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Fabrication of B-Ga,O3; Nanomaterials Using Optical FZ Apparatus
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The influence of the fabrication conditions on the formation of -Ga,O; nanomaterials was investigated. The p-Ga,O3
nanomaterials were synthesized from the starting materials of sintered 3-Ga,0O; and single crystalline $-Ga,O; by using optical
floating zone apparatus under the conditions of such as the gas atmosphere of Ar, N,, and He, and the pressure of 1 and 2 atm.
Characterization of the products was performed by means of X-ray powder diffraction, scanning electron microscopy, and
optical properties were examined by Raman spectroscopy and cathodoluminescence measurements. It was found that the size
and the shape of the $-Ga,O; nanomaterials can be controlled by optimizing the staring materials, kinds of atmospheric gas and
the pressure. The optical measurements suggest that the 3-Ga,0; nanomaterials produced by this method was high quality with

high crystallinity due to the catalysis free preparation condition.
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1. [XFC&HIZ

Bl ) 7 A (B-Gay03) 1, /S KX v v 723y 49 eV &
U A RIREALY -8R T, B - LI EN TR 2
THI LMD, REIMNETOBIEER, =R CLERTA
o ¥—, FET, LED H#EMe E~DIGHNE 2 b, il
SNV B, T EEROERBRES TS, B-
Ga,0; 7/ &KL, VA Y[1-11], ~UL M7,12-17], UK
[18-21], ™ v R[22-25], ¥ — 1[13,18,26,27], VU > 7[28], F
a2 — 7297 EFEx OFRIMER SN TS, 205 hH, F
J U A ¥ ILWeFE A A ¥ P —[30], FET[31], Solar-blind
photodetector[32]72 & ~DIEH BRI SN TWE, T b D
B-Ga,0; 7 / AR O M kL L Cix, HEEN
[1,15,16,19,21,26,27], 7 — 7 Jk#%[2,3,23], Catalytic-assisted
processes[4,5,8,9,20] , & AH 1k F I Ui 15 [14,17,18,22,25] ,
MOVPE[10], =1 7 a7 5 X~ CVD[11,28]72 & D FIEN
HobhTnd, Ziboihs, mMREEEE LT, —ic
Ga A Z L= GaN I RBH OB TWAR, &SfiED p-
Ga,0; F / W& IR %455 - DT EME D Ga A Z /L GaN
MR E U+ 2 BENH D, £72, Au, Ni, Fe 72 & Dfilt
ERWTESE, bR E LTRAL, FEICEEZ
RIETHIENS 5,

F %1%, FZ(Floating Zone) VEIZ LV B-Ga,05 Hifitidh D HHK
S & Bl L T 58T, B-Gay0; D)/ ik & flih
THHEE R L33], S ohEE, BAmERICHND
o6 FZ AEE 2 T, B-GayO; & HFE B L, FRHAKT A &
LT Ar e FBEFR A2 & 72 WARIEMED 2R, T 25 2
LT, B-Ga,0; )/ AEIE IR A& fHE 2 D IR CIERICT X D fF

END D, EHED Ga A XL GaN R, 3L Ol ~
T 7 A NIRRT, ERED B-Ga,0; DT/ iR A
/5 EMTE D, KT, JREHTZ B-Ga0; BifEIR T2 <, B-
Ga,O; itz H W5 &, Hond B-Ga,04 T HEE IR DI
RBHEICTE D Z & AR LTE[33],

AWFFETIE, FHK AT AL LT, Ar SO T ADHE%
HRBI, BWHE, NV LT AERAW L & ofERIC
OWNTHR L7z, £ LT, B-Ga0; 7/ #EE A DI E 1T
DIRFRAT A, ET) e EOVERGARN T 7 WEERDTEIRIT K
ETHEBLR0T, ZOREICO N THET D,

2. EBAK

FRRAGE L LT, HRSRARIEEICEH L oot FZ 2%
& (7 ANV FZ-SS35WV) % iz, @O % Fig.1
R, HIEEUEEE LT, B-Ga,05 BEREIARIS L OV O BERS 1A
5 Figl O¥EEFWTERL 7 B-Ga,0; ik & FV 72,
B-Ga,O3 BEREIAIE, L 99.99 %D B-Ga,03 iR (Bl {k5)
EHOWTHR Y BRI LA L, 1500 °C, 10 h TKREH,
AT TRERG L2, B-GaOy HfldhIT, T DBERS IR Z B &
LTCRIA =T HFERP T, EHE 5 mmh!, 1| REOSK
PR TIERL L 72[34],

B-Ga,05 BERGIATS L O B-GayO5 HifkAh & I ZE kL LT,
Z % Fig.1 D FZ 2 O sintered rod O FEHTIC Pt T 1
ToO5 L, AEEOHICE Y b Lz, AEENEZIER LI,
FIR AT AL LT, Ar, Ny BE O He D45 A (A DFLE
1355 %6 N) # A 5BENICEA LT, AFEENOEITEE,
BRI 2&IEE Lic, HAZHAL, PFECoL LIEZ
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Fig.1 Experimental apparatus used for fabrication of B-Ga,O3
nanomaterials.

