AIED B | HOEH# evaenen o
y . - . Fig. 1 PL spectra of
3+/p3+ St J - .
I3 Cev/Prtt e DRELKIFIEA D 5 2 L BB TR T, (Cex Pry Luixy)2Si207 samples.
[1]L. Pidol et al., J. Phys.: Condens. Matter, 15 (2003) 2091-2102.
[2] H. Feng et al., IEEE Trans. Nucl. Sci., 61 (2014) 271-275.
[3] A. Yoshikawa et al., Opt. Mater., 30 (2007) 6-10.
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Crystal growth and luminescent properties of AlTaOa
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AR, TRAMER Y T L— X ORFERER S, ZOISAEO— DI R FIFERS O
MELTOV YT L—F N T 7 AN =T N EMAEDETRBE=F ) I RET N5,
TIVET, Fex T Crifiny —x v Mbshz PLISERAMEERRE Y v F L —F OB FEE 1T > T&
oo TNHDY U FL—FOFNERIFRLS LB 760 EETh o7, 7272, 7 7 A4 =2k
54V —BEIC L DR EMA DI, LIV REETORENEEND, £ 2T, R
IR E L THE SN TS CrAlTaO4 (235 H L7z, Cr:AlTaOq4 1% 880 nm (AR R E R L,
NEETULE D 62.8%d 51, AlTaOs ITMARCE 7 2 v 7 ATIIEROBERH D OO, ik
BROBEITIELE A LRV, 2T, AR TIE CrAITaOs fdh 2 B L, T OR IR ES 237
fili L7,

FEE 99.99% D AN R 218G U Ir HHRIC TR U, @A BN~ o 7 v 5| FiFvEZ HV TRl
BREIT>T, figa B CHWZHERIX ¢ 3mm BO X A 2 H L, fifmEREHKIIELTH D,
feen D5 & TIEEET 0.05mm/min T o 7o, B L7 2 Bt LR X EIHTE (oK XRD)
WXV MHFEEEIT -T2,

~A 7 v FIFIEIC L Y B S 2 AlTaOs i dt & Fig.LIZR T, 28D 7 T v 7 BN LT,
¥V AOBHRBREER O, £, AlTaOs fE s OF AR XRD OfEH1L, it 2 0 3¢kl (PDF
76-0363) & —FH L. HflE (C2m) THDHZ LR S, BfHITHRH SN e o7z, Cr N
DRI OW TIIAE THRET 5.

[ 3Cwk] [1] L. Jiang et al., J. Alloy. Compd. 970 (2024) 172544

AITa0,

JJ llu Lllllj.hl; (TR PUPTIN

PDF 76-0363

Intensity (a. n.)

) 20 30 40 50 60 70 80
Fig.1 Photographs of as-grown AlTaO4 crystal 20 [degree]
(upper) and transparent sample (lower). Fig.2 Powder XRD of AlTaO, sample.
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Y (Tai1xNbx)O4 single-crystal scintillators
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° Yueshen Zhou 2, Dongsheng Yuan ', Encarnacién G. Villora !, Kiyoshi Shimamura -2
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Abstract

Environmental-friendly alternatives to the commercial scintillator CdWQOy4, which contains the toxic element
Cd, are highly desired. As potential candidates, in this work the scintillation characteristics of single-crystals
of the rare-earth tantalate family Y (Ta;x<Nbx)Os are studied. Bulk single-crystals of the Fergusonite structure
are grown by the floating-zone (FZ) method covering the whole solid-solution range from YTaO4 to YNbOs.
Figure 1(a) shows the stable melt growth of crystals by the FZ. Due to phase transitions upon cooling,
transparent single-crystal areas are obtained only partially, as the one seen in the inset. Both YTaO4 and
YNbO4 exhibit a unique broad X-ray luminescence centered at 339 and 407 nm, respectively. Mixed crystals
(up to 2% NbD partial substitution) exhibit both emissions with different ratios depending on composition.
The X-ray luminescence spectra are shown in Fig. 1(b). The highest radioluminescence (15900 ph/MeV)
and the lowest afterglow (0.008% @ 40 ms) are found for the YTaOj4 crystal. These two characteristics are
comparable to those of CdWO4. However, the emission shift from UV to visible by Nb-substitution is
preferable for Si-photodiode detection, as in the case of CdWOQOs4. The optimum Nb concentration for
maximum X-ray detection performance is discussed considering the absorption cross-sections, and the
emission and detector efficiencies.

Keywords: Tantalates, Single-crystal, Scintillator
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Fig. 1 (a) Photographs of a YTaO4 crystal growing by the FZ and a transparent both-sides polished plate of
Imm in thickness, (b) X-ray luminescence spectra of Y (Ta;xNbx)O4 single-crystals with Nb-substitutions of
0, 0.5, 1, 2, and 100%.
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NI AFE LT= CsLiBsOo AP IZH 1T DI ELRIEF RSB DRE

Investigation of the formation mechanism of light scattering defects
in CsLiBsO1o crystal through thermal treatment
BRAKBET , BRRXL—H—8F2 BI&EBHk:3
OhfM &I RE®I XE Ean? #F BRZ: B /A BE F£!
FEX REL S8 EFL AL XRFL & B4 B BE2S
Grad. Sch. of Eng., Osaka Univ. !, ILE, Osaka Univ.?, SOSHO CHOKO Inc. 3
°Yoshihiro Kataoka?, Yuto Matsumi', Ryunosuke Oura?, Ryota Murai?, Yoshinori Takahashi?,
Hideo Takazawa?, Shigeyoshi Usami!, Masayuki Imanishi', Mihoko Maruyama?, Yusuke Mori':3
and Masashi Yoshimura?3

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

FERRIEIEFRbdh CsLiBgOw (CLBO) DOWHMIZITEHEL & L TR SN D AXRMNE ENTE
D, TNETIZEWIIZ L > TELWEMBRAE L H8S 2 ®E L CE72[1], 72, EiLz&Hk
SLAEIBI L 2> DR 2 T TR e Z & B 520 LTV % (Fig. 1, 266 nm YeFs24E A
) [2], CLBO ZiX Cs ﬁt[ﬁl’éﬁi‘ﬁﬁﬁ“éﬂﬁ\ Qi Cs F ¥ F/L &l L KNP RAT D
ZENMBNTWD (Fig. 2) [3, 4], ABFZETIE Z OYEEELR MO INBIS: & Cs F v 1L DRH%
PEZFR D720, a1t Lfa@ﬁf_r‘ﬁm@@;@%ﬁ%ﬁoto

CLBO #¥ (axaxc =5X10X5 mmé, 6 mbfhE) Z, U ABHESIFNICHEL T Ar A

(0.5 L/min) ZFNICHE L7208 HEVLERSEER 21T > 7=, AllElDO &2 5512 [1]. # 1% 800 °CT
48 h fRFF L7, 7.3 °Clh OMEECTREIR L7z, #dhTh OJCHGELR IR a #ilrh s ikt b—9—
Z ST U TR L72[2], BB C—RRICHIIN L7 EORSR & B2 0 | K71 adii G AL R
T CEGELR ML TV D Z E R LT~ 72 (Fig. 3), Z OfERIIKMas s Fm (CsF
¥ RNTE) NOHEITLTND Z L 2R LTV, Fig. 1 ORI b REICEmNSAL D
ZEEEEE A, WORMIERET VEBLE L TS, MEAFIZT ¥ XD Cs Blsr DL & il
HESHE, WERD Cs Ko HLICHELADB TR SN D, mEI%., T v XA bNERICIEB L 72
KA DI BRI A L CEZR b2 S S E 2 L, BB HAE ST 5, S®RIT5I s
Z DRMATERE TV ORGEZ D DL, REEHIEANTICOWT ST 5 TETH 5,

AWFFRIXESIAFFEBRFE 1 N BT = 1L — -« PERERINR G PR (NEDO) @ R | 5G 1§
WEE v A7 L RALpEZE B S 3E ) (JPNP20017) . H ATk E 2 (JSPS) O Bl #
JP22H01993 D% %52 1T THE LN R TH 5,
[1] v fs, Js P BR s B Z Al 23, 19a-B202-7 (2023).
[2] Fr T, L —H —F 2 23, F03-19a-1V-01 (2024).
[3] L. Isaenko et al., J. Cryst. Growth, 282, 407 (2005). [4] L. Kovacs et al., Opt. Mater., 24, 457 (2003).
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Fig. 1. Temporal changes Fig. 2. A projection of the Fig. 3. Observation of light
in the high scattering region packing feature in a CLBO scattering in CLBO sample
after thermal treatment crystal onto the a-c plane. cut along the a-axis.
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R R BRE R (= [ 1= SrB.0; D& R DB

Investigation of seed polarity of SrB4O7 crystal to reduce internal defects.

B, MR, BNET, BEFTE' HHRZ2 BRBHRZ FE-+HEMKS
MRS Y, PEERE' SHESE' RUERF' FEN L FHBE?!
"BRKBRL, ‘RIS, XA I+ b, ‘BRRKL—V—H
Tomoya Hatakeyama', Haruya Kobayashi', Jun Tanikawa', Hideo Takazawa', Ryota Murai’
Yoshinori Takahashi?, Hironori Igarashi’, Tomoaki Nambu*, Shigeyoshi Usami',
Masayuki Imanishi!, Mihoko Maruyama', Yusuke Mori'?, Masashi Yoshimura®*
!Grad. Sch. of Eng., Osaka Univ.,2SOSHO CHOKO Inc., ’Gigaphoton Inc., “ILE, Osaka Univ.

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

B IR IR EWD—D>Th % StBsO; (SBO) DENT-EILEBRFHEICER L, %41
— W —HOMMIGHZ B L CTHEBERBTRICEY A THD D JEROFEMBRR (e HhFETE )
TiX, a @7 mECRFEBICER S 415 EBELR a2 RRRSH~OEE 72 > T4, SBO 13
B ¢ BT OMMEIZ L - THREBRKNEZR D Z E8MEINTEY 2, ZNESBITANET
VE-c il 57 ) O Ffd it 2 O CRE SR B R 2 A 72

3 JEOIFUMBF 2 FI T, TS A O JR Pt B % i 2. 72 Kyropoulos 152 X 0 (b &Eaa
PEARRRIFCER D & -c ARG IS K 0 RSB R &2 1T o 72, 16 B OERBIM 2#%C, Fig 1w X9
72RE I 32mmX8mmX 13 mm, HE 14.0 g OHFEMAF DALz, +e BfERE L0 O B R L 726 in
TUE a 07 1 AR R SR S BRI EBEEL R B B2 ST =y (Fig2.() ), AR LT <
BRSO OFE IS CIIOBHEL R M3 R S e o 72 (Fig.2.(b)) .

WIZ, AL DEEMMEZ T 5720, AfFF =%y~ L —%— UL ATRILF—1.5
ml, 193 nm , MV IE LAWK 3 kHz) % SBO fEdh D a Bl 7 ) pl fiik & /K Skt L Cife
UL, Z ) ORRE L Z T2, ZORER, Figl T K 9I12KE & SBOfidh (+o) 1%
FERH% 100s 25 300s £ CTOMIZERYEH 13 E 40 0.082 wl/s, 0.063 ul/s DEIG T T L7
7%, SBO ftigh (o) TIREEN M N O TIRZFMR IR o7z,

PLEDFER NG, -c filfdfE & 2 VTR B a7z SBO fda i3 e iELR s D72 <, v — R
PRI TV D Z ERH LT 5 T2, Gl TR A 7 = X MO THELET 5.

1) Y. Tanaka, et al., Appl. Phys. Express, 11, 125501 (2018).
2) AL Zaitsev et al., J. Cryst. Growth, 416, 17 (2015).
3) Y. Tanaka et al., Jpn. J. Appl. Phys, 61, 075503 (2022).

b a
?-‘ (100) growth sector
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2

noise level

Degradation rate [uJ/sec]

o

Quarts SBO(+c) SBO(-c)
(I =10mm) (I=5mm) (1=8mm)

(a) (b) Fig.3. Transmittance degradation
Fig.1. SBO single crystal grown Fig.2. Light scattering of a green laser along the b-axis ~ under 193 nm laser irradiation
by using a -c-axis seed. when pointed at the (a)crystal (+¢) ¥ and (b)crystal (-c). (l:Thickness of the sample).

© 2024%F [CRAYEER 13-209 15.1



tyiary 2024 FE35EICHAYMEZEMETEMBER

| 15HEIT¥ | By aY(EIEZ—#E) 152 IVERRSJUVETRER |

[19p-P08-1~1] 15.2 lI-VIIEER S &S UBSTRIGESR

[19p-P08-1]
IEOptical Floating Zone &% AL\ e @MmEINGa03(Zn0O), KB BFE R DB R KM L EXEIX
Sk

OFH# #g4aFE'. i BAR. LA EBH'. SEIEE. HL 8N &% B2 AN B2 D=
=2 m#E EE. =) BB (1LREBREET. 2.0 U 2L T L)

il




19p-P0O8-1 BSOS AMIELAHELHHES BETHE (2024 KHAVLEN2RIBEA VS 1Y)

ME= Optical Floating Zone % % iV 7= B S B InGa03(Zn0), KE BifE i
DFE RS & Bk Rt
Growth conditions and electrical transport properties of large single crystals of high
quality InGaOs(Zn0O)a using the pressurized optical floating zone method
REXEEL', BRIVRELDRATLLOM)EH BLE' /NE BB, LK BF' &
BRE' FE#EA, £ B2 AW @2 BD £7% 0#E ER' F)I =EH'
Tokyo Univ. of Sci 1, Crystal Systems Corp.2, °Momoka Hirai!, Ryotaro Kokai?, Yuki Yamazaki?,
Takumi Takahashi?, Tadahito Inoue?, Isamu Shindo?, Shinji Kimura?, Takashi Watanabe?,
Naoki Kase!, Nobuaki Miyakawa!
E-mail: 8424533@ed.tus.ac.jp

L BB PR L) A D —FE T 3 5 (InGa03)m(ZnO)n. 1B 1GZ0,(IGZO-mn)iL Al %@ ME & Si
FOVEVWBBEZRORMELD, T4 AT VA MBI E LTS SN TS TH 5, —J7. K
Alem A — & —)EAEm OB RANETH D720, 7B D EBEHEOMHNEN T\, 2
TUHFFEE TITIME Optical Floating Zone 5% V5 Z & T, R THID T IGZO-11 O KA EHE L E
BRI LT LIk, 1GZ0-12,13 @ BB 72 KR HLE B K S ORENL K O D PER Al 2 ATV s L C
E72[1,2]e A ENERZZIC KA BB RRE D720 1GZ0-14 ITHEH Lz, ZHE TOMRAE LY
IGZO-1n RIZH VT n DENRKEL 25 L, Feedrod NIZEENTND ZIn G RE L THUL, B
FRFOFIINT A EZ2 KE L THHERH L Z LENbno TnD, AIFFETIE, 1GZ0-14 IZHWTI 9
SUE T O RE R KBS S BRI OfeSc & B a9 & I, 1GZ0-11,12 (Zxt L CHINNA A JE )3 Sl Ak
RlC 52 5 B, 1GZ0-14 HfhEE R~k AT AEME & F1 <7z,

B 1GZ0-14 KAVHESE S OB RSMEIZRB W T, 9 &E —TE— —T— 4T
T CIIEUEHEE In:Ga:Zn =1:1:9 @ Feed rod &l L, Zn O# /

e e ‘i-

JHEEREZFIH LA ERERNAEN D 2 & & R L
Lz, 3 BRAERTEREIT/R -7 1IGZ0-14 DR EE | l , T
L XRD O REM 1A, SAEER LE 162014 Kk | ¢ | || :
HURER & O TR E ORE RIS SV C b RET B, EToL § o |
TR 51 5 MBS LT LDFZ Ha O TRAE g;j11H;~H-»y;;
P 100 KJEE TIGZO-11,12 123t L TR = & 2 A, B4  '

I Zn O AN AD T LIETEABSR D L LY B | : ;‘.‘Jw'u~1;,t
PERIZZ ORI L2 ED#HTIEE D b3, HfRE R o
TR L 720 CunD L BDI D, =0 IGZ0-1112 DHEE (Dot o ORER
fib 2 W T T RATKE T 2 PRI OfE RICB W T H Y AR T 5,

[&% k] [1] Yusuke Tanaka et al. CrystEngComm 21 (2019) 2985-2993

[2] Naoki Kase et al. CrystEngComm 24 (2022) 4481-4495
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[18a-B2-1]
MBEZ:IC K BINAsTF/ TAVYOEFHNRE

OMOyMA Y. FRIB HE (1.ILEEIHEAT / 1)

[18a-B2-2]
BERSNRET /N1 RISBICAIT Tz InASSbOfEE R E

OMNAH EF'. A% F'. PR HEk2 LR FE' (1.8/RRA. 2. FHEMZEMITEHEE)

[18a-B2-3]
SiIOL,ZEAN TDINP/INGaAs T T Z JLHBTERIC AT T-fE @A R

Otk BB Eil 8K =24 #=F' (1.RIKI)

[18a-B2-4]
BT/ LAV—RBEREICEITS. THEZERICIZIEFT + X7 DR
OER B3, Oon axL #a & (1.8HIX)

[18a-B2-5]
MICGEZ BV ZEBINAS/GaAsEF R MIHBITEREADFDIGER
OfalE #aL, # B8, B RE'O1.HAF/EF)

[18a-B2-6]
InP Bt L1 > U L InAIGaAs £ v v TZE T3 InAs EF R v FOREERARE
O EE'. AR K. R RBE'(.HAF/EF)

[18a-B2-7]

INASEF Ry FRICER T 3 FAESEAZHB LIEERARERICEZ T INILYERK
K4

OfsA £33, B B /2 F1T23, A B3, E2 B3 FEIKAI. 285AKkF /N7, 3.8EKXK)
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MBE %I=& % InAs 7/ 74 YORAMEE
Anisotropic growth of InAs nanowires by MBE
FEEEERRK F/TVTLTY /00—t 48— OD0)/ML B, FIE HE
CNMT, JAIST, °Soh Komatsu, Masashi Akabori
E-mail: s2420022@jaist.ac.jp

[F# - BEWY]

InAs 1£ Si LR TEWEFBEIE, (RWVEFAEE, REREF ¢ WL A HuEHEAAE
HEAELTOWD, 2L S, InAs 12X D) UA¥oF /7 o— MEIIR IR FET #1EFC A
EUBEBRAR T VA Z(A Y FED[1FEOYEERAE T A AMEE L TERZHED T
%o —J . MBE{EIZ X D8 KT ) UL YOREFESE LT A Rr U AF A X4 U (HSQ)DFH
A CE U AR— L EAWDFENMOLNEB Y2, 3], Fx BIRITIEIZLDY GaAs(001)HAR Eo
GaAs 7/ U A YR E[4]. GaAs(111)B 5 LD GaAs/InAs 27 > = /v ) ) U A YEE[S| & #E L
TW%, Al GaAs(00)FEEM E InAs F/ VA YORREEITV, T/ v — MREICERY 9 5T
JUAYME ORI R ZFH W L O TRET 2,

(=285 - fER]

GaAs(001)FEARZZm 12, AN L 72 HSQUH &)t OCD
Type-12)Z A a— kL, KEAHFT 100C 2 s LW
300°C 10 47, MBE HC 370°C 2 BEiOR_R—F 7 %475
TWb, Bl T->7= InAs /U A YEEIX, 7/ VA Yk
BLTFT /UL VYORGHIME THEREIND, T/ T Ak
£ TlE. In(BEP ~1.0X 107 Torr) & As(BEP ~6.6 X 10 Torr) §
S L, MR 500°CT 4 Bk E 21T > 72, RFTHY)
RE Gl In @ BEP #~7.7X107 Torr ICZEEL, + /1% &
fE & [A U As BEP « JEHGHE C 4 FEFRE 21T > 72,

W L7z InAs F/ U A ¥ O L SEM HEif %X 1), [-
1-1015 7> & JL7- Wrifl SEM B 2 X 1(b)iz, W< Do
Wik SEM Ei# X 0 45 LT/ U A Y KX D4A %X 1(c)
WZRd, X 1(a)k V., [01-1] - [0-1115 M &[011] - [0-1-1] 517
WX LT 2 UA T MENTERE L TWAD Z ERbns,
1(b)XL V. [01-1] - [0-11]HAIDF /U A Y i HMIZ 5 LK
35° HWNTWDH Z b2 d, K 1)k T /U AP KRE
1Z380nm & 580 nm D 2 SO —7 &b b, TS
J UA VI ORI RICHRT 56D ThH o7,

[5%30] ]
[1] S. Datta and B. Das, Appl. Phys. Lett. 56, 665 (1990). 1204
[2] T. Rieger et al., J. Cryst. Growth 353, 39 (2012). 100
[3] T. Rieger et al., Nano Lett. 12, 5559 (2012). ﬁ 80
[4] D. Q. Tran, et al., Physica E 99, 58 (2018). 607
[5] D. Q. Tran, ef al., J. Cryst. Growth 564, 126126 (2021). i
[355] ]
ARWFTEIE, WET A A&A b L— V(R #HEmp 4k L O 0—0 200 400 600 800 1000
IST WA ZEE Bk ORI 98 " 2 7' 25 JPMISP2102 @ F/A e
TR B bOTH B, A e

(¢) 1/ T4 v DWmE SEM Ef§
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RESFRET /M RGAIZRAITTz InAsSh DFEERE
Growth of InAsSb for Thermoradiative Diode Application

KEER!, AHE',

AT 2 IWRESE ' (1 B2EREX, 2 FTENENERAREE)

Junpei Otal, Tetsuya Nakamura?, Keisuke Yamane! (1: Toyohashi Tech, 2: JAXA)

E-mail: ota.jumpei.qg@tut.jp, yamane.keisuke.ue@tut.jp

WA, pn BEA OIS AIBLG 2RI LT
BT DEHEHIEET A AR I NTZ[1).
ZAUE, BT ELR pn BEA AT H R L
DOEJED I WZERIC T 5 2 & T BT
WL %A Em 5 Z & CRENEBRESEDL LD
ThD, ZOREHXTIT, EEEBREK
TINDZED/NY RF v TORNE E R B
WCRBEEN ERD LS TEY[L]. 0.1eV 2
DT NA ZAEMET D ETORE[EE /25, L)
L7278 b BURBF N A mE 12 L 72N R
Y v THEHIRBHE TH D, AR TliL, BuEst
FET A A CIAENT T, InASSbN # kB
F e EAZ DUV TRRET L 72,

Fig.11Z INAsSh 33 X OV INASN DNy R % v
7R EFROBEE KT, INASN D 3 R
¥ v FII N RAZFZEET V%, InAsSh DR
Y RX Y v AI TROIERIEIR F[2] = 5 FE L
THEM L7, WTHOMEF S EEUTA T —
FRIZ W TEH L7z, 2O 5 InAsSh (2
N 23R4 2% Z & T, GaSh £t Iz BeLl#s 1
HEIERNS 01 eV HEONRY KXy v 7%
FHLL, & H G &2 ERICX % alRetk
N D, ARaTIE, TOEBATEMREZHIET 5
7o, BB L LT GaSb b EICR# & 7
% InAsSb Dbz 27l A7,

INAsSb DX B2 0+ e ¥ %o —
(MBE)Z: (& % /-, GaSb 4k 12 GaSb /X
7y —RBEREIE, £O LI InAsSh & kR
SH7-, 2B, InAs, GaSb DRERIRE & VI
Leix, FAiTZ RHEED #REh[A1%0> & fefl L.
InAs, GaSb & &2 V/III=3~6, 1L 500°C TR
I fE R ENTE D 2 L 2R LI, 205k
HOFPHT InAsSh DFEFRE 21T - 2B D
RHEED % DOtk % 7~ 9, GaSh /N v 7 7 J@ k=
#%. InAsSb DREIZE HIZU) 0 B2 =541
X Fig2@IZrn T KORA RN = R"F— %
HERF U CRREDNEIT L2t L kA 722 N
A7 AT LT As BB T CRE Tl 24T

© 2024%F [SRYEES

ST Fig2 )DL 972 ARy 3
— VBN, Sh BT Tz ok 5 eZ b
TR BN 7T, As BBEHZ K-> TFE
TSb & As DAZHAR Ga J5+ D FHESIAA T 5
LD LTINS, DLEOFERI G, InAsSbN
ZRRET A0 mEEIZ X As, N Ofiths 4~
AT (LT DMNENDD T &N

277,

07— -~ 5

[ GaSh ]
S 06 ]
2
= 0.5 .

D r ]
o 0.4F InAs —
[y 4

13 0'2; InSQ
CG I o
o g1l InASSb} InAsSb ;

B9 6 61 62 63 64 65
latice constant (A)

Fig.1 Bandgap of InAsN and InAsSbh alloys as a
function of lattice constant

Fig.2 RHEED of InAsSb. (a) without growth
interruption, (b) with Growth Interruption.

[FHHRE] AHIFFE D — TR L BHIFE HRER ORI 5T (74 2F
23K17746), ~ 7 & [, HEGLSME OBk
DY &I TN,

[1] Tristan Deppe and Jeremy N. Munday, ASC
Photonics, 7, 1 (2020).

[2] K. Murawski et al, Progress in Natural Science:
Materials International, 29, 472 (2019).
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Si0;ZAAT®O InP/InGaAs 575 JLHBT EHICRA T -#EREE
Crystal growth for fabrication of InP/InGaAs lateral HBT in SiO; cavity

REIXKZE, M) /# RE,

(M) D MK, BF #H*

Tokyo Institute of Technology, °Kazuki Kobayashi, Shota Watanabe, Yasuyuki Miyamoto

E-mail: kobayashi.k.br@m.titech.ac.jp

[1IZT®ic] #we LT Sio 2wz b
2V FET 28T 5540 CTO R G 07
E[12> 5, SOz ZERAPNICEET AN ~T B A
NRAR=F R TP RALZHBTZ KT S Z
LT, RIS v U THESZIHEITE S &
THIEND, BT, ZZANOE SBFE LT
HIUTTI v XIE - a7 ZENFE— O
LR, ARG CIE E S TWD
AERBOHREZITO Z N TE S, £Z T,
INP/INGaAs @ 7 5 /L HBT DAERLODFiTEL
& LT InP @ pn B264 A A — I Z B IR
\CFRE LTz, AREE TIE, InP/InGaAs D7 7
Z Vv HBT DOIEAH HaA w5 HE 2 /ERL L |
SiO2 ZEJHN T Ok dapk R 2 30 L 7= fk F 12
DNTHET 5,

[528R] (ERL L7271 2 OERSIX % Figure
112" 7, p-InP E6ii &2 FHLE L TR AR
8onm @ SiO; ZHEFE Xt S 80nm, [HR
1um - 2um -« 3um OFR—/V% KT A4 v F
TR E YD, ZEiERET LB E L
T, ¥P9C Al Z & S 120nm E 7213 360nm
THE S5, HO2KRIZ 120nm @ Si0; &
WS T T o, AlEEO s R s &
DOMDOBIED LD NIA =y F LT %
179, D%k Al BHEEO Y = v b=y F
T EITO, WNERZERSE 5, fEdmmkE
I% MOVPE V£TC, iR S 1T IR EE 650°C,
0.1 KUEDIETRPHS., #HH D 100 m CTO R
FIHEE 1um/h T InP & 2pm 43 DR 21T 72,
FErmER R . 2N Ok T2 OV TR AR
HoBIZEITo T,

1-3um

50, 20 nm

360nm |

Fig. 1. Schematic SiO: of cavity on InPsubstrate

[EBRER 1 AEH 5 3> DMENE LR
oo 1 DREFAR—NVEEZE ZTZBEOME D
EWCH 5, Figure 2(a)iX Al /5 & 120nm TD

REMRRETHD, A—/VEE 2um * 3um T,

R (FREFR) NN E R E - T 5T,

BEH MO RREE TET L TWRWnZ &b
M5, 2 OHIZAIESEETTLHZ LIZLD
EA B — ROEWTH 5, Figure 2(b)iX Al
B 360nm I Lz X ORERRETHY
Figure 2(a) & H#g 9~ % & 78— /LIEAE 2um - 3um
IRV TAR—LNENERICHE D DT
\ZAR— /L OIMATE TREDHEA TV, 1um
TIIAE AR =R O E THEIT L, it
MR E S RE LTV AR Eigsans-,
ZHUFAI B ENEDEEEROE S L 720 |
ZEIRDN M E S S AT BB R AR
L2 % InP ICEIEY HHERNP T 5720 &
Ez2oND, 3 DHIFENE S EZZEXTBED
R DENTH 5, Figure 3 3R —/LVEEE &
Al B X & iz, RS 2B (b gtz D
AR T D, Fig. 3(a) & Fig. 3(b) D7)
DRz 5 & 2R S & 2512 LT
Z L CHEEAE TORLERRMET L, KL
EX—2ARELE LB BNS,

Fig. 2. SEM image of crystal growth, cavity
length:1.5um (a)height:120nm (b)height:360nm

Fig. 3. SEM image of crystal growth, cavity
height:360nm (a)length:1.5um (b) length:3um

[ & % = Bk ] [1]Convertino, et al.,
EUROSOI-ULIS 2017
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HIJE/) LA VY—RBEXKIZEITS.
THEERICEIEFT1 XU DHEH

Preparation of quantum discs by stacked submonolayer growth
with modulated baselayer
BHIX CO)RRBY} Oh ORI YUYRFry, #8 %
Toyota Technological Institute, “Haruto Okuizumi, Ronel Christian I. Roca, Itaru Kamiya.

E-mail : sd24502@tti-j.net, roca.ronel@toyota-ti.ac.jp, kamiyva@toyota-ti.ac.jp

=+ BB InGaAs &7 1 A7 (QDisc) T, FRAGERIN L CTHEM LT 27 v 7 a
NV a VTRV ENT R X ~EBSED LN TE BB, £ OBRITHERD
Stranski-Krastanov (SK) £ TIEA G TRV IFEH 4 138 EHFED B 5 InAs<IML & GaAs £ ML
DREHFEET, SK IEXVEEICERFERRETEDLY7E/ LA ¥ — (SML) HEEIEICEDY
InAs/GaAs 52D QDisc DI FRETH H Z & 2 M L TE72[2], AMZETIX, THIUZEF Ry
F (QD) ZH WAL, HIZAR—Y—JFDE IG5 Z & T QDisc DIZIRHIHZ1T > 7=,

[EBRFIE] REHT, T~ % % — (MBE) SMLIE/E
THERLL 72, GaAs(001) M &2 600°C CEE{LIEER ]’ g:fé?é%%ﬁ%
#%.GaAs /X 7 7 —J& (100nm), SK {%(Z & 5 InAs InAs QD(24 ML)
QD (24 ML), GaAs A-~2——J& (10, 20 nm)DFE
F & SML B E1T-72(K 1), FUEL 73kt
L, FT- MBS (AFM) I X W RE LT,

o GaAs AR—H%—JF
500°C 10, 20 nm

[EBARER] K212 AFM 427~ 7, &S 0.3 nm
O ERAEE N FHm FI2O0A L, FOEIL. GaAs

s\°\

A= —E2 10nm @ & & 100 nm 2 GaAs W, 3 ‘.z '

AL —A—EH 20 nm D & T 200 nm ZETH V \
ot COBOER, A BT -
NEL BB DB R BT, it % H2GCaAs A=Y - R ()10 nm,

()20 nm DOFRELD AFM £,
NR—Y—ENRE R, QD 5 DEL, SML fEE

D InAs DEFINKEZMR L7200 TH D, ZOMEND, THIZQD e EDEREEFHATLHZ &
T. SML f/E{EIZ & 5 QDisc OH A Xl /R X iz,
[BHBE] AFTRITCRE OB T, BH LKA~V — FZRLF -k ¥—D—8 L L {Tbhi,
[BECHR)

[1] D. M. Tex and I. Kamiya, Phys. Rev. B 83 (2011) 081309(R).

[2] R. C. Roca and 1. Kamiya, J. Cryst. Growth 593 (2022) 126770; AIP Adv. 11 (2021) 075011.
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MIC i ZZRL\=ZE InAs/GaAs BF Fv FZHBITHEADEDHREE
In-situ observation of strain in multi-layer InAs/GaAs quantum dots using MIC method
HXF/ BFH#E CAMB ik, B BE R RE
NanoQuine, The Univ. of Tokyo, M. Kakuda, J. Kwoen, Y. Arakawa
E-mail: kakuda@iis.u-tokyo.ac.jp

InAs/GaAs & H P ET Ky QD) L —HOFFFEKR, miREIELIZIE QD ORI EHR
WHEREFR LD, TOFED 1L LTERRBOEREN T b o5, BAEKICHED L8
QD DHEWNEERA 72 EOBBENEL 5, Fxl1IA VU A7 T v =2iBIZLY QD ORI %
B EED L TRy v T IR TV EEO QD mNEEEMHERF S iz 2 &5 b B K A
MR Lo Z L AWmE L[]8, Fx v 7 Shic QD IZxt L CIRERD FIECTEAR AT 2 = &
IZEE LV, ATEIEL & 1% Magnification Inferred Curvature (MIC)E[2]% W TR IR D ZE (L2 5 QD
ETDOELZ(E COHBIETE L2 L 2ME LEB), ARlIn 77 v 2 21T->72%JE QD IZ
X L MIC {5 TZ DSGBIER2ATV Sl R DR 1 b BB Z 78 L 7= D THRET 2,

Gy X L —IRIC XD n-GaAs(001) MR _EIC InAs QD (HINESEE 4~5x10"0ecm2) Z k& L
720 QD RERIC GaAs 3 F ¥ v 7% 3.1~Tnm K L7=2%IC In 77 v ¥ 2 %17V, & 512 GaAs
TH v v 7 2fTRolc, MICIETRERIMRZBR L2010 T a0k, 12~13 EREE LT,

%% QD AR, v v T EITWVIRO QD EREIERTO M iR 2 5 1 JFREAT0 & & 7Y
YYDOMEREZ 0L LT @Iy b Lz, WP ORE S REEEICEE L TR LT
WBR, B Y v TIRENNENE EIREMOMEE AN E 72> TW DK 1(b))s ZHUTERSY
v v FEIFAICEY QD mEINEA . 77205 QD RN TH Z & TEANEA LT
HEFHIND, ULXY MICIEIZ XY Z)E QD 12k 5 EA DA R T X7z,

(@ 181— : : : . . — (b) T 15
1 - 7nm ] >
16 ~ 5nm I 2 14.
o147 - anm L P
£124 = 31nm : <
X ) S = i
~ ) G -
8_
2 I S 12
> 6 - i - S
s o
3 4' f N—
o : o 1.1-
2+ : 8_
i @]
0 T T T T 7‘) 1.0 T T T T T
0O 2 4 6 8 10 12 -3 4 5 6 7
Number of stacked QD layers Thickness of partial capping layer (nm)

Fig.1 (a) Dependence of curvature of GaAs substrate with stacked InAs QDs on the number of stacked QD
layers for various thicknesses of GaAs partial capping layer. (b) Partial capping layer thickness dependence
of the slope of the curvature.

[BTRE] AR X, ENTAFZE RSB N HT = %L ¥ — - FEEHIITR A B (NEDO) D LRt 55
(JPNP21029)DFERG LN D TH D, [BHCH][1] AHE fll, 2019 FHIEY 11p-S422-7.
[2] A. Arnoult, J. Colin, Sci. Rep. 11 1 (2021). [3] #£ fth, 2024 F-F&ISH) 24p-22A-3.
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InP EiR LIES > DD L InAlGaAs v v TEEHT S InAs BF Fy FORERERAE
Low-Indium InAlGaAs Capped InAs Quantum Dots on InP for Tunable Emission Wavelength
RXF/BF O BH, AE M3k Rl RE
NanoQuine, Univ. Tokyo, OJinkwan Kwoen, Masahiro Kakuda, Yasuhiko Arakawa
E-mail: jkkwoen @iis.u-tokyo.ac.jp

InAs/GaAs &7 N MZEIT HEMEFE (strain reducing layer: SRL) (%, &V LR S0E 2 HERF
LERNORNFERERERIETDFIEL LTUASHWLONRTWD[12], —F. InP HTFES
InAlGaAs ¥ h U » 7 ZH D InAs QD OFIEE RITREHHEH C Xy R LD S RWED HE
HIENRLECH D, ZORELILT D72DICA VP T LT Ty v 2B ERHEASNTVD R,
JEE I E a2 HERF L7228 BRI 2 OIZINEETH - 7o, AWFIETIE, InP FfRk EIZRR L7 InAs
QD (A > ¥ v LK InAlGaAs EREFIE 2 H L, B EORIEIC KRS L7z THET 5,

T_XTCOY T ISR E X %2 — (MBE) %MW InP (001) bR BICkE Sz, —
fl i 72 BE AL B BR B AT D av 7z InP ZEAK E1Z 100 nm @ Inps2AloasAs 3 K TF 100 nm @
Ing52Alo24Gao24As B E S 72, £ D%, 1 nm @ GaAs J& BT InAs &7 Ry EBEE I,
BT Ry bORITIE, Bix 7oA DT AN (x=0.25~0.65)2H T 5 2.5 nm @D IngAl1-2Gax)2As
SRL 23k &7z (Fig. 1), SRL @ L2 InP #& 734 @ 100-nm IngsrAlg24Gagr4As, 100-nm
Ings2Alp4gAs, 50-nm Ing.s2Alo24Gag24As D3R 4L, |7 4+ MLV I R v BV A(PLIETEDORN
% 2Ff U 7=, Fig. 2 1% InAlGaAs SRL Zjiifl L7z PL & — 7 i B3 L O ERE 2~ L T\ 5, SRL
DA >0 LA 5 2 & T, PL B — 2 JROMER RAbds KL URE OB PR T E 7o,

InP matched

1660 - : . e
Low Indium i
InAs QD InAlGaAs capping 16407 ]
= 16201
£
= 1600 1
9 1580
GaAs GaAs g o
=
InAlGaAs InAIGaAs 1960 .
(InP matched) (InP matched) 1540 4
1520 A -
[ ]

0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65
Indium composition

Figure 1 Schematics of the InAs QD structures  Figure 2 PL peak wavelengths and linewidth of the
capped with the simple InP matched and InAs QDs with various indium compositions of

strain-reduced InAlGaAs layer. the strain-reduction layer.

[1] K. Nishi, et. al, Appl. Phys. Lett. 74 (8) (1999) [2] M. Sugawara, et. al, Nature Photon. 3 (1) (2009)

ZORFEO—ERIE, ENLFEBRRIE AT = 1L ¥ — - FEEHITR GBS (NEDO) 0%
FE¥E® (JPNP16007. JPNP13004) . JST Moonshot R&D JPMIMS2064 35 & U8 JSPS F#f &
JP23K04598 DBIAKIZ KV BT STz,
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InAs EF kv FRRICERT 2 FIAEGEAZFRALE-ZRKESRIC
XDTINIVYEBHKRREE

Generation of terahertz electromagnetic wave with difference frequency mixing by using

lattice mismatched strain due to growth of InAs quantum dot

FEIKRL' mKF/NT? @#FEKXS
EZ RS

Ofik R4, B B, BE AT A B°

Chiba Inst. Tech.!, Kyoto Univ.2, Kobe Univ.3, °T. Suzuki', O. Kojima', T. Kaizu*3, O. Wada?, T. Kita3

E-mail: s21A4082DJ@s.chibakoudai.jp

2 ROFEMIEAEDREFIA LR EERIE TS EZFRIRAIE.2 20 L—F— 2 IR
BT TIFV U ITHHETHD, LnLelb, BaBSKEFEEZ b oBa I EZAKES
BEPECRWED, BROEAD L) REIINBLELRD(,2], FlZE. TEFFT Y LK
WZRE D BB TFAREAREAIZX o T, above barrier state Z L35 Z & TERERAIZX > TT I~
VY BREENREAT D Z EBRMESN TS, &2 AT, B TFREARE LT, GaAs
ER EDO InAs ETF Fy MBRHHNTWD, £Z T, SGEIFKLAIX, 2D nAs EF My b RIC/ER
L7ARIRRE GaAs BEZXZ L LT, ZRAKESICLDT 7~ Y EBRERAEICET 50 %%

fTo7=DT, ZORRIZOWVTHRET S,

BBHZIX. GaAs AR EIZ InAsEF F> & 50nm D
GaAs A—H¥—@% 20 FAHIE L, 250CTHE L1
30 nm OKIERRE GaAs TF ¥ v LTz, 1(a)iz, fE
ALY EEL—P—D AT MVERT, 74974
YT TR X NVF -, 9.43 THz [ZHET 5,
1), ERWIREIC X 215 5IRE DRhEICIREMKTF
HERT, IPOBRL. 74974V ITRHERTH S,
&SRB IR Y EIREE I 1 L CHARRIZ 2 R CHEMM L TV
%, ZOfERIT, ZEABREICL > TT T~V BRI
DBREELTNDZ LERRLTVS(L, 2], FROBEZ
KRR GaAs BEDOHDRETRELZEZ A, ZD
X O BRERIIGE LN o7, L7z > T, InAs BT F
Y FORRICHEI BFABEEST L > TRIEREK
GaAs BB X' GaAs A _X—Y%— @ D EE Ox PRk
PN 72D, 2 ROFRELHBHERE LT EEXD
ns,

[1] O. Kojima et al., Phys. Rev. Appl. 10, 044035 (2018).
[2] O. Kojima et al., Appl. Phys. Express 16, 051002 (2023).

13-084

Laser Intensity (arb. units)

Intensity (arb. units)

=
A

1.52

0.43 THz

=l geaa-

1.54

Photon Energy (eV)

1.56

- (b)

)
'y
’
s

L
*

*

¢
-
.
i

*
*

. w%

L '?-‘i( » OCLP:GS

A

.
PR

L R
L .“.H’.

296K

10

10°

Excitation Intensity (W;’cmz]

Fig. 1(a) Laser spectrum. (b) Excitation

power dependence of signal intensity.
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AlGaAs /A1) PITHFEN Tz InGaAs BEF F vy F-FHHEEIL GaNAs
U RIIVGESEEDRREE R E
Circularly polarized photoluminescence properties of InGaAs quantum dot-dilute
nitride GaNAs tunnel-coupled structures sandwiched between AlGaAs barriers
EXBEESREE COHH BA, HF A% =W #—, &l B8R
Faculty of Information Science and Technology, Hokkaido univ.
OS. Nomura, S. Hiura, J Takayama and A. Murayama

E-mail: nomuras2000@eis.hokudai.ac.jp

H-VBEERE L Ry MQD)E, BOEFIRICEY Fv U T DAL REL RRHERFFCE
H1=D[1], B DA ARMRZ O FRGICEEE S 5 A ‘/%%ﬁ‘éww A DIGEPESE~D A 75>ﬁﬁ
FFINTWAD2], LarL, FEH EEERSER CIIAT L X — 0 FELH QD 2> IEEL .

U T TAE AR EHRIC Kb TLE D, &2 THal é?éu\ﬁzfﬁ(éﬁm 12 &0 KR CIEE
T DA AR HIE T X 5 A% GaNAs & H T QW)IZHEH LTE72[3], AMFETIE, &
IR TOIRNIEE & EmWREHREYEE OMNLIZET T, InGaAs QD & GaNAsQW O b v RLiE S
1% AlGaAs N TITERATERBIZER L. PR 7 + bV R & o APLYRICRRE 2T~ T2,

IngsGapsAs QD & GaNAs QW @ k> RUFEAFEEE | LB O IngsGagsAs QD Hig ikl 4 7 F

A~ R TRo e F X —IRIC XD ER L7z (K1), PWEE RIS CfER L 7= £ QD O
WAEBSRLIZEZA, NEEIZ1.0 X 10" ecm?2, EHERIT 16 nm Th-o7-, X 2(a, b)IZ=EIE
TR LA REIOMFEE PL A2 v & FEEE(CPD) A2~ d, 2 Z°C, CPD IZMF) PL 5
FEl 5+ % JHAWT CPD =(Iy+ — I;-)/(Ip+ + 1,-) EEFET Do M 2(a)lZir L7z QD-QW #EHTIE, 1.07
eV DI InGaAs QD DORJEENLITHRT 2 & B 2 bav, HEEN & FhE HERL O 7123
T CPD 2320 %LA Ef] B L7=, Z i GaNAs QW TA B AR B D H 72 FEF 7 QD ([Z7h=R
ELSBEASNERITHE T L TVD I EERLTVS, Y4 HORE TIHRERFEMIC OV T L #Ekm

’9,4 % o InosGaosAs QDs

GaAs 50 nm \,

Aly15GaggsAs 30 nm | (2) QD - QW sample
GaAs 10 nm \

GaAs cap 10 nm i

GaAs tunnel barrier 3 nm

S0 50

(b) ref.sample

B

CPD (%)

PL intensity (arb. units.)

PL intensity (arb. units)

GaNAs QW 10 nm 20
GaAs 10 nm 0
Al 15GaggsAs 30 nm
GaAs buffer 300nm — ey 0
105 L10 LI5S 120 125 105  L10 LIS 120 125
s UL ELD T Photon Energy (eV) Photon energy (eV)
Fig. 1 Schematic of Fig. 2 Circularly polarized PL spectra and corresponding CPD of
sample structure. (a) InGaAs QD — GaNAs QW tunnel-coupled structure and (b) InGaAs QD.
References:

[1] M. Paillard et al., Phys. Rev. Lett. 86, 1634 (2001).
[2] K. Etou et al., Phys. Rev. Appl. 16, 014034 (2021).
[3]Y. Huang et al., Nat. Photonics 15, 475 (2021).
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BRI/ Rt/ Bt E R T
24 2F Si EirLE GaAs/AlGaAs A 7— )L F /4%

GaAs/AlGaAs core-shell nanowires on 2-inch Si substrate

showing high light absorption/emission/thermal properties

EXEEREF !, EXERE?
A BE ' BA EF2 PR BEF ' KB BB EE RN
Bl B— ' AEH W&, Fhl AR, R B|XER?

Hokkaido Univ. !, Hokkaido Univ. RCIQE 2,
°Keisuke Minehisa'-2, Hidetoshi Hashimoto! 2, Kaito Nakama'-2, Hiroto Kise!, Shino Sato!,
Junichi Takayama!, Satoshi Hiura', Akihiro Murayama', Fumitaro Ishikawa>?
E-mail: minehisa.keisuke@rciqe.hokudai.ac.jp
[T OIZ] Y8R F ) U A PYINWIEEE T/ A— VL FOERE RO ) A r—T
NA ACHLERMETH S, GaAs ITmWEFBENE & EHEBR A MEEz A L, BE
fb&Mm e o~Tr/ErEEEHWTL—Y, FF o2 KEER SIS ST
Do LU, o> HI-V 5K & Hle U C GaAs O R FHfE G B 3BT & < . NW 23
WHERHBRAZF O Z LD ZORETI I BITET D, ZOREBEZMEIT L7202, GaAs
a7 % AlGaAs ¥ =)V TRE/ Ny U= a VT L ERANTHD |, ZhE THAIX
R X X —(MBE)EZ HV 2 Ga B Uil Vapor-Liquid-Solid fEIZ LY, 2 A »F
Si(111)#:# b GaAs/AlosGagrAs = 7 —3 = /L NW O KEFEREZ®E L TW5 2, AlEl, [
EHT R LT S ZAEMEIRFE (IR O SRS B IT 2 YRR 2 50l L7 R 2 s 5,
[58R - KER] B i%‘lﬁf“@ﬁ%%?ﬁﬂﬁé 300K 705 400K £ TO T 4 hLI Fvkr A
(PL)/E'J TE R L ORI/ PLEIZ L 0 FFM L 7o, WD DU aRIMEIZ 35 1T D SO SR HIE X
« ABHE GaAs WU &£ 0 @V R L F— TR Q%L F) &R L, SRR < #8
= éhfzo B LT S ERIZ Kubelka-Munk (K-M)ZEHa 2 2@ L, S R v v 7% 141
eV ERML LI PLE =7 TR FXF—LDENDLA =7 AT T MIUREFE LRV &
PR ETz, X112 300K 225 400K (231 5
M3 PL HIE DR R 27, HEGME TR Y U T
Fmid Ins 2, 24U AlGaAs ¥ = /L2 K- T
GaAs 27 DRI Sy v _—v g &, Kifi
HFENFREELIH SN TND ZE 2R LTV D,
LLEX D 2 A F Si B COtRIN/38 ekt
oL, BURFIEICE AL NW aB 2 R L 72,
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1. N.lJiang, et al. Nano Lett. 13, 5135 (2013).
2. K. Minehisa, et al. Nanoscale Adv. 5, 1651 (2023).
3. P.Kubelka, et al. Z. Tech. Phys, 12,259 (1931).

13-116

Figure 1. Normalized PL decay curves
at temperatures from 300 to 400 K for
the GaAs/Alp.sGao2As core—shell NWs.
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MBE ;:I= &k 5/84—2 Si EiRE
GaAs 7/ TA VRREBICRIFT IR IR -V DOEE
Effect of Mask Pattern on GaAs Nanowire Nucleation on Patterned Si Substrate by MBE
EXFERBE !, EXEELE? FEXd lab?
OmfE wBE 2, IB#k BBH° A BEXER 2
Hokkaido Univ.!, Hokkaido Univ. RCIQE?, d.lab, the Univ. of Tokyo *
°Kaito Nakama'l2, Akio Higo*, Fumitaro Ishikawa'>?

E-mail: nakama.kaito@rcige.hokudai.ac.jp

GaAs I L7 bR =/ ARA T b= L7 hu =27 AT LB R 2 FF OB CTH Y,
KRR, BEFA AR, L—F—REIUSHEN TS, FHEIET U A Y (NW)IEAET
EBORE S HE2 D Si R BT+ RES A2 57k LT GaAs & MBE iR ATRETH 5. Si bl k-
? GaAs 52 NW 731 ZfEEOMWE X, NW ONLE, Y—7eth A X, fpk, ALzl L=
I & 70D, ORI & A T AL —H (/7 DA YRIOYEKE) Ol % "He
T 52 EME Si R EIT Si0y~ A 7 BHERE X7 3% — B & T2 -V R NW ORI R
N OFEIC L VME SN TS, AL TIE, SiO~vAZIZL s TF—=v 73 Si
W EICR R & 87- GaAs NWs DU AR EE T35 B~ A 7 RE — L DB HET 5.

GaAs NWs (%, Ga B Uit vapor-liquid-solid (VLS)E}ZE ZEoTHELRE. SiOy ARy & v

7, BrE—LIYTIT7 4, FEEEGTTASKIEMA G 2y F IR0, BV AX
A vy F CIEF OB N Z R0/ — B 2 ER U 72, F5 RIC Ga & As Zta
5 ETHREZBML, RETOENIREX 560°C, As 77 v 7 A% 4.45 x 10° Torr Th o7z,
Ga 7 7 v 7 A%, GaAs(001)EAR | TD GaAs HEIED - H R RHEE 0.1 ML/s IZH5 D, GaAs NW

SRR S8 72, 1K 1(a)lc GaAs NW FK AT Si 5 O A=A 7- BB (SEM) |4 2 7~ 7. [X]
1(lef TR T X HINF =IO UDOESZa LERL, ROIEFES)TERT. HEDEFT(S,)
i, —ilb = Za LiEFR L. B 1(right) LR Si O SEM B THS. S12=8-S;, $ D
EAEN CREZERL L2 NW 2 2 2R, BEEOM TRT. a= 500 nm O /37— HPIZ BV T
NRE =B D S, Sy HENICHET 2 NW A2 BEHGEI 1000 AL V)L, ifEk(SIL S =
36 : 64)0°5H NW @*Zéﬁﬂz%c(snwl.z,snwl)%%ﬁ*ﬁé{h(s awl2=64Smw12 5 S'nw1=36Smw1), HEEZ L72. S’
i =1.7:1 &720, RE— BT TO NW B AERE DR 23R 415 .

Figure 1. SEM surface observations of the sample showing (left) the definitions of the area a and b at the
pre-growth condition and (right) the results after the NWs’ growth.
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DFHEIELXI v IILFEE LT GaAs/GaNAs O 7-7ILFT )L
SEEFHREET/ 714 VYD

Characteristics of GaAs/GaNAs core-multishell multiple quantum well nanowires
grown by molecular beam epitaxy
EXERBER', EXERE?
CfRE T 2, hR BF 2 BEX KF'? KA BE ' AN EXER’
Hokkaido Univ'., Hokkaido Univ. RCIQE’
Ryoga Tida'?, Kaito Nakama'?, Hidetoshi Hashimoto'?, Keisuke Minehisa'?,

Fumitaro Ishikawa®
E-mail : iida.ryoga.v4@elms.hokudai.ac.jp

BEL®ic] M= VIREAYPEERF 7 7 A4 ¥ (NW), PR 0 0 B BB &
BB Y FEZ RO /7 MR LTZDEF - T A RICHB IR S5, GaAs (i
7 DRI L - AL 0K GaNAs T, BT EROBINE & bic Y FE¥vy
THERIBICHD L, Zhb Ik E RIS b 7 5%, SEETIFHETRRTIFSE
5%+ ) 7L A O MBI IEF 2 5, C b 28I - 35 L2754 2
AEBTE 2, AT, 7ML X ¥ —(MBE)E% VT GaAs NW 2 7 D [ i
GaAs-GaNAs v L F 3+ = LRI EETHE 2K E L, Z O et 2 X BET, 7+
Fov Ay v A(PL)MIE, EEME FHEMESEM)AE, &EE G E T HEMEI(STEM)MH
T XU L ¥ — S0 0H X AMTEDS) I X 0 A L 7 R A W5 5 2

[£57 - $55] 79 X~ %8 MBE 312 X 0, n B Si(111)EM I Ga H O VLS KET
GaAsNW 2 7 2B L, # DR IC GaAs/GaNAs v LI+ = AL TR T HbE 2 A L,
GaNAs & THFRERBIA 1,2, 3, 5 B & 72 2 4 RO 2 (R, HBIRET L 72, R
% Si(111)HEMR FICiZR S 5 pm ORI T 7 74 Y HRBE I TS Z & % SEM Bl% 5
HREREL 720 % NW alRHTH 4 5 & PL HERG R % Fig.l ICRnd, ZEHETHF O R
G2 ST, 11150m, 1133nm, 1150nm, 1154nm 1< ¥ — 2 2O R B L 7=, Zh
I ERTI I 5T 2 P O BB O AR I X Y, REESO % akcids
HEL 7o A8 A4 0 ¥ — {0 B TALHERL COR PR 2 TO N S LAE L BN 5. STEMIC K 2
5 JEl GaAs/GaNAs = 7-< v = v NW O WIHTRUEHEE K& 0 EDS 12 & > T b v %5
BT % Fig2 ISR, I

Z D /%ﬂu: % s ﬁ% ViR = x1 Period
GaAs/GaNAs % ER T 2
s

Flsat+5+/ 74 2 z

rAFLATHE L B g

AL %72, 128 B 5

E » GaNAs %‘%#ﬁ)%. 1060 lZfOO 12:30 11;00 0 40 80

TS s Positi

DE éé{f% JE %3 /)\ N ﬂ Wavelength (nm) osition [nm]

BEPEDSTRIE X L7 Fig. 1 RT-PL of GaAs/GaNAs Fig.2 Cross-sectional STEM image
core-multishell NWs with varying ~and EDS analysis of N content in a
number of layers. 5-period sample
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HFREBIALHFEBR T/ DA VIZEITS
7 o—IVRBEHDPAZFE~NEZ IR
Effect of annealing conditions on optical properties
in dilute nitride semiconductor nanowires
EXERR ' LXEEE L2
oA EF'Y fhHE BH 2 %#Bk wAML @A BEH 'L b EEL AN BXER?
Hokkaido Univ. Info.', Hokkaido Univ. RCIQE 2
© Hidetoshi Hashimoto' 2, Ryoga Tida' 2, Takuto Goto' 2, Keisuke Minehisa' 2, Kaito Nakama' 2,
Fumitaro Ishikawa?
E-mail: hashimoto.hidetoshi@rcige.hokudai.ac.jp

XU ®iz] M-V EEEWERT ) T A Y(NWIE— R TTAEEM B CH Y, BT BEIESE T -
T BB R EIEN D, GaAs I8 % DEFZ I L 7o AR E W 8 R TIE N ¥y v 7
TRV F =PRI UM B O T EE & N R vy v IR ERAIEEZL720F. Zhb
DAEA - BRITIRNE R TEMEST 2RO T S A~ SN T D, — 5[
MEFCIE, ERIRED EFIZE > THEEREOS LIS KO T ARESR AL 5. —BICIKIE Tk
R &4 5 GaNAs I TIX, 7 =—/MZ X0 SRKaS D LRICREN S S 4L, 2k TITARNF
Fe T N —T"TIXFEEES NW THAEN TH D Z L AR L TWD[1] AR, GaAs NW 3 L O IR EE
B8R NW T3 U CREINC Y = — L2 2 ST B ATV, IREN 7+ P Ixy R
(PLYFE AN~ G- 2 D50 B a3 LT f5 R A HET 5.

[ZE8 - F5R] 2 4 > F nSi(lI)EK B2 FHRE=E X F 2 —(MBEEIZ LY GaAs NW,
GaAs/GaNAs 3 L T GaAs/GalnNAs = 7 -3 = /L NW Z R S8 72, 3UBHMERTE, As DOBilEZ 5 <
7o, Ass 7 7 v 7 A 1.5%107° Torr ZXFHKH T, MREEZ 600°C7> 5 850°CE T 50°CT D& LS H 1 I
M7 =— VAR 24T > 2.7 = — VALER R (As-grown) & SR K 5 7 =— VLR o =R PL I
TEEERIC X 0 3 24T - 7=, Fig. 1 ICENENO=RIE PL JIEIZH T 5 PL B — 7 g 2 751
L0 AE&TORETT700°CETOT =— . . . .

JVREE FRICEE S PL B — 7 - fibE i 120 - 1

SRR ST, TRMD, 7= A A Ga'A"NAs NWs

& 0 RO - Ty o '0T A A A A I

MAE B AT &R STz, 750°C LA E sl GaNAs NWs |

TRE—/AHELTEY, 688 o

TR HRRBO NW S o) GaAs NWs ]

KAEWR L. F1-, ToRET W A

700°CE CTHT =— LiE EHIZHES 40 b o A

PL t'— 7 I8 O MR S

72. DLEX Y, NW E%IZ 700°CH] 20 L ' . :
As-grown 600 650 700

BTT =— VB EAT D Z &3 F
FESGEICA N TH D LRI LT,
£#CH [1] Roman M. Balagula et al Figurel. Comparison of Full Width at Half Maximum in

GaAs, GaAs/GaNAs and GaAs/GalnNAs NW after
2020 Scientific Reports 10 8216. annealing at various temperatures

Annealing Temperature (°C)
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Exceptionally large lattice deformation in highly strained InP/InAs
nanowire heterostructures with 3.2% lattice mismatch

Guogiang Zhang*'2, Yusuke Tanaka !, Hiroki Hibino®, and Hideki Gotoh*, Haruki Sanada'
INTT Basic Research Laboratories, °NTT Nanophotonics Center, NTT Corporation
3School of Engineering, Kwansei Gakuin Univ., *Research Institute for Nanodevices, Hiroshima Univ.

*E-mail: guogiang.zhang@ntt.com

It has been known that a nanowire structure can endure higher strain compared with the
conventional film structure.!"> Meanwhile, according to both experiments and theories, the capability
is widely believed to be limited to the nanoscale diameter, usually < 100 nm.3-® Here we report
coherent nanowire heterostructures with a diameter and a critical thickness far beyond the previously
suggested limitation by studying InP/InAs nanowire heterostructures despite a lattice mismatch as
high as 3.2%. We observe exceptional lattice deformation in the heterostructure by spherical
aberration corrected scanning transmission electron microscope (Cs-STEM) measurement. We further
clarify the strain relaxation mechanism by comparing the lattice deformation in center and edge
regions through geometric phase analysis (GPA) for STEM images.

We grow site-controlled InP/InAs nanowires (diameter: 280 nm) on InP (111)B substrates in an
MOVPE system via self-catalyzed vapor-liquid-solid (VLS) mode (Fig. la).” Site-controlled indium
particles are formed at 500 °C via a self-aggregation process by using substrates selectively covered
by SiNy film. InAs disks with varied thickness controlled by growth time (5, 20, 60 s) *1° are grown
into InP nanowires to reveal thickness dependence of lattice deformation (Fig. 1b).

We confirm the coherence of all InP/InAs
heterostructures with varied InAs thickness by STEM
measurement. The lattice mismatch as high as 3.2%
should induce a large lattice deformation. This is directly
observed in InP/InAs interfaces in real space. The lattice
fringes in Figs. 1c and 1d bend upwards and downwards,
respectively. The InAs thickness is 42 nm, far beyond the
theoretical critical thickness (~ 9 nm).!">> We further
analyzed other interfaces (InAs thickness: 14 nm) by GPA
study for STEM images to reveal the lattice deformation
difference between the center and edge regions (Figs. le-
1h). It is observed that lattice deformation in the edge
region is significantly larger than that in the center region
(Figs. le, 1h). The exceptional lattice deformation in the
edge region largely relaxes strain energy thus makes the
coherent interface possible despite the high lattice
mismatch.

In summary, we observe exceptional large lattice
deformation in highly strained InP/InAs heterostructure in
real space. We further clarify the strain relaxation
mechanism in nanowire structure with a high lattice
mismatch. This work opens new opportunities for
heterostructure material candidates beyond the limitation
recognized up to now by using a nanowire structure. This
work was supported by JSPS KAKENHI (21H01834,
23H01792).

—0.1 I +0.1 Refs: ! Matthews, et al., Journal of Applied Physics (1970) 41 (9),
Fig. 1. (a) SEM images (tilt: 38°) of InP 3800. 2 People and Bean, Applied Physics Letters (1985) 47 (3), 322.
nanowires grown on InP (111)B. (b-f) 3 Samuelson, Materials Today 6 (10),22-31 (2003). 4Ertekin, et al.,
HAADF-STEM images of an InP/InAs Journal of Applied Physics (2005) 97 (11), 114325. 3 Glas, Phys.
heterostructure  nanowire.  Rectangles Rev. B: Condens. Matter Mater. Phys. (2006) 74, 121302. ¢ Wélz,
shown in (b) correspond to images of (c-). et al., Nano Letters (2013) 13 (9), 4053.7 Zhang, et al., ACS Nano 9
(g, h) GPA images converted from Figs. le (11), 10580-10589 (2015). & Zhang, et al., Science Adv. 5 eaat8896
(2019). ? Zhang, et al., Jpn. J. Appl. Phys. 59 105003 (2020). 1°

and 1f (Exx denotes horizontal direction). )
Zhang, et al., Opt. Continuum (2024) 3 (2), 176.
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Selective-area growth of Wurtzite InP/AlINP core-shell nanowires
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Graduate School of IST and RCIQE, Hokkaido Univ.
°Ziye Zheng*, Azuma Yuki', Junichi Motohisa®, Katsuhiro Tomioka®
E-mail: zheng@rcige.hokudai.ac.jp

[Background and Purpose] Visible light
emitting-diodes  (LEDs) lack  candidate
materials for yellow color region with bright
and high luminous efficiency. Nitride-related
I1I-Vs and arsenide(As)/phosphide(P)-alloy
I11-Vs used in blue-green and red LEDs have
efficiency drops in yellow wavelength. In this
regard, crystal phase transformed WZ P-related
I11-Vs are expected to solve the issue because
the crystal phase transition can change their
bandgap from indirect to direct gap in yellow
region. Especially, WZ AlInP would covers all
visible wavelength by changing the Al content.
Recently, all WZ InP/AlINP core-multishell
(CMS) NWs have been demonstrated by using
the crystal phase transition [1]. However, the
detailed controllability of Al content in WZ
AlInP shell layer is still unknown. In this study,
we characterized the selective-area growth of
WZ InP/AlINP core-shell (CS) NWs with
various Al content.

[Experimentals] Periodical hexagonal
openings were formed on 20-nm-thick SiO;
masked p-InP  (111)A by electron beam
lithography and etching. The opening diameter
was 30 — 100 nm and pitch was 400 — 2000 nm.
Vertical InP core NWs and AlInP shell were
grown by low-pressure horizontal MOVPE
with Hz carrier gas. Trimethylindium (TMIn),
tertiarybutylphosphine (TBP) and
trimethylaluminum (TMAI) were used as
source materials. The growth temperature for
InP core NWs was 660°C with V/IIl = 24. For
AlInP shells, the growth temperature was
varied from 480 to 600°C. The Al content in
vapor phase were set to 5% - 90%.

[Results] Figures 1 showed the growth results
of InP/AlInP CS NWs with various Al content
in vapor phase. The CS NWs grown at 480°C
had hexagonal pillar with {-211} vertical facets
rotated 30° against the cleavage plane,
indicating the WZ phase was transferred to
shell layers from core NWs. While in case of
the NWs grown at 600°C, the NW side facets
became {-110} meaning ZB phase was formed.

The formation of ZB phase at high temperature
was originated from the ZB AlInP layer on top
of the WZ InP NW. From the ZB AlInP layer,
the AlInP grew along downward <111>B
direction from the edge of the ZB AlInP/WZ
InP. Simultaneously, WZ AlInP shell laterally
grew from the WZ InP NW sidewalls. The
downward growth of ZB AlInP layer became
dominant at high temperature. While the WZ

lateral growth was enhanced at low temperature.

The competing of the two growth process was
due to the different diffusion length of Al/ln
adatoms. XRD spectra indicated the Al content
in solid phase was higher than that of in vapor
phase at high temperature and lower than that
of in vapor phase at low temperature (Fig. 2).
This was because a large number of In adatoms
desorbed to vapor phase at high temperature,
which resulted in high-Al content in NWs.

[Reference]

[11 F. Ishizaka et al., Nano Lett. 17, 1350 (2017)
(a) Al: 50% (b)Al: 70% (c) Al: 90%
bl " i [

f) Al: 90%

\.\‘\ [-110]
1 B
[111]A<L_['211]

Figures. 1 SEM images of InP/AlINP CS NWs (a)
- (c) AlInP shell growth temperature: 480°C. (d) —
(f) AlInP shell growth temperature: 600°C.

100§
g0,
60!

Solid phase (%)

40

201
0 20 40 60 80 100
Vapor phase (%)
Figure. 2 Al content in solid phase vs vapor phase
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7LV InP 3/ D4 VgEREBRA T ORSHE S5 2 O 52 OFHE
Characterization of InP crystal phase transition heterojunction vertical transistor
NEEE Y, A, fTEAE!, SHyIv!, AKAE—', EMRKE’
VB E R PR ERERBERB L OB TFEBT LY hr=J 2R ¥ —
E-mail: uchida.ryosei.b0@elms.hokudai.ac.jp

(1T T DIZ] FHERMEHT I T DREEREE L, K E T O L ER 2 28k L A Elc 35 2
ENTE D, P T/ UAYNW)DBFE, 22 EREE O PIHESA LR EZBN 6 LT, R el T
LEEREE D v VY GEAGE SR (WZ) S B &I 72 D [1], 20 X 9 iSRRI Et ORI, S R
&N BEER ) b HEGEB M A~ T E 2 8 UM, [F—MEHZI CAT n#EaE 2 FTtE %
FERDH D, Flo, ZOBEHES~T a5 R imiE, Type-ll BNy RARHERIMEZ /R 2 & RHE S
AT D [2], AWFFEIEL, WZ ##3E InP F / U A ¥ &2 G &8 KA RIUSR (MOVPE JE R AR )1E TR L,
InP it (ZB #3&) & OBE fH TR S WD MIEHIEE~T n 50\ TS Z {7 — b A4 —L
7772 RVGAA) b 7 > P A X Ll L 720 THis 45,

[3BR] 2 X0 %Y 728> TSi0, & 20nm HEfE L 7= n &L InP (111) A JEMRIC, BV V7T 7 4 —
E Uy by T U Il THERO~AZ O/ — 2% L=, InP NW [ZJ50EHT Diethylzinc
(DEZn), Trimethyllndium (TMIn), Tetraethyltin (TESn), 7 1~ (Silane: SiH4), Tertiarybutylphosphine (TBP)%
FWT, REIREE 660°C, ft#G V/III k24 C MOVPE i EZ1T->72, fERL7=InP /U A YiZxf L, J&
FEBHERETEIC L 0 7 — MR (Hf0sAl20)Z 10 nm, A Sy Z U » Z{EIC L Y 7 — FEMR(W)Z 200 nm
R LT, IS, Ry a7 5 (BCB)RY v—DAE vy a—F ¢ 0, FsA Aoy F o7
L0 — R EMmE TS — M bRE =y T 7 L 7 — MEEZER U7, %2 R LA EB(TiPd/AU).,
) — A EM(NI/Ge/Au/Ni/Au) & 775 L VGAA k7 VA X g & ERL L 7=,

RER] X 1 I2EIREE L2 nPNW 0 SEM 44773, Knh, ~ZBAm -1 1 0} A% L, 30 FE[nlds
LizmE 7 72y NEMERESNZZ 05, IWPNW XEE {211} 7 72y MNE & (11D)A THENT
6 FATEREEIC 2D Z R0 D, 2 DT+ bV 2R U APL) ALY hLnb, 133 eV, 1.37eV,

143 eV ICE—27 2 LN EL N, 1.33eV I —2 2 5 O38IE ZB FHD /X RESJEE, 1.43 eV
X WZ AHD R RERFEN. 1.37 eV ITHESRE D Type-Il N> RICk BRI EZBND, ZH DML
5. EINRE L7 IlPNW I WZESEEZH LTS EWVR D, 3 A RIERL L 7= InP A IS FHER RS~
TREAIZED VGAA R T v DA DIREREE RS, D, RuA VBRSNS — MNERTERHS
DHAA yF U TRER G DIV, USSR A~T e B R E DO v 3 v b —FEEEOE TR A
A v F U TERICES LTS EEZBND, YT ALy a/lb FMEEIT 112 mV/dec TH Y . BIEEE
12-0.07V, 7 —h VU —Z7&ERIX10°- 103 A/um Th o7z, i, 77— b U —2 Eji las S K LA B
X0 HEENT Enn . WHFsAl0/Si0, 7 — MEBHEED U — 7 IR TN RE N LB 00nb, i
1% InP/Hfo8Alo 20 St OB TWETE 5, S HITHR FHREROUEIC OV Tikim T 5.

ZE 3R
[1]Y. Kitauchi et al., Nano Lett., 10, 1699-1703 (2010).

[2] A Jash et al., ACS Photonics, 10, 3143-3148 (2023).

PL intensity
Drain Current [a(A)

PR | R, L
1.30 1.40 1.50

500 nm Photon energy <eV) Gate voltage Ve(V)
1. SEM image showing 2. PL spectra of vertical 3. Ips - Vgs curve of
InP NW array InP NW-channels. vertical InP NW-FET.
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B RER YR £ InAs T/ BERIR RO

Characterization of selective-area growth of InAs nanostructures on metal opening mask
LBEXRFEEREEAERS LI VEFRBEILY bOZJ RAPREV 5 —
OrrE A, WEH. BTE. AKX IE—. ER RIL
Graduate School of IST and RCIQE, Hokkaido Univ.
°Yuki Takeda, Yuki Azuma, Ziye Zheng, Junichi Motohisa, Katsuhiro Tomioka
E-mail: yuuki0819t@eis.hokudai.ac.jp

[FFFEER] ERDE LTV AZFEDOMAMEIZIEL, UV —7 BRCET v 2V %R, IKETE
b7 EORER D D, ZNOOMBEERIT D N T VAXEED 1 DL LT, Fr L2l
NZET— N TEB -7 — A= T 77 RGAAEEN ) — 7 BHROMEIOBLE /2 E B 1R
ENTWD, i), REF v xAMEE LT, Si K0 BEEOE W LIV RILAY -8R B
FEINTVD, FHAIZINETIZ TV F ¥ 1R Z O 2R GAA(VGAA) K7 U A D
LR L ESMERELZ BB L T, Si kD InAs /7 U A Y (NW)IZ L D VGAA-FET TA 7 U — 7 &Eift
O ZEAT> TE[1], 5D M-V NW F v /U2 K5 VGAA-FET OERMREEIKIS I, Si
Ty =Rt L EBIZT S UAY VGAA-FET 2B THMENDH D, DT DARMIE T
SIN/W/Si0, D& JEfEmfm&m~ A7 LIZBIT 5 InAs T /M LT/ U4 Vi@ EIZE L T
BE LD THET 5,

[ZBHE] X1 ICEpus SR~ A7 EOF 7 BERRNEEO TRZR T, InAs BIRAER T, 2
MMﬁﬁm%%&bt&@mL ANy Z Y U TIEIZE Y 2 T AT (W), 2k U 22 (SiN)
EPHERESET-, TOH%, EFE—2BHRERIA/Vzy b2y F U X VBEOEEZKR LT,
WNT, FERFEICA1DB Wt 2 e L[2]. InAs iR 21T-72, £7-. VGAA-FET (2615
721 InAs SBIRKE TIL, Zn SV A R—=Y U 712X 5 EME, Si R—v 712k n &, Sn
NIV AR—=E U ZICL D n BERE L,

[ZEBHRER] X 2 I2pE L7z InAs T/ #EOBIURER 279, K5, InAs T/ HEENH
BSEB~ A7 ICB OV GEBREE L2 ERhbnd, liE LT 2 #EofRiz, EREm» S
15.6°fH\ = InAs T/ U A & {110} EAIDBE CHEN- b v v 7 EENER S, T/
T A YHEE IOV T, (IIDRED D 15.6°H 72 {-110} 7 7 &~ M CHE 7z A A 3
FEOHEMAR<ITI>A FRNIRE L TWAD Z R nhoiz, #RO<II>HRIZKE LT /U1 ¥
TiE, ~AZBOEO SIDEHAAIDABIEIZ /2> TWDHZ EE2RLTWD, i, Ery
EIEIZOWTIE, TEFH OB & RS HFROMIDA HAREL TWD EBEX 6D, i
B, SIN/ERELEAR/SIO 28~ A 7 fEEICB VT, Si(111) 5= 1 ORRMEFAE T In J5 773
FERR(IDA B THDHEEZOND, YHITINOLDOF /H#ED 7 7 v MR L ESF B O
AT I DWW CEsRT 5,

B R

[1] H. Gamo et al., IEEE EDL., 41 (2020) 1169 — 1172.
[2] K. Tomioka et al., Nano Lett., 8 (2008) 3475 — 3480.

SIN/W/SIO,/Si(111) i1
SR < p = 1~10 O-cm InAs /04
o

B O &6

EBYYY 54—
TyFUY

g

si
n*f& (Sn/ L RR—T)
ne=1x10" cm3

nfE (Sik—7)
n,=2x10" cm3

B Zns SLAR—T
ne =2x10' cn®

MOVPEZRE &

Fig. 1. Selective-area growth of InAs on
SiN/W/Si0./Si substrates. Fig. 2. SEM image of InAs nanostructures on Si (111).
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RIEBEREICL ST ¥ F—F GaAs/GaAsN EBigF D
Undoped GaAs/GaAsN superlattice evaluated by photoconductivity measurement
OEHEK' MK EL£' <FH HBF' G HF ' BA EH2 %K 28
(1.BXEI, 2. —BEEH)
R. Wakasugi !, A. Umeki !, R. Morita !, T. Tsukasaki !, M. Fujita 2, T. Makimoto !
(1. Waseda Univ., 2. NIT, Ichinoseki College)
E-mail: waryou284@ruri.waseda.jp

[T LT AlGaAs/GaAs & Tldk, b DM CIADNRIZ K- T, Bl 712 K 2RI A
422 L@ shTwal, 22T, BEEGRGERICENT, N FFy v Fo gL —
814 eV (HE CEBZNRITR KR L 2 50720 EFEM TG T 2 IR S 5 ks 1 s
TiE, HFEIZ GaASN Z VD Z EREFE LW, £ 2T, AUETIE, HREEREZ VT
¥ R—7 GaAs/GaAsN Ht& 1 &7l L 72D T, ZDFERIZHOWTHET D,
FEBrJ71E  RF-MBE 34 FW T, Faffafatt GaAs(001) 5tk Bz 7 > F—7" GaAs/GaAsN &1 %
& L7-, GaAs & GaAsN DJE XL, T Z4, 19 nm & 1 nm THh 5, KE LIZEBORMEIZIE,
IR 0.5 mm & L7z 2 20 AuGeNi Bz 7845 L7c, £ LT, o MREERIERE 2 AT,
T DY RRSTIRE L IERRIRE Dy o H 7 2 o A RIE LT,
fi & EBEE GaAs/GaAsN &2 xkF7 2 X BRIEIHT(XRD)HEIE DFE R A Fig. 112777, 580 CTHL
e L7z GaAs/GaAsN Bk Tl 620 ‘CTHE L7l T XLV b87 74 b E— 27 2 BBRIEIR
SNTZI2D AT ERREDIRER R THLbDEEZHBND, KIZ, GaAs/GaAsN #E#E D,
fREREEZ Fig. 2 12”9, 22T, &7 RF-MBE JEI28\\ T, GaAs/GaAsN 1% il d
LERTIE, BHRT T A RITSETERETYy vy ¥ —Z2BASED, LLERL, Yy o ¥
—ZMLTRETHERT DUARITERICEM TE RN ERRESNTVLE, Zo7w,
AHFZET ., [ERERE THh 5 GaAs ITITEIEED N N E £ 5, Fig. 2 121X, Z D GaAs [EEEE DY
{RERFE SR LTz, GaAs/GaAsN HAE 113, 1.2~1.35eV IZF TaWESay X7 X v A&RL
7o ZOT RV —FEEIL, FEEEZICS T 2 IRIRED N 25T GaAs D/ F¥y v 7T )L
F—(1.36eV) L 0 HIERWed, EFEMEORRINABI SN TND D EE X HD,

23k [1] M. Kuramoto et al., Crystal Growth, 425, 333 (2015).
[2] W. Shockley and H. J. Queisser, J. Appl. Phys., 32, 510 (1961).
[3] T. Noda et al., J. Crystal Growth, 227, 496 (2001).

5 '% Eg (barrier) ?
% 580 °C o | o GaAs/GaAsN superlattice
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e S £ 3 including N atoms ___.--z=" !
o Z. © s [
z L . |
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' | ' = ’ 136
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Fig. 12 XRD spectrum of Fig.2 : Photon energy dependence of

GaAs/GaAsN superlattice

grown at 580 “°C and 620 °C. photoconductivity signal.
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7=—JLL71=Si F—7 GaAsN DERHIFIE

Electrical characteristics of Si-doped GaAsN after annealing
OFH MAE, £4K X!, B\ &R ' BH =& #E ai!
(1. BEXEL, 2.—HBa%)
°T. Yoshida ', T. Sasaki !, T. Tsukasaki !, M. Fujita 2, T. Makimoto !
(1. Waseda Univ., 2. NIT, Ichinoseki College)
E-mail: tomoki.yoshida@fuji.waseda.jp

IZU®HIZ Si F—7 GaAsN [ZRWEFMEL (INDFEIRIZ B W T, Ny R¥ v v 7T R LF—7
NS 72D, EDR®D, Si K—7 GaAsN ZF|H L7z b xR & A 4 — RTiX, b
DRSS DY, SRR ERNO Y 7' AMIZ b 2V E A F— REIEHT 5
Wi, o mNHAF— RN EIZ R RZNVEAF— RED E@EWVIRETEAZRET 20N
D, Ho T, ARV E THRE L2 Si K—7 GaAsN (28T 5 7 = — ViR R ME O fif
ANEETH DY, 22T, A= AFREZ FAVT Si F—7 GaAsN (22 TR L7z,
FER 1L RF-MBE 1E1C & - Tk GaAs(001)F:# 112500 nm® Si K—7 GaAsN % ji%
EL7, REREIZ380CTHY,Si AMHIEEIZ6x10%cm™3 & Lz, F72, [N]
Z01~09% T LS, lELZ Si K—7 GaAsN ZZEREHXF T 15 D07 =—
NELTolz, T =—/VREI3580 CH L1630 CTH 5,
AR EEE [Nl =09 %D Si K—7 GaAsN O &E - OREIREKTFIESE Fig. 1 1ZRT,
7 ==L LT Si K—7 GaAsN &£580 °CT7 =—/L L72 Si F—7 GaAsN &, fii-5
ROFFEZ R LTz, ZAUCK L T,630 CTT =—/L L7=Si F—7 GaAsN (2B L i, & iRfHE
WCITRIEREOHME & HICETRENSEML TND Z LD, ROWEN N DARER A~
BFORENEZE TWDEIHDEEXBND, —H THBEENRRBERIICE L LT Eb,
RIRFE CITRTEEMLI O R v B TEEREZ TWDA D EE X LN, -G b=x
L —DINHEFEME % Fig. 2 (2T, 7=—/L LTV Si K—7 GaAsN (2B} &ML=
X — DG LRI O ERFED TV MEZ R LTV D720, ROHENIE GaAsN (Z[H
BN THLLDEEZLND,
S #3CHK  [1]A. Lebib et al., Physica B, 502 (2016) 93.

[2] S. Ahmed et al., Appl. Phys. Lett., 71 (1997) 3668.

[3] R. L. Field Il ef al., Physical Review B, 87 (2013) 155303.

[4] T. Tsukasaki et al., J. Crystal Growth, 514 (2019) 45.

=
o
-% 1E+20 as-grown = _|100 ® as-grownl*] A
e © 0 o [ ] =
E — annealed at B E ., v A
§ P'|1 1E+18 580 °C m[‘l.\l].f?) 9‘0/ ® é = 50 f this Sfl.ldy ag_grownlﬂ
. saled - - V. 0 >
S & anm:!‘cd at [Si] = 6 x 10 cm™3 g B Si-GaAsN
— 630 °C = 9 ! 1 1
g = ~ == 0
£ 1E+16 — g H
31 =) 0 0.5 1 1.5 2
o 0 2 4 6 8 10 12
H 1000/T [K!] Nitrogen Composition [%]
Fig. 1. Temperature dependence of electron Fig. 2. Nitrogen composition dependence
concentration in Si-GaAsN. of electron activation energy.
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PL &%\ 72 Be F— 7 GaAsN O R EiEEK M O T
Growth Temperature Dependence of Be-Doped GaAsN Using PL Characteristics
OH AKX, BEH Eit2 HiF &7 |, Bk B (1. BRETLT, 2. —B&H)
°S. Tanaka!, M. Fujita?, T. Tsukasaki' and T. Makimoto!

E-mail: so5960ta@fuji.waseda.jp

XU BIC : GaAsN R IE, KW ERMGEBICE VT, ERMMOIMICE VY FF v v 7355
Y3 %7290, GaAsN % HBT O R — 2 J@~IGHT 2 2 L pHfF S T3, & 2T, AlGaAs/GaAs HBT
DR—ZJEICBAL T, PLiEZ AW T p B GaAs = — R g % 5¥iffi L 7z &5 B35 5, Wz 2 ¢, KiffgeT
b . RF-MBE &% W TR L 72 Be F— 7 GaAsN © PL ¢ % FFAfi L 7=,

EER RRIRE % 430 CA5 580 'C& LT, 500 nm ® Be F—7 GaAsN Z R L 7z, Be A#li¥i
JEiZ 2X10° ecm? Cch Y, EFRMAMIZ 0455 05%THS, TD Be F—7 GaAsN i L < PL #HlIE
170720 MIEIRETEEIZ 10K 225 200K TH %,

FREEL  Be F—7 GaAsN iCB1F 5 PL N O K RIREMR % Fig. 1 1R 7, HIEREZ
10K TH 3, ZOfEHEA S 480 °C THEE L 72 Be-GaAsN @ PL FNBE i b i< 7 o 72, EOWEKE
WA T, M ES T2 -OFNMEPMET T 5, — 7T, KRREX LA T2L, Be D77 %
TRE L TOIEHAEMET 35, 20720, RiGitEZ Be 28 IELHMG 2y 2 — & LTEH DT,
VIR CTHE L7 Be F—7 GaAsN © PLENXBESE T LD eFEZOLNE, RiC, Bix 54
THE L7 Be F—7 GaAsN ic 1 3 PL v — 27 T4 L ¥ — DMl EREKE % Fig. 2 10RT, £2To
GaAsN I LT, 90 K225 100 K IZH»J T, PL¥Y =27z A ¥ —2328uckEmL 7=, KiEclk, &
FOHK & 72 B REEENL L T 7 & 7 X AL D SO FRE BRI TH 5, THICH LT, ST
B8R L T 7w T A HEN B O IR GRS & e B, T DR, 90K A5 100 KT AT C
PLE—2 ZANF 328U L7, Ri, 2@ PL ©— 27 AL F—DHEHIEIC O WCTRE 5,
BERBEMET T2 LicffEoT, 90 K25 100 K 120 T3 % PL v — 27 = 4L ¥ — DIEH Rk
YLt TOPLE—7TANF—DEFED T 2HRIT, REFHD O QREMERMOE I ICRERE T 2 b
DEEZLNSE, COHRKDOFRNE LT, UTFocerEzizohsd, £7, KECTKELZ Be F—7
GaAsN TIIEFLIBE2R GV, Z D79, RTEEMICELEL & FiX. liEFa oEfL & BCHEisEa L
LT b, TTT, REEMNOZANVF —ICIENS 2 & FTE, BFECREENICEET 2H7IC
REHEET 5, CORE, KIECTHELZ Be F—7 GaAsN TlZ. 90 K 225 100 K i 2 <<
5PLE—27 I A NVF—DRFPFEIL7=bDEEZLND,

SE W :

[1] K. Eda and M. Inada, J. Appl. Phys. 62 (1987) 4236.

