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13:00~ 13:15

[10p-N105-1] 2.38 Wt%TMAHIRGR L v F > J'IC & % (001)EB-Ga,03D AT v 7 & T35 AKRMA
2D

OKE (=1 (1.NIMS)

13:15~13:30
[10p-N105-2] OZT#ffﬁ—F Ic&1F5(001) B-Ga;03M HCIHARXRTwF>T

OXE #—1. KB /-1 (1.NIMS)

13:30~13:45
[10p-N105-3] (001)E B-Ga, 0354k L DB-Ga, 05/ T 7 ¥ + v T

OXE (-1, KB #—! (1L.NIMS)

13:45~14:00

[10p-N105-4] B-Ga,03 RF MESFET{EEAD = X kCVDODE A

Ok gittl. B/ &1, A %l RERTZ S5 HE2 KO8 BAR. ERBE=3, Bl 22, B BA
1 B EE3(1LEA 28Kk 3. 8FYZwY)

14:00 ~ 14:15
[10p-N105-5] BRAE T D LT # b2 v UGG T/ £ — LHIRSEEDFR

O%£ EfBL. Pholsen Natthajuks2, AH FHKR2. #EF Fikel, B 812 (LEASGHH. 2LEALER

®LFEREK
14:15 ~ 14:30
[10p-N105-6] Fabrication of (100) Thin Film 3-Ga,03 on Insulator towards Optical Applications

O(P)Natthajuks Pholsenl, Jewook JeonZ, Hideo Otsukil, Takayoshi Oshima3, Riena Jinno?, Satoshi
lwamotol:2 (1.11S, UTokyo, 2.RCAST, UTokyo, 3.NIMS)

14:30 ~ 14:45
[10p-N105-7] Structural Characterization of Filamentary Twins in (001) -Ga,03 Epitaxial Films

O(D)Hao Wenl, Ce Tao?, Zengyin Dong?, Xiaoging Huo2, Kyoku lhoul (1.Tsinghua Univ., 2.CETC 46th Inst.)

15:00 ~ 15:15
[10p-N105-8] = §¢/35:@AC B ST YEXRT = F LV 1= BEL Ga, Ox Btk & T & D et

Ok KBBL2, BSEB A2, LD 12082, BRE HA2. Al BEMEZL 4R AT, B BAS (L=ZEAR, 2
TrAEIIYIRE A~ 3.//\‘)L7'JZ’S’)LTO/EI/ )

O FEFER

15:15~15:30

[10p-N105-9] ETHEXIE b RT 5 T 1 —IC K ZRENMEF DP-Gay03/8 T — T /N1 AU H T B ERfI
DA R > REBEM

Otk 5KBBL2, BsER A2, L0 2, BE H302. A)I BB BA AR, B4 GLES. EAALTES, &
REN(LZEARE. 2771V ESIvIREYE— 3 /RNILZURZIILTY /O )
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Y EXRERT ST 1 BRE
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15:45 ~ 16:00
[10p-N105-11] B ZSEMERIC & B B-Gay03(010)#E & P ER A D FEFKIEE H

ORI BB, BsEp AL, ik th=l, gk kmBL2, f£4AK AF3 (LJFCC. 2.=F K. 3.NCT)

16:00 ~ 16:15
[10p-N105-12] B-Ga, O3S B A & N 7= E5fi DHEIEARHT A D LACBE DA E A M AR AT

OBE H3hL. kB2, k4R NF3, Al BINEL (1.JFCC. 2.=FA. 3.NCT)

16:15~16:30
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O/ &l BsEs Al &)l el (1.JFCC)
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2.38 wt%TMAH RIGE T v F > 712 & 5(001)@E B-Gaz0: DR TV F&T 5 AERMEMAK
Formation of step-and-terrace surface morphology on (001) B-Ga203 by developer etching
OXB #{=, °Takayoshi Oshima
NIMS, NIMS
E-mail: OSHIMA.Takayoshi@nims.go.jp

