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Synthesis of y-Ga;O3 by Phase Transition from B-Ga,O3 under Hydrothermal Conditions

Shigeo OHIRA"", Toetsu SHISHIDO?

'NIKKEI Research and Development Center, Nippon Light Metal Co. Ltd., 1-34-1 Kambara, Shimizu-ku,
Shizuoka 421-3291
*Institute for Materials Research, Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai 980-8577

Received August 29, 2007; E-mail: shigeo-ohira@nikkeikin.co.jp

The single phase of y-Ga,O; was synthesized for the first time by phase transition from [3-Ga,0s single crystals at 400 °C with a
pressure of around 1000 atm under hydrothermal conditions. 3-Ga,0s5 single crystal prepared by floating zone method and the
feed material of sintered -Ga,0; poly crystal were placed at the upper part and the bottom part of the autoclave for 30 days,
respectively. The obtained products after hydrothermal method was characterized by means of X-ray powder diffraction,
scanning electron microscopy, and cathode luminescence. It was found that there was no phase change when H,O only was
used as solvent, but the f-Ga,O; single crystal was transformed to y-phase with no residual B-phase when an aqueous solution of
LiOH + KOH was used as a solvent.
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(LA U ¥ A (Ga03) ITFRL T V2 = 7 A (ALO3) & AR
MRS NFEL, MaEDR S0, B, v, §, D 5D
BHSENTND[1], ZD ) HBP-Ga,03 NERHEET, B-Ga,05
DAMIKIR CHELRERWE TH D, a-Ga0; 1T = R
L, Y 77AT7 LRI aT ¥ rllfEEs &5, B-Ga0; 1
HARICE L, alEp-oY) 7R E L mEn T b,
1-Ga,05 1dy-ALO; & [FED A B X N AN EZ /T 5, affld
600 °C LA EDMEATLE2PAIC, F72yFEIZ- 2V TiX 400 °C
CLETRHEICERE T 2 L SN TV D[1,2], KE2B-Ga03
WXL ClE, Rt ¥—[3], ERIRMNT o ORF—
(FET) [4], REEANZIFET[5], EHEEM6], GaN & FET
D7 — MHEHT], & BIT GaN #ER R HEHR(8,9])7: & & 1
OISR EN TS, 72, a-Ga0; (25 L THHEBIK
OISR EOWFIERIT bV TV D[10], kL, y-
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BT TiE Mn IRINZ X 2 88BEMERIEA~ OIS A3/ T Ky
N OFERUZ &0 FA-fk It % AR CTEIEE Lo R s
INTVB[14], y-Gay0; DRIEIE L LTI HH AT
D DX, 7 V% 400-500 °C THNENT 2% J51E[1], HDHWIETE
V7 7 A Ga(OH) ; & 100 °C LA ETHEAS 2 H5ETH 52,
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ERL L7277 7 A Gay0;3 % FIZ 400 33 L 1Y 600 °C THIEA
T D (1], WEBA Y VAL ELNTETY T FVE
500 °C THNENG % HIE[15], GaCly DINEEE S fRIZ & - T
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AR T~ 1%, AKBVEICHWZEEED LiOH & B-Ga,0; D
FUGSIZ LY LiGaO, Bk ET 5 Z & 28 L7z[16].
LiGaO, Hiff I A& MNAR O LD EZITHERE Lo
HOT, FEBERIBICRE LB B-Ga,05 Hifk i L~
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Ga,0; BLfEMITKBAER%, ARICEBLTVWD I EERL
7oy, B CIEZ DR A A L h o7,