— 14
>
iy ® o ®oe ®0o0oe0e
3 10K = 135 3335:;:0'°"""§::
e @ O,
>| © ® 5 13 | *Seq ©430°C
g 5 e, ® 480 °C
2 X 125 | ©%0,e, ® 530°C
— [«}] fe)
z ' ° g 12 ' ! 580 C
o
400 450 500 550 600 0 50 100 150 200
Growth temperature [°C] Temperature [K]
Fig. 1 . Growth temperature dependence of Fig. 2 . Temperature dependence of PL peak
PL intensity at 10 K. energy for Be-doped GaAsN.
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— 7 AlGaAsN [THB T BRIzEKE

Hole conduction mechanism in Be-doped AlGaAsN
O/MNEF EET, FLE BT B FER ORE HE ' BRE B8 R R
(1. BXET, 2. —HEEH)
°Y. Ono', K. Inoue!, N. Minami!, T. Tsukasaki', M. Fujita? and T. Makimoto'
(1. Waseda Univ., 2. NIT, Ichinoseki College)

FUOIZ: RWEFMA(N])D GaAsN TiX, GaAs LT, EFOHFNEENERT L Z Lot
EN TS ML, 21T, Z0 GaAsN & T, AlGaAsN Tik, BFOAEEN S LICHAT D
@é:%z bNbd, 20X, B FOFRBT R L= AT 5D T, AlGaAsN 2L, bk 1-23%

IAHET D2 EBWFTE D, BLEDZ b, 731 ZEAIICT T, il K —7" AlGaAsN 1235

T B ESKEFFEDOMAN VI TH L3, A B —7 AlGaAsN OELAFHETHRE STy, £ 2
T, ABFZETIE, Be & F—E 27 L7z AlGaAsN (BT, 10 K 205 300 K £ TOR—/VAEHIEZT
9 Z EIZX Y, Be F—7 AlGaAsN (2351 D B XAREEAS 2 57l L 7=,

EBrJ71E © RF-MBE Yf@lio“(ﬂé%@@ﬁ GaAs(001)F:AK Fic Be F—7 AlGaAs 3X W Be F—7
AlGaAsN % 580 ‘CTHE L7z, ALFH([AL]) 13 5 %TH Y. Be A ([Bel)ix 1X10° em3 TH
%, [N]iZ 0.3~0.6 % CEfL & ¥ 7=,

fER L EE: Be F— 7 AlGaAs 35 X Uf Be N — 7" AlGaAsN IC B 1F % IEFLIEFE ORIEIREMTIE % Fig.
LIZRd, £7. Be F—7 AlGaAs I%, MRFEROME 2R Lz, KIZ, miRfEkIZH TS Be F—7
AlGaAsN Tid, [NNZE ST, WEIRENRA T 5 DItk T, EFLBENBD L, 20X 2 2&Eik
TOHRRIL, MEFHFOELICLDIBEENIEHTHL I EE2TB LTS, ZHUTkR LT, (KiRAEK

T, EfLUREIF—ETho7z, ZOHAELMEI T 572012, Be F—7 AlGaAsN (Z351F 2 HEFRDOH|
EWR KA A Fig. 2 10, IRIRGEE T, sHER LB ER L TR EROBRE T Z 0D
B HER v BV ZRENNH)IA K 2 BRI E#ME CTHH LD B2 LD,

& 3cmk [1] FARE, 55 83 MRk ISP B £ FiH 2, 21a-C101-9 (2022).
[2] J. Tbanez, et al., J. Appl. Phys. 103, 103528 (2008).
[3] F. Eber, et al., Appl. Phys. Lett. 107, 062103 (2015).
[4] K. Chik and K. Koon, Philosophical Magazine B, 53, 399 (2006).
~ 100

g 1820 T Q=g g = [All=5% [Be]=1%10cm?

2 ®[N]=0.3% S

E_ [Be] = 1 X 10% cm? | @ [N] = 0.6 % : Vamso-o—o o—

= 10 } :

:E T : : : % :- ®[N]=0.3%

c & w £ ; » ®[N]=0.6%
> q

< 1E+18 ° . ‘ £ 1 P

° = o..\.\’_
g E
1E+17 S o1 s ‘
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Fig. 1 : Ti ture d d fhol
e ermperatite dependence o1 ok Fig. 2 : Temperature dependence of

tration for Be-doped AlGaAs and
concentration for be-dope ansan conductivity for Be-doped AIGaAsN.

Be-doped AlGaAsN.
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FUOFEVH—DOF7O5VFEFALTHELE
GaPNEROD 7+ ML R vt U X2 & HFHE
Photoluminescence characterization of GaPN alloys grown with Sb surfactant
BEXREL' Z2/ERX2
OM2)/\K #izk', BHWH B', \K BFE', XO #Hz', AH F% WA F#§>
Saitama Univ.!, Toyohashi Univ. Tech’
°Kazuya Yagi', Hibiki Saida', Shuhei Yagi', Hiroyuki Yaguchi', Yamato Kyuno?, Keisuke Yamane?

E-mail: yaguchi@mail.saitama-u.ac.jp

[1Z U 2] GaPN IREhIE, BT EECTHEE A HER N Ry v TOBAN S, Si EREEHA L7
WT A REOF MBS LTI SN TV D[], £72, GaPN BFEF OV RT AV ERRE L
72 2 BRI A R U 72 KEGFEM O BRI AR STV D[2], GaPN D4y F— B4 &
WV(MBE)EEEH% SbY—7 77 X FEEATDH LT, GaPN IR D N BV IALBhR ) ) E

. RS L ORI M OYGEN I S D [3], AMFETIL, Sb 47%77 g B RD
GaPN{zHa DHBEZHLSHRDIZDOIL, 74+ MI Xy BV APLIC L DFHEiE T8> 7=,

[ k] WEHCIE, Sb¥—7 7 7 # > R &FIH LT GaP ﬁéﬂii MBE ﬁjzfz L 7= GaPN } X
FIHEFICRE L [ABREOEHRREE D GaPN % 7=, PL AIEICIXIEE 532 nm @ DPSS L —
Y=k & LCTHWT, MIEIREIC K DFIRE DL e & @awﬁ%ﬁoto

[ M O8] Fig. 112, 10K IZB1F % GaPN D PL A2 hL&5RT, Sb¥—7 77 X |
DOHEMIZE > T, 18eV I VK= FAF—M TN RTA MK DEEOE R RE LN,
Fig. 2 |2, F% PL S8E OIRERFEE RS, SbY—7 7 7 X2 "MW FR, BE RIS
g F IRl SN b, IERILEREA DIRK & 72 DR s R OB BRI Te o Th

HEEZLND,

1F 1 E
= o > F
2 [ B
C 4 c F
_.CI_'.) b (0]
£ 3 £ O01f
T = :
3 01 % H
N e S oo01k
£ T E :

5 ks — withSb (x=1.30% = [/ © — withSb (x=1.30%)
2 — without Sb &:1.22%3 S 0.001 o — without Sb(x=1.22%)
0.01 L . L . L . ' . I . I . | .
1.6 1.8 2.0 s 12 16 20

Photon energy (eV) 1000/T(K'1)

Fig. 2 Temperature dependence of integrated PL
intensity of GaPN grown with and without Sb
surfactant.

Fig. 1 PL spectra of GaPN grown with and without Sb
surfactant.

[1] K. Yamane et al., Jpn. J. Appl. Phys. 61, 020907 (2022).
[2] A. Qayoom et al., Phys. Stat. Sol. B 261, 2300369 (2024).
[3] [LARFE i, 55 71 [BIRIGHY), 24p-22A-4 (2024).
[BEE VA2 O —ER1E BHIF 2 BRI E(19H02612, 24K07574) BHIF 2 B ERAORFZE(HE 2F 23K 17746),
IREBFRAS T L O~ Y FMH OB O b & IZiThi T,
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MBE %% FL\I= Be K— 7 InSb BIED & & BRI R
Growth and electrical characterization of Be-doped InSb thin films by MBE method
BEAREL OCM)EF B ZFF #hil, X0 B2, B HT8
Saitama Univ., °Riku Hoshino, Yuya Urushido, Hiroyuki Yaguchi, Sachie Fujikawa

E-mail: fujikawa@mail.saitama-u.ac.jp

[1ZT®IZ] RoSH §:49% DRfTIC LV . Hyg, Cd MEFEZfEH LA WIEIRA KT 31 ARk 5
TS, InShixNg AEFHERIZ, N MERICE DNV R¥ vy v TRV F—5/hELLFTH 2 LN
ARE[L] TH Y . mARNNT A AEEICHHATH D, AR T, EA—/VIRE p A InSb # D
FHL LRI L DBRINEEOPEEZRET S Z L2 BMIC, Be R—7 L7z InSb #EOME %
ATV, iR & 77 KIZ X 2 BRAFERHG 217 - 72,

[=B 5] MBE JEIC LV, Yeffakalt GaAs (100) 24k F1Z GaAs iK% 50 nm AR E T B4 & ¢
Vi L=, Be R—7% L7= InSb #f5 1 um %/l L7z, Be ® R—E 7%, InSh #EkE
BRI [RIRFHERS L CIT o 72, Be B/VIEEIL, 700~840 ‘CE CA{L S ¥/, Be F—7JRMEIX, Be
F—7 GaAs #EEOE MR DR Lz, Bl L7z Be F—7REIZ, 45X10Y cm® 7225
49X100cm3 Th o7, AR LB OB R, Hall JlE% 217 > TRkl L7z,

(R KR OEL] Fig. 113, Be K—7 InSb B D =IE(300K) & 77 K IZH1F % Be R—7REL v
U 7R ORISR EZ RS, 300K (231 T Be F—7JRE 4.9x10% cm® T 2.7x10%° ecm® &\ 9 EUVIE
FLIEBENHER SN, £/2. F—7E 3.0x10%° cm3 L FOFECIE 300 K I2B W TiZ p T
T2 nBZ R LTz, ZHUE, InSh DN RE¥ v v 723 0.17eV LW, BIE T THEEDE
FRBE AL TWT, InShb OEFBENEITIEABEBE LD 2 T EREWD, p B F—T7%
T2 B TS F—=7REAS 3.0x100 e LA F Tl n BUOFERDB GO N LHERIS D, TTKD
HIETIX, 300 K TnflE2p o7 R— 7R 3.0 X100 em3 LA FO#EHE, v U 7 IREIXIEIELE
fELanWEE p e o, ZHE, RIETOREICL VEFOEREAIMA biv, EFALBEN
B TELS o7l ThHD EHH SN, LLED X 5 ITARMZETIE, Be F—7 L7 InSb
HIEICB T 2 E OB O ELH LNT D

_ 1020
= PR DEFICRT) LT T A n-type(77K)
EEHIT, MIEFLREDEIUTRI LT, 51019 A ptype(77K) o)
> O n-type(300K)
s O p-type(300K) X
[BHEE] AWFFED —E01E, AR METE K B AR g 10 A
BT, ARTIE AR BB, 2% § & 40
= 10
RN BB TR 2B OB & 521 2
71» 5 1016 g
—o 1017 1018 1019 1020 1021
[ZZ3CER] [118) 1170 TR 4, 5 80 IS4 PR Be doping Concentration [cm~?]
Ok S . 22p-P10-2 (2022) Fig. 1. Relationship between Be doping

concentration and carrier concentration
at 77K and room temperature (300 K)
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Sb EB&tIZ &k Y GaSb MR L 1= GaAs EIREA~D InSb D As 7Y —R &
As-free growth of InSb films on GaAs substrates covered with GaSb by Sb irradiation
BEXRETL MDA BE BER BT, X0 %z, &I HTE
Saitama Univ., °Yuki Shirakawa, Yohei Nukaga, Hiroyuki Yaguchi, Sachie Fujikawa

E-mail: fujikawa@mail.saitama-u.ac.jp

[1ZT®HIZ] InSb 1%, By ¥ v 7(0.17eV)TH Y | BEAABEVENE N Z &0 HIRINRIET
N ARE AT A AT 8RB E L CTHER SN T 5D, InSh OfEDZ% <12 GaAs
FERBHNGITND DY, InSh & GaAs DK & 2pf& T AHEAR 3 (14.6%) 12 L 0 A= U D s R a2 ik
L LTHET oD, —F, GaAs & GaSbh DI F ARG HRIL63% THDHZ LD, GaAs Hfk &
InSb KD IZ GasSh MR Z AT 5 = & ChEga R MEOIKIBIZ 22 5 FIREMNR B 2 b b, Fi-,
W, GaAs HMZHWZRE T, h—~17 ) —=27L GaAs RETE X F L ¥ VR %217
D72, As VLIS A, GaAs AT Sh Z EHIST L T GaSh #ilEZE T2 As 7V —d
FEREOFEH LB SN TV D, AIFZETIE. As 7 ) —EDFEHZ HIIC, GaAs FEoD
—< 7)== TREOREIZ As & Sh 2 W24 O InSh IO LLlg 217 - 7=,

[2BR51E] e B4 % —(MBE)EA W T, M GaAs (001)EM Lz —~12 Y
— =V HEMRGRFE 720 C CEEFRIEE)IZB W T, @) As BV —~ /L7 U —=1 7/GaAs j#f%(15
nm, R 620 C. V/III=14)/InSb 51 um, BRI 480 C. /I =5), (b)Sb M5 —< L
7 U —=271InSb (1 pm, F&FIRE 500 C. VNI =5) Z&E Lz, k& LzikHX., AFM, XRD
&% TR &2 4T > 72,

[BREROELE] Fig. 112, FB@ODFERD 1 pumx1 pum 27—/ D AFM 4 %7579, RMS fE1L,
(@) 0.12 nm. (b) 0.49 nm T 7=, Fig. 213, #EHa)b)D ’
XRD26-0 A% v v OPERE R EZ T, HE@)IT., 20=
56.79° | InSh(004). 66.05° | GaAs(004)DEIHT & — 2 A3}
i, 7. Sb & HH L7273 EHb) TIE InSh(004) &
GaAs(004) DIEIHT ' — 7 12/ 2T 26= 60.74° |Z/NS72E—  Fig.1. AFM images of InSb thin film
I MRS T2, ZALE GaSb(004)d[alfr A & —E L, surfaces of samples (a) and (b).
GaAs/InSh FLifiIZ GaSh 2SRl S iz Z L MR T & 72, = e
DOFERIT, Sh FREHT L > T GaAs FA D As 7Y Sh I EH# X
LT, GaSh W SN2 & A RLTND,

I

GaAs(004)

Intensity [a.u.]

t

InSb(004)

Gasb(004)
[BHEE)VAM T O 5B A% B AR F A 4R B R [ 50 55 60 65 70
20 [degrees]

AT HTE N PESEREF AT ZEM T . A IR A B AR Fig.2. Comparison of XRD 200

A E T2 Bk S OB 2% 1) 7=, scans of InSb thin films on
As-irradiated and Sb-irradiated
GaAs(001) sub.
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RNy REIZEKD Sn F—FRU Zn EH F— 7 InSb1.Nx R &
Growth of Sn doped and Zn modulation doped InSbi-xNx thin films by sputtering
BEXBE' OB BFE NDER &3} X0 #H2
Saitama Univ., °Sachie Fujikawa, Yuto Ariji, Hiroyuki Yaguchi

E-mail: fujikawa@mail.saitama-u.ac.jp

[IZC®HIZ] InSbyxNy IR EERIL, N fLRICE D N ¥y v 72X =%/ &S T5H 2 &
MATRETH U | HIINIT A A~DISAPIIFFTE H[1][2], AHFFETIE, Ay ZiEEFWT
n 7. p A InShyxNy HIEFEH A HAIC, Sn KX Zn R—7 L7 InSbhixNx I DR 25k, il
TR N FAEKIC K D BRHVRHESE A~ DR B2 A Lz,

[3Bk51:] DCIRF ~ 7' % b v v A8y Z k& VT, eHafkiE GaAs(100)54k 1i2 InSb, Zn,
Sn % —/%" > k& AU T InShixNx. InSbixNw:Zn, InSby«Nx:Sn #EfiFZ K L7z, Sni%. RF A 3y %
B THR/INTH D 20W 12 LT InSb & ARG T, 60 43 [HAkE L7z, Zn 1, DC A Ny X %)) T,
R ERE & =RIE(RT) & 300°CICBWTC R—E > 7 Lz, Zn @ DC A8y ZEHIF, /ML TH
K=t 7L LTESTEL0, R N—T%1To7-, B F—7FM%. 1EHZ55E L,
/N RF #7712 L7z Zn % 0,20, 30,60, 90,150, 300 Fb & 25k 72 6 D % 10 JA BT - 7=, InSbaxNx
O NEAIL, Ar & Np W A% 0, 0.02, 0.1, 0.2, 05 & &S TITo7, FRL7ZK
BHE. Hall BIEZIC X - Tl 217 - 7=,

[FR] Fig.1 1%, InSb:Zn O=RICBIT HF ¥ U TIREZ /T, RT ETiX, 60 LI ETpil%
R L7z, 300°CHE Tid, 150 LA ET p A /RL7-, Fig. 2 1Z. Ar & Np it Ebb 22 b S H 7z
INSbyxNx:Zn OEIRIZII1T 5% ¥ U TIREZ7RT, Fig. 31X, InSbixNeSn OEIRIZEBITHF v U T
BEZRT, ZROOFREEI D, InSON:Zn 1%, ZHRFELLN 0.02 LLF OHAH O I p BUIGRMELE 5
e BV IEALIREE SRR X372, InSON:Sn TR TOFEFC n A v U TR i, Nt
WRZ L bz o T v ) TIREOIKR TR I L,

[BEE] AR O L, (AW MERFHEIFME, (AFA B IR REL R, (AR HEL (2
W) i ESERR AR ZE I . () B AR A8 LB pkes o8B &2 %2 1) 72,

[ZE 3R] (L1351 1#0 T3 i, 25 80 [BlG AW B S -KF Ak <. 22p-P10-2. (2022) [2]#)1#) T
A i, 5 81 [ES AW S AR E 2 . 21p-P05-9 (2023).

1019

1021
— 1021 o
o NE 1020 ® p-type £ 10
E 1020 A [ ® ) 101 ® n-type KA
- c 17
g T 5 1018 R 15 10
§ 107 107 ® 10 o
t A p-type(RT) S0 ' °
8l o A n-type(RT) ‘:1015 g 10°° [
;] Y @ p-type(300°C) 2 10 ° S 401
T @ n-type(300°C) Q 1014 2 ]
1017 e (& T (&) .
()} 100 200 300 E— 10 E—
Zn doping time for one cycle 0 0102 0.3 04 05 0 01 0.2 03 04 05
of 5 minutes[s] N, flow ratio N, flow ratio

Fig. 1. Carrier concentration in Zn  Fig. 2. Carrier concentration ~ Fig. 3. Carrier concentration

modulation doped InSb thin films  jn Zn-doped InSby,Nyx thin in Sn-doped InSbyxNyx thin
grown at RT and 300°C. films. films.
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TR ARy BKIZK S InSbi NGEBREZEFRL= PINEED R
Fabrication of PIN structure using InSbi-xNx thin films by magnetron sputtering method
BEXBRE: CM)AR &3, X0 #Hz, &) T8
Saitama Univ., °Yuto Ariji, Hiroyuki Yaguchi, *Sachie Fujikawa

*E-mail: fujikawa@mail.saitama-u.ac.jp

[IEU®IZ] RROEMERTH IR 8~14 pm HEOEFIMIET A A%, EFE, BE. P,
FEIRELHTOICABERFINTVD, BIUHEED 7.3 pm TH 5 InSb IZ N ZE AT 5 =
LTEIDODNY Ry v TR —A 712 LRI E A E < 7222 InSbN Z s Z & T, KK
DRI IS T DI ARINRIT A AN FEBTE 5, R 8~14 um H O ARIMBUZ KT 5 3
¥ RF¥ ¥ v 7 ZFFD InSheaNx iRabAHLR IR, NARAZS 0.02~0.1 BREICT L2 ENARTHL Z &
D TPREE I D [U[2]e AWFFETIE, ANy ZIEIZ I D Hx 7o n B O p BUECH B /ERL U 72 p-InSb/i-

InSho.085No.015/N-1NSh A 18 D VS 2 3 A 7=, g
[8 5] DCIRF ~ 7 % b1 28y ZIEIC LV | Fig. 1 @ B —
&9 Zpak ek & FEARICHE ] L7z 2 FEEE O n B Si FEbR, p Y — pr,
Si FEtR, p A Ge FARDIBTRZ RT, SFEIEK Bz n BlE L T—mm—
p )& % InSb, i &% InSho.ossNoos (2 L 7= PIN ik 2 {ERL L | ﬂ?n = ??:fm
AR LTz, & bic, 350CT5 HRIOT =— LA swen A
Si (SbE-7) n 0.01~0.05

1TV, ORHIE TOEGEE-BIERHEQ-V)D i 217 > 72,
4 . . R Fig. 1. Sample structure and
[HEREOEER] Fig. 213, AR LICER L7 PIN A5G D substrate characteristics.
T == VALERR D J-V R A R, BT AR E N A T A E

_ 00 e s grown
E\ﬁ@ﬁﬁﬂ472%E%%bfﬁb\m%m%ﬁﬁﬁﬂ)%Z?%ﬁiﬁ%
G, R p AR EBOREE D b n B ERELO A F g, |
IEFEIC A L CR X ARBIRATZ, Fig. 313, 28RO & o)
Si MM IS /ERL L7z PIN Mt 0 7 = — LALER i1 0 BB B FE gﬁ' -
AT L7z -V Rtk &R g, 2.5V TO7 =— L ALELHET] 32 um;M1 23

DO E G 5 mME ST )%, n-Si(As) T 0.227. n-Si(Sb)T  Fig. 2. J-V characteristics of PIN on
n-type and p-type substrates.
0.131 &, BEDOHNERMEILE -T2, 7=, nSi(Sb)yD 7T = P Pty

1000

— AR DA IE 0.010 b L7 2 b, WM § o,
£
DU R T & 72, Z
[REE] ABFZE O I3, AR AR T, AME ¢ | { oo
TENEGPE R T ITTE /M ] AR R VAR N BHARHRAE+- AR T2 § | gt
B o &5 T2, Ty B < T 4 2 3
Voltage [V]

(B3] (L) 140 TH i, 55 80 MG AMBL BRI o
A 22p-P10-2 (2022). [21HE) P T-76 fih, 5 81 [A15 MR Fig. 3. J-V characteristics before

S T e TN POE- and after annealing on n-type
FRKFEE S, 21p-P05-9 (2023). Si substrates.
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InSb/Gag 2,1y 16Sb EEF v RILHENT & IZH (THEFBEHEDR L
Enhanced electron mobility in InSb/Gao.221ne7sSb composite channel HEMT structures
REXEET !, BHRESHEEE, OXIGEA |, #NEE ", BERHBR !, F5S

EE—H2, IUTRXE? BTHREA? RN 2 S0NER? EER |, BRERE
Tokyo Univ. of Science!, National Institute of Info. & Com. Tech.2 ©T. Oba’, T. Jinnai',

R. Ebihara!, W. Nakajima, I. Watanabe?!, Y. Yamashita2, R. Machida?, S. Hara?, A. Kasamatsu?,
A. Endoh!, and H. L. Fujishiro’ E-mail : fujisiro@rs.tus.ac.jp

R - HE : Fox it M-VEEAYREROF TOETOAY T o
HEm O/NE7 Sb ZFMEHZER L., ZhveTF v @iz fn Alg 40lNo oS barrier 25 nm
7 HEMT OELHIRHED [ BIZm T 725t 217> CT& e, i AlosoleeoSh spacer 5 nm
E CTOWFJETIL, InSb F K /40 2 WIEFE THRIE Ns A9 &L SRR SRACEA
5 ﬁﬁ%%ﬁﬂ&jﬂé 7= GZ\ AT D4 70/§ v 77 %ﬁﬁ V72 GalnSb Gag 2, 76Sb (sub)channel Y,nm g
v RAEEA L, EOELBEIE LY Ns O A ER L, F Unstrined
7LC\ GalnSb HEMT %'ﬁzﬂ&” l/\ 5@@?}% {Ezéﬁﬁ" =342 GHz %éﬁk L Alg 25Ing 75Sb lower buffer 1.5 um E

7221 KAFFECTlE, m* /& InSb & % GalnSb F ¥ 1 /L 2§ AISb buffer 250 nm

A L72 InSb/Gag2olnossSh A F ¥ R/ A EATHILTHAR D u AN

D k& o7, SI-GaAs(100) sub.

3B : Fig. 1 1T S.1.-GaAs(100) %54 212 MBE TR LT- Fig.1 InSb/Gao 22Ing 7sSb composite
InSb/ Gag 221N 78Sh 25 F v %/ HEMT #i&E%2R~74, Fv channel HEMT structures.
FOVIEEIL 20 nm CHEELTZ, InSb Af>F v R/LERE 2000 a 71 s
duss 13 1 nm 705 4 nm FCHBENLOELRCEABIE ¥ N P

8 nm DINTEALSE o, fERLICABO=RE 77K T § 1800 ¢ i
phTR—VRE CHFIEL , BRLRED ARM §5E 3 lsa 28
VRDIRFAT T E A HT L CEIBINEE Do 25 E 10000 | 23
HL7, E e
FER : Fig. 2 [ZHE L7z uk Do @ dinsy AT R, é 14000 1 3.4 § °
1 dinsy DFFNIZ L0 BN L7228, dinsp=1nm 82 %5 8 £

w
N

EHFHIZE LTz, 77K THRIBROME M2 L oz, i 12,000 PR —
HE I, dinss=1nm ® & Z{Z, =R T 14,500 cm?/ Vs, InSb thickness, djns, [nm]
77K T 19,600 em?/Vs ThH o 7o, pOHINLT ¥ /LM Fig.2 Dependence of electron mobility, u
DYEHENEREM B LI &Itk 2b0EE 25 and threading dislocation density, Drp
N5, —F. DplEdinsy=1nm 2k z 2 & I IcHI L on disp along with at RT and 77 K.

7z, Fig. 31ZEIRE 77K BT Hudi¥ L Do OBfR%E 10

R uDMHL Drp (B LTz, TAUTAELOW  § g,

MPuDBYZECSEIZ LERLTEY  BRBIE g | deome oo

INCRAE LTEBEBIRMLORE M OB O RE L X o 2.

o722 L ER LTV, S T S
LLE S| InSb/ GagzzIne7sSh & v /L HEMT 2o f

L AT S InSh B E BB ORERS ML b § o8 Qimmom

%R SRR U po ) EICH S Chobimft o = &K

60 % 04 3.0 3.l2 3.l4 3.I6 3.I8 4.0

% . Kﬁ%@*%ﬂ 6i\ JSPS *’Hﬁ:% 20H02211 @*ﬁﬁj} Threadigg d[if(l;)g;ii:)nr;]density,

;i;é TTij/LtO Fig.3 Relationship between Reciprocal x ,

[1] M. Hiraoka ef al, Phys. Status Solidi A 217, 1900516 @nd PmwatRTand 7K.

(2020).
[2] & Hfth, 2 71 EERZRISRE T RRSE, 24p-52A-2 (2024).
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# TV F—7 InSb/Gao2InessSh #& F v R JL HENT & D ERBFHE
Electronic properties of double doped InSb/Gao.22Ino.7sSb composite channel HEMT structures
REXAET | FRECHRHRE. Ohl 5" AN &' BER R KEER,
EE—-f?, BTEEAZ WWTRX? R#N2 T0NES? SR kRiER
Tokyo Univ. of Science!, National Institute of Info. & Com. Tech.2 ©°W. Nakajima!, T. Jinnai',
R. Ebihara!, T. Obal, I. Watanabe?!, R. Machida?, Y. Yamashita?, S. Hara?, A. Kasamatsu 2
A. Endoh!, H. I. Fujishiro' E-mail: 8124534@ed.tus.ac.jp

TE-BH: B ITEBFOFDEED/NEZ N InSb 3nm InSb 3nm InSh 3nm
I Al Ing¢Sb  25nm | Alg,lngeSb  25nm| Aly,lngSb 25 nm

InSb J& Z GalnSb F ¥ K /LT AT D AlpdoeSb  5nm | AlgalngsSb  5nm| Algan,sSb  Snm | |

> I Te 5-dopi
InSb/Gag 2Ing 7sSb #4 F v LR IZ LY GagzalgsSh 7.50m | GagzlNgzsSb 7.5nm | Gagzlgrssb 7.5nm |~ 700 o

AT 773y 7 7 GalnSb HEMT f§i&DFE Gaq_zl;:ns.,l:,Sbﬂ.; :: Ga,,:li:nSb 1.51 :: Ga.._:::.:,Sbﬁ.; ::
%%@E u D IJFTJJ: %*ﬁg“f L7z mo Zfifﬂ:%"ﬁ'( Al Sb 15 nm |NledNegSb 7 nm | Alg lng,Sb 7 nm
. Ty RLBOETFIZTe 286 R—77 5% wTee Alg ngSb 8 nm | AlgngeSb 8 nm '.:;]-duping
BT R =T AT 5 2 & CUE O e B
%%Ej:if L/fci ﬁ‘) % ‘.\/‘_“ }\ %%%&ﬂj NS %\_—’i’%'j][] é Al 25Ing 758b 1500 nm | Al 55lng 758k 1500 nm . '1211 o
_E}:é : k %‘f*ﬁ%ﬂ‘ Lf:o é FO G: GaSb *ﬂﬂ}q*}ﬁz AlSb 250nm AISb 250 nm AIASI:b 75 nm
E‘ZE% Cl: (ﬁ,ﬂ;ﬁ:%il'/\‘ P4 7 7 )E__élll OD:JT—%_F)\L?—‘ c]: D ’11:% LT-AISb LT-AISb GaSb 175nm
F-REEANT L A ERIBN OFEAE - &R 21 Sl-GaAs Sl-GaAs SI-GaAs
HILR, u OE B RaHiE LT, @ ) ()
3B 1 Fig. 1 1T S.1-GaAs(100) 54K i MBE Fig. 1 Schematic views ofGaInSb
ECHUE L= o 7L F— InSb/Gaonlng sSb HEMT structures grown in this work.
HF ¥ /L HEMT #i&(a), ¥ 7V K—7 HEMT = 2200 40
5 (b), RS> 7 7 J8/GaSb YIMILIEE 28 C z
A L7z 7 F—7 HEMT #it(c) &7, @i § 2™ © N {smsg
WZBWTTF v 2 E B~ Te K—7KEIE 70 ; 18000 | ° 28
s THElE L, JATHELD #7A F—7 HEMT#E § | 082
& % Fr o (b) & i (o) DT FVE Fl~0 e T [ T 3 =
]\‘\»—70%‘:?5 X5 THXE L7z [3]" Z]:h—ﬂ/;j]%@”ﬁ;( & 14000 1 i. Electr:nmohilityll 1" E =
BRAFFIEZ T L AR E O ARM @bty § | s
IEDRFAT v Ttz s L CTHBGEMEE o a b ¢

PTD %%Hﬂ L7, \ i B Fig. 2 Comparison of # and N for
A : Fig. 3IZ 3 HHOMIED u & Ny Z” 4, # structures (a), (b), and (c).
i (a) & b LT, A (b) @ p i3 2.5%084 L, N

E 23%MM LT, TN E—THEERND D TR “g
LITED NIZHFITHM U725 g3V E— 87 T j0m0 g _
— B CHELOHINC L 0 00k L7, Fig3123 S * 18 E
FREOMEED 1 & Do %7758, M () Tp=19310 5 18000 |82
cmVs, Drp=4.8x10%cm? & 7=, i (b) & it 5 16000 | . TEx
LT, () D p 12 37.1%HI L, Dip 13 314% 2 ) lweé
W Lz, 20 u ORINE, GaSb ¥z ERSE E  § ™% | ’ g
RS 7 7 B K R OFE A - AR IIHI S § 12,000 : ' : oo £
. Do MY LT2 2 L2k B, ZOfER, 20,000 © a b ¢ =
em?/Vs T u V& BT, Fig. 3 Comparison of x and Drp for
BBE : AHTIEO— 01, ISPS AL 20H02211 oo structures (a), (b), and ()

I X - TiTbh,

BEIER : [1] KGM, 55 85 [RIFKFIL AW E THIE, (2024).
[2] R. Ebihara et al., Proc. CSW2023, TuC1-4.
[3] B, %70 [n&EFSHYE TR, 15p-PA05-3 (2023).
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GaSb £ InSb EF Fv Mo DEAKRRDBREICX HRERI
Lengthening Emission Wavelength from InSb Quantum Dots on GaSb by Stacking
O/NEFHE AN, RE XBH', KE E', 48 E-B2% BAK #iL, =k R
(REXSGHETL |, ELRH
OY. Onoda!, E. Kuwabara!, S. Ominato!, S. Gozu?, H. I. Fujishiro!, A. Endoh! (TUS!, AIST?)
E-mail: 8123511@ed.tus.ac.jp

(FFE] PRI~ m) TEET 207 2 501 single layer
IR O TR AIRETH D, B4 Ry B CREN al

BESTND. HABUHFITHW DI T DI H
FEOFELLTET Ry NEHWDFIERD D, Fxidsy
TR X X —MBE)EZHWT InSb &1 Ky hOE

30
20
10+
50

Number of dots

RTINS, FRIL7ZETF Ny FOFOLERITN 1.7 o} 2 layers
um TH Y, BEEPHETHH[1]. ZOMRFEL L 20}

T, Ny hor#ELEMEN S H[2]). AL TIL 2 JEfEE 20t

BT Ry FEERL, Ry h¥Aa X HESS PL FrtE 230 b ¢ s
Nz, B, BT Ry Lo —%5E L, 0026 40 60 8 100 120 140 160
SEERE & bl L7z, Dot diameter [nm]

[2BR] InSb # 7 N> M MBE iAICX D kL. £ dot di .
GaSb(100) 547 _EIC GaSb buffer J % 133 nm HiR Li=fkic & ! Histograms of cot diameters for
InSb % 23 ML fE L7-. 2 BREEOEE, HE Ry ko b single-layer and 2-layer stacked
\Z GaSb spacer JE% 1 nm i L, D EIZHE InSb % 2.3 quantum dots.
ML & L7-. InSb @R L — M 0.1 ML/s, V/III bl 2
L7z, Ry M A X - R ORI IR ) BsEE 2
MW=, Fig. 1 ICHELHE 2 BHEO Ky NEAEOE X K
7T NEoRT. HE Ry b OEEERIT 45.50m, fEE 2 k8
BO Ry bOFHERIL 956 nm TH VY, 2 EHITHED
FI2FECHIR LTz, £/, HBICHA 2 B HIFEEDE —
PEREL Lz, £y MEEL, BELHEE2EAEICE
WTHA%1.38x100%cm?2 & 7.05x10°cm?2 720, 2 JEfE)E
DFFMEL 72 o7, Fig. 2 ICHE Ry M & 2 J8fdEE K> B
D TIKIZHET D PL AT fLaRd. 2 EfEE Ry ho
EOMHRE Ry b EERTRZ X LF—THRL L2k o 06 - e o0
Wl : 1.69 um—1.85 um). ZAUFMERBICL Y &S HMIC K Energy [eV]
v MRREL ol ThD. £IHE, 2 E@HbETO
GaSb D B — 7 (2% 9 A FHXIH R E I L Z 4241 0.56, 0.20  Fig. 2 PL spectra of single-layer and 2-
Tholz. 2 BEEOMERTIE 2BEHD Ny hOEXR{E  layer stacked quantum dots at 77 K.
WX BIEFRN Ny FoBMBEK & Ebils.

[BtE] &7 Ny b2 b ORI L X —13F 2V E Bl TO0F

WX VR L3]I mlinkg AR ERE K> MBI L 680}
T, @ Inm, BAR40nm &5 ERKETRALEF—DHE T Ll
fEIE 600 meV & 720, FEERE(735 meV)L D &7 D /& E

VW ZORREIE In-Ga O AIEHIC L DR EEEZ Z B > -+ w/o diffusion
5. 2T, BB BEREICE O I E % 0.65 S 21 - W/ diffusion
nm &7 5EERMEE L. ZOEEEHWClE-—
FliREh A~ G35 2 e Ry N QEHEHO Ry MIm& 1 580}
nm, B 100nm) OFFT R F—EFHE L. Fig.3 1 I —
2 JEfERE Ry MIBIT 2R R X —OfEE MR KA .

— Singlelayer

\

— 2 layers

Intensity [arb.u.]

DFHAMTHD. FHERL Y LILHOEEN KX, K o0 St;';kin“int:'rial ([":m]1‘°
J& Ry MBI AR 0.65 nm & V% & FEEEIFE 0.5 9
nm THINT RV F—DEERE 669 meV & IFIEF—KT 5. . .
[ 52 501k) Fig. 3 Stacking interval dependence of
[1] E. Kuwabara e al, Phys. Status Solidi A 221, 2300659 ~ calculated PL “energy for 2-layer

(2024) stacked quantum dot.

[2] Y. Nakata et al., J. Cryst. Growth 175/176, 713 (1997).
[3] ZhErHf, 2023 FKZSH P ERSEZS, 21p-P05-7.
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InGaAs EF FyY FORBBYMEZA-AEVREBE LTS AMFA— FOWME

Study on spin-polarized light-emitting diodes with different stacking numbers of
InGaAs quantum dots layers
EABEIESTSE O B, X &, Ik BEF, R WS =L s
AN\¥a FTR, KM R, #l BE
Faculty of Information Science and Technology, Hokkaido Univ.
OI Tanaka, S. Sim, K. Etou, S. Hiura, J. Takayama, A. Subagyo, K. Sueoka, and A. Murayama

E-mail: tanaka.itsu.w7@elms.hokudai.ac.jp

VR, BB LICERA R CEX 2B AL U AT Y EH LD R VOLERZIEH L%
A UHFRIENER SN TWD, 222 ThH, M-V REERE T Ky MQD)IX, &1 & BN
—ZEMICHACIAD BND Z LI X Dm0 IR & A v rfiRE 2R3 2 L b[2], &
A ONEHPEA L L TRETH D, £72. QD 2L ET D Z &1 K 0 FLIRE OB RS HAFE
TX 5, UL, MEEREmR O PERBICET ALV EFEATIAE UGB L A 4 —
(A LED)ZHWT, PP TILE A DR B RIS E S FEFT 5 729D[3]. QD DL EkiT
FREGEPEIREERE D H1EWV THERD QD B CTOE AV U RIBA IS T S5 a[fEErnH b, £ 2T, K

WFFETIL QD DB A A X 7o A ¥ LED R L, £ OEIRIFEAFC(EL) Rt 2 384l L 7=,

AEHEE 2 X 1T, REHT p-GaAs(100)H:AR 12 IngsGagsAs QD % & e LED *%L%/\%
Mo —IZX VAR L-, MgO bR 7 KON Fe/Au IS 1 3/E T £ — ARG TEIC
DERLL 7=, I E?ﬁﬁ? F100K TH Y, REHAE G IZ+3.0 T OBGEZE L=, X 1(b),(c)iE
A3 mA & 7 mA IZBT 5485380 EL A7 MvZRd, ZTZT, 3 mA DA kb
B — 7 5 CHUE L Lﬂ\éo HEABRAHINEE S &, 1 JEREo J7 D EL ZEREE K = < 3
MU7, ZHUE 1 EREICIEERLY v FI > TWDH Z L AR L TWD, —J5 T, 3 BT
HEABREEMSED LRI BT V—2 7 LT, ZhiL, /EJ\?E{MDWJH U5 %)
FEPY A ZO/NSWTFEHOET Ry Mgl fbLeZ L2 R LTS,

BIEA

AR RK
(a) | _ [ Au150nm 12 ‘ . 12 : :
I [ Ti30nm z (0 1 layer z (@ 3 layer
Au 3nm = =10+ 4
- ééé Fe 10nm E § +
MgO 2.5nm £ £ 8
@@ n-GaAs 50nm : : 6 :
________ FGas 200 E g
: v p-GaAs 10nm : % ‘c-: 4 7
I InosGaosAs QD le orx3 E E 2-
I iGaAs 30nm | 2 2 4 3mA 7mA
> ATaaGan7As 300mm | . W AT [ .
7-Gahs buffer 300nm '{_0 Y 2 s 0 1.1 1.3
| p-GaAs(100) substrate | Photon Energy (eV) Photon Energv ev)

Fig. 1 (a) Schematic illustration of spin-polarized light-emitting diode using 1 and 3 layers of Ino sGao sAs
QDs. Normalized EL spectra of (b) 1-layer QD LED and (c) 3-layer QD LED, measured at 100 K with
injection currents of 3 mA and 7 mA under a magnetic field of +3.0 T.
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Carrier dynamics in 2D and 3D SML nanostructures by power-dependent PL

Ronel Christian Roca and Itaru Kamiya

Toyota Technological Institute
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Stacked submonolayer (SML) growth of InAs/GaAs nanostructures by molecular beam epitaxy (MBE)
has been gaining interest as alternative to the conventional Stranski-Krastanov (SK) growth.>? SML growth
involves the alternate and cyclic depositions of <IML of InAs and ML-thick GaAs. The high degree of
control afforded by SML growth is desirable for optoelectronic applications. Furthermore, the ability to
prepare either 2D and 3D SML nanostructures provides another degree of freedom in optimization for a
variety of applications.®> However, the carrier dynamics in 2D and 3D SML nanostructures are not well
understood. In this study, we use power-dependent photoluminescence (PL) measurements to investigate

the carrier dynamics in 2D and 3D SML nanostructures.

The sample for the study was grown by MBE on a s.i. GaAs (001) substrate. After oxide desorption at
600°C, a 100-nm GaAs buffer was grown at 590°C. The temperature was then brought down to 500°C,
where a 30-nm GaAs layer and the 10-stack InAs/GaAs SML nanostructures. The 1% to 9™ stacks of InAs
were 0.4ML per cycle, whereas the 10" was 0.9ML. The GaAs spacer was kept at 2.1ML per cycle. The
sample was then capped by a 50-nm GaAs layer. The sample was then characterized by PL measurements.

Shown in Fig. 1 are the power-dependent PL spectra of
the sample. Note that two distinct peaks are observable in
the sample: a narrow peak at 912nm and a broad peak at
953nm. These are attributed to the 2D and 3D SML
nanostructures, respectively.r In addition, it is can be
observed that the at low power (0.34 W/cm?) the two
peaks are of comparable intensity, whereas when the
power is increased (2.24 W/cm?) the 2D SML peak
becomes prominent compared to the 3D SML. Therefore,
the data suggests a significant difference between the
carrier dynamics in 2D and 3D SML nanostructures

Shown in Fig. 2 is the plot of the integrated PL
intensities for the 2D and 3D peaks in Fig. 1 as a function
of the excitation power. It can be seen that as the
excitation power is increased, the intensities of both 2D
and 3D SML peaks also increase. However, the rate of
increase is different between the two. The 2D peak
emerges with increasing excitation power, surpassing the
3D peak at the crossover point of around 3 W/cm? as
shown in the inset of Fig. 2. This suggests that below the
crossover, the 3D SML is more efficient at capturing
carriers, whereas above the crossover, the 3D SML
saturates and the 2D SML become more efficient at
capturing carriers. The saturation behavior in the 3D SML
peak may be explained by the lower density of states per
unit volume as compared to the 2D SML.

In conclusion, the carrier dynamics in 2D and 3D SML
nanostructures has been investigated by power-dependent
PL measurements. Results have shown that at low power,
3D SML are more efficient, whereas at high power, 3D
SML saturates and 2D SML then becomes dominant.

2D sSML Power (W/cm?)
—_ —0.34
> 1.72
-}
E —224
f Aex = 780nm
§ T=4K
E 3D SML
-
n- A.—Md.‘—-
850 900 950 1000 1050
Wavelength (nm)
the sample with 2D and 3D SML.
= 4 2D SML
S m3DSML
& u *
S
B *
2
£ 3
o T ' *
o 1.5 35 S ]
\
B \ /, . [}
® 1 / s
3 ' 2 1
() \ ’
2 ey
[=
CE T A .
0 5 10

Excitation Power (W/cm?)

Fig 2. Plot of intensity vs excitation power for
the 2D and 3D SML peaks. Inset: magnified
plot around the crossover point of ~3 W/cm?.
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CVD # 4 ¥ FEHR E~D GaAs MBE &£ (3)
Growth of GaAs by MBE on CVD Diamond Substrate (3)
BIKXK OMRN A, K& #F7, RE %7
NIT cMDS. Kiuchi, R. Oshima, K. lizuka
E-mail: 2236004@stu.nit.ac.jp

1. IFC®IT

Fox X GaAs T3 AD X 5725 EmH T
{bizix, BET DRR~OXRNPLETH
HEEZTWS, 2T, BRI ER
DENIAYEL REHWAZ ET, B—
kv 7R AR L= BRE R S -
TR ADEENARETHAH B ZT-.

F I BEREILE VERIRT A2 LT,
A A E R~ GaAs HfsihZ liET 5
BROR FAREEAIT L0 AU B R R %
M TEDZENEZLNTND.

BilE £ T2 1%, HT-GaAs B EE %
DERBEERR D, L, EARE & HT-GaAs
J& DIEE & ORISR N OV TS L7z,

A lnl, Hb & EE & o S o ¥
YU (Wetting Layer : WL)DAFEAE, BET,
FDEZIZHONWT TEM ZHWTHE L=
DTHET 5.

2. EBRFHE
FERITAER U7 55000, 7 mm A OB

pE CVD #A ¥E 2 R(001) 7= NTH5.

HT-GaAs 10 nm
LT-GaAs 25 nm

Diamond sub.

Fig. 1 Sample structure.

Fig. 112410, /ER L7-30ktofEZ R
7. LT-GaAs BDOEIRIEZ 25 nm & L,
D1k, HT-GaAs g% 10 nm Ak L 7-.

Z LT, REZORENEEZ TEM #%
L7z,

3. EBRKERB L ORE

Fig. 2 Cross-sectional TEM image of sample.

Fig. 2 XN ERATIR DX A ¥ E L REK
& GaAs BRI OWiH TEM B THo. X1 ¢
E 2 NER RISIERERDOEP R TED. Z
DJEIE GaAs 128D WL THDH LEEZHND.
WL OIEEITK 1 nm TH Y, GaAs £ 3 0+
JEIZHY T 5.

Fig.3 Cross-sectional TEM image of
huge island and WL.

F 7= Fig. 3 {2 HT-GaAs DR E AL LT
AR SNT-ERSO2MRE, BIO, &
W & O AT OWriE TEM & 277, 20
2B ARRIS, FER BIC WL 2R T, 2
NEHDOFERN G, GaAs/Z A YT KDL HIT
BARBEEENRKREVWEATH 2 RITEE
(WL)ZST LT 3 WIEARELTNDHZ &R
Ao 7otz

4. HE

Aal, XA YEr FHEM EICHIEIFER MBE
IZ LY GaAs Hifh fhal R & A, AR % ORE}
Wi 2 TEM @122 L, WL OIEE & DOIREIC
DWTHET LTz, ZORER, ¥4 vE REHK
FIZE K 1 nm @ GaAs 7> 572 D WL DF(E
LTWAZ ERghol.

BE W
1) M. Akiyama, S. Nishi and K. Kaminishi : Surf.
Sci. 174 (1986) 19.
2) AN, K, %, 5 84 IS BT 2Hk
ZRANGRTE S, 21p-P05-10 (2023).
3) KW, K&, i, 71 BISHYmETY&
NGRS, 25a-P02-5 (2024).

13-183

SES5MISAMEREMETRMAER BETHE (2024 REAVEEN2RIFEAVFIY)

15.3



tyiary 2024 FE35EICHAYMEZEMETEMBER

| 15HSTH | —Mtysa (OFEHRR 154 IVEEMES

[16a-A21-1~8] 15.4 III-VIEZR{t ¥ &

[16a-A21-1]
EZBASCAIMgO . Btk EGaNDRF-MBER & IC & |1 2 FIHA B TR

O#R 88", WA R Bl A&E HiE T BH 55 "A 8 (L. IHEAET. 2.R
GIRO)

[16a-A21-2]
ScAIMgO 4Btk EInGaNDRF-MBER & I 8517 3 #IER:B IR T

OAR KR!, # T2, HE hFl BH 5. mARK (1.IIMEAET. 2.R-GIRO)

[16a-A21-3]

PEDOT/PSS% IEFLEIX & |Z A L\ 7=ScAIMgO . B4k L 7R EBLED

OM2)meE &', EIL 8 TR Eh'. 58 FE. 0L B8E2 HAK HEAL kA 2. FE R
KER' (1. RIBAFIET, 2.E&E TRV a—>3 > (%) )

[16a-A21-4]
E—RIBFEIC &L 5 GaNDIRMY ¥ R EHEIE D RN

OmAf &R #uu T\ = FAL B/ 62 wE N3 8 BZ3(1L.ZEARI. 2.hKIEH
B, 3.FRABRI)

[16a-A21-5]
(PRI TFERE] NBMEGaNERZ BVWCBAK b 5 YV XX DR
OEE EX"(1.ERET)

[16a-A21-6]
REAMMFEERT > vILE BV T+, -cBGaNA DR D BUA A D AT

OEM g, B2 BxX'. WA HA. L M=". +E B (1.EFREI)

[16a-A21-7]
Z BN REBBEEDERICHIT TENEEGaN/GatlEGaN
TEZED vI)LEERETOER

Ot A A #5F\ t@EH Eal. 8182 Al 82T (1LRARI)

[16a-A21-8]
B REREBEEICH T DANKER(L 7Ot XD
OFFH BA EE ERTF'2 #ith RAV &k a3 st X130 EEH ERN 8824

Bl B4 Z2FAIBNZEART. 2.8ART., 338K - FUHIKKAELYZ—. 40RK
FzT)
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B BA ScAIMgO4 E R E GaN ) RF-MBE K IZ$ 1T 5 P 0858 fF4T

Analysis on the initial stage of RF-MBE growth of GaN on cleaved ScAIMgOs4 substrates
SIAAERET |, R-GIRO? Col. of Sci. & Eng.!, R-GIRO?, Ritsumeikan Uni.
OFR =EE L, IUA A LEL KELHE KFLEEHF BE LK B!
°N. Hagiwaral, Y. Yamada', T. Kusayama!, M. Deura?, T. Fujii!, and T. Araki!
E-mail: re0175ep@ed.ritsumei.ac.jp

41X, RF-MBE 4 HV 2 ScAIMgOs (SAM)  Hitlk B~ 515 (In)GaN D B4 R A2 HR D Al
ATWB[1,2], Lo, %%@%ﬁc#bi 1L.8%FEELL T & L/ NSV MZ b b B3, BEliRAL %
EREWNZ &, £70 GaN DIGH, 3 o FEREICHEY T 5 (0.84 nm) SAM ERDOE WA T > 7
WCHERE LT, ¥EZEF DO A GaN (ZB-GaN) NRELRTWI ENPETH 5, T BTk
EIHERREENS L LN > TE Y. SAM T 7 RO (27 v 7HEOKR) 7 ZB
FREOMENAN THDHZ L2 RH L TWAH[3.4], —J7. SAM OV ¢ HAEERME 27K L <.
AT TEEDOIEFITARNEER AR NS oD, & 2T, BB SAM ik B~ GaN iR DA
AR AT L. 8% O SAM JEik (BFEERAR) EopkEE & L7,

Fig. 1|2 ¢ EMFEE AR O B2 BERH L 72 Hi1#2 T SAM RO K AFM %%/~ BEBHATIC
500 nm FRENR D R T » 77 7 AREEN AL HAVTE A, BERZIIEAT /7@@@\@&)(1157;@%@
NSz, BEBAIC L0 FERE & X 500 um 25 300 pm (D Lic, 1557 BERE AR i
RF-MBE 7512 £V GaN % 1~15 min & L7z, BREIRE 700 °C, Ga 7 7 v 7 A 3.0x107 Torr, %
FIE 1.0 scem, 77 A~ 3TU—260 W IX[EE L 7 . 5
72 WFEEJLH BT Ga 7 T v 7 A1 3.6x107 Torr
Tholz, ZOEWT SAM AT v FDHEE &
A2 HNDH, FEMIIRET TH D, Fig 212 5 min
%R % O GaN 5 o B 1 B % 7 HOEL | 4

(EBSD) f&fbfH~ v 7 &R d, WHEEE CIT ZB ‘
FHEEERS 50%m VD%t L, BERE MR Tl 14% T Flg 1 AFM images of SAM surface
Holm, —7H. Fig.31C XRD20-0 7117 7 A /LD (a) before and (b) after cleavage.
ALY VO e\ XY eI Sl el (o) WZ:ZB=54:460 (b) WZ:ZB=86:14
ZoRd, BEBHIR BT 1~2min F2E ORLEBRLA
PFEAVDRAEDRIER SHL, BREOREREIRD AT
v FORBEE NI IR0 EHEI SN D, BFEE
FM ETH 3min TO ZBFLERIT 1 EHRETH -
Tz, BRRFRZEET 5L, Fig 2 128
(7% ZB MR OEWITEER 22 R O Fig. 2 EBSD maps of GaN films grown on

WEERTHARELH D, 5% I LR DRE3 % (a) polished and (b) cleaved SAM substrates.
%f&;éo 728, Fig. 3 DX MSHE M S -8
BAEEIR B D R B S EEFEAR = 0 2 B E
HLTNDZ LI, Ga 77 v 7 ADEVCHIE T
THZENTBREND, g
BEE SAM HAR I (KR RS L BT ZERT X 0 42 E

=
(U]

Polished SAM
30 I Terrace: 130 nm
- GR: 2.9 nm/min

Cleaved SAM

(E:TRY il AV
GR: 2.5 nm/min

[1] T. Araki et al., Appl. Phys. Express 16, 025504 (2023). i
[2] Y. Kubo et al., Phys. Status Solidi B, 2400014 0 s
(published online). [3]Y. Wada et al., Phys. Status Solidi 0 3 6 9 12 15

B 260,2300029 (2023). [4] M. Deura et . Phys. Status Gg’"""‘:’"e [mf‘"G] N
Solidi B, 2400047 (published online). 1g. 3 Growth time cependence of GalN thickness

on cleaved and polished SAM substrates.

P I S R T

© 20245 [CHMESES 13-001 15.4



16a-A21-2 BRSE S AMELAKELITHES BETFHE (2024 KEAYLEN2RIBEFVTAY)

ScAIMgO4 4 £ InGaN ® RF-MBE iR IZ# (T 5 4D #A:BIE 4T
Analysis on the initial stage of RF-MBE growth of InGaN on ScAIMgQ4 substrates
UMmIEREL!, R-GIRO? OAK K & TE' HHE ¥ &HH* BF, BK H!
Col. of Sci. & Eng.!, R-GIRO?, Ritsumeikan Univ.,
°Y. Kubo', Y. Zhong!, M. Deura?, T. Fujii!, and T. Araki'
E-mail: re0153se@ed.ritsumei.ac.jp

Fk 41X ScAIMgOs (SAM) FE:# -~ InGaN ¢ RF-MBE J§F(ZH Y #lA TW5H[1], Ll k&
FEEAITITD In #HAL T Bl BE S 100em2 B & @ 2 & In SR O RS IS K #E7e = &
NHETH H[2], £ Z TARNIREHIERRE O 217V, GaN &R D4 & i L7-[3].

YT 2 A1 500 nm @ ¢ [ SAM FEH 12, RF-MBE (12 & ¥ InGaN % 3~60 min & L7-, %
IR E 600°C, Ga 77 v 7 A 22x107 Torr, In 7 7 v 7 A 3.4x107 Torr, N, it 1.0scem, 77 &
/N7 —260 W (552N 77 » 7 A 2.5x107 Torr) 1X[EE L7z, THE In AR 12%, REHE X
150nm/h B2 TH 5, —77 GaN IL, FH)7 7 A 130nm @O SAM Kl BT, pREIRE 700 °C, =
F7 5 XIS, Ga 7T v 7 % 3.6x107 Torr THE L. AEHEIT 180 n/h FRIETH 5,
Fig. 1 ({2 ERFH 3 min 35 X O 20 min @ InGaN + GaN D F i AFM 4% 7~7", InGaN O 5 73 FH 4%
LB W, 3min IZBIF D7 LA A X0 GaN LV /hEVy, F72 GaN & 872D . 20min (2B
TH c HAPPRICTER STV, ZAUZXS LT, 20 min fAEZ OO X e v X770
— 7 FfElE (XRC-FWHM) %, GaN Ti%(0002)/(1012)=1610/1870 arcsec, InGaN % 1930/3080 arcsec
TH V., InGaN OEAEPED T AMEDN > 7=, InGaN DOERIRENMEN =0, FIEI/ SR 7 LA v
NEBEICRAET D LT, BIAMEDK TR c BRROESZ L7206 Lzt HllsnND, —F,
XRD 26-0 HITEH G 3RO 72 In ALK D RCR R KA EME % Fig. 2 1277, 3 min TiX In 2MZTERY A
FNTELT, MEOHEITICE bA> CIn MBI LIZZ L0 D, & 5RHIBpNINET
HDHN, MEFHBEWZE InFEOIXL X NEMNTHZ L bRBEINS, RSKETHRELT
WAIZHEDP DO LT In N KELIESLSL Z &L, REHIC In PNEVIAEIUTS W &N
HEL TV AREMED & 5, In #EL 17%IE 5038 T HEE S DT, 1IN In 8B A E 720
Z LI FAEEOBLEN DITHATE RV, A= RLF =1 Ga-N>In-N Th 572 0H[4], SAM
F0H T GaN 2MEERNCHE L L= aTRerE b H 2 23, STt ©d 5, MERAZROJRIK R L
InGaN i R(Z 5 2 2 B2 T2 2 LT, mdnE InGaN R AIEEIC 2 5 EHIff S D,

BEE SAM AR IR A RS AL B 20T L 0 TRk o 72T,

[1] Y. Kubo et al., Phys. Status Solidi B, 2400014 (published online). [2] i, %5 84 [RIFKZIE4),
21p-B101-6 (2023). [3] M. Deura et al., Phys. Status Solidi B, 2400047 (published online). [4] C. Stampfl
et al., Phys. Rev. B 59, 5521 (1999).
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(A58 o & 0.05}
£/ | 2 ©
GaN 3 s 1 1 0le I I I L 1 1
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. = & InGaN growth time [min]
& & | .
ih “hiZ ke 2 ; a° Fig. 2 Growth time dependence of
Fig. 1 2x2 pm?-area AFM im. aN In content in InGaN determined by
grown for 3 and 20 min. XRD 26-w measurements.
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PEDOT/PSS % IE FLEE & IZ AL V= ScAIMg0, EAR £~ LED
Red LED with PEDOT:PSS hole transporting layer on ScAIMgO4 substrate
AWXE!, BETRY1—3 @)% OCM2) ek SR, A HE ', G KR, Riligsk?
MABE . SARE REHR!, LLE!
Meijo Univ. !, E&E Evolution Ltd.2, °Yuma Kato !, Ryusei Sakamoto', Ryotaro Ito', Emi Matsuyama®,
Atsushi Suzuki?, Motoaki Iwaya', Tetsuya Takeuchi', Satoshi Kamiyama!

E-mail: 233428009@ccmailg.meijo-u.ac.jp

[IxC®ic] b8k % v iz LED (ZRERILT 21 ENBRETIENMETFT 5, ZOEKD—>
ICRIERE MQW DEIICALE T, p-GaN FEROBIAMMIC LV AT 52 enbiFohbd, Thk
WELT 5 72 0121% p-GaN DIRIE R E NS ME L 72 508, Z OHEIIHEIERNKF p-GaN (X HHIA E O Z & SRR
ETH D, AWFFETIE p-GaN % PEDOT/PSS IZ7& X #2 2 7= LED ##1% % #5t L 7=, PEDOT/PSS & (X 1FfL#
KEE L TEEENERY ~—O—FfCTERIEHLO p BERE UTHEEL, ZPIEICEND, o, X
By a— MESRIEO T U R—% U 7 KD RER ATREZR 72D, MQW ~O B A f ORI 75 T &
%o MZ T, ScAIMgO(SAM)HEM T Gagsslng /N EFETHEAT HZ LD, R MQW DJEMEOT A%
FIFEWTE D, £ 2T, SAM HAi EAR B MQW (2 PEDOT/PSS % iV /= LED Z/ERLL . 5 /34 AR5
DRI Z4T > 7=,
[E851E] SAM Hifk B MOVPE V&I L W AlInN N> 7 7 &, n-GalnN FH#E, MQW i&:J&E . u-GaN
AZ—H p-A1Ga1nN)%za‘:55‘zE S 7-, PEDOT /PSS % A&’ = — METHME L7-t%, KLBUEIED D
RET DI ANy Z Y VAR Ag ZREICHIE L, VY777 412XK0 n BEHHAD/
—= VT EITWN, RIA =y F U T2 To0, VI T77 402XV Ny NEMEKHONE —=2 7%
TV, BZERFRICCEMZ K LZ, 7 r— L) BEREEOFHE 24T > 72,
[EBFER] Fig l@ITER L7727 A A oW, Fig 1(b)IZ5E 1 OBEMEE G, Fig.1(c)lZ J-VHlE
FEREZRT, BIREAMI LD BUNRBERMER ST, Lo L, Figl(OIZREN 5@ EIRO U —27 »
e S iz, ZHiT p-AlGalnN & & PEDOT/PSS B Df=ERDFEREN L §°, B BROA— "—T7 11—

NEEXTWNDEERD,

(a) (b) (c)
Cr/Ni/Au

PEDOT/PSS
p-AlGaInN
MQW [ Cr/Ni/Au
n-GalnN

AlInN
SAM

cathode

0 10 20 30 40 50
Current density[Acm™]

Figures! (a)LED structure  (b) Micrograph of the device ~ (c)J-V characteristic
[B&E] AWt —4BI% IST-A-STEP (JPMITR201D) . NEDO JE#4 5, 35 X OBV 78 2 A Bh 4 SR i 72
(22H00304) DEBHIZ KV Fhi L7z, ARIFIE% e IHTVEMICSIN L TV EWie s R KRF O KE
IEEIR I EHT 2,
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F—FRIBFHEIC K % GaN O RELFREIEE DT
First-Principles Calculation of Polarity Inversion Boundary in GaN
ZEARIT!, AhKEHH?, BRARRL? CHANEERE! #LF!, ZEFHFA!, B &HER?,
HE A, Bllge?

Mie Univ.', RIAM, Kyushu Univ.?, Osaka Univ.?>, ©Takahiro Kawamura', Toru Akiyama',
Hideto Miyake', Yoshihiro Kangawa?, Kazuhisa Ikeda’, Tomoyuki Tanikawa’

E-mail: tkawamura@mach.mie-u.ac.jp

IEL®IC GaN & AIN O EICBWTIE, AINFBELZHAT 2 Z 21X - Tl REEDHEE Z %
ZEDHISENT WS [1,2], GaNIZBHL TiX, GaN OFE{LJEZ AT 2 Z &I & o T WMtz
DARETH 5 Z e HWMEZINTE D, AINHHEEE LU ICHERIEEE R 3HMie L THiffENnT
W3 3], HI-V EEMYEERICBNT, ZOMEIERE 7ot 2o E, X OICHEERNET
NA ZMREICEEE T 3 7= DY) R SIEE SR ETH D, ZDDIIImEKEEDRE Z 5 X
A=A LEHSDPITT 20BN D 5, AIN O KEAICEE U TIE5EER - 38R OB S5 £ <
DFATHZED G STV S 23, GaN HLEDOFAIZ X % GaN OMiME KRB L Cldiz e A EHA
BT o TV, Z 2 TAMIETIZ EFL D GaN ORI Z 2 X h = X L Z2HS2I2T
2HEHEZHME LT, H—REEEZ WO KD RGO W TEIT 21T - 720
HEAE HEICEEFEEEE 7 1 25 4 Quantum ESPRESSO [4] Z W, M 1ITRT &5
W N MtES KO Ga D GaN J8 & 2 OMICERLED A S N 3EOR 7 7E TV ZER L
72o ERIHENIRARM 7 H I F OIS TWS, 25 DETIVEN D S Ga lEAND K
EEE R L TW5, SEORBE T ALF —% Ga T I HNLRT VT vl ug, DEFE LTK
B, REMEDLEEICOWTHE 21T - 7,

BERBELUER X2 0fE,S, AT ALFX —1X uc, & RAHEICKELTELLTBD, &
[ERRET L 72Tl (0) D 4 77T D Ga,OyN; (x1y:z=8:3:5) THL S N7 SHINGE D i & ZET D
Lotz 72, (@) b)) I LT () DREZANAF—I/NXINZ s, FEHREN
JiD3 & D LE R RS & A BRI REME A RIE I NG, ORI L T, BtEOMEE X
OCHREDRE X 2 FH T X — DIRIFIEICOWT X SR EMEDNETH %,

© 2024%F [SRYEE S

(b) (©
@ GaN[o0oT] #9900 cningor OOk —5.40
GNOWTl 60,0, 0, Q0,00 0000 -~ Ga—-0-Ga
) T 0000 T Q,-0,-0, —5451 Ga,0,
9000, 0000 ~_ ——Ga,0N,
ap (Q? (O Q,-05-00 % —5.50 ,\\\\ ,
D. ~—
Ga0. (03\60‘(;\60‘ GaON © :c“ﬁ'“ 3 555 ~__ -
Po< B0 ~g-o™o’ O % ~_
s s s el 2 560 .
0900 o9 © N o \\\
0000 l o0 o 0 £ ~
y 0000’ RAAd H 2 570
GaNO0OT] 4404040 GaNi0001l 9“0~ 00 -
GaN[11-20] —»
—5.75
> . = M ~
1: MM AR D SRS IE: (a) 2 79 FJ8 D GaO, 580+
N —14 —12 -10 -08 —06 —04 —02 00
() 3 D FED Gay03, (¢c) 4 77 FJED Ga,OyN; Mo, ¥ [oV]
(x1y:z=8:3:5) 2: M SR ST OO SR = A L —

[1] K. Shojiki et al., Mater. Sci. Semicond. Process. 166, 107736 (2023). [2] T. Murata et al., Phys.
Status Solidi B, 260, 2200583 (2023). [3] K. Ikeda et al., Interlayer-Free GaN Epitaxial Polarity Inver-
sion by Metalorganic Vapor Phase Epitaxy, ICMOVPE XXI, 2C-2.5. [4] P. Giannozzi et al., J. Phys.:
Condens. Matter, 29, 465901 (2017).
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N 1t GaN fidd &z W ®mER F 7 o PR & OBF
Development of N-polar GaN for RF transistors
ERERILFERAE EE BX
Sumitomo Electric Industries, Ltd., “Isao Makabe

E-mail: makabe-isao@sei.co.jp

BITE, LTV 7 A(GaN)DEN TR 2 A0 LT, mith ) - @ghEREEm v 7 oA x
(GaN HEMT)Z23BH%E &, #ER A RIER A7 7 & LT GaN W =FFRNAS A ST
W5, EEHEMOELE LI, A%V ERSEHT - BREAEEN TN D,

—ixiz, B LI TS GaN HEMT 1&, Ga fifE (000D)E2SHW 5415, AlGaN [HEEEE T
D GaN F v FIVIB IS @R D 2 IRTTHE T H AQDEG)Z BT 5 Z L WAHETH 5, MEHEE L L
T, VN7 ATHEHRT L7 7 AR D ME R < . o BRI REVRE A F
T 5 SiC Bt &M & L TRERBEREZH{OTVE NI FIERH L, Lo, FFREHIBWNT
(X, AlGaN HE ~EA SN DB G, B AUAAE2SEE L < | B EE D 2DEG 23a% & T 720,
IS DECE A RERT 2 T2 D1T AlGaN J& g b9 2 Z &3, #RIT 2DEG IREZ D SE 5 2 &
LY mHJHE~D FL—FKFT7 Lo TLE D,

T~ 13 N(ZEF)MME000-1)1f &2 V72 GaN HEMT (2% H LT %, Fig.l |2 N filE GaN OF]
g, NARPEIL, Ga PRI LT, o X 3 s 5726, FEEEE 0> GaN g H11Z 2DEG
WER SN D, ZOEEHEREIL, REEEO®E Al fk{b% /TREIC T 5, 2DEG ISR O Al
FHRZIC T, 2DEG (L& lE GaN F v F/VEIC T, B4 IRE S L. Kt ABER R L5, 2
AVE T, N GaN OF /3o A JEH B REECd o 72 RIRE, FEdbRESIEFICHE L2 & 2325
535, Fig2 (BN Y) & b Lz N BME GaN #Ef ORI T 7 + 1 V2T, Fx 3tk
D Ga Mk TH; > 7o fE AR EHAT 215 L, GaN HEMT (2872 & 0B N #ild: GaN /il 2155 2
CATHEI LTz, FE72 InAIN FEEERE OERMIC LV . Ga fRPEICKE L. 2 f52L L& 2DEG #RE{L 4 &
A L7z, fldBRcR &~ — A2, NPk GaN #dh % FV 72 GaN HEMT OB IZ DWW TR R 5,

Ga-polar N-polar
AlGaN barrier ( GaN channel
GaN channel AlGaN barrier
-high 2DEG density -high 2DEG density
=thick AlGaN barrier =thick AlGaN barrier
-high gain *high gain
=thin AIGaN barrier =thin GaN channel
Fig.1 Advantage of N-polar GaN HEMT Fig 2 Differential interference contrast microscope images of

GaN surface (a) before (b) after improvement of growth conditions.
[FE] Zop$i, NEDO (ESZAFZRRFIE AR =1L X — « BEEHNTR AR OBRkFEE TR b
5 GIEHhl(E v 2 7 LM RILIFSUBATE F2E) (JPNP 20017) OFERBOLNIZH DT,
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PSR E RT v ¥ V% BT +c, -¢ B GaN ~D RH§id D BGA I DT
Analysis of impurity incorporation into GaN using universal neural network potential
FRESIEKA24 OFH miE KB X LN H@A % RB= A @
Sumitomo Electric Industries, Ltd., °Shigeki Yoshida, Isao Makabe, Takuji Yamamura,

Kozo Makiyama, Ken Nakata
E-mail: yoshida-shigekil@sei.co.jp
IR, B E BT R L. MR RO BFICB O TH ZDISHREAIZE Z bl T s,
T O E AR T L v T — R R & RIRREE ORG B CRME % S b T & 272 E RIS
BEHZHED TN D, Ferld, NARYE GaN Fik O ~MEE R 7 2 o X L OTEH & /it L C

BY. Gatitt s N MM GaN O A DOTUALDZITIER L, itz 2772,

A DEGAF DI BT 0 | LT E AR T > %L PFP[1]A M L, Kempisty ©[2]
CIRICFIETEE A2 I L=, GaN 4X4X10 D A — _"—v L&k, BHEF T & REE-IIHBE
ICEH L, BT OMEICHT 2R AT -2 E LT, AT THLEALVT ERIRL, ED
TRNAVXF—LDEFEFHRE LI, TOEDEDHEIT IV HICRVIAENDIE ) BNEE, AD
GE IR T 213 DLETH D, K LICEHRMERZ T, RFIEL N MPEClERm I mT
LR <L GalEIFI Y IAE LTV, —J5 T, BRFEIE Ga Mt TIIRMEITmIT 9225, N fitk
(370 7 FUZHR D SA E T VR R DT D AVTZ, eV TRHERLRG R & FEER O RN T A Ll L 72,

s D7=0l2, WD K 57t 7% Ga itk & N BEFFFIZ MOCVD CTHUE L7z, R L —
a2z T GaN Z =JgiliR L, KR L BRI Ot X OR L — MOk DA iR L
7eo X312 SIMS AT OFERZRT, RFIREIL Ga ffk, N ARPE & HITHE L — MO FIZED
BY L. NRBREDIE D 2% Ga it L bk o 72, FRFRIRE I Ga 23 H FIREL T Tdh 2 DIz
%t L. NPT 2X 100 em® OEERE STV AEN TV D, Z OEBFERITX 1 OFHFER R L —
LTEY, WHBEMSE R T v vy VRS OBOAHDNTICAE R TH 5 Z L BRI,
[1] S. Takamoto, et al. Nat Commun 13, 2991 (2022).

[2] P. Kempisty, et. al., Appl. Phys. Lett. 111, 141602 (2017).

. <= -C +C = __1E+18 o~ 1E+18
3 a Gan-3 GaN-2 Gafl-1 £ GaN-3 GaN-2 GaN-1
08 E G.R. 92 G.R. 190 G.R. 578 G G.R. 92 G.R. 190 G.R. 578
06 2 nm/s nm/s nm/s . nm/s nm/s nm/s
= S: | é 1E#T7 PSSR % 1EHT
2 0.:liocoooooooocootg oC % ‘Oatiiae ‘é /—-W\/-WWM
% 02 *0 g 1E+16 E‘\EHE
-0.4 3 8 LI':) - Ga-polar
-0.6 5 - Ga-polar g - N-polar
0 Y L I SRR LVIN T A UYL
50 40 30 20 10 0 0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Position of impurity (nm) Depth (nm) Depth (nm)

Fig.1 Energy changes in the GaN Fig.2 SIMS profiles of Ga-polar (blue) and N-polar (red)
slab with C and O as a GaN samples. The left figure shows carbon
function of the position of concentrations and the right figure shows oxygen
impurities. concentrations.

[3] Z opRiZ, NEDO (ESLAFZEBRIE AR — %L X — « FEEHITHR AR OBEZE (R
b 5 GIEHRIEE v AT 2 EMER LI IC R ) (JPNP 20017) OfERGOLNTZH O TT,
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ZREBEREEBHEEDERICAITT- N % GaN/Ga 1&1% GaN
IESF v L BERETORR
Epitaxial Polarity Inversion Process from Ga-polar GaN to N-polar GaN toward
Multiple Polarity Inverted Structure Fabrication
BRAREL ChEHMA, LtHEHERF LRAFESR B2, ALUEZ
Osaka Univ. K. Ikeda, K. Ueda, M. Uemukai, T. Tanikawa, R. Katayama

E-mail: ikeda.k@qoe.eei.eng.osaka-u.ac.jp

YT AR w7 FHE#R (OPDC) 7310 Ak, BEFHHRLEOZOOEF I E LTOE
ARSI TN D, GaN Ml SOfistiis 2 A 7 2 AR AT A (QPM) HIE LT L 0 mishe7s
WREMT A AZRBRAETH D, TILETIZ, NiE GaN 22 b Gaflif: GaN ~D T &4 ¥
¥ VRN A ST U T2 A31]. @ izt <. 3 JBUL L oMME S isAgE & RS 5 72 012X
Ga it & NFE~DO = B X X o ¥ WP RER NS M B & 70 D, ARAFZETIEL, Ga itk GaN 726 N
P GaN ~T B % % 3 v UM IR S 5 720 Db 7 o' 2 LR 7 0 A & Kk L,

TR U 723t o WrmiiX % Fig. 1 1277, AeRE XM EE (MOVPE i) ZHWT cf
BT 7 A T HEMR I Gatil GaN % 4 um R E S H7-%. 900 °COMEFFPHA T 1~4 h iR bt %
1To7=, D% MOVPE (2 XV 1030 °CT 10 min EFfZE L A1TV . £ ® k2 1000 °CTHE 300
nm @ GaN % F R S 7z, BREHRE OSBRI 2 KROER % Fig. 2 1277, &
L% L RE & L7z & &, BRERM L & IS RITABIZD L, REIZIZZ LA VRO
IS TR S LT, BB LIRF[ 2 4 R[] CHEIX T & SR OB A AL L, FREIIC A
WU L7z D BAR & AT DM 2 s Lz, Z2UE N fRfE GaN D ~T m o e 2 % 2y
NVIREOBIZEET 2 ny 7 REFOFE L L TR Y | REORmBILEID b ANHBIR
Dy I BRBRISNTND Z L A2MR LTz, R GaN Otk 2 sl 3 2 72912 KOH KK
(60°C, 3mollL) ZHWHB Gy T 72 Tolz, BLKHE 4 h DEE O v T JHitkD
KIAE 7 4 1Y —% Fig. 3 O FHBEMEBRICR T, KOHT= v F o 7 H%OERE TIEE 7 v 77
HR L, BUN2M CHERR S 72 2 & 20 D AR IEORRPE X N FRPEIC KR L T D 2 & D3R T
7=, LEX VY, Ga fft GaN FKim OFEMR 2K HEE L L T OBOELT mEAIZLY N Rk

GaN ~Dx B H F 3 ¢ USRS ATRE CTdo 5 2 & VR S 4Tz,
[1] #h Ffth, ISR ZRGRTE S, 232-21C-6 (2024).

Nitridation 0.3
1000 @ [T ~w
Ao, GaN 0.2 E
‘ N:polagGaN _ 800k [ T regrowth >
O 600 /| | qo.1 g
° (o, | Joo S
Q Ga-polar GaN 5 00 03 3
& 1000[(0) -
2 800 AE 1928
Sapphire —— R 1%
pp 2 600 A\l e | 0.1 2 7
400 kniad . .\ .00 e
Time (min) 10 Fig. 3 Differential interference
Fig. 1 Schematic of GaN Fig. 2 In-situ temperature and reflectance contrast microscope images of
polarity-inverted structure  transjents during GaN regrowth. Oxidation ¢8rOWn GaN (a) before and (b)
without interlayer. times are (a) 1 hand (b) 4 h. after KOH wet etching.
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BEREGERBEWEICHITS AN ZREAREL IO ROHE
Study on AIN Surface Oxidation Process for Polarity-Inverted Stacking Structures
ZEX! ®XRI’ 8- TOLURKREEVE S, RX?
OXF FX' EE ERT" Fitt BRX, =k ket Bt FxX Y, EmH EHRS
#;N B2 AU EZY =€ FAY
Mie Univ. !, Kyoto Univ.?, IC-SDF’, Osaka Univ.*
°Tomohiro Tamano', Kanako Shojiki'?, Ryota Akaike'?, Hiroki Yasunaga'~, Takao Nakamura'>,
Masahiro Uemukai*, Tomoyuki Tanikawa®, Ryuji Katayama®, Hideto Miyake'~
E-mail: 423m227@m.mie-u.ac.jp

H—2y hELTAE AL & AIN BERERZ -V 2 AIN O 2%y X HERE & P E COmE T =
— LRLER (FFA) 12X 0. MPEASHIE S 4072 AIN 5 (FFA Sp-AIN)Z/ERL LIS 2 s 20 LT
4 JERVE R s AIN VRS 28 U 7= A s SR RI(IDB) AL 7" 12 2 A 121, FFA Sp-AIN # i O
IEREETHY ., ZNETOFEERATIE, FiC 1 BEOBERBILBHVCWE, = 0Hs, ik
LT ARIC R 2 B L, {BENEEE KT T 2 ENREIND, ABFE I, MK e
Dh k& B9 L LT . FFASp-AIN £HE DL 7 1 & 2 2 st U MR st i ~ 8 2 1 <7,

Rk SR S 5 PSR & LT N #4: FFA Sp-AIN W7o, BIRERL & kT 2k 7 e &
AL LT, #KAEL(RT, 5 min), BRFEEVILEE(100°C, 10 min), R 7 7 X~ 4LEL(RT, 10 min)?D 3 i
iz iz, Bk 7 0t 2 D%IC Al FFA Sp-AIN Z Bl UMRPE s S 87z, Wk ROt o
FRPEREMIC X AFM IC L 2 BB L KOH UV =y b=y F U 7 2R\, Fi=. BRLED
TERGHEIE, 7' 0 A% ORI &G REZ2 X SOLEF/EXPS) TR~ T,

2EFHEEH®%R KOH Uz y by F U VICTHMMELZ MR T 5 &, TXTORL Y 12 & R 220 THR
PERER L T e, Figl iz, &b ~7 7t XA %4757 N Ak FFA Sp-AIN EREIZ DWW T, R E 51
DEEFROWRES 7T, BT vt 2B 2 REEGOMBFBIRESMAPREERY | KT
FIAKMLERCIX, IR H AIN FIZT THAD LTy, £/, Fig2 b7 aex Lo
Ols A7 hVERT, MK L FRFEEVLEIC DWW TR D &, = F U JRID AT b L
IFHEEL LTV D, AIN I CIIMAKRLBED A7 P AREZ RV —lIC 7 L TWAHZ LR
PD, ZHUE, AIN ERBEIGLTWA Z 2R LTS, A TEEE T 7 A< 2O
Tl mERENPD AT MABIRPER Y | B 5EERETHL B OND,

—{1—0Oxygen plasma(RT) Water treatment ——Before etching
—O—Thermal oxidation(100°C) ——Etching 1nm

——Water treatment(RT)
—@—Natural oxdation(RT)
-O-\Without process

N
o

w
o

Thermal oxidation

AN

Oxygen plasma

AN

-
o

Oxygen Concentration (%)
]
Intensity (arb. unit , offset)

H L I L I L I L 1 " L R L R L R L R
00.0 1.0 2.0 3.0 4.0 536 534 532 530 528 526
Depth (nm) Binding energy (eV)
Fig. 1 Depth profiles of oxygen concentration in ~ Fig. 2 Ols spectra of AIN films by surface
oxidation layer on the N-polar FFA Sp-AIN. oxidation before etching and after etching of 1 nm.

[£2%3GH] [1] H. Honda er al., APEX 16, 062006 (2023). [2] H. Miyake et al., JCG 456, 155 (2016). [3] K. Shojiki, et al.,
MSSP 166, 107736 (2023). [4] T. Tamano et al., APL., under review.

[Ff%E] AHZEDO—5RIE, JSPS FHFE21K14545,22H01970, 22K 14612), JST CREST(16815710), JSTFOREST(JPMIFR2301), NEDO
BRI L AR R E 24215021 53-0), NEDO SR8 L 0 1Thohi-,
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MEHKZHT S GaN RERXLL—YF—DHIT 7 14 /13—
Optical fiber approximation of GaN-based VCSEL with monolithic curved mirror
=EXICSDFY, ZEXI? =ZEXRI
K —& L fiQ Bl 5k EHR'Z HA K2 RO #ER LS
iCSDF, Mie Univ. !, Faculty of Eng., Mie Univ. 2, Graduate School of Eng., Mie Univ. 3,
°Kazuki Ohnishi?, Naoki Higuchi® 2, Masayoshi Cho? 2,

Masatoshi Tamaru® 2, and Tatsushi Hamaguchi® 3
E-mail: ohnishi@icsdf.mie-u.ac.jp

~y R~ T 4 A7 b A GRS CHE A GaN SR %: L —H —(VCSEL) D FE Ak b
THHEBTR D AT DI TV D, O T8 Mim$Ea 72 GaN & VCSEL 1%, Ko EIHrH AR
BEARE AT TX D 20 “IRTET LABIC L » ORI E IS5 = & A #ETx 20,
FEhER 72 VCSEL % 7 = N CTAFET D 72 DIITBE ikit & 7 a v 20 @ W) — 23R A K
LD KRS, ZRoeT v Akl K Aamtt b BRI OIZE, Y nEmNTO T ek A0
—PERR D BN D LRI 7 0 ADRE—PERT S RIS G 2 5 B AT 5 LR H
5@ B Z0E, R T RIS E XK TE U D 5 2 b O RNT, HIRINAE 2 L LRI 2
b2 ETPHREND.ZO LD b /e iz XD VCSEL ORFAEEAL OFENTIZIZZ K2
HE X NEET S, FZ Tk lE, MESE VCSEL OERE— ROKa 2 MEfTFFEE LT, 1
Mi#% VCSEL % AR D BT 0 A0 & FE O AT 7 7 A N— L Bde L, 727 7 A4
— OB W FIEERET D, AR T, X7 7 A4 N—irlBl & W CHiESE VCSEL
DEAREE— FEHETE 2 FEEZHE L0 THRET S,

W7 7 A R=ERDOa v T N EFig. 1IRT. ¥ BT (£ LoD VCSEL Ofisti I G 2 7
=N SN TEY, AmiTiREE R 2R MmeE T

b%. ZOFE, VCSEL WIZIZEHIFT RS MMNELTEY, g -

Flg 1 %ﬁ%ﬁ&fﬁ‘lﬁf k %iﬁ@%%ﬁ Reff %fﬁﬂ%jﬂé Z k L: c]: e R§is5—
ST, FERBITRSMEFHEL, BITRSAMEET 74 :
WLl LT, 7 7 A4 N—EEHWTER L2
AREE— RO E — LME (o, Fiber) EERD T T 27 B — N 4
DHER 2 TR L7 AT — RO B — Al (w0, @ssen

‘ RS BEET 71/ S

Theory) DL DR B L OV ¥ 7 4 BRIk FEEEZ 2N ZE
theoy & —F L7, BLEL Y, 7 7 A N—iEl A T W
VCSEL O HiAE— F&EHET 2 FiEa R L. "3 “U o<k,

1
L(x) ~ —
2Rer

Reff : RENBARFRE

x2+ 1L

AUFigs. 2(2)3 L ONb)IZ7R . Retr = R — Lo DI, o, Fier 1L,
LO

[ 3CHR]
[1] T. Hamaguchi et al., Sci. Rep. 8, 10350 (2018). Fig. 1. Schematic concept of the optical
[2] T. Hamaguchi, Photonics 10, 470 (2023). fiber approximation of GaN-VCSELs
[3] H. Kogelnik, Bell Syst. Tech. J. 44, 455 (1965). with monolithic curved mirror.
@ S5 (b) 10
L — Rett=R — Reff=R
L — Refi=R— Lo — Retiz= R— Lo
£ o
ot £
E‘ L=20pm % R =50 pm
3 n=245 3 n=245
A=440 nm A =440 nm
0.1 R e —
0 50 100 150 200 250 0 10 20 30 40 50
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Fig. 2. wo, Fiver/wo, theory ratio as a function of (a) radius of curvature and (b) cavity length. Calculation
parameters are written in each figure.
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GaN HHN L —FOoRRKER S X LY — 7 EROENS A
In-plane distribution of resonance and emission wavelengths in
GaN-based vertical-cavity surface-emitting lasers
AIRAK - BT O MO SapiE g, M0)I1east Y V)R L T I
Pronr !, RIS AR RE
Meijo Univ., Naoki Shibahara, Mitsuki Yanagawa, Taichi Nishikawa,

Shoki Arakawa, Tetsuya Takeuchi, Satoshi Kamiyama, Motoaki Iwaya
E-mail: 243428023 @ccmailg.meijo-u.ac.jp

GaN ¥ L —3 (VCSEL) OENZEHhFE L LT 20% U EMUnlEInTs by, Eitkae
7z VCSEL EHLIC X, DBR LR, HIRER., 1EHER O RS v — 27 R O ik filfE 23 2022
Thb, FAxZZOGKFFER~7 P AVHIEIC LY, DBR FULER & KRR O mBERE
HlfH 2 ety L7 29, RS ot e — 7 RGN B L <. R ICHLE & Wz iG g ©
X, RS OEE L Z T T, B -7 HROFRIENES Tlda v, R TIE. ®REER
WRHEEB M <, VCSEL{E#EF o L& DBR 2 W% v T, v — 27RO
HIE 25 A, VCSEL 7 =T RFR =2 DI IRHMN5310 % 51l L 72,

GaN #:AK (2 4 v F 1/4) EiT 40 <7 AlInN/GaN DBR % %, MEPRZA <7 b Apb
DBR F.OEREZHE L 72, % D, GalnN EVEE % & OHHE % 2 OB U A< 27 b VHlGE %2
FW-CTDBR RIcfHlEE €72, £ LT, L#FFEA DBR A % VCSEL fi& & L DBR 23
WS (Fig. 1) Z/ERLL 72, HIRIVE X VCSEL &, Ft v — 7 &3 EE DBR L%
EOHNAR7 A LHEIE LT, Fig 2 IORT LI IC, MHEEDOERTORNEART b

(BEMEE 10 kA/cm?) (Z12l13—EH LT3 Z &b, EE DBR #LIEECRILY — 7 E
D3IE AT RE & HIWT L 72, Fig. 31C, VCSEL 7 TN EIT 5 LR =20 EOHND /i %R 3,
Mz 2 4 v F RO LD b ERTFORMEZ R L TE Y, ZOBHE L T 2 5% T
L7z, ZOMEKTIIEREHE Y DBR LR L HRER I~ L Tz, —J7, bbb 17
mm ¥ TiE DBRHPODEED R -7 R —TH o720, HIRFEREIT 6 nm I REL L T
Wh T ERbh oz, ST HWIRERE, ThbbHRGREOMNE LB LETH %,

In situ reflectivity spectra measurements

O 160 424 Y
p+-GaN 140 422 :.‘A“u - ‘s
p-Gal > 420 Aadt ah 2
p-AlGaN £120 —_ Resonance YO A 4 P
GaInN/GaN 50W g E 418 | wavelength Llaae 25mm
GalnN 2 100 =416 | (VCSEL), . ok
n-GaN T 80 Eﬂ 414 | DBR center
N £z 412 wavelength [ ]
T 60 4 )
E E410 "hll:-...: '.
— — -
= DBRAIINN/GaN =| $ 40 ® a0p | Emission ol
— 40pair — 20 wavelength
406 | (wio top DBR)
0 404
GaN substrate 370 390 410 430 450 470 0 5 10 15 20 25
Wavelength[nm] Distance[mm)]
Fig. 1 Without top DBR Fig. 2 Emission spectra of Fig. 3 In-plane distribution of
structure VCSEL and without top DBR wavelengths

[Z:% 3CHik] [1] R. Watanabe, et al., Appl. Phys. Lett. 124, 131107 (2024). [2] T. Nagasawa, et al., Jpn. J. Appl.
Phys. 62, 066504 (2023). [3] K. Kobayashi, et al., Phys. Stat. Solidi B, 2400010 (2024)
[HEE] ARWFgE o —i1d, BHFEILAE A(20H00353), #:8 S(23H05460) DEB)IC X b EhE L 7=,
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16p-A21-3 BESEISAMES AT LHHAL HRTFME (2024 £IAvLEN2RBEAVF1Y)

GalnN EFHFERRBE2HF T HIERALL—VF—0
REEREEER & EHERELRRFEIC @ =&E
Investigation towards low threshold current density and precise emission
wavelength control in VCSELSs with GalnN MQWs
BEWA-EIL, BRACD @) CMDFRRN FHE, &Nl KB, # e, KR EE
Prn i, Ll &, 56 RE, TP B 8 &£ 5F BR?
Fac.Sci.&Tech., Meijo Univ. !, NGK Insulators, LTD.2, °Shoki Arakawa!, Taichi Nishikawal,
Mitsuki Yanagawal, Naoki Shibaharal, Tetsuya Takeuchi!, Satoshi Kamiyama!, Motoaki Iwayal,

Kentaro Nonaka?, Yoshitaka Kuraoka2, Takashi Yoshino?