[ 5] K& RN T DT D B-GaxOs iRl —F /34 ZOWFFERAFE 1L, BIFE, F12(001)
i ETHEDIZED b TW5, 2078, (001)HEIZxEd 5 R ImAEFLEIR & A ICHRF S Tn
5, R, AZNT Y —FHHT VT Y O tetramethyl ammonium hydroxide (TMAH) ZK¥#E 2 H U
Uy by F Uo7 TIE, RELRS, FIAMA Ty FROKRER L, 3y bF—FBX
PN #2564 A A — RORER L7 EOFRAMENREIN TS [12], LHLZRRE, %< OHAT
WFFECIE, HAEIRE O TMAH (10-25wt%) DMEA S, 2»o=iRE2 K& < EEIDIEE (70—
90°C) Ty F U IPMThohTWh, £ TAMIETIE, LV FEBPAESRTrEAL LT, IF
ey ) Y 7T 7 ¢ BUGIK (238 wt% TMAH) W, |R TV =y b=y F 72470, £0D
BROFEERREDZALIZ OV TRt L2 i R A2 AT 5,

[FBR] 2~z U 2Z 0T 7 ) aP—8o001) B-Ga0s FEHIZ 3 L, 25 °C (248 - 7= Bk o34
WYy by F o 7 %{To7-, Fig. 112, MBS (AFM) TEIZ L=, FHk
REOx v F o VIR FEEZ R~ T, =y F U TRIOKREEIL,. ROHW-T T A 1-3 @ iR
INTWe, TyF U 7ICE0VENLDOT F AT, A7 v 7R %BT 5Bk F 728D
PrESN, SHICTBICHFELTWET 7 ABEBPEH LT, RENICHBR AT v 7&T 7 At
ERER SN, o, b IR > TR SN2 &6 N TIX(100)HE £ Y $(010)iH
DHBTy F 7 ENRT NI ENRBEND, ZOXIIC, BIRTOBUGK~ vy F o 7%, i
BTHLD, BT LIV OREFHICANR T e XA THL Z EBP LN E T,

[B8E] SCRHA ARIM 52 (JPMXPI1225NM5079) %3 UC, NIMS SN T = » k3% & F)
L7z, £7. BHfE (JP24K01368) A L7=,

[1] Appl. Sur. Sci. 506, 144673 (2020). [2] J. Vac. Sci. Tehcnol. A 43, 033210 (2025).

as received
5 ' 1.9 1.8
£ £
= £
= =
2 o
(0] (0]
T T

0 " :
RMS roughness = 0.48 nm

Fig. 1. AFM images of a (001) B-Ga>Os substrate before and after 2.38 wt% TMAH etching at 25 °C.
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HCI gas etching of (001) p-Ga203 under oxygen supply
NIMS, OXE& #—, XB& #{

NIMS, °Yuichi Oshima and Takayoshi Oshima
E-mail: OSHIMA.Yuichi@nims.go.jp

[FR] B-Gax03 1337 — 8RRl E LTHZETH Y | KRR’ ED DT\ 5, T
£ B-Gay03 D SBD D&M E(L=S° FInFET @/ —< U —F Z7EfED 702, Lo FRT7 4 DX
IR 3 RTHEEE T LT A ANRFEREINTWD, FDO LD 74 3 WorkEoEilci:, —vF
Y UEARNEBERER AR, £, HHEOT y F U b ERREO X A —U00G YO
EOVEDITEREEZBND, B-Gax0s DT v F L 71T DA RIE BNHWLN LD, TR
VT EA—DINT NS AMEREICER R A B2 5 L WO RS D, T T, BxET T A< 2 A0
IRVWHCL ATy F o THEA 2 B% L CE 7o, ARBIETIE, HCl H ATy F o 7 Otz S 6
IR BTN T A—2 E LT O UINMZER L, O fiiis F T v F o 728 25
RO THET D,