3. HRLEER

Fig.2 (a) 1%, Fig.l DMEE T B-Ga,0; HifEdh & AR E L
T, Ar AR TINEGE DA FETHOKT 27T, L THA
FEREATCFER O B-Gay0; Hffh 2 v h&hTnd, FEBtk
DRIEINT ) > THEALZE-STEY, FE 2058050
DHILTHD E, Fig2®O) IR L7 E LTHNWE B-
Ga,O; HfE R EITIL, HWHRD K 5 IR B AR L TWD

ORRBIE, THERRLT, B XRD THHT LR,

B-Ga,03 & [FlE S 472 [33],

Fig.3 1%, SEM %2 L7427, HREEDY B-Ga)0,
B R oA, (@), ©@IRT LI, RAKHT A% Ar »
5N LT, Hbhiz p-Ga0; T/ W& RO IRIL, v —
MRS DWT e v RIRDNAERK LTz, ZOH A X%, IF 2~20
pum, ¥— hOFEXIE 10~50 nm 1EE EHEESND, 77,
RN B-Ga,05 BAGfIC /22 &, (b), (D), () IZmrT &
212, — MRTEHARETIZ, L MROU A VIR TAR
LTWDZENbnd, TOWA XL, EA 1 um, £33
10 um BLEEARBND, SHICHERSND DI, FIHKRHT A
IZ He Z W 234 T, Fig3(e) loRT L 912 B-Ga,0; 7 / 1
EROIENML leolzZ THDH, Tk, He T ADEYS
HENRDRENWI 0D, FREKO T AOBRE AR OEN
REMEEL-EEZOND,

JENORBELEFRD 20, 2 [IEICEZ TR ERZIT
577, Fig4 2, B-Ga,0; Hfkdma HFRFELE LT, Ar U A%
R T, EJ) 2 RUEOFMTIER LT B-Ga,05 F / & ko
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Fig.2 (a) Photograph of the quartz tube in FZ apparatus after the
experiment, (b) photograph of the fabricated B-Ga,Os;
nanomaterials on the surface of the 3-Ga,O; single crystal.

Fig.3 SEM observation of B-Ga,O; nanomaterials fabricated
from the different starting materials in different atmosphere
respectively, (a) sintered B-Ga,Os, Ar, (b) single crystalline B-
Ga,03, Ar, (c) sintered B-Ga,0sz;, N,, (d) single crystalline B-
Gay03, N2 and (e) single crystalline f-Ga,0s;, He.

SEM BERE R % v, 1ERLE T2 B-Ga,05 F / HEE IR DO FAIR
i, TAYRTRIENELS L MR, HDEWE— MRT
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IZ B-Ga,Os BERS A 2 AV I= & & LIFEER BN CTH 5,
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ARIETI T DT 7 HIERO A& o1, V-S (Vapor-Solid)
ETNTHDHEEZLNDDT[33], HREIFEENEELTH
JHEERE LTHEMMEEND £ T, BREREE T AOMER
TR OBERENEES D LEZLND, HFRIFERS HES ) BE
FERNDTEENRER DD, ZOEWHAREELEBRL, T
JREEROBIRICEE L LSS, 72, Fig3 ),
(d) & Figd(a), (o) ZHT 2L, HEFEREUHETH,
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HiLb,

Ga A # /LR GaN iy KA HFEFE L LT B-Gay0; 7/ Ml
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L, ARIETHEHEEEOBENILIE L L, W1, BENEE
T2 &, B-Ga03 Hfifh 2SR LC, B-Gay0; 7/ G MRIZAE
N, €-7C, N FZ HiEEM-T B-Ga,0; 7/ 11
RZVERS 5 121%, BFEEEERD Ar, Ny, He 2 EDH A
FEHHRUCT D ENRA > b Eled, Boxr LRERIC, HREE
BHZ B-Ga,05 & W T2 A7 [13,35] 0 5 5 A%, B-Ga,O, BERS 1A )
5 Ar AP TERIL L2 B-Ga,05 1/ U A YITIR O HIHIA
+53 T < [35], FT B-GaO3 MR Z IR ITLEDKFH AL 7
5774 FTMEVL TERLL 72 B-Ga,05 T/ ~UL b, Hlik
DA & 13 2720 [13],

|

200927 10.0kV X5.00K 6.08xm

Fig.4 SEM observation of B-Ga,O; nanomaterials fabricated
from the starting materials of single crystalline 3-Ga,O3; under 2
atm of (a) Ar and (b) Na.
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Fig.5 Raman spectra of 3-Ga,O; nanomaterials fabricated in 1
atm Ar atmosphere from starting materials of (a) single
crystalline $-Ga,0; and (b) B-Ga,O; powder (4 N purity).
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Fig.6 CL spectra of B-Ga,O3; nanomaterials fabricated from
single crystalline B-Ga,O; in (a) Ar and (b) N, atmosphere under
1atm, respectively and of (c) B-Ga,O3 powder (4 N purity).
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