E-mail: 243428002 @ ccalumni.meijo-u.ac.jp

Tzt GaN RmEFEN L —H (VCSEL) IZBWT, 20%% 82 5 BN RERE Lz 1)
FE72 2 200 B 7oA & LT BMEEIRE EE ORI & GalnN &1 H P IEMEE O R R 5608
BEHENFTOND, TEXF X LREOBLSE T, GalnN & H & DR b2 Dk
FAREOREELHENMLETH D, AHETIE, Fx OFERE (3 nm GalnN/6 nm GaN 5QWs) L ¥
bR TR L O EREE 2 AT 5 GalnN & &2, BEHRE & LT 2 RERE A
HlE L7z EClE L, TN aMAIAA TS LED % GaN i I /ERL LR L 7=,

¢ il GaN £t (HADT A ) ZHV, Fig. 11277 X 972 GalnN & 5508 5 6 L< 1% 3,
GaN NUTEENR 6 nm & L< X3 nm OFF 4 FEEO R I FHEALZ AT 2 LED MGz £ 21
PERL U 7o, H P UL BB B AR 2 S U 7 LISk CIADREIE KR Z HIE L T\ 5,

I BT, B EOHIEMMRFOT-DIC, EilakEkE%. BIHPOREZ/ER L T 2 HERH
L72#%I2, GalnN B 825, GaN U 7 JEE 7S 6 nm O &7 H iS4 A 4% LED #ikE %
e LC 3 mERLL 72, kS, 4 7 R B CiE, GalnN B H DR E (410 nm) HlI#HO 7=
2 A B A—=Z THE LY 7 Z REREDSF— (771°C) 12725 X 5 ICEVEX CTHIE Lt
— X —REEZFE LT, Fig.2 (7T X918, |EPL A7 MVHIE (LA YAG L—H—
FFEEE ) 12T, 3QWs I3 TRWIRE AR L, ANY THEEIIEZ THmELL Lo Tz,
L% LEDIC X 2 & Mald 5, £72. Fig.3 127X 912, 2 ERE#EN CIERL L 72 LED #i&
O 7 #ERD PL I B — 7 Il Ko T42nm LI (20.5%L0N) & Hele iy RATF 22 il 2 = L7z,

30000 412
p*-GaN ~—5QW 3-3nm

E
‘ p-GaN 25000 —3QW 3-6nm £ 411 .
"3 20000 —3QW 3-3nm ® 410
p-AlGaN < 5QW 3-6nm 5 ®
3nm GalnN /3or6nm GaN 30r5QWs 3 15000 /“M\» % 409 +0.5%
Under Layer £ 10000 /it Z a0 °
n-GaN 5000 / & 107
GaN substrate 0 - T 406
380 390 400 410 420 430 440 Day 1 Day 5 Day 10 Day 15
wavelength(nm)
Fig.1: LED wafer structure Fig.2: PL measurement results Fig.3: PL peak wavelength shift

[2Z 3CHR] [1] R. Watanabe, et al., APL 124, 131107 (2024).  [2]J. A. Kearns, et al,, APEX 15, 072009 (2022).
[BEE] AWFZeo—ix, BHFE LA A(20H00353) . JLM% S (23H05460) DEEBHIC X v ki L7=,
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16p-A21-4 HOSEI MBS RUFLAHAR BHTME (2024 KAV LEN2RBEAYT1Y)

=5t DBR /A > T L VB InGaN RL—FEEDRE L B

Proposal and prototype of high reflective DBRs loaded membrane InGaN based laser structure.
LEEXEI!, LEXRIBHHIRRR?
OlkRk FEL, BEEE', it BE
Sophia Univ.! , Sophia Semiconductor Research Institute?
OShuya Sato!, Yuki Takahashi' , Akihiko Kikuchi!*
E-mail: kikuchi@sophia.ac.jp

X UWHIZ: E WS ERIL ARSI E S —F DRSS RE v v 7 EEBENTINDEEH L,
WHART AL ZA~DISHABF SN TWD, FAIFIRKO T =7 T TNT AL 2L LTL—HF 2R
Xy Ma By NV RT 4 AT VA DR EIT> TN D, 247 L AN L —YHRF
ZEOIATLS S, BIKEEEENLEAR R TH D, TILE TOMIET GaN (i H e IR E
+ 7 T T HKEFHRE TR » F 7 (HEATE) {£[11DBA%. 3 X OFDTD EESA
Val—ya ik NMAT T v VS (DBR) OREHER &SGR UiADRER & Ol X
% HRBMEERNE O FTREME2] 72 SI2 W THRE LT & 7, AWFE T, SBERBIEEERHIGFTE 5
ST DBR 24 2 7 L U InGaN SR L—H 7 3 2 OHERE & OREZRET 5,
EERFER . A7 L U DBR 31 InGaN 5% L — Y O {5 1f o Wik X & Fig.1 127597, 29&
/p-GaN/{iE )& /n-GaN/AlInN(300nm)/GaN A& % IV 35 JE 13 Ino.16Gao.ssN(2.5nm)/GaN(9nm) D
4 ML EE T MQW) & L7z, HIREROMNGIZIE HEATE{EIZ LD GaN = v F 2 712 & b
%E%%ﬁ%ﬁéﬂé%ﬁ@@HﬁR%%ﬁTéo%%DL@%@E%ﬁiéﬁét@\Mﬂ@
HIRZRWTHAEEE T VIO X 912, n-GaN D AllnN & & f§lg = > F 2 712 L 0 RS & 3R
THEIICEEER L CEIRBET D, FDTD IEIC L DT — N O R % Fig2 DT T LR IC
HRORT, HIEEENE 2 2 m (2% LT AllnN §8 100nm 237% > 7REECTH AT — RS LI,
JE D YRR CiADAREL £ 13/ 10% L D TR Z RENF S D, Fig.3 1d HEATE 75 & g —
v F N X o TERL L 72 DBR 3 A > 7 L oA O bl SEM 4 T 5, HEATE EIC L » TF
FEECEEENE, 2 OEBEERMN TR THY | LT 5 L —FEEORIEICHKI) Lz,
BIBE : ABFZEI%. JSPS KAKENHI JP24K00950 D) % 5% 1 F Tl S i,

2 CER : [1] R. Kita, R. Hachiya, T. Mizutani, H. Furuhashi, and A. Kikuchi, Jpn. J. Appl. Phys. 54, 046501

(2015). [2] S. Sato et al, 84th JSAP Autumn Meeting (2023), 21a-B101-9.

L
DBR

p-GaN
11T I ]
n-GaN

n-AlInN 300nm

DBR

n-GaN
Fig.1 Cross-sectional schematic of Fig2  Electric  field intensity Fig.3 SEM top view image of the
a DBR membrane type InGaN distribution of propagation mode in a edge of a laser cavity fabricated
based laser along the cavity cross-section of membrane cavity by the HEATE method and nitric
direction. simulated by FDTD method. acid etching.
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16p-A21-5 BESERAMBS AELIHAS HATFHE (2024 KRAY LED2RIBET Y T1)

aEAINTUTL—FEADHPERICKBFREIEA T VY ILEE
Homoepitaxial Growth on a-plane AIN Template by HVPE
ZEX BRI, $8H - TORLRKBELV S, BIREREERE’
OM2) ik BE |, it B Tk B, R X = FAV
Grad. Sch. of Eng.!, IC-SDF?, ORIP?, Mie Univ.
°Shunki Ito', Ryota Akaike" ?, Hiroki Yasunaga®?, Takao Nakamura" >, Hideto Miyake"*
E-mail: akaike@elec.mie-u.ac.jp

Al M TOREAA v F 2 ZITERT 5060 LR TE, ¢ BB A A —F
(LED)ZBITF HHED—2>Th b, ZNEMRT HI79EE LT, IEMmMER E~DFE TN RS
NTWD, Fexld, A3y X35 AIN EOHER 7 =— /W(FFA)IZ LV @& 78 AIN 7 > 7 L — M (FFA
Sp-AIN)ZERL LI F72, riEV 7 74 7 HA L a 1 AIN BE(a-AIN)DOERUZ A TIEN B TH
5 LB LTERER) RIFZETIE, 20 aifi FFASp-AIN 7> 7' L— k B2, " FT74 F&
*EEE%(HVPE)Y%‘%H% VCAIN OFRETE X X2 v LR 21TV HVPE BUR SN a-AIN O

TERECRE A I B % 2 B A T2,

V77 AT D c WS -4 DA T7AHERT D rifit 7 7 A T HMR BIC, ®EEA Ny Zik
Z T AIN % 450 nm HEFE L, 1650°C T 15 B @ face-to-face il 7 =— VAL % Jifi L T a
[l FFA Sp-AIN 7> 7' L— R Z2{E®L L 7=, D%, HVPE i£% H\VC 10 43 AIN Z kR SH72,
ok % AR (Tavee) & 1250-1450°C & 28 (b &, SUGH ST 95kPa, V/II b 1.875 & L7z,

Fig. 1 12, a i FFA Sp-AIN 7 > 7’ L— k & HVPE a-AIN OFEEH X RMS ED Tyves IIFPER &
OV -8 1 BRI BE(AFM) 4 4 7~ 4", HVPE a-AIN |Z, a i FFA Sp-AIN 7> 7 L — |k & lb_C RMS
EAKRIEIZSE SN TEY, Tavee=1350°C TiX 0.38 nm & BAF/aF£Em FHENRSG O, £,
Tavee DMEWEG G 1T a T FFASp-AIN 7> 7' L— MREIZE 515 m 7 mIHON-R T 7 4+ =
V%R EME Tavee DR R DITONT c GOV REE 7 + 1 V=085 2 LD
735 72, Fig. 2 12 AIN(11-20) BT 3810 5 Xk e v & v 7 5 — 7 (XRC) D E A ME(FWHM) D Tivee
KTFEYEZ R T, Tavee=1350°C (23 T, HVPE a-AIN @ XRC-FWHM [ a i FFA Sp-AIN 7 >~
U— b R THE SN, F72, Tavee 3@ < AZ72 512240 T X HRO man #0770 TlE XRC-
FWHM 2EIN L. can BG A AS Tradsid U CTERGHENIER Uz, Tavee=1300°C T, i FEHME
(ZHEAL, XRC-FWHM D RN+l S d Z &b Tz,

b) RMS 2.11 RMS 0.82 I
) nm (c) nm —@- X-ray /| m-axis

Homoepitaxial a-AIN
by HVPE

1250 1300 1350 1400 1450
Growth Temperature (°C)

3 400

m
(a) - ~ ' @ L
2.2¢ f ;’ Myl u R e Ss0r —@- X-ray// c-axis
2.0F a-plane FFA Sp-AIN W \ 414 ‘ 1 < [
A templates \ A i) s g 1) s [ a-plane
T =~ it SRR é 500 FFA Sp-AIN templates
£ 08} — S O [Xrayl/maxis)f __/ ______
2 osf (<) RMS 0.38 nm_(¢) RMS 0.89 nm g st eaxs)
® 04} ; ‘ - I
: : , -
0.2 : -
T
0.0 z
<

1250 1300 1350 1400 1450
ann Growth Temperature (°C)

Fig. 1 (3) T, dependence of RMS roughness and
1x1 pm APM® images of (b) a-plane FFA Sp-AlN, Fig. 2 T, dependence of (11-20)
homoepitaxial a-AIN films by HVPE at (c) 1250° C, AIN XR& FwHMs.

(d) 1350° C, and (e) 1450° C.

[ZE 3R] [1] H. Miyake et al., J. Cryst. Growth 456, 155 (2016). [2] Y. Ogawa et al., J. Appl. Phys. 135, 193106 (2024).
(RE] ABEZED —ERIZRHT#E(22H01970), NEDO iR A FEHUC AT 7248 = R /L B — B OBFJERR % - thx
FELEHET v 7T L) PERIC & 235 FHHEE R SERFRE) . BB OERIC L VT,
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16p-A21-6 HOSEI MBS RUFLAHAR BHTME (2024 KAV LEN2RBEAYT1Y)

AlGaN REBIFREFR UV-B L—FF 14— FOESR

Fabrication of AlGaN-based UV-B laser diodes with refractive-index waveguide structure
M) =EMAER !, HAER, IWWHER', BESE, LIIRK, FEFEES |, 2 ARHHE ',
AWUEL EAFRR, TAEHR, LLUE!, ZEH AN
VAWK -BLT,2=EHKR-fE- T
°) R. Miyake !, Y. Imoto !, R. Yamada!, T. Saito!, S. Maruyamal, S. Karino!, Y. Sasaki!,

S. Iwayama', M. Iwaya', T. Takeuchi', S. Kamiyama', H. Miyake?

Meijo Univ!, Mie Univ?

E-mail: 200443073@ccalumni.meijo-u.ac.jp

AT N—T TR LT @i AlGaN 7 > 7 L — b B2 UV-B 8K L —H(LD) &2 /Ef L
FR SV AEREFEB L TV D, 5T, @R UV-BLD OB O—ER & LT, FIFFE RS
(ZBT L %F ¥ U THEADZROM B L CIADRE O, NEBROEKRIC LY | BIEE Ln
DR A X > T\ D, BUEER In Z KRBT 2 —2DFE & LT, U v PEEEMESED X5 2 EiT
SPGB L BT MO iAo 2 K& <25 2 L TUV-BLD OERIEERFEH T
ETWD T L aiiE L[1], A TS SR 2 HE 2 P SR80 A i de L ORI R
D UV-BLD 2B U HFEPEORHME 24T T AL A LA BTV D D HREE L7,

Fig. 1 ITFR L 7T A ZDOEEZ RS, AR Tl(@)Z# T[] & [AEkD H1ETICP K74
Ty F 7L TMAH WiEEMWe T =y by F o 7 e lhG b e gl ksl O
(OYFIFE A A R U7z, AEBRE L7273 RIS « 7L ABRE) CORFEROREME A 37 L. SEM
g« TS (NFP) 281439 % 2 & CHEITRE G Ol 21T > 72, Fig.2 1287 /3 AD
Wi SEM 1436 KOV NFP Z27n g, RS-SRS G & bele U €. JE I SR8 I A IS TIOE M7 1)
WZPACIAD BN TS Z MR S, R RETREREENTER SN TND Z EAVRIREN
7oo —H T, HPOREITR LEEFTICEMDS R SN2, ZiUd, =y F 7 TIT7—%JEk
L7cZ EIZ R > THRAET HEET, MENDHEHN SNTERF LD EZEZ BN,

[1] S. Tanaka et al, Appl. Phys. Express 14, 094009 (2021)
HIEE « ABFFEDO—ERI%, BHFEr « JARAFSE A (22H00304), JST CREST(JPMJICR16N2), NEDO i
BF7E. 3 L OV IST A-STEP F24(JPMITR201D)DEENIC & » THEli S iz,

TirAwTrAu _— Ni/PtAn electrode —_____

THAWTI/AL
s L

—  2pAlGaN_ B
(75nm)

— o
= 1#pAIGaN

Guide (S0mm) | e G2mm) R o)

_— o VIALTIA
20W “EBLAIN < 20W clecirode
Guide (50nm) VIAUTI Au Guide (50nm) /
. clectrode Ve
— |
1-Aly ;Gag ;N (4000nm) n-Al,,Ga, N (4000nm)
u-Aly 65Gag ;>N (5000nm) u-Alg sGag 32N (5000nm) I { !
np-AIN(mic-1000mm) np-AIN(mie-1000nm) Il | |
SputtertMOVPE AIN Sputteri MOVPE AIN | b / el
C-Sapphire Substrate L | L L
ppl trat C-Sapphire Substrate 11 Distance [pm] 11 .43 Distance [pm] 11
(@) Refractive-index (b) Gain-waveguide (c) Refractive-index (d) Gain-waveguide
waveguide structure structure waveguide structure structure
Fig. 1 Schematic sample structure Fig.2 SEM images and NFPs
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16p-A21-7 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

n & AINAIGaN E#%FV 5 v FBZRAW= UV L—F 51 F— FigiE
UV laser diode structure using n-type AIN/AlGaN superlattice cladding layer
BAREFEERE (B NTT MiERl 2 ERH R
Olim —%. #H X TR —17. BE —% AR FF
NTT Basic Research Labs. NTT Corp.,
©Kazuaki Ebata, Kouta Tateno, Kazuyuki Hirama, Kazuhide Kumakura, and Yoshitaka Taniyasu

E-mail: kazuaki.ebata@ntt.com

[IZUBIZ] 4. FIEKRE 300nm UL RO AlGaN % UV L—H# ¥ 1 4 — R (LD)DEIERHE Sh
T2 52, AlGaN & LD ® n 7 Z v REOFEF T2 KT 5 7291 i%@}ﬁﬂ%mi‘ﬁf?ﬁf‘%é
D3, JE SIS REEIZ X - THIFR X315, AIN ZEM_E D AlGaN & LD Tid, #& 1% 5 < 72912 70%
O AlFRZFF> n B AlGaN 7 7 v RIEOE XX 400 nm FEEIZRFF SN TWD D, SEFH A :t AIN £
WEICY 22— REALT v 7R SEEE 1.5 pm @ Si F—7" AIN/Alys:Gag 3N Hk+27 7 v Rg %
7z LD & % fet L7z,

[=B 5] LD #i#iE MOVPE 14 HW T AIN (00010 FIcAiE L=, LD &, Si h—7
AIN/Alos3Gao 7N #k+ 27 7 > RJE(1.5 ym), 7 > F—7 Alys:GaoasN Yo A K@, AlGaN % & &+
. 72 F—=7" Alops:GaoasN e A NJg, 2Rk Li=7 v F—7#fERt AlGaN 7 7 v~ RfE, Mg F—

THAER AlGaN 7 7 v KJg, Mg K—7" GaN a2 % 7 N bikb, Si K—7 AIN/AlygGagsN
K1) ALFHRRITH 72% Th 5, IR D 72912, Si R—7 AIN/Alys:GaoyN B - ORH Y IZ Si K
—7 Alg7GagsN {Efh (350 nm)% n 2 Z » REIZH W= LD #d&E HERL L 7=,

[ R] LRI HFRE(-1-124)D X ik T~ > E 2 725, LD & O 1.5 ym O
Si F—7 AIN/Alps3Gap 37N B IX AINFER FICs 2 — FEALT 4 v ZELTWD Z & 2B Lz,
WiZn B2 Z v RO IRPLE F5 72912, LD & I8V T Si K —7" AIN/Al6:Gag 37N H#% 1
& Si F—7 Alg7GagsN IRk D IV Rtk 2 B FE 10 um O CTLM /3% — > % W CHIE L7253 % X

2 1R T, LD HEFER T o AW T T Ay F U T OX A =280 LV Rk i;llf%%ﬂﬁ;é’u Z
725 TN D03, 50 mA Hi&@ﬁ@%%ﬂ’m EHI D ESEHE R b -7 & 2 A, BK+T22Q, RS T
62 Q CTholo, A= LRRIEIZ LY PFST|PUERIIME & BIZFEBRICK 0.03 Q em Th o722 &
5, BEIWKHLOEVNIEIIL Y T v HE@H%J_ karEEBZONG, U EnDS, BHETEZHNDZ & TR
mEDBENNMT Ty N@asa— RELT 4 v VESED I EBRHKLT20, B THiEIL LD
DOEINEIOEICHE L TH D, Z OB+ %2V LD D EL A7 FLa | Kk OV AERE
AT T 19.3kA/em? DEGEEE F CRIE L7/ R 2 X 3 1R, M i A SR CIIfE o e 13 a
WAZHIIN L, F72, 289.1 nm IZHLWE— 7 BB, FFEMHOBREEZ REL TnDd & Bbihb,

[1]1 Z. Zhang et al., Appl. Phys. Express. 12, 124003 (2019). [2] K. Sato et al., Appl. Phys. Express.13, 031004 (2020).

28_9.1‘ nm
40t 1
_ 20 1 0
< 5
E 5
©-20¢ /A1GaN SLg| | z (193 kvom?)
aN al loy
40 N
| | | | | -‘6 ‘ -Ll - 2 “1 é
-0.66 -0.65 -0.64 -0.63 -0.62 -0.61 Voltage (V)
qy (r-l.u) L 50 mA|
Fig. 1: XRD reciprocal space mapping Fig. 2: I-V curves of CTLM pattern 200 Zsevavmen;.ﬂo(nm) %0 0
for (-1 -12 4) asymmetric reflection of  fabricated on plasma-etched Si-doped  Fig, 3: EL spectra of UV LD structure
UV LD structure with Si-doped AIN/Alo.63Gao37N SLs and AlosGaosN  under pulsed current injection (pulse
AIN/Alo.63Gao37N SLs. alloy at electrode spacing of 10 pm. width of 50 ns and duty ratio of 0.01 %).
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16p-A21-8 H85M MRS AKELIHRS HRTHE (2024 KR AV LEN2RIBEAYSAY)

TNE « MBUKIZ & 5 EARFBESLANT &2 AV UV-B L — P — & 1 F— FO/ER

Fabrication of vertical UV-B laser diodes using a substrate exfoliation technique
with pressurized and heated water

Ok 2 AR, FAEA, IWEER ', BHGE |, ZEMAN !, LLEK !, FEFEE!
AHIUE L AARE Y, frAEh !, EIUE !, ZEFAN?

AWK -BT2=ZHK Bt T
Y. Sasaki', Y. Imoto!, R. Yamada!, T. Saito!, R. Miyake!, S. Maruyam!, S. Karino'
S. Iwayamal, M. Iwayal, S. Kamiyama!, T. Takeuchi!, H. Miyake?
'Meijo University, 2Mie University,
Email: 200443036@ccmailg.meijo-u.ac.jp

RIN—T T, 7 74 T HER A L AIN BT — 1 AlGaN % 3 RooilE S5 2 &
THAREFT L 72 AlGaN (2T, UV-B L —H—# A 4 — RLD)D =R IV ARBIREZWE Uiz, 5.
UV-B LD O T EBERMFERE TH D, £DOEIITIL, FEFIH A X2 RE LTHERY
BJ—IZHEATE D 2 &0 RAF e VR E DS IR SN D UV-BLD OEBNEE TH 5, A
TiE, I - BRI X 2 FEMHIBERAT 2 O 2 HER UV-BLD 2 ERL L | =R L A F8 IR & fEs
L7zDTEDRERIZONWTHET 5,

AREERTIE, BRI S A 1 O LD IZB W CRIMEEIR B E D 42 kKA/em* T L — W —3 T 5
¥ = ~n—% HW T Fig 1 IR iR UV-BLD OfER AT o7, fERIFIAIT, p BMRA 7S L, ik
JE@ &R L. AuSn $2E &AW T T = — & Ll AIN BERGA O SCRFIIRIC A 25 LTz, £ 0
% ME - MBVKZ W TH 7 7 A 7 R OFEE ATV CMP BFEEIZ LV n-AlGaN J& & #5 H <,
ICP = v F > 7 CAVIEEL, n BMOAE., BRI LV RO EIT o7z, T35 AF, =
I OV ABRENCH T & AT RV ERT — 2 — & — L @il R RRRED /)y et & AV CHIE LT,

Fig. 2 33 LWV Fig.3 12 J-V-L Fpthds L O A Y MLV OERE EKAF %% 7~9, A UV-BLD ®
F =A%, HIEEE 700 pm, p FBEIE 3 um O HL O TH D, J-V-L FitE 5 BIEEREE 23 kA/em?
T AR BVING BRI/ S ERE O Y 7 b SRR S U UV-B LD OFEIRZ fesd L=,

30 45 3500
n-Aly ¢, Gay 33N RTPulse _--"7 {4 —19kAem® BT Pulse
— 25 | i 3000 '
guide u-Aly ;sGagssN Gy, @ 4 35 b 25kA/cm
20W g ' g o500 |
guide u-Aly 5Gag <N EZO -, 13 ES —31kA/cm
EBL u-Al, ,Ga, N > K 1 25% 8'2000 o
10 u-Alyg_g6Gag,_q4N % 15 i * 2 8 ‘E'
27 p-Aly s oGagy N % 3 51500 I
nelia ST 1 3°2 Biooo |
ALO3 p-ele i 11 58
Ti/Pt 5 1 053 E s00
- ° 0 ‘0 26 3‘0 0 ° ° ‘
1 4 298 00 3 304
Support substrate Current [kA/cm?] V@avelength %m]
Fig. 1 Device structure Fig. 2 J-V-L characteristics Fig. 3 Emission spectra

AREAMIED —H0 1L, FHIFE - JARHFSE A(No. 22H00304). NEDO HEHF52, JST -+ A-step F3E
(JPMJTR201D) O XV Fha L7,
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MEMEKIC & 597 7 4 7 HAR DO REESAN % F V> 7= Thin Film LED OES
Fabrication of thin film LEDs using sapphire substrate exfoliation technique by
pressurized heated water
OFFEFREE |, HAERL L, IWHER !, BWERE L, ZFBMARER L, 4 REEE !, AIRK !
SILEL ZEFAL TAEHR, LILE L, SA8FE!?

LK - BT L=EAS - b1 2
OS. Karino', Y. Imoto’, R. Yamada', T. Saito', R. Miyake!, Y. Sasaki!, S. Maruyama'

S. Iwayama', H. Miyake?, T. Takeuchi!, S. Kamiyama', M. Iwaya!

Meijo Univ!, Mie Univ?

E-mail: 243428016(@ccmailg.meijo-u.ac.jp
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AlGaN % UV-BLD 25T 5RIBLEATOEAFEEZER L1=7/31 R1E6E
Device performance with sharp heterojunction interface applied in AlGaN-based UV-B LDs
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ERLL . =ilds K OVLV ZBRE) R T J-V-L FptE 23l L7z, £ ORR. LS WEERBEEL 15
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Electron Beam-Excited Light Source Emitting at 230 nm Using AlIGaN/AIN Multiple Quantum Wells
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Fig. 1 Schematic image of sample Fig. 2 CL spectra of 5S0MQWs structures
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ISy arUEEMEERV:=UW-C LED (2H 1+ 5hRHALEORE
Observation of medium- and long-term degradation in UV-C LEDs
using emission microscope
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B RF—TBEAIZ& % 230nm 7 AlGaN far-UVC LED 4¥itsE
Improvement of 230nm AlGaN far-UVC LED with polarization doping layer
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Revisiting the Growth Temperature Dependence of n-AlGaN Buffer Layer

and Quantum-Well in (228-230 nm)-Band far-UVC LEDs
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United Nations reported that 700-000 patients worldwide die every year from an infection with
multidrug-resistant organisms (MROs) [1]. Aluminum gallium nitride-based (228-230 nm)-band far-
ultraviolet-C (far-UVC) light sources can safely be used as a germicidal application in both manned as
well as in unmanned environments including space station against these MROs including severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), Influenza, Salmonella, E. Coli, bedbugs, mold and
other germs [1]. Previously, the far-UVC LED with emission power of 1.8 mW and the external quantum
efficiency (EQE) of 0.32% at peak wavelength of 228 nm on wafer was reported, however the n-AlGaN
buffer layer (BL) was not optimized in the context of relaxation ratio [1]. Because the low relaxation
ratio underneath the multi quantium-well (MQWs) is critical for the suppression of transvers magnetic
(TM)-mode as well as for promoting the transverse electric (TE)-mode emission (along c-axis), shown
in Fig. 1(a). Previously, the influence of growth temperature on MQWs in the context of I-V
characteristic was not studied. Herein, the growth temperature dependent relaxation ratio and variation
of Al-composition in the n-AlGaN BL and electrical properties of (228 - 230 nm)-band far-UVC LED
grown on c-Sapphire are investigated. As a result the relaxation ratio in the n-AlGaN BL was
successfully reduced from 41.6% to 20%, and the Al-composition was also varied from 85% to 87%,
shown in Fig.1(b). Quite high electron concentration as well as low resistivity in n-AlGaN electron
injection layer (EIL) was realized. As a result, the light power and EQE were significantly improved to
2.4 mW and 0.40% under pulse-operation and to 1.75 mW and 0.35% under CW-operation (RT) at
emission wavelength of 230 nm on bar-wafer. The operating voltage was also reduced from 28 V to 24
V in 230 nm far-UVC LED. We also found that the growth of n-AlGaN BL at 1060-1180°C is
advantageous in term of electrical properties but not good option for the optical light polarization (TE-
mode and TM-mode). Because the relaxation ratio was enhanced from 20% to 41.6% as a function of
the growth temperature, which directly influence the TE-mode emission and detriorated the light

extraction.
(a) Laser Beam Spectrometer  (b)
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Fig. 1(a) Schematic diagram of the experimental setup for polarized PL measurement and (b). Growth
Temperature dependent relaxation ratio and Al-composition in the n-AlGaN buffer layer of 228-
230nm)-Band far-UVC LED.
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Ny TZrR@EREIEk, /707 b— FER
REEICE Y, ERE InGaN BB a2 A7 5
InGaN/GaN NC # & & {E# U 7=, Fig. 1 1Z/ER L 72 NC
® BFSTEM 14, Fig.2 (X={E PL A7 ML TH D,
R EAZ &> T AIN OFEIZELIZ R S /e, MEE-
AN REIL, A%y & AIN OFFOIRE Mm% Ga ik
PEICHT Z, fhEmtEZ m B S5, InGaN g Tl
IREEFEN7>D 132nm DIEFETH - T, NERERNT
DAL TV, 72, 5 In ALK InGaN D JEi0 %
K In #1A% InGaN 2348 5 . 2 7 v = /Ui H CIE Ak
MNZE BT, O EIZ InGaN/GaN SL & v v 7' J& .
AlGaN EBL J&. p-GaN:Mg % flfE &+, pn #4H
InGaN/GaNNC LED % {E#{ L 7=, Fig.3 |Z EL A7
ML & EL BB E RS, o7 EL e — 273
Rl 585 nm Th o7z, FHMITY Hikim T 2.
2E 3CHR : [1] K. Yamano et al., Appl. Phys. Lett. 112,
091105 (2018). [2] K. Hoshino ef al., Phys. Status Solidi
b, 2400064 (2024). BEE : AWFFEO—EIL, 22k
P O SR A= T T T,

13-036

In,Gay N

[ Xul%]
14

37.3
39.3
30.2
146
16.0

m-plane

Fig. 1 BF STEM images of InGaN/GaN NC
arrays on Si(111) substrates grown via

nanotemplate SAG and EDX analysis of the
In compositional distribution of the bulk
InGaN active layer

A=662 nm —__
3
S+ 4
z
)
e
8
£ L FWHM=54.9 nm .
P
o
400 500 600 700 800

Wavelength (nm)
Fig. 2 RT-PL spectrum of the InGaN/GaN
NC arrays excited by 405 nm lasers
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Fig. 3 EL spectrum of the InGaN/GaN NC
LED and emission image at 600 A/cm?
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17a-C42-2 BRSE S AMELAKELITHES BETFHE (2024 KEAYLEN2RIBEFVTAY)

n-GaN /74X M) MOVPE LR DREEBRLSIUVRESHRDER
Reduction of abnormal single crystals and abnormal polycrystals during MOVPE
growth of n-GaN nanowires
OFRKES, hNIE" ARBAXE' BEBHL" TREHL' S4FRE' LLUF'
(1. &AEKE)
ONaoto Fukami', Aoi Nakagawa', Kosei Kubota', Yuta Hattori',
Tetsuya Takeuuchi', Motoaki Iwaya!, Satoshi Kamiyama!
(1. Meijo Univ.)
*E-mail:243428039@ccmailg.meijo-u.ac.jp

ZLwic] A7 v— 713, BV EZEHEAL—FOEREZHEL T3, =72l
EBUCIEF 7 T A Y O PERER S & JE O S HIE ., BERR oM oME2: 5 Y. n-GaN
J T A YRR EE AR, BRESHMASEL 5 3% RO E 2 ofiflaikd o
. AREPECIT R RS, BES SO IH IS 2 BET 21T - 7,

(FBA L] AMFECTEF /ATy I YT 7 4 ML K> TR 400 nm, v F
1.2 ym, GaN @ m#i5[iCT 74 2 v F LEZIESET D SiO, % — v %{EH L MOVPE i X
Y n-GaN +/ 74 ¥ % Fig. 1 ® X5 CHE 872, WKESME V/IL 19, BERHHE 185

ec, SiHs 2.8%X10° mol/min THEE L. TMG (1.8%X10% & 2.4X10* mol/min) & i Ei&E
F£(1175~1190 °C) %Z{b T & % DR 2 i~ 72, R L 7250RHE PR SEM % Hl v C#l
I BT LIT ko CRHMiL 72,

[S25af5 3] Fig. 2(a) 3 X (b)) IT/FHL L 7230kt Pl SEM %R d, 22Tk, (AictH /7
A¥ LE CHTM 2R 2 b D% BE G, (DIC—EDMTL 2R 7272w d D2 BE LT L
ERL TZoRFHIZRT, Fig.3()BLTDb)Ici, ZNZENSEMICX > CTRED o - RES
fime L CHEEROZEEONRREKEEZRL, b2 TEL2Z TMG MEOT— X3 71
v b L7z, MINDIEODENRKED o708, BonfRoME L LCTid, BEHEEGROHEIL
RRIREZ R I 2 2 ik o TIRET A R S e, 2 DEEIX, 1185°CTH)
100 e 2 FREL £ IR & L7z, — 77T, TMG fibfG 2 1B L CIEBARE KR IR S e 2 o
Too 7o, BELRICE L Tld, BRIREL IS U CHIME R KR IXERR S s o 7225, TMG
{%g%ﬁﬁ#%:an;ofzmmﬂﬁﬁ@ﬁﬁifﬁﬁﬁécaﬁfgécaﬁﬁi
770 BETHL—HFDT N4 ZF A P 1.2X10% et FRJE R DT, T34 AT B B

HHMAEEINRVETHEL —FRERTE 2L CRET 2 C &uﬁ%tto
[#thE] AfFFEo—#kid JST-A-STEP (JPMJTR201D), NEDO JGEAFE. I X ORFAWT I & il
BB FEARRTSE A (22H00304) DI X Y EfiL 72,

© 1.80E-04
X 2.40E-04

,,,,,,,,,,, ! l

s me uss 1
i Il . Temperaturel“C]
b) Abnormal polycrystals
1.2 um (a) Abnormal single crysta\s (bi Abnorna\ po\ycrysta\s (a) Abnormal Smgle crystals ® polycry

Fig. 1 Sample Fig. 2 Abnormal single Fig. 3 Density of abnormal single
structure Crystals(a) and polycrystals(b)  crystals(a) and polycrystals(b) crystals

crystals[cn?]
3

ormal single

8
Density of abnormal polycrystalscm 2]

- ¥ 88888 8 B

Density of abnormal

-
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17a-C42-3 HRSEBANBEAUSLMBES BEFHE (2024 KEAVLEN2RBEAFV 1Y)

101)7 7 v F ZF T3 GalnN £F/ 27 AL MQW DRt
Investigation of MQW grown on GaIlnN nanocolumns with (1011) facets

TBEK !, EEKRF /7272 BEEKETS o(M2) &l BX ', Il JLiE!
o gAY, B RE, AH #', E8 3E», BF wE»
Kogakuin Univ. !, Sophia nanotech. 2, Sophia Univ.?3
°(M2) Ryuta Shindo!, Hiromi Akagawa', Tomohiro Yamaguchi',
Takeyoshi Onuma’, Tohru Honda!, Rie Togashi>3, Katsumi Kishino?,
E-mail: cm23040@ns.kogakuin.ac.jp

IFC®IC GalnN/GaNHAIELH T 2 F LT EBERAL 7 4 Vv 2 ) v 7B AR, BEFIEIE O SN
25 BN EEBCoOREHRR ESFEINTHE. 72, FHiMEE L GanN £ EE A
(MQW)HE & &~ v ic 1) 2 EAHHIZ GalnN % Fl 72 @5k LED ICHTH 5.
T, PRI GaInN/AIGaN (MQW) % FH W 72 78 64%:2.2 um @5/ 227 4 LED T On-wafer 4}
B FAIFE(EQE):2.1% 2 i L 72[1]. & bic, EAH#E% HY & L Q01 1) GalnN 7/
a5 L%y 7 7 F~® GalnN/GalnN MQW JEE IO WTHRE L 72[2]. 2 2 TIZEMIER GalnN F
/27 LNy 7 78 RIC GalnN/GalnN MQW &z R L, 2O TEEZI I+ T7 + P 3
I v v APLFEFHED i 21T 5 72.

EBRR R AL TIX RF-MBE %% T GaN/¥ 7
7ATEMWREIC n-GaN F/ a7 L% EE¥, 20 ki
RF AJ1-¥7 — % 400W 2> 5 300W ICZ{L 27235 (1011)
MaZLby 7%FT5n-GanNF/ 27 L3y 7 7fE%
EL7Z. 2o kicl,3,5 <7 ® GalnN/GalnN MQW %
R340 <7:H—-21H7, SQW).

Fig. 1 ICH VT, (a)lx n-GalnN /a7 LNy 7 7JE,
O)~(d)iFZzNZFI 1,3, 52T D GalnN/GalnN MQW D E5 il
SEM % CTH 2. ZOBEM SEM R X 0, ~T7HEZ( X ¢ Fig. 1 Bird’s-eye view SEM images of
THAOIDES 7 4 by FARDHER S 0, s/ 3 o M B e
TLBEELTWSEZ EHoh 5. Fig. 2 ICE R PL FE A (c) and 5pairs MQW (d).

R MAERLE., XTEEHENEE 2 L L HIC, FH
FEEDE L, R REMICS 7 LT, 527 MQW
DR — 7 PHE1F 668 nm & 72 o 72, 600 nm KK TIE
WHCIEEREE & BT GalnN FCHRE T 208 I T
T5%. 2ZThD PL BEE LA I_THOMEMC X Y%
KAz o ik sdboeEZ2ZONS. £/, & In
MBHFEEZREET 2 & &I AR RES N, F
e =7 FRORES 7 PRI 72,5 27 MQW D R ]
~ 2 PG 62 nm T, WA ZBESBETH S, M e e 00 750 s00. 850

| pum

S S
N, |

668 nm | ——SQW 1
| —MQW (3pairs)
— QW (Spairs)

Normalized PL Intensity (a.u.)

Hix MQW R Ol % &&am L, JRta LED FfPEiconwT Wavelength (nm)
bR 3. Fig. 2 PL spectra of GaInN/GalnN

SWQ and 3pairs, 5pairs MOW.
SE
[1] K. Kishino et al., Appl. Phys. Express 17, 014004 (2024).
[2] H. Akagawa et al., 20th International Conference on Crystal Growth and Epitaxy, Italy (2023).
B AR o—HRIZ, BHFE - B0 #24K08271) DM % % TiThb 7z,
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17a-C42-4 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

FE GalnN REFHOLPEHERMLDE=HD n-GalnNF/ ES I v FD
In #RX 9 —1LIZ B89 S8R5t
Investigation of compositional uniformity in n-GalnN nanopyramids for improvement
of optical property of red GalnN-based multi-quantum-shells
Lo R, 2. MRS OO0 JIEE ! Weifang Lu®, (ML) ZEKESE L (M2) ARESHIIK '
M2) PR Y B T AR
1.Meijo Univ., 2.Xiamen Univ. ©Aoi Nakagawa', Weifang Lu2, Naoto Fukami', Yuta Hattori!,
Kosei Kubota!, Satoshi Kamiyama', Tetsuya Takeuchi!, Motoaki Iwaya'
Email: 24342803 1@ccalumni.meijo-u.ac.jp

[lET®IZ] AW V—7"Tik, GalnN &1 (MQS) % MW\ 7=(1-101)iH 23 KB R AT/ v 5
Ty MEEICED, BTy FOn g% GalnN ICT 5 2 & TEAROREIEE AL T\ 5, GalnN
RESE DTN DH Z & T, JEMEDORIKIC LD @R TCREERENIHFTE S, LML, n-
GaN NW % H W7o fEk OIS TIX(1-101)N T In OFREE S 34 T TV [1], AfRETiX. n-GalnN
D In DFJ—AbZ ATz,

[EBRFER I ORR] AFEBRTIE GaN 7> 7 L — b EIZ Si0, ZBFE 30nm A8y & L, /A 7
U > hC320nm OF— /&R E HWT, 2 OGO 7V EER LT, Figl TR74%
X, FFAERFIZ n-GaN NW Z JRJE 50 nm %% Z n-GalnN # fdb il S 72, Fig2 TRIAEEIE,
FAEREIZ n-GaN NW % i S #3712 n-GalnN # BEHERE S W72, Z OB, n-GalnN ORE, J£77,
WEIXRISRMETIT o7z, 7272 L. n-GaNNW E L O3 Tl n-GaNNW Y Ol & 5 7 O R I
M2 1.5 f51C L7e, g LU PRrE ORIl & LT SEM #5828 LN (1-10)f o i & FHEIC
BWTCLHPEEIT, ZNENOH I VEiE LTz, £/, CLHEDE— 7 EN 5 Vegard HIlIC
FoT. A=A I NTFXA—=F—% 1eV & L In K ZF M L7z, Fig.3 ® SEM /55, n-GaNNW &
D ORETIE ¢ HOBEHNA LIV, (1-10DHEIX B E THTa R A MBELTND Z ERgho
7o F72. n-GaN NW 2 L D[R Tid c mOEHB D70 <0 BRERMARWS m mA#gEH L Tk b6
BTy BIRICEKE L TWD Z 235> 7=, Fig.4 D CL A7 kLB, n-GaN NW H 0 D4
FERETEHTESL S S 470 nm (In 1AL 22 %) & 560 nm (In 4R 37 %) DX T NLE—2 Thoiz,
—77 n-GaN NW M L D355 HERIE AV In /L3S < BT 580 nm (In AR 40 %), FH#IT
575 nm (In AR 39 %) DT 7N E—7 BRI, In OMAEE D TR KRIBITIRB SN D Z &0
o7z, n-GaNNW L Ok Tid, THE & 137+ REEG TH DA, n-GalnN DA TE T I v R
R E AL D 72 In O D R KRIBIEB S N & B 2 bivd, 16> T n-GaNNW HE L DR Ti,
LV @R EAFCBHGFTE D,

(235 3CR] [11SREAH, 55 83 [RGB - K Z PR = SR AR SRS 5 21p-B201-7

—with n-GaN NW top

—with n-GaN NW bottom
A ~without n-GaN NW top
/ ~without n-GaN NW bottom

top

§ 8 8 8 & ¢

n-GalnN oL H
n-GalnN mamEl _Soon B
n-GaN
sio,mask VTV [sio:mesk | [ |€ ¢
n-GaN on c-sapphire n-GaN on c-sapphire el -ion- 5t

Fig.1 with NW structure Fig.2 without NW structure Fig.3 SEM images Fig.4 CL spectra
[3%E] ABF%2 D —Eb 1% JIST-CREST(No. 16815710), JST-A-STEP (JPMITR201D). NEDO JEi#RF42, 35 K OVEHFHF
TeR BN FARIFZE A (22H00304) OIEBHIC £ v Effi L 7=,

© 2024%F [CRAYEER 13-039 15.4



17a-C42-5 HRSEBANBEAUSLMBES BEFHE (2024 KEAVLEN2RBEAFV 1Y)

Ripndr /27 bV A X% b0 InGaN/GaN F/ =27 A DOSREIERE L
Microintegration of InGaN/GaN nanocolumns with varying nanocolumn sizes
BEEX, LEXEIT? I¥KkK? LEXF/T75¢
Toyohash Tech?, Sophia Univ.2, Kogakuin Univ.?, Sophia Nanotech Center*
SRR L, BREMIK 2, EMEKRS IUREERS, BRREAL BEEE BRERD
°H. Katagiri!, K. Hoshino?, R. Shindo?, T. Yamaguchi®, H. Sekiguchi?, R. Togashi?*, K. Kishino?*
E-mail: katagiri.hayato.gg@tut.ac.jp, sekiguchi@ee.tut.ac.jp

T, A~— KNI TAREBBIEDT 4 A7 LA iRz b L TR h, EHR LK
THERZ@A L MR (BAHE) ZMICL2BHECILRICL > T, =2—VHTlEREZ L
BT 500870277y F 74 —20AIHEARD SN TNWDE, TZTIEIOX D @Bk
FAATVAICRHAFREREMEINT-~A 71 LED T3 ANKIE L7210, lem AOHIZ
AK G % RGB TEBT 272128 um L~ULTD RGB E / U v 7 E£EHIF OB K o
bD, AWFFETIE, T/ aTsHP A X2k ->T RGB ERARER T/ 2T AfEEICHER L,
B DEEZ S OT /) 3T LOWMRERLEANIC OV TR L 72O THRET 5,

BT Ti v~ A7 BREEEAIEAL, BB % 62 InGaN/GaN 7+ =27 A O
ERCICERY AT, Fig. 1 IT/ERL=F 0 27 20ofdEX%Z2/RT, GaN 7> 7 L— |k kiZ
Ti A F 0 C 5nm HERERL, BIAMEEEERS L ORI A =y F U Rk, B ERE
250 nm (& 350 nm), 110 nm (A 150 nm) , 75nm (&7 100 nm) D = A REF-ELFI DT ) m—
NRB— o BERLLT=, RF-MBE #E12 K Y n-GaN 7/ 227 A %% EiEE 1180°C~1190°C T 60
SyMRE L7=1%, InGaN 7~/ =27 4% 910°C T 9 MRk E L=, Bl SEM G a2@is L= L =
A, Fig. 2@ -3 & 912, HARIZIE A7Zm & 780-930 nm D Hi72 5 EA % ¢ -2 InGaN F/
a7 APERIEN TR RIS SN, T/ a7 AERIIAR—AERIDDTNCRKREL R,
ZAZr 85nm, 130nm, 261nm Th 7o, WMMBABIELIZE 2 A, EREDEWIZ L > TH
SRk, ek, HEASEET DR ABIE S 2 (Fig. 2(b)). Fig. 3 ICERHEETOE
W7+ IRy BUVAPLANY MVERT, E— 27 EITEZ4 510nm, 570nm,
620nm TH Y, DT DL um ORHITEIK CRR DB NAEAEETEH I L ARBL TN D,
BEE . AR O I, MAREHEINRELM F O 3R A2 =TT,

0.3

—D85nm
D130nm
D261nm

InGaN GaN nanocolumn

M
GaN

(0001)Sapphire

0.2

Intensity (a.u)

300 400 500 600 700 800
Wavelength

Fig. 1 Structural diagram of Fig.2 (a) Bird’s eye view SEM image Fig.3 PL spectra of InGaN/GaN
InGaN/GaN nanocolumns with and (b) Fluorescence image using a Hg nanocolumns with varying diameters
different column diameter lamp of InGaN/GaN nanocolumns with

varying diameters.
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AlIGaN +/ 94 ¥ 7 LA B O+ b=v I BRICEITHE Q EILD#RET
Research on AlGaN nanowire array photonic crystal for high Q factor
BAEEEFEAIIT NTT MtER P REBBRAR
NTTF/ 24 F=HREVH LNITAS a4y —3 3 VRS ERTER®
BE VKX, EA MAVL EAK F, Im —R,
EM OBRLXKE BE’, FM 17 BE —X AR FF'
NTT Basic Research Labs.', NTT Nanophotonics Center?,
NTT Communication Science Labs.’, NTT Corporation

°K. Tateno %, M. Takiguchi %, S. Sasaki', K. Ebata’,

Y. K. Wakabayashi', T. Otsuka®, K. Hirama', K. Kumakura', Y. Taniyasu'

E-mail: kouta.tateno@ntt.com

74 b=y ZFEEIC K DU A TR, @RERONT AN AR E D, AIN0001) R IZ =

b — L MR L7z AlGaN #7BFCid ALK 0.7 BL B2 HAEF-# O Z(ITER LT TM @6

(B FAR TR M5 L CHRE D) BEAIZ D, JIEI[1], TM RSB W TR LA B3 AT fEZR
FIUAXYTLARIT 4 =y 7R L —VFOREZITV, 2 —Ta 00k D a7 o AL
0.8 1124 T 700 kA/em2 2 E DBIME A WE L7z, 3D DI 2 b — g U TELN QEIE 530 LKL,
Q EZ LiF TR A T 57T E R OEEDORHBLETH L, A, @ Q LD 7=dITHIED
LA ED - FEREHRET D,

X 1(a) TRTLIRT 4 b=y 7iERmEREEEIZBWNT, 3D TOa 7O ALK 0.8 £7ed LD
IZ AlGaN DOJEF R Z G E L, 240 nm IO BNT Q EHIEEZ1T-o7-, 22 TH/UA Lk
SNFFEE SIO, THWIAENTERY, z HFida7E 77y N, Ni BRE2ATHETHD, XoT—

REFEIL COMSOL % vz, HiEIO#HmEDEY | HRICHEDE T A X 22 ¥ 2 HIETIE Q E
1% 2D T 6800, 3D T530 CH-o7z, AEl, T/ U1 YOKTHIR, 8. TROSNAEOY A Xk
Wkd 52 L2k v, FALE—K/Z—2T QfiiiX 2D T 17000, 3D T 1900 |[ZHEMNT 25 Z E N TE
7o EFEETIMET A AERLOEEM: 2 %8 LT SiO HDIAZ L LT X208, &JREARIT 5 et
DI Si0; HDIAI LT 25 2 & TN air L7220 BITEREEZRELTDHIENTED, 20Xk
R IZ DOV T air KD T/ T A ¥ OPRELEL z’(;ﬁr%btk A 1(b) 1R T XS 2D OFHET
QMEMN 10 HLUA LD EWENGSND Z EnNbhotz, [1] 8%, ISMETH#IES, 2024, 22a-21C-2.

(a) I I I (b) Red: AlGaN Normarized electric field intensity
\ 1| A 100

2 | M so

[@ [ |7

2D

4 | Clad | 410

Green: SiO, Blue: Air
400000 255

4 250

300000
4245

200000 - 4240

Q factor
A (nm)

4235
100000 -
4230

225
I6 I8 20 22 24 26 28 30 32
r_a(nm)

Fig. 1 (a) 2D and 3D device models used in calculations. (b) A 2D device structure having air-enclosed nanowires
and the graph of Q factor and wavelength of the eigenmode (upper-right image) depending on the radius (r_a) of

the nanowire in the air-enclosed region.
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17a-C42-7 BRSE S AMELAKELITHES BETFHE (2024 KEAYLEN2RIBEFVTAY)

7 AR ML Eu#iM GaN a7 =)V F ) U A ¥ D
FIR OMVPE ik & LR MR
Formation and optical characteristics of GaN:Eu/GaN core-shell nanowires
with high aspect ratio grown by organometallic vapor phase epitaxy
BrABEL !, BRK QIQB?, FRAEBFEEEI L& —3, BRAINSDY, FRABEHEMRET S

OFH &, B Y, PHBAE, 5 LR, WIHEEY, FE &Y FH BBS, R B!
Grad. Sch. Eng.!, QIQB?, Research Center for UHVEM?, INSD*, Grad. Sch. Eng. Sci.’, Osaka Univ.
CR. Yoshida, J. Tatebayashil’ 2 R. Hada!, N. Sakabe!, S. Ichikawa 3, Y. Nakajima®, M. Ashida’, Y. Fujiwara!
E-mail: ryo.voshida@mat.eng.osaka-u.ac.jp

[1ZC®iz] A~ —MEEFEBU TR IR T AR T VA LT B/ N T Y =7 2 0OfE e
T ARATVAE I AI0(FT NTAART VA | EBRA~OH S ERZ DN @ ESTND, Fox DT —T1E,
%4 B XA =B Z % L+ /L (Organo Metallic Vapor Phase Epitaxy: OMVPE)IEIZ IV A Lt THD
Eu Z¥RMNL72 GaN (GaN:Eu)Z 151 12 L7-JR 58 4 A 4 — R (Light Emitting Diode: LED)D{ERLIZ
FREILTRI[1], ZN AR EIECEITHNZR— Mt LT 3 JREFEHEIRL THD[2], SHIT, &K
T AAT VA EBUZ WS B AV A Re kBN TE DT /T A (Nanowire: NW)IZVEH L,
GaN:Eu 7~/ U A ¥ LED ORISR0, Bk 4 2250 R TO Eu FELOBANIHREI L TW5([3,4], 4 H
GaN:Eu 7/ U A ¥ LED O ¥ 72 % mErefbiciid, @7 A7 b GaN:Ew/GaN =27 > = L)/
UA Y DORREREAM & ZOFEMRET: - SRR L 72O Tz ®mE T 2,

(3285 1R] AWFFECIE, (0001) 7 7 A7 HA EIZ n-GaN Rk E# ., =AM IRICEE L7- Si0, [
v AT — A RENZ LV LTz, £ D%, 3R OMVPE {£I2XY n-GaN =27, GaN:Eu /&

DNEIZF R EZI TV, AR - PAM S (Scanning Electron Microscope: SEM)IZ X DA% 11 £235 L OVH
1;’%5{721‘]\/1/ & A(Photoluminescence: PL)HIE (He-Cd L —)  &5\Z 2 U780 ) /U AY
(WA T L, 7 —R /LI Ryt A(Cathodoluminescence: CL)HIE 2L F R ATT 7=,

[EBBRAER] Fig. 1)BLUOIZA EIERLLT- n-GaN =27 ) /U A& GaN:Eu /U AY D SEM #4%
79, KD GaN:Eu 7 /U A-¥ LED[4] Tl (e )& H(m H)Z351F DT E ORI /341 53
HELTWDTD  FrIT DR —1EADRERERSND, £ZT, Si WINZELT o F Y —T77 72 MR
[S1ZFIHL. EE 2.1 pm ERERICHL TR 4 (50 @ T AU M2 n-GaN =27 /U AY (Fig. 1(a))%
Rz, RIZENEZaT LU T, BRE AREN SRR /e o =/ GaN:Eu JE O EZE H L, (KR
EEIToT2EZA, Fig. 1O T IR A AN EMEES 72 GaN:Eu %/U%W%%Wio
Fig. 1A EERIL7Z GaN:Eu 7 /UA YRR DY 7% ik LTz, 10K (2815 PL A~/ kL
R, ZNETOWEB1LVaT V= VRICKE LT /DA P28 T OMVPET OFEEIG A<
RAHZENHIBALTRY, AEWERIL 72T /U A ¥ (Fig. 10)7RER)IE, 27 3 =W WA MLIZIR T
bOLEHERISND, ZZC, H—F UL HD Eu ORI MEFEMICBILET 5720, Eifids LOMIEE
FIaBO CL PIEEATST2LZA, EEDOBORNE LD T /U A HOE - OB 556 Bu FEe —
I DMER T (Fig. 1(d)) . FMEEORENSBIEX Bu ORI NAEL TWDHZ MBS (Fig.
1(e)) o ZNHDRERIT, AREENZT T =/ VIRICEREL TWHZEZ R T 55D TH D,

[BEE] A7 3R E [HAB) (No.19H02573) (No.24K00925) | [HE:RIHEME (No.18H05212) |, [H:AZ(A)

(No.23HO00185) |, [HA#E(S) (No.23H05449) |, #FHZFIFIRBUVE, VA =aWH, ¥/ VUMHAOIEEZ T -,

[53% 3R] [1] A. Nishikawa, Y. Fujiwara et. al., Appl. Phys. Exp. 2, 071003 (2009). [2] S. Ichikawa, Y. Fujiwara et. al.,
Appl. Phys. Exp. 14, 031008 (2021). [3] T. Otabara, Y. Fujiwara et. al., Jpn. J. Appl. Phys. 61, SD1022 (2022). [4] T. Otabara,
Y. Fujiwara et. al., Jpn. J. Appl Phys 62, SG1018 (2023). [5] C. Tessarek et al., J. Cryst. Growth. 14, 1486 (2014).

(¢), , _OMVPE? OMVPE4 (d) (e)
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o= _ 4 . . . T urs b mmuin i
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Flgure 1 (a)-(b) SEM images of n-core and GaN:Eu/GaN core-shell Nanowires. (c) PL spectra at 10K of GaN:Eu/GaN
Nanowires with different configurations. (d)-(¢) CL spectra of GaN:Eu/GaN core-shell Nanowires from top and cross-section
at 15K. The inset shows SEM images of GaN:Eu/GaN core-shell Nanowires.
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TS5 XR=yIOBRTINA RIGRAZEBE LT
+ /7 aASLBREEEICEB/N\=HLKF InGaN/GaN +/ aS LOBE
Honeycomb-latticed InGaN/GaN nanocolumns grown by nanotemplate selective-area
growth for applications to plasmonic crystal devices
EEXBEI EBXF/ T2 OCMBLE, IHEN | EBER 'L RHERE Y
Sophia Univ. %, Sophia Nanotech.? ©N.Tomiyama', S.Kudo', R.Togashi'? and K.Kishino?"

*E-mail: kishino@sophia.ac.jp

DI . T/ aT MEEICBRERETHE T T RAE=y ZiEmE LTHEIET 5, =T 4
Wt/ asaEgl, Y5 XE=v ) 25 4 LED I3 LR TFESEAT D, W)/
T U7 L— MEFRRIERNEZ DT, REFEIRITE L2 137 A — % (27 LW
(2)160nm, =t 7 AE(D)150nm) % & D= I AT A RRR L. AREFEE InGaN FtJE & PNTE
fba&, Wi A2IT o 7D TI|RET D,

EBHR . c mY 7 7 A 7 HM L HVPE-GaN
77 b—hKEIZRF-MBE 7/ 77 L— K
PR EEEZ HWT.Si R—7'n-GaNF/ 25 A
Z® LT InGaN 7L 7 iEMERE A Rl L7z, Fig.d
%, REIEFE % 1110°C, 1130°C, 1140°CTHE L
72n-GaN /=7 5O SEMBTH 5. 1110CT  Fig 1 Bird’s-eye view SEM images of n-GaN

1E2 7 AR S TR A HivT273, 1130°C (3)1110°C (b)1130°C (c)1140°C
TILEE EFIZ XY GaBEll &2 L T2 7 AREAk

1.2 r r r r r r r
ElXmf Sz, 1140C Tl Ga Bl EN L v K& < 7 (a) 2min  (b) Smin () 10min

0 27 ARERENBDT 5720, 27 AMITEDE
L7z, £Z2TU30CTnGaN 7/ a7 L%kt

FEV N CRERE] 2min, 5mn, 10min T InGaN % & %417 -
72, Fig.2 {Z a=160nm, D=150nm /x &% — > D PL A7 |
NZER LTz, 2ming THEBFEEA A 7225, 5min,

PL Intensity (a.u)

0 1 1 1 h L L 1
400 450 500 550 600 650 700 750 800

10min TlILARAaEICOE e — 7 ENBZE S, ZhiZ Wavelength (nm)
. . Fig.2 PL spectra of InGaN active layer
InGaN @ =1 7 ¥ = WAEEBIA R & v, InGaN =2 712 & J a5160nm D=150nm d

SLREERAEDRALNTZNE EEZBD, 10min (2

BT AHREDKTIX T AFRLEOREAIZE SO EEZI LN, M ONTITY HERT 5.
[22%3CHR] [1] T.Oto et al., Appl. Phys. Express 16, 115001 (2023). [2] A, BHE, BpAf, ¥, 45 83
[E1 R 2 2k Z 22 AT 2 23p-C200-2 (2022). [3] K.Yamano et al., Appl. Phys. Lett. 112,
091105 (2018). [4] K.Kishino et al., Appl. Phys. Express 13, 014003 (2020).

REE AR —EIE, o B EEdii o 338 2521 Tz,
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GaN RATREE FAROSHIL T + b= v VR IRSE ORISR
Analysis of GaN-based topological photonic Resonator in the visible light region
LTEXET!, FEXELEEMAM?

OXZ £, Fith BEL?

Sophia Univ. !, Sophia Semiconductor Research Institute?, °Takuto Honda?, Akihiko Kikuchi??

E-mail: kikuchi@sophia.ac.jp

XU "=B LR NARa 7+ b=y 7 fEEEPhC)D T » IRHEIEL, KIHO2NE 70
T L Tmn e AN MEZFFO—HDUsR[1]°. 74 b=y 7 3 RislZB T D EAE—
ROKEEZFIF L7 hARa A s L—H—[2]72 & #H LT3 Z SIS 7-0F 52 53 5%
MATPN TS, T, T F AR 2L PhC 534 ZADEBICHIT T GaN 5& PhC #id
DOVERL AT - T & 2[B][41[5]. AMFFETIE, A2 7 L GaN & e[tk AR v 240 PhC & v
7o U v 7 HHREEIEIZ O T 3RTT FDTD T 2470, SEATHFZE TEBRAICEL L 72 5Kk 58 8 [5]
B L2ER D MOBE, B LOHRE — FO Q O IEMAA M2 7 L 72/ A WET 5,

FRMTRER: Fig. 1SRRI IE ORI Z 77T, 6 DOIE=ABLEANL R D RSARIRD 7 7 A
X i/ NN E L. 7 T A X HULEEEE a0 2 350nm, GaN =% 175nm & L=, = fAEHL15
7 Z A B HULNE TOHBE Riope=1.05%a0/3 T 5 bR a2 A1 /L PhC % —ill 3~8 7 T A X DNAIGIR

(L3~L8 H:4E%) (Wi, ZDEPHZ h Y E7 /L PhC (Ryiv=0.93xao/3) THIA, —ill 14 7 T A
62 D IEARATIROEIREHEIE 2 XGFH LT, 20 PhC O 7m0 — 0Ny REy » 713 521.9
~540.3nm TH - 7=, L3 HIEERTIX. Ruiv &2 0.91xap/3~0.99xa9/3 TZAL S ¥ =& IZ >V T b fif
Wra1T 72, Fig. 2 IZ3 2 R¥ v v TN EAHTICH 1T 5 L3~L8 R4 QfE L L4, L6, L8 F v &
T A DERGAERT, RTUTBWTx v BT 4 JALHICERNRET 2=y VE— NE s L
720 Fig. 313, Ruv &L= EDxT v VE— RO Q DTN & FHEA Y R v ofl (A
M) Ths, QfflE. Ruiv=0.94Xao/3 THRA L7V | Ruv O T DA %77 LTz,
Z2ECHR: [1] S. Barik et al., New J. Phys., 18, 113013 (2016). [2] ZK Shao et al., Nature Nanotechnology., 15,

67-72 (2020). [3] K. Yoneta et al., Jpn. J. Appl. Phys., 61, SC1078 (2022). [4] Y. Takano et al., META 2023,
4A22-3 (2023). [5] U. Kurabe et al., 71st JASP Spring Meeting, 23a-11E-3 (2024)
BEE AWFIEO—EBIL, ISPS BHiFE JP24K00950 D28 % 5% 1) C Fhi S vz,
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F|g 1 Schematic diagram of the F|g 2 Q factors for L3~L8 F|g 3 Q factors of L3
topologica| PhC resonator model CaVitieS Of GaN based CaVity as a function Of Rtriv

used for 3D-FDTD analysis. membrane topological PhC values of (0.91~0.99) xao/3.
resonator. Insets are field Inset is resonant spectrum
distribution of resonant modes. with maximum Q values.
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18a-C42-1 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

£#A Ak InGaN () RF-MBE & & #AE 514 51
RF-MBE growth and evaluation of thermoelectric properties of whole-content InGaN
SMABERET |, LMK R-GIRO? ORI AIK L, A 21, i k12
Col. of Sci. & Eng.!, R-GIRO?, Ritsumeikan Univ. °S. Hattori', T. Araki', and M. Deura?
E-mail: re0159hk@ed.ritsumei.ac.jp

ZAWFEROF T InGaN [ LEWEVEMEREZ R L WIFF S U508, Rl In fLECHEIR Cldhs
PR EE LN 2D ERIZRBEREOHEIT M30%REELL NI E EED[1,2], FHx lTBER
P2 W FERCREI T 5720, 4 In MBS T OMEE 100 nm LA E O & Bdm) - K72 InGaN 24GE
M5 RF-MBE i EICH Y LA TW S, FilEl, Inflk 40%LL F O InGaN (2> CHRER & [RIZE 0L E
DOENERMEE 2 15372[3], A ENEA In MK D InGaN i &35 X OBVERHERIN 21T - 7=,

c ifi GaN (JEJ& 2~4 pum) /sapphire 7 > 7 L — MM 12, In #HAK 20 - 40 - 60 + 80 + 100% T
JZ 100 nm LA LD 7 > K—7 InGaN #ifi5% RE-MBE & L7=, E£#£ 77 A~ 5&F 3% 1 scem
XT =300 W IZ[EE L (500°C TOEN*T7Z 7 A 3.5x107 Torr) . InFHk = & T RRERE - Ji
Bt7 w7 2 iRy = o AP LT, IRIRE 425~550°C & L, 435°C LA ET InN 2847
i3 2 7= D InfARIE E{RIE TR L2, In-N £V Ga-N OFES 23K & < GaN 2ME A HE
b3 57-0[4]. In kT Ga 77 v 7 A% L THRANCEL Uiz, R m il ) 7 R 4
D ToOITiE, —MRITITBE LI e A Z VU FREDEE LAY, InN 53RO F D355 In HE L Y
e, @ In R TIE In Fey Ly R INART VW, D861 DERIL (Droplet
elimination by radical beam irradiation) {%[5]% 15 M L7z,

HBonz mGaN [TV TN HE—EH T, [ JIEAESBYOE— In iRk THY ., BEIX
100~270 nm Toh o7z, GaN [I7 7 L— FHEMRAZFAN L7, Fig. 1 ICHEmELmMYE (X#e v %
77 —7 g (XRC-FWHM)) BELOREH I RMS (5x5 um? ik AFM) @ In fHLAKTFIE A
R, WIS PRI OEA K E <, InGaN 2RIERMZTHD Z EICERNT I EEZ LN D,
Y=y 725 S ORIEE GHE) 2. @\EIClE S35 E[1] & O T Fig. 2 1R T, In
RS EUVME E S OEIME F 4 2L —3H L T\ 5, fHETIIA4E - i6ir - R/ EEEO
BOELEFE DS B E STV D2, MOVPE AR L2 EO — I R2ENE SN TR Y . S HIZHR
FEEIIR IR T ERE, W ODLDOEBEZIEL TS, —F Fig. 1 b annbd X Hlc,
FFED InGaN FEREOEANE L In MK EZFFD, BRI L CREMMA R CE 22 < 72
5 ERMELOIR G EET D, S HICF v ) T EBESAMMEE S MK FEEEZFF>Z &0
TRINDTD, ZNHEZBE LB MARRHMnA RO 5 b,

AEE EIEEVERAE R I KRIR O AT E A - A B T, REFTEO—
I, RHFEEAENFFE(B) (23K26148) DX EEZ T CTiThbhiz,

[1] A. Sztein et al., J. Appl. Phys. 113, 183707 (2013). [2] Y. Yan et al., Nano Energy 101, 107568 (2022).
[3] HHififh, 55 84 [BIS#FkZE, 21p-B101-11 (2023). [4] C. Stampfl ef al., Phys. Rev. B 59, 5521 (1999).
[5] T. Yamaguchi ef al., Appl. Phys. Express 2, 051001 (2009).
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In content [-] In content [-] Fig. 2 In content dependence of
Fig. 1 In content dependence of (a) crystal coherency (XRC-FWHM) absolute values of Seebeck coefficient
and (b) RMS values of surface flatness of InGaN films. of InGaN films.
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18a-C42-2 EREEGAMBLAKSLMHES HEFHE (2024 KEAVLIEN22IBEAV 1Y)

In,GaN B RHMEOHEER LD f-HDEHMI MOVPE REETILOHEE
Simple Metal-Organic Vapor Phase Epitaxy Model Towards
Improvement of Controllability of InxGaixN Alloy Composition
NIMS', RIKEN® °##f 130& ' BF Z5' MH¥F S0 A% #EE &%8°
NIMS', RIKEN? °Masataka Imura'*, Takanobu Hiroto', Takaaki Mano', Yuri Itokazu?, Masafumi Jo?,
E-mail: Imura.masataka@nims.go.jp

LED MR AL T /A AT OAEBRIC AT T, MOVPE 5% IV 72 IngGaiN R G il AUR 23
FBENZATHOI TV DA, MOVPE JEIMEFERUE, HA T m— WHEEmE R EEMERBRRZ D
2, TRHDBREETXTHELLEMBREET VERET 20IIRES TlEky, £l
In,Gai«N {Edh 2153 5 72 0121%, InN 23 e — Rk & 22 5 SOWRRIRE 2T 2 0E R & D |
B2 GaN & InN OB EEBCRIE N R SRR E < B2 D720 InyGarxN ORI XERAT

PRRRIIICEME ST &E o, £ 2 TAMMETIE, THREEEDS I REEI O RR FF 53R & iBbE
RAFT 51 Lo Bl RE T 7 V% O T IndGarN R 2 AT L. 7 7 L Ot
WZDWTHRAE L7z,

MOVPE 5% FIV\ T GaN/t 7 7 A 7 M BT GaN/In Gai (N 75 & Ak L7, Ga, In, N
JFUBHZIE, TEGa, TMIn, NHs Z MW\ /o, & HEETZRIE O KRR (Ty) & TEGa fifa &3 —iE
iz VY, GaN KON InN Ol Rl 2 @ TR T & 2 & 912 LK% Lz, Table IIZpR S
(Tg=700°C). Fig. 1(a), 1(b)IZ &0 fift XRD HE & CHIE L OFRT L7 20-0 7' 10 7 7 A L & T R
BHILGTE Rt 2 R O BIfR & 7”3, 2 Z Tl TMIn/MO +=0.63 Z[EE L. TEGa & TMIn
O E L VI & 22 b & 87, Fig. 1(b) £ ¥ GaN & O InN O =8 B 1 3 FURMIERG It &l e o] L
THNL VAL IZARAF L TR E DR TE 5, £ D72 iiRIEE(GR) Z GRm=yi £i-6i (vi:
R A5, SR, S BEEE, :GaorIn) EEFRL, KN T A —HF —(1;, S)&HH L7z, Fig
IO)DEMOBEE LGIA S i & SITHY L.yl yeu L HIE L TS < InN I E—EDEEE 81 T
JEEL TS Z EDMERTE D, HEW TR B ALTZ Y6a, Yiny 0Ga, O ZEHE L. foa, fin (LS H, In
FHLAK [xn: GRin/(GRGantGRiN) 12 B L7, ZORER, BHI L7z o 1 EEBGRIR & B —E &R/ L,
GaN & InN ORCREEDIN Lz v & & & O Rl RET I PRICE 2 2 L%
oM Lie, FARET VIR, HEBREODREREERFICEBWTEIGHETH > 722
InyGai <N JEin ORECHIEPE DM FICAFHTH L & & % f‘ozhé

(a) —Exa Sm

7
o . o Ao’ B [ ® ]
Table I MOVPE Growth conditions (T,=700"C) [ e W\““’\*“ 5T v ratio 3068 - Fited
_ Fii %0197 § S- o M 4 Fited ]
Magnification MOVPE Growth Conditions 3 M,,_/ el Wy Neordtoe H P
Sample of total flow rate  TEGa (umolimin)  TMIn (umol/min) TMIn{TEGa+TMIn)  V/II ratio g E A 1 £ 4pViiEienss o
i Base (x1) 13.27 274 0.63 3968 2L N A e ! YA =‘32“2‘: B ol N
*x1.6 16.58 28.43 0.63 3968 EF A E g
x2.5 33.16 56.85 0.63 3968 §’ \N‘ﬂ \W X5=0.1617 é‘ 2+ ﬂg
Base (x1) 8.29 1421 0.63 7935 | 4 2 1F y ©
= Xy=0.1841 -
125 1327 274 0.63 7935 EY N W o ol x
16.58 28.43 0.63 7935 gVi R N“‘l\\ R x,,,=0,|97§ 5 ‘xo 2|o SIO 4[0 5.0 éo o
B M o, WYY i} o | Supply flow rate (umol/min)
~ . " 31 32 33 34 35 36 37
HEE: ARBFFEO—E X NEDO JPNP23021 @ 20 (og)
Fig.1 (a) XRD 26-o profiles and (b) Growth rates of
= = 4= . .
B E=Z T Yt GaN and InN as the functions of flow rate of TEG and TMI
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MOVPE [Z& % GalnN EEEBEREICH TS He X+ )7 HAHR

Impact of He carrier gas on GalnN film growth by MOVPE

MR TR 2 O MR 2 AR 2 BBEE . WWO¥E . FARK AFER
NIMS?', Kogakuin Univ. 2, ©Y. Arai'2, T. Saito’-2, T. Onuma?, T. Yamaguchi2, T. Honda?, M. Sumiya’

E-mail: cm24003@ns.kogakuin.ac.jp

[iZU®ic] A4 B HERSE (MOVPE) 12 & % EiIng A RGalnNE B R X N-VIRZEAL i
WK X D RELEDBFICBWTEHE TH S, I I ERE D O ILEE L9V 0 TN RS
TORIETHRET S, IR TIENH:D SRR MEN =0, GalnNFEEF IZIn ke v 7 Ly M
TEXZD, BREX YV TRENGLS R0 T2 ENH 5, HHLOTAEESHTIZ L,
HeZZ P H1T500 °C & U VW EREE TIENHs D 303 23Nz, Hay ArRHR L D im0 Z &R S
[1], & 2T, Fex lTGaInN#EER R RFICZARH A A NS HelCEEH|Z 5 Z L1k - T
IR CTHNHsO SRR m< 720 . L0 S ERGaANNERZ fE TE 2D TRV NEE X
Too AMFFETIX. MOVPEIZ X 5 GaInNE AR IRV T, NeRPFR TR L7236 L ik L T
INNE /L3 38R0 HREMED B He R DB RN DWW THRFT L7 DO THRET 2,

[528%] MOVPE W\ TH 7 7 A YR L AIN 7> 7 L — FZ Hy K. 1040°CT GaN Z %
FL7th, ¥ U T H A% He £721F N2 ICZEH L, 800~880 °CC GalnN kR % 30 43T -
7=. GalnN EER O EFR EIL. HEEEE LT TMG % 6 sccm. TMIn % 350 sccm. VIiEEE
L TCNH;% 7SLM & L7=, F£7=. & L7z GaN EIZ 800~770°CC 5 J&#> GaIlnN/GaN O &1}
PR A ERL L 72, X BREHTT0002)f D 20-0 /8% —> % LEPTOS7.7 T2l —3 3L T
GalnN D InN ELSR L BEELZ RIS 57~

2] X113 N2 3 L OV He 52 ChEE L 7= GalnN #BL 0D InN £ /L4 380D b IR B (i (71 % o
T FEBIRENMEL 725 & InN EAGRNKEL 8D, [A CIRE Tl L2552 He B D
FFREVMEANZSH Y . 820 COMRWHAIRE TIT L VW BHE L 725, GalnN & GaN @ XRD (0002)[=]
FE—2 0D FENE— %2 I 2l —ar LTRDEBENSREEREL WL o2& =
A Np PR D Z O FEFIPH CTIE 3.7 nm/min & (FIE—E T, 870 °CD He A& TlE 4.4 nm/min
& He FHR DG RNEWZ ERNbhroiz, He DEWEUL
ECEBEOFERFEIRE D L2720 InN TR 20t o
E RolmE b EZLNIN, BOREEELEET S ‘
Lo BTH LTS X 912 NHs DA fEsh=R)s m L LT
NZVHANNEY MBS DEN He FREXICH S
LEZTWVWS, KIET InN TSRO ENIEE 2D
T, REHEEZZE L CHUBEEIZ/R S X 912 770 °CT
GaN/GalnN &1 H G2 FR L, ERT PL MEZAT I N,
o7z, GalnN HETIIA R LW, |1 H s
MOIEHRFERBR BN, No BFES T PL B —7 w w0 mo w0 w0 w
WEN 563nm (fEME 42nm) THo7-DIZKF L., HeZ: Temparstirs CC)

PR TIL 652nm (4EME 111nm) Tho7=, ZILHOFEF  Fig. 1 Dependence of InN mol fraction in
H5 5 He Zﬂ?ﬁ&i GalnN EH%E}ZEK%D\TJ: ) %{ET GalnN films grown by MOVPE in N; or He

ambient. The mol fraction was estimated from

H InN ENLSRE0E LEELENHLEEZHND, the simulation of XRD pattern of (0002).
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[BE&3E] (1] Frat TEE) AR 2 7S5 A8 1R —F 4 > 788 (2021.7.15)

© 2024%F [CRAYEER 13-065 15.4



18a-C42-4

© 2024%F [SRYEES

%85@’4_%#7_5&—'\? *}(é%ﬁ]né/ﬁ

SRR M 52 A L&D GaN/GalnN &FH F 1815 D 54l

Evaluation of GaN/GalnN quantum wells by photothermal deflection spectroscopy
MHEE  TFEBRX 2, BEkARR 2, FiHER L BE EE W0 EE L AHEL BAER
NIMS?*, Kogakuin Univ. 2, °T. Saito2, Y. Arai'2, T. Onuma?, T. Yamaguchi2, T. Honda?, M. Sumiya'

E-mail: cm23032@ns.kogakuin.ac.jp

[IFCHITIRE NIV EEIEMIZL ST LED RAFENITHON TS, ZD-OHIZIFSE In #ENDE
B GaixnN/GaN EFFHFEENROLND, H <L He FEK T GalnN EFHFEEZEH
THELIYEERTE INN BILRDEEL(FHIENTE, FE(G52 nm =55 nm) TOHEAEZHERT EL
MTE, COEFHPMODHEAZILITEHYFEIRZHLIZYTLH=0IZIE GalnN EFHF
Bo#E&ExIEL T REtTIRENDHD, T T X BEIFLGEDEETEAREL GainN EF
Sl TE D SBR[ 59 S % (Photothermal deflection

HPEX vy T RNRHRERM M EFHEKEE
spectroscopy, (PDS)) TEHEiL /=D THET 5,
[EER)FEH ¥ ELTMOVPE #AWNT, 747 MR L AIN TV
TL—hrLEICKEFTESR, #9 1000°CT GaN BEEZHEL-,
SHBEKHRAE He F1=1E N2 [TEHEL, 820C~770°C TR
RLE=5FHD GaixnkN/GaN Z#{E& L1, /-, PDS BIET
(F485% GalnN EFHFICLDRINERD L T MOl EFH D4
1K BE (Urbach-like energy (Eu)) ® InN EILHRIKIFEIZEE
L.GaInN EEBELDLLEEITo 1=,

[#8]Fig.1 [CHEERE 820CHD 770CHEETHELT=
GaixInyN QWs @ PDS RRJMILETRT , 3.4 eV TiEIETith
?D GaN MoDEELEESIN., GalnN/GaN D REEMNT
MBIZTDONT(NN EILZFEHLEM) . PDS EFREDERH
EIRLF—AIZ->THRLIZELLE>TLVS, ZL T, GalnN
EFHFONUFXyYTITHET5H-YNSREIC PDS £
ENFELL TSI EL LMD, CNIFEFHFEHE nm &5EL<
TH GalnN Mo DIESEBRITKRHEL TSI EETRT, 780°C
285115 N FESE He FEKXTHEL-EHM D PDS E5%
Lth#9 5L, He FEISTHRELIZEAF O PDS EENRBITHE
VEBHMENIVEIRIILEF—IZHEIEMND, He FEKT In
MNFEMICIRYRAFENIZEZEZOND,

PDS ARIJVKMILIEBEE D /N2 Fin# % exp(photon
energy/E,)T fitting LTEH LTz E, D{EZ Fig. 2 [TRT, Alli&
GalnN BfZ (130 nm) THLN=ELTAVLLIz, EFHF.
HIEEE(C InN BILDELSEMT HE E, NREHBIEMICH
%, EFHFD GalnN Tl InN BILDEMN 40%TH E, DIE
(X 20 %D3LD LY HIEL. EFHFEBETIE INN EILHDEHIE
ML TH E,AMELESIERIZEH S, GalnN I2H LT E,hNERIE
[CKBBEDIND INFHRESEETRET 5ONMRELETN
(FEEBAEULAY, PL 4 CRECFER) & E, EDMREZEE
B S

13-066

0
T T
0 Rt ' 780°C' 810°C '

/;;:

o / .' .;' \'v() (

PDS signal (arb.units)

1.5 20 25 3.0 35
Incident photon energy (eV)

Fig. 1: PDS spectra of 5 periods GaN /
GalnN  QWs grown at various
temperatures in He or N2 (growth
temperature with no remark) ambient.

e
_ 400F A 3
% é GalnN film
g E ¥ E
> 300F > E
-i>5 : A He 3
5 ‘,
5 : o :
:_9‘: 200 E o. e
Nl QA -
e} E -0 GalnN QWs3
£ 100F =
S Y N, E
05....1....1....|....1....
0.0 0.1 0.2 0.3 0.4 0.5

InN mol fraction

Fig. 2: Values of Urbach-like energy as a
function of InN mol fraction for GalnN
thin films (triangle) and GaN/GalnN QWs
(circle). Red and blue represents the
growth in N2 and He ambient
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Z{tYmTER AlGalnN @ MOVPE &I+ 5 InN EILSZED HHH
Control of InN Mole Fraction in MOVPE Growth of AlGalnN
AXBREI!, £XIMaSS?,, EXD 223 AKIAR
Ol #&31 ', [RE EH', EE SR> FH ME2 FAH FR 4 XF L2
{Grad. Sch. Eng.!, IMaSS?, D Center’, IAR*} Nagoya Univ.
OYuto Yamada', Takeru Kumabe', Hirotaka WatanabeZ, Shugo NittaZ,
Yoshio Honda?**, and Hiroshi Amano?>*
E-mail:yamada.vuto.i0@s.mail.nagova-u.ac.jp

[T - BEY] 2/ eiRS AlGalnN (%, AIN B4 RELT, Al #E) &K O InN E/L45R LT, In
) ZMSLIZHIET D 2 & T, N KXy v 7, 0, B ERSOMMEEEZ BIEICE LS5
ZEWTE, e - BT A AOIGHAPHIFF SN TV D, FRIC, GaN IS TG S8 - &
F, LOYMHMEEZ 2L SE RO EBNARETH Y, “ iR W CRIME & 72 2 B BEEIC
K AREEOHIKIZZ T 720, L LR 5, AIN,GaN, InN O ZFNEIoW T, IREREZITIUD
LR ERIFIIRES AR D, 2070, EWEREMOEBRIZLH A A, #EO
IR LT, HHERRSRRESRENOIERT 20BN S 5. FIC, FERKMHEO AL 5T, ik
FIRESIC B BUER e In MR OHIENIERECTH DH[1]. Fexid, PV AFAT LI =7 A(TMA)DII
REFALE & EAR A~ In OE Y IAAICHE B L, fHARELOM A 2 &7-[2]. 5%, In #5kiE, BRER
PEZINZ, ALRERR « AR L— MRV A S 5 Z L AVURBE S Ve, & 2 CARME LY, B2
MBEHIEZBAE LT, fREL— P22 L SE-BOMBEIICER L, L0 aEi B rmat
L7=OTHET .
[EBR L] MOVPE 1E% VT, cilih 7 7 A 7 34K EIZ UID-GaN KUY AlGalnN % iz & ¢/,
AlGalnN (23T, 750-845 °COFAFRIREITK L, OTMA S<AHE(10-50 %)@ MR B G &
(B EFR AR © — 8, TMA KUHHLL : 50 %) 2 AR5 2 L C, fiRL— MaE{b3d. 2oL X,
NH; 5 &, lEE 1440 hPa)lT—ETh 5. 7V 7 4+ — R FRGELD HIERBS), KT RLF
— o EOR X B SEIEEDXIC KV R, X AREIHTIC K D w-20 A F v 2 B JRE & G4l L 7-.
[EBRER E B Fig. | IR T & 212, MITEEEHMIEE &EOEMICIE> T, 2.5 nm/min 7°5 15.8
nm/min ~ & iE L — RS EF L2 (REIRE 810 °C). Fig. 2 ISR ITEFEMtR &2 2 (L &7 &
X OREE LV — Mk 5 In AR AENE 27797, 750-810 °)C T R S B 722V Lo\ T, lE
L— F®O LS, In AHARSEEINT 2235 Gz, Z OMFAIE, InGaN LRI TH Y, lE
L— FOEFIZHEW, In OFBERTNCEFEICEV IAEN DR PBEE TS Z EICERTH EE 2
HILH[3]. & BIZ, 15.8 nm/min D HiAkE L— MEIZ IS\ T, 750, 775 °C TR S ¥ 72t o 7 v
O In AAUITHHI L, ZHHIETHITH D GaN (AT HME(ALSO %, In:12 %)IZirhr-> 7.
Z U, AlGalnN & GaN D] O alffits 7 EHEITER T L2 EAT RV FT—ZEMT 5 L 912 In fH
AL L TWDAEEMEZ /R LT D. 750 °CCRE S 7L OE L — MZxtd 5 In
HLAECH N DO EIAE, MO RREIRE DY 7 (775, 810 CONZHE~VNEL, ZDOZ &b, Mk
KT HDEBT RN —DOHBIRIBEINDS. LoT, ZNHDOFEREL— MR OEALT R LF—R
In FLARIZ 52 5 BB S\ T ORMEHE, AlGaInN OFLALHIENC 1) 7- BB 2 dEEt & 72 5.
[BR®E] AHFSRI%, BHFE 23K26559 DB 252 7~ b D TH 5.
[Z&3CHR][1] B. Reuters et al., J. Electron. Mater. 42, 5, 826 (2013). [2] Y. Yamada et al., ICMOVPE2024
abstract, PS-1.7, 36 (2024). [3] S. Keller et al., Appl. Phys. Lett. 68 (22), 27 (1996).