[EBR L EZE] = v F o VFEBRITIZB-Ga0s (001) M & FIV 7=, HCl 4343 PY(HCL)IZ 63 Pa &
L7z, O 4823 E PY(O2)IE 0-2.50 kPa, FEARIEEIL 645-1038 °C O#iH TEL S HZ, =y T
TN 10 3 CTH 5, Fig. 1 @QURT L I, (00DEHD = v F 7 L— F i PYO)DHENNZ 3 L
TR LI2A, REHSIIVEORINTH-> TH KIBIEBTE 52 Edbnotz, £
72, Fig. IONZTRT L2, O T TlE= v F 7 b — R ORERGNEC O a3 I & X2
TR LN o727 T h—n8INT, R SIE, EE AT 850°C LLFIZT 5 2 & THEFITIK
WMTEDZENbhoTe, HHIZENFMOT Y F U TIZONWTHEREDTFETH D,

[BREE] ARBF5E D R O —H 1 NEDO (ESZAFFE BT E A BT = L 55— « BESERNHR -5 B RS HAE)
DEFEER (JPNP22007) OFERMG O, 7o, U ARIM F3 (JPMXP1224NM5454 35 LY
JPMXP1225NM5075) %38 U C, NIMS Ml L=y N &R L7,

w
o

w
o

2.0 ——r—— 1115

—_ T T T T = i
c = 0 c
£ | (a) T=747°C = £ | (b) Po)=125kPa =
E s = E S
= 20 @ = 20r 110 &
S g P 20 10 2
© IS =
o 1410 < 2
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2 o 8 <)
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g > g / =
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Fig. 1. Planar etching rate and surface roughness of (001) B-Gaz20s as a function of

(a) partial pressure of Oz supply and (b) substrate temperature
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(001)E B-Gaz03 £iR LD B-Ga:03/T7 ¥ ¥ v FHEE{EE
Fabrication of B-Ga,0Os/air-gap structures on (001) B-Gaz0s3 substrates

OKE #{Z, K& #—,

“Takayoshi Oshima and Yuichi Oshima
NIMS, NIMS

E-mail: OSHIMA.Takayoshi@nims.go.jp

[E 7] B-Ga03 1% Si & R OB AFEZ A LT Y, MEMS JGH BRI SN TV 5[], LavL
I ETO MEMS RIETIE. B-Ga03 /Ny & BFEFAM EICPEECIREST 522 LT, hrF LA
—RPx T T vVl COBIEER MER SN TE 2, 0D, TubANEMETHY . HH

PEIZZ LW EWIRREN D -T2, — . Fex i3l
e, FENOHBMEOE W B 22 LY | (100)HEH
ETo=7 7Y v UIAICEE) LTZ[2], L2>L. (100)H
IE, RETE X F Y VEERHICHEAFEAE LT <,
FEBRIZITT A A SN2 AL T D, T,
AW T, BAHAREZE XY 2 URAEETHY . KOR%
U = O ANFH IR S 72 00)EIZE H L, RO 7
N AZEHT DI LT, B-Gar0s/ T K ¥ v S HEED
TERLZ R Zh L= THAAET 5,

[EBrE#ER] (001) B-Gax0s KoM IZkF LT, Fig. 1.127R
TR AERER L], £T. KRNIy TF
TIZR D AFEEE L. £ D% HCl WAy F 7
WZE D AV HE THERE L, HOl ATy F 2 7T
X, BTy F o 7 B RET 572912, HCl 73 E % b
@%k%&zwh\fmtxﬁﬁ%m&%mé&ﬁmc
WZRRTE L72[3,4] 2 OSMATIE. (00D EHE 7 xd
A[010]E N A O RG> F o ZHE-SK 7 5T

ol Fig.2 12, fERH L7720 »F L/3—D SEM 8 %
AT, WIEBPSIE=T ¥y o TOFENHRTE, B
VFUN—EENERINTND Z Enbns,

[B8E] SCRE ARIM F73¢  (JPMXPI1225NM5079) % it
U T NIMS #5fiN T.& EF- B~ =~ &2 FIH L7,
F72. FHFE (JP24K01368) ZfHH L7-,

[1] X.-Q. Zheng et al., Appl. Phys. Lett. 120, 040502 (2022).
[2] T. Oshima et al., AIP Adv. 15, 055207 (2025).

[3] T. Oshima et al., Appl. Phys. Lett. 122, 162102 (2023).

