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We applied Flux—Mediated Epitaxy (FME) to the growth of ScAIMgO, (SCAM) with a low lattice mismatch to GaN and ZnO.
When five kinds of substrates, sapphire (0001), SrTiO; (111), YSZ (111), MgO (111) and ZnO (0001) were used, SCAM crystal
films were found to grow on all the substrates. The large lattice mismatch to the substrate caused significant stress on the grown
SCAM film only on the YSZ substrate, while the stress was reduced for the other substrates. Flux-assisted reactive solid phase
epitaxy (FARSPE) was also employed to support industrialization of the SCAM thin film process.
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1. %8

ScAIMgO,4 (SCAM: =5, R3m) HifEdhix, GaN (S Fh,
P63mc) 72 £ O M-V EEALY B8RS Zn0 (OS5 f,
P6yme) #ifi7e & LA THEATENIEFIC R <, IR AR
ELTHREEN TS, =& xiE, SCAM MK EiZ GaN @
TERRTp ERERT S L, BITOY 7 74 7 HERE M
WA LR L, fERPER RIS D TEMMER S B
ZEBMBENTWA[], EHIZ, SCAM Ktk E~D ZnO
DT H ¥ v VRRETIE, BBMEORV p & ZnO L
Zn0 @ pn AT L HH A LED £ OAFFERIFIC OV CHes
ENIBDTVD[2],

INHOZ Enn, 4% SCAM MO &L & KB,
A LR KO SELRRD B D Z ENRFZITHEBEN
%5, UL SCAM HifkfhiL, #Mmo b2 <, @ad
1900 °C[1]&@mWZ & bbb > T, HAEMBERNEEL L, RE
b, REULIZREEAZ MBS 5, S 512 SCAM OJFREITH D A
TP AR EANTH B2, SCAM HA b w2 b
DEIpoTND, &2 THIDOZMN e FEN -IZ SCAM Hif fh
M ERRE L, Za R e L THONIZEME LA ER T
XHLEEZT-, L)L SCAM FHENEMERZ L b H Y
(Fig.1), ZHEMmMKOARTEZARS TIER V., LTS,
ek DI G T m 22X D SCAM D A E I
THREITERCTH D, 2T, ZORMEEMHRTH1O0D
T7a—FE LT, WAMEBLCXLT7 T v 7 AELRM
BEEMAEDLEZT T v 7 A2 ¥ X % 2 — (Flux-Mediated
Epitaxy: FME) %3] (2 & » T SCAM k& DMt 217 - 7=,
ARETIE, ERAEA~OERDY A HEHDT, SCAM IR EIC
B 22 DT OFERIZOWTIHET 5,
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Fig.1 Crystal structure of SCAIMgO,.
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2. 7599 RIERFL—(FME) 2D\ T

FME BT HMICELETEBY L OHIENEBINT
WAMN[B-7], ZIZTE, AR THWE=EEOFIEIC SN
T, FNENORFEERNT D,

2.1 TP % (Tri-Phase Method)

TP ¥ (Fig.2 (A)) 1%, HHEREWR RICHERES ST T v 7
AHBEZERTMEL, LT HIREZ —EIRBRN D, K&
Bl olz7 T v 7 AITKMN b ERRE OFE) 2 ki35
Ko TRz EfafC L, ER bl X XUy L
A EH IS M S5 HFIETH D, ZOHETHHOMRE
B (RE) EREREL T ) A— A — X —THIfIcXx 5 Z
ERRETH D,

2.2 VE % (Vacuum Evaporation Method)

VE % (Fig2B)) X, 77 v 7 A LB EFTEDOHEIGITIR
G LIz =5y FEHWT, MEL 72 R BRI E L,
B ONTZT7 T v 7 ARKERT D LI Lo TEIE S maafn
7Y, HAR EIC o B X R v LR AR I T S D
FETHD, TOFIEE TP BN, 7T v 7 A LEED
egEZ2 LN HIICE 5 2 2 fHRE T HHIETH D,
2.3 FARSPE i% (Flux-Assisted Reactive Solid Phase
Epitaxy)