18 L 1 0.14 : : : :
=150l ‘ 0.12 {4 e
é 5 0 10 N A ‘..........j ________________
£ 12 e o
% + 0.08 T 1
2 o
o ? 'S 0.06 M
£ 6 c
3 | Z 0.04 Ty 810("C)
53 | T 0024w = 775(C)
7 EI I T

i ; 0.00 ————
1/81/4  1/2 111 0 3 6 9 12 15 18
Group-I| total supply (TMA+TMG+TMI) Growth rate (nm/min)
Fig. 1 Growth rate and group-1II total supply Fig. 2 InN mole fraction and growth rate
((TMA/(TMA+TMG+TMI):50 %) ((TMA/(TMA+TMG+TMI):50 %)
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GaN EiR L& InN €ILHZE GalnN EFHF OB EE S
Growth pressure of GalnN quantum wells with high InN mole fractions on GaN substrates
AWK - BT B BAHC, KR EE N g4, Bl 8BS BE
BATA T (#) BTFH@ERE, AEE TR
Meijo Univ., Kotaro Nozu, Naoki Shibahara, Tetsuya Takeuchi, Satoshi Kamiyama, Motoaki lwaya
NGK Insulators, LTD., Kentaro Nonaka, Yoshitaka Kuraoka, Takashi Yoshino
E-mail: 233428015@ccmailg.meijo-u.ac.jp

w INN ELEEZFT 5 GalnN P 1L, IR COMERLEIL R D, FDT-8, FHEERE TH-
IRiEFE G225 150 ‘CUL L) #5817 5 2 & TiEtEE o mE A4 M E S Tnalka, —5 T, fix
I3k VCSEL (T 7o i& R A 2 HHE L TR 0 . @\ R CIA LRI D 729 128 nm D&
BEREMFE LS, FHRBRARIT2 2L EREETH S, £ 2T, @man'E GalinN & HFTERKIZ M
FTUDRRENRT A =2 ThHEENTER Lz, ZIVE TOMEREIHREMEOHEFITIX,
HFAJE LR ORREREEINEIR—TH Y, KB TOREENDELRDGEZRET LIEAITIEE A
Elvy, Al KBORIENZZE %72 GaInN & H 2 ER L, ZORMEZ R L7,

FUBHIEE 2 Fig. 117797, ¢ i GaN Bt (H AT A ) Bic7 v R—7"GaN,3-X7 ™ 2 nm GalnN
HE, 0.3nmAINcap &, $LTUV1.7 nm GaN [EEfg 28 Uiz, HoE &g ok EIE )%
ZHEN 10kPa & 5 ME 80 kPa & L7z 4 SDOAE D 2 FR L 72, FEOtH R % 485 nm~500 nm
DOFPAZ T~ HFEORIRE I 10 kPa 0 & & 650 °C, 80 kPa D & X 675 °CIZ L7z, &k
TlE, HF)E L EREE DORRIRE XA —TdH 5, Fig. 2 (5RO T AFM B 2R, [EEEjE )
10 kPa D5, LV /NS 72 RMS EME B AL, R, H 78 80 kPa 2~ DFFEEfE 10 kPa DA ITIT,
2Ty T BB STz, ZOHFJE 80 kPa 7> O fEEEE 10 kPa DFEHZ, Fig. 31T L 91T, =
B7 4 bVI Ry ARRY ML (FIEIER : YAG L—F—0 4 15H) 1B\ TH, WMV
MEZ R LI, LEXD . & InNEL5REZ AT 2 GalnN & HFE Tld, HFE & EiEE 2
NEIICHE LT RIENZ WD Z LT mdn B3 iR 2 & VR S 7z,

10k Kf«&‘ 7000
6000 |

GaN barrier 1.7nm
AIN cap 0.3nm 3pair

GalnN well 2nm
undoped GaN

well/barrier :
80kPa/10kPa

5000

4000 | 80kPa/80kPa

10kPa/80kPa
3000

PL intensity [a.u.]

10kPa/10kPa
2000

1000

GaN substrate

400 450 500 550 600 650
Wavelength [nm]

Fig. 1 Sample structure Fig. 2 AFM images Fig. 3 RT PL spectra
[ 3CH#R] [1] D. D. Koleske, et al., J. Cryst. Growth, 415, 57 (2015).

[2] S. M. Ting, et al., Appl. Phys. Lett. 94, 1461 (2003)
[B&E] ARFFED—EBI%, BHJFE A% S (23H05460) , £ A(20H00353) DI BNIC LD i L 7=,
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GaInN EFHF D PLEEIZE TS
AlInN F#if§ & GalnN EFHF & D IEREHRFE
Dependence on distance from AlInN underlayer to GalnN quantum wells
of PL intensity in GalnN quantum wells
ZEK-BIT, BERACDER)2OM) TN KRG ', )l 58, I et !, /R =R ',
PR Eth, ES REL L B HPRAML R 522 FH BR?
Fac.Sci.&Tech., Meijo Univ.!, NGK Insulators, LTD.2, °Taichi Nishikawa', Shoki Arakawa!,
Mitsuki Yanagawa!, Naoki Shibahara!, Tetsuya Takeuchi!, Motoaki Iwaya', Satoshi Kamiyama'
Kentaro Nonaka?, Yoshitaka Kuraoka?, Takashi Yoshino?
E-mail: 233428014@ccalumni.meijo-u.ac.jp

AllnN/GaN DBR % A4 5 [f %t L —H —(VCSEL)D L RE/L 3D BT, ARBFFEE Tlt.
makE GalnN & FHFICAIT T, KFEZ U —=r7 2 v/ AllnN FHIEOMHIZ LY | GalnN
THIEN X U 3 LED #EEICB W TEWHRH A2 %) E b 2 E 2@ L7-R, —J7, AllnN Tt
J& % VCSEL 2 M S EE, AlInN (& GaN & DJEITHRAENRKE < LRGN O AllnN T HfE (7 E
(2 X0 EEBE ML T DI, T OMERFPBEL 725, EWEIE TIZ AllnN T HUE
ZBET 5720 TiE/e <. BRAITTEWE OB MBS E S 2 et b B2 bhd, L
L. WEMEENOALESEEN D Z & THaRmEREN G ONRWATREES H 5, AFFETIE,
LED OYEHI T 31T % GalnN VEPERE & AlInN T i ] o FEBE R AP 2 it L 7z,

Fig. 1 (ZUEME & 2R3, ¢ i GaN 2R (AR A ) EiZ 0.8 um GaN, &iRE n-GaN

(1050°C). 43 nm n-AlInN, 5 nm FHEMER} n-AlGaInN, (KRR n-GaN (800°C) ., GalnN £ 1}
7 (LR 410 nm) . p-AlGaN, p-GaN ZJIEKFEE L=, (KRR n-GaN OJEE 4 5. 54, 74
nm &AL EE, nJEHRIEIL 470 nm (Z[EE S 72, VCSEL &G TlE. 54 nm (X & DBR O
w5, DBR AN J& & IEMAHOALE, 74 nm 13E O RITHE LRV, EEROHiD
MBS T % (Fig. 2), IEMEBE TIC GalnN FHiIE (30 nm) #H9 % LED L{E® L7, Fig.
312 YAG 4 {5 L —Y —hiic L 2 =R PL A7 hvZERT, EBROFH TIX, HEE &
AlInN FHUEM OFEBEIZEIHD 577, PL AL L <. GalnN FTHUE ORI 1. 45 Th o7z, el
(ZEEEN N2 LD VCSEL &FHIHBWT AllnN FHUB OBEN #1307 < &b 74 nm £ T
HHER® S,

i«% 54 nm 74 nm
p-GaN s 3 [ 30000
nm 22 MQW — i
p-AlGaN s 1 GalnlS/GaN Gal'r\.nn?/vgiaN S 25000 — 5nm
Active region 54 nm I 54 nm = 20000 AN UL 4 — 54nm
74om o
n-GaN(LT) x nm T4nm P 2 15000 — 74nm
n-AlGalnN graded 5 nm % poﬁl lve ( node 2 GalnNUL  ----
A;gt:L n-AllnN UL 43 nm ° phase position % 10000
= = 5000
n-GaN(HT) < T
u-GalN 380 400 420 440 460
GaN Sub Wavelength [nm]
Fig. 1 LED structures  Fig. 2 AllnN underlayer positions Fig. 3 RT PL spectra

[ZE3CHR] [1] C. Haller, er al., APL 111, 262101 (2017). [2] T. Nishikawa, et al., ISPlasma2024 06aD030
(HEE] ABFZEo—E%. FHFE LA A(20H00353) . % S(23H05460) DEEBNIZ L v F2Hi LT,
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Gao.g7lno. N b RIVES ZH T 5% E LED DEBSHFFE
Electrical properties of violet LEDs with Gaop.s7Ino.17N tunnel junctions
AWK -BI °OM)FHE REMHE, PREH, LS AA4FE HBRRZ
Fac. Sci & Tec., Meijo Unvi., H. Uda, K. Osada, T. Takeuchi, S. Kamiyama, M. lwaya, T. Tanaka
E-mail: 233428006 @ ccalumni.meijo-u.ac.jp

R RS T EmEERAE R L — V2 I U & T D8k % 2T A RS ENTE
D ARSI SARIRS IR b RV EEOEBNEERH I ATV D, ZvE THR AL, GainN
N RNAESEAT D LED ICB VT, InN EADHRE TX 5721804 (385%) = & T, 4.8V

(5 KA/cm?) OBRENEIEZ FH LM, UL, 20 GaInN J&7» b IXERERN R A 03 Bl S
7zo —J7T. GaN kRS DOYEIE, BIEERALIIFEA LRV, BRENEEDY 5.3V (5 KA/
aif) EFEWVEL ZoZ Eovh K INN B GalnN b > R VEES O FTREMED R X v, SRR,
AFFERERE A5 InN E/L533 6% TOIKBRENEL (3.7 V (100 Alcm?)) 2 ST\ 5Bl
AT, BIEEEAL M IHE S v, AR TR b BEAE Z BHEEL, (K InN £
JVorEE GalnN b o R VEES LED ZAERLL . = OB RME &2 R L 72,

Fig. 1 [ZAEERIL7- GaInN k> R84 LED OfdEZ2 /R~d, 7 74 7R LI E
410nm THHKT 2 LED ZRSH, S HIZZD LI b x A #EEHERE ST, b
BEAT GaInN @ InN E/L433R E LT, KD 35% & 13% D 2 flikE% A& L=, £ n-GaN &
\Z7 /— REM;, T n-GaNEIoh Y — REMmEZRIT, MBS EZM L TEREZEFEALL,
thig e LT GaN kb4 LED b HIE L7z, Fig. 2 16 O J-V-L FetE 27,
EHOXDOFEMAANTH -7, BREIEFEIL. InN EL5R 13%DHA. 49V (5 KA/lcm?) ., 3.4V

(100 Alem?) TH Y | InN E/L533 BU%OEE LKL THRAE TH o7z, I HIZ, 100
Alcm? Tix, LFCMAFIERSEI 2 5 oA L » HIKWETH 72,

n-GaN 7 |- GaN 7
+ InN13%
n+-GaN 15nm 6 . InN35% 6’5.
p-GalnN 2nm S° e
T 4 43
p-GaN o s - &
S3 7l o =" 33
p-AlGaN K g P
2 -~ 2
GalnN MQWs 2r4” ﬂ”
1 g 1
n-GaN 0 |~ 0
GaN 0 1 2 3 4 5
Sapphire(0001) Current density(kA/cn)
Fig. 1 Sample structure Fig. 2 J-V-L characteristics

[Z53Cik]  [1] T. Takasuka, et al., Appl. Phys. Express 9, 025502 (2016). [2] Y. Akatsuka, et al., Appl.
Phys. Express 12, 025502 (2019). [3] Z. J.-Eddine, et al., Appl. Phys. Lett. 118, 053503 (2021).

[BEF] AR, GRS SNy —= L7 b a =27 ZFH BB I I8 A o6 2
JPJ009777, 5 X OEMIFE F% S(23H05460) DB %32 1T 7= & DT,
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TH GaN b RILEEZHET 5 npn HEEDERREFE
Electrical properties of npn structures with bottom GaN tunnel junctions
WX - EI ORHEMME, FHE MHEK MTHEH, LLUE E8FE
K. Osada, H. Uda, K. Kobayashi, T. Takeuchi, S. Kamiyama, M. Iwaya
E-mail: 243428013@ccalumni.meijo-u.ac.jp

kL GalnN B F 72 HF 75 LED ° L — ' —TlL pWEMDOHFEIC LV EFOA——T7 1
—BNREIND, —FH, FTEIC bR ESE V., BRI p B, Rl n @A H T 200
W LED 2LV, EFOA— =7 o0 —ffl| B3R TE 5, BUR, TH b RS TR R oox
IAZEITHABRENEE (100 A/em? F) 28 2 VRREGES[1]. S bR HEBFULNLETH 5, Ak
STIE, EPLEE F R AESD Mg - Si 7 7 7 AL (SIMS) (ZIEWFER b o R BEA DT
%%E%&@%Mﬁ@m®N@ﬁ%ﬁﬁ%%kﬁﬁx%@fm774wk$”m%$%&ﬁbto

Fig. 112, fERL7Z PR LB F o xv#zs (T)) 2F 35 GaNpn 44 4 — K (npn i)
ZoRd, BER b RVEES TIX. & Mg W0 GaN Lo Si Wil GaN O EIRE % 710°Cilct %
Z LT, Mg Rt &8l L CTnd, AlEl TR b o kRS npn HEE TIXL & STIRIN GaN Lo
Mg ¥ GaN O RRIREEAD 710°C, & 5 NE 1050°C D 2 ffE# HE L7z, Fig.21Z, EFE3 2D b
VHRNVERTRIZEIT D Mg - Si IR T A VERT, TI0COSAIL, B bS50 Mg -
Si 7B 7 7 ANRUZEWNE DORELIL, —F T, 1050°COEAIL, A —3—F v TR 2 %

WZIER > TWDZ ENRbooT2, Fig. 312, 2D 320 b VS npn fE&E D J-V FiE % 7RT,
BB 100A/cm® FEOERENEEEICE H 32 & T b UG TIE, 710°CT5.2V, 1050CT
X242V THoTz, ZECHE[DOEFENEIE 4.5V (100 A/em®Ff) L0 HIERWVENE -, —H.
FE R RS DOSE . 3.8V ThoTo, Tl X ERIZBWT, B UEE 7267 Mg -
Si 7 a7y AMIEE N RNEEDT 0T 7 AN EIFRESRRD LRI,

Growth direction Growth direction
0 =102 —"
Bigu| Si Mg | E1o= Si Mg
= =l
n contact n contact 310" %10"
Eyom 5101
n-GaN n-GaN 8o 8 o &
g g 7 Bottom TJ (710°C)
-GaN 1016 clO" o
P S10'g WD 2i) -10°10'g CON
Heavily Mg d nee [nm istance [nm —_ Bottom TJ(1050°C)
eaaﬁh{gn;ped HeavilyMg doped | () Bottom T ] (p':710C) (b) Bottom TJ(p':1050C) =5 | ovson: 2
GaN 10 _ Growth direction ©
a nm Emu sy | Top TJ
p-GaN 510 g Mg =,
glol! >
n-GaN n-GaN = 2
H10'4
GaN GaN 8 1
g0 0 ‘ | ] {
1 i 2 16 "
Sapphire(0001) | | Sapphire(0001) S101; 2%. g : _2? o 00 02 04 06 08 10
(a) Bottom TJ npn (b) Top TJ npn (©) lr?fgscr‘i‘jm Current density [kA/cm?]
Fig. 1 Sample structures Fig. 2 Mg - Si profiles Fig. 3 J-V characteristics

[£353CHR] [1]S. 1. Rahman, et al., Jpn. J. Appl. Phys. 62, 110904 (2023). [2] Y. Akatsuka, et al., Appl.
Phys. Express 12, 025502 (2019).

[BEE] AOFIEIE. SCREFE AU —2 b7 b e =7 2R AR Sk 78 b 58 5 3
JPJ009777, FHFE A S(23H05460) DB % 51T 7= D T,

© 20245 [CHEMEBEZS 13-072 15.4



18a-C42-10 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

InGaN RFFE LED DFFIEIZE 1T 5 THIERFEBDOZHR

Effect of underlying superlattice layer on the characteristics of InGaN-based red LEDs
E2maKAet ORE &6 ARBRE E— XX 88
Toyoda Gosei Co., Ltd., ©Koji Okuno, Koichi Goshonoo, Masaki Ohya

E-mail: koji.okuno@toyoda-gosei.co.jp

InGaN =2~ 7 1 LED 3R T + 27 L 4 OYJRE L TEAEDBHIR SN T2, Fx i3,
pn FZEAMEIZ n BOPRIEZ I LR, fk BEOFEEEZBGTIEEBEZ >4 X v L E
B LI, AVEEE p AEEHRE SELREHEEZHCTE VY vy 7TV T —
LED D FEFEIZAE) L72B4, InGaN R EHEFITEFMRIRERMENMEN TN D 721 T <, il
BRAOREI/NS WV, LLRB L, BIRIIRERICRDIFZEES 20 FRasiicsd
DHFRITE VDR, E2 VY I RITNVIT—LED 7 4 A7 L 4 ~OFEENITE 5T, @
HNENFEZFFD InGaN ZARtA LED O FEBUIEE TH 5, 1GMEE ORI FITiX, THE~OD
ST DOEANNRINTIH D Z L3 @G STV BB, Al Rz i+ 5% OB T
WA ST T TE O T $508 LED #5152 5 B OV TIHE Lo Tl 5,

Figl IR T L 27 FTHUCHFQIFEEEEZ AT 54 7V v NG & RO LED =4 % v %
IABTE Z TR LTRSS, p 7/ — REMIZ ITO, Y — REMIZ Ti/Au % FV 72 250 um x 400 pm O
LED #§i& 4 {E# L 7=, InGaN/AIGaN O iff&1-J@ 1% n T[] & REIEME ORI A S, 20
ST $ A B L C LED FEOFRE 21T o 72, Fig.2 (2 50mA 3B RO 5 SEHRE OBk 127 Bk
ez T, B OSTEPENT 21 LM NNSE Lz, o, BT OB
WIEF R DY — 27 B S Tz, T bfiRiE, Bk a2 R aiEEE o i E z m ks
HHNRENRHDZ L 2R LTS, FEERTITBE T EEANC L DREOREM & A =X A

WOV d 5o
1.2
(—
p-layer _ 10 o
Red-active layer (SQW) =] o Q
Superlattice =, 0.8
Hybrid struct UmzaliAleeb Y, 3~Tpair 2 0.6 9
n-type Interlayer %
Blue-3QWs z 04
n-SLs I o 0.2
n-layer
Y 0.0
C_sapphire O 1 2 3 4 5 6 7
Pair of superlattice
Fig.1 Experimental structure of red LED Fig.2 Dependence of EL intensity on the
with hybrid structure number of superlattice pairs in red LEDs

[ &% 3CHk] [1] W. Y. Fu and H. W. Choi, Phys. Status Solidi RRL, 16, 2100628 (2022). [2] K. Goshonoo, et al.,
Appl. Phys. Express 16 082004 (2023). [3] K. Okuno, et al., Phys. Status Solidi A 220, 2300181 (2023). [4] K.
Okuno et al., Jpn. J. Appl. Phys. 63 054001 (2024). [5] D. lida et al., Appl. Phys. Express 9 111003 (2016)
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18a-C42-11 BRSE S AMELAKELITHES BETFHE (2024 KEAYLEN2RIBEFVTAY)

PSD #£% AV TR LED #1&E% GB-LED THIE Licpi&k L7z
GalnN2R RGBE ./ U ¥v 7 uLED 7 L A OfEf
Fabrication of GalnN-based RGB monolithic pnLED arrays with red LED structures

grown on GB-LED base layer by PSD.
OVEAK B, R EA, R BIE Y, ORI AHb Y, A FER

N Y, A, BB PR 2 BRI PR 2
BPRT: « BT, RORURPAE PEBAATF 27T 2

°Yuki Shimizu!, Naoki Hasegwa’, Keigo Imura?, Yoshinobu Suehiro®, Motoaki Iwaya,

Tetsuya Takeuchi?, Satoshi Kamiyama?, Kohei Ueno?, Hiroshi Fujioka?
Fac. Sci. & Tech, Meijo Univ.}, Institute of Industrial Science, The University of Tokyo 2
E-mail: 200443039@ccalumni.meijo-u.ac.jp

[1ZC®Ic] GaInN ZkFBHERE 418 C RGB OEBNFHETH 0 FEiEIc L s/ Vv v s
ERIT KLY ARIVR T 4 ZAT7 LA ~DIS AT &5 .GaInN #2773 A1 fEIZ MOVPE 14
ZHRWD N,V A Ay 2 HERE(PSD) 13 L W KIR COENTEENCTH v @i 7277t LED
& A& T GaInN & RGB £ / U & v 2 uLED 7 LA OVERLNHIF: S D N EFIIE) - 72 %
T CARNIFETIZ MOVPE #£IZ & % GB-LED THiUE LiZ PSD #£I12 X 277 LED HiE A4 pliR S E 72
PN ERCTCHEER RGB £/ ULy 78 WLED 7 LA ZERL L= TE DO RERET S.

[5E5hf515] Fig. 1I12Hi)E L 7= RGB-LED DMkt iE X 2~ 7~. %o 7V EE € & fkfao LED &g
EEES DU RS E A AR MOVPE (2 & Y 7@ L, 2R LED % BUSUKAY PSD 51T L V) )@
L7z . Z ok 2 VT, BEEE 110 ppi, FtEFE 106x46 pm? OFEESL RGB € / U v v 7l
ULED 77 LA ZARRLL Dese « SRR 2 R Al L7z,

[ F2BrA5 2] Fig. 2 (127 /31 A RS OREIGX % Fig. 3 1Z1E A B E 50 Alcm? FED & B0 EL A
7 MVvEIRT GO LED ORI — 7 R 13 450 nm, 521 nm, 592 nm T& Y 325 1230 &
K141V3.0VABV Th o/ L h B BESKRED B — 7 R EOREICHEITH 503, [F—
FEM T RGB D W & fE78 C % PSD ¥ % v 7= GaInN 2R RGB £ / U ¥ 7 uLED 7 L A O #[
REMEANVRIR S VT2 7 A A EIZ oW TIXY B E T 5.

[ 3Cik] [1] Eij Nakamura et al Appl. Phys. Lett. 104, 051121 (2014)

[BHEE] RBFFEO—EIXRNLK IR T T T 1 v 7R3, B - JHBE0%8 A (No. 22H00304),
NEDO Jciff4t, JST » A-STEP $3 (JPMITR201D) OEBHIC K- THEM Iz,

I S p-GaN (10 nm) I

p-GaN(100nm)
PSD

‘GalnN buffer (600 nm)

]
~

Peak: 450 nm 521 nm 592 nm RT
FWHM: 38 nm 40 nm 65 nm

- - —:r — n-GaN (350 nm)

b
n-GalnN (25 nm) }
p*-GaN (10 nm) T3

p-GaN (150 nm)

AlGaN F.B[.ilil nm|

n-GaN (300 nm)

MOVPE n-GalnN (25 nm) FTJ
p"-GaN (10 nm)

p-GaN (150 nm)

AlGaN F.B[.il{l nmI

) n-GaN(1000 nm) i

- — - p— 300 500 700
aN Substrate Wavelength [nm]

—

I'EKI

%
T

=N

1=2.39 mA
(50 AJem?)

=
T

[ — N — 1

i
T

Normarized EL Intensity

=)

Fig. 1: Cross-sectional structure Fig. 2: Device structure overview Fig. 3: EL spectra
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18a-C42-12 HESEGAMEE AUELMBES BEFHE (2024 KBAVEEN2RBEFYS1Y)

FEEIITRIT TR TV AR GalnN R /U7 uw LED 7LV ADIERL
Fabrication of Stepless GaInN-based Monolithic u LED Arrays for Mounting
AWAR-BET CDRR)IESR, EKER, REGH, HREH, ELE, BAKRHE
Dept. of Mat. Sci. & Eng., Meijo Univ., “Naoki Hasegawa, Yuki Shimizu,

Yoshinobu Suehiro, Tetsuya Takeuchi, Satoshi Kamiyama, Motoaki Iwaya
E-mail: 233428016(@ccmalig.meijo-u.ac.jp
[1ZC 2] GalnN #E /U v 7% LED 7L A 13m BRI L E B HEELNTRE THH720
AR/VR TAAZT LA SDIE ARSIV TND, RBFZES L —7 CTlk, b 2G4 v
GalnN % RGB 7V 57 —F Vv uLED 7L AZMELTZ[1], 20T /XA A TiX, pn
BEAWTZKSILZ RGB O LED b RUAEE TR G LTz, F72, S ORI AT A
EZ TR LTS, Ll ZOATREGEIZITEE nm 2>DE pm DBFENAEL . S B 250
B BT VADRIRE LD, AETIIHEE T 2HATLIETAT YT LR
ISR A LE ﬁ?ﬂ/ﬁkﬁﬁ)ﬂ*mé@iﬁ)@ﬁ” ULED 7 LA DA AT 572,
[ZE851E] Fig. 1 1A EELO)PEEBE T & VAT v 7L A EED T S A 2% 773, A
Ty TV AMEE T, 7/ — REME B —REMEE— EICER T 52 E TR EDR W E
2 RHL TS, ZL TATIE THIZE D 2 5 EMEE T Il > TERERL TV D, Uk
IX MOVPE 7:& AW Ch 36 E %D LED 2/ERILT-, ZolEHE FWC MR E
440 ppi DE V7B WLED TV AZAERL T2, (b)DT /A AEE K DI, A D A4
I3 ICP-RIE ZH\W\ T T n-GaN JE £ CHZEDEBE T 2 ERL T,
[SEBRAER] Fig. 2 ICAT 7 L A& OFRE (HIFR L 440 ppi OE /U278 GalnN %
ULED 7L o) DEEFSSE G E.| Fig. 3 1245 LED @ J-V-L f#iEA7r~d, (ERL 725 A A% Wrifi
SEM THIZET 5L, B EDRWEENTE ARSIV TWD I EEMERI L, PERIEE R0 A
PHEE LR EDT A ZREDG DIV, BAFRFEC A Z— U biERS N, ZDXITEMIE
R O R —E S OFEE R uLED 7 LA DIERIZ R Th LT,
(BEEIABIFE D — R IRASE R AR T T T 1 72 BT - S5 A (No. 22H00304),
NEDO %A 48, JST+ A-STEP F3£ (JPMJITR201D) DEIC XV EfaSnE L7,
[ 3CHR] [1] T. Saito et al, Applied Physics Express 16, 084001 (2023).

(a) * HHBiE ATy 7L 2HE BiE
8i02 s
Sap Sap
4
U-GaN s
N-GaN E., 3
bz N & x7y 7 am
P-GaN ] AYiEE
TJ-Layer ] 1
N-GaN 0 ! | ! !
— 0 20 40 60 80 100
Current density [A/cm2]
Fig. 1 (a) 2 PHi& L (D) AT v 7 L A M Fig. 2 A7 » 7 L A MG Fig.3 J-V-L £k
DOWrE 7T 731 A& DT I3 A AFAEE T H
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18a-C42-13 ERSESAMBLAUSLMHEES HEFBE (2024 KB AVEIEN22IB&FVS1Y)

T4 A LED Lt BBREBD/NA T v FERTNA XRDRAH
Development of MicroLED/Neural Electrode Hybrid Device
BHX!, ALLOS? HiLXK?3,
EREK!, BHASE!, A2 A Loesing?, BEILFF? AERFTHTS, E4KEsE BAOEAN!
Toyohashi University of Technology !, ALLOS Semiconductors GmbH %, Tohoku University 3,
°G. Shinohara!, A. Okui!, A. Nishikawa?, A. Loesing?, T. Kayama®, N. Kuga, T. Sasaki®, H. Sekiguchi'
E-mail: shinohara.gota.ku@tut.jp, sekiguchi@ee.tut.ac.jp

A, ZEW-ERE o~ A 7 1 LED #IF2NER 28O T Y, fkx RICHIBE ST
W5, Bald, MEEOMHICE O TEH SN TV D IEEEFZOTZD OB Y — L L LT~ A
71 LED 73 A|ZEFH LT 5, LED DM ~DOIZ 2246 A% RH T 57, Fig. 1 IT7
TR BRI D~ A 7 1 LED 73 A& A L, KR X 2 G805 3 4 FEREL T
X7z, LED T X 2RSS & RIS RISEI OBRGEHIA T L, X0 i B fiEEho 2 1 =
X LBRIZ DI D Z LN TE D, AR TIE, EENICET 5~ A 7 7 LED O feE & Bk
PEZFH, Fig. 2 1\ d K 5 20l & IR E R RIS vIREZR ~ 7 & LED & #ifREEMRD /A 7
Uy FEFET A AL BRI LT THET 2,

ATy REFBOEIICHIT T, £9~1 27 1 LED L MEEMDZTNTNDOT A R 2 {El
L7z, Sidf Blo= 4 % ¥ LR & 872 InGaN & LED 7 = &\, n BUEM (Ti/Au) & p
RlIgEMR (ITO) %#TEALL, 80pm D~ A 7 1 LED % 6 il ~7-fiE 2 /ERL L7=, D%, Deep-
RIE % FVC Si R Z RS 100 um OES F THAIC= v F 2 7 L, Si FE Em) O S
LTCT A A%HLTHZ ETHA~A 7 10 LED 735 AZAERL L7, WIZ, RO TFIEIZLD
% 55 Ti/Pt BAR A & S OPIREMRT A A %S:ﬁfiq L7co ™A TV RERET A RZBNTH
HRSHZ 10 il S - shfE ) 2 BLE2 T 5 7 O I OE IR SE IS AR B A BB 3 D DY D D
LT, ENENDT NA ZADONMERREZH LN T 57201, K n’ﬂ%%%ljﬂf@ LED HUHZ X 508
DKWY Az 2 2 b—3 3 Lz (Fig 3(a)). %ﬂﬂ%’*?ﬁﬁ%ﬂ?ﬂ%ﬁﬂ#é =0i2iE, il tb
mW/mm’ OHARMILTH Y, o, BARNECHEE 2 BT 5 721213 LED @Jﬁé K DWRE A
Z 1 CUTIZMAANENDH D, COMSOL #HNWTEEHDOTV I a2 b —va v z{Tolnb 2 A,
BA%E L7 LED 734 A (B 1202 1~2%) OIRE EF-Z2Ifl4 2121% 10 mW/mm* LT CEjifES
HOMENDD Z LN BE o7 (Fig 3(b), ZAUI~A 271 LED &R EMRE O
150um LA F ETHMERHDHZ L E2REBELTWD, &&IS, 7V vy T F T ReT 472N
THTNA ZAEHEGT DI LT, T AMOVATHEEMERF L7223 5 50~120 pum OF v v 7%
Ffo~A 7 1 LED & MRBEMRO A 7 U v REFET NA A% FEH L7 (Fig 3(c),

BWEE . ABFZED 0L, BHFE(B)(23H01465), v/ W], KM, SRR FeiE B [,

UBE %’—ﬁﬁ)ﬁz,ﬂiﬂﬁl BLO, BHFMHEOED) 2% TTbh T,
W ; (b) (c)

Neural
MucroL\ED electrode

fir - i\l .
¥ _PCBboard ' Hybrid | H i = Y B

probe | L
| . |

Brain

Neural electrode probe MicroLED probe

€
2
E
<
H
3
o
o
E
?
K
=
13
g
K
2
s
2
a

0.0
o w15 0 5 10 15 20 25
Distance from MicroLED center (um) Light output (mW/mm?)

Fig. 1 Photograph Fig. 2 Diagram of Fig. 3(a) Light spread distribution from 80 pm-square MicroLED, (b)

of a needle-shaped MicroLED/neural Temperature rise AT under 20 ms-pulse drive as a function of light
MicroLED device electrode hybrid  output, (c) Photograph of MicroLED/neural electrode hybrid device
device
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[18a-P07-1~12] 15.4 II-VIER{L & S

[18a-P07-1]
QF-HVPEIC &K %41 >FGaN on GaNITE™Y T /\

OgA BX\ H %8\ A\ A FE (1.2R1LD)

[18a-P07-2]
BMECVDRRANFBEBMRVRERICN T 37 Z—LNROFEIKFME

OMft R'. XA RS2\ St HiFs. AR AE 56 KE NFE BT RMNE"23 (1.8RAR.
2 RZFHRAETFH. 3.5MAEH)

[18a-P07-3]

HECVD R EBNERR D Z 251

OXHMBE' St HmiEl. 2 KE, Mt R B B8F. BEME2(1.8AARSH. 2.58[A
WEIWH. 3.58MAASFH

[18a-P07-4]

BC3Z EEHCAWBIBECYDICK DR LN ARBIL RV R ERNDRFEA CBEEFEAD
7

OF M HFE. XA RS, XBEE'. i &', hE BF RME23(1LBEAAKEH. 2.58mA
KREIH. 3.8EAEFH

[18a-P07-5]
+/ A5 LESEREICE T BGalnN/GalnN MQWADAIN FRGEDEAZNR

O E'. & A Kl GLE. WO B8R, BZEE. AR &, S8 EE23 2% w823
(1.ITEFRKR. 2. 8K, 3.L8KF+/77)

[18a-P07-6]
FEMEGaNNELEBZBE I 2T/ AT LDRANSDEIHE

O#FiF =31, AR BN #ia BAL @/ 1. =230 Kk E—. S8 EE 25 mE2
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[18a-P07-8]
NEEFNEDERBAIGANEFHFBEICE T3+ v ) 7 EPILHROBHNERKFIE
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[18a-P07-9]
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QF-HVPE [Z2& % 44 >F GaNon GaN TE™ T /\

4-inch GaN on GaN epitaxial wafer grown by QF-HVPE
FEREE
EREX, SH KB, HF A, BEFE'

Sumitomo Chemical’

Shota Kaneki', Taichiro Konno', Hisashi Mori', Hajime Fujikura'

ZH) DL (GaN) FZFDEN=-HEMI S
FERLED - L—Y—[CMATCEEFBITELS
VURXA (HEMT) Xo#itE MOSFET 7% £ it F i
HIXZIKIZES, HtE MOSFET £ FIA LK
s BRE/ND—T /N RIETHEEERD =86
[CEWKRY D FEPRETHSN, TEFXFD
YILEEELTEICAVLWLON S EHER AR
EMOVPEEIEE WX v ) 7RE - [REHIE4E
859 H5—AT, R L— A pm/hr E{ELY
FOEWFY I EEZRET HICIERHEZE
5, N FF4 FKHEEMVPE)E &
100um/hr #EB A 5EWVVEEL—FERBETED
HOITEMICEN:-BEETHAIRE. EXv
) 7 REOREAREN DEREEDEH—5HHE
[T WWEWVWSHEBAH o 1=, EFEH 4IE HVPE
ED b BEEHM ZHEBR L . Quartz-free HVPE (QF-
HVPE)& 9 % Z & T GaN 10 Si, O % K

S50
EB/JIL

Fig. 1 External view of 2-inch and 4-inch GaN on
GaN epi-wafer grown using quartz-free hydride

vapor phase epitaxy (QF-HVPE) method.

BICIEBTEDSIEERL. NT—TNNA R
RALAlgeGBEX v V7REEZEHLLEY, — A
TTNARDSBEYICKELFET 5ENY
—EICRET AMEF 2 A VFHA RIZFEEHT
W5, REKRTIE44>F GaN on GaN TE 4
FOoXLDINOERARTIZDOVTHRET %,
B1ICRERMGE2A4VF - 44 2F GaN ER
D QF-HVPE & GaN TEZ ¥ v )LED S
BE#TY, WIhitL2@mEmm,r2Ey k- &
Ay Y 7)) —GREANELONT, £, B2 I
QF-HVPE # 4 4 >F GaNonGaN TED =/\D
Fx ) TRESTETT L2510 em 8 E
DEFvUT7EEIZBVWTHEAIAIY—TH
Y, ERDOIL6.8%THo1-, TDMAFEIZDULY
TIFHAHRET 5.
[1] H. Fujikura et al, Appl. Phys. Lett. 117, 012103 (2020).

.— lel6
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” 20 | (flem?)
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Fig. 2 Carrier density distribution of 4-inch GaN on
GaN epi-wafer grown by QF-HVPE method.
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18a-P07-2 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

BIE CVD i EAFRZBIUEARVEFRICHT 57 = —ILHROFEARIKFHE
Dependence of the annealing effect on its atmosphere for the low-pressure CVD

grown hexagonal boron nitride thin films
FREAXZE - XEGERSHEEWHRH | XERAEIFHRE 2 EFIEHRMR
A R KB RCL Fith BiF L AH @BE! B BE L ME BFL R B2l
Shizuoka Univ., °A. Takemura, ! T. Oishi', R. Aoike,' S. Ota,' Y. Takahashi,!

H. Kominami,! K. Hara® 23
E-mail: takmeura.akira.20@shizuoka.ac.jp

(S]] AHEmEHRTFE (h-BN) iE, BJET & NIETO sp2fEA 1S 72 D=1 KO R 18
MBI % ZIRTCIEIRILEM T %, TR, RESMEBIC IV TR 215 nm D &R 22 ahiEd + 38t
R ZENRP LN ENTZ LT h-BN (F, BricRIEENZRNFZ - ~OFHADB SN D X
N Ip o Tz, ARWFFEE TIE, BCla 3 LU NHs z iUk & 3 5 b5 AH1E (CVD) % VT h-BN
IR DOER S Ot 2 1T> CT& e, — 0. M7 —7 X0 SR RMAES/ LA L —H% —
HERETE CERL L 72 h-BN 3R RIRE & 0 & WRE TR R 7 =— L& i 2 & TR %
HRER T T2 LV O MENRINTND 1, AREFEETIE I ETIZ, N2 ZZPH&H 1500 °C T
DRANT == A PNBHFHEOL AN THL Z E2HMELTND 9, SN, N LSO R
KAATHERARNT ==V &ZTH 2 LI, T=—VEROFHSURFMHEIZ OV TIE LT,

[52B2477£] h-BN MEO/ERS LOWR R b7 =—L2id, PERROAHEE L W E—Z =05
HERK S 4L 5 SR EARINEVE CVD & 2 o, JRUEFA A & LT NH3 7 A (99.99997%) & BCls 77
Z (0.11% N2 FBR) 2 L. c Y7 7 A 7 _LICAEES) 15 kPa, FEARIEEE 1300 °C T 60 4y Ak
RaiTo7z, il 22 =B 2 HE Y 7 7 ¥ —IZ3% 8 L. Naw NHz £ 7213 Hp 4 A H1C 1500 °C,
053 DT == &7V, EOEALZFHE L7z,

[FER & &42] Figlic, 7=— N EZTo Rt OREIO N Y — R IR vt A(CL)ARY hL
ZoRd, 215 nm OEAFHE FRLIL, N2 B L O H RHSUZIB VDT R L7223, FRIZ H, TEOZ
{ERBEE ICEN T, Kifh - R IEBE T TR COT =— VEAK TR LA, H TIEZED
PACER RS/ oTe, TO XD RFEREOHIT, 7=— VX0 FEREMERSEINZ
LR TN D, KR Ho R CRIFZRFERP GO E L LTE, 20EcHIck50 & C
A DBRER R RGO IR Th -T2 d & B X b,

—— After Annealing ‘ —me o | NH, ["—— After Annealing

— Before Annealing —— Before Annealing —— Before Annealing

x 1

%10 x 3

_ ’ 00 210 220 230
200 210 220 230 20 230

CL Intensity (a.u.)
CL Intensity (a.u.)
CL Intensity (a.u.)

200 300 400 500 600 200 300 400 500 600 200 300 400 500 600
Wavelength (nm) Wavelength (nm) Wavelength (nm)

Fig.1 CL spectra of the h-BN thin films and those annealed in different atmospheres.
1) S. Lee et al., Scientific Reports 9, 10590 (2019). 2) G. Wang et al., Cryst. Growth Des. 22, 7207 (2022).

3) 4t 2022 FERK G I B2 21p-B201-13.
4) KA, 2023 FFKFI 425 21p-P06-2.
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18a-P07-3 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

i E CVD pi & BN & £ 7 314
Evaluation of polymorphism of BN thin films grown by low-pressure CVD
HEXR - KZERELEHFRMHRE |, KERAEIEMRHE > EFIEHRRA’
OKH HE' it HE' BE EX, vH R, MEBFL R g2t
Shizuoka Univ., °S. Otal, R. Aoike?, Y. Takahashi', A. Takemura?,
H. Kominami!, K. Hara*?3
E-mail: ota.soma.19@shizuoka.ac.jp
[iZCdiz] SAHFEZEFRTHE (h-BN) 1T, 7777 A MNEBILZ @R OMESEEEZ LD, Bu- b
HY 22 TE MERCAERRIE DS BN & D ERITETIv 70 AREL TOISHN EThoT, Flt Tl
R4% (215 nm) TORDE FFNHMIRIED 2 T BN CHDTENE B Sh, TR N TR
3= NPBIER S DK RO B AR T S AZASOIS ARSI C0D Y, — 5T, T A AIEH
WIE R ORE D RO ONDT LD, AHFFEE TII K CHE s B EEOERAZ BHIEL, h-BN @
{LFEA AR (CVD) ICTHWHLA TS, ZRETIZ, IR T h-BN IZHA RN 138 62 /n D
ERIZ R L CTOD A, REHZ > T ZATFIRDO T LA DR END LD, 2R bRy 3
(r-BN) HIFEL TWD A[BEMEARIR STV, 22T, /ERLL 72 BN # 5 B2V T, -BN 25072
LD AN CREEI T2,
[FBHERL] MERO AT TAE LS T AT L e—F =IO R SIS BT EESOINEVE CVD &%
M e Y7747 BT BN RO REZIT o7, JFEHS JOGRFS T A%, BCls (0.103%-N: 7iF).
NH3 (99.99997%) 35 L VN2 T 5, FARDORTEE L L THBBETF L OV N XK TD 1200 °C O
Y=~ 7 U == 7% 30 5317 5 1214 . BCls 3 L O NHs O 5 &% Z 7241 0.06 35 & T 150 scem
&L, RS 15kPa 28\ T 60 7l 21T - 72, IREIL, £ 08 um Th o7z,
[FE5 & Z2] Fig. 112, 1300 °C THE Lizikto#£mE SEM #4273, Z Ok Cix, Biko%
Aol ZHBIIRD T VA U HBFFERIEBII S i, Fig. 2 12, X#REIHT (XRD) Ol E Ofs 5
77, -BN (101) OEFTAHMEICEN SN2 b, ZOREHI r-BN N E& Eh b 2 &b
%, Z 27T, r-BN (101) [EIH775 6 [EIRFR LAl S 72 DI, r-BN OWEEDTERRL S NI & & %
bib, —H T, Fig.3WRTHY—FLIxvELR (CL) A7 MV EVbND L)1, 2D
#AEHE 215 nm 2BV Th-BN IR A 2R i 736t 2R Lo, 2RO ORER K 0 | Z05kEHZIZh-BN
EFBN BREL TS EEBEZ LD, ZNHDEKRD SNFIZOWTIBERF T TH 5,

10 kV

s

200 300 400 500 600 700
Wavelength (nm)
Fig. 1 SEM surface image. Fig. 2 XRD pole figure recorded for Fig. 3 Room temperature
the r-BN (101) diffraction. CL spectrum.

CL Intensity (a.u.)

1) S. Fukamachi et al., Nature Electronics, 6, 104 (2023). 2) K. Hara et al, Phys. stat. sol., 2400037 (2024).
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BCI; Z[RFHCAWABECW ICK YRR LI-AAFREBIERIORBE~D
RREAEBERFE~ADEE
Carbon incorporation in hexagonal boron nitride thin films grown by low-pressure CVD
using BCls as a source and its effect on the film properties
HEXE - KERLBEHFRMHRE | KERAETENRH ° EFIEHRRA’
OFith BFEL KB RO, AH BWE', mH R ME BFL R gl
Shizuoka Univ., ©R. Aoike!, T. Oishit, S. Ota!, A. Takemura!, H. Kominami* and K. Hara® %3
E-mail: aoike.ruki.19@shizuoka.ac.jp

(551 A7z T# (h-BN) X, sp* &ALz BENDBRDJF TV —MEE LI LE Y TH D,
T DN - ALFRZE EMEDS . JERIZEICETIv 7 AR B L CRI S TE 228, 5 215 nm
DOFNE R ERTE D, 22 OfE SR L m RIS | ITEITIREI IR SRS ik
TCMEFE T T NAZAS~OF AP RS TS, ZD X578 AT, ABFRE T, KifEn e
fn'E7e h-BN EIRO/ERAZ BHEL ., JOBHZ BCls WARAIBEI Y NHs H A% 3 D b7 <AH R R
(CVD) IZHWFLA TS D, ML, AR ILAMERRD BCLIXCEE TR\ IEnD, JEf~D C
AR N OARI DS FF S T2 03 L FEBRITITAE Y | D C HEFUTE N TWDZEN Dotz AR
TlE. BClsZ AWTIERIL 72 h-BN I DWW, D C & A B2RONT C MDA KIE

R AT LTS RS HOW TR 5,

[FUEHER] h-BN EEO/ERIZIE, RO GRS ELZ T AT b= Z =D SIS R T
FEAINEVE CVD 2 &% H Vo, BCls 7A (0.103%-No 77 FR) 3558 NHs A (99.99997%) % JUkt:
LT, c Y7747 Bkl BICHGRE /) 15 kPa, AR E 1300 °C T 60 sy i k%2177,

[R5 SREEZ2] Fig. 1 (a) ISHERL7ZRUBI O R A E 7 BMEE (SEM) %%, (b)-(d) ([CE T~
a7 F74Y (EPMA) THIESNIZEHR O B Ik 45 CIRE, BLOY—RAIxytr A (CL) @
<o T ER s, ZORENO L7 C IR EIL B XL THI 3% Th-o7-, FRIRAIIZIZ, Fig. (@)&(b)%
HBe 5281280 BATHRRZ VA I CIRED SO MLE L TWHZEN DA%, CL DN
L, AR R EEE T 215 nm OFITHR LA AT TS L, AR E7 13K
F B T2 335 nm DFECITFFITHAR 7 LAV R OB CHRKBIIIS VT, FRZ VA DI E LTV
UWVEIRIZ I, FEE DRI Z S T2 T LA MRS D280, CAFIMIEFEITE DL 72 R M 7L A
ZHWIAEIL, 300 nm HOFFEOHEKICE G L THDHDEE 2 LD, EOITH IR S ET 57
DIIIAMI IR L DRI A W[ K THY, CIRDFFEZHED T D,

1) K. Watanabe, T. Taniguchi and H. Kanda, Nat. Master. 3, 404 (2004). 2) K. Hara et al. Phys. Stat. Sol.,
2400037 (2024).

(a) m-CL

SEM image
\ N

(b) C/B (c)215 nm - CL (d) 335

—tum  ONEN 225 oNES W 4 204 @R W 1029
Fig. 1 (a) SEM image, (b) C concentration and (c)-(d) CL mappings at the wavelength of 215 and 335 nm
measured for the grown film.
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T/ 2T AfERERIZEIT D GalnN/GaInN MQW ~D
AIN FEBDOHAZR
Effect of AIN Interlayer

into GalnN/GalnN MQWs in Growth of Nanocolumn Crystal
TEH#BEARSEET !, EEKRF /772 PERET® R K &5 BX R EET,,
e &R, BE &R, AH &', =S8 #2E >, 2¥ BB >
Kogakuin Univ. ', Sophia Nanotech Center %, Sophia Univ. *
Takumi Umemoto', Ryuta Shindo', Hiromi Akagawa', Tomohiro Yamaguchi',
Takeyoshi Onuma’, Tohru Honda', Rie Togashi2’3, Katsumi Kishino®®
E-mail: s420014@ns.kogakuin.ac.jp

X CDIT bW 8RR T fEdb(T /) 27 L) T, 7/ MR R (E@sir 7 v 4 )
V7, BHEFNE, EESEEOEINA BB S, GalnN IO R EICFE L 9 5[1].
ez I IFRAILTO GalnN @Rz B L T, BFO TR EBESE5 L, In MO/
72 GalnN FHiN w7 7 Jg EIZ GalnN/GalnN £ B & 1-H 7 (MQW) % il E S B 7= & ik
FTLTWA[2]. LavL, & In fLED GalnN MQW Ji% & Tl GalnN O K & 72 In #HEFE D &8
AL, RERBFTOTHINEA S, GalnN fVE Z %L S, GalnN S D In fHAL D Ak
PEAMET L, MQW Rt b+ 2. Z ORMEZFRT 572 GalnN 78 & [EREfE O Ic
AIN (AlGaN) A= 2 AT 2 TIENEH ST E 72[3]. AFJETiX GalnN -/ =
T LNy 7 7 8 EIC R &S ¥ 5 GalnN/GalnN MQW O In #2221k, & A DKL 230~
T, AIN H iR AR 2 5t L7, AIN g o R R 2 0, 5, 10, 20 B & 2B L S E72208
O, T/ a7 AOBMSEM A, 7+ FL IRyt U APL)FEIEANZ MLVEBHIL, AIN H
S ZEC NI S LS XY N (oo R

EBRFONEE RE-MBE E42 W T, J8# 100~600 nm D HLH]
BT 27 AEpE Lz, &0, n-GaN % 300 nm [ S
B, W T, BE—& —RE 898°C, EFEJi&E 2.0 sccm T n-
GalnN N 7 7 &% 50 /ol S ¥ 72, 2 2 TiE, RF AJINY
—% 400 W, 350 W,300 W & BefEAIC 2 b =8 C, i GalnN
My ZChdEoCcH@#LE. 20 kic 5 XT70
GaInN/GaInN MQW % il &H7278 5, AIN A 21TV,
ZORERZ 5,10,20 & L TELS BT )
Fig. 1(a)lZ AIN HEJE 24 A L7220, (D), (©), (dIZZhEi | KA

AIN L EF# % 5,10,20 b & L CTHIA L 72RO BISEM 2T @ @

& %. AN 8 O R 2 B0 & 8 C b tki33 L < 25k Fig- 1 SEM images of AIN
L72ino 72 Fig. 2 I3 215 OfS RO IR PL FH A2 kL 'Sr;%rrt%d nanocolumns for each
ZoRd. MQW IZTEA T 5 &, AIN ORERFAS 5, 10 70 Tl '

v — 2 R RIE L. 20 B AL L, 7, AIN g (@08 ()5S, (©)10s, (d)20s.
DR ERMAZ NS E 5 I N TEBREEBICB TS 2nb ow
DI AT h VO HAEEMEEWHM) A A U, EFR 20

> FWHM 1Z 48 nm & JREIKTIE b v 7 k%L 72572, AN
B AIZ XK > T In FERFE S IMEWIL L, &5 mEmR
WBPENE E L7720 THD EEZHND.

BEIR

[17 K. Kishino and H. Sekiguchi, Chap. 2 in Novel Compound Semiconductor 500 550 600 630 700 750 800 850
. . s Wavelength (nm)
E;no;vil;;,p ZcrléF.z(I)sll;lfawa and L. A. Buyanova (Pan Stanford Publishing Pte. Fig. 2 PL spectrum of AIN
” ny : " inserted nanocolumns for each
[2] 2RI JRHERE, 55 83 Bl PG =%, 20p-B201-2 (2022). second.
[3] Jumpei Yamada et al., 2023 Nanotechnology 34, 435201 (2023).
BEE AEFEO—EIE, FFE - FBEFIE(C)#24K08271) DR & 51T T T7e b=,

Nomarized PL Intensity (a.u.)
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$BE GalnN EERBEHT ST/ A5 LDRENS DERE

Improving luminescence variation of nanocolumns with semi-polar faceted GalnN active layers
AT TV o), LEXF/ 70 HRER}, BREN !, BFEEAL,
mAE— !, BEh, FRE—, EREER?, FHRE?

Seiko Epson Corp. !, Sophia Univ. Nanotech. Res. Center %, °Y. Akatsuka', S. Ishizawa'

Y. Kakemura!, K. Morozumi!, H. Miyazawa', K. Akasaka!, R. Togashi?, K. Kishino?

E-mail: Akatsuka.Yasuto@exc.epson.co.jp

[BFgeiy 5] @I B EIERTRE/ZR T 4 A7 LA JJHE LT, v A 27 1 LED OB
HEATWD, FRIZ GalnN BT/ 27 Ak, T 7 HEEICER T 2 507 B R oE AR g 3 & 8
HIEL AR SRR 3 2 EE ) [ LARIC L0 @ R ez nif cE 2008, —F 7T, B
LW G DIRIER 7 7 v Z7IZ ko> T, BiET / 27 AMICRNANT DERAELTND T &R
3o TWBHBL RIFETIE, BN T OXYEIC L HREFROEEE B L LT,
[528% - #55] MOVPE MEIC TR L7z c Y 7 7 A Y HAM | GaN 7 > 7' L— MT Ti v A 7 38R
B RF-MBE 154 VT n-GaN 7/ 27 A& R L7z, WIC, GalnN/GaN ##%1-(SL) Z/ L T
TRk U7z 4 (10-11)7 7 &~ F i _EIZ GalnN/(ADGaN #EMEE 5 L O p-(ADGaN & % fif L 724,
SEM-CL CT7F/ 227 AMORIHEAEZHIE L, TEM Z AW CRSsaisE 2 it Lz, X 1IR3
Z O & WERATOFAMLRE R & SLEIZ TA0-1)E LS O S ANRA U, BT/ =27 A/ T
BREENT DERAELTND Z LW anoTic, SLIBOMRE 2T 270, kil L 0%E
DI ESEEZRF LT, TORREZX 21737, X2 Folim TEM B &Y . %)—72(10-11)if SL
JE BIZIEHENER SN TS Z a2 Lz, 7. CLB XYV T/ 2T AROFENTRE T D
ERBIICEE L TV D Z & 2B LT, EBRHERE ROFEMIE, Y HRET D,

Detection Ranée—i Detection Range ¢
A:610~620nm | S )\ 600~610nm 3

o1y |

. ' P ey | : : e 3
Cross-section ‘ op-\ievw 1 ! 0 Top-View,
TEM image L 8 3 ‘GEM’CL image I— M ge SEM-CL image

Figl. Nanocolumns with non-uniform crystal planes Fig2. Nanocolumns with uniform crystal planes

(£ 3CHK] [1] H. Sekiguchi et al.:Appl. Phy Lett. 96, 231104 (2010), [2] K. Kishino and K. Yamano:
IEEE J. Quantum Electron. 50, 538 (2014) [3] ZREfH, 2 84 RIS HWEL S KEFAINHHS
21p-P06-8, [4] J. Yamada et al.,Nanotechnology 34 435201 (2023)

[BEE] ARFTED—EBIZ, SCHREE~T U T VERY —F A v 7 FHEOLRIZL Y, B
et B EIT R B CHEM S Tz,
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18a-P0O7-7 BRSE S AMELAKELITHES BETFHE (2024 KEAYLEN2RIBEFVTAY)

THz &% AU T= ScAIMg0, E4R L GaN IR D JE Hr 3 52 5 1% 0 5

Evaluation of anisotropy of refractive index of GaN thin film on ScAIMgOs substrate
using terahertz wave
AGEX, BPTLIOa?
°tm BE' BWH BE'L AKX HEL H# SF, "R F
Ritsumeikan Univ.!, NIPPO PRECISION?
°K. Tsuchida!, T. Fujii'2, T. Iwamoto?, M. Deural, and T. Araki!
E-mail: re0173kp@ed.ritsumei.ac.jp

Fx 1%, RF-MBE 52 X% SAM A E~0 GaN O EBRLEICHKII LT\ 5[], £ OREER X
CERFSME T o720, 7 7~V Y REHEBR S = U 7Y A U (Terahertz time-domain
spectroscopic ellipsometry; THz-TDSE) Z &M U7 3EHefl - FIEREERHNFE ORI ICI Y A TE T2
2], O T, BED 1um & FE D LTS REEIC 2D Z &3 0hho T&ETz, ZORKRD 1
& LT, SAM JEthids LU GaN EEOERIErRO—gh M, +720b b cihidime ¢ miJim
THERBBITENRRDLZENBEZIOND, TNETIEZEOEEII/NINE LT, PRI ES 2
MEFERE L TE 7, Ll sREIFIARAIZE 5T c MmN R DRI RIINET D DIk
L. p @il c#ihidim & c NGO 7 O RIEET 5720, 1556105 G S XA A1
WAr+ 5, LIZd> T, 70° A5 TH D THz-TDSE (B W Cid, JEITRO BITMEE BB L - fr A
VEETH D, BITREGIEOREZT 5 FEL LT, &i# THz-TDS % THz-TDSE (ZH7A& 5
EOLZENHENTHD EBZZHND, SAM ERIFAEZIEER DT A R¥ ¥ » 7 ThH Y | THz I
IR L TEATH 5720, BBHIENRFRETH D 2 L2h, HIEREE O & iR THz-TDS A3
MARETH LD, ZHFEEARTHY ¢ BHALROESRORIIGE S H 72D, THz-TDSE (25
T2 s WG T 2 TR ng OHEEDN WRE T 5, 15 HIVTZ ng & THz-TDSE I E OfEHT I H 3
52 ET, pRIGICKRIT DT ny HHEE TE 2,

R TIEOFIMEERGTT 5720, £7°. SAM RO EHTRO B2 FHE L7z, SAM HR
DERIETTE ng » ny OEF JEHT) B I OEE (HREBE) OFEEIRAEL Fig. 1 1IR7, &
e L BT ng & np T —BET ZTOMM bRV | JEFREGTENHD Z N nnole,
DBEIFITI BT HAMREMEN B D, £l2. ZOREREE VT GaN #IEIZ % LT b AR O f#dT
2TV, GaN DJEFrRBIGVEDOR B2 FTT 5,

[1] T. Araki et al., Appl. Phys. Express 16, 025504 (2023).
[2] H. Watanabe et al., Phys. Status Solidi B, 2400017 (published online).

3.5 . r 1
5 o 3
(8]
£ £ |
23| Sos |
o o L
o e
‘*O—J ]
o« 5
x
w ns
2.5 e 0 Si——
1 1.5 2 2.5 1 1.5 2 2.5
Frequency [THz] Frequency [THz]

Fig. 1 Complex refractive indices (refractive index and extinction coefficient) of s- and p-polarized
light waves of SAM substrate.
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NHBEFHEDEL S AlGaN BEFHFBEIZEITS
¥ ) 7RULBROBHERIKFHE

Incident beam current dependence of carrier effective diffusion length
in AlGaN quantum well structures with different internal quantum efficiencies
IWAXBERIRERZE !, ZEXRET?
CAET ' FHE Y, AL, 5'1%7&&7& 2, ZEHA?, AR
Yamaguchi Univ.!, Mie Univ.?
°R. Yamaguchil, S. Kurai!, N. Okada!, R. Akaike?, H. Miyake?, Y. Yamada'
E-mail: d023veu@yamaguchi-u.ac.jp

T AlGaN TR FERZ W T ERES IR OB A TR HER LTS, L LR b, Jok
iﬁzﬁmﬁ%ﬁﬁﬁt PPV INER R TR IQE) AMK 9™ 5 ARHANT Hebk O BRFE 3 e — 5 C[1], IQE 1K
W SR M DN T A EEZ B ND Y — RV % vt o A(CLEIL B BN 5 &
I“EEE’J;H?{&ME&: LCHENLSNTHRY, SHI2IE CL B ORI FEORNEE v 7 7 A Vi
T4 T AT T DI ETROTEENERE Ly AWV CTERMEOR D BRI STV D
[2,3]. F£7z, BIRMEHEIMNIED Ly OHAMEM MBI S 4, }Ebtfw U 7 EEVEAN A © FEE S
FEA DO FEEGR R & BIEAHT 25 L C & 72[4]. AR T, BRI N % T IQE 23R
72% AlGaN Z & H T (MQWIEE 235U C, CL 7l & 0 1572 Lew O PR B RARTTIE 2 574 L,
IQE & OBMRIZ DWW TRl L7z fE BRI W THET 5.

ABHE m i 5 Mz 02 EEA 7 LTz cifih 7 7 A 7 | face-to-face 7 =—/L A3 & AIN(FFA Sp-
AIN)T > 7 L— F1]&2HEMR E LT, MOVPE 752 X Y AIN J& 200 nm, n ! AlGaN J& 600 nm % /I L
THLE L7 AlGaN/AlGaN MQW ##§1&E(F: 7718 2 nm, 10 pair) TéH 5. IQE 7% 90% (Sample A), 41%
(Sample B) & K& < #7252 3 BHI KT LT CL 37l 21T > 7. IQE | il -1 FE (K /7 PL 1EIC
D ked7=. CL JIE I EE 3.0 kv, HSTEN 18. 9~153 5pA, EIRTIT-7-.

SampleA, B (23517 5 CL 58 5 1 O R B ITIFIFFFRREE(~3 X 108 cm?) Td 5 DT Kt LT, IQE
IZENEI 90, 41% & KR&E L Bipo7-. %72 CL Eﬁﬂ%ﬂmﬁﬁ BIFSH CLBE R 7 7 A Vi
I =lo-Laexp(-+/Le) TT7 4 T A4 V' TIRNTT 5 Z LI XV L 23R, Z O ERAKTN: %2 FHE
L7z, 22T, LITEBIEAI GBEN T CL FREE, 14 (X BRI T CL MREE O 4y r 1T B BT
226 OFEEEZ T Fig. 1 ICHFREHIKRTT D Lo DBEIKA T Z R T Lo 15 sample A ([ZFB VT RE
Dotz ZHUEE IQE OFEHIRB W THRAMAIC L 2 IEEE i & OB/ NS & &2 B LT
W5, F, WTFNORBHZBW TS ERAEIEINIAE D Lo OHAME R 23 HERR S 472, BIRISXTT
% Lo OYEIMEM 1 IQE @ Sample A (2 iob\fot VIHE CTh o7z, T, & IQE OREHIIB W
TR K 2 FEH RS oA I mE S e & B
fifd 5 Z LN TEBH[5]. 72 IQE DHEKIZLEN, & IQE 72 . . .

Sample A Tl Ler ICBIFMEMA R S W Tl 0, FiEsast 7 T
AFRLOFHEIILE2F v U THBENDIRNT L EREBL [ 1
TW5.IQE & Ley OEMRKAVEITHBEN A O, ZOERS 100F i E 1
BODIEH TS P OOTIAETT MLV ERMICERE 2
TEXAHZ Enbrot-. % 80} % () '
AHFFED—HRIE JSPS BHFF#E JP22K04184, JP22HO1970, R E - | ﬂﬁ ) . :
SRR B BN i EE AL 3B 52 TPJ005698, NEDO Jigdf 60} i
wra s 7 AOYRE ST TiThill. L E ® Sample A ||
[1] H. Miyake et al. J. Cryst. Growth 456, 155 (2016).,[2] S. 20l = _SampleB ||
Ichikawa et al. Phys. Rev. Appl 10, 064027 (2018)., [3] S. Kurai et 1'01 ; 1'02
al., AIP Adv. 13, 045319 (2023)., [4] Kifth, &5 84 [nljs A PE Current (pA)

SAKF AT 22, 22p-B101-13., [5] H. Murotani et al., Jpn. J.  Fig. 1. Current dependence of effective
Appl. Phys. 58, 011003 (2019). diffusion length Lesr
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BESILFMEEIC K S AlGaN/GaN ~ T OHEED
EREEREDOEL
Change of electrical properties of electrochemical energization
AlGaN/GaN hetero structure
BRI TRERSE |, R KA B BT 42 2
C(M1)FRH B !, BER ¥ 2, BiH BLE !
Tokyo University of Technology !, Institute of Industrial Science, the University of Tokyo 2
Ren Morita!, Hiroshi Fujioka?, Narihiko Maeda'

E-mail: g512404351@edu.teu.ac.jp

GaN &7 /31 ADOIERUZ B CUTAEL M & £ DA E SRR e v F o 7 il
DG A HIC, FAIXTIETIC n-GaN ZGEELEICY = v by F o 732 2 Bt
Vv by F U ERRE L[], ZOFECBOTHmRE(L n-GaN [3krE S D8~
v T2 TERIZ, %ﬁiﬁﬁﬁﬂkhf@7h4xm%%M» ZEMER I & B BRARE
%ﬁ@ﬁmﬁ%%bm\Aﬁémm BIE (HEEE, 4, 6 V)R CTEEMRAFNEZ 23],
R TN W e = B iéAM@MMQATG%L@%ﬁh%%@@ﬁm%@A4TX
(FGtmfe ) . * %m_mzf NA T ATHRARZOTHET 5,

AlGaN/GaN ~7 @ ##E BN 1L, 2 nm 1-GaN/25 nm Alo25Gag.75N /1 nm AIN/300 nm i-GaN/Si
substrate FEF 2L L7z, 10x10 mm? (28] 0 [ L7230 I 2x2 mm? O fElk A Fig. 112
AT KO IEMIE TS TR DHINEE (-1, 2 V)T 60 min BEXILFREELZI T2, ZOD
%, A—ADRRIERFR AN L, @EEBIIKE U CORERAYE Hall 20 R 07E(78~473
K)Z 17\ Hall B EhE ﬁ%%f@mf&ﬁi%ﬁutﬁ%%ng3_m¢

F9° 2V OBmERLEE T, Hall BEhE X EEEIC I ANER THET 5 L8091 %E
KRIFIZHA L, —F . BTREX ﬁ25%%mbko*ﬁ\¢ﬂ47X1VT@@ 5Tl
Hall B8 DT 57 % &/hE <, £7o, ETREOHEMNTDT I 2 % Th-o7z,

ZOEDIT, AN T A (BimiE k) &g T R L TIERR D ERIREMEDOE L B
END LD BREOFER NS SN, BIBIIEERRT TH D,

[1] Kiyoto et.al, JJAP 58 SCCD18 (2019).
[2] Kamio et.al, JJAP 62 110907 (2023). [3] Kamio et.al, Phys. Status Solidi 2300585 (2024).

2,000 =12
Electrochemical —_ . 'E
= Analyzer » =3
g, _ - S 1,500 } ., 11 . e
: z 2 % o = oo .
g = =3 = . J «® .,
=) [=» =] - x f ']
® © & | £ 100 | . 10 S -
5 * non-anodized * . Z ——tse s o b 8
E I C 2 V. 60 min ‘ . N . ¢ non-anodized
= '. V. 60 min . § ' « 2V, 60 min
’*ﬂ-o. * e ° § e 1V
AlGaN(2 X 2 mm?) H:S0++H-PO. 0 ) . e K= 8 . . ) .
\2 V, anodized 0 100 200 300 400 500 0 100 200 300 400 500
-1V, energized Temperature [K] Temperature [K]

Fig. 1 AlIGaN/GaN ~7 b ¥ o 7 v~0  Fig 2 R—/LBEIEOREERFM  Fig 3 B FIREORE R
LAY I R DO BN X

© 2024%F [CRAYEER 13-094 15.4



18a-P07-10 HRSEBANBEAUSEMBES BEFHE (2024 KEAVLEN2RBEFY 1Y)

FFZ2T(Z5EL AIGaN/GaN AT O E~ADA—= v I BB
Forming ohmic electrodes
on the almost electron-depleted AlGaN/GaN heterostructures
ERIMKE!, RRRPEERMHIERR

"MNBEZA M, MDFZFB R RE ¥ aTE RE'
Tokyo University of Technology !, Institute of Industrial Science, The University of Tokyo 2

°Sho Shirasu!, Ren Morita', Hiroshi Fujioka?, Narihiko Maeda'

E-mail: g51240230c@edu.teu.ac.jp

UV HETEFEZITITV AlGaN/GaN ~7 a & 275 95 2 & CRE O H B2 HIFs
TELGANH D, TO X5 RICHEZSBHIZBWT, SRIFE 2 ILE 42212400 AlGaN/GaN ~7
PRGSO — I v 7 BWIEKIZ OV TRET L 720 TG 5,

B-22Z 120 AlGaN/GaN ~7 2 ##iE & LT, 1.5 nm GaN cap/6 nm AlGaN(Al=0.21)/2 um GaN
/Buffer/p-Si substrate 72 2 #lE} 2 N 7z, AE~DOA— I v 7 s & L CTIE, Figl TR &

2, () Y—A« RLA VEBEBO T2y F o7 LanTA— v 7 EME K LIk,
(i) 6 nm = v F > 7 LT bEMEZEE LG, (i) 12nm =y F 2 7 L ThbEMmE A L2
WIED 3 SOMEAER L7, 4 — 3 v 7 &ML, 20 nm Ti/80 nm Al/20 nm Ti/200 nm Au 72 % JE %
AW L2tk ERFHEKPTT=—/1 (850C, 1min.) 562 L THEKL, EBHBFOT YT
VIR EZE0,6,12nm & L7oEED IV FHEE Fig2 1T, =y F U 7RI N 6 nm OFRE T
HEWEREN G LN, BAFEOZE LTy F U JRI N 0,6 nm OFED 1-V HIE % =ik
(23°C), 100, 150°CIZTITV, EFHE (@1 V) OIRFERGYEEZ R A Figl IRy, =T
VRE 0nm OFREHIIEE 2 BT DI\ I U, A A — I v 7 Sl o b o
RERGFEDR KM I TS, —FH, =y F 7S 6 nm OREHIIRE %2 EIF 2122 ETRNH
MFHEVIERTT 4/ VHBELICE 5T ¥ FVETBBENME T LB RERB L, A4—3
v VREENEFICHEIE L TS Z LA R LTz, ZTO X HIT, AlGaN E4x Uik L7 EimiEc
0| ETZEZITIT AlGaN/GaN ~7T B iE~D A — 3 v 7 BN FEETH D Z L ¥ bro Tz,

Etched [P0 30 35 30
Depth 1.5 nm GaN ca =
" 20 Esd—:oum T 3 \6‘ 25
6 nm w=40 pm
6nm AlGaN =10 | 25 | e Etchea Depth | 39 =
PRT Y i iy ittty My = EAP =0inm =
I d ] <6 nm 15 §
= @ L -
g Etched Depth | £' 5
2 pm GaN < -10 T —0mm © gt Tee
—6nm
=20 T —12nm 05 I@Vsp=1V 158
-30 0

Voltage [V] Temperature [°C]
Figl Y—ARLAVHEBOTYF 2 Fig2 ToFUTEEESHN0,6,12nm D Fig3d = v F L ZEESH0, 6 nm DD

PRS0, 6,12 nm ORFOREHEE PR B R BIE(@1 V)OI R
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75 X< LPE #IZ& % GaN BOREE ()
Growth of GaN layer by plasma-enhanced LPE method (I)
ERE#KI, =R Fi, Gl Ak, 58 £, &H Bz, 2 EE
School of Engineering, Tokyo Denki University

°Syuto Mine, Haruki Nakagawa, Keisuke Yoshida, Hiroyuki Shinoda, Nobuki Mutsukura

E-mail: 23kmh21@ms.dendai.ac.jp

L 3Bz

Hxld, ER7T7 A~H O NJEFZHKIK Ga
~MEET D Z LT XY GaN BORE A AT RE R
WA= &% % v — (Liquid Phase Epitaxy : LPE)
1% (72 X< LPE: Plasma-enhanced LPE) [1-2]
IZOWTHRHNEIT> TS, ZDOHIETIIRE
TEENEZ BZDRREIZ T 57280, Rl hified T
Dl VBB ENFREE 72 5. AENE, 7T X
~ LPE{E%Z W2 GaN JE ORI E L7z D
THET 5.

2. EBHE

2.1. Ga DHEFE

ANy B o 7iERRAWT, a-ALO3(0001)
BRI Ga #HERE L=, #—7 > M
Ga(6-N) %, s A12iE Ar(6-N)Z V-,
7T A~ OFANT LR JEIE ) & T
2.2. GaN B D E

7'Z A~ LPE ¥% HVC GaN J& DOk
E&#1To72. UGS AI2IE Ny(6-N) & 7=,
Ga/ALO; RIE~ER T T A~ ¢ 2
& T,Ga & ALOs AHIC GaN JB & k& L 7.

2.3. GaN & OFFf

R L7z GaN J8 ORI X, R AR
A FIMEE (SEM) <° X #REHT (XRD) %
B2 .

3. ERRER

Fig. 1 1%, ALOs 24K RIZEEL S 4172 Ga DFR
i SEM 8 Th 5. FER EEICZED Ga Ry
Ty RBRR BT, Fig. 213, Ga Ky 7L
v NOERKICERZ T 7 A~ 2 BE LR

© 2024%F [SRYEES

BFoN-REDO SEMETHS. Ga Rry 7L
v MIWHARL, FHISANAROMEES RS
7. £72, XRD #IELY, GaN b —7
NHEINTWD Z ERfFEST-. M, SRR SV T
XY AHET 5.

o Y
- ;.

A o S ;"\ﬁ;
5 = 500 nm

Afge o —Ehix, SRR A [~7 ) 7%
Y =54 v 7 7] BHE GREES  24UT-
0050) OXIRAEZITCHEMmINE L 7.

L 2D

[1] Daniel F. Jaramillo-Cabanzo et al., Cryst.
Growth. Des., 19 (2019) 6577.

[2] S.V. Novikov et al., J. Cryst. Growth., 354
(2012) 44.
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75X LPE&EIZK B GaN BORE (1)

Growth of GaN layer by plasma-enhanced LPE method (IT)

HEBHRAI, Odli &k

, =R F3, TH £ #E Rz, B8 BE

School of Engineering, Tokyo Denki University
OHaruki Nakagawa, Syuto Mine, Keisuke Yoshida, Hiroyuki Shinoda, Nobuki Mutsukura
E-mail: 24kmh09@ms.dendai.ac.jp

1. iFE®IZ

Fex L, =B XX — (Liquid phase
epitaxy: LPE) {0 1 5 ThHsH 77 X~ LPE

(Plasma-enhanced LPE) %% H\ T GaN J§ D
REAZ DWW THRETEIT > TV D . KA, &
MBI Ga ZHERE L =0 h, BFR ST A~
10> N - 2k Ga ~Mitks9% Z & T, GaN
JExEETHZ EnTE s

AlEE, 77 A~ LPE #% VT GaN Jg§ o
R ZITV, EVINCEIT 5 A =X L2
W TR 2T T O THRET 5.

2. EBRFE
2.1. Ga DHEFE

ANy 2 Y o 7iERZ AW T, a-ALO3(0001)
FEW EIZ Ga Z#HEFRE L7, ¥ —7 v ML
Ga(6-N)%, FUSH A2 Ar(6-NY&2 vz, 7
T X~ ORI m B E ) 2 AT
2.2. GaN BDRRE

77 X~ LPE % M\ T, GaN JEOEAHRK
E&#1To72. SUSH AI21E Ny(6-N) & v 72,
Ga/ALO; RIF~EHRT 7 A~V SE5 2
& T, Ga & ALO; fIZ GaN g &4 iz L7-.
2.3. GaN J& OFFfi

iR L7z GaN JE ORHEIZIE, SwERAHEE
A HMEE (SEM) X X #EHT (XRD) %&
B2 5 T,

3. EBRRER

Ga/ALOs KE~DEHRT T A~ DOHEIZE
W, N R EDB D 720 I T GaN
JE &R Lz, Z 0K SEM 4% Fig. 112,

XRD /8% — > % Fig. 2 \ICZENLN Y. Fig. 1
b, Ga Fry 7Ly FOBRITITIAAIZR
ko7 7y FREL Rz, £z,
Fig.2 £V, 20=34.5" L2778 GaN(0002)
[ F721E 5 GaN(ID)E 2 S D E— 27 R A,
bz, ZhvbdpZ &b, 77 A~ LPE ik
IZE % GaN BOREIZEHEWT, BEMHO A
A= ABZOWTHRANAEETH D, HHIT,
ERT T A~ ORGRHICET 2 EHz o
THHRETHTPETHD.

Fig. 1 Surface SEM image of GaN layer.

8x104 LR LR LR AL L LR L LN LA L LA L

F GaN/a-ALO;(0001)

Intensity [a.u.]

h-GaN(0002)
/e-GaN(111)
a-ALO;(0006)

30 32 34 36 38 40 42
20 [degree]

Fig. 2 XRD pattern of GaN layer.
BiEE
AWFFED—EBIE, SCERFEE [~7 U 75k
Ui ) Y —F A 7T F¥ (EES  24UT-
0050) DI EZIT CHEMINE L.

BE W

[1] Daniel F. Jaramillo-Cabanzo et al., Cryst. Growth Des.,
19 (2019) 6577.
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OBHAFE'. 47 E='. &L MmN, FEE BE. ful ZRF. SN EBEE ZEN (1.0RKX
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REIXHER BRI T TRDERM AR Y b1 X &K B GaNERF O EBENZEDEE

Ol f¥—". L0 BA2. FE FX2 BRI MAL JuE =N AKX FF2(1L.2HEBAR. 2.2@HH
b)

[19a-C42-3]
EEFEEELZE T 30VPE-GaNERDCMPH

O —X'. BR xE\ EH 2"\ B8R @l FR"(1./{FHD)

[19a-C424]
=¥ v ) 7REOVPE-GaNDBERILZE T v F > JICEAT 24

OBMEH BIET. FkE xE). 57 E=), B 8= &5 T2 ML AR FiEEAS & |2
4 HB HoS, AH BRSO, KB &S, bl ERF. FH BEES ;‘%%N ABRARRT. 2./8FY
ZwIR=IT 4 T A 3ERILFEK). 4FBETSSIAF vI (M) 5.8KKKH. 6.kRA
L —%—&)

[19a-C42-5]
4H-SiC(000-1)_EHVPE-AINELRICE T3 RFIKZTZ—ILHE Y FMERICE R 25 E

O mt'. ML ' (1. EREIARBASE)

[19a-C42-6]
THVPEEIC K 2 EEMINGaN 2B EInGaN ZEEFHFPME
OWw/A FI. dH &', &L ' (1.EHETAPRBASE)

[19a-C42-7]
RA XRBLEER L cGaNBIED X /Ny 2R
Oz ', @R 28’ WA BE' (1.98AF)

[19a-C42-8]
BHEEY—7w FZEARVL: GaN BIRONIILA ANy A RE

OMMNEFH T, ke EEA2. LM Hah2. 58 1FR2. BHE ¥E2, tad Ea'l. allge'. B
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19a-C42-1

Na 25y I REIZEBHFB ANy EHALT-
{BERHL GaN R RICH (TS5 S ERDER

Reduction of polycrystals in low dislocation GaN crystal growth
using meltback in the Na-flux method
BRAXRL!, RXL—¥—#? °KHE RE' S8 EF', HE Hin'
FeE RE Al RRF, BN BE'L F BN
Grad. Sch. of Eng., Osaka Univ. !, ILE, Osaka Univ. ?
©Shogo Washida', Masayuki Imanishi', Kosuke Murakami',
Shigeyoshi Usami!, Mihoko Maruyama!, Masashi Yoshimura'-, Yusuke Mori!
E-mail: washida@cryst.eei.eng.osaka-u.ac.jp

[TFR] Z=LH VU 7L (GaN) ZHAWTMT D —F 3 ZOFEBUNIIREENL 72 GaN HAR A3 44
TChDH, SbRHEENAICIT, B XREFID Ga-Na @ENIZISIT 5 AL b3y 7 ZFH
T FIEAFIAHRR L20, FAS RIS AL PNy 7 BRI E TR L., F0%EmE -
IR E AT 5 Z LT {1011} mEO 7 vy MILARERFEIND, 77y MTLD
R HITHRAE DS B S OSHE I LR B OIS 2 BTz, L LR 6, Y TFIETIEA L
KX 7 BRI REAE S O 0Bl L7 A s 2 il & T2 2k ORI & 7o Tie, RS
5O EEE IR T D721, AV IRy IR EENT DR ThHDLEEZLND
23, REOMMDHENL 7 78y M DEBARBENEN NS R dBandH b, Lieh-T,
AAFIETIE SRR E 7 7 & v M X DA OB D7, AV by 7 5 BT
FLONREIZXOHIBEIL, AV by 7 %O FEEIRER VSRR~ R Z A LT,

[EBREHER] £ Na 77 o7 28 GaN iz AV b 7 S8 5728 Ga-Na Bk & R ba
FZT 5, BE OB E CIEEHREN L ONREZ 3.0MPa KT 880°C & 3573, AL K3y 71
HEDT- D EFTE S L ONRE % 1.0 MPa J T8 880°C (51 A) & 2.0 MPa & TN900°C (5:14:B) & L7,
Ga-Na Fliig ~D ERIAMEEN THLIRREIZ 72 5 & T, HiR% GaN fifh % 24 h KAHPICHRFF L, 2D
%, fidmAd 6 h BRICIRE L=, E L=V 7L OEEDERTNS AL Ny 7 L— K& H
L7z, Flo, o7 na~&BA L Fig. 1 [ZR79 & 5 Wi EETE - BMEE (SEM) B0 D kshs
HOMMNE S ZFHB Lz, RIFADANL SNy 7 L— ME 21.3mgh, M E ST 18-150 um TH
STeDIZH L, FIEB DAL F Xy 7 b— FE 11.0 mg/h, W& S1E 14-82 um /2o 72, k- T
FEBIZEAB AL IRy 7 L— AL, AV by 7 b— RO FIZHEON M E S DMK T 5
ZENborol, WIT, FHFEBIZLD AN My ZRBICKT TREmEZITV)., fmOEEK
OZfEmEa A L, Fig 2 ICARIBERK LIZfbd & EROSEMTH D 1.0 MPa L TF900°Clzis
T 1h AV Ry UItkiEikE Lo FH B 2R d, 1EREMZBT 2 ANV Ny 7 L
— R 23 36.2 mg/h K OVERGES R OSSO E RN 0.02 g XTN0.73 g THoZDIZH L, &4 B
IZBWTIZ085g HR0.0g &SN AE LR -T2, Lo T, ANV IRy 7 L— FDOEKTFIZL
D ZAEMIEE R V7 72y MEE OB A[BES EE X B D, FiEMMhE ST/ EL - TE
D77ty MREEIROM N FRIND N, ZOEMNBE~OEEBIASRRAET D,

' 900°C |1 [(6] 2 MPa/o00T |

3807 B (b) 2 MPa/900C ,° (a 1 MPa/900C
% G g 0 L S0 AN A ¥ %ﬁ : Ti;.: .2;:'52
W/‘ \ 8 /1 ) |

cILiED
JaTE W TEa b
edaiisavail

i &

i R

SE i

Fig. 1. Cross-sectional SEM images of crystals  Fig. 2. Optical images of crystals which were grown

which were melted under (a) 1.0 MPa/880°C  after melting under (a) 1.0 MPa/900°C

(condition A) or (b) 2.0 MPa/900°C (condition B). (conventional condition) or (b) 2.0 MPa/900°C
(condition B).