[4] Y. Oshima et al., Jpn. J. Appl. Phys. 62, 080901 (2023).
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. HCl W 2z W ffib 85t = v 7o 7 %
« Lithography « PECVD « Lithography
« ICP-RIE SiO, + CCP-RIE
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» HCl gas etching « BHF etching
001*
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W& T ) )

Fig. 1. Process sequence of -Ga,Os/air-
gap structures.
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Fig. 2. SEM images of the fabricated
cantilever.
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B-Ga,0; RF MESFET E®{~MD XX + CVD Mi&EH
Application of mist CVD to fabricate B-Ga;O3; RF MESFETs
WK, &K RFY=yr? BEE & BER & BB R, TR B BE
BoA BEXER?, EH F=C, AE B BF BA BA RAE°
Kyoto Univ.', Nagoya Univ.%, Panasonic’, °S. Fujita', T. Wakamatsu', H. Ikeda', Y. Ando?,
H. Takahashi’, R. Makisako?, T. Ueda’, J. Suda’, K. Tanaka', H. Sugaya®

E-mail: sugaya.hidetaka@jp.panasonic.com

A b CVD IR LZA AT RILX — KT A S OB CH 5, 4 1a], ek E010) B-Ga0s
RO EIZ, S AR CVDIEIZE D n BB-GaO3 DAFETE X F 2 ¥ /LK 21TV, RF MESFET
DAER 2 R T- D THIET 5,

n BB-GayO3 DF ¥ U 7 HE n =2X10" em?®, JEE d =48 nm & L7z, MESFET (34 K C-TEFs
ICBWTERIE LT, 7310 A& % Fig. 1 127”3, 77— MR Lg= 045 pm, 77— MIE Wy= 200 um
Tho, Fig 2l A VEIR-EBEE (- Ve) FEZTRT, MEX20VLETHDLZ L 2R L
TWNWDb, 7= FEE V-4V IZBWTURIEE > F4 7 L, ZHUE n BB-GaOs DX+ U 7 EE L
JBEENeTFRINDMEE L 8L, BIFSEREES () & RRFBIREEE (fow) 1T
Jfr=6.0GHz, funa =14 GHz 21372, ZiL5 Offil%, MBE iR &0 {FRE S 4172 MOSFET [1]& L
i L CGREITZRD, 2B, BV A XDOT A ZZBWTIE, fr =84 GHz, fux =18.4 GHz M3 H 1
Too E 510, AHEAEIEE &2 AN L 7= MESFET H4iE 25 2 fESL U 7=, Fig. 312, Vas= 10V, Vg=—0.8
V, Is=8.5mA ([ZFIT 5 S /T A — X O BUKAFM: 2 7~3, 2.42 GHz A1 TS L, FIFF 6.7 dB
NNz, F£72. 242 GHz CTAHREMEZRIE L7k
. BEFIS 6.5dB. AT 12dBm (16 mW), f kAT lgm Lpm
MBI 10%% 7, Ll ZRBFRIEE HAEE R ety ion
&<, THULFig 2 R END K OIZ, TAA ZADF SN:rH-' i ;-mp:nt;apte-m
AR | E T2 LA SRR 2 &5l & B I
o, 5k, REBXO7 v 20fKEAIZED , K2
R®D RF T34 RZORDDHZ EDREFEINS, Fig. 1 MESFET device structure

[1] T. Kamimura ef al., Appl. Phys. Lett. 117, 253501 (2020)

120 ) 10
Gate voltage //,/4"‘”'—F'_1
£100 + 1V
£ ov z o
< + -1V =
A 5 Va
- a —s11
5 0T 2y g \ ] —s21
= ——-4 V o -10 g
2 40 | o 522
= —
g 20 L LA _ | | @
o I \ | ' ! 20
0 He—4—3 : ——t 2.2 23 24 25 26 27
0 2 4 6 8 10 Frequency (GHz)
Drain voltage (V) )
Fig. 3 Frequency dependence of S parameters of
Flg. 2 las-Vas characteristics of MESFET MESFET ampliﬁer with matching circuits
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BTV VLD A+ b=y iERT/ E—LERBEEDER
Fabrication of gallium oxide photonic crystal nanobeam cavity structure

RASEUBE |, HREEH?
O£#fB ', Pholsen Natthajuks 2, K#{F X’ HHHERE', AXEH"?