FARSPE % (Fig2 (O)) 1%, R LIZT7 T v 7 R LA AT
EDOEGIT2D XD ICHBE L2, BVWESIZ XY 7T v
ADEFEEMLIZY, @iRLVPo< D ERELEVTEHE
& TR A REAFIC L, B Bl B2 % v LA b
SHDLHETH D, BIRITEEZEGERC A Ny X FEETH Al
RREMRDIEND, KL - Bl E AR HFIETH D,

3. [ TOERXTOHFME [Z& % SCAM EED&RET
3.1 BiO;R—RDT75vYRAZERAL:-FME OHE

Bi,0; X—ADT7 T v 7 A HWTEMEEE LT, TP ik
(Fig.2 (A)) V=, 77 v 7 AIZiE Bi051C CuO ZHEN
L7z Bi-Cu-O REMEM L, FERIZIZY 7 747 (0-ALOs: =
F8h, R3c) (0001) Feh 2= Hv iz, A5 iEIL PLD ik (Pulsed
Laser Deposition) & H\», FXFASIT 6 Torr fEFRIRHHX & LT,
FEMGREEIL 800 °C & L7z, BilE, £977 v 27 2% 1000
nm HEFE L, #\ T SCAM % 400 nm #EFE L7=, FME %25k
fEfE o X FREPF (XRD: 20/0, CuKae) HIEZ1TV, R L=
LD [RIE % 1T > 72,

Rt O XRD JIERE B % Fig3 [ORd, 7T v 7 AR LT
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& T, W OFAE TR R IER ICH B2 SCAM 5
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Fig.3 XRD patterns of SCAM films synthesized by
conventional PLD method (A) and TP method (B).
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Hfs L7,

3.2 EHWEMEEZEZTFME

L LTIEY 7 7 A 77 (0001) DIENT, SrTiOs (377,
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(111), MgO (3L, Fm3m) (111), ZnO(0001) & H\ 7=,
7 F v 7 AIZIE 3-1 T & ABRIZ Bi05 12 CuO &R L7
Bi-Cu-O R &M L7z, Z ORI TITEROET H L &K/
[RiZHN %2 572, VE i (Fig2(B)) 238N Lz, #—47 v |k
X7 7 v 7 AL SCAM %A HEIBI:SCAM = 8:1) L7225 &
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ZH, FEHAIE 6 Torr BEEFPHA & LT, FRIEEIX
800°C & L, HEFE&HIE3500nm & L7z,

FME % OFFHENE, FmE O XRD JIE &7V, REL
TR ORE&#{T 72, £z, E L7 SCAM 0% —7
fLiE X d iz Kk®, Nelson-Riley B%i%E HWTC, kK L7
SCAM D& 7 EH (c $hE) ZRed, M BHZ X 5 ik %17
>77,
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Deposition with mixed target

Fig.2 The schematic illustrations of three types of FME. (A) TP method, (B) VE method and (C) FARSPE method.
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Fig.4 XRD pattern of SCAM film on SrTiO3(111) substrate
synthesized by VE method.
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Fig.5 Scanning electron microscope image of SCAM film
surface.

F 72, SITiO; R° YSZ #:M % AV 72354, MgO(111) DR
e —7 NEE SNz, ZIUTHERE S IROMERDS, 5
POJFK (72 & 2 XV —F—FRE DD & ERESHGIE[8]7 &)
TH =7 FOMHIABFE NG AL BAE T2 L IZEIFN LT
W5HEEZTND,

ETNZENOHEM - CTHE L7z SCAM #EDO# 15 (¢ il
£) % Fig6B) IR T, T XTOEMRITI VT, SCAM Hifk
FORFERMEY b cEENELS o TWDHAIN R LN,
B2 YSZ OBV TIBHEThH -7z, —iiz, s
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Fig.6 Comparison of (A) lattice mismatch of substrates and
(B) lattice constant of SCAM films on the different substrates.
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728, KEEICH —REE kIR 2 2 EARETH Y, KA
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OFEPHEATEIE, — RO EEEESCA /Ny ¥ %
V7= SCAM D KFUL - BFE(L~DOHIR N E T 5,
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Fig.7 XRD patterns of SCAM films obtained by the
conventional RSPE method (A) and the present FARSPE
method (B).
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