1 mm/div b 1 mm/div

[ZE k] (%]
[1] S. Washida et al., ICNS-14, GR12-6 (2023). ARFFE L ISPS BHFE JP24KJ1636 DB EZ T 721 DT,
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19a-C42-2 BRSE S AMELAKELITHES BETFHE (2024 KEAYLEN2RIBEFVTAY)

Rt X8 ERT S TROEHERR Y YA X2k B
GaN E#x+ D R BEEAFEDEE
A Study on the Classification of Threading Dislocations in GaN Substrates by Spot Size
using X-ray Topography High-Resolution Images
AKX, EEGH? OFER— ! WWAR? REREEKX? FBIRAZ bEEN KKER:?
Nagoya Univ. !, Toyota Central R&D Labs., Inc.?
OM. Kanechika', S. Yamaguchi2, Y. Kishida2, K. Isegawa?, K. KitazumiZ, Y. Kimoto>

E-mail: kanechika.masakazu.z0@f.mail.nagoya-u.ac.jp

[FFZED B HY)
Mt GaN /U —F 31 2D FEAKIZIE, minE 72 GaN SRS KETH 5205, i REAR DAL
BT 10~10%m? TH VD . IR, DEA IBRBWBAZEREENTND, BT EICT /A X
FetE~DRBNT I e D172, FJERE TR 2 09 2 FIERRO b Tnb, TOF 178k
HEE LT, K XM ENRT T 7 4 BT END, RBFZETIE, BRI L 2 BE X itk KOG R
BIETOHZNXBHATEER L, KX IR T 7L 0GEONTEBAO ARy N4 XD
2 H L CHEAREO[FRE & Wit L7z,
[325R)
T == WEIZ L o THUR 172 GaN ffidh & FH V72, SPring-8 O HUH Yt (BL16B2) & H VY,
B4tk & LCiE 0008 SO A Ve, AN, 1.3mmX 1.3mm OFERICIRE LT, X #I A7
(XSight Micron™ LC) % /2, FARZ T 7HICIBIT DHENL AR > b YA TN EL DR, %
KL TWbH7ed, 20 A Xy FEy b A X EEERBER (bEA>SREG> AR &
ZTme ARy YA X EFRNFEOFE Z D720, = v F 'y B X OWHE TEM B2 417 - 7=,
[fE 31
LIS hARZZ 78, K2 IZREROTy FEy NOBMEBEITEL T, M7 7HBOAR
v M yFEy NOMBEIIXIGELTWD, Al AT T 7HBIZBWTKRY A XD L2 & A
ADOM2IZER LTz, Zbld, =y F vy M THRERZRK/NERA R TE 5, Wikl TEM T#L
BLIE A, L2 IELEAENL, M2 ITRGEN ThoTe, MR T 7RIZEB T H ARy A
AP CTHEAFED[FE TE D AlgetE &2 1570, 4% DI FE ORI T 5,
EBGN [l]T Narita et al., scientific reports (2022) 12:1458.

> S
I. .. .
- " L ]
e » )
e ., 4 ’* 3
L ] 3 ..
. ® M2 L]
#
L 1Y > * L.
o & 4 2
X1 bﬂ%’%aoumxmum) g M2xyFryth
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19a-C42-3 BIEEGAYEL AR LB RS HEFBE (2024 KHAVLIEN22B&AV 1Y)

BERBREZEHT 5 OVPE-GaN £IRD CMP Hi%

CMP Properties of OVPE-GaN Substrates with High Oxygen Concentration
NRFV=9IR—LT 1 o7 2%X&H
O oKX, WA XE, ®¥F E—, B Fr EL SR
Panasonic Holdings Corp.
ClJinta Nakase, Fuminori Takami, Junichi Takino, Tomoaki Sumi, Yoshio Okayama
E-mail: nakase jinta@jp.panasonic.com

Oxide Vapor Phase Epitaxy (OVPE) JEIFRERAIZEE (2 X 10* cm™2) ) ofRESIEPT (9.77 X
107* Qcm) 72 GaN FERZAFRATRELRTFETH Y | Mt GaN U —F /31 ZOMEREM L~ %
HRWIFREESITWD[1], T3 ARG ZIZH A —T 7 U =D AR IR AR A K Td 0 (L
MRS (CMP) 1XEZ /2 TR THS, LoL OVPE-GaN HEMIZxIT 5 CMP 7t A XWEZ
TN STV RV, & 2 CAMFZETIE, OVPE-GaN (Zxf L CRiiA O T CMP 2170, O FEE
Ze w A L 7=

OVPE-GaN JE# 2 13 mm I8 0 H L, BEMATEE 21T > 7, £ D%+c il U B AT U —
& ARfAT Sy RE VLT 100 2700 CMP %0 L7z, 2 2 CIEEBRFERO—Fl 2 r~d, Rl S
JER T D BEARERIC L 0 R L, WFEEEEE (MRR) A BRI O E &AL HROTZ, 3 pm A OF
PHOFEM S1E Ra=0.08nm TH Y, MRR=1060 nm/h TH-o7-, D7 HVPE L CTIERL X
M= TR GaN Hibk (BEA78E : ~ 6 X 108 cm™2, i : = 2.0 X 1072 Q cm) Z[F—&ET
600 53fE1> CMP % i L7-, & O#E%, HVPE-GaN O [l X/ Ra = 0.07 nm T& Y, MRR = 90
nmh ThHotz, FKx OfER% Fig. 1 & Fig. 2 1287, GaN © CMP Tl LAl oI & v Fif
D Ga-O A OHE I L, MRR 23m) E§ 5 & i S41 TV 4[2], Dynamic Secondary-lon Mass
Spectroscopy (Z & U HI7E L7z OVPE-GaN & HVPE-GaN O3 131.3 x 102! atoms/cm3 & |
2.0 x 10 atoms/cm®* Th o7z, T HDFERND . SR ICIEFRAIN S 7172 OVPE-GaN [T Ga-O
MAEZ<AL, BOMRR BMELNTZEBE X DD, Kl CIXEOMOFESREZE D, £
RS RIS OV TR 2R~ D,

1500 [
—_ 1060
< 1000
£ [
=
e
& 500
3
L 90
0 [ I
OVPE-GaN HVPE-GaN
Fig. 1. AFM Images of the (a)OVPE-GaN and Fig. 2. MRR of the OVPE-GaN and the HVPE-GaN.

the (b)HVPE-GaN.

[#FE] Ao —ITIRES TR E CO2 B DT DM OFEM Ofha%EE - B RRBI#E 3] ©
XEEZ T AT,
[Z& k]
[1]J. Takino et al., Jpn. J. Appl. Phys. 60 095501 (2021).
[2] Y. Zhu et al., Mater. Sci. Semicond. Process. 138 106272 (2022).
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19a-C42-4 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

m¥ v ) 7RE OVPE-GaN DBRILFT v F U JIZET S5
Characteristics on electrochemical etching of high carrier concentration OVPE-GaN

BRABEL, TV =wOHR—ILT4 TR ERIEERH S,

#iﬁﬁg TSRAFYI R, %jcskakﬁﬁ 5, RAL—Y—HFE,

OB EHAIE ' FhERE SHEE RER2 BHE—? Eﬂlllja‘ﬂé 2, (AR 2,

ERE MRz S, ARERS KBS ALERT | SHES S SEN'
Grad. Sch. of Eng., Osaka Univ. !, Panasonic Holdings Corp. 2, Sumitomo Chemical Co., Ltd. 3,
Itochu Plastics Inc. 4, IMaSS Nagoya Univ. 5, ILE, Osaka Univ. 6,
OS. Yokoi!, S. Usami', M. Imanishi', T. Sumi?, J. Takino?, Y. Okayama?, R. Ito’,
M. Hata4, A. TanakaS, Y. Honda*, H. Amano®, M. Maruyama', M. Yoshimura®, and Y. Mori!
E-mail: yokoi@cryst.eei.eng.osaka-u.ac.jp

[(#fFzEdy 5] b H Y U A(GaN)ZZE DENT-EN D, BRI NERRNT —F S, 2AD1EE
FEEE Iz v‘ﬂiﬁn%)n&&) LTS, GaN [TERILF=y T VTR SED Z ERAREETH D

ZERHEIN TRV, EER T ZA~OICHNIFES N TS, —F, GaN OESKLFT

v F 2 TR OV T OHEDZ 1XF v U 7IRED 101°~10" cm? ODPETEZ ZHVE, SR

F—vr 7 &l n-GaN ([T B = v F o 7 OFEIT DI, Fox 3L 7 GaN OfEE L L
TR ZED TV E A4 XA REMEEOVPENEIE, MEEEIE LT Ga0 #5205
GaN P IC BRI DN ERE TRV IAEN 100em? 2255y U TRE L 258 o
FeEZFIH L, REBRTIXOVPEEZHW T E X £ v Lpk I
EXUES v U 7 n*-GaN ICx T BT v F L 7 '
DOIMTHEEZTAE L.

[325% - fE%] HVPE L CERI S 2D GaN 4R EiC, &
RO MEFRE O EZFE LS v ) TIREICEZ ST
OVPE-GaN Z T E X F Ty /LR 3SE7Z. V77 L RT3
FERELTHALE Si F—7, 7> F—7 GaN & H L
. TNEND GaN iz B, 77 FF(PyEMAEME L Fig. 1. OVPE-GaN substrate
<, FOINEIE 13 V OKE{ES U ™7 A 1 mol/L almost removed by etching

oved area

KT CERI Ty F o 7 a1T o144, = Undoped-GaN| Electropolishing o @
B TN AR E A BB (SEM) & W T 103 Si doped-GaN

SPAETT o=, Wi OBSNS OVPEGaN i E LT

1% 3000 um/h 2B HEE Ty F o IARE 2

ThHH I LAMEGRENTC. OVPE-GaN 8= £ 107

Fr LY REPREHID & 5Tz (Fig =

DKL, Si F—7 GaN & ¢ fihi~opk & 10

M2xy FU AL SEICERTHICE ol N etching

EEY, 7 R—7 GaN lT= v F o 7 NS T " T
Ligholz., TNy FlL—hexy U Carrier concentration [cm~3]

TIEEEOBUE A Fig. 2 (oY, UL EofRx,  Fig 2. Relationshilzl Il:gt;;'ceﬁr; ;ilerrier concentration
mE ey U TIRED GaN NERULFE v T
IR THESGIMLARETH L Z L ERET 5.

[FeE]
[ 275 3CHR] AWFIED—HIIBREEE HHTIRA 02
[1]W. J. Tseng et al., J. Phys. Chem. C, 118, 29492-29498 (2014). EH DT b DL (GaN) 2R (CNF)
[2]Y. Zhang et al., Phys. Status Solidi B 247, 1713-1716 (2010). DL FELE - X REIEEEE ) 0%

[3]J. Takino et al., Jpn. J. Appl. Phys. 58, SC1043 (2019). AT I,
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4H-SiC(000-1)_& HVPE-AIN R EIZEBIT 5
RRATARET =— By MERIZE 2 58
Effect of H, annealing on pit formation in HVPE-AIN growth on 4H-SiC(000-1)
HFUE T KB BASE OM)ERER T, A E¥
Tokyo University of Agriculture and Technology, Arashi Sato and Hisashi Murakami

E-mail: murak@cc.tuat.ac.jp

AIN T AlGaN SRIREESN N T A A DIMBFEL & U TH R EERBE Th 5, ITE T
O REERANE M K MEWE B E 2 AT 5 AIN U= MERIBSRAE S T0a 28 D, BUko
AIN R, @AliFE 2/ NARRD S DIZIR BN D, ARBFSE T, FERBYZAM TR N O FEHR D3
ATA[HE72 4H-SIiC (235 B L. HVPE #EI2 X % 4H-SiC MK | AIN R OMF 21T -7, Al
1E. AIN BCR RO BBOKELBIC X 0 BRI RKEIC AT v IR F o 7 a2 L, ke~
70 ATy TR ETO AIN REZITV, By MERZEEIR AIN JEIEO B~ 58T
DWW THEZIT- T,

AIN B EATIFMEERL O A SRE 2 IV, AIC X ONNH; 2 JFoRbT 2 & LTl Lz, WIS
BUZIE 4 FEA4 7 4H-SiC(000-1)FEA 2 FHV Y, 1375 CITME L 72 EHE T AICL & NH; % i &
5L TAINZRE Lz, BRIRAT v 7N F o 7 D=Hic, AN BEERNC 1375 Clc
T SiC(000-1) 5k 2 Ha FRPHAL R TR T =— VAL L 7=,

Fig.1 I ERIKFE T =— LI Z 10~60 43228k L. AIN 5% 3 pm & L 72 BR o S
SEM %% ~d, KFET =— VM OZIZ LY AIN BREBREICHN DS E Yy MEEROKE
ENREL, 60 HORHIE Y MRS THEHL LI-Z &b, AT v IR F 7Tk
STHIAT LI/ B AT v T OEIRT T ARPKZT =—VORHICE > TEL, AT
» THETD AIN REOEEBEL LR TH D LB LI, T VEZEOREEFRR Y
— LA DB OWTITY HRET 5,

Fig.1 Bird’s-eye view SEM micrographs of AIN layers grown on 4H-SiC (000-1) subsutrate:
(8) Annealing time 10min. (b) Annealing time 20min. (¢) Annealing time 60min.

2E W
1) T. Nagashima et al., J. Cryst. Growth, 540, 125644 (2020).
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THVPE iX[= & HFEEM InGaN fEEL InGaN BERFHFRE
Growth of InGaN-based MQW on strain-relaxed InGaN intermediate layer via THVPE

RIRBIKBEBASE ©M2) LLEFHA, M) hHE, # L
Tokyo University of Agriculture and Technology, °Chiho Yamada, Satoru Nakai, Hisashi Murakami,

E-mail: s236826v@st.go.tuat.ac.jp

I AR FERD—2TH D InGawxN 1, In FALIZ L > TRy R¥x v =)L ¥
—ZHIEHTE, AREARIICIE > OEOZ R ATRER M B L CTHFZENE R I/ T b T 5,
BUE, T~k A SEIR 0O B R AEI T 35\ THMEB 1203 (EQE)=80%LL |- Ei%h 3 72 InGaN R ¥
TNAARERAEIN TV DD, BRIREER CIEEIRRRENT A ADOERBIZE > TUHRL,
ZAUE, In R OEEANZFE S ZEE T H T (MQW)H @ InGaN IHTEBIZ M A EDOHIKIZ L v | f
A In BLD ZABRORTE NS E R SNDHDEBZ LN, TOMIRFIEEL LT, InGaN
TEVERE T O 2R 5 EAEFN InGaN g OB ANZET HiHM, AFFEE TIiX, InGaN DR L
& LT, RBHC R =M ) &2 WD S U AT A RRHHAR (THVPE)EA R L T 5, THVPE
EE, SRR CEEAL T MR 2 R 9T 1E 0, N B GaN Fif | InGaN 2B\ T, P
AEINDMEED b REVESNEEZ R T RRRBREAT 5, 2D ORMA 5, THVPE 51X
i E 72 InGaN IEMEE DRRICAE I Th 5, ABFZE T, TEEB O & SE S In B A m E%
HiyE UC. THVPE{EZ IV CTEREFI InGaN & _E1Z InGaN 2 H & 178 2 i & L, & InGaN
P EEADN R AT LT,

INnGaN = &° ¥ 3 o ¥ /LR IZ I T I EEERS KOV EJFEEHZ GaCls, InCls 35 XU NHs 2 H
Wiz, NOARPE GaN Btz BIT InfiLAk 9%, EfEFI=E 10~30% D EHFN InGaN H1fH g % 840°C ThitE
#%. InGaN(30nm)/GaN(70nm)MQW ##&it % 870°C C 10 JAMiIpk K L 7=,

Fig.1 12, EFEFN InGaN il D EREFI=RITA 5 InGaN 1E B O F L R4 L OV In MLk Z 7=
T, FRAIE 0% a0, GaN i FICE S MQW Z i E L7-BoT —# 2R LT\ %, InGaN H
[ DEFEFNROEGIN & I, InGaN {EMEE DI R L O In Mo gt Sz, Zo
In FHERDOHIK 226 InGaN 1EVERE H DE DR R~ S 7z, F72, InGaN IEMEEN 6O PL %
HANZ BAOHAEIRIL InGaN FHE OEREFHRIC _
Bl b P T ote, LiAioT, THVPEIECE = o |

R InGaN g Loz Ly, MaanE s :
HEFS L 72 In B InGaN TS ML S0 aTHEED R0 )
ni. o405 g
[1] P. Chan et al., Appl. Phys. Express 14, 101002 (2021). 4”0

425 |

420 £

ik wavelength [nm

Relaxation ratio of intermediate layer [%]

[2] K. Hanaoka, H. Murakami et al., J. Cryst. Growth., . .
Fig 1. Indium content, PL peak

318, (2011). wavelength and its FWHMs of InGaN
active layers as a function of relaxation
ratio of intermediate layer.
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Sputter-growth of GaN thin Films utilizing Bayesian optimization

FEARLT OEMAK, £XES ILHER
Chubu Univ. °A. Saito, R. Kanetake, N. Yamada

E-mail: n-yamada@jisc.chubu.ac.jp

© 2024%F ISRYMER S

EE L BM) BIE GaN B Ok I3 A A B KA
E#E (MOCVD %) #HWVWas0EHTHD, —77,
A%y ZETRIR CE i E 7@ A K 2 2 Ok
TELHMMRH D, UL, GaN FEfER Y — 7 v |
Z W ANy Z R OMFFEBNE D 78 < B 72 Ak
FREDPHMNL STV D EIFE Wy, 22T, K
WRTIFA T+ ~T 4 v 7 AEfDO—>THD
A Rl b[1]2 15 H L, GaN JEIE O fz i 72 &
FIFERBE LT,

[EBR] GaN #—7%>' > b Ry —8) Z W/ RF +
T3 bha ARy ZIEIZ XY c-ALO; b~ GaN
EIEXX X VRS, Bt gE ST

35 NN ' ]
A— BT RBREE (T,) R (P) SRR (Fy,) ~30F .
D35k U, X BB MO % 374 L 7=, GaN g5t :
D 002 &= DR & IR EZ ZHEN low & w, Eif Initial data |
GaN = E'Jg DR 2 1, AlL,O; D 006 &' — 7 DIRJE % 510 ]
Isp & Ly FfEfME Y 2RO K D I1CER LT, > 5 -

o — o

v = (Ugan/Isap) 1
w t
Tow P, Fro il BAZH, Y2 BIOESE U (Y=f(T,
P, Fa)). Y BKAET 2D £ 5 o1 Rfgiifb Lz,
OB, —3 VI T U T VKBS (RBF),
ARSI EIRMEREESR (UCB) #80H LT,

(R LEE]

AN A KD YIEOHER & Fig. 1 (2R,
5 DOFEET—H ETII_A b L& 2 A,
fdaPES RgIZ A B L7z, %2 /0—7"H (DataID =
7) THBEEATET L, ZO®%ILE CRESREN 7 1
TIEMBIEIND LD oTe, ZDOFRMETYH
) —ERESEEZAS (DatalD=8), F2/L—7
B RO YIRS D, RBE(EAZET LTS Z
& E R LT,

Y. Tgo Fn,. P OFHBERE O — M~ v 7 % Fig. 2
WRT, Ty & Fyy 1X, Y CIEOMBER® Y | FHEIMR
() 1TFENEN0.67 £ 055 THo7=, —FH, PlX

Y EAOHBEEALTEY, r=-044 ThoTo, OF
D e E A ESEsIiE, O Ty&dm< LTHER
(CEI#E L2 JRF (Ga,N) O~ A 7 L—3 3 &R
T5Z &, @Fn, @< LT GaN lEREN O DX
HWEEAIHT 52 L, @P IR LTANR Y Z i
FOEHT R LF—Du R EMZ, KEFREICEE
L7z X IR BRI R VX — 5 5 2 &N
BHETHDLHZ ENbhoTz,

S R bix A Ny 212X D GaN Bz O 544
N ICA THDZ DN bholz, KFEEIX
MOCVD EFIZ B TR & TR S D,

1 2 3 4 5 6 7 8
Data ID

Fig. 1 Evolution of crystallinity Y via Bayesian Optimization.
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lo 75
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-0.25
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IDTS
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Fig. 2 Heatmap of the correlation matrix showing the

relationships between the objective variable (Y) and explanatory
variables (T, FNz’ and P).

(5E& k]
1. H.Xuetal., Sci. Tecnol. Adv. Mater. Meth. 3,2 (2023).
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WA S —7 v FERALV- GaN BED/ILAR Iy A BE

Pulsed Sputtering Growth of GaN film using Sintered Target
iﬁ BRABET ', ®Y—#KX24 2 M) HH ST, K BH2 LW %>

i |

= Wi ERC, BE BE: E@MF EM, AN Bz, AL ED
Osaka Univ.!, Tosoh Corp.%, °Kohei Nomura!, K. Bando?, Y. Ueoka?,
Y. Kususe?, M. Mesuda?, M. Uemukai', T. Tanikawa?, R. Katayama!

E-mail: nomura.k@gqoe.eei.eng.osaka-u.ac.jp

InGaN LED %> GaN HEMT 72 & DEACY) R T SAADA —Iy 7B HREL T IRIR CTRAE
MBS R AT RE 7 A/ S 2RI L DIEIEPT GaN FEBED B HAN 237 B 248 T %, GaN DA/ Rk
BECIIA B ATV NETZ1X GaN BERS R 2 — 7 e L THOWDIDD, BEFEIEY — 7y NI BTV A
B— 7y N AR THBREE VB AL, R E LT 7 a B AR IR CE D, AWFIE Tl 7SV AR Sy 2 Yk
Z W THERSA S — 7 o 2 V2 GaN B ORETEZ XS Y LR E ATV, A Sw B 74D K
1Z9" GaN D 5 E DRI OV T,

B FHEARIZ ¢ T GaN 7> 7L —Ra W T, IR 550~600 °C T GaN 5% 1 K¢l No/(Ar
+ No)bb 0% D EXDFH 2 I AR RS/, iEETI% 10 Pa T—EEL, flF8 7 AD No/(Ar + No) bk (43
JEL) 2SR T2, HEET AR —IH AL THE LG LT, Ar D&% AV T No/(Ar + Na)
b 0% CRRSE DR ENTIT B LD Ga WK 2T HL (Fig. 1(a)) 227 7 N 238 AL T No/(Ar +
Nkt 2%E 328 Ga iR D% FEILE LUK L= (Fig. 1(b)) o SHIZ Ny /3 EA NS No/(Ar+ Ny bt
5% CRESHAE, Ga M ITIH R LEEBEOE v MR T AL (Fig. 1(c) . EL—NMNX Ga {KiHHE L
FHBAS®Y , No/(Ar + No) ELOIENNZ Y Y Ga HRI 5 LS LRGR L — RSEEINL 7z (Fig. 2(a)) o FE%F
Fr10T1 KB X #rayr7 —7 (XRC) HIE (Fig. 2(b) O EIEOFE MIEEFHEL /=LA,
No/(Ar + No)bt 5% CRESEZRE ClE7 a—R 7 v 7 7 AOVMEICEN, 7o 7 L —RE il L TA
B RRIEORE B MEDEALDVRBE T, — 7 No/(Ar + No)bt 0% CTRESE 2B Cldz o Lo7
FRIZAONT, 77— DO MEZ S ZNTEE R GaN HIES R L TWD ATREMED RIZS 4L
T2o YL En | BEfE RS — 7 o N LTz AR 2V T RREIZEB O TEH Ny HAZE A LT SSTEA
ZV TN X DR AN FA AN OFIE N LET | FHUE ORE S E 2 5 SO TREDE X p L
RS A2 Ga AR HIHT 5 Ga Vo TN il S FAET HZENR 30 o7z, %4 H
BRI 03 B E T BRSO PR~ DI OV Th i 375,
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Fig. 1. Optical microscope images of GaN films grown Fig. 2. (a) Growth rate and ?;)(d?gz)c for
with N /(Ar + N,) ratio of (a) 0%, (b) 2% and (c) 5%.

skew symmetric 1011 reflection.
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Mg &8 GaN R/\v &2 ) VT2 =7y FOES &l

Fabrication and evaluation of Mg-containing GaN sputtering targets
RY—#X&4t Om# &30, IRE EH, =i AHE, LR /L, 80 #=X
Tosoh Corporation, °Erisa Kano, Koo Bando, Hidehiko Misaki, Yoshihiro Ueoka, Masami Mesuda

E-mail: masami-mesuda-uy@tosoh.co.jp

[#E5]

A%y B 7R AW GaN ORI, fE K D MOCVD %
DEIBRREOT =T RRERMPAERTD, LV{K=
2 M pofEEME R T e R & LTI STV A,

WU, IE OBERSHAN IC X B R - (KBRS 72 GaN BEfS
Ko =20y ML TR, 7 7 A 7 5K ETMOCVD %
ERED X #ra v % v 70— 7 AR & F52 GaN ORI [1].
XNV&&N%E®W%Eﬁ%@M%%%L1w60é%K\
EELEEICEMATRER ¢ 12 A  FH A ARHKI L — 57y FOER b BEPTH D (Fig. 1),

A%y B GaN HEDOEFET NA A~OHEMAIZHTZD . R— Mo X —5 v FE GaN ¥
—7 >y h&D co-ANy 22T p Al - n B GaN Z/ERATEETZ 2N, [EfE7e K — 7" BOHIFHIN N T
bbH, I T, MEOHSIZT n M =0 M THD Si OFHELFEEIZHIE L2 GaN & —
Ty MEBRE LI & 2WE LZ[3], AT, pB F— X FTHD Mg 254 L7z GaN ¥
—7 v MZOWTRE Z1T > 72,

[ S8 55 L O%ER]

BA% L7- Mg & GaN % —/% ~ b DM % Fig. 2 12, T OWE% Table 1 (IZ/~xd, BA% L7 Mg
A GaN Z—7%7 v I 4.6X10%° cm™ O Mg 25, 72 R—7"dh & g LT H R L~ DR
R, BEZATLIZ—7y Mo,

INEY, Mg Z5H L7z GaN #IRAH—D X —5 Y NE WAy ZIRICTERTE 57
REMEDVR iz, FEIGEE SIS TG T 5,

Fig. 1 280110 mm GaN target

Table 1 Physical properties of the developed GaN target.
un-doped GaN Mg-doped GaN

Metal purity 5N 4N *
Oxygen content (wt.%) <0.1 0.105
Density (g/cmd) >4.7 4.7
*Excluding Mg Fig. 2 Mg-doped GaN target.

[1]1 M. Mesuda et al., %5 76 [EG APFLFE RS, 152-1D-10 (2015).
[2] Y. Suemoto et al., £ 82 [l ¥ BR PR ZR 2GR <Y, 10p-N102-8 (2021).
[3] K. Bando et al., & 71 [Eliis B8 2T 23, 25a-21C-6 (2024)
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Energy transport processes of longitudinal optical phonon at heterostructures of
II-nitride semiconductors
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AR T NA ADE ATEA-7 4/ HHEAERIC X 0 BIERERN A S b T2, ZOMESE
MHERARA DN T WD, BVERF TEHBREDK TAEEND —H T I VRFRRENT A
A ZATIHIBTM 7 + 7 D HERD RO Hiv D, BUEDOPEBIINI 1 O BT LI 0 3R
RETHY, BEf-T7 4+ VHHAEERFECEDETT AL ZANENL 7 4+ /) VHEREZK D DT
X720, FRIZ LO 74 /) L OMAFRNEZEIZ/R D, Fx 3L 7+ 7 COMBEERRE
DX DI FIRESEET 50, BICHE FEICBIT 2R E 2 L— a3 VN7 U 2OER
JihiEe 7 ORI D LO 74/ VIO BEBEM AR L TE T, 7/ VHERRIC OV T,
Bex RAREN BV . BRI TEVIFER EE A WZEEHEN SR TWb, T ) Y DKE—
RIZE T 2 FHMTUAFEOFE—FEFH RO L0 FHE Sh, BVRESR G ERE LTV 0035
LINTND, —HERIZEDMHETIE, HTxIIA~AT 2 RHEHTO T /) » OEIEIC OV TRIBIZE
T % ik OIS K ONESSHEKOFE D X 2l o 7o Ul COMEBRE AR TE 7, L, e
WTH R SNTZ LO 74 / VS EORRIZIERNIZIAN U | ZAUh3 IS Z 8 L Tk ST <
WZOWTOBEIIIEERN, LO T+ /DT A 7 XA KIETLHED 1ps 22U D HDMNE 3ps
REETHHMLTEY, £72 LO ®— FRTOMOITFET— FOSMFEEITHER S LTV D 058
HWEOHNVEEE— NETOSME TEEZLELRTIIE, B L F—OINT~OH Y 1 LIt
TLHROBFHINETH D LoD, AHE TR LO 74/ VifEDEEM L LO 7+ /
RO TE D HFET 4+ ) o ~ONfEETOT kA L ZRA, GalnN/GaN iz & DRk
WELBEZTWDD, 22O TOBE@EEENS ED L I ITIRE S TVDNITHONTDOBLE

9, LO 74/ iBRROBEEMEIZ OV TIE, GaN DOt F-R A7 MUz W TR S
D74 ) TR F BT H AT MBI TEREND, FEF DT 3 /LF—HEALH DA
TURRXT A ) U EEGOITAT IV AFETBLEHIITE 52 L&/, LO O St milasife

TIE Ex(high)®— RO fEEEAREZ N L CRETHZ EOEREN,EEZT VF A F—27 2B X
WA =7 2T < M55 ORI fEaHEE R B 541D LO B — RX° Exy(high)®— RO FHam, =
ANF—=DRENVEFEET— FOFMII IV BLZIND, ZO/ME.LO 74/ VTR ALXF—%ED
E L THE A L CHiik C& 2 AlREMEN & 2 BT 2 B84 71T,

AHFIEI TR 16H06425, 24K01360 ORI LD L viThbiiz,
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Condition of phonon transport augmentation at GalnN/GaN

heterointerface

Thee Ei Khaing Shwe?, Tastuya Asaji!, Bei Ma?, Daisuke lida?, Mohammed A.
Najmi?, Kazuhiro Ohkawa?, and Yoshihiro Ishitanit

@

B

ﬂéﬁé@ Chiba Univ. !, KAUST?
E-mail: ishitani@faculty. chiba-u.jp

I11-nitrides are applied to high-power devices and infrared—ultraviolet light-emitting devices. Many of
the operational functions of electronic and photonic devices are suppressed by temperature increases, where
the control of phonon dynamics is indispensable. It is known that heat energy transport is suppressed by
heterointerfaces. It is reported that the heat conductivity of GaN on sapphire is suppressed to
10 % of the bulk material when the thickness is 100 nm. Although many theoretical reports have been
published on the issue of heterointerface, we can find few experimental reports on the phonon transport
mechanism. It is known that GalnN crystals have high spatial nonuniformity of alloy composition and
strain, which suggests a chance to investigate the phonon transport at various strains and alloy
compositions at heterointerfaces as the combinatorial method.

The samples were a GaoalnoosN film (sample A) and another GaixInyN film (sample B) on
n*-GaN(3.5um) templates grown by a metal-organic vapor phase epitaxy system on a-Al>Os
substrates. The film thicknesses were 100 nm and 110 nm, respectively. The InN mole fraction x in the
GaixInkN film of sample B was gradually increased from 0 to 0.17. The higher-energy branches of the
E, phonon modes of the GalnN and GaN films were characterized using a microscopic Raman
imaging system with two lasers of 532-nm (signal probing) and 325-nm (heating and signal probing).
The surrounding temperature of the sample was kept at 296 K. The observation system comprises a
monochromator with a focal length of 81 cm, a grating with 2400 or 3600 grooves/mm, and a CCD
camera.

Figure 1(a) shows a histogram of the number of pixels in the image of the decrement of the
Ea(high) energy: AEgn of the GaN template when the two lasers are incident on the same position.
This figure reveals that sample B includes regions with higher AT or higher thermal transport at the
heterointerface than sample A, despite almost the same average x of 0.085 as 0.09 of sample A.
Figurel(b) shows AEgzn of the GaN layer by irradiating the 325-nm laser with the power of 16 mW in
the same region. AEgn or AT values of the GaN layer in the vicinity of the positions of @, @, and
@ are higher than those in the other regions. According to Fig. 1(c), the phonon transport is thought
to be high at interfaces comprising materials with closer E>(high) mode energies.

This research is partly supported by KAKENHI (16H06425 and 24K01360)
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Figure 1. Mapping images of the decrements of the Ex(high) energy and its decrease of the GaN layer
by irradiating the 325-nm laser AE," for sample B, (a) histograms for the two samples, (b) mapping images
of (b) AE2", and the difference in Ex(high) energy between the GaN and GalnN layers.
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Process of kinetic energy transfer of two-dimensional exciton in ultra-thin
AIN/GaN/AIN quantum well analyzed by phononic—excitonic-radiative model
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E-mail: ishitani @faculty.chiba-u.jp

BETIEFLT 7 X< REBIC LR THAHER O @ WINE 72 FIH L 72 @B R FHN T N4 R OB
FEXRTWED, VA FXy v FEERKICBWTERTFAR L — 3 Tl 734& %2 FH L 7260130 7%
W, BTFHFDXI R 2 KICRIIBT S 1S T OFEIT XL F =13 UL ZFEICHEAN 4 f5RE 0
ZehHIshTWS, £/, 15078 GaN Z 7= AIN/GaN/AIN OiE & T FH Ao 2 Kothit
FUE, L7 GaN ICHART 8 VKB A L F — 2O Z 235 1 FHEFIE I @G IhTw
% [1], TEEBFERE T IIEERF O O REIIAFIN 25, IFRFEIREE RT3 Xt
RITHEAR Tz T 3L X —HER D R D BEINR 2 U & 2 BRHEROZ(LIIFE T - BFELS S X<k
BBORE 2L —Ya rynmeZEbdy, iR FOREHBISHEL 5 X 20[0EM1DH 5, & A0,
JEEEEIIRAE R B 6D 72 2 RITliEE F O RENFESFEO KRR FHIIAMETH 5, TNFEFTHKA
i, KEFIXADXA F I 7 A%k s 2EHEEN (CR) ETAZBEITT + /7 ¥ - ihRT - @S
(PXR) EFNVEREL, 3 KITRNANLIZERICBI 2METEA F I 7 22EVWERTEIRES T 5
A~ IREE % & oD THERANCHRNT LT %72 [2-4],

AHIFETIE 3 KTHRD PXR E7 V2 EEEETHEHO 2 ot FA e s L, T8 8n 2
4 FTOIETFE 7IRXIREDORY 2L —Yaryz2L— P AERICEDEELE, REBERER L
LT, \HESS, ETE2SERE, B (L0) BIUMEEE (LA) 74/ Y L OHBEEHZEE L
7zo Figure | TRHEMBDORE 2 L —> a YOfRNE RS, 74/ YIRE (Ty), BFIELIEE (Tepn),
FEFIRE (Tx) 232 T 100 K O8E [Fig. 1(a)], EHtik#E2 & 1S i FIREA ORI HEiiR
REH o LO NS X 2 EHGER) & DEGHREED & ny > 2 il F M2 > T LA BHIC LD 54—
74 2 KRR, LOBHIC KD n > 2 — 1S NBB) ORBPEET 5, —FH, BTROBE (Tepn
¥ Tx) 53400 K 12 E5F U7235E [Fig. 1(b)], @B 1L E — 2 £ o 7@kl ny = 2~ LO
THIC & 2 @ ARMATARE L 72 %, ZAUCEK D, 400 K Tl DBHEEDIKE — ny =2 — 15 KEE) »
WS BRI DA & 725, ZOBBMRE, n) =2 OEBl= A LX—%2K T2 7, 1S K&
DEFNTANF -2 EL THAIMRYED 2, XoT, ETHREEOERRERNTHZ 7+ / Y ORERK
TXEL LTHEBTFROBED ERIZ 7 + 7 VBEEZFERL, 1S B TOESHESMITIRE Ty
TRELZ DMLY DEVEBRE E TIAHND, R FESHESORELZK NS 25N 5,

(@) Ton=Tx=T,=100 (K) (b) Ton=Tx=400 (K), T,=100 (K)

C _ I C
4 4 e

P recombination

I § LO phonon
. J . § LA phonon

 electron collision

T T T T T % ™ T T T T \
00 05 10 15 20 25 30 0 1 2 3 4
(10" ecm™ns™) (10" ecm™2ns™")

Figure 1. Dependence of population flows on electron-system temperatures of electron-hole (7, ) and exciton (Tx )
temperature. (a) Ty = Tx = 100 K. (b) T, = Tx = 400 K. Phonon temperature (7)) is 100 K. Excitation
carrier density is 1011 cm™2,

BE

[1] D. Bayerl et. al., Appl. Phys. Lett. 115, 131101 (2019). [2] K. OKki et. al., Phys. Rev. B 96, 205204 (2017).

[3] M. Chizaki et. al., J. Luminescence 243, 118603 (2022). [4] M. Chizaki et. al., Mater. Sci. Semicond. Process.
148, 106794 (2022).
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19p-C42-4 HESEIS ML AKE LIRS WETFBE (2024 £HAVLEN2RIBEAYT1Y)

n**-GaN-uid-GaN ¥/ Y ORX FSA4 TBEILSD L0 T+ / D HRBEIZH TS
KREEBAZE

Effect of introducing an optical reflective layer on LO-1ike phonon resonance emission
from n"—GaN-uid-GaN micro stripe structures
FERBREL', RERXB2 OFNIX#E', % @£, Hnin Lai Lai Aye', EE#HF?, BEAE? AAHEER’
Chiba Univ.', Univ. of Tokyo.2 Daiki Yoshikawa', Bojin Lin', Hnin Lai Lai Aye', Kohei Ueno?, Hiroshi
Huzioka?, Yoshihiro Ishitani’,

E-mail: ishitani@faculty. chiba-u. jp

INET, FALIL GaAs ® GaP 75 L OFERICKRINCIEK L 7z RIEFEERT 4 ¥ &A= (L =T 4 v
S (K 1) 2 HHEEF(LO) 7 4 7 v T A X — 1B 2 RO 2 BLHI L 72[1-4]. 2R+ 74 T
CEBFNIT GaN 2R LD LT BT A F ¥y FRERMEIC ST Bl n7z[3]. ZhxTic SI-GaN |k
D nt*-GaN D R b 7 4 THEED S OET v — 27 1%, uid-GaN Eic Au 2 b 7 4 ZTHEEZERLL 723082 & Dk
B & OAKREREBAINICAIE T2 2 e B3 h o T, T, 7 74 THRD O D ith v — 27 i3 Hsic o
7. AW TlE, nt*- GaN © Au fUSKEEDFM E 7 7 4 THRO Y -2 2T 2 2 L ZHMW E L-hdE %
ERL CZ o ORNREMET L 72,

kL, SI-GaN EiciE#z n**- GaN([n]=2x10%cm™?, 0.9uym) % KFE L CA P 74 THEEZER L 2 DB &
», 37 747 HEKE®D n*-GaN([n]=2x102cm=?, 1.0um)/uid-GaN([n]<1x10%¥cm™, 0.6pum)/n**-
GaN([n]=1.1x10*cm™, 1.0um)/ SI-GaN:Fe(3.5um) D L@ n**- GaN # 2 b 74 TihiEie L72db D TH - 7=,
n**- GaN([n]=2x10?cm™, 1.0um) DHEH 7.5um, RO BEE & 72 2 uid-GaN DIEH 2.5 um TH - 72, bk
FAXNV ARy 2 CREI L7z, B OFEICIE ntt- GaN RIC Au % 20nm 255 L 7-.

20, EBFCBMENAA=Z7 bre FDTD KX %Y Iab—va VRS KT 22 Li2RT. TR
Rz, @B/ FERRHORMOFENR L o/l EPHBENARI PABPELNEFRRNE Loz EZL LN
5. K31 7747 LD n- GaN JEOFHEIC X 3FNEA~27 P& LZ/Rd. D n- GaN 2P L 7=
HELCIE Y 7 7 4 THEKICHE T 2 880cm fEo v — 7 Bl E N TEH LT, ntt- GaN @AY 7 7 4 THEK
DI ZHMERL T B 2 ebrb. —F, 500cm! fhEicHizr v — 27 BBl I N7, 20— 7 13 RLKRE
M2 7729, LO 74 7 VICERT 2B CTldhvweEZX b0 5. 700cm fhED v — 7 OfEESEMETH 5.
Io 0GR v — 7 &l ntt- GaN JEIC X 2 EXOUR T U © % B P if BB O Z(LIcER 32 L& 2
LBV, SHRI LR LIHEPLETH S,

20 =20 ‘ ‘
hv ) ‘S 1 gs-GaNm™-GaN
= 3 161 n++GaNfE#iz L {7
£1.5] e n++GaNfE & ’
s ;1 41 500K
Metallic > £1.24
late 21.0] 5 1.01
ﬁ%" 5 2 8l
S + + - £ =0
N romkemoge” = Sos) 8%
. . 7] 4
resonant oscillation A,c.N 8 £0.2-
“0.0 — N Wo.0 S
. 400 500 600 700 800 900 1000 400 500 600 700 800 900 1000
1 & -8Rk~ 702} Wavenumber (cm™) Wavenumber (cm™)
74 Thd X 2 FDTD & SEB&CfF & 7= % 4 3 n++GaN EBlc k3% 7 74
HART v T HAR D> & DI DIk

BER

[1]1Y. Ishitani ef al. Appl. Phys. Lett. 113, 192105 (2018)

[2] Hnin Lai Lai Aye, Y. Ishitani ef al. Infrared Phys. Technol. 134, 104924 (2023)
[3] B. Lin, Y. Ishitani et a/. J. Phys. D: Appl. Phys. 57, 035102 (2023)

[4] B. Lin, Y. Ishitani et al., Appl. Phys. Lett. , in press
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THz-TDSE =& % Mg 1 74 >3 A L 1= GaN B R 0 ERFIEEEME (IV)
Evaluation of Electrical Properties of Mg lon-implanted GaN Single Crystals using THz-TDSE (IV)
IamfEX!, BRILODa? *(71"/7_'7/‘&‘/9—3 M)E TT! °EH# &F'?

Hil BEF L BE S Al BE S _K !
Ritsumeikan Univ.!, Nippo precision Co., Ltd? Ion Technology Center Co., Ltd.3
D. Wang!, OT. Fujii'%, M. Deura!, T. Imamoto?, A. Suyama?®, and T. Araki!

E-mail: tafujii@fc.ritsumei.ac.jp

Fexld, GaN ~D Mg A A TEARZIZ AN SRR A TR L. REE T TOIEMELT =— /L3 a]
REMRET L TV 5 [1]. Mg IEMHALORRE 2 R T 2 ITIXEANBE OBEL[ERE RS LI TH H D5,
ZDT=DITIE, —HREIRERHIEES p A GaN (10 L 7= BERAVECH D, T2 THAIT
THz E#Fﬁ%ﬁt ﬁ:f\ﬁ‘ﬁi Y 7> A~ U — (THz Time-Domain Spectroscopic Ellipsometry: THz-TDSE) @
W ZRE L TR Y | FEHEfil - I ) SR 2 HBEE I Mg A AU EABEO X v U 7 IREE,
BENE, HEROHUENATETH DL Z L E2/RLER]L AHE, A A EABOREREHET DT
IRy 7 A0 7 7 A VS Mg A 4 EANE % ERL L. THz-TDSE HI7E % 56 L 7=,

EfE2 A F el GaN B HAMR (v U T IRE~10%cm™) EIZ7  F—7 GaN =¥ % v
VR (J& E~15um) % MOVPE & L7-, T4 % 10mm AIZUIEr L7721, Fig. 1 lIZRT 777
ANVTMg %A A FEAN LTz, THz-TDSE JIE2iX, AT L ¥ a o TaraEvaluator®% F U
720 AIN PRFEEIZ AL X ONEMEAL T =— 172 Lo > 77 L% THz-TDSE JIiE L TR D72 tanP A
7 KNV Fig. 2 1T, HEABOEI%Z 300 nm [ZEE L., EAEZ p B L E L., Fresnel 2 &
Drude Xl LDV I ab—v a ViR Fig2 1o d, £, MTIck v 55 -BXFEMEE
Table 1 (2759, THz-TDSE MIE TIZHHTR OB FITEHNEN "V, GaN =B H % 3 ¥ /LIED
HPUEIX 7.8Qem TH Y A AL PFEANFOEITRITHEAR LY REL 2o TNDH T ENbhoTz,
L UTEHAL T =— LRl CTh D 2 &0 b, F v U 7RE L BEIEOMIXEEMENMRV, 5%, 2
DY 27T AN BT RS & OVEEL T =— /L 2170, AIN {35 % 59" 12 THz-TDSE
ZHWTA AU ENE OISl - FEERIE 217V, BRUEFEE KD 5,

18

1E420 .
Simulated
Mg_250keV 16
1E+19
- ~-Mg_130keV 14
E 1eas
E Mg_70keV 12
s Mg_30kev = B
g 1€416 : 10
[+] ——Mg_10keV
L")
1E+15 08
w——Total
16414 \ 06 S T e
0 100 200 300 400 500 600 T T T T T T T
1 125 15 175 2 225 25 275 3
. . lati Depth {"m) £ . 1 . frequency[THz]
Fig. 1: Slmu ation results of Mg implantation Fig. 2: tan v spectra of THz-TDSE of
profiles in GaN.

implanted GaN before annealing.
Table 1: Electrical properties of the sample in Fig. 2 obtained using THz-TDSE.
Type Resistivity (2cm) Carrier Density (cm™) Mobility (cm?V-'s)
P 31 1X10' 20

[1] D. Wang et al., ICNS14, TuP-CH-15 (2023). [2] Efth, % 70 [[IFEZFIEY), 17p-PB07-15 (2024).
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ABRWESIEIC & DRIGHEETEELICRITT= GaN /3L Y 5

Characterization of GaN bulk by photothermal deflection spectroscopy for quantitative analysis of
defect density
MR, ERIEZH?, PEARI 3 IEREAT
OAANLER' HMEFE? PHHASR S /NHERX "XAER!
NIMS", Sumitomo Chemical co.ltd.2, Chubu Univ.3 Kogakuin Univ.*
OM. Sumiya', H. Fujikura?, Y. Nakano?, Y. Koide', and T. Honda*
E-mail: SUMIYA.Masatomo@nims.go.jp

XTI )Tk~ 1Z 2 ETHEMR 7 43 61 (Photothermal deflection spectroscopy: PDS) % T 1II-V
TR ALY SEAE B DX v TN R IBGHERL OFFATT 21T > TE7Z[1], PDS IZIIAF L HEAD IR ER
1« P HINTATE 2B TH v 7N OTRW R M ERL 24 [ CEDFHEN B 5708, T-V IRE L)
RO PDS 7N Tl R B E O E RIS RIT DI EMFREE /2> TD, A [Al, GaN 7L Fibli % PDS
TREML721% . Rl — 30 2 3 v 7 N HERL 0D K i 8 BE 4 7 Al C & 2 8 7 L4 7 43 1% (Steady-
state photocapacitance spectroscopy: SSPC) TaFliL7z, 22D FIE THLNIZAI MV A T 52 L
IZE5T PDS 726 GaN » LT DX v 7" N R g BE D & B2 3 DWW TRFT L 72O T 3752,
[3EBR]HVPE Tl L7z +c GaN »3L7 m-GaN 73 L7 (U TR E~10" em™) 35K Oc GaN /317
FEA 12 MOCVD CRlEL72 5 um /& GaN 5% PDS 38X 0O SSPC TRHMiL7=, F7-, A7V —K
J&4E HVPE TR LI AR D — R R TR EO By GaN 7L ((E AL ZEARED) 1oV TH R D
AT 572, PDS, SSPC HIEEH T3 M LT & U L T2-2 D =0 L — HERT ] D #E - Jih e | 2 BEE
OB EA T DA THEL TV D, IERH RS I LB BE M2 PDS THRONDFEXTH
7RISR SR SSPC CRERE B LSS R Mo A gL C, B — IR Bams AL T e
{REL T PDS AT ML DF 7 WG 55l BE )5 R Ba HENL % FE O E sk L7z,

[#ER]X1(a)iz GaN 7L L 5 um JEOD GaN D PDS A7V % 7R, GaN »3/L7 X MOCVD-
GaN I A~ T E 7 EEOBEE 238, Fr >y 7D PDS 15 S8 SV, WOk T
2.6 eV X0 2.2 eV fHTlCE — 7 &R D KRG HEN MBLRI S AL, RICEERD SSPC A7 ML %X 1(b)IZ7R
T SSPC MR BAVIZ K MAHENLHE L D K/INTF ¥ 7 N PDS 155 TR LBIHEL TV 2, m-GaN
bulk ® 2.6 eV UL D KIEHE FE(SSPC AT ML DR—AT AL (SR NE 2.7 X 10" em™ EsRd BT,
MOCVD-GaN &[5 SSPC CTO KA 1L 1.6 X 10" em™ 1A L THY, PDS AJ ML TF ¥y
TNEFED GaN L7 KD THHEW D

EERBLL Tz, NURERTO PDS THL

At LTz 2.6 eV TOE SR (K1 (a) DR 10"
FIOAE : K e iRRERE FEAH ) (X SSPC Tk _ _

W 7 R BB E LB E MBI I IL T E E

72,22 &V ORMHEIEICSVTHABARR £ g

BAELNT, KIZAHEZY—HVPE CfF 2 : ;f_"'o"';‘ SAGETER] E
BLT- GaN SAZICH L TR & ¢ "™ A S

S, EHERIEDT20 SSPC TIRBIET | A s
X7po7=)3, PDS TIEFHME T 2.6 eV T T SHCRY. ] 3

0)157%[@@%753 10_3 '[J“Fi.({@/}\bfzo 1 10-21.5‘ B l2?0. - ".’15’ B ‘3f0l B IS?S IOHI.S‘ B .ZfOI B ‘Z?Sl B I3f0‘ B .315
“C%EL{‘Q nr- Eg{;ﬁ N~ 104 ecm> ﬁ(ﬁfé % };-F Incident photon energy (eV) Incident photon energy (eV)

ERELDIENTET, 4% GaN 73 LoD Fig.1 (a) PDS and (b) SSPC spectra for GaN bulks and MOCVD-GaN
BTN B L CHfg A ) B 5L PDS (g filmon GaNbulk.

K Wase FERTARI A 2R FHEL 72055,

[BHEFIABTED —FBITCRHE T =L — 2 O FHIE DR ISR R TERR %8 | D SR & 52 1T T2,
[1] M. Sumiya et al., APEX 11, 021002 (2018)., [2] M. Sumiya et al., J. Crys. Growth 635, 127701 (2024).
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GaN kU RILEEHRICHER SNz FX v v TREROREN
Analysis of the in-gap states in GaN-based tunnel junctions
AEABEL ", CMDERRE ", HIEA', FHE' SHXHM' TREH' BREX'
Meijo Univ.t, °M. Kondo?!, H. Ichikawa! , H. Uda!, D. Imai! , T.Takeuchi® , and T. Miyajima!
E-mail: *243428018@ccmailg.meijo-u.ac.jp, **idaichi@meijo-u.ac.jp
TREESN LED (2B DIEMEE ~DIEFLIEA DLm¥e ot L—9 — LEIARAE Ve L B
HERT XA ZZEB VT GaN % b RIUES(TIDOIE AN EA TV S, KPR TI ITiTEE 72
pn FEEREPMLEL SN TNWD Z LIZx L, A 513 MOCVD {5 TERLL 72 GaN-TJ (28 T,
pn F—E 2 7N B EWC A —"—T v 7T D00 R EE I LV IEESU T2 2 &2
HLEY, ZOFERE LT N2 FFy vy PRSI SNEEM 2 0 L2BERUnER TR ST
DD, WA T AT T R RVERPIALD Z &R0, T SHEAMED 20nm FLEL & 2o
KHY, EFHINS T oSy FREN Z G T 5 2 SITREEE RS W E B bivd, ZHUIx L
Fox i, WIS 2 AU R U 2 BRI 43 YEiA(PDS #E)IC L 0 . GaN-TI lEHI s\
T GaN N Rt 572 & 2.7eV IZH2 1 T PDS {5 SR EE O R A B L. 24U T s /N R
WHENLICHRT 2 2 & Adds Lz, A alld, pt*-GaN 38 KON n**-GaN 3kt & k42 Z L2 kv |
B S 7= PDS [ B ORIFICHOWTIRIT 2D - - o Wi+ 5,
112779 & 912, GaN/sapphire 7 > 7 L — bk _EIZ p™*-GaN.n**-GaN D Az flifE L 72508 Tl
Z MM GaN/sapphire 7 > 7" L — MIXT 2 E 5 MEOHKITBIH SN ieroT-, K2I22nbd
ARELO RIS DB L PL A2 L%, X312 GaN-TJ @ PDSE 5621 GaN 7 7
L— FDfES (RS 272 LolWeESp AT MVvaRd, p-GaN Tid 2.8~3.3eV T,
n**-GaN T3 2.0~2.5eV TE MM GaN 7 > 7 L — hMIxI9 % PLEREEHI K MBI S 7= ol L,
GaN-TJ TIXZ DOMIZAY T 5 25~2.8eV 128\ T PLIREEASFIRIAIZHEM L Tnb, Lo TK
312”7 PDS G TREDHKIL, TI DFERRC., Mg & Si OISR T 2 TREMER B 2 H LD,
A#1% GaN-T) TEIHI S 7z PDS B 5B L NPL A MLV ORESS, ZoOlEJR, £ L BRI
A & OFIBIC OV TT 2D 5,

T
10" T=298K e
i

GaN template
n -GaN
p -GaN

PDS signal (a.u.)
s
e
Normalized PL intensity (a.u.)

erhy c-l

s ; * L L L L 10 L
2.4 2.6 2.8 3.0 3.2 34 - 10 2.0 2.5 3.0 35 2 0 2 2 2 4 2 6 2. 8 EX 0 3 2 J 4
Photon energy (eV) Photon energy (eV) Photon energy (eV)

[X1n*,p**-GaNDPDS A L7 b b [42 GaN-TJ,n *,p*-GaNDOPLA Y b/l [M3GaN-TJ,7 > 7 L— FDPDS ALY ALY B b

1) Nagata, et al., APEX, 14, 084001 (2021). 2) Kiyohara, et al., APEX, 13, 111003(2020). 3) Akatsuka, et al., APEX, 12, 025502 (2019).
4) Fedisson, et al., APL, 72, 22 (1998). 5) iJIl, fil & 84 [6] #4544, 22p-B101-9 (2023).
[R%E] ABFTE O — IR ST 22 S (No. 23H05460), A% C (No. 22K04956), SCERREMEE HFH ST —x L 7k a =27 XA 6

FEBAFE S IPI009TTT A3l R BRI FEAT I JE R R R B 36 28 O S & 52 1 THT b7,
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GaN DRBREFR T HERANRY ML ERIRFBBOBERIZET 5B

Considerations of the relationship between photothermal deflection spectra
and absorption coefficient spectra in GaN

LPARET !, 4TX? °E8 BRF ", HH =6, &HE BE'
SH K, =57 BEA MR @, BIE #X!
Meijo Univ. !, Nagoya Inst. of Tech.2, °’K. Natsume!, K. Noda', H. Nishihata!,
D. Imai!, M. Miyoshi?, T. Takeuchi', and T. Miyajima!
E-mail:* 233418013@ccmailg.meijo-u.ac.jp,**idaichi@maijo-u.ac.jp
Ny RE Y v TRICTER S LB IRBIFIEFR R G L — Y —FR BT 2 RIE k%
FlEf 3700, ZOMHREHIEHNAMLETH D, TIVE THRAIEL, EEOIERINII 3 U S 7R
B 2 A 2 BRI/ YEIEPDS )T L 0 | AlInN {RAREIFISS GaN 5% b o LA RN T
X v v TNEN ORI &2 i L C& 7=, PDS I3/ RINHEG 2 L7 RS R & EY 2. Rk
KL A4 EE S -7 m—7OfFm & UCTEI L ORI AZFHME L TEB Y . ¥ v v 7 NiEk
TOE FIREE TR AR EL & R OFFIZ G 2, Bl IFlEG FEs G 208 AR 72508 TlE ¥ v v 7'
OWIARE D E BB HE S CTE 72034, GaN 213 U &9 5 2 b -8k ClrafE g P o
WERNL AT D728, PDS AT R b EHERNICRIUR S 2 ERi i 5 2 L IXREE L & 2
bib,Z 2 THEF X 1X,GaN D F ¥ » FIERINGEFRE 4 PDS & Z i A17E (OT) W 7 CTriAfl L.
GaN |Z81F 5 PDS A7 h L LRI E D BfR I X O D EBMEIZ OV T O Z1T - 72,
HEREHZ 1T HVPE A= B 32 GaN EMR (R 350 pm, LA F HVPE-GaN & 4 %)% X O MOCVD
f% GaN(JE/& 2.2 um)/sapphire 7 > 7L — b AW e, M 1IZPDS BLOOT 226 /&S - 72k
WAREE A~ k)L Z7R~$, HVPE-GaN TiX PDS A2 kL& OT 76 B S - IZWRIERE A~
FUBIRA LK =L TEBY . ¥ v ZHIERINGE D= 3L X —FEFUmFEIZ 3\ CIFRG s &
DX THD EEZDBND, £ Z T, HVPE-GaN D 3 NI O = %)L F—(EFnd s i
R RS AR 1 TH D LRE L. HVPE-GaN @ PDS A2 kL% OT 75 RBAE b - 72T
BRI ERZER L RO ERZ T U T GaN 7> 7 L— k@ PDS A7 ML ZWIAREL A7 b
JAZE# LT, ¥ 212 GaN/sapphire 7 > 7' L— k@ PDS 38 L OV OT 25 RFE ® o 7o IR EL A~
7 hVEIRT, PDS 225 RS o T RINFRELA XY R LiX OT 6 RAES o726 O & gy v
—H &R LT=03, PDS TIHMIURE MK HAED BT\ b, PDS 5 5 I3 iRFHEREN & e
W2, OT B HEE S o 7o flicxt LIRS 725 2 ENE X b D, BHFIEOREE & THEHIC
ZDEEMNTT 5 Z L T, GaN I o pos o eos ' ' 5
; ol e Average

BiF5b PDS A7 KLVEELD

ATRERER?, 3 v TINHERL % A L

ﬂg ﬁE
%y U7 EEGBROMNIC 5 < o}
ORND LB S ND,
[1] D. Imai et al., JAP, 135, 035703(2024). Ry Sy 10, 35
[2]7H7) 114,55 84 [BI5 B Bk 0 Photon encray (V) Photon energy (ev)

2 GaNEiR& GaN FoTL—F 1 GNF>TL—FOPDSB&UV
D PDS ERVOT S RME o BRI 0T H 5 RIS > BRIURER RS +
FREBRARY FIL, o FABREFHOFHIEETRT.

HiskiRSs, 22p-B101-1(2023).
[3] O. Ambacher et al, JJAP, 37, 745-752
(1998).
[4] N. M. Amer et al, Semiconductors and Semimetals, vol. 1. Part B, Academic, London, 1984, p. 83.
(FFRE] ARFIE D — IR 2 JARIFZE S (No. 23H05460), JAZRFSE C (No. 22K04956), K FHE G IF I8 S
IEEFEER OIEEZZT TTbh,

X
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ABRA D HEICE S GaN DRYMERTIHT S REEEOZE
Effect of Liquid Medium on the Thermal Characterizations of GaN
using Photothermal Deflection Spectroscopy
AWABREL, CHBMY, BN HRL LB F $F K, BIg Fx!
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Analysis of sub-bandgap energy states in a GaN/AlixInxN multilayer structure
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W —(VCSEL)D 53411 7 7 77 KA EE(DBRs)F TG H STV A, L, AIN & InN @
FICIE 72 B < BRVIRIRFMPECR B R IRE 22 D, N2 Rimrfs CORE 2 RTERER
BNy R v NN IERDS S SNV TE OV 2oy RNITER S E
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[1] T. Takeuchi et al., RPP, 82,012502 (2019) [2] S. F. Chichibu et al., JAP. 116, 213501 (2014)
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[3] D. Imai et al., JAP, 135, 035703 (2024). [4] BfHfl, 55 71 FIEZFICHDEES 22p-21C-12 (2024) .
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Internal quantum efficiency mapping measurements of highly pure GaN crystals
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[FrEEER] GaN FER RITHER SN D BlHE ST —F /34 ALAHL « I OHT A ZAD(EHH
PEA BIZZe1) T, GaN FEMRIZI1T 2 MR MR 2 FLR G728 O A B - B8 5 2 LT EE
Thbd, RFEIX GaN FONRMESEKMO—FETH Y | N> F¥x v TRNITIRONEN Z KT 5
Z LT GaN RT A, ADEREEZE T IELZ LML TS, FlZiE, n A GaN HoRHE L
Shockley-Read-Hall " D IEMEST FfSE A HH.0 & LT, N2 REmEER LD B2 FQE) 21K T
SH D[], BEOHETIX., KIS O IR O A% E2RE Lo A%~ U —HVPE 15(QF-
HVPE)IZ L - T, REMREEDIEV(C]=1x10"% cm?)GaN fEfa A S 55 2 LA IE STV 5[2],
P, SMBEFRIER L N EFIERIQE) Z ERT H 7o, BHEKE AW FM 7 + hL
R X v A(ODPLY Y HEEBR L T&/m, 2N E TIZODPLIEIZ X - T, GaNIZHIT 5 QE &
[ClOHFNHBARN S E SN TWA[3], LanL, A EEDERNICERET 2LERS 5720, &kt
DRE SNHIBRD B o7, Filt, BB Z TS EROIMANZELE T 5 ¢ BlE ORIEDS BRSE S Hu[4].
KBFA~D ODPL JIENA[HE & 72 o7, & Z TAMFFETIX, ODPL HIED ¢ filiE & H#) XY A
T—VE ARG S Z & T, QF-HVPE # GaN D IQE ~ v B JHIEZ{T > T,

[EBRSAt: - FER] FHAZSREA 5 Wem? O & & @ IQE (b)
~ v B SHERRES LORER RO A ST L ':‘ﬁ (:f) i C;’g“;z(a;g- ;r;its)
ZHNZEI Fig 1(a), IR T, 22T, HEDZ EIL
500 um ZF&TdH Y | Fig.1(a)Dfedhn K& < 725 J51H)
NI HOMAITH B, Fig. 1(a) & V. IQE DHE NN
HDHZENGND, WMND 3 SIQE NENZEI A:
3.70%, B: 3.28%, C: 2.27%)\ZOWT, IRA F B RSy
FriEziTWClE E& L, 3 RO[ClIZZN TN
2.6x10" cm3, 2.6x10M em3, 2.4x10% em?® Tdh 0 . [C]as X (Mm)
EERBCHS Ol b BT 108 (s B () TIE T e et
L2 EBRABNTIRo T, ST RS T2, IQE mapping results.

[Z2%3C#R] [1]71. L. Lyons, et al., Appl. Phys. Lett. 97, 152108 (2010). [2] T. Kimura, et al., Appl. Phys.
Lett. 118, 182104 (2021). [3] K. Sano, ef al., Appl. Phys. Lett. 124, 231101 (2024). [4] K. Kojima, ef al.,
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Determination of deformation potentials for InGaN with low In composition region based on
the k- p perturbation theory
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EALW) AR O E S I EA LG T 5 Z L TR X — @*ﬁﬂ&w(ﬁi‘c% 160 By Y (R c
ZEMTED[], &blF, Fmirtkm GaN MK E InGaN &1 H A QW)D X 912, mWNIZER TR ER
DI 5HHRTIE, In FARCCHRE S AL J:offﬁ)‘l:ﬁ‘ﬁi))wﬂﬁﬁ—ét&') I/“*"j‘}%L@anJr@ﬂ\—fﬁCﬁﬁ'ﬁﬁ
MNEEIZ 725> TL Do ZORICHFHIEZ IEMEIZEMFES 2720 BRI E DT RN XA 2 FT L
ATV VOIEMMERMLETH D, TILETIZ, GaN’?DAlN DETDOEERT 3 /L, Ishil &
WX S TIELVWERRE SN TWDMN[3, 4], N 2B L TEZHEOMENR I THD SOOI 2133
Bk 3 70 &) BT J&ufzﬂﬂu\ﬂ\t VHBENDH 720 ST LHIELWEIIRS RWATREM N B 5,

Z 2T, ABIETIE. InGaN-QW (23517 % IEME 72 R FrtE 2 T FTREIZ T 2 72012, InNCRFIZAR In AH
PRI 51T D lnGaN)@ﬁﬂsTT//qu(Dg~D6)%: k- pfBENE[S] & FRICRE LT, MEOHI T
c 1 GaN K _E InGaN-QW (2 —#lEIS D ZFIIN L, & OFEOINTEA EARAE DOBfRH 5. InN(InGaN)
@E%:ﬁ—?‘/“/JWVDSOD%LMB&M:?J%Equ\é[é]o AENTE HIZ, ZODgxEHIZ LT, InGaN-QW (Z

B DMEFERK LD 2 SO REIO TRV F—ZEAEDOFHEEZITV, ZEOREN ER> TS,
Rz 72 In MLECCTH G NEIZ T DAEDFERIEZ 7 4 v T 4 7 LT, EREEZFIT 5 X5 B RT
¥ % )W(Ds, Dy, D6)7%Pk?fbf_o F 9. m 1 ZnO FA I InGaN JK[7]1& m ifi GaN 264 InGaN-QW DAE 2D
W CHEERIENT 21T\, D3 E D AR TE LTo (AW B N 72N T2 DD 2 I T & %), T 2T, ZnO HE4R
& GaN Ep b & T, InGaN (227> ’éfﬁrbx;ﬁi:foeé &%%Uﬂﬂ LT, D3&D,OAMELZREL TS,
Z D%, ML InGaN-QW (281 5 AE D EBREICA 9 K 21Z, o TeDe & RIE LT, Fig.1 & Fig.2 (2
X, FNEN, (11-22)f InGaN-QW & Ing3GaosN-QW (Z T%)AE@ In FEAAKAFYE & i i i 7 AR A7 3
RINTNWD, TNbERDE BURT7 4T 4 VITRERICR>TWDHZ LN 05, 2L T, Lo
FIETHE LN DN OEART v v /UL, Dy =28¢eV, D, =-9.0eV, Dy = —0.4eV, Dg =—-115eVE
oty NUREY v 7D L HIC, nGaN DEFRRT v VbR —A 7 LT B AREMILH 508, 4
72 & In R D RS/ N S WVEIR(~0.4) TlX, IELLFHETEAETHHEEZ TS, LLEICEY
InGaN(InN)(Z j’éif@wﬁ/ﬂ_’}*//’vﬂ/’%ﬁ%ﬂif‘g‘to

 Ing ,Gag ,N-QW
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Fig. 1 A comparison of experimental data (squared plots) Fig. 2 A comparison of experimental data (squared
and theoretical calculation results (violet curve) for AE  plots) and theoretical calculation results (violet curve)
as a function of In composition in (11-22) InGaN-QW for AE as a function of crystal orientation in
structures. Ing3Gap 7N-QW structures.
XHER [1] TIHERS, 45 71 [MIHFEZY, 23p-21C-143 (2024). [2] R. Ishii e al. PRB 81, 155202 (2010). [3] R.
Ishii ef al. PRB 87, 235201 (2013). [4] L. Vurgaftman ef al. JAP 94, 3675 (2003). [5] S. L. Chuang et al. PRB 54,
2491 (1996). [6] ARFEN D, 15553 123, LQE2023-66 (2023). [7] H. Tamaki et al. APL 99, 061912 (2011).
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Detailed analysis of wavelength dependence of photolumlnescence lifetime
in an InGaN single quantum well
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%m%%ﬁww JRERRC IR D BRI F TOMRIAWIREIR DR IET A A FEBLTE 50
REMEDY B 0, Z ORE A7 REED B AFZER A TG ﬁbhfwé LML, 2y
¢@7A4X/ 2 L—XFHRENTHDEH0O0, Si PEREZEFICBITHI 2L —FD L)
REETOYIalb—ra 3 EREERARERRETHD. 2T, e 8RN Tcox
Y VT HATITADOEMPART 3 THDLIEOTHDHEEZLI, ZTOMEANRI KD 5T
5.

ARFZETIE InGaN H— &+ P (SQW) 2 W T, TORNK(PL)HMOIERKFEZHS Z &
T, SQWNDOX ¥ VT XA F I 7 A%EL LT fEH L7z SQW O = 5%, Sapphire 5 & SQW
oﬁﬁJW\meTﬂ@wLumﬂmwoﬂﬁﬂémtﬁk%bfwé UL & SQW N K i
%ﬁf“ %, UL L SQW Lt~V NEWZ ERHLNTEY, x VT XA F I 7 ATk 25 KM

DR E R/ NRIZINZ D Z &ﬂf%ﬁ@%?)?&%f I AERBRTE D EEZBND[L].
;@ D, BRNEED PLEMEMITT5Z 1LV InGaN-SQW WD X v U 7 X A 3 7
A DG %Tw%%ﬁfgékﬁzt AWFZETHVZ InGaN-SQW with UL #5BFo> PL ©°— 27 i
FIT=RIE T 441 nm ‘(Zb%) Ebti‘é I3 &= Ti: Sapphire I/***JLOD”’“—FFIH{BZ(BBS nm)Z vy, L
VA AWTREERICESEZSbE TCE—A%&Ko72. FHIE55 ecm s THHXL, ~( 7
D?¥/2W7VHF% ?ﬁrmfﬁﬁLwﬁ WFFHEEIC K 0 PL BRI A AR E 2 3206 L 7=
PL decay curve |33 I E 1 nm BICHIE L, PL HEMmOMEEMKRENE (L%, PL A7 fL L
W%)%%ﬁbt.%bf,:@%E%ﬁﬁ@mf?fﬁot

BRI HRIEFE TS0 K BICIREEZ (L SE - L D PLHEMALY FMLEX 1ITRT. Zh
RS E, KRR TO PL HEMANYZ MVTIRESEEIEGFE L TODD, IREN ERNDIZoNTE
DIRIEVER 72 T o TWD Z ENbnd . 2k, KIRICBW T, I\ AHFmoOREKRE
PR BH[2], HDHWIE, ET X —HOIRRE TIIET R L F =N D DR FET D Z
Lk, TOMWENOFEMNEL 25[3], LWH I ETRERERKFEENBINIEND (/aF
UARIZ 72 > TV D DX, phonon replica DEEE) D%t L, il TlE, FEEES RSSO BB <
R0, KRR DN D, EIRTE S ZoMIE, K 2I12RT PL AT NVIREKRLT
fﬁﬂg%%%ﬁﬁ%éné.Ez%ﬁé&,PL%Eﬁ50K%F @_ﬁwak@ FEHE ST
ﬁ%ﬁﬁi@%mﬁofwé:k%%bfwé.:h%@%%m,mmNi%#F BIFD¥ ¥
VT EAFITAD R LTEBY T AV 2 L —ZICHLHMRAEZENE DA MERD 5.
A%0%, UL D70 SQW iREH: & CRIBRDHIE & T 24T 5 FETH H.
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Fig.1 The PL spectra (black) and the lifetime spectra (red) for the InGaN-SQW Fig.2 Temperature depen-
sample at 2 K, 50 K, 100 K, 150 K, 200 K, 250 K, and 300 K. dence of PL spectrum in

the InGaN-SQW sample.
3@k [1]C.Halleretal. Appl. Phys. Lett. 113,111106 (2018)
[2] M. Sugawara Phys. Rev. B 51, 10743 (1995)
[3] C. Gourdon et al. Phys. Stat. Sol. (B) 153, 641 (1989)
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Microscopic line-scanning of simultaneous photo-acoustic & photoluminescence and time-resolved
photoluminescence measurements in InGaN-quantum wells on a stripe-core GaN substrate
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InGaN #FH: 7 (QW) [TFNT /S A ADTE M@ L L TR S THDH, QW NDF U7 4 A5
ITAIMEIREL TR EEN TV D, Fx 1T, ZRETIEE (PA) L7+ MLy A (PL) [RIRHRE
Z AV T InGaN-QW DOF ¥V T X A F I A% TR L TEIz, ZOFETIT, B EE S IC k- TERSH
DI EFREIS FRE B IS L o TEMSNDEE | TN L PL B LU PA HIE THREHL . PSS &0 (IQE)
ZIEREICHEE A ZENRBRIIIC I BETH D, I, FEH43fi# PL (TRPL) IE A LA G HHHIET,
BRI 36 LOFRIES P & M 250 28N TED, A1l ZbDFiEZ AV T, InGaN-QW 5B
FAREEDHE N A TN 7=, B L7230BHT, 300 pm & 1 CHAL S K&K LT 5 AN A 72
7 1GaN HM 2R L72 InGaN-QW Tho, ZOFENCI, K im BN E MM KRESENTHEE
RO, FENEFR DRI 7R ZE M AR IUTKIISLT. PL FEMOE(LPBIEE TELHEE LD,
PA F LU PL JEDBEEIRIZIT AL — =2 A4 —F (L = 375 nm) Z. TRPL {I/EIZ1E Ti: ¥~
7AT L —HF —OF @diE (L = 375 nm) ZE ALz, EHLORES xHL L X (40 %) Thbk e a4
LT (RaRy MEITHKI 2 pm) o TA L A EN, s % FE SR SARER AL fE A 2 T 440 pm
OHHTHERL . TRPL & 1 LRFFAR B H—t 75805 T1T 572, Fig.1 (27”7 PA-PL [RIRF7 A2 A%
Y AE DGR LD L AL EE D RO E DAV AREIR (A7 130 um, 330 um) C PA 583 R ATAIIC
K&, FIRFIS PL SREE D/ NELTe o TND LD DD, JhE S v 71, B Ffs G0 IE0E
HFREEOWT VN THES T D720 BAALE FE O @ ORI CIEF L 95<7220 | AN 2 T\D,
B2 HND, Fig2 1X TRPL IEIZLD PL HEMDT AL A ¥ Uik RLCEY, PL S8 L[FERIC PL
v s L E SR TRV LT A28, Fig3 IZ+ 9 PL e PL 8EE D LT 2SI H ED
ZALL TRV, £D728 PA-PL FREEDZE AL T I s 2 B SIS I W CIRIR ST AT &
T NI TVDHZLIZEDEDLEBEZEND, 4 BIORIE TIE, FHIOIEHIZFIEE 2RI ST
BN THREDEZ->TRY, ThH PA 5 5ITRALTLESTWD72, InGaN QW @ IQE ZIEL
RDDZENTEIRD DT, A HBZORIEZT- TOLKIET, IQE oM 4 - HEla i Fifl & 75 dy D 22 R
DA RD T T IETHD,
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Fig.1 Experimental results of microscopic  Fig2. Experimental results of Fig.3. Position dependence of the
line-scan simultaneous PA (red) and PL  microscopic line-scan ~ TRPL ratio of PL decay time to PL intensity,
(black) measurements in the INGaN-QW  measurements in the InGaN-QW which corresponds to radiative
sample. Dislocation density is high at @ sample. PL decay times are plotted as  lifetime (relative value).

period of ~300 pm. a function of position.

Reference [1] T. Nakano, et al., Proc. SPIE 9748 (2016), 97481W. [2] A. A. Yamaguchi, et al., Proc. SPIE 10104 (2017),
010409. [3] A. A. Yamaguchi, ef al., IEICE Trans. Electron. E101-C, 527 (2018). [4] K. Mori-Tamamura, ef al., Jpn. J. Appl.
Phys. 62 (2023) 105501. [5] K. Mori-Tamamura, ef al., Jpn. J. Appl. Phys. 63 (2023) 01SP19.
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Time-resolved photoluminescence study on red InGaN hybrid single-quantum-wells under
selective excitation conditions
© Zhaozong Zhang »*, Ryota Ishii 1, Kanako Shojiki !, Mitsuru Funato !, Daisuke Iida 2,
Kazuhiro Ohkawa 2, and Yoichi Kawakami !
LKyoto University, *King Abdullah University of Science and Technology (KAUST)
*E-mail: zhang.zhaozong.28n@st.kyoto-u.ac.jp

[Background] InGaN has been utilized in the development of light-emitting diodes (LEDs) covering the entire visible
spectrum by modulating the indium (In) content. However, as the In composition increases, InGaN LEDs tend to exhibit
lower emission efficiencies and more inhomogeneous emissions due to the lower crystalline quality of the active regions.
Various strategies have been proposed to enhance the emission efficiency. Notably, lida ef al. demonstrated efficient red
InGaN LEDs by employing a hybrid quantum well (QW) structure with an external quantum efficiency (EQE) of 4.3%.
[1] To further increase the EQE of red InGaN LEDs, it is essential to estimate the internal quantum efficiency (IQE) and
deeply understand the carrier dynamics. However, the selective time-resolved study has yet to be conducted for red
InGaN hybrid SQWs.
[Experiment] In order to estimate the IQE and investigate the carrier dynamics of red InGaN LEDs, we performed
power-dependent time-integrated and time-resolved photoluminescence (PL) measurements on a red InGaN LED with
a hybrid QW structure at 6 K and 293 K. A PL setup with 10 pm laser spot diameter was developed. A 513-nm continuous
wave (CW) laser diode and a 508-nm pulsed laser diode served as the excitation sources. The CW laser diode was
employed to estimate the maximum IQE at 293 K. The pulsed laser diode was used to measure both the IQE and PL
lifetime (tpr).
[Result] Figure 1 illustrates the power dependence of (a) IQE, (b) teL, and (c) radiative (t,) and non-radiative (t,;)
recombination lifetime at 6 K and 293 K. As excitation power density increased, the IQE at 6 K initially kept 100% but
then monotonically decreased to 30 %, whereas the IQE at 293 K increased to a maximum value of 5.9% [Fig. 1(a)],
which was lower than the IQE (24.0%) estimated by Hou et al. [2], possibly due to their overestimation under non-
selective excitation. Their overestimation may have been caused also by their assumption that the IQE at 6 K remains
at 100% under different excitation power densities. Both the tpr at 6 K and 293 K exhibited a monotonic decrease with
increasing excitation energy density [Fig. 1(b)]. They are much longer than those estimated by Hsiao et al. [3], but
closely match those estimated by Li et al. [4]. The T, and T, [Fig. 1(c)] were derived from the IQE and tpr, where the
T, values are much longer than those of InGaN blue and green LED [5, 6]. At 6 K, the T, was almost constant, while
the 1, shortened monotonically as excitation energy density increases, indicating that the efficiency droop at 6 K is
attributed to the shortening of the t,.. At 293 K, as excitation energy density increased, both the t, and T, decreased
monotonically, where the T, exhibited a more rapid decrease. This faster decrease in T, accounts for the initial increase
in IQE at 293 K. However, at high excitation energy density, the decrease in T, weakened, while the continuous
reduction in the Ty, led to the nearly saturated behavior in IQE. Therefore, our study suggests that to enhance the IQE
in red InGaN LEDs, the T, should be shortened and the decrease in t,,- should be suppressed.
[Acknowledgment]| This work was partly supported by JST, Grant Number JPMJFS2123, KAUST Research Funding under Award No.
ORA-2022-5313 and BAS/1/1676-01-01.
[References] [1] D. Iida et al., AIP Adv. 12, 065125 (2022). [2] X. Hou et al., Opt. Express 29, 30237-30243 (2021).

[3] F. Hsiao et al., Discover Nano 18:77 (2023). [4] L. Li et al., 70" spring JSAP 16a-B401-8 (2022).