RCAST U-Tokyo!, IIS U-Tokyo? °J. Jeon!, N. Pholsen?, H. Otsuki?, R. Jinno', and S. Iwamoto'-?

E-mail: jeonj@iis.u-tokyo.ac.jp

TA KRR REx » 7EERMPEH R O @ FOE, aFDBTEAT DAL R A M B O(ZE T
RAME F45 72> D+ BN TAET 72, BUhitic X 5 & FIREBOELA I SN D Z &0 b
H—YAPEA~OIHAP R STV B[], B-Gax03 13 4.6-4.9eV DX REX ¥ v TR VX — 5§
DUA RNy REp v FEERO—DTHY | BEKERTHD 1.316um THRILT D AF0LDH
iémkmo:@é¢®@@ﬁ@Fw@f@%%&@ﬁt%i%hfwéoﬁb@\7¢F:y7
FEmHERIC LY ZoafboReEHEm L, 7R L USHT2ZEEBEL TS, &
AUE TIZ, B-Ga:0: PhC F / B — A RSO G 28 L72[3], Anl, ZOEBICAIT - H &
LT, B-Ga03 ~® PhC HEIEDIER AT o 7D THET 2,

F@l@ﬁ%f@@fH?XZ%%[Nm&ﬂﬂ%ﬁ%@@bkoifA%FFTBQny
V7 MR BICETRRREIEICLY Cr N~ FR~AZ7 &KL, TOLICEFHRLI A MEERL
7o WNT, BRI YT T T 4IZED LTV A R RF— /%%&L\_®A&~/%vx7kb
CCraTyF 7452 LTCr~A7 2, Fonic Cr v A7 ZHNT, B-Ga:0s &~ v F
VL REBIZCrmy FUTHRIZE Y Cr~v AT ZBRET D 2 & T Fig 10ICRT &L 9 72 B-Ga:0s
PhC HEER S DT,

B-Ga:0s D= F > 71X BCls/Ar=20/5 sccm, ICP & 7] 400W, /XA 7 AES) 200W, 7'at A+
77 0.66 Pa DT TITV, Cr & B-Ga:0sDEARILITH 127 Th ol B-GaOsDT v F o 7 L—
MZBWTRERERTAKAETIR AT, ERENTAEEICB O THEAR =D B
ENTNDZ ENbND, ZOER S IEHER— VO ERITHFHEOR 1.25 5 Th o7, 72,
z/%/a%@m% IE—ED T 7R AP L, MEEMA TR L% 79°Th > 72(Fig. 1(c))s

%ﬁ®7w~7#ﬁibtaGM%%&%H®%ﬁﬁ7rkﬂﬁr@ﬁf%é Stz

%J_@ﬁ/ﬁkki()\m O EIHRAROERIC T 7= 7 e & Afi b At 2 TETH 5,
@ (b)
Resist Coat . [ﬁmcnl’ -

(FICP Cr Etch ZResist Remove
T Resistl [

Cr cr

B-Ga0, B-Gaz0,

BICP B-Ga,0, Etch ECr Remove

5.00 pm

Cr

B-Ga,0y B-Ga;0,

Fig. 1 (a) Process flow of the B-Ga-0s photonic crystal nanobeam cavity structure. (b) Oblique view of the -Ga20
photonic crystal nanobeam cavity structure. Inset: Top view of the 3-Ga-Os photonic crystal nanobeam cavity
structure. (c) Cross-sectional view of the f-Ga.Os photonic crystal nanobeam cavity structure.