T IT, AR TITHIEEEE L THW. B-Ga,05 Bk
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KEAGEBR X, AIHR[16]& FER, THEDA— 7 L—T7HiZ
FALZZAE 21 mme, £ 165 mm O HEREINTIT2
Sz, BEERERNIL, T B-Gay0s FUEF (BER ) % fid
B L7 R - B vafiftk, DY B-Ga,O5 FlifE il CEAE M) %
BB L BRI L 20, ZoMatt s Icaeion
v TR B R LTz, BUBLD B-GayO, BERSIARIE, 1500 °C, 10
h, RKKHFPCTHREMT L2 L TR LA, ZhzxASARK
WO FEEHAMRIICE v b LTz, £72, B-Ga0; BT
Floating Zone (FZ) {5 CRE SH7- b D& AV 9], AA&RERS
FHOMEERIBICAER TR D Lic, BIEOENZL D%
REMRD70, UTo 3 EEEAWE, T/hbb,
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DLIOH (3 mol-I)) & KOH (1.5 mol-I") ® KIEIEK D IR A K,
2) LIOH (1 mol-I") /KRG, BLODMATH S, 1)~3) b
IR L7 50 ml 2 A&RURSRICIEA L%, Rass HEH
L, A— b7 L—7Z8E L TMEL, EH%E 1000 KJEIZ
L7z, BERAEROERE TFTHEMSIL ONBATE e —4
ZAWT, FTEBOIREN 400 °C, fEsaBRITICHE Y35 E3
DIRFEN 390 °C 12725 X 912K 10 °C DIREZEZ ST TER
ZTRFEL, BERL L CEBEESUIREET 30 BREMREFLZ, K
BT CTREFZ O B-Ga,05 B LU B-Ga,05 BEFSIAIZ
DN, BRXBEET (XRD, X#EIFEIL CuKo) (2 X 5 i it
WEOWRTE, £BERIE HAMSL (SEM, Hitachi B S4500) 12 X %
JEIRBIER 21T 7=, & 5HIC, BRI OEBE 15 kV) I
£BHY—FIxyE A (CL: Shimadzu # CL-900) %t
ZRIRCHIE Lz,

3. HRLER

Fig.1 IZ/KBVEBRAI% OfE B BIRICE » b L7z B-Ga,05 B
RO DOREF &7, Fig.1 (a) IZ/KEEBRRRTO FZ & TE
H1L7= B-Ga,0; Hifiidh, Fig.1(b) IZVAHEZ LIOH (3 mol1!) &
KOH (1.5 mol-I"") DR & /KIFIEZ AWV ERBZ O R TH 5.
FZ IETHER LT B-Gay0s BLiEdh 1T Fig.1 () IZ3 T K 5 IZ&EH
Tholzhy, KEAERZOKRBITEAEEZ K- THSERAL,
FTH LT TCESITH SN,

Fig.1 Photograph of B-Ga,O; single crystals before and after
hydrothermal method. (a) As grown B-Ga,O; single crystals
placed in the growth zone of upper part of autoclave and (b)
after hydrothermal method using the aqueous solution of
LiOH and KOH.

Fig.2 1%, KEEBRE ORK X BMETIC L A ERE2RT, &
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Sh, B PHIIBEHISATHARY, ZOBRALLER B
MOYHERE LN TWDN, yHBEMETIEZRY, BEIZ LiOH
KEE = AW T=5E, Fig2(), (DIZRT Lo, Ffibme
L T BRI SRR E LT B-Ga,05 Bifih I & OVRUBHEA R
WV B-Gay05 BERE A S 131 b y-Ga,05 25 H S vz,
LU b, ZOHEEIWHO B-Ga)0; bR S, 2F
& L Cldy-Ga,05 IC5EAITHEERE L Tvievy, $£72, Fig2(c) T
1% B-Ga,O; LKy & 721, LiOH & KOH DIRA/KIAIK & 1A
L L THWEEED X DT, 1-Ga,05 B TIEZR W, &5
2, WL LCT Al VKR Z WS, fikE RV
AlZiX, XRD IZ X B2Z{LITRBO b n o iz, KL T

