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We have applied the flux-mediated epitaxy (FME) technique, in which the source of crystal is supplied from its vapor phase by
pulsed laser deposition to the liquid flux on a substrate, to the growth of epitaxial SiC films. Here we show two examples of SiC
films grown by FME. Firstly, a high-quality 3C-SiC thin film was grown on an on-axis 4H-SiC (0001) substrate using a Si-Ni thin
film flux where a liquid-like flux precursor films surrounding melting Si-Ni macro-flux droplets played an important role for its
uniform growth. Secondly, a 4H-SiC thick film was grown on an off-axis 4H-SiC (0001) substrate from a bulk Si-Al flux where the
Al additive stabilized the polytype of the substrate. To understand these FME growth processes at high-temperature, we have
developed a new in situ observation technique for solution growth interfaces using a conventional confocal laser scanning
microscope and succeeded in quantitatively analyzing the step dynamics at SiC-solution interfaces in nanoscale.
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Fig.1 Schematic illustrations of SiC growth methods: (a) Top
seeded solution growth, (b) CVD-based vapor-liquid-solid, and
(c) PLD-based flux-mediated epitaxy.
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Fig.2 (a) Schematic view of LM observation system and details

of the sample configuration for (b) thin film flux/SiC interface
observation and (c) bulk flux/SiC interface observation.



Journal of Flux Growth Vol.14, No.1, 2019

fEL 72 o7z,

2.2.1 Si-NiZBEIS vy R/SiC REDEHE

£, Bk Si-Ni K7 T v 7 2% H 2 Sic R E
BT 7 7 v AOMBERLNCTHIEEZHBE LT,
SiC B LIz 5 Si-Ni #IET T v 7 AT X B W OVER
HFEBER LT, TOBEICKY, SIC HEREE AT HF 7
T ABILOEROREEZH LN TE 5, BIESROMK
X% Fig.2(b) (2779, 4H-SiC (0001) on-axis F&#K_EiZ, NiSis
A PLD VAT 150 nm HEfE L7c, ZhzEmz FrEicl
T, Nd:YAG L—HF— {2 X &2 FHlo SiC iRz,
H—Ro =2 NCHEEZEE LT, 2Oy NT v T EH
W, @R L7 T v 7 AERL/4H-SIC FEOR i Okk 1% 5
B LI LM BIZE L=,

2.2.2 SiFAINILY 75 vy RERL: SICHERDERER

Si-Al NV 75w 7 A& AV SiIC @ FME i Sk 12 B
THHRAEED=HIT, Fig2le) IZRT L 9 72007 IRk
FRICHEBLEERR(FTIRY T YRy ME) EHWT,
SiC lEHROFIR LM Bl8Ex2 1T o7z, I—ARr 7L — M
75 L7z 4H-SiC (0001)Y — A M Blo sy 75 v 7 A& LT
ST MR EZIT 10 at% AL FRI Si HyREZRE L, To ki
4H-SiC (0001) on-axis ¥ — FEBREZEE L7, A&7 T v 7
AR OIENNEZ 6] EZE D702, ¥k & R D H#RE %
PLD 75T 150 nm #f5 L, > — Riffhs Y —AfEL ALY
T AMKRES L FAL v F L THRAL—ICEHEL, Fyr
N—%BE28|Z L1-, Nd:YAG L —HF—I2 kv v —=HE a4
MEAL, 7T v 7 ABFRSELZLET, Y—ASICHTT
v 7 ATER LT, BEARZEE L LTy — MM
SiC WkET 5, Zoffi%E, 779 v 7 A/o— Nt RAHEE
o— NG dREE LIk LC LM Bt LT,

2.2.3 Si-NiN\JLYI75vHPR/SIC EEREDT/ X7
—LVRTFYTEALAF IV RADEENEE

Si-Ni Z_X—RE L=V T 7Ty X&EHW= SiC D
FME &R 2 A28 572012, Aiffi & FEko b
FGRY TN MEEZRWT, NiSi: 75 v 7 A/SiC B
ERmEOEE LM #8517 -7, 512, LM BE%ic7 7
v I A% T v TEREL, AFM BIZET\, U T XA
ALME L AFM & S E R LT, BRI RN 517 - 72,