[5]T. Badcock et al., APL 109, 151110 (2016). [6] K. Tamamura et al., JJAP 62, 105501 (2023).
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Fig. 1 Power dependence of (a) IQE, (b) tpr, and (c¢) T, and ty,.
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Study on reverse tapered mesa formation of GaN on lattice-matched AlInN
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[T 5] Foxld, #HPH GaN 734 2 TIER~NLK
WOFEBEZBRE LT, ¥r— =Tyt 2x%
BET LTV 5, AIEIOFICY TiX, GaN & kg1
A L7z AllnN 24 & LTHW, R4 =T
VIl Uy Ny FUTILE ST, TR
INTACHEE LT Z & i L7c[1], AlElE, B
FBRT, /BONIZHICOWTHET 5,

[ 328k & 2] +c mhd GaN (2.83 um)/AlInN (195
nm)/ GaN (2.83 um)/c i sapphire (Z%} L C, BCL:/Cl,
NIy F 72k, B GaN & AllnN Jg D
miEiZHID H L, 135°C DY VERFP T = v b
T F T BT, Fig 1 13, % BEPE O Wi SEM
Bchd, vy by F UL, £7 AllnN
JE@ BSR4 Ry F o 7S, 20O O GaN
M—c WM BHELHICT Yy F 7 ENT, BER
{1012} 7 7 & v R B3BINR D Z & THT — S~ Bk
DB ST,

T, ERETREE, Ty T
Y 7T AlInN R Z<ESNTnWH 2 & Th
Ly FOID, BEREIZZOT o A TEREND
AlInN EEIZIEF IS NWEB 2D, T, it
BT NA Z%HE LA, AllnN JBIC X 2 ES
BEHIR)DOZENMEH SN D TZDEE LU,

FERFFIZIX, NAFO A FRIZOWNTHH
5T D,

(BEE] ABFgtiE, TIA T 1 7T & PRERHEME
FENFIXLOIEEZ T THEM LT,

[1] REFL M, FFEWY, 23a-21C-2 (2024).
[2] M. Miyoshi et al., J. Vac. Sci. Technol. B 38, 052205
(2020)

13-184

before H;PO, acid etching

after H,PO, acid etching at 135°C for 20 min

after H;PO, acid etching at 135°C for 55 min

Fig. 1 Cross-sectional scanning electron
microscopy (SEM) images showing the
reverse tapering of +c-oriented GaN on a
lattice-matched AlInN layer. The Ni and
carbon layers are conductive and
protective layers that were deposited
prior to the focused ion beam milling.
The electron beam incidence was tilted
by 54° with respect to surface normal.
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Improvement of heterointerface steepness of GaN/AIN Resonant Tunneling Diodes
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k> FVH A A — RRTD)XEIR CEREIERGEN /MU TH DT, TR E LTHER SN T
W5, FEBRIZ GaAs & RTD Z V7= 384k 48 Tl 1.92 THz ORIEN LG STV DN, BIREFH
FIDEE pW FRE L/ NS W Z LR TH B[], RTD BIRZROH T v — 7 BB E L N L —EiT
BEDHPVCRWZ AT B[2]720, HEKD GaAs 2 LD b K&l FA 78y ha2A L
TWAZEW%A RTD \ZEH LTe, ZhE Tl A¥ERXMEKEMOVPE)EA AW CER L=
I GaN/AIN RTD (ZF5 17 2 Ay bt % g L EMEEE O & mEEE LS L&
3. L. PVCR 1L 1.2 F2E & GaAs & RTD (2~ NS S BGERMETH D, KV PVCR & 72
HHERO—> L LT, GaN/AIN /\7‘E’ﬁﬁ@%ﬂl’&"ﬁ@ﬂhﬁii&%éirL“Cb\é[4]0 AWFZETIE, A
\Z kB ~T v REoOELNE T 25 B TEIERE TO GaN/AIN Lk 249 5 RTD O/EREEM
i1 o7,

(3B 51E] MOVPE iEIC L0 | 1 L 72 50RM# S & slRIRIE OFLX % Fig. 1 12777, GaN/AIN
TIIREIRE % 810°C, 960°C THE ¥ /-, Z0O, 810CTIEF ¥ VT HAZ N, &L LT, By
k295 BT TMI 245G L7, A& RHIEIZ PL & XRD, REE 7 + 1 ¥ —OHEIZ 3557

TSR & R BB (AFM) & F VN 2,

[E=BEER] XRD X T PL ?BJJ@%% X In DIRAICE D =7 13RS N 2o T2, WRIC~T it
[ O 2 R 9 2 7212, 1 D B OREEEEE CToH 5 UID-AIN E#OREIERHET 7 42 Y —0
R EAT 5 72, PO FHEBMEEGE O OITRIBEREZH WG AETHLE Yy MIBg S eroT,
ZAUE TMIn Z#8ALZZ 128V Indium DNV —7 727 F o hELTEE, BOKERETYH
Gat AlEAD~A T L —2arMEELTWSZ ENEZHND, AFM 725 1% AIN @i%ﬁ*ﬁé
(RMS)IFAEIRE D 960°C DFRELT 0.73nm TH - 7= DI L, IR 810°C T TMI Zfi#4 L7-
AEFT 0.15nm ESGEN A DI, I 2 TH LIV GaN/AIN Sii 23 RTD OESSFIEIC G 2 5 2
WZOWTCEmZIT O,

[BEE] AWF7ei%. B JP23H01866-JP22H00213 DB 25T 7- & D T,

[ 3CHR] [1] T. Mackawa et al., Appl. Phys. Express 9, 024101 (2016) [2] M. Asada e al., Jpn. J. Appl. Phys. 47,4375
(2008) [31A HIfl, %5 70 [EIFIGH(2023) [4] A. Grier et al., J. Appl. Phys. 118, 224308 (2015)
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Fig. 1 Schematic of the device structure and growth temperature
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Causes of leakage current of vertical GaN p-n junction diodes under reverse bias
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M GaN /U —F /A A DF R FREIC T D AR ED TS, Ll ftET A
AD pn HEETBTITW AL T AT TY =7 ERPBELTLED 2 DD D, O ENTICE
Z BTN, Kachi & OHEIC L VL], LSO EELEZ HZ L EE LR o7, EF
TIEHTEXF vy VBORERNE pn ¥ A 4 — R TO U —7 & OMBINZOW TG Sh[2].
SRAUZ DWW T OMFENRHEA TS [3, 4], A Tik. Metal organic chemical vapor epitaxy (MOVPE){%
TIERIE L7z GaN fitf pn A A — ROWHiNA T A FTO Y —7 OJRRIZONTER LRET 5,

Oxide vapor phase epitaxy (OVPE)JEIZ & 0 il S V72 HaAL3 BE 1X 10° cm2 2L, %+ U TR E>E
X 10% cm3 @ GaN #E:# FIZ, MOVPE &I LY n-GaN % 7 um il E S ¥/ B4 3 v LA E
L7, o, FSHFTERINT n-GaN @2 E 3% pn ¥4 A — RLER L7, n-GaN JgD*x
¥ U7X 8X 10 cm3, p-GaN @D ¥ U 7 IREEIL 2X 108 em 3 RRE AV & Lz, WA T
AT TO IV Rk, i oMy TS, Atomic force microscopy (AFM)E, ZY1 7 + hv
I 3 vt AMPPLE 2 BUS LT,

LiZpn XA A —ROWARAL T AFTO IV EETH S, V—27 EBRPMMENHD (RY —7
Low-leakage) . & 2L TRIKIZY —27 2560 (7 LA 7 fh: Breakdown) , [KWVELEN SR~
U — 27 BWBEMT 50 (7Y —7 i High-leakage) @ 3 FRFAIZ3FETE 5 Z & mhoiz,

Y — 27 S ClE, B3R & [FSRE L A S D b ODOMIZEF XA oo,

T LA 7 TiE, MPPL £ LY n-GaN Jg I EFERICHN A b, & v U 7 IRE G MFE
LT, ZOEFTTITH AL T AT TORZIEDOIHENMZ LN EEZHND,

U — 27 T, O FHBAMEE G L N AFM 825 . 2T IROBERAEIE A8 L T, Kif
IR TV, EHIEn-GaN JBDOAZDH D% | AFM TREANZ /T L7z & 2 A, BiEE s oL
ETHAFAT v 7 DT T ARRRLRDHNOERSNTND ZENpnolz, Thbb, P
IRA T T IAR DA 7 8 & [FETEDN WUNR BRI A 7 M 2335 T R & WEEIR & /)y S UOEIS
BLTWDHZ LD, A7AINSL 725 & EHIZ C O AL EENINT % 720[5], n-GaN &
TOX ¥ U TREORIRPIFET D LB Z Lz, £ 2T, Scanning microwave microscopy (SMM)
WZEDF v U TRESAZRET S & BREFEE CIEF v U 7R &Rk & RV FElE S
Ao, 2D, WA T A FIZBWCERDNET T LN FIET 2 REEZ R LT 5,
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Figure 1. Reverse I-V curves of GaN pn diodes.
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[1] T. Kachi et al., Sensors and Materials, 25, No. 3, 219 (2013). [2] I. C. Kiziyalli et al., Microelectron Reliab. 55, 1654 (2015).
[3] H. Fujikura et al., Appl. Phys. Lett. 113, 152101 (2018) [4] 7uftt, 55 83 [HljS M EL A2 irafilii<s . 21a-C200-1(2022)
[5] K. Shiojima et al., Phys. Stat. Sol. B 257, No. 4, 1900561 (2020).
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Evaluation of the influence of buffer layer on BGaN growth on QST substrates
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VN TC R A SEHE L 7=,

[=B 5] BGaN fi i3 A4S B ST B % 3% —(MOVPE)EAZ W TIERL L 7=, TEFEHS
I£ TMGa, TMB ZAEH L, VIEEEHIIZ NH; 265/ L7z, 7> 7 L — M, Si, QST itk T GaN
Ny Z77EEIK LT GaN 77 L— B IO ALGaixN N 7 7 @2 LT ALGaixN 7 >
FL— MW, %707 L— b EIC BGaN JE & i E S8, BOEEEm 21T - 7=,

[FHR] &7 7L — b EIZBGaN % 1.0 um & L, JeFBMEEIC L 2 RmBIRICLV 7 T v
ARIZOWTCEHME 24T o 72, 3D GaN 7 > 7' L— b EIZHE L7z BGaN BI2IE7 7 v 7 133
ELTEY., BT Si B ED BGaN 137 7 v 7 OF/AE
NEEE ThH o7z, —F. AlGaN 7 7L — k RIZliE L
72 BGaN /%, GaN E|ZkF L7= BGaN & t#c L CT7 7 v
7 DFENRD LTz, AlGaN 7 7 L— k RIZER EH
72 BGaN [Z5 RIS I3l SN2 & T, 77 v 7 D3
NIz BN B 2 biLD, QST k& Si Ftz Lt
B L7280, Si FERIE AlGaN 7> 7 L — MZBWT
b T MRS, ZAUE, Si Y QST FEk
L AT GaN & OBIRREBGEN R E W LITER L
TWahEEZLND,

WIZ, BGaN BBk 1% X ik~ v e o
BEIC I VEHI L7z, B 1IC QST 5K ED GaN B LY el (p)
AlGaN 7 > 7 L — MBI Wi 1~ » 7 2R3, HE
FEE LV, AlGaN 7 7 L — MMZEBWT, BGaN (&
Alp.17GaossN XK VT EEN K& < JBMEIS )R- T
WD Z ENER SN, KEOWTEBORBRRN G, K
D DARZ TS T TERD R X < 72 HHE TR S LTV
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Evaluation of neutron detection characteristics of BGaN detectors
grown on Si and QST substrate by using long wavelength neutron
TBABEL, 2 A KB T, S #EKER, { RAEAWM, S &K IMaSS, ¢ A— Lkt
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[#=] BGaN |3k & 7ok WA 2 FFo B 12 & de 2 & D Bk A PE 7R -8R
ELTIRESNBEEMTbN TV AU, 2 E TOWFZEIZEB VT, ALO; % v 7= BGaN 7 /3
A AMPMERLINTEZN, THEA A A=V T2 —0EBRICHNT TROBEDBEHE LW S
AR B o T2, I TCRARMENES 7 Si B3O QST Fat L~ BGaN HE7-4& HER DO BHFE A
MatEnTunaR Z 2T QST £ & 1% Qromis £E1Z & - T GaN & BIZERE N —ET 5 L 91T
BAZE T2 HTBL Si REER TH D, TV E TIZE IR _E~D BGaN R HZHERLES K U H BRI FEAT
DITHOIE M, TP BRI I IZZE » T e o T, ARHFZE Tl F: i /B
L7z BGaN FHiasiZ oW T, RREFMETE— A% W7o - SERIC I D . BGaN Hif:+
T e 0D HP A AR A A 2 SR L 7=

[ZEBRFE] AR CHER L7127 31 AL, AlSRRMET E X X —MOVPEEE AWVT, Si
FB LD QST HAk BIT BGaN JE: 3.5 pm ZkE S, FREERICT A A7 n v 225 i L 7o
BGaN-pin # A A4 — FftHigs 2 A 722 BGaN HPEF R N8R (EEAR T4 X: 500 um®) O s A
BEMEREAE & UC. o SRIRST SZBRGERIR: 241 Am) & JRR-3 @ MINE-1(FTPEF I &E: =8 A, PP+ 1
X100 n-cm?-sec) BN THIVE - FREFSER 2 520 L 7=, £ 72, iy 2 = L—1 3 > 22— R(PHITS
Ver. 3.26)4% VT, o= F—A7 ML EFHE LT,

[HRBIOBLE] A EIC/ER L7 BGaN HPE R gsicx L TRIER TN B L O o
WG 21T o 72, EREHIEIC LV E LN VF—RAY L% Fig. 1 17T, BRESME
FRENC LY SO TR Mg R o)

F—t—7 oz ER L-, FHRHE—7128 0
LR BRI LD /NS Ao TS Z S

THM R E— 2 2 a i B —27 K0 HIEF v
AR E T, ZAUE, AIRREEIE DS 3.5 um & EV e g ul '\k

FT 7 FLTEY, PHEFHRERICRET 2 =X
&)\ EP‘T%%T@%&EK Lo ’Céiiﬁk?ﬁ%ﬁ%?ﬁ“ﬁ@ ) Channel [] ) : ! * chnt(:il[q weom

lized Intensity [a.u.]

=
i

malized Intensity [a.u.]

Nor

JEA A~ L *‘@%ﬁé%}imﬁ#@*ﬁﬂji*/b%—ﬁ Fig. 1 Energy spectrum of BGaN detector on (a)Si and
EE < fcﬁ STWNWAZ L 73)@ L «C% z 5 ns (b)QST substrate irradiated neutron and o-particle.

W, /=7 777 AV EDBETRLE—ZAT MLOFEEIEEWHM)ZEH L, Fi
MR 2 Effi L7, B L — 227 MUid, YRR S O R EREE R L OV — b
REIZHK LIEZEEY 7 70 7 7 A VTSN ZDET VT 4 v T 4 > 7 %3 L. FWHM
EABH Uz, B L7- FWHM il Si 50 65.3%. QST Hibi: 58.7% & 72V | o #HIE © FWHM
E(Si FEAR: 79.8 %, QST Jebi:67.7%) LV /NS VME L 72572, Tk, FPE &S DAE K=
FNAF—1F o BBIH LD ERTYRINNENZ EERE L TWAD, 72, QST Mtk FWHM f&
SR E D /SN L, QST etk E D BGaN i DG MEN B WZ & 2 RIER L TV 5,
Z OFERIX, XRD HIEIC L DHEERHEFEL & b RO Th v | BWEIRMREGEIC X 5B I0
QST D A/NEL | IR vt AL D/EMMEOEHILZMEH L2 & 2R LT 5,

[2%£3C#R] [1]T. Nakano, et al, J. Appl. Phys. 130 (2021) 124501 [2] S. Nishikawa, e al., ICNS14 (2023) TuP-
GR-26 [3] H 2 IE4RM, B4 31(2021) p36-37 [4] T. Sato ez al, J. Nucl. Sci. Technol. 61 (2024) pp127-135

[BFE] ABFZEo—i. BFEA I 4:(19H04394, 23H00099) D28,  H A+ F1AF 72 BE F Akt
OfEa% L HFIE, 40 RRKZREME « AT AFFEFTNC IS T D LEFRIAE - LRFZEIC X Y FhE
iz, EERICHE A U7 QST HAUIIME UL AR SE L v k2 W72 b o2 H L T D,
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PEDOT:PSS Z IEFL.EmE B FA L /= GalnN ZR#kf LED 1R
Fabrication of GalnN-based green LED with PEDOT:PSS as a hole transport layer
OM)IRARER ', (M2)MBEERE "', M) FERAER', WILUKRE? BHABE %
BARE rrEh . ELF!
1:2EAE, 2BBETRYa1—>3> (B)
°R. Sakamoto !, Y. Kato!, R. Ito!, E. Matsuyama?, A. Suzuki?, M. Iwaya', T. Takeuchi', S. Kamiyama!
1: Meijo Univ. 2:E&E Evolution Ltd.
E-mail: 243428020@ccmailg.meijo-u.ac.jp

[T U®IZ] 2% LED TRENREAT I EMBRFIEDETT 5, Zo—HE LT, £
R MQW DBV ARLETH Y | p-GaN R FFOBWARTICIHZ b THELTLE S 2 &

FFond, ZOOARMIETIL, p-GaN % PEDOT:PSS |Z & & #i % 72 PEDOT-LED & & #af L
oo R N—T7Tlx, HOaMEHERTO PEDOT-LED OREE#HE Lz, B EEKR CORILIC
V. AREE Tl I EE% O PEDOT-LED OfERUC YW THE T 5,
[EBR5iE] F0% L O%EE PEDOT-LED OfERICIX, 7 7 A 7 H Mk I MOVPEJEIZ L Y Fig.
1 127”57 n-GaN, GalnN {&#E, p-AlGaN-EBL % fiffz S 72, EBL OE S L UM, H£AT
RbhD LIl L2 Lz, lem AICE STy 2 ~—ZAE 2 — MEE 160C
TOT Y _—F 7|28 PEDOT:PSS % 7 =/ —R[IARIEANE L 72, PEDOT % /KCBUGHK
NORET DDAy X ) o 7IEEICT Ag Z2HEICKRELZ, VY757 412C n BRH
HONRE == T wfTo72%., Ar 77 A<I2L Y Ag, PEDOT, Y-E{AD=x v F > 7 %7 nfE
FBMEE, VYT T7 412X - 7T pad BRI O/ —=2 T HATV, BEZEFHREWEEIZ X

DB A R L7-, LED {EfIf%. 72— \—|C CEIET VL J ORI EE (T 7,
[EBRFER] Fig2 [C¥ ALY b, Fig3 (2 1V #5E, Figd 12 L BetEOBIER B2 7, fER
& L TEMEAI LY 550nm 5 TR E— 7 k%R Liz, HE PEDOT-LED & I 2 & |
RO NI = O—IUE T Lz, &M O PL S LED ORE/ ¥ — U XFARE TH -
e, XX VT OEADEMETLTCNWD EBX bND, 4% TOBEROMYT & YHENE

HTho,
'3 206407
pER 50000 — 30 %
= " = 5 |
Ag 3 /10000, S0mA Ay S 3 15E+07 Blue
2 30000 10mA [ £ 3
PEDOT:PSS(p/&) T A5mA. | N £ 5 LOE+07 |
o $ 20000 20mA. J/ P\ £10 [ |/ 2
p-AlGaN-EBL £ —2amA // /N 3 | 8 5.0E+06 | Graen
oW I e | o 10000 W/~ jl— £ 20EA00
s / = 0 L = + rn L L L
n-GaN (n/8) I 0 L e | 3
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Fig 1.LED Structure Fig 2.Emission spectrum Fig 3.I-V characteristic Fig 4.I-L characteristic

[38E] A9 —E0% JIST-A-STEP (JPMJTR201D). NEDO ZEM5E. 38 L OF e & 4B
A HAEREE A (22H00304) OFBhIC K0 3 L 7=,
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TE b RIVESZEET 5500 nm GalnN ixEHFRL—F—FLFH—F

500 nm GalnN edge-emitting laser diodes with bottom tunnel junctions
RAWXRE THK!, fREHR, SAFRE bg!
Meijo Univ.!, Rita Higashi', Tetsuya Takeuchi', Motoaki Iwaya', Satoshi Kamiyama
E-mail: 243428037 @ccalumni.meijo-u.ac.jp

TES h RS a2 7 M HWT, FSRIID DR EIZ AT TR AT 2 &3 TE DUEEROHR
TATRNT, TEARERDET S 2 LRI ST D, T, FEb b RS AT % fkfA LED T
JCIREEAENINT 5 Z L ASRE STV DI, FEie, TR R RS & IO e H BRI L — Y — 2 A
Z—F (LD) 128\ T, #450nm, L =V MEFEFRFE 34 kA/em? O=EIEIRDEE STV DR, —75,
ALY BIEAZIRORY AP TO, T b oz e 2 i L— =8 EomRE 370,
ABFFECIE, TEE bR UESE2A L, HE 500 nm DA ECEWET D3REFE LD 2B L, 3 L7,

E U7 LD #&% Fig. 1 1Rd, GaN FSR IS NHn 7 7 v R, houzg, fitlvCp 277 v F
JE. GalnN ®=FHFTEMERE, 2L CEfin 7 7> FEAZAT 5 LD ##§iE% MOVPE JAIC L D =& F Iy
R SE, Uy VR 15 um, HHRESE 1.5 mm OEIEREE LD Z2/E L7, £z, WAL LTRILY v
Vi & REREA A L, p B A ET Diimmsst LD (Reference LD) ZE L7-, Fig.2 |2, i1
D VVABRENRE (7L A8 500nsec, duty F0.1%) @ J-V-L FetEA7Rd, 72, Fig.3 12, FEl ko=
IESERT S LD (FEREE 12 kA/em? ) &, Reference LD (FEIAE 6.0 kA/em? ) DFEFEAAT h
NIRRT, FEb bR ZAT 5 LD TiHE 502 nm, L&V MEEEE 11 kAlem?, An—7%%
0.14 W/A, Reference LD T3z 510nm, L &\ MEFEREE 40kA/em?, A —7%83 0.65 W/A TD L—
P—EWESHER STz, Fox HVADIRY | T~ RS AT 5, IR 500nm P ETORDTOL—
P—BETH D, LorL, FEB b RUEAE WIS C L D EAROUE TR SN eh -T2, £
7o, I 5.0 kA/em? FEOBREIEIE S 12V &, Reference LD (ZHASKI 5.0V EV, S R oL %
AW EE T, LEVWMEBRBESSINL, A a—7 MK T 28N & A LN T D08 H D,

20 2000

pad-ele ——Reference LD RT Pulsed —Reference LD
18 + Pulse Duty 0.1%.] 1800
ITO/Ni 16 [Bottom Tunnel —Bottom Tunnel
6 junction LD 1 16v0 = Junction LD
Top n-clad | o 5 z
uide . _ I a
ﬁﬂ W . Si0y S12 4 1200 E’ £
)y 810 | 100 & b
guide ] ] %
EBL S8 { 800 § E
el [=]
6 1 600
p-clad pad-ele % z
Tunnel Junction n-ele 4 140 =
Bottom n-clad 2 /C? 200
GaN substrate 0 L 0
0 5 10 15 480 490 500 510 520
Fie. 1 LD structur: Current density [kA/cm2] Wavelength [nm]
1g. 1 LD structure Fig. 2 J-V-L curves Fig. 3 EL spectra

BEHR [1]H. Turski, ef al., ECS 9. 015018 (2020) [2] H. Turski, et al., Proc. of SPIE Vol. 11280 1128010-1 (2020).
[3] D. Kasahara, ef al., AP 4. 072103 (2011)
FEE ABFFEO—ERIT. BHFEEAZ AQ0H00353), HE S(23H05460) DN L v F2hi L 7=,
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F{R InGaN LED #8150 /E & & Rt 5T

Fabrication and characterization of circularly polarized InGaN LED structure
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BRKRE® S, RAII—VVTHMIVATHFI ORIV —C
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ULVAC Inc. 3, Research Organization of Science and Technology, Ritsumeikan University 4,

SANKEN, Osaka University 5, R3 Institute of Newly-Emerging Science Design, Osaka University °
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MR YE(CPYTZ DR R IMEE N BIBE . AN A A= T
3D T4 AT VLA BIFUDZIGIC O 508 CInANYIRF S
TEY, B—FR AT RERERBEE > TWDH[1], FxixZ
NETIZ, BEMEE L InGaN J64 A 4— RLED) &, —&k
TCJEIEE NS R D A XY — T = AR BE YT RS
TEARE L, AIRZESRFEEAFDTDNZE S VI 2 b—v
3 EHWT, BT A AR EDEEERETCH D Z L 2R
L C&72[2], ABFETIE, FoitE(2021) InGaN &1 H 77 (QW) %
ERMEICEIR & L. SisNg A Z ¥ —7 = 2 &&= LED
MG 2 ERRIERS 2 2 LT MR AR Lo oo
T 5,

RS EEICL Y, (2021)GaN 7> 7 L — bk EiZ,
6 JEIH1D InGaN/GaN QW %9 % LED &4 FR L7z, =5
T LED #§i& BIT SiaNg #EIEZ SE~ 7k ha a2y 4
Vo ZEICE D BIEL, B —2 Y VT T 7 ¢ BUGEA A
vy F U7 HWCTEBER 1 RTTD A N7 A THEE L TEK
L72(Fig. 1) A N7 A 7THEEIZFDTD v = L—3 3 2D
&, 0§ 125 nm, JEH 200 nm, & & 430 nm (ZEREF L, mARDG
FHINZxt LT 45 OfEL T X 5 ICEE Lz, /FR L7230k
WZxf LT, iR POt 7 + ML Xy ' A(PL)RIE % Eli
L (He-Cd L —HJhiL), 57z A7 FL% Fig. 2 l[IRT, &
SNTZFRIED 5 B HEIY Sy (on) MBLERY By (o) T
SR BE SN, MR EPe)ZFHI LT 2 A, B— 2
FIZBWT Pop~ 026 DG HITZ[ A X —7 = Z{ERFTO AN

BT CEE(PLe)l A 0.41], T 72 B FHRICEBLNZ(n = Pee/Po)lIfI 70%THYH | A FH—7 =
AN LD BRI RN ERPATRETH D Z EBRH LN E ol ZHHORERIT, AT

PL Intensity (arb. unit)

InGaN/GaN Q
n-Ga

(2021) é;N
template
(2243) Sapphire
substrate
Fig. 1 Schematic diagram of a
fabricated CP light emitter in this

study.

He-Cd laser (325 nm)
16 W/cm?@RT

Pcp ~0.26

o,

SéO 4(I)D 4éD 41‘1-0
Wavelength (nm)

Fig. 2 PL spectra obtained from

the CP-LED structure. It is to

note that emission lines of He-Cd

lasers near 388 nm and 440 nm

are excluded.

BT 5 InGaN ZHREHE FPMERABETH L Z L2 RTHDOTH D,
[1]1J. Luetal., J. Am. Chem. Soc. 146, 4144 (2024). [2] Y. Murata ef al., ICNS-14, LN2-6 (2023).
[BEE] AFTED —Hi%, MmAaRHFEFIER No. 0361019-A, JSPS BHiff# No. 23H05449.

ARIM of MEXT No. JPMXP12240S1038 OBk =17 7-H D TT,
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RA - BAFRATAA— FORE L ERIEH
Proposal and Design of Light -Emitting and -Receiving Diodes
BRABEL !, RXEEL 42—, OM)RE ESH !, W)l BFEL, NG —(5!
Grad. Sch. Eng., Osaka Univ. !, Research Center for UHVEM, Osaka Univ.2
°Yuuho Andou!, Shuhei Ichikawa' 2, and Kazunobu Kojima'
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XTIl XA A — RLED)R 7 + b F A A4 — RPD)Z AR LETZ AT Aid, kit
VEa—T 4 VRSB EEAS~OICANIFE SN TR Y, BIEEENEE S TWD, Fiz,
T AN LA B LT @B EALSCSHERE L DR RO DN T D, BURTIORIR EZ T A
AAPEYEESINTWED, EOMHEOKIEEZ — KL 25 Z & TT NS 20/NRE, HARER D
— AT L BTN ARBEO BN KD, 2T, FexlZWHEDOMAREL B —F /34 2 TH 9 %
I - A X A A — RLERD)Z R T 5, ABFETIL, mgh=7e3t & MRS FTREZ: GaN
FOPERIZEE LT, — %12, GaN % LED (32 7 H i 2 AW TR R %E ER XE %23, PD
DZNIEED LHOT= DI HRIE ZEL ED2MERH Y | lF X N L— R4 7 OBMRICH 5,
L7235 C, LERD (Z/35 L72IGMEBIENFET 2 Z E M EE SN D, RBFETIL, R
W LT 5 EhE(0001)InGaN/GaN pin 4 LED 254 & LT, i BEZZ(LSE7-BD LERD O
FPEZ b ZFHE L, Bt 2 et L7-o TliET 5,

[RHBE&AELAER] Fig. | (CEHGICAV 72 LERD Offs p-GaN (100 nm)
a4, (0001) GaN iR 10> n 8 GaN J& 100 nm, In #H N, :2%10' cm?

i% 13 %® InGaN & (x =2-70 nm) . p % GaN J& 100 nm
ZE# L. LERD OF » 2t 100 umx100 ym &
L7z, AEOFE TI% LERD OMEREIL. NE A 7 28D

i-Ing 13Gag ;N (x nm)
Np :2x10"7 cm®

LERD 7 b S SN TR Sdv, OGO n-GaN (100 nm)
— B AW A T A TFOLERD BH WL 5 2 L 24 Np : 6> 10 cm®
L. AEREEDOKE S 2 MW THE L7z, LERD (35 (0001) GaN
Ja. FE BITEFRETIET 20D L L, KEED _ _
ST L COMIE e 2. RISRE L D 1 %L RE L il BN v

7oo FENT— FTIXEABREE 100 A/lem?, ZEE—
RTINS A T A3V ZARGE Lz, ABFFETIE, 1 Rt
DY a LT 4o = RT Y HRERRICESNZ VI 2 L—v 3 U ETW, aliiE a2 et L=,
LERD DOWHTHLE L AMBRETHHFEQR)D x k1F = “C[F "

P4 Fig. 2 (2777, EQE (FFNIF, ZHREDO D&%
NZIRL TS, BEY | ERRTHRARE bL— R4

Fig. 1 Schematic image of a LERD device.

o
o
5

o
=
E

£

<
712XV x~20 nm 2 T LERD ORI KT & 003 {304
FEIn 25 L, K0 RO T, B EDE T g o0 -
TR BB E N T 5 Z LW B Sootle A TH-= 10
(27 o7, TOT Lh LERD OMEREIE X ICKE < & 000 et

KFTHZEaRLTVWD, KiERIZ, LERD OE)E InGaN layer thickness (nm)

S H CEEARRIHEEE 52 5 boTHS, 119 2 Dependence of LERD EQE

. s R o in light emitting and receiving mode and
[BEF] ABFEO—EIL, FHE=E— VYA photocurrent density on InGaN layer thickness

NRERF SRR O A 2 7 b 0 T, assuming 1% of I/ lem.
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B 7 74 TEREANT > 7L — FOES() - EE— RMKIFH-

ORE a2, R 222, = LR2, A%k EfE. 758 612 AR k22 Ll 82 £8 &8
20 TR B2 (1. EHEMM. 2.2 A - IBT)

[20p-C42-2]
77 A TERLAINT > 7L — FD&EEH(2) -AIGaNBFZ LB D% R-

ORE a2, HEE 802, =3 BR2, A% BB, mE &2 G2 k&2 LLE2 S8 %HE
20 N BH2(.2ASKEH. 2.4 K - BI)

[20p-C42-3]

B 7 74 TEREANT Y 7L — b DO&SE)— Eik I8 —

OMN=3# 2R, A Em, &8 B, @ENN. mA 8F RE 22 mR g, £l
g/, EAEE AR xZ BE &E2 EESE2(1.LARAKETI. 2. 2HAKH)

[20p-C42-4]

B RICK DIERETNIAINNIL Y Bk EDAIGaNREFHFEIEDIER

O#t & £f2'. == A, ILWHE ZK'. BE B2 b Bx' 4K hE'. BH &5 Sl
s bhg. Bt B8 KRB EEENS B AT B AR (1.8 - BT, 2.
BA A > (#%))

[20p-C42-5]

AIN L3R Kk — FHERRAERIAIGaNE D IEFLEE ICH 1T B MR DR E

OMA BE'. gl &X', MEMN'. KEEC. BEER. ZH R, GE x&|| 28 =8
U ELE TR BEHT BE S8 BEF EE2(1.AHAEL. 2.2HER)
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20p-C42-1 HESEISAMEE AHELIMRS BRTFHE (2024 KEAVLEN2RIBEAVS 1Y)

Y274 FTERELEAINT T L— FORE (1) -REE— FIKk#EYE-
AIN template on sapphire substrate (1) -Growth mode dependence-
EHER ' /WX -EIT? CREK EF L MHEE 822 M= BR?2L Xk BF ',
HEEk EH. AR kEF? LU B2 A58 FHE2 RN ##h?

Toyoda Goseil, Meijo Univ.2, K. Okuno2, H. Muto?, S. Miura2, M. Ohyal,

Y. Saito?, H. Ishiguro?, S. Kamiyama?, M. Iwaya?, T. Takeuchi?

E-mail: koji.okuno@toyoda-gosei.co.jp

U L AR OATELIZA 272 UVC-LED 1%, — MBI ZMMiZet 7 7 A 7 3 BICik R S
72 AIN 77 L— M@ EIZER S D, UVC-LED O EEHRIbDAI121T, KL EEN> 7 T
I HRTE IRV AIN BRI SV D, RERIEFREEEL D07 7 A4 7 K BIZ@E S E 7 AIN
JE 2155 2 2%, BEAERUE(NL), = ROth R E(3DL), kot LE(2DL)DIEIZ AN J8 DR
E— REHTHZENEETHL, LrL2NG, AIN O Al JFEEIOREILHEIMEW 2D, i
7R A RO AIN Z 4 5 121%, 3DL DM S 2R, 7D 2DL iR et 57212 1200°C
UEOSREENRLIEL 2D, M T, 774 7 EHKEAINBIZBWN LY 7 v 7 384 % I
TOMEND D, AEETIE, 1200°CLLF O HEBRAMRO AR T, ROV EBIRALEE, B LT
77 v 7 TR I S L7 e AIN JE 2 BT 5 2D NL, 3DL. 2DL DpfR&MFZ2 T L7
DTHET D,

3um JE® AIN J&lZ MOCVD {EIC L D W7 7 A 7 M I E &7, H " 1200°0C TH—~ 1
7V —= 7 %177, AIN-NL, AIN-3DL, ¥ LT AIN-2DL % ZiZ#4 1180, 1000, I k&
O 1170°C TR & 72, 2DL O Tk, 1200°CLL F COMRR O R EIEE 2 12T 5 729
12, TMGa Z#E A L7z Ga F—7" AIN sEH i 2 I H U 72 [1], Fig.1 124 8 D i 1181 ) BETM B (AFM)
B % "9, NL, 3DL 3LV 2DL £ COMEE— FEH#I LR, vy MBIV T 7 %
Epr= O EHE R R E O AIN EVE S 72 (Fig.A(d), 7 7 v 7 OFRIL, &8Ik D EIRE &
R — R <KIE LTV D 2 & D3RS S 7=, AIN J& D AIN(10-12) & (0002) D X #f v o 7
T =TV, FXEIH 400 1 L O 270arcsec Thh o7z, FHETIE, EEE L REE— NIZEIRL
TerminE AIN g2 EBLSE 58 DEEA T = X LZHO0 Tk T Do

Figure 1. AFM images of (a) NL, (b) 3DL, (c) 2DL, and (d) Ga-doped 2DL

[ k] [1] S. Katsuno et al., Jpn. J. Appl. Phys. 56 (2017) 015504
[BEE] ARRFTED—EITBREEA [ HH 724 COL BUBYSE SR BN 45 0 SR 0 7= 8 D FZ5iE
FIE) OWIIT LY FEhi LT,
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20p-C42-2 HESEISAMEE AHELIMRS BRTFHE (2024 KEAVLEN2RIBEAVS 1Y)

YI27A4T7ERLEAINTOTL— FO#EE (2) -AlGaN B DR~
AIN template on sapphire substrate (2) -Effect of AlGaN nucleation layer-
EHER ' /WX -EIT? CREK EF L MHEE 822 M= BR?2L Xk BF ',
HEEk EH. AR kEF? LU B2 A58 FHE2 RN ##h?

Toyoda Goseil, Meijo Univ.2, K. Okuno?2, H. Muto?, S. Miura2, M. Ohyal,

Y. Saito?, H. Ishiguro?, S. Kamiyama?, M. Iwaya?, T. Takeuchi?

E-mail: koji.okuno@toyoda-gosei.co.jp

AlGaN % UVC-LED (37 « /L AP/ DO RNEGICH R T 573, £ DT R )L F—Z5 s =3B
W~aRRETHVBEEREE Th D, o, 7 74 7THR RITBR S 4172 LED OFLRE D
DS ST EOTHIHRIL, = EF Xy LEEY T 7 A T HR, BIOZER L OEITEEIC
B9 % LED F W CORKEIC L > TIRWZ E BB TH D, 2O R EE P42 412
(T, T IERR 2] BAR FBE R[], E ISR OIS AR E L /25, SRFEAIZL—FY 7 4
Z(LLONZ K 2% 7 7 A 7 HAMHIBEELATICER L, L—F =T 7 L — 3 VK Do a et S &
D2, W L e DT 7 A T HEMCE AIN BOBTERE %2 AIN 225 AlGaN ~ZEH 34 5 &
Tolz, £ LT, EAJED Ga filik a2 I B7-RDH 7 7 1 7 HM E AIN J8O#ERHEIZD
WA L7z TG %,

3um JED AIN JEiX MOCVD JEIZ L0 7 7 A 7 HM BICEE &7, Ho# 1200°C TH—~ /L
I == T EATo Tk, BAEME(~1180°C), =KITHEE(~1000°C), koo bLE(~
1170 C)DNEIZ pic R = @ L T UVC-LED ##18& & Bl S B 72 T2 A8 O AlGaN @ Ga #HAkiS:
IZIE i B R 0D TMGa & TMAI O ik o % 28 1,000

H9 57 T 0~12%0M TAL i, LED § 900
18 O R AT RE OFBIZBE D & 4 Rk E. 388

RN, REK Ao TV, Figl [, Z 600

‘\ \\ ‘ G 500 @ o o102

AIN BOXH#ro v ¥ 7 — 7 ORIERE D T 400 ro
Ga MU KAFHEA R L THY, GaMliick-T 5 300 § o (000
RRROE R S o, RETE, 5 20 o
AlGaN K;TERLE % 5> AIN J8 O #f & i E & c 0

UVC-LED FEDFEMIZ SV il 4 5. % > 1 o

(%] [1] M. Kneissl, etal., Nat. Photonics, Ga composition of AlGaN nucleation
13, 233 (2019). [2] H. Fujikura, et al., Appl. Phys. Figure 1. Group 111 gas phase ratio dependence
Express 13 025506 (2020). [3] Y. Honda, et al., of FWHM of XRC AIN

LEDIA-SP-08. [4] K. Okuno et al., Jpn. J. Appl. Phys. 63 034003 (2024)
(3] ABFIED—EIEBREEA [HBTHO 224 COp YR S AT 55 00 S P LN O 7= 8 0> 7
HE) OBIIZEI Y FEM L7,

© 2024%F [CRAYEER 13-211 15.4



20p-C42-3 HESEISAMEE AHELIMRS BRTFHE (2024 KEAVLEN2RIBEAVS 1Y)

Y774 T7EREAINT YT L— FORE (3) -EARFIBE-

AIN template on sapphire substrate (3) -substrate exfoliation-
AWK -EBT O= TR KB KN, ER EL A @4 LTA EE
B EC /R EH ELE. 58 RE' AR k&'
BHAR? BRI EE 2 Wk B2
Meijo Univ.!, ©S. Miura', M. Fujita', N. Hamashima', R. Oka', T. Takehisa', H. Muto!,
T. Takeuchi', S. Kamiyama!, M. Iwaya', H. Ishiguro!
Toyoda Gosei?, K. Okuno'?, Y. Saito'-?
Email : 243428043@ccmailg.meijo-u.ac.jp

TREESN LED SR Y ) LR UGEIIEL, ERHBER A2 TH Y | TDOFED—D2 & LTH]
FALED THWHN L —Y—U 7 hA 7 (LLO) BB bitd, Ll REESLED IZB1T D
LLO (2B 2 5132 < 72 <\ FRIC AIN A EHEE CT& 2 L— W — THIEE S 7230 700
(1], F7-. LLOBRCHRAICTER S5 Al Ru v 7Ly b O RS b R 4 N S8

LHARetE bR ST b (2], AlElL AIN 2R ATREZe L—HF—Z oo SERILD
REEL Al Ry 7Ly NEROIHZEX LT, 7 74 7 HAR LIZEHE ALGaN & & il &
R EITLLO 21T 572, D AlGaN B ORhE & FIEEE IR 2R 2 M54 5,

Fig. 112779, 1 mm £4 LED F v 70 p {141 % SR Sotl & #26 L 72 sl 2 /FRE L 7=, LED
F o 7L, Y7747 RIZAIN @A EZERE LI2Sa & £ ORIZ 50 nm Alo esGao. ssN Ot
W g A LA a2 HE Lic, LLOIZIE, ArF =F v~ L —%— (K& : 193 nm, %Gt
E—AY A X 11X 3 mm?, TRAVF—EE 0.58 J/em®) ZfER L7-, Fig. 2 1%, 1[A[FR
% DN FIASEES TH D, ALGaN SEWRI g AT K0 | BRI oD 2B T A O JE K SRR
Shfz, Fig. 3 X Fig. 2(b) ®Wrifi SEM-EDS 2 Tdh 5, ZERRMNFAE L., HBER R TE/m—
Ji. Ga D EDSAE 5 K V| AlGaN SEWUUB I3, 7 7 A T ERP 3R L TWDH Z L s
AR E NI, S 51T, EEEIRAIC L0 ERERR A O R HIBE Eh LT, RIBERT% ClH
L@ PL BENG LI, HBEERFICKIT DIEEE~D X A —VITET TN RN EZZ bild,

ArF Excimer Laser e
w'ga"i.‘**-l»_ﬂ». >
! ire Substrate |
|

(143um) “

580 [

ANGOum) 260 um

I LEBI Laxlerll.s %m
etal m,
AIN Submount (400 jm) @@ AIN  (b) Aly 6sGag 35N

Fig.3 Cross-sectional SEM-EDS images

Fig.1 Sample structure for LLO  Fig.2 Micro scope images after single shot after single shot

[Z% k] [1] H. Aoshima, et al., Phys. Status. Solidi C 9, No.3-4, 753-756 (2012). [2] K. Shojiki,
et al., Appl. Phys. Express 15, 051004(2022).

(BEE] AWFgEo —SI3BREA THH R d COL BURYYE BT o 5 FLIE D 72 0 O EFFEFHE |
DIEBNC XV ERL 72,
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SES5MISAMEREMETRMAER BETHE (2024 REAVEEN2RIFEAVFIY)

20p-C42-4

EERRIC & YR STz AN /LY EIR LD AIGaN REFHFIEEDEER
The fabrication of AlGaN quantum well structure grown on bulk AIN substrate fabricated by solid phase epitaxy
WK - BT, BXHIY #H)?
OHAERL' =ZEMAR', ILEHERK' WEEET ' ALRK' EAKHEH' HHEE
HWE', BUE, Tt SORE EREN 2 FERST % FohEAs

Y. Imoto !, R. Miyake', R. Yamada', T. Saito', S. Maruyama!, S. Sasaki', S. Karino'
S. Iwayama', S. Kamiyama', T. Takeuchi', M. Iwaya', Y. Sato?, K. Atsuji? and K. Nonaka?
Meijo Univ | NGK INSULATORS, LTD.?
E-mail: 233428005(@ccmailg.meijo-u.ac.jp
(1 X CODIZ) Rl BRI & 0 fERLE 7= L7 AIN RO B R L OSK DR BIC W THREN ST A[1]. Loy
L,Z OFRD FICFERE ST i O S ER AT HRE STV o 7o RS CIL EFRREIC L0 (LS
7oV AN it B2 a e — Lo T AlGaN O &7 2R L JEOERE 27N L 72 Z LTz T vk 7 AIN
T/ ©7—IT.L 2D HICHEE L- UV-B O L—W—Z 3 1E LRI DWW TG 1T .
SRR IERIASEBR T3 ica e —1 > MZ

R & 72D KO ITRIEE R 250 nm fFE DR D
AlGaN &1k % Fig1(a) L 9 1 FEE L7- /EH
L7zH v 7 E YAG L—H—(2 =213 nm)%& H\
C,PL FEIETREE DR RrE 2 L 72 IRIZ[2] & [A]
BROFEICE Y,/ €7 —%{ER L ZD EIZUV-B
DOEFIEAN L —F — G2 fEE L. £/, 203

10 pair quantum well layers
Well: AIO,GSGaU.'jSN 9nm
Barrier:Aly g5Gag 15N 10nm

MOVPE AIN(200nm)

Bulk AIN substrate

FIINLICP moF L ey xy hmyF ook N

D HHREE 300 um® Fig, 1(b)i 23 Yemhike L—H%— (a) (b)
EAFRLYAG L= —(1=266 nm) TR AAT > Fig | AIGaN B -3 HE(a) & HeIiE L — 5 — ()
7.

[EERFER|Fig2 |2 AlGaN O T HFiE% PL HIEIC X > TREED » - B LR TR E OIRERFEORE R 2 7~ 971

TE DDLU —F 1 60 kW em? THIE L7 EDOfEHR & LT 4K T LT 300 K (28T 2 NEET2021% 70 %
FREE & RS DAVZ RIS Fig 3 \ZEhbie L — Y — Rtk 2 m 3700 L7290 70 299 nm (2B W TH— B — 27 TR
L, LEWME T —HE 95 kW em? THRIEL72. 20 Z LB BRI L » TERLE - L7 AIN R ZIRSES
FHIED AlGaN fgh DRERN E L TRT Uy v L EFf > TVAD Z EAVRIR STz,

1 .—. 600000 —— s
0.9 00000 .
- 500000 | -
D 0.8 F . —_ Z1000
£307 | ® 3
oI 307 ® = 400000 | £ °
= z 0.6 F = ol
ZZ05 F A=213 nm 2 | || o
E g Excitation power E 300000 - T
=04 f density : 60 kW cm2 o '
E=03 s 200000 © o
1= m 5o
=) > A=266 nm, RT
z. 02 F &
= 100000 ‘
0.1 f
O L 1 1 L 1 0 I .
0 50 100 150 200 250 300 25 50 75 100 125 150 175 200

Temperature [K] Excitation power density [kW cm™?]

Fig2 BUMALRESY PL JREE OIRFEERFE Fig.3 Jehbkd L —3—kpik

HEREARZE DL, FBHIFE - JAEAFSE A(22H00304), JIST CREST(JPMICR16N2), NEDO 45384/5E, F1 OV IST A-STEP
HFEUPMITR201D) ORI > CTEIESHLZ.

[IWEEPET 56 71 S B P PN 24a-21C-1 2024 4£-3 4 24 H

[2]1Y. Imoto ef al, Phys. Status Solidi A 2024, 2300988
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20p-C42-5 HESEISAMEE AHELIMRS BRTFHE (2024 KEAVLEN2RIBEAVS 1Y)

AIN E5ME F— TR EH AlGaN BOEAREIZES T2 Mg B EE
Influences of Mg doping on hole concentration
in polarization-doped AlGaN graded layer on AIN
MDA BF', ®E BX'. @ #na'. Kk FC'. KR BEiL'. =@ BR',
BERKE', BH RE'. LU E', 1A Tt Bl B8 B %R’
'AEX - BT, ‘EHSRKASH

T. Takehisa', H. Takahata', R. Oka', H. Muto', N. Hamashima!, S. Miura',

H. Ishiguro!, M. Iwaya', S. Kamiyama', T. Takeuchi', Y. Saito?, K. Okuno’
'Fac. Sci & Tec, Meijo Univ., ’TOYODA GOSEI Co., Ltd.

Email: 243428028@ccalumni.meijo-u.ac.jp

TREESN LED OISR L — W —2iT, o B — 0 712 X D MAUER AlGaN B3 ST
Do —H T, ZO4h F—7HARMAER AlGaN 8 O IEFLIRE & BHNE L - Gliad v, 26
12, GaN _ETix Mg #ShE L2aWaER AlGaN J8 ToOEFLEE ICET 2 MiEFIZH 2 00
[1]. AIN T Mg % U722V ERE R AlGaN & T EFLERE B3 2 @A HIEFk 4« 235 R Y
720, Alal, Fx X AIN ETAIGaN =% 7 Nz L, Mg 2RI L 7= AER AlGaN J& T p
WA IR LT3R 2] 2 N — A2, Mg RN L 72 WEREH 2 /ERL L | AR — L SRIE 2470, R L 7=,

AIN 7> 7 L— b R Mg B & D854 & 720358 O 60 nm FLAER AlLGa N (x:0.90.35)
J&. 10 nm Mg #¥ Alo3sGaoesN =2 o 2 7 MEz gl L7l 2 g Lie (Fig. 1), A—/VlEH
AELE LT, ERarZ 7 METOWINREZGIET 5720, Z0oary2 7 Mgz yF 7L
7o Z D%, Ni/Au BEiZ 784 S W72, Fig. 212, ZOREID IV FrtEZ2md, W s HIEHP
ICBW TR A — 2 v 7HMEN S D7, Fig 312F v U 7IREOREERFEME 2779, Mg #sil
OFBZ b 6T, |iEND 150K £ Tp ARENER SN, —FH T, Mgz Langs
DR TOEFREIT, 5.1x107ecm™> TH Y, Mg iM% L7H61% 1.7x108em® TH - 72, ZDIE
AIREDZEH & Mg IO BIEMEIZ W T, A% 5,

i 10 1.0E+19
Dry Etching Ni/Au s
electrode — 5 =1 $o*
i £ 1oeas ¢ ¢
= o0 g o
Mg-doped or Undoped Mg-doped = 8L )
Al,Ga;.,N(x : 0.9—0.35) Alg35GaggsN g -5 —NMg-doped 8.2 108417
(60nm] [10nm] 3 —Undoped 5 . l'\jlg(;drm:d
= * Undope
-10 5
AIN [3um] S 10et6
-10 0 10 0.0 5.0 10.0 15.0
c-plane Sapphire Voltage IV 1000/T [K-1]
Fig. 3 Temperature dependence
Fig. 1 Hall Sample structure Fig. 2 I-V of Hall sample of carrier concentration

[£%3CHK] [1] T. Kumabe et al., Appl. Phys. Lett.122, 252107 (2023) [2] H. Takahata et al., Phys. Status Solidi A, 2400054
(2024)

[FRE] AAFIE0—EILBREEA [ HHHD 70 C02 BUBYWE R SRR 00 FE AL I D 7= 0 D FEFEHE | 36 KOV JSPS
BHJFE EAE S (23H00276) DBk A7, £, R—AZhRHEDEEKAIECE LT, 4 RAFARE RS
BOME 1N TRV,
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20p-C42-6 HESEISAMIELAKELHMES BETHE (2024 KHAVLEN2RIBEAYT1Y)

FBEAIN0-1) HRICE T EmEY 77 1 7ERDIERDR

Effects of the vicinal m-Al20s (10-10) substrates on the semipolar AIN (10-13) growth
E#B kB, RE—R
AIST °X.Q. Shen and K. Kojima
E-mail: xg-shen@aist.go.jp

X U E G RITIR AT A R BT A ARMELE L TRELSHIRE TV,
ZDOHIT AIN BEEIMEIBFE N T NA AR ORT —F S ZADISFIIFFICHE TH D, Fox 138
BRICELVWEIREERER T E=7 7 U —&iRA A B SR L AFHT-MOCVD) % B 7% L
[1]. ZORERENZHWIERKNEE TH 2 mifmt 7 7 A 7 (10-10)F:AR 12 & S0 72 A (10-13)
AIN = EEOREEICEII L, T ORI Z1T-72[2,3], 4Bl Z O 5E e it i AIN &R E
WO TemE Y 7 7 A 7 EROBRNR 2T DT, TORRERET D,

EB: WERmmEY T 7 A7 R E~O M (10-13)AIN ~T BT B X Xy LR E T
AFHT-MOCVD k& EiEE IV MTbil, MEIIZKROL S e m it 7 74 7 ERE#FEH L - ¥
¥ A MEMR(< 0.2°), [0001]sapphire & [11-20]sapphire 7 FHTAEURE L TN D BRI (R4 - 2.00,
3.0°0 & 6.0°) , MR —RESMETITDZ[2].

R BLICSEMBEIC L 5V A MER(< 02) [T IRE W UoR DN

e ONA1-20]sapphive 7 IOV AEARY LT 2 BB IR (1 B8 G 1‘ :

BHATE 2.00) LIC R S A7 BEFELO-13)AIN = 1 IR
DREER T D—%RT, Vv A FER<0.29) BTl e
&l AIN REICZHOKRE 72 AR IHAFAE
L(X 1(a)). “FHHEG &SGR FE LTV D 2 e N
5y I Tes THUTKS L [11-20]samnive 271511 L O e s
W D IR EITRCR S 4v72 AIN i (X 1(b)) 2345

—HNZEHTH D, XRD FHlOFE R, ¥ v X MK
FIZREE S AIN =Y A U EAL TV D
T L ATRE L BB R I RRR S 472 AIN = ETJIES
VATV —=ThdHIENyhol, Wi STEM #l
BIZE Y FRRORRIHER Iz, FRIC OV THH

\ZRET D, _

HEE  ARBFIEO— T ISPS BHIFEE JP20H02643 DBy [F eram  smiles

REZTTLOTH L, [ 1 B S AU R (10-13)AIN = &

[1] X.Q. Shen et al. CrystEngComm 20 (2018) 7364 RO SEM AR : (a) 7 2 P JEAR (<
0. 20) D (b) [11'20]Sapphire 73@ 5:1@%"' L

[2] X.Q. Shen et al. APEX 13 (2020) 035502. TUNVD 2. 0°—of F E ARl Eabi

[3] X.Q. Shen et al. CrystEngComm 25 (2023) 5296.
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[18p-P10-1]
725 AYCADIC & BiftigER EOSEERGeT 1 VR E

Ofgin RE I F—1 1LRRIEKT)

[18p-P10-2]

Molecular Beam Deposition for the Synthesis of Germanium Sulfide Crystals: Exploring
Optimal Growth Conditions

O(M1)Bowen MA'2, Qingiang ZHANG', Ryo MATSUMURA?', Naoki FUKATA'2 (1.NIMS, 2.Univ. of
Tsukuba)




18p-P10-1 HE5EEFANEF AT LIRS WETHE (2024 KRAVLEN2RIBEAYSMY)

75 X7 CVD 2 & S #EZER LOBEM Ge 71 VEE
Growth of Vertically Oriented Ge Wires on Quartz Substrate by PECVD
RERIEKRT, °M1) gt RE, MMk E—

Tokyo Polytechnic Univ., “Mihaeru Uematsu and Shin-ichi Kobayashi
E-mail: m2462001@st.t-kougei.ac.jp

[ U®IZ] TEHAEE - BIE S AT AOEERIC L D . Si BB O Gl mfh (EE 1038
ROBIL, TOFEBITT S LV bEBBEMETHD Ge DIEBANEERINTND, £z,
KIGEM L EDOIFFRF BB T S Ge DI & 2 7RSMEECT OSGRhEE FrE D 1) 235K 6
BTV, GelZSi KV b@EF ¥ U TBEEL - PNy R¥ v v 7 ThDH LW FHEITMZ., Si &
WERHY - (LFHVESTER BN LD, Ge A L7z mtEiET A AEBA~OHIFHTIRE U,

T i, MERIEIR E ORI Ge B OB 2 TR Y | A7 T A Kb EIZ B 7 IS E )
T5 Ge VA Y&, 77 X~ (PE)CVD IEIZ LD Au & filli & L 7= VLS(Vapor-Liquid-Solid)#£(Z X ¥
FH LTz,

[EBR] B2 515 CES Ldnm O Au A AHAT 7 AT LISHE Uiz, 308 A AT AR
PECVD &I L, KFETS T A L%, GeHs T A% ] /2 PECVD T Ge 4 pBE L7z,
JihiEE JE 2 150MHz, FEMGRE 320°CThH 5, KFET T A~ IWBITHEAET) 250mW/em?, Hy 7T A
Vit & 10scem, 221 16Pa T 10 4347V, PECVD TiZ# A& 71 160mW/cm?, GeHs & A it & 1scem,
Ho /7 A& 9scem, 42 20Pa CRRIERERHE X 20 /3 TH 5, Bl L 72 506HE FE-SEM CREAl L 7=,

(R - BE] KkFE 77 A~ LBEZIZ Au TR CRIER ~10nm, 2 1.6 x 103H/um?) 2T 5,
Figure 1 |2 Ge A& DM SEM G EHZ/~9, FEAIREDY Au-Ge D i FUREE(360°C)ITEV 72
W, VLS KENE Z V| Ge VA YPIET H(F S 2.3um), L2rL, PECVD ZH\W\e Z & THEMK
L Ge VA Y OMICIE, ZACVD IZ XD VLS flilzk TIEA B 720 Ge (IR 1.2um) A3 R34 %,
F72 Ge VA YIIT —/"—RIZR->THH | RITIEIZ 0.8um TH D, ZAULY A FIEFRTD VLS
RIC K DRE S MREDOHRR LT, T A YR AE T 2 BOGHTEERAER Ge BRI & k) L 7=
FOGHTERRIZ X 2 BF RERE b 2 57290 Th H(Fig.2), 7 A YEEIT 0.56 A/um> TH Y |, Au ki
TR AT AN T 205, R LU A VISR E T Bl L7z, TEM @520 613Y
A Y HIC Ge fEMmPHER SN TEY . EEHALR Ge VA YOREMEIZ OV THRETZED TV 5,

Ge wires

Quartz sub.

Fig. 1. Cross-sectional SEM image of Ge wires.  Fig. 2. Schematic illustration of Ge wire growth.

© 2024%F [CRAYEER 13-098 15.5



18p-P10-2 BSOS AMES ARSLITHES WRTFHE (2024 KMV EEN2RIBETT S 1Y)

Molecular Beam Deposition for the Synthesis of Germanium Sulfide Crystals:
Exploring Optimal Growth Conditions
Research Center for Materials Nanoarchitectonics (MANA), National Institute for Materials
Science (NIMS)!, Univ. of Tsukuba?
°Bowen Ma!?, Qingiang Zhang!, Ryo Matsumura', Naoki Fukata!~

E-mail: s2420337@u.tsukuba.ac.jp

Introduction

Germanium sulfide (GeSx), as a layered @) (b) .
semiconductor material, has attracted considerable Injtial Sample 50:):6'0? C
attention due to its potential applications in Sample
optoelectronics, electronic devices, and energy Ge (3 nm)
storagel!l. There have been reports on the synthesis Si0> (100 nm) /
methods for GeS crystals, including Chemical Vapor
Deposition (CVD) and Physical Vapor Deposition Si (100) // /
(PVD) 231, Here, we propose to employ Molecular

Beam Deposition technology for the synthesis of

GeSy crystals. Fig. 1(a) Schematic of initial sample

Experiment section structure and (b) heating process

After cleaning the silicon (100) substrate coated

with a 100-nanometer-thick layer of thermal oxide,
we utilized a solid-source Ge cell in a molecular 500 °C, 40 min
beam deposition apparatus to deposit amorphous Ge .
with 3 nm thickness at room temperature. g
Subsequently, at the same temperature, we > 550 °C, 20 min
co-deposited Ge, and S for ~10 nm using both -% VMWM
solid-source K-cell, and plasma cracking cell, =
responsibly [Fig. 1(a)]. The sample was then heated 600 °C, 20 min
up to a temperature ranging from 500°C to 600°C
and maintained for 20 to 40 minutes. During this 275 300 325 350
heating process, we continuously supplied Ge and S Raman Shift (cm™)
sources to facilitate the growth of GeS crystals on Fig. 2 The Raman spectroscopy results of the
the substrate. [Fig. 1(b)] samples with various heating temperatures.
Results and Discussion

Raman spectroscopy (Fig. 2) reveals significant 100
crystallization in the samples heated and held at <
550°C and 600°C for 20 minutes, with the main = 751 s
Raman peak located at 310 cm™'. Auger electron '%
spectroscopy (AES, Fig. 3) further confirms the % 50 -
presence of germanium (Ge) and sulfur (S) in the % Ge
crystallized sample, suggesting that the crystalline g 25 1
material is likely a compound of Ge and S. We will .g Si
discuss for the detail during the presentation. <0 ' T T

Reference 0 1, i 2, 3
Etching Time(min)

[1] Hu Z et al, 2019 Nanotechnology 30 252001 . . .
Fig. 3 Depth profile of atomic concentration

[2] Nakamura M., et al, 2020 Crystal Growth 547

125813

[3] Zhang Q., et al, 2023 ACS Appl. Nano Mater

6920

of sample after the process (550°C 20min).
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[19a-B5-1~9] 15.5 V&S &, IV-IVESES

[19a-B5-1]
[E56MFERMEZTENSER) TRMBEETILEZBL-SiGeNDRFEFICEET 3 ER

O#&)I1ZE12, FEEEA. A HE SH BEE3. Kk —B MMREEF2(1.BAKEL. 2884
MREL. 3.JAXA. 4.1t X)

[19a-B5-2]
PLOYEEICK B EO T ABIER/NIL TSI G, DN RE v v TIT X)L ¥ —FHE

OFEE AT #1812, &g S, =8 BE3. Kk —B4 e EXR'2(1.BAKETL. 28K
MREL. 3.JAXA. 4.5itX)

[19a-B5-3]
BE R TSI, SN, D /N> RIBIEFTAE( 1)

OFRIE ERT. #)1 &2 His =S, B2 ELXS. MM EE 2 (1.BBAKETI. 2.88AMREL 3.4K
BrI)

[19a-B5-4]
Si EGelEDAARICEITS b L > FRIEDERZNR

O#iH [E&'. Piedra-Lorenzana Jose A.l. IR &1, AR @Y. thH B2, /) BE (1.248%
XK. 2.SUMCO)

[19a-B5-5]
FT/FYRILANYRIERFX S =K BEAENGeSNERRKE

OFN BR'. B EH%. BE €82 /IWWIRE'. Fx 2113, EL £8" 1.RARI. 2.7/
N 7 @, 3.8 KIPS)
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© 2024%F ISRYMER S

EEEEETILER: SiGe AORFESIICHET IER
Consideration on atomic position of SiGe by spatial correlation model
R E 2, Rk MG BTH MEZEL FRH RE S KK —BHA MR EE L2
(1LBAKET, 288K MREL, 3.JAXA, 4FJdtX)
°R. Yokogawa®?, Y. Ito!, Y. Maeda!, Y. Arai?, I. Yonenaga*, and A. Ogura':?

(1. Meiji Univ. 2. MREL 3. JAXA 4. Tohoku Univ.)

E-mail: r_yokogawa@meiji.ac.jp

(FREBM] T~ oEEmR oI,

WAE, IREEL T~< 27 FOFEBEN S, SiGe
RO T S ZAFHINZIRIA Vs Tnd
SiGeT v AT MUT RIC L~ TTI~
7 MREAE L, FIRFIAR = R L — N2 FExE
Mo ma— R= 0D, 2L T X A7
JRFBLHNC & > CEB)ERFAIOREFIDN A T |
TIUNT =N CR) PN DT + 7
UHE SN Z EICERT D IRED T <
HORL TR Ze AR = 7 V1] & W THT T 5
Z L TIRANOMHBEEREZEET 22 &3 T
X 5, 7Rl B I XXERIE T BELIE(IXS) TB
HIL7=SiGe ™ + / v 4y thi & 2SR E 7
IWEMHREDED Z LT, SiGeD T~ Ay

VDI T 0 — K= 7 & REE X< HH
TX 5L EWE LR AW CIESIGeT
VAT MVOZERMHEBEET Vb E LR
7- ¥R B R & T SiGeN DJFL Bl AN DU T
WET 5,

[EER] ABHICZIER] TER S N7-Gefllk
16% 3L 7 SiGe, 1 L OB AR H R B [4]
TR & N 7= GeflAk32, 45% D /3L 7 SiGe %
Wiz, e T+ /2 by 8O E 13 SPring-8 @
BL35XUIZRRIE S N 7-IXSEE 2 Wi, T~
VAT TR B 0 40.5% & U“o.go)iﬂ@ L
REAER L., SR O R, 5 eemDHE SR
BEIZFNFN532 nm, 2,000 mm®D T~ 435t
SRE MW=, [EIPTHS1-131,800 (Si-Si. Si-GeE
— R) &2,400 mm? (Ge-GeE— R)%& 7=,

[#ER-EE] L7 SigssGeossDGe-GeE—
RI< A_T ML EZEBMEBEET LVTT 4
VT 4 7 LR R A Fig. LIRd, BT VR

%
1 |eXp (— quz) i
I(w) ocf da’ —dg
° [0 - 0@+ (3)
(g EBh R, L AHBEREE, o @ ZEFHES

HAHTFTNTA—F 0 T~ 27 M o) :
7 R, To @ BAIE)[5]. w(@)iXIXS
TELNFLOE—R7 4+ /v \%zﬂﬂf%%ﬁé

Table 1iZ7~9, 7N/ 7 SigssGeo.asH TIESi-SifH
BN — BBV £ 0000 —J5TSi-Ge
H B?JEE%E#*%%%\ LR B AT N
BB SERIZT U H L TIE WD & 2R
D i & 72&07‘:0 S HIZHARIEICE L TIX
Ge-Get— N —&FKNE < | GeJfiF 35 LT
WHIRENE— RO T + /) I3 < e
DM Z R Lz, BA b, FExPR72SiGe T v o A
AR TR LY 2 22 AR T v A2 v
% 2 & T, SiGeN DRl FIF K O 1 2
BRI THT 22 ENTEDEER D,
(#EE] AL JASRI (FREF 5!
2019A1678 . 2019B1750 ., 2020A0662 .
2020A1463) DKFE., F L OVEHIFE (21K14201,
24K17313) DZHRIT & 0 i L7z,
[1] P. Parayanthal et al., Phys. Rev. Lett. 52, 1822 (1984). [2] ##
JI AL 5 71 RIS L2 23p-22A-8 (2024).[3] 1.
Yonenaga, J. Cryst. Growth 275, 91 (2005). [4] K. Kinoshita et al.,
Jpn. J. Appl. Phys. 54, 04DHO03 (2015). [5] K. Nagata et al., Jpn. J.
Appl. Phys. 53, 032401 (2014). [6] K. Roodenko et al., Phys. Rev.
B 82, 115210 (2010).

1.2

| —o-Obs.
2 1} —Fit
3 ,
s [
Sos |
£ r
° [
S o6 f
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Eoaf
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02 |
O L L L L L
250 270 290 310

Raman shift (cm-1)

Fig. 1 Raman spectral fitting of Ge-Ge mode for
bulk Sios5Geo.s5 using spatial correlation model.

Table 1 Correlation length and line width of
vibration modes for bulk Sigs5Geg.4s.

o 9
FEH L. aitRoodenko® /L % i L 7-[6]. Vibration mode L (nm) I'o(cm™)
By IXSTHELNTET + /o oE 2 u‘fﬂ%‘i Si-Si 10 3.0
TZEMMEET V2 VD Z & T, Si-Sit— _
R2ICl 2 Ge-Ge®— KT~ A~ k)LD Si-Ge 4.6 5.4
T m— R= 7R ERSBHETE S Ge-Ge 8.2 8.1
Z Do 710 ZEMMEET VE AT : '
7 Sios5Ge0.45\Z 31T 5 FHBIFEREL 35 & OV E SRR
(74 VFEMOWE)0 % AT LTIk R %
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PL AREKICE BMUOT HEEER/NILY SitGe DN FX vy TTRILF—FEH
Bandgap Energy Evaluation of Strain-Free Bulk Sii-«Gex
by Photoluminescence Spectroscopy
CHREREAR . BN &L, HEESR . RHRE S, KK B MR EE 2
(1. BZAKETI., 2. HK MREL, 3.JAXA, 4.FEJtX)
OY. Ito!, R. Yokogawa'-2, T. Minowa', Y. Arai’, I. Yonenaga*, and A. Ogura’-2
(1. Meiji Univ., 2. MREL, 3. JAXA, 4. Tohoku Univ.)
e-mail: yuta_ito@meiji.ac.jp

[F3&] SiGelZ FET OF ¥ F/LCBERZ T OMELE L CTHAMEIV RSN TEY[L,2], KEALT A 2~
DISHAPFHEEINTND, N Ry v ZI3EER O L RN 2PETH O T 34 2AOBRFHIB W T
FEFICEHE/RNT A—F L LT, IEEREERNLETH D, SiGe DYIMEMED L 13255/ V7 SiGe 8
F OV D FEERAE 7 D DEH[3, 4]0 T CEZBNRIR, OTh, RSO L E2ICHRT D2 &
EREETH D, Si & Ge B OWMEME D DO~ H — FANZ L 5 1T TV D b OO IZ KT
HN RE v TORIFEMENBRIE., ZRERR2ECE LS EREINDI NS ZAETIERY, it esd
B E x, BOTHEAES V2 SinGe, D PLAPEHIE 21TV, Ge il & N R¥ % » 7 OBfR % 5215
L2 EEARNREOANET D,

[3EBR 5] Czochralski 12 & 0 /ERL L 7= Ge fHAK 16, 61, 70, 72%[5] &% O\ Traveling Liquidus Zone 12 &
0 ERL L 72 32, 45%[6] D HifS il SV 2 SiGe 2> B YE(H L725F 6 BB 23~ 70, 7eds. T BabBHIFATIC
X BEPHEIC L D BEESTHY . OBOTAHATHD Z L 2R LT, AT — VA 35 K T Diode
Pumped Solid State L — (% F: 532 nm, HJJ: 115 mW) % FESS L. IR E#Y 0.9-1.7 um (20 HIRE 2 9
InGaAs diode M HH #3120 PL 3 6HIE 217> 7=,

[ - #£22] Fig. 1 124 Ge MARD HifE &L SiGe 7L 7 B ES SN2 PL A7 ML AR, £ AT
N ZEB W T E = R /LF—{llZ Non-Phonon (NP)#¢, & DK== /LF—fll|Z Si-Si, Si-Ge, Ge-Ge mode ™
Transverse-Optical 7 4 / > . Transverse-Acoustic 7 #+ / VMR TX 5, BUAIE7- NP #R XLV EH
L7ey R¥ v v 7 & Ge fLDBIR % Fig. 2 (TR T, T2 CTldd 575, HfES/ V7 SiGe KV
HoiT Ge fERICKTT D3 R¥ v »v 7= 32 L —0DRfRIT Weber & Alonso (2 X V) 45 S v7= Sk Eh
2NV SiGe 12 X ABMER B EMRELL L7255 F W TH D, 7272 L. Ge#lik 32, 45, 61% THIEL+ meV
BTN X NS D LRG0 THUIERO R SR CiX. OF AR U T 5 HEHELE O
HEIZID ANV Ry v 723 F—PNMEL AL SN /RN H 5, LUk, BEREOT ALy
SiGe & VT, AR SiGe 7 /31 AERLD T2 DNV RE % » T OFBURTENE 2 D T2,

1.2 1.2
E Ge composition 1.15 @u ¢ Single crystalline bulk SiGe [this work]
.*? 1 ; —16% o 1 k "..ee:\ © Single crystalline bulk Si
é os F—32% f st IF ~-;:::9~\ === Poly crystalline bulk SiGe ref. [3]
20 [ —45% B TSl
: F o0 g L QII\#"-a&
Eo6 61% é o5 Eg=0206x"-043x + 1155 3] s
?3 [ —70% %L (x<0.85) ~~o2
= r = 09 f
g 04 F —72% 2 as Eg = 0.08x - 0.34x + 1.151 [this work]
Zo02 F 5 08 ¢ Eg=-1270x+2.010[3] ™
- L = o
™ iexs E (x=0.85)
0 F eagty e SRR o ae s ey ply e Al o 0 0.7 ; i & q G 4 : 5
0.89 0.94 0.99 1.04 1.09 0 20 40 60 80
Photon energy (eV) Ge composition (%)
Fig. 1 PL spectra of the bulk Si 1..Ge, at 35 K. Fig. 2 Compositional dependence of bandgap energy (x<0.85)
obtained from NP line of the bulk Si;«Ge, sample.
E 3TN

[1] R. J. Carter et al., ECS Trans., 85(6), 3 (2018). [2] M. Wagner et al., Semicond. Sci. Technol. 22, S173 (2007).
[3]J. Weber and M. 1. Alonso, Phys. Rev. B 40, 5683 (1989). [4] R. Braunstein ef al., Phys. Rev. 109, 695 (1958).
[5] L. Yonenaga, J. Cryst. Growth 275, 91 (2005). [6] K. Kinoshita et al., Jpn. J. Appl. Phys. 54, 04DHO03 (2015).
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B#5&RE SitSn, D/ FHERTE(D)
Evaluation of Band Structure in Strained Single Crystalline Sii-«Sny (II)
ChRI B MW &L KW 2w RE % My EF 2
(1. B;ARET, 2. K MREL, 3. £ KEETI)
OH. Ishizaki!, R. Yokogawa' 2, T. Minowa', M. Kurosawa3, A. Ogura-2
(1. School of Sci and Technol., Meiji Univ., 2. MREL, 3. Grad. Sch. of Eng., Nagoya Univ.)
E-mail: ce231005@meiji.ac.jp

[Fz] V=2 22X (Si,Sny)iE Si l Sn %
W92 Z &2 L0 MEEBRA) O HEEER
BNCEAL T D 2 ERTHSNTWD, £2, Si
TNARAEDOBFMEDOEHE D Si 74 h=7
AEDRMACSET A ZA~DIEHANHFE SN
TWD[1,2], EHERRIN S BEEEBRR L /2 D
Sn KD 7 v AF— "—HiFEx R I 2 b
—a VLo TP TWDR REHL
DITIR > T\, G- T, EREIZL D3
FHEE R L OV EOBEEDN R AR Th 5,

R R A A TIE, e Y R
N U — (SE: Spectroscopy Ellipsometry) &z T}

Photoluminescence (PL){E%Z W T/ /N R¥ ¥
v TRV X—ZWE L, B SiSn, 1235
T B3 R L Sn #EL O BEIFR & SEIE LT,
[EZBRFE] H %% — (MBE:
Molecular Beam Epitaxy){E & NA/N & U 7
EIZED Si ER EICE S 72 SiSn,
(x=0.022, 0.034, 0.052, 0.060, 0.079)78 5% & Y5
L7z 61T, SiaSnJE & Si HARDMIT SiGe
Ny 77— @A Z TV D SiraSne (x=0.10,
0.15)7 %4 MBE 1A L 0 #fii L7=[3], 2 b
OFEHT X BRET RIS ZEf~ v B
JIZED = F Ry LV REEMER L7z, SE
HE IR EHPE 200-1600 nm OF& /) > 7
TRV, ASHA 707 CHlE L7, PLEIE
TIZAT—VIRE 10 K OMHT, He-Cd L —
P— (R 325 nm, BHEEEH T 15 mW)ZE H
WCHIE L7z,

[FER - ZL)] SE CTHIE L7-HEibdh Sii.Sn,
(x=0.022, 0.034, 0.052, 0.060, 0.079)DHEHEFHE
RISt DIERT % Fig. 1 1239, $93.4eV ICT 5k
O ARIZBIT 2 EE#EERICER T 2810 E—
7 ﬁlﬁﬁmuf% Sn n’*ﬂﬁk@iﬁéﬁﬂk L 26 1&3:*
X~ 7 F LTS, ZHIZLY., Si.
Sne DEBENY RE v v T OMg/INP R S 1
77o PEHEE 10 K THEON/Z PL A7 hL
%ngzfﬁ HifE i SirSny (x=0.034, 0.060,
0.10) (BT SijSn, D N2 RERFE G A e
émﬁm_@n/%%%tﬁoﬁ%%7¢//
TVANEZRAX =K O RE Y v

© 2024%F [SRYEES

%%ﬁbt#% m%ﬁ?i%1WMVT%
DIZxF L, SijaSn, TiFAY 1.151 eV FRETH
0710 ZiulE Sn ﬁﬂﬁjﬁfﬁgﬂﬂ CEAMEIE ANV NES
Yy IR TNICHENTHZ EEREL T
5o MBENY Ry v FOME/NE LT, B
BNV Ry v 7D 341 eV D25 3.07 eV ~D
e/ MTRIEIZED LT B, 6> T, SiisSnye 1
Sn FABUEINZ PV EESER RISV TN D
ZENERICH B ST, 2 OfE R
HHMICHHL T u A4 — "— & E 4
%L Sn HLARITHK) 472%E 725, DL EOFER D
O EPEEBA 215 5121359 50%0 Sn HRINN 4
BWThdEEZLND,
35
30
25 F

Sn: 2.2%
—Sn: 3.4%
—Sn: 5.2%
& | —sn:6.0%
I Sn: 7.9%

o1 2 3 4 5 6 7
Energy (eV)
Fig. 1 Imaginary part of the complex dielectric

function (&2) of Sij.«Sn,.

—S8i thin film

—Sn: 3.4%

—5n: 6.0%

=5n: 10%

Normalized Intensity

1.085 1.09 1.095 1.1 1.105 1.11
Photon Energy (eV)

Fig. 2 PL spectra of Sii..Sn, and Si thin film
at 10 K.

[2E 3R]

[1] FER BOK fih, %5 83 UGS HWEL TSk
EHTRIESS . 21p-A106-3 (2022).

[2] M. Kurosawa et al., Appl. Phys. Lett. 106,
171908 (2015).

[3] K. Fujimoto et al., Appl. Phys. Express 16
045501 (2023).
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Si £t Ge BHAABRIZEITS LU FRIBOEMINR
Tilting effect of sidewalls on trench-filling growth of Ge on Si
BEERKXT, SUMCO? °(M2)giIE [E# ', Jose A. Piedra-Lorenzana’,

IR EE Y, RIR &, hHF BH2 "Il BHE'
Toyohashi Univ. of Tech. !, SUMCO Corp. % °“Takumi Maeda!, Jose A. Piedra-Lorenzana!,
Keisuke Yamane!, Takeshi Hizawa', Tetsuya Nakai’, Yasuhiko Ishikawa'
E-mail: maeda.takumi.yo@tut.jp, ishikawa@ee.tut.ac.jp

1. IL®»IiT

Si EGexm B Xy /UEE 7Y —AN—
ARV Z N ea IS T D1, @z o
BUSCIHES um O Ge BAMLEL 705, kE
R DR i B 22 MR S R HERE(UHV/
LP-CVD){ETH um @ Ge J& % BRI T 5
FiEE LT, Si(00) AR L~ kL FHEDIA
HREFEERE L[], b L F A0 D
B 452 [100] 5 MIC TR T 5 Z & THlEE
D{010} 1D D Ge EZFIHTE, R
WA CcE 5[] S lpym DO LU FT L
A ZWOIANTERER ZHE L TV DH[2]. 4lEl
I, K0 L TF DO OIAL S E KO B
L FRIEE DRI RIZ DWW TIRET 2.

2. EBRFHHE

EAER(L Si0: B3 ERL S 4172 Si(001) 4R %
AWz, iV VI 740 R4y F s
WZ&, St EARREIC[100) 5 AICi~7- b LV
VFT LA B LT B L THRIFNT A —
& & L TA{LE4(0.5,0.7,09 um), kL > F D
kRS 7 ¢ iE) B 28k £ 872(0.3,0.5,0.7 um).
RIAZTF U T OFRMEIEZ HZ & T, flEE
NIEE L ML TF R LT L TF(AER
84N E I L7z, FL U FOWESIE2 um UL
& L7z, RICUHV-CVDEIZ LY Ge B X
XUy VR LTz, JROBFAT A2 Ar AR 9%
GeHs & VN, BCRFFOES)IEHKI 5 Pa(oyr Tt
)& L7z, GeHs 7 ADFHH HATFRIL 0.2 cm
FRELAEON[1], PLUFEHRETTAE
ol cE D WS N S, ETEEE 50
nm @ Ge FEEE % 370°C DIKIE THE L, fitl
T 600°CIZHIR L, &7 500nm @ Ge Z & L
7-.

3. EBRFER

Fig. 1()IZ b L > FAUBEN TEE 7o 55 0 i
TR 7 W 7B A PR T BAMEBI(SEMYB 2. b
LT % Ge @ CRAEICHDIAT Z LR TET,
ZERNTERR S V7=, b L FRIBED EERIC i
T Ge BRFHETIEL 20, KEAOMEEN D LR
L7- GeJg@ns B C—Rb L7 Z EDNRK & E
Z bbb, —J, Fig. 1(b)D X 5 I[ZkEHMER}

LCW5 RO IE S 4, b T %
Ge TIRIFHIOIAT Z E N T 7. Si ‘FiHm E
(0.5 pm)DKJ 4 FFITVEHELT D AT 2 pm D Ge
JBERR TX 7.

(b) Inclined sidewalls
Fig. 1 Typical cross-sectional SEM images
(Trench width 0.7 um, Si fin width 0.5 pm)

4. FL®

MLV FHEE 2 um MLEE LIZgHED
Ge HOIALEERFT L=, LT lBEN
WHEHREGE, Pl T % Ge B TRAEICHDIA
L2 LIFXTET, BHNEREINTZ. LT
EEIZRBWT, A OREEDN LR LT Ge JE
N LizlzdEEXLND. N L TlEE
AT Z L2 L 0, 22RO T <
M, BAF7RDIABNARE L 72 o7z,

BE IR
[1] K. Kato et al., J. Electron. Mater. 52, 5066 (2023).
[2] T. Maeda et al., Jpn. J. Appl. Phys. 63, 03SP29 (2024).
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T/ FrRIVANYRAIER X —IT &k BHEAHEM GeSn EEE K
Strain-relaxed GeSn thin film growth by nano-channel sputter epitaxy
BRABEL ', 7Ny o n@er2 BXIPS'3
°mMN BR' HP EH BHEF £A2 M BRE' EW B ER TH'
Osaka Univ. |, ULVAC, Inc. 2, Waseda Univ.},

°K. Ishimaru !, N. Tanaka !, M. Kuniyoshi 2, T. Kobayashi !, T. Shimura '3, H. Watanabe !
E-mail: ishimaru@ade.prec.eng.osaka-u.ac.jp

[(BE] IVIREERTH D Ge D/ REEREIE Sn IRINC X 0 BEEEBARUCET T 5, TD7=H, GeSn 1
Si Bt BiZE 2V vy ZEREFRERZ AR MBI E LTERSNTWS, LavL, Si Bk BicE e
72 GeSn HLEAEIEZ T 5 FIEITMEL S AL TWVRVY, ZHE TIEHA T ARy & U o 7HEIZ L D Ge K
W E~DEE GeSn JEO =X X2 ¥ Lk EZFFEL TX72[1], LU, [EMEEAE NG LA
TORRETHDID, Sn TN X D30 FEFNRPMHZR STV e, £ 2 TAIETIR, EAmEM L
72 GeSn [EE B ET A7, T/ Fr Az X v —% et Lz,

[EBRFEOWER] Ve L7 Ge(00 )M _LICSRIR T SiOx I% 20nm A%y Z R L7z, WiZ, &Y VY
7774072y by F 7LD 130 nmx130nm OB A (5 F v %) kLT (Fig la), Lt
D72 2 umx2 um O~ A 7 2 F ¥ RV HAERL L 72, 246 O FpR EIZEAIRE 500°C T GeSn (Sn:5.3%)
Z 1 um A8y HRRRE L7z, Fig. 1bl, b2 (&0 O Wil TEM B4 77, ~A 7 0 F v 1L ClE GeSn/Ge
RECTEEOKMEAE T, GeSn KR E T LT 5D, —J, F/ F v 3V T Am, R ICRE
E U TV DRI RIEAEIE S LTV 5, Fig. 1c 27/ F % %L GeSn D PL A7 kL %R, SiO,
VA AT TICA Ny FIETHE LT GeSn & k45 &, PL E—27 3Ly K7 b L, BN
ML TWD Z LR TE D, ZHUTT / Fr R B X F 2 —I2 XD GeSn IREDEMITE 2 D3 K1
L7zZ 2R LTW5, [3EE] Ao —E6i ISPS BHFE (23K22798)8 L OCE Rl 2E ~T U 7 L4k
i) —F A 7 T H % IPMXP12240S1018 D K4E A% 1T 7=,

[Z2%3CHR] [1]N. Tanaka et al., APEX 16, 095502 (2023).

Nano-channel  g;q. (@) - g.g:z’t)':\"w peskshit  (C)
(130 x130 nm) (20 nmIE) 3 =
/ 2 i H
5
z

m) Ge [l % Forl  Ce

Fig. 1. (a) Nano-channel pattern on Ge substrate. (b1, b2) Cross-sectional TEM images of GeSn layers
formed by micro- and nano-channel epitaxy. (c¢) Photoluminescence spectra of GeSn layers formed by
nano-channel epitaxy. The reference is the spectrum of the GeSn layer obtained by sputter epitaxy
without using SiO2 mask.
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= Sn if Ge1x SNy TEZ X L v LEOHKAEICHBERELSRIZTTEE
Influence of Deposition Rate on Crystallinity of High-Sn-Content Gei-.Sn, Epitaxial Layers

£ZRBEL ', ARREH: Ochix B2, BEA XA %l AL KT &#B' 2F BF!
Grad. Sch. Eng., Nagoya Univ. !, IMaSS, Nagoya Univ. 2
°0. Nakatsuka'> 2, T. Kabeya!, S. Shibayama!, M. Sakashita!, and M. Kurosawa!
E-mail: nakatsuka@nagoya-u.jp

(Fi#®] & Sn ik Ge.SniRAEEIL, EESERIL, N FX v v 7 PoMEE WO RERAZFF D Si
ERERIIK 7 0 A L OB %{Ehé EMb, RSN RS~ A 7B LED 72 8D
EFET A RIS ;,ﬁﬁﬁ?éhfb\éo HFoxld, KEET7ES InP K ED GeyoSny =X F 2% L
MR LT, DR 2 U —EICHl U T 4 5 O MR N A e/ ANy X U 7k
OWEIC X0 . Sn M fEIE DI Z i L. 25%D 5 Sn #lA% Gei—Sn, T X F 3 v V@ E LV A
WHEIPHCTIERR TE 5 2 & &, LLAT. ME L[], AF. Ao X Y o RIS T 5 R D28
B3, Ge1Sny = B X % ¥ ¥ L JE OFfE S IESCE T IS LI TR OV T, K0 FEICAA Lz,

(GRMER] M, #EPIEE 107 Qem O EHPT 1nP(001)7:/\%ﬁHwio FobR & WA <k
YL, 131074 Pa LA FOEZEH T 450 °C, 1 B OBVLEL 21T\, BRI E215T-, T Dk,
RF A/ %y 2 U v 7 k% FAWT, BEE 100 nm @ Ge-.Sn, J& % kR IRE 170 °CTHERE L7=, 7%t Sn
FRRIL 25% & L, Ge BL SN ANy X AT OR M #FE L, HRLEHE 2.9, 4.2, 6.1, 9.0, ¥
L OV 13.1 nm/min OFEE ENENERIL 72,

[EBRERE L UVEE] W ONOHEREEIZEIT 5 Ger-Sn, JEHEREIE % D S 5 1 B - H H 3T

(RHEED) /3% —> %X 1 12737, e ROHEFEEE 13.1 nm/min OFEHI BV TIE, FEIZ Ger+Sny
JBD 3 WiLIROTE XX v )Vl EZ7R7T ARy MROARZ = NBHIENTEY . GerSn,
TEXZF Y IVENTEMIICIER SN Z E3bd, —J7 T, HEREEEN 9.0 nm/min £ TIKT
T 5L, ZRERREZRT U RO BTN — /753@@\”32}%50 S HICHEFE R E A 2.9 nm/min
FTERTFTDE, Vo ZRANE = FEET 5T 1B3{1IEBRMBICHEKT S LR BD5
WEPT AR v 8BRS D (K 1@ DRED),

ZlBHI T DB 7 ~ VHEL A7 RV ORED S, WTHLOREHI BN TS 25%RE O
Sn #A% GelSn, JERIZHIGT 5 Ge-Ge fE e B — 27 MBI S iz, BA~LT bbb, Sn ARk
6%~10%D X Sn LK Ger-Sn, FEIK DAL & ERR STz, SEFBMEEB R ORE R LA LT, HEE
HEMRICL > T, & Sn MRFIROEEEIG 2D TE 52 ERbhoTe, R BaMEE

(AFM) |12 X 2 R mmsEE L 613, R R L & HIC P E (RMS) 28 5nm 225 4
nm £ T Lz, ZHHDORERLD, ARy X U TIETH SN T T Ge-.Sn, HEfEHH
FEDYERD, HIEORE RSO BB R Th 5 Z E M b ST, FEY R, 7
IINTRERICEE DS & | FE RSB T S HER 23 T T B 2 R A SR ?‘é%mﬂbé

(%] ARFFEO—¥01%, JST/CREST (No. JPMICR21C2), JST/& & 75F (No. JPMIPR21B6) ., 35
K OVISPS/BHiFE (No. 21HO01809) (2L D XEDTF, FEhsinE L7,

[B&3CHK] [1] BEAIRENED . 2023 4F JSAP KT ekIE 2. 23a-A602-7.