BEE - AWFRIE. BMIFER (22H00298. 22H04962, 25K17958) 35 & O L UTokyo Jeiif ig 7 v 75
DO EZ T CEBSNE Lz,

BEICHR : [1] J. R. Weber, et al., Proc. Natl Acad. Sci. USA 107, 8513-8518 (2010). [2] J. E. Stehr et al., Appl.
Phys. Lett. 124, 042104 (2024). [3] B, 55 85 [H& W EL 2SI EUTRIHSS, 20p-A22-14 (2024).
(4] SRUSATLRAL, 55 85 [ElG B Pk F= A lTam i <=, 20p-A22-13 (2024).
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Fabrication of (100) Thin Film B-Ga203 on Insulator towards Optical Applications
N. Pholsen’, J. Jeon2, H. Otsuki!, T. Oshima?, R. Jinno?, and S. Iwamoto!?
IIS!, RCAST?, The University of Tokyo
NIMS?
E-mail: besto@iis.u-tokyo.ac.jp

Gallium oxide (Ga,03) is well known as a wide-bandgap semiconductor with strong potential for power
electronic applications. In recent years, it has also attracted increasing interest in the field of optics,
particularly for deep ultraviolet photodetectors and as a transparent conductive oxide'. Beyond these, Ga;Os
holds promise for a range of photonic applications, including UV waveguiding, nonlinear optics, broadband
luminescence, and quantum photonics with color centers’. However, the realization of these applications,
especially quantum photonics, depends on the availability of high-quality, single-crystalline Ga,Os integrated
on a low-index insulative layer to enable optical confinement and electrical isolation, similar to the silicon-
on-insulator (SOI) platform widely used in silicon photonics. Despite progress in various deposition and
epitaxial growth techniques, the fabrication of single-crystalline Ga>O3; on foreign substrates suitable for

photonic applications remains a substantial challenge.

Here, we propose a method to fabricate (100) thin film B-Ga,O3 on a SiO substrate for optical
applications. B-Ga;O3 on a SiO, can be fabricated by bonding and peeling. (100) plane of B-Ga,Os is a
cleavage plane, and the crystal can be peeled along this plane. As illustrated in Fig. 1(a), we first bond cleaved
B-Gax0s crystal with (100) surfaces on SiO, with benzocyclobutene (BCB), spin-coated on the surface of
SiO2. The bonding occurs under the pressure of around 1 MPa at 250°C in a vacuum chamber. The surfaces
of the gallium oxide crystal are peeled when the glass substrates are separated. We could not control the
thickness of the film yet, but the process can be repeated until several tens of microns of film remain. Figures
1(b) and 1(c) show optical and AFM images of the surface of a fortunate, thin sample after peeling. We will

investigate thinning down with reactive ion etching (RIE) and report the details at the conference.

Bonding .
@) | dL 1 MPa, 250°C ®)
BCB+ Si0,
+ 2,0y
Si0O, (:E
(5
Peeling ﬁ E
g

n (
2

(=3

(=]

Figure 1 (a) Schematic of bonding and peeling processes for Ga20s. (b) Optical image of a Ga203 sample after the peeling.
The thicknesses were measured by spectroscopic reflectometry. (c) AFM image of the Ga2O3 sample after the peeling. The
inset shows the area around the measurement spot.
Acknowledgement This work was supported by KAKENHI (22H00298, 22H04962, 25K17958) and _J& UTokyo JEimalf
4%~ 1 77 .. The authors thank S. Gao, T. Taniguchi, and S. Ishida for fruitful discussions.

References [1] Jamwal, N. S. et al. Nanomaterials 12,2061 (2022). [2] Stehr, J. E. et al. Applied Physics Letters 124, 42104
(2024).
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Structural Characterization of Filamentary Twins in (001) #-Ga:Os Epitaxial Films
Hao Wen !, Ce Tao%, Zengyin Dong?, Xiaoqing Huo?, Kyoku Ihou™
Tsinghua Univ. ', CETC 46th Inst.2
E-mail: wenh24@mails.tsinghua.edu.cn

[-Gallium oxide (Gax03) is a highly promising ultra-wide band gap semiconductor gaining today much
attention. In order to develop manufacture of a high-performance epitaxial structure, in-depth understanding
of defect behaviors in epitaxial film is imperative. However, there are few published studies on the topic of
nanoscale evolution of defects within the microsystem.