3. R
3.1 Si-NiEEISYIR

3.1.1 Si-Ni#EEIS v R%EN LT SiC EERED FME i
&

Fig3 I27 5 v 7 AIEL T SiC DHEHERE L= T,
Si-Ni 75 v 27 2% LT SiC ZHEFE L 7=H > 7LD SEM 14
BoRY, 7T w7 Al LCHE L SiC ERITF E 2 Ak
KTHIOIZKIL, 7T v 7 AN LTHRE L SiC1E, F
HC 3C-SiC TULIFLIFBIZEEND 60 cOx=y UAEER -
AT v T &T T AEEER LT,

Fig.4 \C OB BRI TEM 421”3, 75 v 7 REL
THERE L7z SiC 13RHE SEM Bl R ok o, A
THARA FORROEENZEBIE SN, 7T v 7 X%
MLUTHR LY v 7viddbgicy— ¢, BN Ic
L - BIFUTIF L A LR B0 5 72, Figdle,d X, &4
7V O il BR AL B 7B 10l 3 (SAED) 8 TH 5, & 4y iR ke
(HR)TEM # & SAED /X% — b, 75 v 7 A&N LT
£ L7 SiC 1% 3C-SiC HFEC, 4H-SiC <0001>(27h - CThakE L
TWAHZ ERNbholz, —FT, 77 v 7 AMLOBEEITE

LNTRLIREB L, 3C-SiC & 6H-SiC DZLIEIRIE LI- ke
Tholz, I, FEFEOER 10 nm LU T OFUAEE % i
Lz A, Figs5(a)lRid TEM-EDX o4 X 0, SiC ik
o C/Sitkx 1 & LTH TS &, L TiE C/Si
391 THY, REDWTLIEBEERTHLZ LR bo o7,
ZDORBEERDOIEEL, TNk b~vroaxar’y
7 7o BlEC, SIC IZH¥RT 25 1520 cm™ DN RIZNZ T

77774 MEBICHFKT D D N RR G AV EBRALR
2 Emb b RSN [Figsb) ], ZHIFEZE T OE IR
FEIZL Y SiC DD Si BNFHAER LIZ720, RolzmEN
WrLi=E B2 N5,

. = | 5 :m . . Sum
Fig.3 SEM images of SiC thin films grown (a) without and (b)
with flux before removing the remaining flux. The insets are AFM
images of the thin film surfaces.

Pria-ost o saciion ol prata oozl

| (b) w/ flux

(a) w/o flux

—

| (c) w/o flux

Fig.4 Bright-field cross-sectional TEM images of SiC films grown
(a) without and (b) with flux after removing the remaining flux.
(c,d) The HRTEM images, together with their selected area
diffraction patterns, of the corresponding SiC films in (a) and (b),
respectively.
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Fig.5 (a) Comparison of C/Si intensity ratios, analyzed by TEM-
EDX, depending on the positions in the TEM image (inset). (b)
Raman spectra of SiC films grown with and without flux, along
with that of the 4H-SiC (0001) substrate as a reference.
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Fig.6 (a-c) LM images of the thin film flux/SiC interface at
1710 °C. (d) AFM image of the surface after removing the flux for
the sample observed in (a—c). (e—h) LM and AFM images of the
SiC substrate without flux observed under the same conditions
as those in (a—d) as reference.
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spreading around and between the flux droplets on the SiC
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Fig.8 DIC images of the SiC thick films grown with Sijgo-xAlx flux
(x=0, 25,50 and 75).
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Fig.9 AFM images (20 uym sq.) of the SiC thick films grown with
the Siygo-xAlx flux (x = 0, 25, 50 and 75) in Fig.8.
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Fig.10 (a) Raman spectra of the SiC films grown with grown with
Sitgo-xAlx flux (x = 0, 25, 50 and 75). (b) The expanded Raman
spectra of low frequency region in (a), along with the peak shift of
FTA(+) plotted against the Al content in the flux (inset).
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Fig.11 (a,b) Set of bright-field cross-sectional TEM images of the
SiC films grown with the pure and SiysAlss flux, respectively, after
removing the remaining flux. (c,d) The corresponding HRTEM
images near the film-substrate interface of (a) and (b),
respectively.
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Fig.12 (a) Set of EDX elemental mappings of Si, C and Al in the
film grown with SiysAlzs flux. (b) Al density evaluated for each SiC
film by EDX is plotted as a function of flux composition. (c) The
line depth profile of Al density in the TEM image of Fig.11(b).
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Fig.13 Set of sequential LM images of the initial growth interface
for (a) the pure Si and (b) SigAl4, fluxes.
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Fig.14 (a) Realtime LM images and AFM image taken after

removing flux. (b) Relationship between AFM step height and

normalized LM step-edge intensity. (c) Relationship between

step height and step-advance rate divided by average step

distance.
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