(@) 2.9 nm/min (b) 9.0 nm/min (c) 13.1 nm/min
|—

Figure 1. RHEED patterns of Ge;-.Sn¢/InP samples prepared with the Gei—Sny
deposition rate of (a) 2.9, (b) 9.0, and (c) 13.1 nm/min.
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BB % AV InP B FEE R GeSnOILMSM 7 % NF 4 77 % —DRME
InP-lattice-matched GeSnOI MSM Photodetector
by Layer Transfer Technique

EHRH', £ARI* CAHRE" AHMZ' EXE'
BAREHR? RIUEA? REEET’ HiFE’
AIST!, Nagoya University,°Tatsuro Maeda', Hiroyuki Ishii', Wen-Hsin Chang',
Komei Takagi’, Shigehisa Shibayama?, Masashi KurosawaZ, and Osamu Nakatsuka?
E-mail: t-maeda@aist.go.jp

[ 5 & HAY) T4, GeSn Z i » 7= i iV 7 il b il R 02 DR AV EIR D 78 %ﬁ%@m}m@@*yﬁx
LWAS, Sn AR 10%% 8 % % GeSn JEITAEMRE N RE/2 Z LG 2O E S D TR
2\, ZIE TICH A 1L, InP UK FHE L7z GeSn [ROFE S FIZE H L, Sn #LAk 25%%:%25
TEDOFERRENFAIRETH D Z L 2R L TE Tz, AEl. 2@ GeSn/InP EMDOES L InP HERKDFRET
GeSnOI #1EZ1ERL L. GeSn JEHIED MSM 7 4 b7 4 7 7 Z —DikfE%x LTI=O THET D,

[#5 5 L Z22) iR ICII MBE 5S LT ARy ZiEZ AV, InP EARICK 45425 K 512 Sn#l
% 2 A U C R A S L 72, X112, InP JEMR EICEER L7z GeSn & B X & U ¥ Wi DR G 71k %
R, GeSn KL Sn OHTHIEIZ X 5 MM —HIZ & 5 72 BCB(Benzocyclobutene) fif 5 2 i > T
Si02/Si Fotl & A S InP FEf & M e CEIRAUIZERE T 25 Z & T GeSnOl #1E #1572, & 51T, GeSnOI
HEYED AW L GeSnOI M D ALOs 78w o _— g VHEIER% ., N/AuS B Ta 2 27 &R L
WERIO MSM 7 4 b T 47 7 X —%AER LTz, ¥ 2 1d, 5 H1Z TO GeSn FEORBENE D LLILTH
%o BEEOLLIZASNT, 5L D GeSn B~D T B AF A= TV LR c& 5, WIZ
BB 13 A B, AU ALOs Y GeSnOI K &2 BRI Ny o _— a3 U LR L PSR
B X3 1%, 1550nm D Y& HRE L72BRD, SEEFRORK /ST — K7 if&;é Y ov o EEIT. 50
x 100 um> T&H 5, GeSnOIMSM D 1V %, A —3 v ﬁ%ﬁ%r@“%@@ RFEE T IE~1x10° A FLHE & A
DTE L EEIOR I S 720, B OEJRICIL, B E O mIZF v U 7 OFERERE 2 A5
DONHRMTH L 08, [FRIFFICIEE o.m&ﬁfﬂ”@ﬂf&?%ﬁ% FE T, AT AEME 10mV & Hk
HEF/NEL UNEBRE A T REBIC Lz BT, eEREZ e v 7 4 U L=, B TFRRIE. &
IpARRETH 5, HF/ T —N) 004W/cm275>%ﬁ% EIROME 2R L. 1W/em? £ TR 72 85N % e
WLz, LovL7emn, JEEIE~3 x 106A/W$ﬂ“&ﬂ§zsbﬂ£&u\:mubznoto F7o. B O EM
WX v v 7RIRFIZBIR CEX o2 2 8D, GeSn B CTRAETH 7+ ¥y U T@j(%’v%m) i
Wl 25 < 2 L 72 < GeSn BN TIH L TV D AIREMEDS BV, GeSn JED s — VEITE DFE RS 1%, P A
DXy UTHBENIXI0Yecm? FBETHY, Kifa/eLIcL2BEK L2 F v U 7@%‘%&%@%‘%%(%‘

 ZOKRMEDR T bF v U T OWESCHEST O Ro TS EFREIND, L7z -> T, GeSn &E
OFEEPEDR L, v U TR E LERDIER L o7,
[Et&E] AMFZEI% JST CREST (JPMICR21C2), JST & X AMF(IPMIPR21BO)D K& T 7-H D TT,

Donor imer 35 109
(%:I.I"Pl in uGeSninP
GeSn GeSn Bonding 30 }
iInP sub. P sub. — =GeSnOI —_
GeSnol Tas | < 100
Host “ans dur 1nP "‘E E
sisio. Primer + BCB usso  romoval cusn S 2 | e
BCB BCB BCB > = g
T o e % me o ww B g
Si0, Si0, Sio, Sio, -
(@ 5 10 | 2
i o 1012
GeSnOl Isolation ALD-AL,0; Pad 5 F
&= &2 e ot 0
= Sor so, so, oo ek 20'(’ ) 103 102 104 100 101
Si sub. Si sub. Si sub. i sub. edSn thickness (nm
= = = En Power (W/cm?)
(b)
. . : Fig. 3. The dependence of photocurrent on
Fig. 1. Schematic of the process flow Fig. 12 Hall hOIT: thf incident [ﬁ)wer underp1550 nm light
- mobilit o . .. . .
for. (a) the layer transfer' of InP GCSH/IIBIIP and illumination with a bias of 10 mV. Blue
!attlce—matched GeSn . films on GeSnOI ith dotted line is the noise level of our
insulator and (b) fabrication of MSM q ?f n wit photocurrent measurement system. The
ifferent  GeSn . . :
photodetectors. thi inset shows the image of GeSnOlI MSM
icknesses.
photodetector.
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GeSiSn/GeSn —EEEBENIEXAX I vILRRIZCE TS HREAMR

Effect of Hz introduction on epitaxial growth of GeSiSn/GeSn double barrier structure

BRBREL!, AXKREB? U BA, AR €1, BT BB, /RE X!, g B2
Nagoya Univ. !, IMaSS, Nagoya Univ.? °Shigehisa Shibayama!, Shuto Ishimoto!,
Mitsuo Sakashita!, Masashi Kurosawa!, and Osamu Nakatsuka!-2

E-mail: s-shibayama@nagoya-u.jp

[Fif] Beyond 5G Z 48 9 iU m I EIEE L AT A TIET I~ VY HREICIEA N E L > TERY,
ZONPRE LT, iR TK 2THz TORERENDOH 505 h x4 F— K (RTD) NAHEM I
TWD. o2, BEfFE CMOS 7' at R L OBIFIEICEN D IV IEEKToO RTD EBLZ HFEL T\ 5.
INET, BWTEHEAY Xy v 7E2MSLICHIBE CE 5 IV K= J0iRE, GeSiSn? & H 7=
GeSiSn/GeSn/GeSiSn #Ef‘agﬂ‘%l; (DBS) # £ % RTD ORI FEEREI 21TV, Hy FHXAE %
BRE L CT A ARIE LT & 2 A, 05 b o RV RICH KT 2 AN IR O R BLIZ ZERIZ kD
L7=BL L2 LEMEREIZ 10K EWHKIRTH 5. BEIRE O EIEILIZIAT T, GeSiSn X° GeSn [
T B FEIZ BT B KGEERRIC L 5Ny 7 7T 0y RERIKEBLERTRTH 5.

4[al, GeSiSn X° GeSn JE D T X X3 v LR EIZI51T D Hy H AE AN OFESEIZ 5 2 5 8T
HEEL, b riiootomvmﬁ@%wﬂ@m&%%@m L7IEfERICOWTHET 5.

[EARMER] p-Ge(001)FEMUZ X UL AT d K OV i B 242 hBVILER |2 1 2 RImIE L 2T o 121%, 01
MR —iklCkY, @I RTHEED =X X v Lk E 21772, DBS fEOKEOE X
1%, Fex OFATHRFAERINCESWTHEFLTHSH. K 1), FEICxHT 5 H, TABEAOHE, I
FOMEIREZ R L7, (A) GeSiSn & GeSn JEDM FIZ Ho WA ZEANLTH4E, (B) Ho TAE A% L
2o lE, (C) GeSn BIZX L TODOAH Hy HAZEALT2HH 0 3 G THllR S H 723082 i L
2. ek, REROEINL, Hy U AEARIZ~102Pa & L, %)\7‘; L DOSETIZ~10%Pa & L7z,

(fERE L UEH] 1(b)i% 47t GeSiSn barrier &, GeSnwell J&, GeSiSn barrier & il K [ D <
mﬁaﬁ #EHT (RHEED) /X% —>Tdhb. Fhb EiL, MEIETRLTWA. GeSiSn & GeSn gt

ITH B ALTSE, H—JEHO GeSiSn BREERZICEWNT, TEXX Y LRELZRT ARy b
Hs/\& ATz, %aﬁkﬁ Hkd 25 ARy MAZ = bl Sz (KFEERAD). D1,
MEEITICE bRV Z EX XU vy VR EZRT ARy MRAY — 3 uRICES &, WEBICHEKT S
ARy MIRAF = OBEE LR LT Z LD, BIRIEEEK « a0 245 5 IO E O TR MIE
HEINTZZ EERBELTND.

— 5T, AL 5A L GeSn BIZOAHBALZHATHE, T8 XF vy /LkEErnT
AR Mﬁ/\"& VYA RY =RV, AT &iv/wvmzu%rﬁxaéfﬁfétm\é &M
FFCE 5. Ffh® GeSiSn B ERZIZIE, MEHICTHKT D ARy MRARZ = S BIEIND D, £ DR
Eix, GeSnE’ D& Hy G L7230 52355, L7223 > T, GeSn BIZDO I Hy A L72HAIC
BOLEMEICTEX XUy VRETE SRS S, X BEPTHE 2~ v v /73"0&()\@]_%
UM L AWEBEN B Y (FBHAERE), GeSn B ~DEIREY Hy AN, GeSiSn/GeSn ~7 1 A 1E
@ﬁunug ﬁ@:ﬁ@f&)é Z & 753\%%)"3 7=.

[EtEE] AWFZEIX IST S & 2% F (JPMJPR21B6), —#Bi%, JSTCREST (JPMJCR21C2) 3 LN JISPS BHjf
o (JEAE B, 21H01809) DO FE% %\ CHEl S 7=,

[1] T. Mackawa ef al., APEX 9, 024101 (2016). [2] P. Moontragoon et al., JAP 112,073106 (2012). [3] S. Ishimoto
et al., SSDM F-4-03 (2023). [4] (Rl D, 5 71 B ISP ET IR (2024) 24p-P14-3.

Ge w/o wlo wlo growth

( ) (A) Hy introduction to  (B) Without H,  (C) H, introduction
Cross sectional image Partial pressure of both GeSn & GeSiSn introduction to GeSnonly A
of prepared sample H, gas (Pa) After TWM l Twig ¢ ¢
Ga-doped Ge w/o w/o wlo GeSiSn

N =N
o o o,

Geo.92SNo.08 102 wio 1072 |Growth
I 107 wio  wio | temp.: After
Geo.92SN0.08 102 wo 1072 100 °C Gesn
SIS 102 wio  wio growth
Ge€0.92SNo.08 102 wlo 1072
Ge wio wio wlo After

2 ]
Ga-doped Ge wio wlo wlo e GeSiSn

p-Ge(001) sub. (A) (B) (C)<SampleID growth

Designed thickness (nm)
N BN

N =N
0O o

yimolub [erxelds jo uonosalg

Figure 1 (a) Cross-sectional image of stacked structure used in GeSlSn/GeSn RTD. The growth conditions of each layer
such as designed thickness, the H> gas partial pressure, and the growth temperature were shown. (b) in-situ RHEED

patterns of GeSiSn barrier, GeSn well, and GeSiSn barrier for the three samples; (A) the sample with the Hz introduction
to both GeSiSn and GeSn, (B) without the Hz introduction, and (C) with the Hz introduction to the GeSn layer only.
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BREEF—EVJICATT P/Ga 5N Ge lmROBE
Growth of P/Ga codoped Ge for heavily doped n-type Ge

fEE DB, BREAEKR, B)INEE, LR EBERX)
Gaku Ishizu, Haruto Koto, Tomo Horota, Yasuhiko Ishikawa, Keisuke Yamane (Toyohashi Tech. )

E-mail: ishizu.gaku.ge@tut.jp, yamane.keisuke.ue@tut.jp

T NA A% ) a L FR BICERET 51
LTy Varryy b= ARNEHENT
Wavarbkraw RO RNV
=0 LMGe)E HWTHNHFF 2 EHT 5 HiE
D—2E LT, MEEIZY P)EEANT L
LT XY, n-Ge T CHEHEZEEBI 2R Z FBL
THRAEDINTWVD[], LrL7enb, Ge
FEET oY oL, FEEBRQ2X102cm?)
ATFD 1X10%em? BEICEE > TWnHZ &
B, RIEEDFERALITIIE > TORV[2], K
MFFETIE, PE RFT—& L, HU U AGa)x it
W52 8128V, GefifaT o P OREIRER
(2X100cm¥) & 8 2 T AR L 2 FEBL T &
T OTHRET 5,

MR R ICIIER Y — Ao 2
*%ME) BEA2EH L7, Ge, Ga FEHI K &

ZEVHHE L, PIREBHIANLVT KT T o h
—ﬂZ/I/ KOk L7z, Fig 1IT/ERIL 729
TV D JEREE 7 R, SIMS T A2 FHE L
Ge il LI EREZ L2 E 2N b
Ge:P,Ga & Ge:P ZJEEA 22 A2 50 nm ¥ D)k
£ L7, Table.l IZfkELMZ2 7R,

Fig.2 |2 @AKo RHEED /% — %
Y, GePGa BL GeP & bz, RERE
700°C2 5 5000CETA MY — 27 87— &l
Ff L CHE L7z, Fig.3 (2 SIMS it iR &R
9, Ge:PGa 8 TIIH AR T 4X10¥2ecm> D P I
LN Ga S &, Ge D P DEVAE %R
25 PBENEHRINTWD, Hlgsss
% Ge:P JECIE P IR X H A T H EAIRFEEE IC
INE>TWA, LIEN->T, Ga HHFnicky
P OEARZ#BAZ D PIREZRILTE T,

Z 2T, GePGa J@HIZEBWT Ga LU P
DY PEIXIFFREE & A B 553, SIMS 43 Hr
MWE EELLDORENG b\7b>%:LfmiTé L
IFEEL W, RICHEE ORIZ 10" em™ 5 OJRFE
ENHDHGFER, P DO RF—=_0 b E LTDIE
MALZRIN Ga &2 ERFVUEERE nH F—' 0 7
NEBTELAREEEZRIBL TS, 72,
A B4 B AT AR 1 Ge A IC BT
1% < IZEL TR Y., -V KEikdh & IV G
NRMETEDZEHRBL TS, 20

ZENE, n M R—E U ZEEIZIR S 9, BT
TR OYPE L FIFF TE DR E WV D,

[FEE]
ARAFFTIE R ST ZE(B) #24K00923 35 L OY
MARFEAIRELT H OB O b E1Thiiz,

Table.1 Growth conditions

500°C

5500C Ge Flux: 2 x1075Pa
P Flux: 4 XxX107°Pa
Ga Flux: 1.0 x107°Pa
650°C cep Tyomu = 700°C~500°C
700°C Ge:P.Ga
Ge-sub.

600°C

Fig.1 Sample Structure

(

Fig.2 RHEED patterns of Ge:P,Ga layers grown at
(a)700°C (b)500°C

500°C 550°C 600°C 650°C 700°C
r'T','TITIIGE:P,Ga

Ge-sub

=
Ta
5]

10% — Phosphons
Gallium

o 2 9 g

Ga, P concentration (atoms/cm 'J)

=}

200 300 600
Depth (nm)

Fig.3 SIMS profiles of Ge:P,Ga and Ge:P layers
grown at different temperatures

.-

[1] TK.P. Luong et al., Thin Solid Films 557, 70
(2014).

[2]Naoki Higashitarumizu, Yasuhiko Ishikawa,
Optics EXPRESS 25, 21286 (2017).
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SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

Ge-on-Si (111)~AD Y 5 v 9 BEQEHA & T DO HF
Observation of crack generation in Ge-on-Si(111) and its suppression
ZRYE . HREEN, REER ', BOBEX' WHEEX' EERT *° BEHEXR '
VHRFEHETHRE . 2 BRKREMET CSRN | 2 BrK OTRI

Y. Shibahara!, S. Kikuoka! , M. Nagao! , R. Mizoguchi!, M. Yamada! , K. Hamaya?? , K. Sawano!

1.

Tokyo City Univ. , 2CSRN, Osaka Univ. , 3OTRI, Osaka Univ.
E-mail: g2381241@tcu.ac.jp
L LI
Si (1)K LicE i Ge UL)EA KRR ET 22 LT, Si 77y b7+ —A LRI 7
F+ b=y VTR A AT AN, ZRESOICHBHIRFTE D, Ge ML, BEZHENSH
DIEE, BEIEAAE T Uit m B35 LI TE 52—, Si L OBWIRAEIZ LY
BASNDG 2R B L DGR E LS D, ARFEL 1L, Ge #EIZYZ 7 v 7
WEETHZ L, NE—=U T FREANC L > TEOMHINFAIRETH D Z & 2 WMET D,
(a) (b)

FERFE L RER & B

3AVF Si (1) V= — k

2, 7H NIV T T 7 0 —%

W Fig. 1 OXH72MTEAY
NE = ERERL ., EERY —R

Fig. 1 Ge on Si (111) (a) without and (b) with patterning.

@) 5 (b)

MBE % T Ge &R K L7, crack / crack X ; : Meéa step
. o o . inside
gL TNE == TR L O C
AN k
== BICb R LT, 2 BERERK 100pm \t . b ‘/Crac 100pm
outside

EiEICXD . 40 nm D Ge g%

o s B 4 ) Fig. 2 Laser microscope surface images for Ge-on-Si (111)
350 CTHckf%, 1-3 um O Ge (a) without and (b) with patterning,

J&% 700 CThE L7 (Fig. 1),

R DRI 2 L — P — RIS TBLEE LT, Fig. 2 @I F —=2 7 %&fi L T 7220l
(Ge IE 3 um)ORHEBR TH D, ZOREENHEL DT T v 7 h Ge FENIZEE SN TN D
Z MG ol R 2um LR D Ge 6137 7 v 7 I8 S Ve T2, Ge D5 -
RO ESL 02 WERETHY, LLEOEREZDOEFIREE & Il 2 & 2 ikl ez 5,
—J. Fig. 20X RE —= 0 V& LIcRBIOREBRTH Y . AV AT v T OIMIUITHRA
LCWB7 Ty 7R3, A7 v 7HRHENEIRL TW W ERx3 b, 20, Ge ~D7 T v
IR NI — = JIZE o TIIHIFRE T H D 2 L 2R LT\ D, AIFZED— IR
4 8142 (24H00034, 23H05455, 23H05458, 21H04635) D 4% 4 %11 T iz,

[1] Y. Wagatsuma et al., Appl. Phys. Express 14 025502(2021).
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BIRMA AV EAICE B Si(111) EDFEH SiGe/Ge ~D 7 7 v 7 (=il
Suppression of crack propagation in strained SiGe /Ge on Si(111)
by selective ion implantation
RREHKL, BRAEMT CSRN? BrX OTRI3
BOBX, RE &% L ZFK 45 )l &', LH &E¥! EE R¥?, E%H FKEB!
Tokyo City Univ.!, CSRN, Osaka Univ.Z, OTRI, Osaka Univ.}
R. Mizoguchi!, M. Nagao!, Y. Shibahara!, M. Aikawa!, M. Yamada!, K. Hamaya??, K. Sawano!
E-mail: g2481280@tcu.ac.jp

1. iEL®IC

HE Ge(11)lE, BFBHENSVWIEX, 74 v 0T RA X REY FAZ I AANDIGH
MNAJEETH D Z EN L FEERINTWA[L], 7. Ge(111) EDEH SiGe (&, EAEAC L 2 HEM
ENEFEINTVLS, INFETICHKAIE, Ge-on-Si ~NBIRA F VALK 2BATRIBEEAZT 5
ZET . EHRSiGeBICELZ 7T v 7 DEIREIGITE 2 Z &£ aiRE L7[2], AR TIL. Si(111)

ERREASERNA A FAEITIZET, 67 7y 7ERINGEIEIALEL, SREREA
SiGe/Ge B EDN I RAIBETH D Z L EHRET 5,

Artion implantation

2. EBAE BR-ER
Si(111)EAMRIZ, — 600 um @Ejj‘ »
R & — 2 DHNERD A FEIRAYIC

VEANEIToT, T DL 2 Exﬁké?ﬁiﬁ
7EICK Y MBE TGe EZAE L. #clf  Fig. 1 Fabrication procedure of strained SiGe on Ge-on-
TZEH SiGe B E L 7=(Fig. 1) = Si(111) with selective ion implantation.

SiGe BRRE IS, BRIFIREZEZ 5 250
nm & L TWL 3, Fig.2 IZ SiGe BRI D
Ge BRED L —¥—BHER. LV
AFM % RS, A F Vi EAE D I R
BAILL Y RAFRNAEL TV

: —
un-implanted 100p

ERFEDAF v REAEE LS VFIE » implanted
WARE ERER Ge BATERINT Fig. 2 Laser microscope and AFM surface images for Ge

grown on selectlvely ion-implanted Si(111).

W5, Fig. 3 IZEH SiGe B RZ O XA
THd, RFUETAFVEFAZREL TULR
WS EREICRE LRI TR, 2@Eicy
TYIHDREELTWE—H, /1 FVEAE
LB TIEZ 7y o edRonTn
B, ZNIZIEF AR X EEE DO FE
TY 7wy OEBIIE I NI IDTH B
EEZ NS, UEDER LY BIRWA F
VENEDNEM SiGe FHB L I-KRET /N4

Fig. 3 Laser microscope surface images for the
ZAAICERICEETHSD Z &L TWAB,  strained SiGe layers on (a) without and (b) with

RO —ER IR E (21H04635, 23H05458,  selective ion implantation into Si(111).
23H05455, 24H0034) DX EH =T TiThh
7o

[1] K. Hamaya et al., J. Phys. D: Appl. Phys. 51, 393001 (2018).
RIREM. 2024 &FISY)
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Ge-on-Insulator <9071 v DERM L KIRFESLOER

Fabrication of microbridges based on Ge-on-Insulator and observation of resonant light emission
REESHAE OFE, FLER PHEEEE FBIE BKRREN SHEKE
Tokyo City University

°Shu Yoshikawa, Takahiro Inoue, Ayaka Odashima, Riku Ishikawa, Ryoga Yokoki, Kentarou Sawano

E-mail: g2381279@tcu.ac.jp

XU

W Si 77y N7 — A EORNFZTISHA~MIT T Ge BEFEBEZEDH TS, Si kiZ Ge
BT EH XL v LR & B2 Ge-on-Si (GOS) Tlx, Ge (25| »HEY ELHNEA X, HEEES
RN B URNIERM ET5, IHI, vA7a7 Uy UBEEERL Si LD Ge &
FlESEHZ LT, EAxmESE, REREDFROR ERWFEINH[L], L, Ge
DO TFEDSIi 23BN v F o 7T DB (UD)EAH T L E W BRICHTE ST O0REE L,
Z 2T GOS LHEY bk a A bET Ge-on-Insulator (GONERKT DL, HF 12X 5
BOX BOEEIRT v F U VI L WV EZGITIFERRE L D, S HIT, GOl IE GOS £V KX
BRI > TND T2 (FilE S TR L 0 KREREBAREADNIFFIN D, A% TIE GOl
blzwa a7V v PEER L, FEFITRE I EN LE2ER L0 THET S,

FERITIE - R

Fig. 1 |ZRUEHERI Y 12 X 27”3, Si (100)E:4R EIZ[E AR Y — & MBE % W T, KR Ge &
(Tg = 350°C, 40nm). &if Ge J&(Ty = 700°C, 700 nm)% £ &, 7 =—/(T = 800°C) 21T\ >,
FEemtE DS E LT o 72, Z Ok & BR(L Si (M) E & 7 T = T IR . SRIE CELPE
BE0 Gbot, 7=— &7 9 2 & THEREMEG ST, ZD%, I IC TR EMO SiJE
%100 um FEE FE T L7 KOHIC X B8N~ » F U ZICTREICRE LT, EHIZCMP
WL > TKRfaE %< ETKIR Ge BAFREL, GOl 2l sE, ZOGOIIC7x+ MY VT
774(7“) //‘\T%L%/\&‘—v‘/ﬁ\b R4z F LTIk SiEF Ty F oL,
AT Lo TBOXEBERBINRTyF L 752 LTT Y v FESE,

P -

Si(100)

@ Crystal growth by MBE + @ Bonding 3 Grinding of Si @ Selective etching of (® CMP to remove
annealing(800°C for 10 min) (down to 100pum) Si with KOH LT-Ge layer

"~y e

(® Patterning by photolithograph . . ' ' 1
and etchigg )l;)f)RIE I @ Etching with BHF q
—— GOI Bridge ﬂ Ln”
!

(width = 3um)
—— GOI Bridge

Fig. 1 Fabrication procedure of GOI Bridges.

Fig. 2 \IovA 707 )y Vbbb 3 idth S
FPL AR MVERT, 7Y v UBHRICEY, & — GO1 un-prﬁccsscd \
7y VIGHETO GOl L~ ICRE sl &

BEOHAR, RERM~DOE—7 7 FRELIL §

2o ¥RZ, 77U v VlE3um TIE, S5um LR, F

F 0 RERMICHRWVIHEY — 7 B c& 5, & 7

NET Y v PHNA~DHDFRVEA LA DR FET

bHEZEZTND, LLEXY, GOl EIZER LTz

EHhGe~A 7TV yPESi 7+ b= AZE e

g&ﬁ@%ﬁ%?j4§m@m%ﬁ%ﬁfééo //://«K“ﬁ“*ﬁ
fF 98 D —EBILFHF £ (21H04635, 23H05458, = ;

23H05455, 24H0034) D34k %521 TIThiuiz, 10 mmwﬂi@fﬁmmm 2000

[1] M. J. Suess et al. Nat. Photonics 7: 466, 2013 Fig. 2 Room temperature PL spectra for GOI

microbridges and un-processed GOI.
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Si E Ge p—i—-n LED M4 & =8 EL #4551

Fabrication of Ge p-i-n LEDs on Si and room-temperature EL emission characteristics
RR$BHKE BATRAR °SH* 5. BHK FH. BM B, FH BXH
OH. Imai, S. Aoki, S. Kikuoka, K. Sawano Adv. Res. Lab., Tokyo City Univ.
E-mail: g2381215@tcu.ac.jp

1. XTI T, Fy 7 HEEENZHIET 272 DIEERMASAER SN, SI7TT Y b7+ —
A EONIRE LT, Si RICE#HTE X X2 v VEBATRETH D Ge MER SN TWD, K2, Si ki
ESEDZETEADEAIN, BEEBHBEREN/ERT 5, FxZ2hETIT Ge-on-Si(lOO)ff%if%
AV, OB & S B A O L7 il 1 AR LED 2 ERL L, IR EL B2 BTV B[],
DU, ZOEE T, GelSi REILHEOXKWEZ X v ) THRHNDT-D, Fx U 7@%9&#?%%@
ThoT, % TARFIETIE. LV RN LZED DD, EETEMAEID Z & T, KiE%2ER
D3EAL72 VN LED %L%VE%L AN E G CIEFITTROEIR EL 3L 28 L7 THiET 5,
2. ABMERL Fig. 112, 1EHIL7- Ge-on-Si LED #ii oA X 279, Ge p-i-n K, [Eik Y — =
MBE % W\ Tl Lz, %)Jesb Z. 2 BEpERR R A I Con B Si(100) Fa b Bl mAnE RS o 8RB
Ge Jg # ik &t 7, @il Ge E(HT-Ge JE)I21X Ga & K— "> 7 L IKIZ 350°CIZ T T, Ge )& (i-Ge
JE)L P F—7 Ge J& 500 nm Z iz S Wi, (EkHt= 27 FMEROTZDIZ, PO 6 F—E 7 %4T-o
7o OB, RERITZE5 <7202, 2 BB o Si J8@UT-Si @) & A Lz, &%, Ge &7 nm)
IZTHFy vy B 7 (Gecap)aiToTce ELIEERZ 7+ NI YT T T 4 — A Ay F 7
ko> TGa R—7@E Ty T 7 LT, MEAVHIY A4 — RN, &&ZIZ, AV EHE Ga R
—7fglzar 27 FELTAUEEEL, SIS A —REMEAYZ Yy F T LT,
3. R LEE Fig 2 ICEETHALNE EL A< ML AR, EABREEZ LIF T LB
FEM 0.6 KAICM2 Z#8 2 7= 3> 72 ) TARBRIZIEEHREE D B L. 1780nm AT iV B — 7 RNEh, & 51T
EREMCHE— 7 N8, W EREE IS _C XV IREABR TRV G S, 2T
FEREMD D LED #iiE &35 2 LT, GelSi S E O K akE A X v U T RN e ook b
EZxoND, IEOFERI D, AR CTER L Ge p-i-n LED X, Si 77 v b7+ —A EORIFE (L
— =) EHROEWARELAETLIAERBETHDL LE XD,

ARFZE D —ER1L B FE 4 8D 42 (21H04635, 23H05458, 23H05455,24H00034) D 4% % 52 1T TiThh
77

[1] K. Yamada et al., APEX 14, 045504 (2021). _ ¢
IE Injected current
2 = 364mA
Growth e z .
temp erfi_t}ff e \ — Au electrode _E
[ — P 8-doping 2 X 10"cm? = = R
350°C UTSt - 0.27nm s 05 06 07 08
2 | Current density (kA/cm?) /360mA
: g
T """"""""""""" Au electrode E
700°C L
350/ Na-dopeq HT-Ge 250"
LT-Ge 40nm S I 200mA’ o
1 1 | i |
1200 1400 1600 1800 2000

n-Si(100) [1-10Qcm]

Wavelength ( nm )
Fig. 2 Room-Temperature EL spectra for Ge p-i-n
Fig. 1 Fabricated Ge p-i-n LED structure LEDs. The inset shows the EL intensity at 1777 nm
as a function of current density.
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Ge on insulator & Z ALV -HE SiGe AEVZEFFDER

Fabrication of lateral SiGe spin transport devices on Ge on insulator

BRAEBET CSRN', MHKETI?, AKKRET S, RXEH, KX OTRIREY S
CRART |, WL FIE BME—, FERD S,
ILAREN S, FERBH 'S, REE EHEXR % REEFE Y
CSRN, Osaka Univ. !, Adv. Res. Lab., Tokyo City Univ.%, IGSES, Kyushu Univ.?,
SANKEN, Osaka Univ.*, OTRI, Osaka Univ.}
Kenji Oki', Shuya Kikuoka?, Osamu Yoshikawa’, Hajime Kuwazuru®, Atsuki Morimoto®,
Keisuke Yamamoto®, Takamasa Usami'>, Azusa N. Hattori’, Kentarou Sawano?, Kohei Hamaya'?
E-mail: u614419h@ecs.osaka-u.ac.jp

Tz 1E Ge RALBEARA L VT 34 ZADEBUTEIT T, F ¥ FAMEHIES Sio1Geoo ZEAT D
Z LT Ge ICHARTHRE TOAY HEEEDR FIZRII L TE[1]. 4%, KA T /A A%
WIS T 2729121, Ge oninsulator (GOD#iE FIZEA SiGe AL, AV T /A A& FEH
THMEENGD D, AT, GOl ffiEZ (Fid 212 T CAtalyst-Referred Etching (CARE)ZLFR %
BATHZLETGe BEFHALL, 20O L0 SiGe & K& OSEEMEME O SE O EE2 X - 7.

Fig. 1 IT/ER U 7o ORI 2 7n 4. Bkt © S ESUC/ER L 72 SioL Jg &, 7 Fii—
B4 % 2 —(MBE)Z H\ T Si(111) A2 Ge % ~540 nm & 5 il L 72 GOS JEAk % | © &b 7-4%,
GOS D Si ZHAEE E TMAH V= v =y F o 7 TRrEL. #&H L7 Ge % CARE I T
SEHHAL L 721%, MBE 15 C&EH Sig1Geoo JE~140 nm, P(U L )E% § K—7 L7z Ge JE%~10 nm, Fe
f&uii @ 2 ~0.7 nm, CooFeAlysSios (CFAS)FfLE: & 2 ~10 nm iz L7-.

Fig2lZV =y by F 7 T L7z Ge JE# M (a), CARE £ Ge JE#H(b), SiGe J& % ik
SHTRIH()D AFM #5 R4 7”3, CARE 8|25 Z & T Ge EOREHM & 235 S 41, SiGe JE
ERE LB ORI D RMS 2 1.0 nm FBREICIZ 5 2 LI2pEN LT 4. Fig. 3 121% GOI L SiGe
IAFR L 72 A 0 R D SEM B EZ/RT. S TIIA Y A ZEREICEA L THHRET 5.

AHFFEIE, ISPSEMFE(19H05616, 24H00034), SCEREMEE [A VY b v =27 R 5e 5
LEHER v b T — 7 HLS(Spin-RNT) | D KHE A2 1F TITbir-.
[1] T. Naito et al., Phys. Rev. Applied 18, 024005 (2022).

Co,FeAl; 5Sigs ~10nm

Fe ~0.7 nm
Si0_1Geo_g ~140 nm

Ge buffer ~350 nm

Si0, ~100 nm

Si(111) sub.

0 nm
Fig. 1: Schematic of the Fig. 2: AFM images of the GOl  Fig. 3: SEM image of the fabricated
CFAS/Fe/SiGe structures  structure after (a) the wet etching  lateral spin-valve device.
grown on GOI. and (b) CARE process and (c)

SiGe surface.
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Co2FeAlosSios/Ge-pn HEE N LI-ERXAEVEESOHA
Observation of room-temperature spin signals through Co:FeAly.sSio.s/Ge-pn junctions
FRAZEBT CSRN!, MAKET?2 [RKXOTRIREY?
CAARE ', LEEZN, HEES Y WEEE EHRT
FERBR S, EHEKXER?, EERTE "
CSRN, Osaka Univ.!, Adv. Res. Lab., Tokyo City Univ.Z, OTRI, Osaka Univ.}?
Kenji Oki', Shinnosuke Ueda', Shuya Kikuoka?, Michihiro Yamada?, Shunpei Fujii',
Takamasa Usami', Kentarou Sawano?, Kohei Hamaya'?
E-mail: u614419h@ecs.osaka-u.ac.jp

Ge % V7= A E> MOSFET #3&EMHFZE STV D231, 77— b AKX v 7 fid & (RIR CfER§
LKA B 5728, MOSFET EICFE A OFEN R > TW\5. b L, &It ON/OFF il &1
JIFHI N R b 2oy (BTBT) {ZEOHIHZ 1 L7z b oL FET(TFET)ffiE &, A EA
Bdfrz@lacEiud, Ay TFET OEHbHfFSND. AR, =L TR AREOBHIFER
HLBAAE LT (LSV) T34 AEER]IC TFET ORI & 72D pn BAHEE 2 fLAGA A
T, FRAEAMAREOBHNCHRER L7,

Fig. 1 IZ/E®L L 7= CosFeAlosSios/Ge-pn #25[(a)] & & D& E A9 5D LSV H1[(b)| DK TH
%. pnHEEIE n'Ge JE(140 nm, n=1X10" cm™) & p'Ge J&(7 nm, p=1X 10" cm®)MH kD, A BV
HEAJRIZ Fe J8(0.7 nm) & 5EfEMER A AT —54TH D CoFeAlysSios JE(10 nm)D 2 EHEETH D
[2]. BREHMEL LA V@EOREDTZOIZ, EFHRE—LIV YT T 7 41— Ar £ 42
T EAFH LT LSV T /3 ARSI T L 7=, Fig. 2 121X 295 K CHIE L7= 2 MRt A &
MEFEETRT. 8 KD 295 K O#IFHIZEHE VTR RFTA B UG5 IR, p'Gega /LT
WA, n'Ge JEDHDEGE[2] & g L TR Y NG5O 3Bl iz,

ABFZEIL ISPS BHFFE:(19H05616, 24H00034), SCHEHEE [ AV b o =27 R FAiifse i L

Bir o b U — 7 L5 (Spin-RN]) ] DX EZZ T T Thhi-.

[1] K. Yamamoto et al., Mat. Sci. Semicon. Proc. 167, 107763 (2023). [2] M. Yamada et al., NPG Asia Mater. 12,

47 (2020).
(a) (b) 0 ——
CFAS(~10 nm) z 40l
- 30
p*-Ge(~7 nm) % 20
| n*-Ge(~140 nm) < 10
Si 2ML) S
LRIV HT-Ge(~500 nm) 0
-10
LT-Ge(~40 nm)
20 ] ] ] ] ]

-60 -40 20 0 20 40 -60
B, (mT)

Si(111) substrate

Fig. 1: (a) Schematic of the cross section of the grown FM/SC  Fig. 2: Local magnetoresistance
heterostructures on Si(111). (b) Schematic of the fabricated LSV  curve of the fabricated device
device and terminal configurations of four-terminal nonlocal and two-  at 295K.

terminal local magnetoresistance measurements.
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Formation of methylated germanane layers by molecular beam epitaxy

BKRBET !, ARFKEH?

Ol B, R —F 1 Sl BAL RT @B, piE B2, R AF!
OAtsuki Nakayama'!, Kazuho Matsumoto!, Shigehisa Shibayama!, Mitsuo Sakashita’,
Osamu Nakatsuka'2, and Masashi Kurosawa!

(1. Grad. Sch. of Eng., Nagoya Univ., 2. IMaSS, Nagoya Univ.)

E-mail : nakayama.atsuki.r0@s.mail.nagoya-u.ac.jp, kurosawa@nagoya-u.jp

(AREF=R] BHELZ Ge R BICAT NVIEEEMLIZ AT VLT V~TF 0 (GeCHa) I, KFE(LT LV~
F2 (GeH) IZ bRV ENEITEN D ZERNHLIEIR > TOB[1]. AT, 2317 Si R Ge ([ZHEAEW
EALBENE(1.4x10* em?/ Vs (7 — AF =7 H 2D EFF 2L TRISTRY, Wt RCEEERE L To
JIEABRHRESH TWA. BATHFZEDIZEA L IZB W T, 7L —2ROREHE T T& -, &I T
1%, 7L —21 GeCHs &2\ 77— RN T D ARZ BT = O IE LB BN (380 em®/ Vs@
) BMESILTOD[3]. Fex 1T, O AR H AL HIH S AT IR O -V iU, BE)
EORFHEORIAFL RS 2 DEEZTND. ZORNPMHVELT, AT FRoE X% —iEICIY
TER L7z CaGe, “EXF v /L@ GeCH; HEDTE I BVFHLA T O THET 5.

[REAEBIUHER] GeCH; HEOE R TIEITLL F O THD. 7 e a5 —ika A,
Ge(111)FEM 1T CaGe, IR (JEE : 20 nm, FEARIRE :560 °C) 2R L=, AT VIHERi T o A%, 7
L— 73 BHI BT 2 AT [4) 2 55 1 T o 7. BRRIICIE, |iR-ZBRFHKPITR0 T, HEE
Blaa—RAZ R (CH3l: HoO: CHsCN=3:1:6 (/L L) ) 12 4 H IR IESET-. %12, R LI Cal,

ZE RS /-6 CH3CN T L7-.
X BREHTEXRD)E V-, EIFEGCE O A5 i & 25

fliL7z. CaGe, HME DL, FEIHF A 20 = 17.36° B LT GeCH, 002 \\

35120122 4 2H-CaGe, 002 33118 004 IR BESH Y i \\

L —rEillsi (Fig. 1(a)) . I—RAZRRICER T engpgrtt | T
GeH 002 '

%, ool —213EkL, BrfA 20 = 10.09°
|2 GeCH; 002 |ZJF @ S o /- iae— 7 3 HBLL - (Fig.
1(c)) . ZAUTHRFBHI B T2 AT ZE[ 1D & —
5. £72, GeH #@IEEID 002 DEH (14.87°)
[S1EOBIRA BEERNIALE L TR, AT /VEAEMIZLE
[ EERED 47%HKIZ% )72 (GeH:0.60 nm—GeCHs:
0.88 nm). LA I, JEREEEHZ BT, I—RAX IR

Log Intensity (a.u.)

Ge 111

L I S e T

(c)GeCH,

S

a)CaGe, f\ | “I\
N

PRI BRI B

© 2024%F [SRYEES

10 20 30 40

RARIZ 8D GeCHs WEOTE Ak fgid TE 7z 26 (deg.)

(B 1AW SR D —581%, JSPS B (Nos. 22H05456, 23K 17760,
24H00850) |2 L FEisivELTz.

[$E3CHR]1[1] S. Jiang ef al., Nat. Commun. 5, 3389 (2014). [2] Y.
Jing et al., J. Phys. Chem. Lett. 6, 4252 (2015). [3] Y. Hiraoka et al.,
Jpn. J. Appl. Phys. 63, 030905 (2024). [4] Clement Livache et al.,
Appl. Phys. Lett. 115, 052106 (2019). [5] #AA—#5, & 71 [E)S
FBRF RPN, 23a-22A-2 (2024).

Figure 1 XRD 26/® scans obtained from CaGes
layers on Ge(111) substrates (a) before and (c) after
methylated treatment in the iodomethane solution.
The immersion time was 4 days. For comparison,
that for GeH layers synthesized from CaGe: layers
is also shown in (b) [5].

13-140
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{RAT GeSn WBHEFERDHERKIZR 1= Ger- SN, TE X F L ¥ LD RELE
Surface treatment of Ge1xSny epitaxial layer
toward the formation of ultra-thin segregated GeSn crystal
AXBRRL', EEXE? BAXEIL® BHAaXMREL
oA A, KH R4&? B £ RE EX, WT @B, FIE B, £l BAR'
Nagoya Univ. !, Fukuoka Univ. 2, Meiji Univ. 3, MREL*
°Taiga Matsumoto?, Akio Ohta?, Ryo Yokogawa®*,

Masashi Kurosawa?, Mitsuo Sakashita!, Osamu Nakatsuka?, and Shigehisa Shibayama!
E-mail: matsumoto.taiga.k0@s.mail.nagoya-u.ac.jp, s-shibayama@nagoya-u.jp

[(ARER] FAN T 7208 LTHEBZED TV BIVEE _RTEMEIOFTYH, Fxids i~
IRV BHICRERN RX Yy v TE2HTHEEX LD GeSn iizidifEE (GeSn-NS) D& RkAE HiF L
TW5. KAHPTHLEERY CIVIE IR ITTH BHE B3 AT RE 2 R EHRATIELAZ IS L, 24 E T,
Al/Ge ,Sn(11D)FEE 7 B O E HRATIEIC L D, GeSn-NS NA K AIRETH H Z & A EFEL =B LavL,
GeSn fREHT/EIFIEMEMHE TH Y, ZTORAMERRETH D, AllGer «Sny FHifIIZ GerxSnx DEEALI 3
ELTEY, ZHBNEITERE LAl OfEmECERHRBAGICEEZ 52 TWbH EEX LS.

ARFFE T, RHT GeSn-NS f S bz T 7= 0 & LT, Al ERTO GerxSny T B & % 3y LK
DRI EZ R L, B EEH L7V GeSn RT3 sk 2 Al REME A B H I LD THE T 5.

[ERMERFIE] Ge(110) Hab B2/ F#r— £ % % 3 — (MBE) #4512 & 0, J¥/E 20-30 nm @ GeyxSnx(111)

(Sn #173%:10%) %, FREIEE 150 °C T EX £ v Lk Lz, W T, BIrifselaE 542 1%
R 7 v BRI (DHF) X°, DHF 3 X OMERE (HCl) & OIRATRIE & VT GeSny R B L ¥R &
Mt L7, 0%, IEUNEGKETEIC TR 30 nm @ Al J& %, HERSIRES 100 °C CHERS L7-. — etk
TIE, Al JEHERERATIC 300 °C, 30 min O HEZEHNEGLERIZ K 5 F ek & 520 L7z,

[(#ER B L UEMR] Fig.1 1, DHF IZxf LT HCl Z 4k~ 72515 TIREG LT EIRICIRIE L 7% 0 GerxSny
KD, Ge BLV Sn bW OFIE &5t d 2R FH/1BMEE (AFM) B4 75~7. Ge 35 LT Sn i fk
MOEIEIE, XBAEF5 (XPS) 1D Ge3d BELUSN 3ds, HEF ALY MaHEGL, 0ffiod
E—21Cx 2 b e — 7 OmFEREICKHE T 5. HCIREFERIZ E b 720y, Ge 38 KXY Sn #Kifi
R b3 P2 Z L 30D . KR HCHIREED 20% D56 TiX, AFM %5, GerxSnFrfi D
ki ERBEDENTZZ £ D, BALWBAIICERE
TEXZ LR EIND.

Fig.2 1X, Al ZHEfE L 7230kt XPS Ge 3d 35 LT
Sn4d WFEF AT bV THS. DHF ODBDERBGE
HCIE, FimWAT GeSn iZ, Ge I LY Sn b s coeme @
’é\iﬂé@ﬁzﬂb, 20%-HClI k DHF k@{ﬁé\{g(& ° w/o DHF* HCI(lO’o)+DHF HCI(200-/0)+DHF 0

0.15

w
IS

o
o
5]
n
o

e ?

Ge-O/Ge-Ge

=4
o
@

IS
o

Area intensity ratio of
Sn-0/Sn-Sn

Area intensity ratio of
Ge-0O/Ge-Ge

RIE L 72 IS BLZE MR A 1T o 72O T, (AT T e oars waton i 0 110
WOEERIMEZIKB TE AL ENShoT-. Fig.1 Area intensity ratio of oxide peak and 0* peak of

Ge1-xSnx surface and corresponding AFM images after

U LEY, DHF & HCl DREEIRD GerxSny P immersing into DHF and HCI mixture solutions.
FHBAYFREICAED THD Z &, BELO GerSnx
DOFMERFEOSEI LY, HIT GeSn D& Ak

IV DBREBARETH D Z ENpnol.

[1] M. Kobayashi et al., JJAP 59, SGGK15 (2020). [2] K.
Matsushita et al., JJAP 61, SH1012 (2022). [3] FAAZR b,
2023 4 % 84 In] MY (FKF) |, 22p-P03-1. [4] M. — — —
Bouschet et al., Microelectronic Eng. 253, 111663 (2022). Binding Energy (eV)

" ] I Fig.2 Ge 3d and Sn 4d core-line spectra normalized by
AMFSEIT ISPS FHFE: (BEERAOMIZE (Wi3F), 23K17745),  Al-Al signals of Al2p spectra for Al/Gei—Sn«(111)

—iEF v WM, JST PRESTO (JPMJPR21B6), JST  structure subjected to the surface treatment of (a) DHF
CREST (JPMJCR21C2), JSPS &2} (5% B, 21H01809, immersion for 1 min and (b) DHF and 20%-HCI
20H01524) 4B %2 F CEM X 7. mixtures for 5 min and vacuum annealing.

Ge 3d, Sn 4d Ge-Ge Surface treatment
before Al deposition

— DHF 1 min

— HCI(20%)+DHF
5 min

Vacuum anneal
(300 °C, 30 min)

Normalized intensity by Al-Al
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Passivation of grain-boundary-defects in Sn-doped polycrystalline Ge thin films (£50nm)

by post annealing

K- VAT LER B K TE RER, RBE KR, AE K
Kyushu Univ., R. Hashimoto, T. Koga, T. Kajiwara, T. Sadoh

E-mail : hashimoto.ryu.521@s.kyushu-u.ac.jp
[IXCHIZ] EPEREMNRT A AEBIOT=, Si KV EF+ ) 7BBELZ AT D Ge HEH
SNTVB[1], Fxid, IR EICBT 2 Ge MO BN E ZME L, i Sn i &
vy TBIOTHEOMINC LY Ge WIRIEE:<S0nm)DBEN L3 W L35 2 &2 50
WL T&EZR23], Ll BEERH ET2600, v U TREN EFT2HEGH S0

[/ > TWDH[3], Al WA RT =—/LizL W Fx

T EE DRI A S L 72 DO T 5,

[EEAE] A5 FM EIZ a-Si FHI(EE: 10nm) % HEFE
L. Z® EIT a-GeSn JB(Sn:fRFE 2%, E/E:50nm) & a-
Si & v v 7 (5nm) & HERE L 7= (Fig.1), T D%, N H T

EVILER(450°C, 20h) &2 4T - 7=,

[FEREER] BWLHBZEOREOBIIE L F v
U 7% Fig. 2 IZ”SPC”E L TRT, @V
ALK 300em?/Vs)Z R~ g 25, Fx U TIRED
) 1x10'8em™ & @V, v U TIREOKEZ H
L. NoHHCRA 7 =—/1(500C, 4h) & 47>
7=(Fig.2 ®"PA1”), L2>L, BEIE, ¥ U7
BEEHIIFEAEEL LD o7, RIT, F
Y T EBRELTCRA N T =— L &2F 7o 7=
(Fig.2 DPA2”), mWBEIEEZHEFF L DD, *
¥ U T IREDRK 50%bARET 5 2 L
ETpolz, RISRNT 21T - 1245 % Fig. 3 1R
To WA T =—N4%, KR T v TBEDK
36% bIATD ZEBABMNE o, ZD8
GBI, AN T =— VEFEHKHTICE TN DM
02 1T X DRI AR MDA B L4l T 5 &
Ez o5, [SCHER] [1]Miyao, JJAP 56, 05DA06
(2017), [2] Xu, APL 115, 042101 (2019), [3]
Nagano, MSSP 165, 107692 (2023), [4]
Kabuyanagi, TSF 557, 334 (2014).
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a-Si 5nm

a-GeSn(Sn:2%) 50nm

a-Si 10nm
guartz

Fig.1 Initial sample structure.
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5 200 J101 &
o - 1 =
> ] 5
= | I
8 1 ¢
o
100 { E
<
| &

0 ! 1 I 1017

SPC PA1 PA2

Fig.2 Carrier mobility and carrier
concentration.

SPC PA2
Eg (MmeV) 42 43
Qt (cm?) 5.6 x 10% 3.6x 104
N (cm®) 1.0x10% 4.3x10Y

Fig.3 Summary of energy barrier height Ep,
trapping state density O, at grain boundaries, and
carrier concentration N before and after PA2.
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SFREBERICES IVEAILIT A FEREORBIELRE
Growth of IV-VI thin-films on insulator by molecular beam deposition
WE - MEFSEEERE MANA!, SR KRF?

O R, Ik TR, E 183 '2 Ahmed Mahmoud'?, FH E# 2
NIMS-MANA", Univ. Tsukuba?
°Ryo Matsumura’, Qingiang Zhang', Bowen Ma'2, Ahmed Mahmoud'?, Naoki Fukata'2

E-mail: MATSUMURA.Ryo@nims.go.jp Heater(T,,,)
[ 1Substrate
(%8
= B
QY

ZFA RN, IR T VAL RKRGER, VT LA

F o mMOARM 2 L EIEVISABA IS TWS, ZORK K %
} Fig. 1 Schematic of

FFIEE UTKHIEL], BUSAR Yy 2V o ZERIERHE S the experiment

TWDN, AEFE 2 LS WVEZE CIFFHERIS IR T | R

A & BAF 7253 T HRHERRIE 2 W5t L 72D THE T 2,

[RERFix]

100 nm JED BRI A 43 5 Si(100)Hatk 2 Pt itk . o0 F#rife
FEAE & (N — A E:~100 Pa)lZ TEEMINEY Toww: RT-5000C)Z 1TV 72
A5 Sn & S ZHHA L. SnS HERTA 772, Sn fiHRIR S LTI
G — 2 KBz Hne—F, BHOS 5 FIERISHEICSE D
8 BIRMEE A M D728, S ZAFIRD I Ar 7T AvRAEEL
B4 577 vxr7vVEROEFig 1],

[#&] s Aasen

% OFCEED XRD HIERE R %2 Fig. 2 12737, Taw: 25 30 35 40

o 1 el o e - 3 . Fig. 2 XRD result of samples
200-300°C [ THERT L 72RUBHIF 1T SnS@O0)HBRD B =7 2% ppricated with various Tow

LA Z 41, SnS ORI RIE STz, — 75 Tsub: 350°C : [ 400°C
PUEDORETIIE — 27 28HE LTV D23, R O 00 ..
FER. 2B OFREFCIE SnS IO R FER Shvi- 2

At 2 Z(SnSy) Rt 7 v~ =17 IN(GeSy) 72 E D IV HEH L = 5 <

r 100
9 80
L [Fig 3 TAUREHORE ERICHES SnS OFK B O ;@.Sﬁf. 60%
RIS % L %2 bR s, EB0T0 Sus flsiblc €50 | | 8
SUNTIE SnS DILFRAILZHER LT 5 = LA%HB o o5 [ANIOKIOSS | 2 E
L 7-[Fig. 3], 4 B IXFRITFEZ W T GeSk il R 2 il A 72 0 , 0
ERICOVTHBET 5 TETH D, 0 200 - 400

Tsub (OC)
[1] Q. Zhang et. al., ACS Appl. Nano Mater. 6, 6920 (2023) Fig. 3 S concentration and film thickness

after deposition with various Tg.
. V== st IS ES sub
[2] FREFAMEAL, 55 71 FIGHES 23p-12L-10 (2024) Photos of samples are shown as insets.

© 2024%F [SRYEES 13-144

15.5



19p-B5-11

High Pressure Annealing Towards the Solid-Phase Crystallization of Thin-Film

Germanium Sulfide

National Institute for Materials Science - Research Center for Materials Nanoarchitechtonics
(MANA)!, The University of Tsukuba2, °Ahmed Mahmoud!2, Qinqiang Zhang!, Ryo

Matsumural, Naoki Fukatal?

E-mail: mahmoud.ahmedmohammedfuad@nims.go.jp

Introduction and Background
Germanium Sulfide (GeS) is a direct, 1.65 eV-band gap
semiconducting material with a 2D staggered layered structure
reminiscent of Black Phosphorus and huge potential in
optoelectronicsl!l. Previous GeS synthesis attempts have been
limited to randomly sized and aligned nano and microstructures
that can prove challenging for device usagel2.31.
A systemic procedure for the synthesis of controlled-size facet-
aligned GeS via high-pressure solid-phase crystallization is

Gas Gas
Inlet Exit

> >
®

Thermocouple

Substrate
_—

FE8SMLAMELEUTHMERS BRTRE (2024 KEAYEEI2RIBETVI(Y)

investigated in this work.

Copper Plate Heater
Experimental Procedure PP

Films of germanium and sulfur simultaneously deposited onto
silicon and quartz substrates via molecular beam deposition were
heated for varying lengths of time at up to 400 °C under one and
five atmospheres of flowing pressurized nitrogen gas. The reaction

setup schematic is represented in Fig 1. Tb 2l

Fig 1. lllustration of the high
pressure annealing apparatus

Results and Discussion

Fig 2 showcases the clear effect that pressure has on the
reaction; Fig 2a is the as-deposited germanium-sulfur. Annealing
at one atmosphere and 250 °C for even 30 minutes causes the
deposited material to vaporize (Fig 2b), in contrast to the five
atmospheres that resulted in the intact film of the sample presented
in Fig 2c.

Auger electron spectroscopy helps explain the progression of
the annealing process. Clean 1:3 ratio Ge:S is observed in molecular-beam deposited germanium-sulfur
(Fig 3a). On the other hand, 1:1 Ge:S regions have been observed in samples that have been heat treated for
four hours under five atmospheres (Fig 3b) even if the surface appears to be dominated by germanium-rich
layers. It is also interesting to see sulfur migration from the typically hotter film-substrate interface.
Research is ongoing to determine the crystallinity of the resultant phases.

Fig 2. On quartz; as-deposited
(a), annealed at 1 atm (b) and
5 atm (c) films

(a) 100 — Go S — S (b) 100
£ 75 £ 75
o) o
s s
- 50 c 50
i) Q
3 . -*5
g 25 "~ 8 25
S IS
o) o)
o 0 R— , Sr— O 0
0 150 300 450 600 0 150 300 450 600
Depth (nm) Depth (nm)

Fig 3. Elemental composition profiles of molecular-beam deposited (a) and 400°C, 4hr, 5atm-
annealed germanium-sulfur (b) determined via auger electron spectroscopy

References

[1] Sutter et al, ACS Nano 2019, 13, 8, 9352-9362 [2] Zhang et al, ACS Appl. Nano Mater: 2023, 6, 8,
6920-6928 [3] Vaughn et al, J. Am. Chem. Soc. 2010, 132, 43, 15170-15172

© 20245 [CHYEZS 13-145 15.5



19p-B5-12 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

FILS =) LMIKIC & 59 —75 GeS HIED R &
Growth of Uniform GeS Thin Films by Aluminum Catalyst
MR - HPEBRBE 57/ 73T PO AMHBRE V2 —
Oif 4, BN X, FE HHE
NIMS-MANA, °Qingiang Zhang, Ryo Matsumura, Naoki Fukata
E-mail: FUKATA.Naoki@nims.go.jp

[Background] @) Tyoekl

Two-dimensional layered semiconductors have been considered as

one of the candidates for development of next-generation functaional Siy/Si
(b) Zone 1

electronics and optoelectronics . Previously, we introduced the Svawvaw S
GeS source A3 'Substrates)
synthesis of large-area germanium monosulfide (GeS) using the 2 P

pre-deposited amorphous GeS method 2. However, it is prone to

forming bulk-like GeS clusters compared to GeS thin films. In this

Temperature (°C)

abstract, we proposed to use the aluminum (Al) catalyst for growth of

&2l
4o

uniform GeS thin films restraining the formation of bulk-like GeS
clusters simultaneously.
[Experimental methods and results]
Fig. 1(a) shows the substrates with and without the deposited Al

catalyst. Then, the substrates were loaded in a quartz tube to grow GeS

using the vapor transport method with Tc1 of 440 °C and T.2 of 420 °C
(Fig. 1(b)). The growth of GeS thin films without the Al catalyst shows

. N 0‘. é fl ‘v|
? g o B | |‘ \
- | o EsdsE (L W
a large and black area consisting of the bulk-like GeS clusters (Fig. i ~G%S- ,.;.._"..-,., e Zosezowy |
2(a)). The bulk-like GeS clusters can be significantly restrained by »Si(f),\zlLSi ';g:-i'. 100/pm. |
applying the Al catalyst layer before the growth of GeS (Fig. 2(b)). © I/S\lgz\/-f\ Ml TyPe 2initneating
o Al
However, a large number of holes are observed in GeS films. This can _.,AI? <l !
SiQJISi o
be further improved by heating the substrate at 120 °C for deposition of = £ ‘: :;\0"270 .
G‘e—s a1mans' cm™
Al catalyst (Fig. 2(c)). The achieved uniform GeS thin films is likely S'i'(QEIIS'i - :'ﬂoé ur:1

ascribed to the higher density and less grain boundaries of Al comparing Fig. 2. Observations for the grown
to that of without heating. The insets of Raman spectra indicate the GeS thin films.

crystallization of GeS thin films in good agreement of our previous studies. The growth of GeS thin films
with a target thickness of less than 30 nm is being optimized. Other results, such as the evaluation of the
thickness, surface condition, substrate effect and so forth will be presented at the conference.

[1] E. Sutter et. al, ACS Nano, 13(8), 9352-9362, (2019).
[2] Q. Zhang et. al, ACS Appl. Nano Mater., 6(8), 6920-6928, (2023).
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ILF IV REXTMERFICAIZAIT =
iR Ce BRDIERSREBHNAFDORE

High Power Factors in Low-Temperature Polycrystalline Ge Thin Films
for Flexible Thermoelectric Generators
THIRAR: HEYE - HRAE! RER! HMAEE!
IUniv. of Tsukuba: K. Nozawa?, T. Suemasu?, and K. Toko!
E-Mail: nozawa.koki.td@alumni.tsukuba.ac.jp

[IZLHIZ] ZiEdh Ge IZZ DN RE ¥ 7 ICHEIA
LC, BREEREISE LI IREH CEWEAEMREZ R T,
Nz T AKIRARS AL (< 500 °C) 23 AIBEZRT-8, 7LF T
IVENE SR 1 ~DEFL IR SV TET, L LD,
ENERHEICER e, MOWBEINE AR L KIR TOR—
NUNMEMAGIZ RSN TI oz, — T I,
MR EEOREIZED, T TAF I OMHENRE LT T
EBENE Ge fiAFEBIL TX7-[1-4], AMFFTIE, F—3
VINERIREAE LT Ge BECKL CEMREZ L,
BROFEFR, T TATF w7 OMEBIRELL T 72030, @B H)
FEm¥ X VTR EEZ TR T HLEBIT, IV EZAEE
REL TREDHDRT (PF) NMELNZO THRET 5,
[LERAR] HIAHM LT Ge LR— 30 (n BL:P p
' Ga) AR K& L, FEd'E Ge 15 (200 nm) 2L 7z,
ZIHFBHIRTL T, No ZR A5 TEVLER (450 °C, 5 h)
Zhil ., FEFHRRZFE LT, 0%, Ar RS TRA
~7=—/L (PA:500 °C, 5 h) & fiti L 7=,

[(#ER-BR] 1DIC P IRINCED n BURERIEZTT-
72 (Fig. 1), BT 1% 1018-10%° cm 3 O PHCHIEIS L
HEEHIT, B BE IR IZILECT 2 E S5 T
W5, T, PF X, ER-BRE L KR, ik KT
2940 pWm K1 235351072, fiV VT, Ge lZ LT Ga ik
MZEAT, p AUREHIE A 370 ~7= (Fig. 2), FBXRUFFME
1% Ga WSINEESHEREIRE I BN, £, Ga i
M Ge IZFBWThH, HifE f Il 2D EKFEDN T,
PF X B AT BRI EA SR L | B K C 1210 pWmt K2
DELITZ, ABFZED Ge IR mE AR EICH D
57, mlik (>1000 °C) TH LI PF IZPLH- 8
LTHY, ZLF I NVBELEMBFORREIZHFLSTDL
R TH D (Fig. 3), M HITA Ge #ilEA AW TIERLTZ
TUX VTNV TR T ORI OV TH IR E T D,

[1] K. Toko et al., Sci. Rep. 12, 14941 (2017).

[2] K. Nozawa et al., APL. 122, 201901 (2023).

[3] K. Nozawa et al., ACS AELM. 5, 1444 (2023).

[4] K.Nozawa et al., Adv. Elec. Mater. 2300875 (2024).
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Fig. 1. (a) Electrical characteristics of Ge as a
function of P concentration (Cp). (b) Benchmark of
n-type Ge, with the dotted line indicating single-
crystal Ge (sc-Ge). (c) Thermoelectric performance
of P-doped Ge.
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Fig. 2. Ga concentration (Cca) and deposition
temperature (Ta) dependence of (a-c) electrical and
(d) thermoelectric properties.
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Fig. 3. Comparison of PF at room temperature

obtained in this study among (a) p-type and (b) n-
type polycrystalline group IV semiconductor .

15.5



19p-B5-14 HE5EEFANEF AT LIRS WETHE (2024 KRAVLEN2RIBEAYSMY)

BHEmGe BEORIRARE 5 A LS IBREDEIERE
Thick polycrystalline Ge layer synthesis and first demonstration of photoresponsivity on glass
HRAR', PRENMEE? OffE EXE'?, Bl R, K& £, BF K’
Univ. of Tsukuba, °S. Maeda, T. Ishiyama, T. Suemasu, K. Toko
E-mail: maeda.shintaro.tg@alumni.tsukuba.ac.jp

[IZCHIZ] A KEEmOIKaTAMEIZIL, Ge
LG LT DRI RS S A B2 22 il
A Tl A A NN e e I B BB (51 3TN

D Ge HEIEIZIRBWTIE, RIRC XM 7 72~ A= —
NI W E DG LNTHT B0, ZIVET 3
2 (X R EIEIC BT, HEREREINZA[1], Sn
TRIN[2]. T HE OFF A [3,4]. B3R AEDOHIE[SC X -
0, Zhkah Ge O BRI IR IR K b & 2

L., EX V7T BB EE RS CE, 4l Z -
NHOFEZTELT, &R HERKIE -5 X .

Ml BT e &I, 23 R D FEFE L KB 7 c
DIERLAE R AT,

IS
o
o

nNo
o o
S IS)
Hole mobility [cm?V-1s-1]

o
o

Type A Type B Type

u

=
* e - [ . |MBE'Ge |
[=ERAE] B Al 22855 L7- Si(111) 3R SPC.Ge :
&L TEBEMEL T TiN A 72855 L= SO, FEMRIZ, Si-sub, Si-sub, Si-sub,
R ) Si THE (-1 m) £a-Ge(Sonm) &7 7 g 1 Sample Stucture, 8D anabs and ol effc
PRHERIL7Z, t?‘:]‘/‘ a-Ge %61 1%5 °C TINZHERT on high-resistance p~-Si s):ﬁ)strates.
LTWAH[1], &I, Ny 5 PH A H1I2 TRV B 80— I — — I
(375 °C) L CEFAALE (SPC) ZFBHLL . Ar ZRPHA
HCRARNT =—/1 (500 °C) Z#{T->7=, IHIZTEH
X v /LRdR (MBE) 128D, —BepE TN E (&
7t 500 nm) R L7= (Type A) ., F7=, D728
(2 Si BN EETE XX Uy Lk RS B
i Ge TR (Type B) EHEFERFINELE LRV MERD
FEFHE R Ge R (Type C) & & L7z, 70 YR

N
o

Type A on SiO, sub.

- Wy
g% N

Photoresponsivity [mA W-"]

C \-
WO, I ITO B hA A L1z, 0 e -

| | | |
[ﬁ%_%g] Fig. 1 XY a-Si 0%’?@)%0)1%)\&&}: 400 600 800 1000 1200 1400 1600 '1800

o - S bl Wavelength [nm]
DXy LR 2B 1L L7508} (Type A,C) T Fig. 2 Photoresponsivity for three types of samples

WX, BRIV SR RL T 528 MRS with a bias of +0.5 V applied.

oo FrIZ Type A CIIFEE ZINBHERT 3524 T,

KBIBAL T DR HBLL T, FERRIEIIIERTE (Type C) EHHRL T—HT LA B REL R FE FEAS
RERILL 722 ED3D, BERBVFHEEZ R L 72 /G SR R 07 787 2 REEIZE> TR T p AYRE
ZRLT2[6], HfE AR5 (Type B) TliE Si FEARED T RESITE K L2 K BIZLY, EFLE E N E<
(~10'8 cm™3) | IEALBENE RN EE 2 DD, ZiEamE CITRARE E ORI, 7787 2 K ao
e mBE E LA 725971,2,4,5], L7203 > T, IDIC KR EZRE RO 268G A G L. 25|
SHRERDRDEBALLIZ Type A THROIRWIEFEELED @ IELBBIE NGO, 50 R
Z R L7285 5 Type A IZH8UVT Ge F1A ORI R A COWMUTEL K 553 HILEE AT ML D3RR
AU, SHIT Si0y HARITEBAL 723580 0 R EE D iR STz, — 5 C Type B Tl Ge/Si FIZIB N
T, Type C TITRIFUZIBWTHR YU T OGS DBE Th-o7o720 0 HEE NG LN/R o To S HEER
END, Lh b ATAHM EDLAES Ge WIFEIZIBWT, 1D T RREEFIELTZ, 24 B I3y e
DIB725[M EIZWNTTZ Ge BOEREAGIZ DWW Thikam 3 2.

[1] K. Toko et al., Sci. Rep. 7, 16981 (2017). [4] T. Imajo et al., ACS Appl.Electron.Mater. 4,269 (2022).
[2] K. Moto et al., Sci. Rep. 8, 14832 (2018). [5] S. Maeda et al., Cryst. Growth Des. 23, 5535 (2023).
[3]1C. Xuetal, Appl. Phys. Lett. 115, 042101 (2019). [6] T. Imajo et al., Sci. Rep. 8, 14941 (2022).
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Si WEO-REBSECH -REWEAIZ& DR E-

Application of Si thin film to the anode of rechargeable battery
-Improved properties by insertion of interlayer-
FEKBE Ok X BR AE #%k BE, X& 8 $F X
Univ. of Tsukuba °Y. Eto, K. Nozawa, R. Ito, T. Suemasu, K. Toko
E-mail: s2420271@u.tsukuba.ac.jp

[ELHIZ] v b Basso siiiy/ 77740,
R R S S T R SNBSS

tA~OIEHL RSN THD[1], Lo, ik
TEIEFEIZIITD Si IO RIGHE R L=
B BLORIBEC LB D LA iR
Th-o72[2,3], AWFFETIL, Si HEEOAMEFE
M A HFEL . SRR 5L im ~ 0 S fE i A %)
REFAE LTz, ZORER, FEHERD Si #ilEo
HIBERS PRI S D EEBIT, BHE 72 Fo B R
Da] FIZEENST-T- 035,

[LE&FE] Mo 5 LICHEE (C. Ge. Mo,
Fe. 4 10 nm &) & Si & (250 nm J&) 2 A/ #
HEREL 7= (Figs. 1(a), (b)), IR FEMARREFERE
filio>7=%, Mo { L Si %4 g Li &xbrmst,
TEMEIRIZ 1 M LiPFs in EC/DEC (1:1 v/v) Z W
7o e v ERL | RERBREIT o7,
FICRBHRBERTE D 720D . FEMEHR DL
o fiEL . SEM, EDX (2L EIO R HikERE LB

2T,

[BR-BFE] VDICKREOL —NREMEZ EL
L7 (Fig. 2), gL OFEHI B W T
60-80 VAV MZEBITHEEDP WA ED 30%
BREFTRTFLTNWS, — /4T, AmEfHAL
7o BHE 60 VA7V ETTHRIEE R L DK

b
si Si |
Mo sub, Mo sub, Sm'l

Interlayer

Fig. 1. (a) Schematic of the samples. (b) Photograph of a
sample after the thin-film deposition.
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T
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Fig. 2. Current-rate testing at current densities ranged from
0.1 to 10 C, every 10 cycles of the Si anode in coin-type cell.

SIS SN
; \’\§§: '

Fig. 3. SEM and EDX images of the sample surfaces after 20
cycles of charge and discharge at a current density of 1C.

© 2024%F [CRAYEER

B LARLRABE | RifE72RLOFEHI LT, 60 YA 27V LD LR BBIE R 25D,
S A LD Si ARREEE R EOFRKRZH ST L, FREEZOFEHIXIL SEM 44 EDX
B a G LT (Fig. 3) . BUFLIZG 0 Simfd oA BT, Si BT R AFERE 3% - IE R K Lz
BAHDHERTED, 22T, RlEOREIC KO RIEIENR2DT b, RlENBRDOELFITK
A B2 DLV, £, REERLOREHIRB W T Si O RBENEE [ b= — 5T, SiE
Jii 178 A L 7= 3B CUL IO B B2 2 R 2SR ST, — DRI, SR TR O AU L% Si iR
FROBEHEMER FIZEDbOEHEZEEL T,
VU b FimfEf A LD ST ARRrEO [ EIZREI§ 2L &6, Fethm Lo JFIR DS FIBER T2 H DT
L& FEELT, Y R A HE RO TR R HOWTh i 32,
[1] X. Su et al., Advanced Energy Materials, 4, 1300882 (2014).
[2] K. Nozawa et al., ACS Applied Nano Materials, 5, 17264 (2022). [3] X. Zuo et al, Nano Energy, 31, 113(2017).
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R J—2HR EERRIC & BHEL Ge-rich fBIEZE S
SiGe EIRED Si BEREADIEZ XYL E
Epitaxial growth of SiGe with thick Ge-rich regions on Si substrates by screen-printing and annealing
TRAKRBRRL, 2 ARKFEHEE, SHEFETILS, A IRKRL, S8 KRB
Ok BT, B EE, SHF KRE? BEAX R, 8K 80 @l /03,
HLY) Y TIVIY 3, ik B 125
IGrad. Eng., 2InFuS Nagoya Univ., *Toyo Aluminium K.K., *Osaka Univ., 5SIMaSS Nagoya Univ.

OKohei Ito!, Ryoji Katsube!, Yuki Imai?, Satoru Miyamoto'2, Shota Suzuki®, Hideaki Minamiyama3,

Marwan Dhamrin® ¢4, Noritaka Usami'> 25
E-mail: ito.kohei.n2@s.mail.nagoya-u.ac.jp

[EFR] -V R-ER S RGEMIL, FEEL &S v U 7 OBYLE K ORIZ L 0 K
B ALy ML DIREPAZIE R FRE TH D Z LD, HEEA KB A 2 5 = x /L X —ZH#5)
BRMFFCTX B, oL, BUTT m A TITHEME L TH T A MM EAEE Ge £ 721354 GaAs
EVEETHD, %Tﬁ"iﬁlﬁaﬁm%jﬁ&éﬁé TIHE = A NI ERE IR OfESL S M ETH 5,
ZIVET, Al-Ge ~— A FDORAZ U —HIREBERIZ LV | R Ge fHRZ AT D EHFEF SiGe
MR A Si R EICo AR U LR TEDL I LA L CE (1], Mo Y etk 2 TlE 1I-V
R gL LR BEE ATRETe Ge MR Z RBITE TR LT, IHV#%& KB B D VERLH o
AR &9 DI121E. B Ge fARAEARD S D, ABFFETIE, EET I 2L —va oS X
Al-Ge ~— A F OFHRL & BERGIEE 2452 L TR D 2 ﬂtk%i%iﬁ L. JE\ Ge-rich FEIEK % 1F
9 SiGe EIEO/ERL A AT,

[SRBITEE] Si(IID MR BT EH 60 um O Al-Ge ~—A R 227V —FIRI L7z, #, Ge & A
13 60 1 LU 80 mol% & uto Dtk 900 B L1050 °C @ Ar R THERR Z 1T 70, Ifk
2. AT F U 7 E AL EE (CMP) (2 X 0 RE D Al-Ge P A BRE L=, SiGe HiKD
Wi A 38 L OSMLER I SEM BIERIC L 0 3l L 7=, F7=. SiGe MIROREIRIT L —V —ILfE S
PEMEEE 221 L 0 58T L=,

[fE5R & 28] Fig. 1(a)lT Ge &4 & 80 mol%D Al-Ge ~<— Z k% 1050 °C THERL L 7354 DIk
SEM # % 7~3, Fig. 1(a) O FEIZXT 2% EDS f M oftF, 3B MO SiGe %H%EP Ge
FILAZ DS 80 mol% % HE 2 4 FEIN 2] 30 pm il L T\ D Z 03 -o 7=, LavL, REFRm AR
bleoTr 7 v BEE S (Fig. 2(a)). SiGe J8 L~ NIV fRFEREO~T o= E X 2 v L
WEAEZ22 LMETHS, —F. Ge &4 60 mol%d Al-Ge ~<— 2 k% 900 °C CHERK L 7=
A VB ] O SiGe FEFE AP 12 10 um O Ge #H/3% 7% 80 mol% % 8 % 2 fEI N2 X 1L (Fig. 2(a)).
WOBRIZ Y F > 7 OB 7eu SiGe WA B L7 (Fig. 2(b)), RO 7 T v 7 OFsEIL, SiGe &
Si <E ODMKH IRIRER D7, B D\ SiGe/Si RE O RESICRNT 2 L B2 b D, AT
1. BEEY I 2 L—3 g 2 HSW T SiGe/Si RO FABENRFEIREICR A L HITX—Z k
n‘ﬂﬁk&k&ﬁ%(mr%@?ﬂ L7z, o T, 77 v 7 OFERBEERNIL SiGe & Si DRI %EM%I@%T
H V., 900 °C TOMKIELELR D7 T 7%&%@&@1&{5& TN EHEHIEND, LD,
72 1I-V WI:/\%#MAS%&LAME TEMAERLZ AT, Al- Ge N2 MRS K OBERG IR %ﬁ%ﬂﬁﬂ
TAHZ LY. F Ge #7Z: SiGe/Si f}im%ﬂi@fﬁi_f PEDSR ST,

[BEE] AMFoRIE. ESZAFZEBRSE IE AT — % /L X — - FE RN G Bl F5 M (NEDO) D Bl il 5 3
(JPIN14004)F5 L TF JST COI-NEXT(No. JPMIPF2204) DX % 1T 7= b D TH 5,

[2#&#R] [1] K. Fukuda et al., Sci. Rep. 12, 13770 (2022).

(a)

SN S —

g,

'resudual Al Ge

>80 mol%GeI EFa >80 mol%Ge |

SiGe 50 um N T > In SiGe 20 ym
Si(111) sub. e NS -~ =} Si(111) sub. —

Fig. 1: (a) Cross-sectional scanning electron and ~ Fig. 2: (a) Cross-sectional scanning electron and
(b) laser scanning confocal micrographs of the  (b) laser scanning confocal micrographs of the
surface of the Al-Ge(80 mol%Ge)/Si sample after ~ surface of the Al-Ge(60 mol%Ge)/Si sample after
annealing at 1050 °C. annealing at 900 °C.
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[18a-C41-1]
KEXLIEZTVERAFT VEAZTIToIAH-SICROEEEENMN D UVEREHC & 2B R MEHLREEE

OFER Za'. XH F&". RE BN (1. HZHEEY%2—)

[18a-C41-2]
BIRILF =17 2EAIC K BRERMEHRERINGI D X 71 = X L#Ef

OFEMR B, RiE -2 miE EF3(1.L5ERA. 2.EE7F v R 3.4TK)

[18a-C41-3]
B—RXASVIEZFI vILHERICK D3C-SICERERM4RER &
Ofn# Es='. Rho Kongshik!. #&H £ (1.£IX)

[18a-C41-4]
SICREERICE T ZMEREE L FRREEDHOBF
OFZ fh—1. &E &' (1. AKEAH)

[18a-C41-5]
HIAH-SICOMEL — b E R FYEEICE § D &5T

Otk ST, & BKX'. KT AH'. 26 BB, FELBEZ $HA HEZL Lu Weifang3, kil 8.
e BEH, 58 ZE (1.2RWAEI. 2.E&ET R, 3.EFIX)

[18a-C41-6]
VTN ARY FWROEBEEBIELIERBEMSICHA A A —RAD T T L YL —H —B85Y
OHEME mME'. % =2 =EH =S8 (1. BEARAIR. 2. B EE)

[18a-C41-7]
SEEEERELIC & 3Si0,/SiICREE—XFRDORIEHIE

OM2)KLW fma'. 4 &3 (1.BEAEIH)




18a-C41-1

KRFLRXIVRAFAVEAZT o= H-SiC POEERIERLD
UV BRI & 5 1B R AR IR L3R

Comparison of single Shockley-type stacking fault expansion in 4H-SiC under
ultraviolet illumination after hydrogen or fluorine ion implantation

() ®Z iRt 42— OHE @7, KA &% #HE B
Corporate R&D Center, Toshiba Corp., °Johji Nishio, Chiharu Ota, and Ryosuke lijima
E-mail: johji.nishio@toshiba.co.jp

[(ZTDIT] 4H-SIC = EJg~DKFEA A FEANT L - CRIEmIEAL(BPD) S — =3 » 7 L—l
FEIE K MB(ISSF)ICHEIRT 5 D&Ml TE 5 Z & 3|l Sh, EFEMEREER O 7O O H & LT
HH SN TWD[1-4], JEEMGEE L LT, A A EACED SiZ T ) v TR ROz
EL, AT ENLF—DRENT v ELTEAFRITIRA TKREA A EADEA & AT 77,
[EB 1] T eREREMNTICN—7L0—77 LA (HLA)ZE, = @4 IZIFE®L7- BPD %
BTk 2 A, A A VFEACLDBEE—7ESZ06um b X HITkFE, 7 vERENTE
NOFENNRT RN X —Z Rz, BT 5 F—XEIT1X108em2 L L, 7 vH#EA T EADY
AT 1X10M /51X 108 £ T S E RN Zn 2 UV IS 217> T 1SSF A EiET 5k
ZPLA A=V I L VAT, -, IR IR R S I B e B TSR (TEMIC L v FHAI L,
PN 2 E B bRl U7z,

[#5 5] Fig. 1124 A EARTEORERE LT UV BHETO PL A A—V2RT, 7 v#EA 40k
A% TIHEEITFICFEEDHER STV HLA 26O PL BEBAHEEL L TEBY . KEA A VEA
2L D2 L R CHm 2 BEIC iR S vz, UV BREHZ X5 1SSF YRR, A A EADRNTN
N E BN DT EEORERWE S TOABE I, RS 0.6 um L TIXAFEIT>72 UV B 12h
O TR SN2 oTe, ZOBRITEEES 10 ym IZE— V7 RELAZEK T 5 L 01 772
RFEA A AENRBHI R 2 UV BREFE R[4 2 8L L T\ 5, JEiREE I, Fig. 2 IRT X912
IKBA AV DOEELIDE 7 v FBA AU IFEARRT 1SSF % FERR T X 7218y T O YRR FE 2 H1if
TONBEDORENZ BN oi-, £7- TEM (2 X 5 1SSF #LiEfE IR &1 Fig. 3 1R+ X 912k
MNMAUHEBIO R —=AEIEGFEL TWDZ ER™gholz, WTIUZ L THAREA A EALD
b7 v HEA A TEADIH 1SSF YERIZHT T 2 Mfi RO R E W L RSz,

25 R 1200

}? Non dose g Fluorine
E o[ ™"°" £ 1000 °
= £ °
2 L S o 800
S 15 Ten ° *
o g’ Hydrog
3 g0 T Peak depth by SIMS
2 1 ha £ i
g 3
o = 400
3 g
5 : Hydrogen 0.6 um TN
4 4
0 s o
1 x10% 1 x 1012 1 x 108 1 x 101 1 x 101 1 x 101 1 x 10%2 1 x 1013 1 x 1014
Flg 1 PL image Of Implantation dose (atoms-cm-?) Implantation dose (atoms-cm2)
HLA-accompanied BPD, Fig. 2 Dependence of ion Fig. 3 ISSF termination depth
before (upper) and after implantation dose on the 1SSF dependence on ion implantation dose.

(lower) F ion expansion rate.
implantation, acquired by
750-nm highpass filter.

[1] S. Harada, T. Mii, H. Sakane, and M. Kato, Sci. Rep. 12, 13542 (2022).

[2] M. Kato, O. Watanabe, T. Mii, H. Sakane, and S. Harada, Sci. Rep. 12, 18790 (2022).
[3] S. Harada, H. Sakane, T. Mii, and M. Kato, Appl. Phys. Express 16, 021001 (2023).
[4] W, KHE., 85, 5 71 EISHBEL TS AT FREE 23a-52A-8 (2024).
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18a-C41-2 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

BIRNF—AF VEANIZEL DBRERIGHRRIF D A h = X L@
Analysis of the Mechanism for Suppressing Stacking Fault Expansion through High-
Energy Ion Implantation
LEHEBXR FEFTYIRL (| BTKR3ORMA X', IR 2 Mgk ER3
Nagoya Univ. !, SHI-ATEX 2, NITech? OShunta Harada!, Hitoshi Sakane?, Masashi Kato?
E-mail: shunta.harada@nagoya-u.jp

SiC XA R—T TN, ATIX, TEX Xy /L@ AL 0K, (BPD) 2260
FEE K Ma (SF) OHEIENNES [A1FEZ S S, SiC /XU —F /31 2D JL#E 70 & & 15 % EK
D—2Llpo>TVH[1], Fxld, ZTHETOMREICHENT, FER e RIZHWHNLL 7 1 |k
VIEANC L - CL B RMEOIERIHE SN D Z L 2O L TE N, TOHMRA D =X
BTN TIEAH 72 B 2 [2-5], AAFZETIL, M= RAFX—A F U EANC L SR8 K FatiE
A D= AL ERAT B0, AV ULAET B FDOETRVT—A T FEAEITV, B
FRGTIZ L D K B draR 288 & 4 L 7=,

FERRIZIE, =Xy LEOBRIED 12 um, ZEHREE 8.0X10%cm™ D 4 47 4H-SiC = &
22X XNy = E Tz, 3.6 MeV OIIERERLF—T~U 7 A%, 095 MeV OJIEHTE R/
XF—Tru hrZEAL, D%, 1873K T30 OB 21T 72, XM INRT T 7 112X
DX Xy VBB LT RSO O E 2 R L. I & 355 nm O¥EIE % BRI TR 6
Wem? T 1 BRI 2170 X8R FRZ T 7 412k » THRBRMOILERE 28122 LT,

Figure 1 {13, UVIBAZO XBER 77 7 RSN TEBY, ~U U LALTm FrOEA
AEHZ BT SR KO PLsEMmEIh R 2 i L Tnbd, ~U A&7 e oo R— &,
TRIM =— RICEDHREICE - T, E@ND 9.5~10.5 um (281 2 BEALEAEY 72V O SR E
(Naefeer) =T D XD ITROBN TN D, FEXMILEOE#HZ WL E, ~) v A Ta b
YWTOEE S, RRMGED 5X 10" em? OHEITIEFEE K O YRR 52 RUTHNH 4D DI
RLC, AR MEED 5X108 em™? OBEIZIE, FBEKOILIENRZEEThH o7, 2O b,
FEJE R KPR 2R E T, A SNAA A UL O, BASND HRMBEOREICKHST 5 2 &
D ONERD | B RN X —A T EANIT L - TR T 2 SRS, FERE K MEIEEO MR
WCEHBEREE 2RI+ 2 LR ST,

[BifE] AWFZE0—#83. NEDO BicHi2é (JPNP20004) o 3H 4 5 \F THEM S u7,

(&% 3CHK] [1] A. Tanaka et al., J. Appl. Phys. 119 (2016) 095711. [2] S. Harada et al., Sci. Rep. 12 (2022) 13542. [3] M.
Kato et al., Sci. Rep. 12 (2022) 18790. [3] M. Kato et al., Sci. Rep. 12 (2022) 18790. [4] S. Harada et al., Appl. Phys. Express
16 (2023) 021001. [5] M. Kato et al., Jpn. J. Appl. Phys. 63 (2024) 020804

Helium

Naefoer =
5x1013 cm2

100 um
Figure 1. “FHRKRMBEE 5X10M cm? D(a)~U 7 A7EAGREL (b)7' 7 b B ARE S| P
SR E 5X 10" em? D(c)~ U 7 AEAREL, (d) 7 1 b EARE OSSR % D X i
NRTZ 7 4,

© 20245 [CHMIEES 13-057 15.6



18a-C41-3 HRSEBANBEAUSLMBES BEFHE (2024 KEAVLEN2RBEAFV 1Y)

BE—FAMVIEZ XY vILERICK % 3C-SiC KiztEERER £
Performance improvement of 3C-SiC photocathodes by growth with a single domain
epitaxial layer
£IX OmnfkE IES., Rho Kongshik, #H %
NITech OMasashi Kato, Rho Kongshik, Jun Fujita
E-mail: kato.masashi@nitech.ac.jp

3CSICIFNT =T R AL LTOHRRBLT, KGRI OSCREMm L LT b IR S L2 58
ThH D[], 7272 LERO =R L X —BHNRITHGRIC TR END DL 0372 0K [2]. £
DJFK L LT 3C-SiC OFEMICRIENZL EENTND Z ENEZ HNDH[3,4], 4H-SIC FAR i
3C-SIiC & 3L, Si BRI~ FEBRMEEMEBTE L0, X TNAVRY v a = 7Ry
AU —(DPB)BSRAETH E VI BN S 5, WHEIZHE VT DPB 1ZEMRIC<I 100>F 1m0 4 7
AEEANTHZETRRTED ZEBME SN TND[S], £ 2 TR TIX 4H-SiC FENRIZ
<1 100>HEDOA7AEFKR L, TEZ Xy VEERETD 2 L TRBROMERERN 27,

FREHT on-axis iR 4H-SIC Fofk B2 S 72/E S 100um @ Al K—7 p A 3C-SiC = &%
F ¥z (Na<1x10%em?) MoUIWHLZbDTHS, 7272 L, HAK EO—EBIZR DT
BEIZ L0 (0001) Si A H<1 100>FAIC 0.2\ TH Y | on-axis & 0.2° off Ffi Eo— & F 3
YVED 2 FEPAET D, BtOF ¥ U 7 FamiL, 355mm O/ VA L—HF—F e~ A 71
P AR R (u-PCDYEIZ L W IE L7z, T/AUNI A—=3 v 7 a2 7 ME, KELEZDHKOD Ar
HAH 1000°C, 5 BEOT == Lo TRHBt O = ERANC/ER L7, SLESEFRrEOHIE I
3 WA THEM L, BAREIZIE 1 mol/L @ HaSO4 KAk 2, i E LT 100 mW/em? D Y —F — 3/
Rab—Z—%fH LT,

Fig. 1 I3 E %% -5 EGELIEIET (EBSD) CHIZZ L7-/ERTH U | ()l off Jek L. (b)IZ on
B EOTEED RAAL U~y T HRT, off st D& DITREMNE CEsa LD RAA U Th
L3, on HR EDHL DI, TV X LI RAAL U ORERFTMPKEEL TEHY DPB BHFIELTNDH D
ENDIND, DED | <1 100>J7 D off Z#HEANT 25 Z & T, 3C-SiC D KA A v ZH—ICHIE T
el ERNboD, p-PCDIEIZ LV IE SN v U 7 FaiL off K L= g T 120 ns, on H:Ak
O EET60ns THY, B~ RAAL MLIZL D XX VT HEMBPEL RoTNDHZ ERbo-o
7oo WEKULFFESL Fig 2 1T, HEIRD off K EOZ @0 RN K& iz R LTk
D, H— R XA AT L0 SERamEEE A A LT,

[36E] AHFZEIL ENEOS /K354, JSPS Japanese-German Graduate Externship (Grant No. 2019/R1)
F & O Deutsche Forschungsge- Meinschaft under GRK2495/E O#fiBh % 5\ TiThi 7=,

[SCHR] [1] M Kato et al., Inter. J. Hydrogen Energy 39, 4845-4849 (2014). [2] M. Kato et al., Appl. Phys.
Express. 13, 026506 (2020). [3] M. Kato et al., Mater. Lett., 254, 96-98 (2019). [4] M. Kato et al., Jpn. J.
Appl. Phys. 55, 01ACO02 (2016). [5] K. Seki et al., Mater. Sci. Forum. 311, 740-742 (2013).