IZF W T LiOH, KOH R EDT A V) KIEEZ s LTH
W5 ZET, BIER B-Ga0; 1 b HEZZ TE 7y-Ga,0; ZEI ¢ &
52 ENURENT, BHEA LIOH KRR OSE, W10 p 1
MR 578, LIOH & KOH DR E/KIBR N IASEOLEIZIT,
BAIIVARICSERICEEE T 5, FFIC, HEdmEERIcsE LT p-
Ga,O; HifitihiE, v-Ga,O; HABICHIERR 25 Z L S LA

ST,
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Fig.2 XRD 26/6 spectra of the products after hydrothermal
method. Precursor and used solution are as follows,
respectively. (a) B-Ga,O; single crystal using LIOH + KOH
solution, (b) sintered 3-Ga,0O3 using LiOH + KOH solution, (c)
B-Ga,0; single crystal using LiOH solution and (d) sintered (-
Ga,0;3 using LiOH solution.

ASEOFERT, KEAZGT OHEEREICEY Lz B-
Ga,0; Hiffdhidy-Gay0; 12, F 7= FENAMHRIZ AV 72 B-Gay0,
BERER1Ty-Ga,0;5, LiGa0,, LiGasOg (ZHHEERE 22V LILSZE L
LizZ & Z&RT, ZiuL, @IREETOKRAEHETIZEWT
B-Ga,03 7> Hy-Gay0O3 ~HERE A U T D Z & R4 55k
BT, RER B-Ga05 & HFEFEL . U THERTE 72y-Gay0; & {F
B2 L0 REROBAE L IXW D IFIEIC X Hy-Ga,0; DT L
WELE TR D, ZOWE, b g OB D
VRO ERIZZEL L= Z g/ b, Roy HOWMEIZLD &,
FET D Ga0; O FEFMBIEEIT, REMICRBEER p-
Ga,0, ([ZHEE T %, yFHIZ 400 °C T B AHICEERE T 5 2 L VR
SINTWVDEN, ZOBAEFFEEIBNTTHY, SEIO LD
72 1000 KJEDOEETFIZBWTIE, ZIERCIEETEOM Y
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L7zBRE ) & LCix, @BESUREORROM, 70V
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U7z, ZORERIE, 1000 ZE, 400 °C DKEAGMETZT T,
B AHD HYFI~OHEERITE Z 5§, 70 U RINEIOFIEMR
B LTWDZENRBEIND, ZDLE, T8 Y HRMA
OFEF L LT LIOH OA72 L B-Ga,0, ik i p#H &yFE N 4
FTHRBICEITT D L WV IHIFERNE SN2, LiOH-KOH
DEERICT D &, v-Ga05 BN G LN, T ORERIT,
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LiOH NHEERIC R BIESBEG LTV O AIEEERH L Z L &
R %, KOH OEENZHSWTIE, BIER[16]DH £H Hy-
Ga,0; IO A RO H1ERE b7 b T B2 DN DM,
KOH BB COT —Z Rle\niz®, FMIAHTH 5,
L L222 5, ATl L7z LiGaO, Bikdm D /KEKE D
B, LSV LIOH O A MBS 5 L, LiOH &
BAE L THWE KOH 1Z B-Ga,03 DIREZ ED 5 Z & I2I3 %
B LR, B-Ga0; & KK L TILEWM AT 2 Z L 1X72h
o, TOZEND, ZEO B HNLYF~OMHIEBIZIB W
T%, LiOH 2AXAEANCEEL L, KOH IIHEER % k4 5%
ElxHoTnarboEEZHND,