In this report, we combined the surface etching and TEM methods to uncover the microstructure of

twin defects in f-Ga20s (001) epitaxial layers oy
(Fig. 1). The twin defects show a length of
approximately 2 pm, a width of around
30 nm, and a thickness on the order of several
tens of nanometers (Fig. 1 (a) and (b)). As
shown in Fig. 1(c), the high-resolution
transmission electron microscopy (HRTEM)
image presents the local crystal structure

composed of two contacting parts mirroring

Fig. 1(a) Cross-sectional TEM image along the (010) plane before thinning; (b) TEM

each other. The angle is measured to be

approxima tely 76° which is consistent with image at the same location after thinning; (c) HRTEM image of the filament-like

the 4 angle of f-Ga:05 (~180-76°). Based twin nanoribbons.; (d) region showing the origin of the twin defects.
on the reported twin rule, we indentified the twining plane is the (100) plane and the morphology of twin
structure is comparable to that reported by Ueda et al. (2016)". Before thinning the specimen, the twin defects
extending deeper under the surface failed to be observed in the TEM due to the excessive thickness of the
sample in that region. Hence, TEM investigation of the specimen by FIB thinning at the same site (Fig. 1(b))
showed that the previously visible twin defects near the surface disappeared, indicating that the defects extend
only a short range along the [010] direction—on the order of several tens of nanometers. After thinning, the
region lower than the original surface became accessible to TEM observation, revealing that the twin defects
originated during the epitaxial growth and evolved from smaller initial twin domains, as shown in Fig. 1(d).
Observation of the morphology evolution during the reduction of the specimen thickness, we speculate that
the filamentary shape twin components share a common origin with (100) stacking faults.

In summary, we identified that the twin defects in -Ga20s (001) epitaxial layers exhibits a filamentay
morphology and we infer these defects are likely to stem from a common (100) stacking faults.

Refs: 'Ueda, O. et al. (2016), Japanese Journal of Applied Physics, 55(12), p. 1202BD.
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Dislocation Analysis of p-Ga:Os Substrates and Epitaxial Layers
Using Reflection and Transmission Synchrotron X-ray Topography
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T DR KB, FRTEEAT IR, B Gax0sD /T —F /S APERRICE KRB Z RIF+ = L)
MENTWD[], L7 -> T, @IERET S AOFEBITIE, S OFEEER K O & IE e H R
T2 EEHIT, ZIUTHES S RIENALEIR OB N R AR TH D, ABFFE I, FEiE, K
WO T NEALNTOBENARERFIEE LT, B XBENARZ T 7 40— (XRT) &AW s
ARG OB ICEL D FHLA 7 (K1), AFRTIX, KHEE R L OWERELE % 72 XRT #
ETHLN, 7V 7 BB L O EBICEB T DL D2 0Ah & OISR 2 W54 5,

N Reflection XRT (defects near surface) ‘ Transmission XRT (defects in bulk) ‘
Substrate (as-prepared) ‘ Substrate (processed) m P

in-situ, real-time SBD fabrication

(operando) __ e
Voltage
Substrate

Fig. 1 Development of synchrotron XRT techniques for Fig. 2 Schematic diagram of the XRT optical setup for
defect revelation in B-Ga20s crystals and power devices reflection and transmission configurations

e = CRIZBIT D [E— & CORAM OFEEfENT (B, B, HERE) 2175720, [F
—@ EFG ¥£(001) i 5t 2 FHvy, HVPE 5= B RE O R TR F L ONEEELE o XRT HIE % 52
MEL7e, fEdmOm AN, B FEO 7 —HEHR BLOAFHMIE U T, X HOEELZEYIC
BIRT %, SORECE Z1E Berg-Barrett 5%, EBBLE (2138 1500 X BREIPTELS: CdH % Borrmann
RO Lave 15 (BEFEEE) ZZ2NEEHT 5
2-4] (X2), BIEMRORRELET 7 X R
O WRIEIRESSAR (XRT 1) 13, X7 4 v a7
37 U X R ook R A O TRRER T S,