Photocurrent density [mA/cm?]

A :
b J P é — Off-axis
'4 i |—On-axis
% :
-04 P
-1 _ 0
Fig. 1. EBSD maps for the epilayers (a) on off-axis and (b) Potential [V vs Ag/AgCl]
on-axis substrates. The domains orientations with 3C-SiC  Fig. 2. Photoelectrochemical

the normal direction // 111 of 3C-SiC are shown with blue charagteristics for‘ the epilayers on
and red colors, and the insets corresponding EBSD patterns.  ©ff-axis and on-axis substrates.
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18a-C41-4 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

SiCHERICH T HHREE & [RHNERE S HORBERF

Effect of Temperature Distribution in Source Powder
on Growth Rate of SiC Sublimation Process
AKIEHE OFEE h—, WK B
Kyushu Univ., °Shin-ichi Nishizawa, Wataru Saito

E-mail: s.nishizawa@riam.kyushu-u.ac.jp

[IZU®IC] SIC /8T —F 31 ZiF, Si &l LT MOSFET (m=R—F 531 Z) O Ek
~OFAILR, Si TIEEARE T E TOZRUVERTEE e E~Om 72 & B LWSHEdRC s LT
SOHFFEEDTND, ZID SIC /RT—F 3 AR FERBO - DI21E, ZOHEMEICTH
% SIC U = NEUERAN O, 1A EAEECTH D, I 2 TIERERRA LOBUR T, FHEEEA R
D B, BREEEE & FUBHNIRE OBIRIC OV T, BB IC L W RE Lm0 TG T 5,
[Eefifighr] X1, BT oS €7 VAR T, BUEMHTIZIX, STR #1484 Virtual Reactor
ROV, 220EFBLOWEM 25075 DIFNEEZE 2 FRCRBINIREE A0 & BRI D
WTRRE LTe, 7o, AEEEEIX, Z-0o1E bl L ComE T OME L EX L,

U Sds L OB ] B 2 (CHUEARAT T D ALTo OB RIRLEE 53 A & 53 77 A itk oD Bk O — il & 7
T, EABMEYE T, —MIZ D DITMEECHFEERAEP LNMAIND, 2070, M2 AKX
DX, BOIFMEE @RISR S LD, BEHD RN ORE LI FHET A%, £L LT
TR AR LT, RIS BT 5 F RIS SN D, K2 AR T, JEET Z3EEN T
BT S, BRERREICHE ST DO LR SN REDT AR TH DL, — 7.
B2 AL, FENO LT mORESMBIER SN TRBY . FH#ETAREN EHFICHELL
ik Si, M2EKE L TREEZ 2 fFORRMBEERENTON TN D, FHEN AJEITHE
REIKATT 2 2 &0, FUBHNIRE OHEHE, 36 X000 - Afdz i+ 2 2 & T, kR

% LIF 5 2 LTE D,
[
[
[
[
[
[
[
[
K1 AR E T 2 JFUEHAIREE ST & PR O BRG]
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18a-C41-5 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

B AH-SiC DR L— F EFHMREICET HRE
Study on growth rate and impurity concentrations in fluorescent 4H-SiC
OIREE !, MEMK !, KBXH ', BREE ", FERE 2 $A¥ELW.Lv, ELE !, TRE
thi, E8RE"
1: AWK, 2: E&E TR 12— 3> () ,3: EMXE
OT. Ban', S. Akiyoshi!, M. Mizuno!, N. Takahashi !, E. AkazawaZ, A. Suzuki2, W. Lu3, S. Kamiyama',
T. Takeuchi', M. Iwaya!
1: Meijo Univ., 2: E&E Evolution Ltd., 3: Xiamen Univ.
E-mail: 243428036(@ccmailg.meijo-u.ac.jp

[FLCIZ]SICT 775 OB, RT—DNZLIFMT % & DAP FIEIZ L ) v — 7 #5723 540~560nm
DT v— FRPEEEREL, TREE0t SiC LRSI, HOE SiIC DFEZNRIL T OEK & LTAH—
VxIERNER AN D D, THEMET 572 DIIMRER O B HEFIRE., No-Na Z KT 5 2 & 2350
B TH D, £72, SiCIXHBHER -EIKTH D 7= ORI /N E < 100um LA EDBE A ME L 72
Do LTehoT, milik b — b &K Np-Na Z WL L7/ ERSF OIS EETH D, AFETIE, &
iR — b &K Np-NA (2 X 0 @& R 2 HBLT 5 72D DR ROV THRE LT,

[R5 IE] RUBHTITHEA SR CIERIL . SIC JUBHTIE 2R dh SiC, FEAAMRICIT 4H-SIiC HRS A AR
R—sR2 b Y —=2ZIEE BN 22N EER L, aA W X8l ., a4 W iEE2 S
HREAR 2 L7z, SiC BB S a4 Aol i f e E ComlEZ ., 38k 113 113.5mm, #UE 2,
30F 133.5mm ICERE L., B 2, 3 OFE LY REWIREAR CER L7, smREEIREITRE 1, 2 &
1910C, #EF 3 & 1940°C, RRMFHIZAET 60 /ITRE L7z, ISR & RREZ DM L5 Nop-
Na. ZERHEDEAC ZFH<72, Np-Na DEIE p-PCD ORIGERE R &5 D SIMS #ER 2 ik L CRAS
S72, p-PCD (FAEMLIZBRIF Y VT DT A 754 Lak~A 7 al R ORFMZENBREET 5 F
ECdh b, PLIEEITL 325nm O He-Cd L —H —CHllE L7,

65 & BR] MER LB ORI OV THMT 2, R b — NI, REARL & pldRiIRE OB X
Y 15.7um/h 75 65.7um/h F THIIM L7=, Figurel [ZiRTH PL A7 hL %, PL#EIZ OV T
b REAR & RRIREOHEIMZ L VK 2 f5m L L7, PLEBESEMLIZZ 0D, WTLoRES
S G 2 A0 RIS DR B o ToTed . SR P M ELIZEEZBND, £72, Np-Nald3.9X
108em3 725 2.0X107em?® TR S L THR Y | ZiUTA—2 =R R Il sz Z &1tk
R Th D Z AR ST, Sisite (213 B, C-site (21X N 23A Y | & C/Si HIZ E B OWIIRE D &
WBL REREE D BT &% No-NafsiAdZ, SiC B b 0 C G BEEINT R C/Si Lz /e D | Na 254
MU TH D, @R L — b & @ARFECDNE AR & pRRIRE O TERBE L,

(2% 300k ] 10 samplel
[1] S. Kamiyama, et al. j. Appl. Phys.99, 093108 (2006). ——sample2
[2] W. Lu, et al. Scientific reports 7, 9798 (2017) ——samples
[3] David J. Larkin, et al. Appl. Phys. Lett. 65, (1994)

(BTl ADPIERE DO —FBIT TR « RASLRZEITE T T T 4 v T HFED
TN K-> THEM ST,

PLintensity [a.u.]
oON B O ®
T

300 400 500 600 700 800
wavelength [nm]

Figurel. PLspectrum
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18a-C41-6 HRSEBANBEAUSLMBES BEFHE (2024 KEAVLEN2RBEAFV 1Y)

SUTNRY PHROBEREBELEBBESICHA14—F
DT L b L—F—RE
Femtosecond laser irradiation on window-formed SiC diodes
for understanding the single-event effects
fESARAIRK ., ETHEE? CHE &, K =42 =8 =8
Tokushima Univ. !, QST. 2,°Taoka Tomoki?, Takahiro Makino?, Tomita Takuro!
E-mail: tomita@tokushima-u.ac.jp

NTHRZIZLO & LeFHEIEL, FHR L HIN Dm0V X — 2 £ o T EHRICIE S
Do WEHHBIC K 28R T A ZADEFEITIE, RAITT A ZOWERENRHIT D h—F L F—X
BRI C S LHEERIROIZN, 731 ADBIESREINEL S S/ T2 7o~ R
DFET DL, ¥ T A Xy MR EFE - T A1 OIITEA A E— L2 fEHTHZ L
M—IREITH DA, MEHEC-OF I, R a2 M EORER S 5,

T, TETEHAA Y E— LB OIENCBE VAL —F =2 W 7 AR b
ROWFEPITON TN D, FEFENI S LIEE ICEW SV R E R D 3R @m0 e — 27
ZRFOBE VA L=k RESARY~ OB E LM SORmN TRV —2 5252 &
NTED, MAT, [EEDOMNE~DEREYVIE LA AU ANHEFETE D720, VT4 D
£ 9 72 m B G O R /e FIETH D, L L, RFED Si 731 A~DIEHIEE < #iE S
NTWDLHDD, SIC T3 AN LN E A E7R,

ABFFETIETIRY A A — RO L —H =W LE5HGER) S, SIC 7L A~ FE
WFE~D L —F =G T EOMESL 2 B LTz, FERTIX, L o X CTEAZFHE Lz, & 400
nm OF VAL —HF =W % T A ZADESZH ARG T D72 DITTERL L7220 B IS LTz,

Fig.1 OAICSEM, AICEMEIZ FIB Z W TIERR L7z %, Fig.2 (2%, Fig3 (CEmEY L—
P—ZHE L, 900 V O SA 7 22N L7ZBRICE b2 E A2 Rd, BlNbRIZ1To7
FSLH ER VRO SIWVMEBE RN E O, L— =R OT A 2ARHL LT D
AIREMEDN B> D 72D & v TV ARG K D IR H L DB S %R 21T 9 TETH D,

10 10
D’ 0 ey "'?-‘
\ 0 \ e
50 deg = \
—— 1] E0
Roassangis 50 k/r
100pm X 100pm -60
-30 0 30 60 =200 -100 0 100 200
Time [ns] Time [ns]
Fig.1 Created window Fig.2 Waveform(Rear) Fig.3 Waveform(Front)

[L]EEARIT 6T D =D O 8 & 2 O RRSTERER, NEFRA, Y7 b= T — (7 ED LSHIZEKIT
2 WD RN BT 5 26 1 [mIfhsEs, (2011)
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18a-C41-7 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

BEMRERREIZL S Si0y/SiC REE—XFROFIAHE

Polarization control of SiO2/SiC interfacial single-photon sources by high-oxygen
pressure thermal oxidation
BMEXEISH OM2) KXW #ma, 45 &3}
Saitama Univ., “Rinku Oyama, Yasuto Hijikata
E-mail: r.oyama.685@ms.saitama-u.ac.jp

1. IIC®IC

SiC FEM DEERL T AR S U 2 IRt i B — 6 - (R SPS) 1d, SRR CREE OB
FOMIEI 23 FTRE T DR Z © oM, FEMI72 KIEREE N AR T2, RO Hl#E 72 SN
H 5. ARCHEEOHIENT &S EEEZ ), Kl SPS X 4H-SiC FEHEE S m o 3 JFEo
TRICELE L[1-3], EBEICRRT D & T, SRR TH 7=, —7FF, WKk
kT 2 —REEH E ORI I NIE4], BELEIZL > TERINSTWKIBREIZZNLZEN
BIRDHNEALNE IR oT2. Z 2 TARETIX, il SPS DIEAEELRIEOHIEZ H5 L,
TR 11 %78 2 CFRi SPS 2k L, KWL TORERM:Z bkt L=

2. FEBRBIUOHESR
FAEHE, 4H-SiC Ff (n BI— B % % v VIR 5.4 uym, ¥+ U 7R 1.6x10'° cm™3, Si i 4°
A7 )Nkt L CHEFE /T 1.0 atm, 2.0 atm C 700°C, 5 Z3fi]o Dry Béfb L7zt o % vy, PL
BEFTHE R 532 nm, 177 0.7mW O L —FThpit L, LESBEMEEEZHWTEIRTITo 7
PL ¥~ v BV 7 TRLNIZFICRIZOWT, ARG 2 00, +45°, 90°, —45° L )0 & %,
b Y DR % Alfis S, (1) TER SN D EMRFEE Pu OB Z T

Pyn = [ST+55/50 1)

7272 L, So—S LA f—0 ZA/NF R "‘&(S0=100+1900, S1=lo—1o¢e, S2=]45°—]45°)VC“3?) ) , {A/J’ﬁikﬂﬁ
KA DIEEEAETH D, Figl. 1%, BiLHBFESETHRILLIEABOEANPL v v B 7 &,
ZNENDORED 3 DO SPS 1Tk L Pun DIRICAUAFEZ RO T-HERZRT. Wind
180°E I CEB L T eed, Q) THALND EZBEBICESE 7o v T 4 VT B ITH T,

Py, = Asin(¢ + ¢g) + yo (2)
FOHEE 1.0atm TE L L=V
TIATET DFN R ORI
WEOHRE D L 51T 3 FIFRMEN
BT, 2.0 atm CTlER{L L7
VOV TCIEHE— T M O FEN
BRISHZ. SiE @ 47) &
INTIFHEFHF W em b BT HER
R LU RIRIEH S Tl wn
23, BIZAE, @SRRI Lo TR
R LT — RSFEBLLUS), b4

7
(A) B)
(a) 1.0atm

» 2 . 12 12
— ™ U " —
T~ i g gy (O 2o g CH HH

I o iy o8 AT los L TAN o

w w0/ Fos 1% N T A Mo s

TRICERT 527 v 7 - 772 IO ©) & -4
HEE 2 3] XM T SPS AVBRL T G N
L EZ TR, A% Fig. 1. In-plane PL mapping and polarization characteristics
- ) ’ of SPS
BAZHOEBRERNDZ LT (Blue plotted points are experimental values, red lines are
Z DAGRORREEZ AT 2. fitting curves using eq. (2))

[ BE A B 98 O — 01X R &

(21H04553, 22H01517, 22K 18292)}% T} IST A-STEP (JPMJTR22R)D X 4212 L » TiThiL Tz,
EEBSN

[1] A. Lohrman et al. APL 108, 021107 (2016).

[2] Y. Abe et al. APL 112, 031105 (2018).

[3] M. Kaneko et al. APL Mater. 11, 091121 (2023).

[4] Y.-I. Matsushita et al., Appl. Surf. Sci. 464, 451 (2019).

[5] D. Goto and Y. Hijikata, J. Phys. D 49, 225103 (2016).
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[(1S®RIF | Bty a>(RRE—BF) 156 VIERLEY (Si0) ]

[18p-P11-1~3] 15.6 IVIERILEHW (SiC)

[18p-P11-1]
SBOFERE (MCSS) EICK B4H-SiICHREEE DREMKRE

OffiE i, i 8. A =, B2 ah=2 FE W3 (1.LFKATI. 2.CUSIC. 3.RSA45IHIL
z)

[18p-P11-2]
SBOAIERE (MCSS) ETOSICEREDFE#RF4T

O%its 8. i i, A =1 BEAZE2 FE HW3 (1L AL, 2.CUSIC. 3.RSI7 I HIL
X)

[18p-P11-3]

4H SiC MOSFETO B —YFRICX 9 2 YR BT HE(ODMR)D &

OMEW AN, B8 B2, HiL BE2 WEH LB Mk &2 BA %R2 EH EN2 EE
=3l (1VHEA. 2. K




18p-P11-1 HE5EEFANEF AT LIRS WETHE (2024 KRAVLEN2RIBEAYSMY)

ZHMBUEEFRE (MCSS) EIT & % 4H-SiIC FiEREE DR EKRET
Temperature Dependence of Growth Rate of 4H-SiC by Multi-Wafer Close-Space
Sublimation (MCSS) Method
WK Y, CUSIC?, K344 SHILXS OM)Emk MW ' i &
BE R K2 hE’ TE G8H°
Yamagata Univ.}, CUSIC? DryChemicals®  ©Mizuki Sato’, Jun Kikuchi, Yuzuru Narita®,
Hiroyuki Nagasawa?, Tetsuya Chiba®

E-mail: narita@yz.yamagata-u.ac.jp

[FR] SBT3 (MCSS) HEITEHE T ISR\ TIFURHER (Source) & FlEAR (Seed) % %t
S, FIRTAYIZFREIE DOV Source 7> 5 Seed B~ & ERZR &G (PVT) 25| &l 24 2 & T
B R SH D HIET, FRHCSHEED Seed E~OFERENTEETH 5, Fx i CVD MLk
il 3C-SIC 7 =\ 5725 Source &, 4°4 7 4H-SIC(0001) ™ =/~ Seed Z%ff S5 2 & T, [A
KFIZ 4 LD Seed E~DREZEZ X v LR A EI L2, 2 OBROM SRR EREIX
Seed-Source ] DARKIENBIC KA SN D, £ Z T, Seed & Source LN DEIFIFRKIEZ E D
2 HR T o IR T Db s R E DK AAE 2~ T2 D THET 5,

[SEZBRF¥E] SuFnZ& KUL A S OO AL BIRAFT 572, AAFFECiE Source & L C(111)
fil e CVD B4k g 3C-SIC & BEREIC L 0 1FRL L 72 R M 2246 & 6H-SIC @ 2 FifH% Vv 7z, Seed
1% 1°4 7 4H-SIC{0001} 3 12 & 5 7> U Step-Alignment® % fii L C 37 7 i B Fe bkt 2 § H S v 7=,
Source & Seed DFREIXZE CHK[2]1 L AR E L, *tmd 2 @it ofAE b 2E X - 6 FFEO
Source-Seed xfIZ%F L CRIRFIZ MCSS iz 2 it L 72, MCSS Al R 13 R&E Ar XA 12T, 1950°C,
2000°C, 2050°COTIVNDOFTEDIRIEI 1 FREfRFE L7z, ZDOFRD Source & Seed DRI
600~700 um T 5, ki L7z SiC OREEILINENFT D Seed DEBZ(LHHEH Lz,

[EBRER] HERLIN O L 454 6H-SIC 72572 % Source Ik Growth
% Seed [ TlX, £ O mEMMEICEIRZR <IRED BH L L HITHk
Fl I3+ 2%, —7, ftEmad 5 3C-SiC % Source & L
THEA L7286 1% Source-Seed ] OMBMEH DOFLAEDHEIZ L -
THIp D R O R0 B B, Fig.1 121% C Hitk A
3C-SiC 72 7¢ % Source [ZXF 95 Seed IZF51T 5 AR IHE D
BEKFZ T (RESHEN~ A T A OMHEBITAE TiEe < H _251900 19I50 2oloo 20I50 2100}
HEABEWT D), 2O 1950°CIZB VT HIEE T Seed D C Temperature [°C]  Sublimation
W23, RS E & BICRRICIET D 2 LD, — T, Fig. 1 Temperature dependence
Seed-Si [ TILT X TOIRE T SIC fENRD LA, O  of the growth rate using C-face
FE1E 2000°CLA_E CEIFIE R % 59", MCSS Tl Seed & Source ~ 3C-SICas source.

R DENEIUTIBNTHEE & EDFERICET L, —EiRE

TIZBWCEIN B2 RS L E 2 DD, ZHUTHNZ, Source-Seed [H D Ml 7R %E & Z ORERIE
ERMEOA G DT L > THER D70, REEE S FHEEEIRREIC L > T—BWIZEED
RNEEZ LD, BRYAIX, REAMZROKREEEBLIER LI 2T, FELRERFEIZON

e 9 Do
[(ZE3CHR] [1] FiE#alsE, AARESRRT, 5 6720436 5

[2] 9L, B s, TIEH, IS B2 70 [BIRZ 2 H 2, 15p-A301-12.

[
=)
w2

Growth rate [pum/h]

=]
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18p-P11-2 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

ZHRBEEAE (MCSS) ETO SiIC REORFERHE
Sublimation Characteristics of SiC Source by Multi-Wafer Close-Space Sublimation
(MCSS) Method
IWHKRL Y, CUSICY, FSA443HLX3 O(MD&H ', &8 B, A &7,
R¥E ALE? FE Gh°
Yamagata Univ.!, CUSIC? DryChemicals® °Jun Kikuchi®, Mizuki Sato', Yuzuru Narita’,
Hiroyuki Nagasawa?,  Tetsuya Chiba®

E-mail: narita@yz.yamagata-u.ac.jp

(A7) A48 (MCSS) JEIFSHE FIZR W THISF I BEFNZE KU O i@ O JEURHE AR

(Source) 75 AIFIFRZE DIRWVFEFEAR (Seed) ~DO¥FIRZARG W (PVT) Z7HH L Chtdh &k
FESHLHMTHY, SICOVIiEREEEE LTHmOLNLKE Lely 3D K5 il E AR A
L LRV, 2D, RIFHIEHO Source-Seed %% VT SIC ik fh 2 ikE+25 Z E NARETH
D[L2], &X TREmMREREZ RO TA Iy MERGET HMER R, 72720, PVT ICX DR
BEor+ Ok |l LS I BT 2 78 KE AR L, 23D Seed (FE721% Source) KifilZIHIT 5
Pl ARk E S5 Source (F 7213 Seed) K DOEAFIAKIEDREEZ T 5, T 725, MCSS
2 & % SIC kR A Hilil L2 O FBIMECY — M4 ® ) 572911, Seed RIZI51T 256G bR
FED 7257, Source DFFERHMEGHET 2L ENH D, £ 2T, AL TIIRE 70D Seed &
Source W J7 DIMRM: DR AAIOH Z 25 2 DD, Source D H-HEREME: 2 iz L 7=,

[=807E] ARMFZE CldmmPEm (SimE 721X C ) AFEHIT 2 Source & LT (111)AdA CVD %
fililh 3C-SIC Hetl &, TV BAERIMER & Dbk & U CRERE LoD SRR [ 25 6H-SIC R TS
Source &V 7z, 3 FEFED Source FKEIZ 600~700 um O FEHEEZFECCHMd 5 Seed & LT
4H-SIC(0001)Si T, 73 5 TNT(000-1)C D 2 T A U =, B2 2 REOMAADENLRD 6
FEFED Source-Seed xf (Source-C ifi/Seed-C ri, Source-C ifi/Seed-Si ifi, Source-Si fi/Seed-C Hi,
Source-Si rfi/Seed-Si i, Source- & 7] fi/Seed-Si i, Source- &R A ifi/Seed-C i) % 2 SCHk[2] &
[FERIC T —R D DIFICHE L, KREE Ar FEKOFEMEGEE 2 VT L7, 72721,
FIEREDIR R 25728, 1 R ORFHEE X 1950°C, 2000°C, 2050°CE L7z, 5-3E
L 7= SiC DRI NINENE T D Source D EHBEZEL B LTz,

[ =B R Fig.1 (C i3 Md 2> 5 72 5 Source 0 -3
HWEOREKRFZ ~T, KT O@A Source-C ifi cre
/Seed-C if1, O 7’ Source-C [fi/Seed-Si i, A7 Source-Si
i /Seed-C i, A 2% Source-Si ifi /Seed-Si i D
Source-Seed ®FZ 1T 5 Source D FHEEHE TH 5, A
FEERSAT OFIPH TIXT T D Source (2B W THIEN
WO HID, FRIZHIERE N E Y Source-Seed xf i
Source-C ri/Seed-C i C, K\ T Source-C ifi/Seed-Si
1, Source-Si 1f/Seed-C i, % L T Source-Si [f/Seed-Si 1900 1950 2000 2050 2100
EODIILET% %) - & 7 5 , Source (3C-SiC) @ﬁ@f*l];i Growth temperature[°C]

SIEIX Cmd Sima EEY, Zius Seed EizsiT Fig. 1 Temperature dependence of the
7 SiC B EMEDME 4 b7 b4 L X s, sublimation rate on 3C-SiC source.

J5, Source-HEEL A 1L Source-C MLV b S HITEWHIEERE 2 RT, HBERY AL, FAEMKO
Source K ifi SEM 72 EOFER L EM L, SIC OFFERERICOW TR T 5,

(&3] [1] BBk, BAREEE, 4 6720436 . [2] Ki#Ls:, M, TIEEH, 470
Bl I B R A=Al e, 15p-A301-12.

-
=
f=1

—
(=]
(=]

80 :
OC/SI

60 SIC

Sublimation rate[um/h]
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18p-P11-3 HE5ME MRS AKE LIRS BETHE (2024 KkHMAVLEN2RIFEA YY)

4H-SiC MOSFET O i B — - FIRIZ % 5 AR HBER LR (ODMR) DR A~
A trial of optically detected magnetic resonance (ODMR) for interfacial single photon
sources in 4H-SiC MOSFET
FRAS !, ERW: CEREN ! BRES
FILEE 2, WEHRE? MEEER2 FELER? REEN BEFE!

Univ. of Tsukuba !, AIST. 2, ©S. Horiuchi', B. Shimabukuro',
M. Haruyama?, T. Makino?, H. Kato?, M. Okamoto?, S. Harada?, T. Umeda’,
E-mail: s2320301 @u.tsukuba.ac.jp

[ARESR] L — P — BB EOLBAMBICEM) 25 > 72 S FJR(SPS) DRFFE A (R AL &7 A
FEH-SIOIZB W THRBEAIITOIL TV D, SIC Tlix, FiERIL[1,2]H 5\ ik MOS(Metal Oxide
Semiconductor) S i [3, 42 S K FfalZ & 5 SPS (JLi SPS) DAFTENHE SHVEH ZHED TV 5,

LU, St SPS DAV UK E D0 (BFAEZH00) FHLMNIR->TELT, AY
B DI EEFET D 700 O SRR MG ILIE(ODMR) EERIC ) L 72 BillL £ 7272w, FAEZEDHF
ZERTIEC Y = Mgk 4H-SiC MOSFET (Field Effect Transistor) D F ¥ F/LVHEIRIZ . A ¥ &
Y RNV B2 =10 & RIEEEE N EORAE SPS NRETHZ LEA2RELTWD[E], £/2. 2D
REIZAE 1 OSEXRKG (P8 ¥—, Brindd 1.2—14GHz) BWRAETLHZ L a2MmEL
TWB([5]e AFFETIECIHE Y = > ML EIZI U THbE SPS %3 %5 ODMR ER 4 il 72,

[ERERAR - BR] BHIPERITRLD n F v XA C 1 ¥ = v ME{L 4H-SiC MOSFET (e K7
RNRBHEE: 90cm2v-1S1) ZfEH L7Z, Fv 3V Elcix, 7+ MY Y27 F 7 ¢ —T ITO(Indium
Tin Oxide) L DY FEEEY Z A72 (K 1(a)), ODMR HHO~A 7 v v A ¥ — (Au VA ¥—) 1T
1(a)D & 9 7Bl B TR BICHRE Lz, 512, MOSFET OFEBEMICE VA Y —HR T 1>
JxuL, EHE - BRI T CEBRNBTEDHL9IC L7, CFM 725 TN ODMR EBiX, # A1 ¥
EY RNV B —RIC Rk S vz ERF O 2R CFM 2EE A2 L7, Z OB TIEINV B
X — %) T0kcounts/s DIEFE TR 925 Z LN TE 5, HFES E 4H-SiC MOSFET O F v R /L1H
I CBlEE L7z S SPS @ CFM B 4 X 1(b)IZR T, AFEFK Tlid ODMR FERD 72 8 ORI EFEL D

B ZH&T T8, X 1(b)D S SPS (%75 ODMR [ZOWTHET 5,

[1] A. Lohrmann et al., Nat.Commun. 6, 7783(2015). [2] Y. Hijikata et al., J. Phys. Commun. 2, 111003(2018). [3] Y. Abe et
al., App Phys Lett. 112 ,031105 (2018). [4] T. Nakanuma et al., App. Phys. Lett. 123, 102102 (2023). [5] T. Umeda et al., App
Phys Lett. 115, 151602(2019).

(a) Au wire

(lli}CgS)

36 38 40 42 44
X (nm)

Fig.1. (a) SiC MOSFET with optical window for ODMR measurement (b)CFM image in channel region of
Optical window

100pm
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| 15#HSTH | —Mtyvsa (OFEHR) 157 BRTE, TP - EEXMH |

[17a-B2-1~9] 15.7 &S 5Hli, F#Y - &Rk

[17a-B2-1]
AH-SICTEX F 2 vIILREICTFEE I 2 IERTED D#MT

OXH F&'. #EE &3 # H5L &E BN (1. RZHBEL> %)

[17a-B2-2]
Enhanced Hole Conductivity in Magnesium-Intercalated GaN Superlattice Probed by
Terahertz Time-Domain Ellipsometry

OVerdad Agulto’, Toshiyuki Iwamoto'2, Kosaku Kato', Jia Wang3, Hiroshi Amano3, Makoto
Nakajima' (1.0saka Univ., 2.Nippo Precision Co., Ltd., 3.Nagoya Univ.)

[17a-B2-3]
(7-Ga,0; B RRERIC 51T 3158 L BIROBEHE L8 h LNOBK

OfiA —1. =M\ #%2. Vladimir Kochurikhin?, 80 £'. 8 %83, Z)I| &4 (1.514LK
NICHe. 2.C & A. 3.k KA. 4.F8 LK £H)

[17a-B2-4]
ERETRIC L 3SiIGeER DR ERFEEDRFHEI

OM2)BIE &', M ##3. RE EA2 (1L.ALEARBERAL. 2ELURABERTI. 3. W TAKRIER
€)
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BEERT A ML Ryt ZAIEDESE
O458 5—BB! (1.FEHTH)
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LEMAROT A MEFEEERCSSN P Br3DEFER L /N> R¥ v v FOMBIKEYE

ORI fLBE. FIER A2 B BT EAR EAS EF S5 S (1LRAL. 2.2HIA. 3.RALHR
b#)
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SIRDFAFTVEAIERETSVILD T —/\DFer v R VI EE)(2)
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BT HRSTROEERUIERE NSRRI O RABRAESIC5X R E
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2.5k St SUMCO)
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17a-B2-1 HOSEHAMELRUFLAMAR WATHR (2024 KR/ LED2RIBETY T 1Y)

H-SiC TEZ XL v LEERBICHFHET HIEH TED D

Analysis of an oblique threading edge dislocation in 4H-SiC epilayer.
W EZ BIRFARt 42— OKH T&F ©GE BW=E @kl 55 B4
Corporate R&D Center, Toshiba Corp.,
°Chiharu Ota, Johji Nishio, Mitsuhiro Kushibe, and Ryosuke Iijima

E-mail: chiharu.ota@toshiba.co.jp

[1Z U DIZ] 4H-SiC (ZIFEE D Bl R EAMEAE L, REH e b OIX B WIRIEsA7(TSD), Hil A
WREZNL(TED), EiBIREASNL(TMD) CTdh 5, TED IL b = 1/3<1120>D/N\—H— A7 MLaE b b,
[ U= H— A7 b L& GO MEEESA(BPD) L FHAZEHAT 5, £7-. TED ORERREHES
B1X[0001] 711 TdH 5 & DD [0001]51H £ 0 157 Hits DR OFELENZE D BTV B[], 4l
[0001]J7 1A & ¥ K& <A} L 7= TED Z#EsB L7=720[2]. & DOEahr OIS 2 SN fRAT L 7=,

[EBR51E] 4H-SIC B % %3 v )Lk EJg T, BPD ~AHANE Z - 7= A TED % fFffixf 4 &
Lo, FHRTO RS L OWr i B A 3 IS TEMYE 2 & . Z OEAE TED o\ & 1%, [0001]77
M S1120151H~K) 65° AL L2 E TH D Z LR Do Tnd, ZOH T IV % @GR TE
i TEM Bl829 5 Z L2 X0 | R BB EAT OMEMNT 21T > 72,

[#5 58] Fig. 1 12°FE TEM Bl£344 %4 ~4, Fig. 1(b)&L V. A TED (352 2Hsis TidZe <, 2 A0
PRI BB S TN D Z E D05, 2 RO EEREI X /N C 5-6 nm, KT 10 £k
nm FEEETH 0 . £ 10 nm FEFE &Rk ST 5 BPD O iinir B BREEIC R D L /NS WETH
Sfc, Fio, FRIOWIE TEM #5505 BRHAENZE LT 65 FEETH 5 Fig.1(b)/E Ml O fEK
TIE, BB ERAT BB 2SR A < LK 5-6nm FRE TH D Z E RN Do Tz, TR DFER D,
(1100) F I DOWFHEIZ BN T, [0001]1 5235 65° O f8 FE THBATERNALASFEAU > & 2 m N Ax T &
LiesE2DE, ZOGBELEZHITAL 2 14)ETHD EHB SN, (Fig.2) ZNE TTED Ifc
#([0001]) 7171 DFEARENL, BPD ISR LD a v 7 L—RERS ISR & BRI TWER, &
F DI DEENAEIE DAFAED ST e o T2,

6,

[i100]

[1120]

I1100]
|

bt "".éf ' ¥ iﬁ; i . '5‘. By ~‘-‘-";
Fig. 1. Plan-view TEM image of the oblique

threading dislocation
(a) BF image and (b) enlarged image.

Fig. 2. The (1 1 -2 14) plane with the oblique
threading dislocation.

[1] M. Nagano.et. al., Japanese Journal of Applied Physics 52 04CP09 (2013)
2] KH, FR. & 5 71 BISHAWEESEREIGRERS 22p-P05-3 (2024)
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Enhanced Hole Conductivity in Magnesium-Intercalated GaN Superlattice Probed by

Terahertz Time-Domain Ellipsometry

Osaka Univ. !, Nippo Precision Co., Ltd.?, Nagoya Univ. 3, °Verdad C. Agulto?, Toshiyuki

Iwamoto'?, Kosaku Kato?!, Jia Wang?, Hiroshi Amano®, Makoto Nakajima?

E-mail: verdad.agulto.ile@osaka-u.ac.jp

Interstitial intercalation of two-dimensional
(2D) Mg into a bulk GaN lattice has recently been
demonstrated by annealing a metallic Mg film on
GaN at atmospheric pressure [1]. This
Mg-intercalated GaN superlattice (MiGS) structure
significantly enhances conductivity along the
out-of-plane direction (c-axis) due to the
compressive strain from intercalation. However,
the van der Pauw method is inadequate for
detecting this enhancement as it only measures
in-plane resistivity. Here we demonstrate the use of
terahertz time-domain ellipsometry (THz-TDE) to
probe the effective conductivity of p-type GaN,
including the contributions from both in-plane and
out-of-plane  directions. THz  spectroscopy
techniques, such as THz-TDE, are nondestructive,
contact-free  methods to characterize carrier
transport properties in semiconductors [2,3].
THz-TDE measures the change in polarization of
THz waves reflected from the sample at oblique
incidence. From these measurements, the sample's
relative  permittivity and, consequently, its
conductivity properties are determined.

Figure 1a shows the THz complex conductivity
spectra obtained from THz-TDE measurements of
p-type GaN with and without the MiGS structure
(see Fig. 1b for the sample schematic). For the
p-type GaN sample with MiGS, the measured
optical response reflects the effective conductivity
of the combined p-type GaN and MiGS phase. The
spectra were fitted to the Drude model, where the
real part of the conductivity extrapolated to zero
frequency corresponds to the DC conductivity, and
the crossover frequency of the real and imaginary
parts relates to the scattering time. The crossover
frequency is found to be similar for both samples,
at around 1.2 THz, corresponding to a scattering
time of about 0.13 ps. On the other hand, the
p-type GaN without MiGS has a DC conductivity
of 61.2 S/m, while the p-type GaN with MiGS
exhibits a significantly increased conductivity of
379 S/m. This measured conductivity is considered
an average for the in-plane and out-of-plane
directions. Note that both p-type GaN layers were
fabricated with the same initial Mg doping
concentration of 7x10'® cm® [1]. Hall-effect
measurements later revealed hole concentrations of

1.63x10Y cm® (without MiGS) and 3.03x10Y
cm? (with MiGS). The slightly increased hole
density (almost 2x) cannot fully account for the
observed conductivity enhancement (~6x) in the
p-type GaN with MiGS. The significantly
increased conductivity, yet almost unchanged
scattering time, strongly indicates a higher
mobility (approximately 3x average increase) due
to a potentially reduced effective mass. Uniaxial
compression of GaN modifies the band structure,
reordering the valence bands, which reduces the
effective mass of holes along the c-axis. As a result,
the hole mobility is improved owing to the
dominance of split-off hole bands and the small
effective mass of split-off holes along the
c-direction [1]. The THz-TDE findings provide
indirect evidence of the enhanced out-of-plane
mobility in p-type GaN with the MiGS structure.
Improvements to the current THz-TDE capabilities
are underway, allowing for the separate evaluation
of the in-plane and out-of-plane properties.

@ 300 ey (D)

200 |~ [without MiGS| E ] without MiGS with MiGS

100 1 1
F e e A it prtype GaN

508
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400
300
200
100

Conductivity, @ (S/m)

LI I L B |

P IR e i

il il
15 20 25

o kil il
00 05 10

Frequency (THz)

Fig. 1. (@) Complex conductivity spectra of p-type GaN
with and without MiGS, fitted to the Drude model, showing
the real part (solid circles, solid curves) and the imaginary
part (hollow circles, dashed curves). The vertical dashed
line indicates the crossover frequency where the real and
imaginary parts intersect. (b) Schematic drawings of the
samples with and without MiGS.

Acknowledgements

This work was partly supported by JST ASPIRE
program, grant JPMJAP2311. This work was also partly
supported by JKA and its promotion funds from
AUTORACE.

References

[1] J. Wang et al., Nature (2024).
https://doi.org/10.1038/s41586-024-07513-x

[2] V. C. Agulto et al., Sci. Rep. 11, 18129 (2021).

[3] V. C. Agulto et al., Appl. Phys. Lett. 118, 042101 (2021).

13-027

SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

15.7



17a-B2-3 BRSE S AMELAKELITHES BETFHE (2024 KEAYLEN2RIBEFVTAY)

CZ-Ga,0; BE R ERICE TSR L MEDERE LERRB ChOERFR
The effect of transparency of a crystal and the melt on twisting
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Fig. 1 Temperature distributions in the transparent (a) and opaque (b) crystal and the melt.
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Feature analysis of stable atomic configuration in SiGe alloys by theoretical simulation
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AR, EFELBAEERER (DFT) 1CEED < B —HEEHE &2 W 7 8RB O AT 12 A < AT
TWDHN, IVIERERZ R E LIZFIREO®HEIID . BT, SiGe iRf 2R L LA
%%K%wé%%%%%?w@§%@ﬁ&&AE%%éhTm&wnm.ﬁb@%ﬁﬁ%f@
64 Jii1ET /LD SiyGerx (x=0.125~0.875) (Zxf L CH—JREFE L BT LT Y X4 (GA) &
FAT L, BAHAIZ 1T DL ERFBLE 2 KD 72, FEIZ x=0.5 DL TIX, BEFIHEE Td 25 Zincblende
XY b =RV —CLERIFFREZ R T 5 2 LTS L7Z[3].

AT, HREBERIEIEZ VLT GA DY I 2 b—a U EETL, Bl ALEY
ER R EOWME Z 98 LTz, R L2 TOMEICOWT, RV~ NHIC L 5% THD
BN ER DR 2 B L, SiGe 1R DR EIR-F-BLE DR Z /0 L7z, BB DR EHEE OF
BRERND, SiGe IR OB FI1ER UtE R L THA LI B Z R AT —MICLETH D Z &N
ool FIERROFEMITIY AHET 5.
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Lattice constants and bandgap energies of all-inorganic metal halide perovskite-type
semiconductor alloy CsSn.Pb;-.Br;
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Na AR T A A AT ABXa)iE, < AF ¥ U T HaORWESERAY
HIKTH Y KBEMR E~OISAREREEN TS, &4 DA A4 (A= Cs', CHNH5",
HC(NH,) 2 7¢ &, B=Pb?", Sn2*72 &', X=CI, Br, &4 2L CEBT D 2 L CTLIERIRMS & /ER
TE, BT ER@)NY RX v v T ZRNX —(E)DF 2 —=2 7 NA[fETH H[1], HTH, M
WA A DB THERL S D B L ETED @O B~ 1 7 2 A MEE CsSnePbiBrs (0=x=1)I3,
E,=17~23eV ThHDIeH, vV arZ 7 ARBEMICHEL TRV REER SN THW5D2], L
L., RREHERICOWTIE ¢ OWEFIZIES DWW TEY . E oW Tl 7RI E— 2 D4y B
IS S TWRDN2T2[1, 2, 3]0 & 2 TABIFETIZ. a(x), Eg(x)% @V IR S 2 B b
XRD & &AL D SIS T Jo TRl L 72,

HBr /K¥&i%E & HsPO, /KA DIERZIZ CsBr $y (1 mmol)35 & OF PbBro+SnBr, ¥y K (FF 1 mmol) & ¥&
fif S, 140 °CE TOHIEE 1°C/h TR T 2 KEVG BE THURS SRR 2 AE R U 72, 15 6 07 BiS
B FLBREESR 7 0 — TR & 300 K (2R B 72228 5 HfER, XRD fiffr 2479 Z & Ca 23l L7=(X
la), 5 HI72 a(x)l LS T ZE(ref. 3) & RO L < —F Lo, £/, WEF L7 7 2 HHR(1.1 mm J£)
|2, CsBr, PbBr, & SnBn, Z{tFamimtt & 725 L 9 I EZE KA (REHRE:0.5 Als)T 5 2 & Tl
PEHEA~500 nm) 2 /ERL U 7=, ORI AT MV EFhEFRINEEE L TCT7 4 v T 47
RAT U Eg %2 3 L 7255 L SE TR (ref. 2) K 0 250 E TR 100 meV R & WEDE H 72 (4 1b),
AT CUEL BUREAE ORIR ETEIZ DWW T bk Do
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Fig.1. (a) a(x) of CsSn,Pb_«Br; single crystal. (b) Eg¢(x) of CsSn.Pb_.Br3 thin film.
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Fe gettering behavior of SiHx and C2Hy mixture molecular-ion-implanted
silicon epitaxial wafer (2)
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CMOS A A=V vV OEEERICHFGTHZ L2 HIE LT, oA AU AN E V-
W7 o 2 U v T HARROBIRICED LA TWD, Si R TA A HEAF T SiH S L O CoHy &
AFE—AITRAELTHEATHZ LT, KFE F—XEDKR CoHy HEEE MR WS N T,
HEBAIE RS vy 2 ) T D BBRT DT TH 202, FilRlOFRFLAWIYESTIX
CoHy LD ZEAITIE S Fe B OE WA HE L72C, 4RI CoHy HERBMEWRA TR S L
LT BN T E IR A A U TENRMGD Fe iiEXEIRB L OYEREZ A L= THRET 5,

[FE5r71E]

300 mm >V 327 = — T SiHGDY 95.5%, CoHy* A% 4.5% D SR CIRRA L7z Si /o 14 A L 1E
ANZEET R/ — 80 keV, F— A& 50x10 ions/lcm? THEJii L7z, =X ¥ v LkEidA
FUVEANEIZ 5 pm i L7z, Fe ZEE)NSMET rL¥ — 180 keV, K— A& : 1.0x108
atoms/cm? CHEANT 5D Z & T Fe (5% % 3406 L 7=, Fe OYLHEVILELIX 1000°C « 2h CTHJ— ik X w7z
#%. 700°C + 18h OEVLIR A Fffi L7z, A A L IEAKRMEOREE S HTIE STEM #1223 O STEM-EDS
S BT TAT 272, STEM-EDS S H7ifl Rl 3ol Fe & w7 — U =B H(FFT) L 7= &Ikt LT, /A4 X
EIALBE 24T > 721230 FFT THABITH Z L2128V /A RIRBLEE & L,

[R5 5R - &%)

HUZA A FEAK % HAADF-STEM #12233 1 OV STEM-EDS 23T 3 & & D #t B % i bt L
Tefb R A m T, FEBIERE R D O (Fe 13 A A AR CHRBIFICESI L TWD 2 ERbhd,
Fio, A RRBIELEG O BRSBTS & Fe AR HIZESILTWAHZ LD, Feld
RHA L 725 Sifaum ORI Fe NHAIMICIHA SN D ETHiE SN TW\WD Z LR S5,

<EEBTW-SHFHER>
HAADF-STEM{& : FeDEDSY v

< /A XEFANEE S >
Fe® /A RIER#% Si, Fe Eh&ht
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X . A A PEAKMD HAADF-STEM {%k ) A RARJALER% D STEM-EDS 23 H7 ik 5

(32 x@k] 1) R. Hirose et al., MSSP, 135, 106063 (2021). 2) R. Hirose et al., MSSP, 174, 108226 (2024).
3) R. Hirose et al., 55 71 BIISAYEESZi# RS, 24a-12F-9 (2024).

© 2024%F [CRAYEER 13-033 15.7



17a-B2-8

© 2024%F [SRYEES

SE85MISAYBESMERMERR

EFHRBNROBEEBVLEIEED Si PR D
RAFRERETITEX DREE

Effect of Annealing Temperature after Electron Irradiation on Radiative Recombination of
Defect Levels in Si

EIRRT !, BRAUEH SUMCO?, it i3k, Jat) ZFiE Y JRm Jnas !, R ik,

il BE 1, fEa R |

B2, —Ik fA%n 2

Univ. of Miyazaki!, SUMCO Corporation?, °Yuto Haraguchi', Takahiro Iwakiri', Tomoki Harada',

Tetsuo Ikari', Atsuhiko Fukuyama', Shun Sasaki?, Noritomo Mitsugi?

E-mail: hk19042@student.miyazaki-u.ac.jp

1. ILHIZ

—ERD/NT —F A AAERIRFITIT ST B AR~
DEAFRIG & Z D% O REIEEHSLE T i
%o & Z TR S D RIGHERL & FRfs & H 0 &
LTCHHATAZETCT AL ADAAL v TF T
Brh 2 g TE 5, L LB SN D KIGYHENL
DOARAHEE 1 TKRE LTARHTH Y BRI
R D MEN B D, Frex 1T 2TV E TSR
Xv U7 OBAHF”EEENWET HIEESL T
HEIE 153 (PPT) {EORWENLD ~ T >
%Ma#éﬁ@ﬁa“%(Du®1%®#%#

EE TR O [RIE EVLERIZ 1> CRASTE
f‘ﬁ WL IR Dy T T2 70 R B HERL 2338
SN EEWE LD, ATl PL JE
21TV, [BIE BLERE FE O3E W S K G HERL L2 5
DB Ewm LT,
2. BN - ERGTE

ARBFZETIE n B Si Ko (LT nolR) (26
HRAEST (800kV,2MGy) D %47 725kl IRO
W2 T, EHRRIBE£IZ 250~600°C T 20 5
i o [l 15 BVILVER % 1T - 72 30k TR250, TR400,
IR500, IR550, IR600 % F & L7=, PL #IEILX LD
JhEER L —H— (473 nm) ZFEHI MRS L,
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Fig. 1 IZ24 K THEOLNTZ PL AT MLV AR
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Fig. 1: PL Spectra of electron beam irradiated Si at 4 K
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(0.761eV) NEHISNT-, ZDOE—7EE T
IRFEWEFE L IEOMBRRE R LIz Z & D B
ILBERFICIBR A LT B R ERBB L OBEOHE
B RMGEERORREMEN 5 5 2, & DU I, C-line
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Fig. 1. Ground truth and predicted image of the
spatial distribution of dislocation clusters.
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JVIZOWTHENL 7 T A X —BNIEET DT &
THERLTWD, EffE sy 25 & B FrEE
FTEELL PHITETWDAZ ERNbNnd, 2.
KT O THREE O i % Table 1. 12787, b
L7 CRER LS A b % < & 014 £
TNDTRKEEEIL 98%., HAALHIE O 4y Bl 4 &
9~ AUC (Area Under the Curve, ROC HifRiZ &> T
FHENDmAEDOKE Z1T) 8% EE R LT, &
x, EATRICEB T 5ET L (0I-1) L L
THEVIEETH Y (BB 7 7 A X —HAITB N
THRERR TN AR DN EEME A2 O Z LR ENT,
€3

AHFFEIL, JST CREST (JP MICRI7I)DED $
LiThini,

(2% 3R]

[1] K. Hara et al., APL Mach. Learn. 1, 036106 (2023).

Table 1. Comparison of prediction accuracy for the
models with various input data.

Input data Accuracy AUC
GBI 0.883 0.572
OI-1 0.960 0.961
Ol-4 0.981 0.987

13-035

SESSEICAMEFAUTPMARS BRTRE (2024 KEAVEEI2RBHEAVFMY)

15.7



vy 2024 F E8SMLAYBREMERMEBES

[ 15ERIE | — v a > (AEEE) : 15.7 ERTM, FY - ERKM ]

[17p-B2-1~9] 15.7 #&SRVME, Y - R

[17p-B2-1]
BREBARI<110>AMICZ-SiEiER DEMUEEH DEHER

Ot 12, i BB, FE L=, 8 EFL XAFH20.70-NILIz—NZX - v/,
25KI)

[17p-B2-2]
[110]5 L TDCZ- Sﬁ%&.’é‘ﬁﬁt:ﬁﬁ%@?—dtﬂ%@ﬁ& 3 v JERNEE D&Y

O A, IFH AE. FI &F. FE L= 0N 2 KF & (1EXI. 2.20-N)L
Jx—N\X s v NBKAEE)

[17p-B2-3]
CZ-SIBERBRICPITRIBEBFIITRAE FOFR & IS0 R

OM1CIFE AE'. B AR F)I &X' &l LEAL N #2 A7 88 (1EXT. 2.5
O—NLTT—NZX - v /XY)

[17p-B2-4]
RTPU T —/N\ICHITBFHRETZFAORREICE T BT

OFBEARE". B a2 B 1.70-NLoz—NZXT v/, 2ELEARERRT)

[17p-B2-5]
RTPY = —/\DBMD#frth# (VOy) 1815 I 9 5 IEERAVEAZE

OB 2 B AL BINIR Ml 3A. RKEER31.7O0-NLTT—NX - v,
2.FILBRREERRL. 3.MLUEXERT)

[17p-B2-6]
Si U —/\OFREBAEL{LEEF DCristobalite 48
Oml 535812, KA EHAB201.70-NILTT—N\ZX « v/, 2.BLUEITK)

[’I7p B2-7]
) AVERERORE & AR FHA (12) BAEE BEIE S RO RE—
OfHEBEAL JIX =1, BA B (1. ARAK KEHRAE L > 2 —)

[17p B2-8]
1) ZI/‘Faga@%@?lﬁiﬁ%”&”ytﬁ?ﬂTF@@Jﬁ%“—/%_ﬁﬁ (25) RTFEBRRESA, Ni
Of EBEAN JIX =", BA B (1. ARAK KEHRAE L > 2 —)

[17p B2-9]

) AUERPOEEERZDRE/E —HAQRS)FARINDmiddle, inner phonon bandxt 5
M
OFE BEA BA B JIX E=T(1.KRAK BEHEHAEE > 2 —)




17p-B2-1 BSOS MM AKELHMES BETHE (2024 KHAVLEN2RIBEA YT 1Y)

EIRE B WIN<110>750L CZ-Si Bifk & DAL E B D BIR
Dislocation behavior in heavily Boron-doped <110> oriented CZ-Si single crystals
Ja—rNY ==K - DU RRERE Y, fERT?

OfaAt M 12, R EE D FEEIAED ®\HBEML KFEHEI2
GlobalWafers Japan Co., Ltd.%, Shinshu Univ.?

Hisashi Matsumura®?, Shingo Narimatsu?, Hiroyuki Saito?, Yuki Fukui?, Toshinori Taishi?
E-mail : Hisashi_Matsumura@sas-globalwafers.co.jp

[& 8] Nanosheet #3 D Sl Logic 7734 A Tld, EALOBENE OB S E HFAL(L10)0 v ) 2
= ABEHINTWA[L], AE Tk, B 1Xx10%atoms/em® D<110>Fiiflsna B L. fkdmE
F 7 & ATIARTEE T 2 {1113~ 0 mEs(L 8 % v 7 Jfkhn £ TR L9 <L B RIS X R A
DI H<ILO>N BT A Z ENANTH D Z & 2@l L72[2], <100>f5d CldmiRE B isnic Xk %
BN OFRBSFE LS HFZE S TH Y [3]. A TIE<1105fEMICB W T L ERE B IINC X 2HALo
FE RS L EEENE LT,

[EBRFE] B 120mmX & & 100mm OFA LY ARIZ 1IN OLREE T Y = VR kg & &R AR r v
ZREL, FNE Ar 5K, EF% 30torr & LT HINEVL TR 2 TR LT, WIHIREE T o B IR E
I% 1.5X10%atoms/cm® & L., <100>, <110>H5{7.0> / > RF—7 OFffE (7 X 7mm W) &2 AV TR 2 5
W U7=, BRLLIZRESE O A XX, % v 7 £3~4dmm, % v 7 £ 50mm, [EAFREES 60mm, [EARE 90mm
L L7, B LIRSS, BRI AN {110}E IC I » THORICUIWT L, BRRIlC L BT v v, 7
VB Ty F U7 L, H0TmMmMEI DY TV EAER LT, B o3k 2 X#R R AR 77 7 (Rigaku
XRTmicron)iZ & 0 . FEiyE, (220)F L ON400)[EIHT TRl L. $Z(Z0 B2 B2 LT,

[ 5 EE] Figl ITER LI-REMmOR Yy 78O X R T 7 Th 5, <100><110>[ #5531
T A5 B D 25 W R T T B3 L SRl A A & B OB O T EBGEIC L D I A7 v MBS BB TRA
LT /e, <1005 i C U BV 2 T ELIC MR T 2 AR A B Sz 2y, Ry 7 JOaE Gl s
Pt L7z, T DERNIIE, T RICHE-THRELTE 2 KOOI R T ¢ v MNEINRZETHZ & THE
975, Lomer-Cottrell O REHiEAL E#E 2 5N TWDH[3], — . <LI0>FEEE TIXBER T HICE >3 I
ET 2 {111} R0 WAL % v 7 #&iinE TR Lo, <100>f58 Tk, X0 RICHED IR W ERAL
FEERANENC 23> TREN L TWA DR LT, <110>f5 5 Tld, %0 RICHEIET DAL 2T Lo
TWTZOFRFFICE > IO, o{111} R0 HEAALIIT L L2 WER T3 R S vz, 2
i, BABAMD T O B SERNLJEL O RLE RIS SIG 2T 5 2y N LOVIRF S TRl Sk E 23
A {11133 Y @A ORETT M~ OB B A IIH S iz izd L Z 2 bl

Dipping position 3 —
ppIng p Grown crystal Smm

Growth direction EE— 1 e220

Seed crystal

Fig. 1. X-ray topographic images of neck portions for <100> and <110> Si crystal growth
[1] D. Namiuchi et al., Materials Science in Semiconductor Processing 113 (2020) 105052.

[2] #aFF 5 2024 GRS 24p-12F-3
[3] T. Taishi et al., J. Cryst. Growth 275 (2005) e2147-€2153.
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[110]7AL TP CZ-Si B i BRI AR TSR OB av VI E B OB
Dislocation behavior due to thermal shock in [110]-oriented CZ-Si single crystal growth
ERLY, 70—y ==K D Rt 2
O AR 1, BRAKRE 1, FINEE Y, FRRIASE 2, /AT 12, KFadl] !

Shinshu Univ.!, GlobalWafers Japan Co., Ltd.?

Rintaro To!,Hiroki Tukada!,Takeshi Hoshikawa! Hiroyuki Saito? Hisashi Matsumura'-?2, Toshinori Taishi!
E-mail : 22w2069b@shinshu-u.ac.jp, taishi@shinshu-u.ac.jp

[TFER] cNETLSI TS ZZIEEIC 100)DT Y ar T e —IEHENTHWER, 4
%, EALOBEIEOBLENLM10) DY) a2 Tz n—OHREIRF STV A[1], CZIEIC
EB[100]2 U = CEAE B ERICIB W T, BRRII~OFEF DT OBICET 28 9 v 7 #5
ALITFERS S I EIRE O B IS 5 2 & THIfil S 4052125, [110#E B TIET RV Th
DRGNS AT TH 5720, R OB NG I D, ARETIE,
B Z AN L 721101 fa COFEFSITRFOEN = v 7 Brfr D28 2 fat L7z,

[3=BJ7iE] B2 120mm, &S 100mm OFAFDDIFICEHERE T U 2 Uk kg 2 FHE L,
AN L TOVB RS 5X 1018, 1.5%10' cm3 @ 7 X 7mm? W i 0 MEdRA7[ 110]F 8k i 2 VT
AR EIT o7, TOB, EMET O B REIIMEFENSO BIRE L —B Sz, Bl
FEm ) B REFAICATICE S 1.3mm O U = ~"Z28) 0 (L, HF : HNOs=1:4 DIEAHHKR T
IRy F 7L, GONTREHFR OGN E X B FRZ T 7 ik 0 obr, #Hl L7,
[FE5R L &22] Fig. 11%. BIEFE (a) 1X10'5, (b) 5x10'8 atoms/cm3 DFEASh & IV THRL L
RSO STRIIED X MENRT T 7 ThHD, & bICHEMSERTICEY g v 7 AL
BEgsh, ORI 2 L CRERBBIICERE L T a3, FEESTo B BENEND
OB\ T, B 3 v ZERAL OB EENED LI RA DM STV 5 Z Eldbnolz,
(O) TS R B E RISk L 35°D HFIAIZE a » ZHE b 4E LT
WDM, R EARE S TIEE ORRAL AR T I AT 2 {11HSH > TIEE L TV D Z L 038
Bz,

[1] 790 B3, /AR S 21 E=— 63 (2008) L54-57.

[2] T. Taishi et al., Jpn. J.Appl. Phys. 39(2000) L191-194 {1

(a) undoped (b) B:5x 10'%atoms/ cm>
Fig.1. X-ray topographic images near the seeding interface grown using [110] seeds.

(An arrow indicates the seeding interface between the seed and the grown crystal.)

© 2024%F ISRYMEZ S 13-047
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CZ-Si BfsRERICH T HEFITREAET ORI &S h o mRi

Numerical analysis on the distribution of stresses below the seeding interface in CZ-Si crystal growth
BRI, Fa—nRL9z—nX - vk et 2
CWMOZEH KE' & MAM:, TN &E&', Wk L2 0H A2 XF %A1
Shinshu Univ. !, GlobalWafers Japan Co., Ltd.?

°(M1C)Hiroki Tsukada?,Rintaro To!, Takeshi Hoshikawa?,Hiroyuki Saito?,
Hisashi Matsumural?, Toshinori Taishi!

E-mail: 24w2019c@shinshu-u.ac.jp, taishi@shinshu-u.ac.jp

[FE] mF, EREED 5T % CFET 7¢ £ D5 Logic 7 /31 AZBWT, BEE OFLR
7> & BEAT O i J76.(100) D FEHEH 8 & #2102 [ HAL(110) D> ) 2 v T =AREH ST
[1]. [100]> Y = R DB AT IV TRl B IR S O HIC K 0 B 3 » 7023 S
ALD M, FEASITFRmE T OIRIZ X0 kSR OIMUNC R U7kt PICERL 3 R AET 2 2 &
WA I TWADHI2), ABFZE TR, FEERICHRK L72[100], [110]> U = > fhak R Olisfr 8 2 B F 2
T Si BB R OBAERHT 217V, k& e S IEIRIC K 20815540 OZEIZ OV TRET T %,
[EBRFE] L7 5B L LTy 7 7 =7 CGSim 2 M\ T, CZ EickiF A+
ST REE T OB ER & OIS IN DWW TN 21T o7, BEMH L TW DB OET VA4
B, MR 1kg, MR 120mm OFHES DI, FERESIE 7X7Tmm2 i, & 70mm & LT, B
FRIRFICBVEE R X D 15 DTSR T — 2 R i IR & B I U 7 i B B O BB AT % 520t L 7=,
(R EBLE] Figl ICHERBIRDFER S & @F UK, (o) KWK THEEE L 727 L COIRESy
i (e RS54 G OBAERNT OFERE2R~T, 0)O KWK TIiX() & Xy | 5t
HE FOREMRBAIC S RERISINELTNDZ ERNDLND, ZOHMROENITREHORE
BT K B IR EE A B NG DZAIC L D b D & & 2 505 Fig. 2 13 B 2 5x10%8cm2 ¢>[110]
FlfEE A W CHER LIz OfE ST REEED X# MR 77 7 Ch 2o, FmE T o &
0 KL 22 T DR T AN A TICERAL 3 R A LTl V. Fig. L(b) DfEH: & %It L T\ 5,
[1] 7 RkEE, /A%, 2 L e = — 63 (2008) 54-57.

[2] T. Taishi et al., J. Cryst. Growth 258 (2003) 58-64.
i S
N

[011]
\ (a)

I_)|1UU|
[0T1]

18:
A % X
R RRTYEY 7

o ey

1
7 oo
Torg e | megy—
» !
[Von_Mises_stress[Pa] i/l o — oy, 55(Pa)

|
Fig. 1. Numerical calculated results of temperature distribution Fig. 2. An X-ray topographic image near

RT3
3gggs3s

(left) and stress distribution (right) near the seed interface the seeding interface of a Si crystal using
during CZ-Si crystal growth. (a) Same diameter, (b) Larger a B-doped Si seed with a B concentration
diameter than the seed (arrow indicates seed interface). of 5X10%cm.
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RTP Dx—N\CHETHERBEADOHEICRETLIHERE

Modification of Residual VVacancies in RTP Wafers

Ta—nNIox—NnX-Drnopiett L, BILRXRERRL 2
CARk ALk, AW Eth 2 BN FE!
GlobalWafers Japan Co., Ltd.t, Graduate School of Computer Science and Systems Engineering,
Okayama Prefectural Univ.?,
OHaruo Sudo?, Hiroya lwashiro'? and Ken Hayakawa’
E-mail: Haruo_Sudo@sas-globalwafers.co.jp

[#E]

b RES T . 1300°C LA E® Rapid Thermal Process (RTP) [&. Czochralski (CZ)-Si o xz—/ "D
Grown-in RFEEHREMITEEL. BD. WNILIBIZE W TERITHEERESE LI ENTES[1], BRTEHHIME
ETLHEBAIE RTPIZESTSIiVI—N\FICHEEDRFEF (UT.EF) NEETL-HOTHY. BRITH
MDEEZ. BRBEAREDS LT 4 BICLHITEIENHINOTLND[R2], LOLEAL, BB EHEFEREE
FTEHIELIEIRETHS=0. TOERBHMEIREHSHITHEO TGN, RBEIOMEERAEL., BBRTHY
ANEETZANZXLERSHNICTEIEL. SIi 9Iz—/\DELIERELED-OICEETHD. AXETIE,
RTP TEAERREICERBIE - Si Dz—/N\IDWT, EFREUHIEE (Electron Spin Resonance: ESR) [
THRILIED SIi TV T )T RURBEDELERELERITOVTHRET S,

[RER]

E&300 mm,P & ((Rovk—7), £REAHLL (001) DEEHESNTSIivz—/\ZFAW:-, BREEIL.
1.3x10%8 /cm? (old ASTM). BZ2ZREE (X, 2.2x10%/cm’ TH D, ZLEIL, A: 1350°C RTP [CTEREEDEAE5%
BEt1-5. B: 1350°C RTP RICHWMERD RTP 21T o THBEAXBHH RS 5. C: 1350°C RTP #
(2 1000°C, 70 min QEERITEIALNEFELI-EH THD, ESR BIEIEX. Vz—/N\KREAD Si T THRUK
(Po EVE—) DEEEBHHIRT D=0, IVHBETREBEIVF I LIz, TOR. NG ZEREICEER
[ZEIAJL 10K IZTRIRELT=,

[#&R]

YT )LELIZ, g=2.006 HEIZ/NIILIRIZE TR SIZFUT T RURICERT S ESRESNE AN -,
LI, BRBLRLOYUTILD Si VTV THRUREEE 1 ELIGEORMEEETT . S EEDEE
BEBISELEEHATIESIZVTITRURFRENMERL. BUEBAEERSEEEB TIESIFV T IR
VREEITETLE CORRMIS, BEBZARDIZIE Si FTVUTRUENEELTWNSEEZ DT, RTP
BICRRTEBLEBEERLUZEH CIESITVTITRUREEN RIS CNIEERFTHY (Si0,) &Sif
RORAIFETESIFUTIVTRUR (P4 —) ZBAILTWSEEZONT=,

4

@
o 34
@
B 3
5 25
e
AN
D2
by 13
N 1.0
=1
Ay
)
BEE L A B c

AL
Fig. 1 Relative comparison of Si dangling bond density

ZE Xk
[1] K. Araki, et al., ECS J. Solid State Sci. Technol. 2 (3), 66 (2013).
[2] H. Sudo, et al., ECS J. Solid State Sci. Technol. 8 (1), 35 (2019).
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RTP o7 = —/ ~® BMD #rH#% (VOx) #&i&iZ B84 % BERAUAFE

Theoretical Study on Structure of BMD Nuclei (VOx) in RTP Wafers

TR—=rVY ="K« Ve N URARE L, BILRABEFEHRA L MILRAXE®RL
OFEIR W 12, ZHERIRAL, RJIGRY, ML SR SRR A C
GlobalWafers Japan Co., Ltd.%, Graduate school of Computer Science and systems Engineering,
Okayama Prefectural Univ.?, Okayama Prefectural Univ.?

OHiroya Iwashiro!?, Haruo Sudo?, Ken Hayakawa!, Eiji Kamiyama?, and Koji Sueoka?
E-mail : Hiroya_lwashiro@sas-globalwafers.co.jp

vUary Si) Ve MRALTEESREANO 2 ) A e LTHEIET D Z ER D
1% Bulk Micro-defect (BMD) D JE % T4 1 -2 Rapid Thermal Process (RTP) 23% 5. RTPIZ &
S THMR ST ERE OB 2250 (V) 1XBRF%E (0) & ZEiL-BAEE G (VOx) 2T L, BMD O#r
HEERICTHF 5T 5 &2 5 5([1]. RTP 7 =—® VOx JZAEIX, Fourier Transform Infrared
Spectroscopy (FTIR) (X 2541 T 72< &b VO, DIFERKRHE SN TWH[2]. £72, BMD HE
& VIEREIITARAN B 2 FNVHIBH L TR Y, BMDEEILVIEED 4R IZHAEITA[3]. 2 kv,
BMD #rHEZ DIEREIL 4VO, EHEE S5 . VO, DL EREEIZATHIZE L W IREZ STV D 4],
AVO4 O BAKE 72 2 EREE 4R R L T2 AT 221372, £ 2T, AT, & FEHEZ A
W, VO 2N AEEE DB OFEA = R VX — (Bp) ZHH L, 4VO, D EMREEZTER LT,

HEET L, SiJRTF 512 [l SR AN HFIEET AV EAHE L. 20 Si®F /L2 V04 & 4
FlET 270, MIELICEE LI25E, HEEITHITTNEDIETICE D, £ T, AFRET
X, 2R E A TS VELE, 3B E AT 5 VEGE, 2 [BIxFM: & 3 RIkHFREm 7 247
VEED 3SFEEZZETDH. OO VELE~, 0% 16 EALE L VO s ZE L=, 1K
L7 AVO4ET VDT RF — 2 F—FHEFE LV R, VO 4EEE D Ep R LT,

FHEOREE, 3EATHEEATDH VEE LY, 2B EZATD VERED ) Epld k& < 72
LiERE oo, 3EIRITHEA AT S VEEIL, 2E%IFMEA AT S VEREICH], VIEL o
DEEN TS, 2O, VO, A LEREFERDL ZERTET, TRAF—WICREEITR -
lEZLND. £z, 2RHEEAT D VEEEOFTY, X 1I1Z7R7 VO EED Ey A
<72, 36eV EZRLTE. ZHUE, VO 4 HEELIFE TR —FIEROLFELRLTE
D, RTP C#EA X417z VO4 723 BMD ~il K3 D1l T 4V0, DIFRE & 72 5 "l REMEIT 0 5.

Fig. 1. The Most stable structure of 4VOa.

[1] R. Falster, V.V.Voronkov, F.Quast, physica status solidi (b), Volume 222, Issue 1, pp.219-244.
[2] V. Akhmetov, G. Kissinger, and W.von Ammon, Physica B,404 (2009) p.4572.

[3] Haruo Sudo, et al., ECS Journal of Solid State Science and Technology, 8(1)P35-40(2019)

[4] G. Kissinger, et al., Journal of The Electrochemical Society. 158 (4) H343-H346(2011)
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Si UV = — DOREBRLIEF D Cristobalite fH
Cristobalite phase inside thermally-oxidized films on Si wafers
A= =X DrRvi, CRIILRIAERT OrlRA L2, KREER?
! GlobalWafers Japan Co., Ltd., > Okayama Pref. Univ., °E. Kamiyama'- 2, K. Sueoka?
E-mail: ejkamiyama@aol.com

WMIN—TTIEINE T, Sifm et L5
5D SiO) O A& IZ OV T, Si fEdm DOk
{EIZBR U TR Si D &2 £ 71T Si ik D
3 & 5| X fkV 72 B-Cristobalite (Ideal) (C) & k%
M St HNIZ KV AERET D a-Quartz (Q) @ TH
& ODEFETNVERELTE [1,2]. ZOET IV
WZBWTC, B FEFHEN LSOO R L
X—nb, B2 ET D2 & T, R¥EnNQ &
BRHOELOD, —EED C bEETDHIZ &AL
7= [2]. EBRORBLIZB W T, B Si Dt
MIUVERIEBZIDHDEDEEZLNDZ D,
EROEFT LD C L QDEH & MHERLFFIZFEA L,
FERLELCHELDNDIENTENLT 7 A5 L
HEE L TU-.

& T AT, Si K& B L7 Si02 1%/Si Fifi
Z WSS (TEM) THEIZ L7RRIT,
1980 M HWME I TS, L, Si0; 5
DOFERAEIEIZ OV T, IRERRBERAE 5N T
WiRno Tz, L ZAN, TEMBZETHWSE
BRI EVRBHZAD X A=V BBl B &
T, Si02fEE/Si T, R Si Ot AT
VN B-Cristobalite /Si & ##% & T & % Pseudo-

=110=

<100=

<110=

<110=

<010=

<100=

X 1 (a) Pseudo-Cristobalite &5 /L (Ideal),
(b)Y EEFI% DOEF /L (Another D j -
Cristobalite), [4]

Cristobalite &7 /L78 2012 F(CfEE Sz [3].
AR TIL, Z @ Pseudo-Cristobalite 5 /L % &
—JFERHEICLVFAEL, £, ZomEoHEL
ATREMEIC DWW TEERT 5 [4].

1(a)lZ#2 % S 117z Pseudo-Cristobalite €7
NVERT. T ARG S LCTERLTZET L
@ B-Cristobalite i (X, 5 —JRERFIRIC L HA%E
it O SREEDN I, (b)D X 5 et
ERoTHENKT Lz, ZO0b)D0REE TIL, B
FIFREFHTY, 1.7eVIHZRNAT—PMELE
EThoT. T7hbb, (EEIMED CTREET
Hol=Z Ll BN, TN THERIZ TEM T
BENTZ EIFHBRGEN.

F7o, MEREETH O 1(b)D Si02 D
AEEEREIE LT, 1970 4R 5 A 5 4 D B-Cristobalite
DRI DO E(Another) T % [5]. Si Kot & DIEE
PEZ PR D7280, Si021 7 F Y720 DT x)LF—
DT EBRGFEEZFHEA LT b OB 2 Th 5.
Z OFER S, Another Structure %, Quartz (2K
WT, Si & DOEEEYE (BBRAS Si DR ERZ =
T) ODRWZ LN,

2 3R

[1] (L 2023 FEFRICH) 15a-D511-7. [2] R (Lifil
2023 4EFKJS®) 19a-B201-5; E. Kamiyama and K.
Sueoka, J. Appl. Phys. 134, 115301 (2023). [3] K.
Kimoto, et. al, AIP Adv. 2, 042144 (2012). [4] E.
Kamiyama and K. Sueoka, submitted to AIP Adv. [5]
A. F. Wright and A. J. Leadbetter, Philos. Mag. 31,
1391 (1975).

-961

= —o—Ideal-B
& g «— Another-p
B RS 5.3 a-cristobalite
z u-Quartz
g -963 :
g
z :
= -
£ 965 E———
l:
# 966
4.5 6.5 7.5 8.5

a(A)

X 2 #7%E Si0: D Si & DEAM: [4]
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Quality of silicon substrate and point defects: 2nd generation
(12) Nonuniformity of isotopes and intrinsic point defects
Radiation Research Center, Osaka Metropolitan Univ. °N. Inoue?, S. Kawamata® and S. Okuda!
D) A VERERORE L AR B2 (12) RGHAE BEERRMREOTE—
RERAITKBEHEAZR o2 — HEEAL JIIXE—, BREE—!, E-mail: inouen@omu.ac.jp
In 2019, isotope enriched Si sphere replaced the kilogram prototype [1]. In addition to the brain and neural network in the

LSI period and the heart and blood network in the power device period [2], Si became the base of science and social life.
Improvement of quality and understanding of Si crystal is necessary. Carbon impurity, reducing the lattice parameter, is the
largest source of error [3]. We analyzed the measured 1-D map of lattice parameter (LP) [4] by the segregation kinetics and
found the practically carbon-free (2x1014/cm3) region and estimated the ideal LP is 1.8 x 10-8 larger than the measured
minima [5]. There are two possible nonuniformities left, of isotopes and point defects [6]. We examine them here.

Isotopes There has been no examination on the isotope nonuniformity in Si. Previously, we have re-examined the segregation
of elements in Si by Trumbore [7]. It was found that the distribution coefficient and solid solubility have the linear
relationship in log-log plot. Si and Ge have nearly equal characteristics (Fig. 1 [8]). Lattice parameter of isotope-enriched
crystal was reported to be larger in 3x10-5 per mass [9]. Assuming that atomic radius of isotope has the same tendency, the
change of distribution coefficient is estimated to be equal to that. Hydrogen and oxygen isotope “fractionation factors
between ice and water,” « (D)i-w and a(180)i-w, were reported to be close to 1, 1.0028 and 1.0206, respectively [10]. Fig. 2
shows the log-log plot of segregation coefficient vs. mass ratio. Assuming that it has the linear relationship, those of 30Si and
29Si are estimated by extrapolated to be about 1.0005 and 1.0001, close to 1.

Intrinsic point defects We estimated the LP change by point defects assuming the concentration of 1014/cm3 to be -2x10-9

and +8x10-10, respectively for vacancies and interstitials [6]. It is difficult to define the point defect concentration in liquid Si.
Thus, we consider the change of equilibrium concentration under growth at different interface temperatures, higher under
lower growth rate at higher temperature. Formation energy of point defect is about 4 eV [11]. Two degrees temperature
change was calculated to result in the concentration change of about 3%. We must consider the diffusion at high temperature.
The diffusion coefficient near melting point is known to be 10-4-5cm-1, so that nonuniformity is considered to be
homogenized [12]. We thank Dr. Voronkov, Profs. H. Hashizume of Tokyo Tech, M. Ando of KEK and J. Yoshimura of
Yamanashi U. for discussion.

[1] International System of Units, 19-th ed. [2] Inoue, JSAP 2019S, 16p-M111-9 [3] Windish PSS A, 118, 379 (1990) [4]
Waseda, IEEE Trans. Instrum. Meas. 66, 1304 (2017) [5] Inoue, JSAP 2023A, 19p-BZ01-5 [6] Inoue, JSAP 2022A, 20p-
C206-8 [7] Trumbore, Bell Syst. Technical J. 1960, 205 [8] Inoue, Electrochem. Soc. Proc. 2002-20, 127 [9] Wille, Phys.
Rev. Lett. 89, 285901 (2002) [10] Suzuoki, Mass Spectroscopy, 21, 229 (1973) [11] Nakamura, SSP, 82-84, 25 (2002) [12]
Fukuda, Nippon Steel Technical Report, 83, 54 (2001).
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High sensitivity infrared absorption spectroscopy and infrared defect dynamics of silicon crystal/
2-nd generation (25) Single interstitial nitrogen, Ni
D) AVEROERERNRINE RN RMBEEIANZ/E_HK (25) BFRZREER, N
Radiation Research Center, Osaka Metropolitan Univ.! °N. Inoue?!, S. Kawamata® and S. Okuda®
KRAIZKZMFHEARE 42—, HLEEALNIRXE-LBAE—!

E-mail: inouen@omu.ac.jp

Nitrogen in Si has been thought to mainly form NiNi pair (Si-N-Si-N rectangle), and N concentration was measured by its
infrared absorption [1, 2]. On the other hand, various IR absorption bands were observed either in implanted [3] or as-
grown Si [4]. We examined them further, assigned, and constructed the database [5]. Among them we found high amount
of Ni both in CZ and FZ as-grown Si [6]. By annealing, it forms NiOi chain in CZ Si whereas it forms VNs in FZ Si [7].
This suggests the V-rich character of the FZ samples.

Recently, it has been reported that the deep level in annealed NFZ Si degrade the lifetime of power device [8]. The deep
level formation was found in 1985 and thought to be due to VVNN [9]. We attributed it, however, to VNs from Ni [7].
Therefore, we examined Ni in old CZ crystals, those used in the round-robin measurement around 2000 [10] here.
Absorption bands at 551 and 556 cm-1 were observed also. In addition, absorption at 575 cm-1 was found. We examined
if the old crystals were I-rich. Previously we thought O2i in as-grown CZ Si might suggest I-rich character of the crystal
[11]. O2i absorption is located at1012 and 1062 cm-1 [12]. We found the ONO, double pair absorption at 855 cm-1[13,
14, 15]. Alt confirmed 1064 cm-1 absorption later [16]. It was observed that the 1604 cm-1 absorption eccompanies 1062
cm-1 absorption in the old crystals, suggesting the I-rich character.

In summary, it is important to measure Ni concentration in as-grown Si, and examine I-rich character from O2i absorption.
We thank Prof. Londos of Athens Univ. for discussion.

[1] Abe, Electrochem. Soc. PV 81-5, 54 (1981) [2] Jones, Phys. Rev. Lett. 72, 1882 (1994) [3] Stein, Appl. Phys. Lett. 47,
1339 (1985). [4] Wagner, Appl. Phys. A46, 73 (1988) [5] Inoue, JSAP 2022S, 26p-E104-10 [6] Inoue, JSAP2020S, 15p-
D411-4 [7] Inoue, JSAP2023A, 19p-B201-6 [8] Kajiwara, JJAP, 62 07550 (2023) [9] Abe, MRS Proc. 59, 537 (1985) [10]
Inoue, Solid State Phenomena, 95-96, 489-494 (2004) [11] Inoue, JSAP 2012A, 11a-F3-8 [12] Murin, Phys. Rev. Lett. 80,
93 (1998) [13] Inoue, Solid State Phenomena. 108-109, 609 (2005) [14] Inoue, Physica B, 376-377, 101 (2006) [15]
Fujita, Physica B, 401-402, 159 (2007) [16] Alt, J. Appl. Phys. 106, 103511 (2009).
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Measurement of carbon concentration in silicon crystal/ 2-nd generation
(28) Solution of middle and inner phonon band problems in infrared absorption (1)
°Radiation Research Center, Osaka Metropolitan U., °N. Inoue!, S. Okudal, S. Kawamata'
DV aViERPOERERRORARE/E 1 (28) FR7MRIRD middle, inner phonon band *f3E (1)
KERAILKBEHRIR o4 —, OF LEAR !, REE—, JIXE—!
E-mail: inouen@omu.ac.jp
Low temperature IR, base of science and society
In 2019, the isotope-enriched silicon sphere replaced the kilogram prototype [1]. About 2x 1014/cm3 carbon is included in it [2],
changing lattice parameter, affects the accuracy of kilogram unit. Measurement of carbon concentration in Si became the base of
science and society which is performed by low T infrared absorption (IR) according to the ASTM Standard [3]. Low _
temperature IR measurement is widely used in leading Si suppliers since “70s [4-8].
1-st Generation IR for LSI period
In 1975 LSI (DRAM) research projects started. We began IR study and established two basic procedures: (1) 560-640 cm-1 baseline
and (2) 0.8x1017/cm2 calibration factor [9] Unknown carbon concentration in the reference and the calibration factor were

determined statistically assuming the result of CPAA was correct. All results of the round-robin measurement were used without
checking the performance of the individual instrument. Our proposal was included in the ASTM Standard revision in 1990 [10] in
which the instrumental detection limit was assumed to be 5x1014/cm3. It turned into the existing SEMI Standard. It was confirmed
that carbon does not affect the defects in Si below 1016/cm3 [11]. Carbon did not take attention in the LSI period.

2-nd generation IR for power device period Around 2005, power device in the hybrid car took attention. It utilizes the radiation-
induced CO pair [12]. We have developed the 2-nd generation IR for the “power device period” since 2005 when we measured
1014/cm3 at RT [13]. There are three key techniques, (1) preparation of carbon-free reference sample established in 2008 [14],
(2) way to estimate the instrumental detection limit shown in 2021 [15], and (3) solution of the interfering fractional phonon
band problem established in 2016 [16]. The basic part was transferred to world’s leading Si suppliers through the round robin
measurement using samples with C down to 1014/cm3 [17].

There are three kinds of phonon bands (1) outer at 575 and 625 cm-1, (2) middle at 612 cm-1 and (3) inner phonon bands at 600 and
608 cm-1, located at the inflection points of the phonon absorption band [16]. The outer phonon bands are distinct at concentration
above 1015/cm3, but are well separated from the carbon band. Drawing the baseline within the outer phonon bands between 590
and 618 cm-1 solves the problem [16]. We call it the middle baseline and call the conventional 560-640cm-1 as the long baseline.

Middle phonon band becomes comparable to the carbon band of around 5x1014/cm3 concentration. Both bands overlap at the
intermediate region. Fortunately, the middle phonon band is nearly 0 at the carbon peak, and does not affect the carbon peak height.
The middle baseline is the solution also. Measurement of 2-3x1014/cm3 was established by this procedure.

Inner phonon bands are comparable and too close to the carbon band at C concentration around 1014/cm3 at RT. We have
developed the solution as will be described in detail in the next time. Short baseline between 600 and 610 cm-1 works well at RT.
(3) Low temperature IR measurement is widely used in leading Si suppliers since “70s. We found its new advantage, separation
of the inner phonon bands from the carbon band due to sharpening at lig. N temperature. Measurement of 1013/cm3 was

demonstrated [18]. Calibration for lig. N temp is necessary. (4) Measurement of poly-Si down to 1014/cm3 was also established

[8]. We thank Hemlock Semiconductor Operations LL.C (USA) for collaboration in sample preparation and low T measurement and
Prof. Kolbesen for discussion.

[1] International System of Units 9-th ed [2] Andreas, 48, S1-13 (2011) [3] Zakel, Metrologia, 48, S14 (2011) [4] Endo, Anal. Chem.
44,2258 (Komatsu, 1972) [5] Kolbesen, SSE, 25, 759 (1982). [6] Huang, JECS, 138, 576 (Hemlock, 1991) [7] Porrini, SSP, 108-
109, 591 (MEMC, Wacker, 2005) [8] Inoue, ECS Trans. 86-10, 105 (2018). [9] Inoue, ASTM STP960, 365 (1987) [10] ASTM F-
1391, SEMI MF-1391 [11] Hoshikawa, JJAP 20(S1) 241 1981 [12] Sugiyama, 17 Int. Symp. Power Sem. Devs & ICs, 243 2004
[13] Inoue, SSP, 108-109, 609 [14] Inoue, JSAP 2008S, 29p-X-15 [15] Inoue, JSAP 2021A, 10p-N203-9 [16] Inoue, PSS C, 13,
842 [17] Watanabe, JSAP 2016S, 20a-H113-8 [18] Inoue, JSAP 2024S, 24p-12F-7.
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Chromatographic crystallization
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Fig.2 Possible extra-droplet crystallization mechanism
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1) S.Ko, et al., Cryst. Growth Des., 17, 497-503(2017).
2) A. Wang, et al., J. Proteome Res., 5, 1488-1492(2006).
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Simulation of spatial concentration distribution of solute molecules eluting from the water/oil interface
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Development of an ultra-lightweight X-ray telescope using MEMS technologies for
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&35 25 REGIEENE I E DR TIT S T % B 3Bk E X #8548 2 GEO-X (GEOspace
X-ray imager) \D&# % H$5 L 7= MEMS (Micro Electro Mechanical Systems) 247 % 7z X #REE
EEEDFAREED T NS [1], B 10inch, EX 400 um D Si FEMRIZ ¥ 7 4 = v F > 7 ClF 20 um
DT 2K 45000 ERALY, 2 OHfIEER KL 55, v F ¥ 7RO KEHFHORMEH XX 10-20
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N REETETH %,
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[1] Ezoe et al., 2023 J. Astron. Telescope Instrum. Systems, 9, 034006, 2023
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