FIREET T Ga B LWRILEWMPHERETHZ 1%, T
TIZAIAFD 7NV —T D B E TV 5[17-19], Remeika
HliE, BHDHoHD Ga0; 25T 5, ZDHE, 777
A1 NaOH ZHVY, B-Ga,03 HiRAE/NLHT 2:5 L LT,
1000 °C, 44 kbars DFESIT 1 h 8 L7258, a-Ga,0; Bk
mAKRETSHZE2WME L TCWB[I8], £72, 30 kbars,
850 °C D5 TB-LiGa0, 7> 5 a-LiGa0, ~Dinfs bt #Hik S h
TWB[17], LM LRRE, ZOHAEOENTE 2 BPHAVE
1000 RJEIZxE LK 30~44 15 L FEFICE <, IRED 400 °C I
*F L 850~1000 °C & 2 fFLL L@y, X512, B-Gay03 HHy-
Gay0; ~DEEBDOREIT R, EELOMBIRY, B-Ga0;
M Hy-Ga,03 ZAER L 7= DIZA B OF % OFRERNDEY TH 5
LB, RIETIE 1000 [EOFEEZ AW H, 390~
400 °C & HBHIRIRC, T U KSR 2 M E S8 C,
LETR B-Ga0; & HFEFENE LT, HLERY-Ga,0; Z AT
X%, FEMKICEHEIMT AT A0 ) OFEREZBIRIEET 5 2
L -’C“Y-GEQO} ﬁ*ﬁﬂﬂﬁ%ﬁif% éc 2&{£Tﬁ%‘6hé'y-(}3203 Viy
PERBE SN TV BRENS]THE LN L O & T, XRD
OB E—7 OEEES/NES L, FEREOmIZBWTHEN . : ‘ W5 e
TW5, BB94892 5.8 kV X6.80K 5.08rm

Fig.3 13565 E i h 515 5 72y-Ga,05 (Fig.2 (b)), B L Y
FUBHAMRIE > 515 5 72 y-Ga,05, LiGa0,, LiGasOg (20

Fig.3 SEM images of the products after hydrothermal

TO SEM B2 &7, Fig3(a) © B-Gay0; iﬁ%%ﬁ:%{’ﬁ@é‘ method in the aqueous solution of LIOH and KOH. The
NIzy-Ga,0; DKL, Fig3(b) & X THAKFAIT, A X crystal phases of the products were determined by XRD. (a)
133 pm OBERO H O SH 10 pum OIRIR DO H D F THIKIC y-Ga,0; and (b) y-Ga,03 + LiGaO, + LiGasOs.

DL TCWDORbND, ZiUxi L, B-Ga,05 BERE K5

5 5 72y-Ga,05, LiGa0,, LiGasOg DIEAFIE, HCRICEZR

D, —EOHRAMES HHETH-To, MEH LD, HEER—

FARICARZ D, ZHug, FEOERER, BIXOSHERER

INOERFREMTHNEZ D, ZOHREBNRHNAI~NZEE Lo

ST ORERE L TEENR—T Ao To &2 bND,
Fig3 (@), (b) DH > 7wt L7 CL WIERR% Figd

R T, B-Ga,05 &v-Gay0; % &, CL B EDALE,

BLOART MABIRBEIR > TNWDDR D5, Figd(b)
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WHILTHD, v-Ga0; Ik L TR 2 ORI E—7 Fig.4 CL emission spectra from (a) y-Ga,Os obtained from

1%, XER[4]CHME SN TEY, ZOHEIE v-Ga05 DFL hydrothermal method and (b) B-Ga,O3 powder.
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\ZR%E L7 B-Ga,0; BEFEAITY-Ga,05, LiGa0,, LiGasOg DR
AL, ZOHALIHO B-ARITZEEICHEE L, &
BRI ZE DTG E IR LB LITR 6T, TRt
LiOH K& Z AW HBE TIE, y-HAGELIE LR,
H O B-HENEE L, v-Ga,0; HAHIZS 678 o7, LIOH &
KOH DRAREEZ WD Z & T, B-Ga0; > Hy-Ga,0; HiA
DELNDZ EEPDTHLNT LT,

ASBIOERTEHONABIBED A =X LIZONTE, 4
% KOH WA Z W EBRFEREZ S LN 6, BEL
TITK FPETH 5,

e

IKENEER (T 2 72 o T HAL R A& B AT EHIFFERT O /NFEFA S
BB O T &G, ¥ 7 0aiE B ARES B
K2t N—=THAfie o =D 7 =712 L W £l sh
7z REL TREH OB ZRLET,
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