X 32 R ErifRIC BT 5 [A— N0 i AT o
XRT g4~ 9, = ERERANCIE, BN D[010]7717)
AR DAL O S AT s . BE DR D ERE
U7=RMGEEN S XRT B I AR > Mk = b+
TA L LTHERES N, ST E@IENL 2 TRy
ETDHIHMOEONTH D EHEEIND, “ERE
#%AZIX, [010]107 M DEANLES KL OV OBEAL S D& i
& LB OB R S e, 2D L 912 XRT
ERWTZIEETIEIC LD . BB X O = v EIcfr
B OENEECGIRFEI ZH LN TN TE L, ZhICE Y, lE7 ot 28 X OEKRM
BN AERRIZ 5 2 DB OWTOMANGE LT, 5%IE. 73 A & JLE 2 78500l
A ~DREHZ TEL TW\5D,

(] AL, BHRTZENR)T O Z AR R SCHERER . (JPJ004596) DIEEZZ T b D Th S,

[£E k] [1] 0. Ueda, et al, JJAP, 61 (2022) 050101. [2] Y. Yao, et al, JAP, 127 (2020) 205110.
[3]1Y. Yao, et al., APL, 121 (2022) 012105. [4]Y. Yao, et al., APL Mater., 10 (2022) 051101.

G (ciz)
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Y

Fig. 3 R-XRT and T-XRT of substrate and sub/epi
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RS XR FRT 5T 4 —IC &K BZEEERD B —-Ga0; /3T —TF /34 X<
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Operando Observation Technique of Dislocations in p-Ga203 Power Devices under
Actual Operating Conditions using Synchrotron X-ray Topography
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B-Ga0s ity HF DHRNL TR T —FT /3 ADOMREICER B Z KITT 2 ERmon TS, L,
FEERZENEL TWDT S, ANT, N ELE « E-ORE EA7R EOXRIGICH L TED X
INTHRDHE D O, WEIZH BT THR, RIFFETIL, 7 /54 2O DO ENERF
flids LOF 7 —LOFFEE B & L, WEROFHIRIRVBISETFIETH AR X B NR T Z 7
4 — (XRT) [INCHEEDEAEANT HZ & T, OB E 2B RE & T 27 2 FIE O
MACERY FA TE T2, AHEK T, XRT EZ M L LA 4T o RELIEAT OS>V TR

RN
AKX
””””” Y= EJIO0A—5—
B EAM AL SYFL—8
b a X
’ m & S =
;o \BiR-IEE %f\) ".D“
B FNqR 5| <
| ——

Fig. 1 Schematic illustration of dislocation operando observation using XRT and an overview of the imaging system

X 112, XRT JE555R LBERKE E VD 2 5O EEH LR SN D AT v REHIL AT A
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R E 05 (001) R NERAL & BBkt R &+ 5551213, v
RREFELTA A= 0 TV AT LD FENZEMSFREED 2.2
pm/pixel & 7225 KO T D, —J7. XRT B TIEARy M &
LCEN L Bl 2 BRI 2501013, L@V ERIfHE R S
LB L 725, ZERIAREE L BUERTRNIE b L— B4 7 OBMAIC
BB, EOREEZ BN L2 A I ITRE 3 7 n, A TS 100
7 v R XRT B (F k) %X 212R57, BRI B0  Fig2 Operando XRT of S -Ga203 SBD
ERGTHMET S,

(RE]  ARWFSIE. BARTEEN)T O 2R EETIFSHEER]E  (JPJ004596) DXEEZ T b D TH S,
[ZE3CHk]  [1]Y. Yao, et al, JAP, 127 (2020) 205110. [2] Y. Yao, et al., Scr. Mater., 226 (2023) 115216.
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Operando X-ray topography observation of dislocation in p-Ga203(001)
Schottky barrier diode during applying voltage
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Non-destructive detection of dislocations in -Ga:03(010) via phase-contrast microscopy
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[1] R. Hattori et al, APEX 11 075501(2018).
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Evaluation of the applicability of the LACBED method to structural analysis of dislocations
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