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Abstract Currently, the only established method for stable SiC single-crystal growth is the physical vapor transport (PVT)
technique. However, conventional PVT systems often require optimizing the hot-zone and insulation layouts to compensate
for thermal non-uniformities inherent in large-diameter crystal growth. To address these limitations, a resistive-heating-based
PVT approach has been proposed, enabling more precise and uniform thermal-field control through flexible internal heater
design. In this study, a resistive-heating-type PVT furnace was newly constructed, and 4-inch SiC single crystals were grown
by optimizing the hot-zone and insulation configurations. The grown crystals exhibited a slightly convex shape and achieved
an average growth rate of 116 pum/hr. Ultraviolet fluorescence (UVF) imaging revealed that 4H-SiC crystals containing locally
distributed 6H-SiC polytype regions were obtained. High-resolution X-ray diffraction (HR-XRD) measurements showed full
width at half maximum (FWHM) values ranging from 71.1 arcsec to 115.9 arcsec. Raman spectroscopy confirmed consistent
crystal quality, with the FTO (2/4) phonon mode exhibiting a FWHM of 5.5 cm™ to 5.9 cm™. Except for areas with 6H-
SiC polytypes, the dominant 4H-SiC regions exhibited nearly stress-free characteristics with the FTO (2/4) peak close to
776 ¢cm' of typical of free-standing 4H-SiC. These results demonstrate that resistive-heating-based PVT method can yield
high-crystallinity, low-stress SiC single crystals, provided that polytype stability is maintained during growth.

Key words SiC, Resistive heating, Polytype, UVF, X-ray diffraction, Raman scattering

&4&E, dotE, dutd, s, gioiM, s, ZEZ
soleha AlaAiFetat, T4k, 47340

(202614 29 25U A

(2026 39 11 AAIEER)

(20263 3¥ 162 AAEA)

2 o2 A Sic ¢EA A U F APFeR M A W2 83 714 % (Physical Vapor Transport,
PVT)Holth. Z8jy 7189 F=719 92 716k pvTH S 2%, @44 7o) t743tdHel wet & (thermal field)e] B)

#dA3 NAE 98l S (hot zone)TJr SR F2E WA T FA Aol fEdt= A9t BTt ol ZAE
s Asty] f1gk it ® A3rtd WAe] AQE L Utk ATHE W4 7]9ke] pVTHS Wi 5 3H Fx2E o
AATeEN S Bop A OP—"L LA Aol F ke AHE 7 ok & AFelAe AFrE Hc]—}'\—]l 7]%k
PVT S =ste] & ddAE +4 o}J_ 4J 2] SiC HAA S A Al=skdv A%E Sic @ 2

>,01v

=

A4S vepes, #3116 um/hre] AFE At UVFE ojux £4& Esﬁ 6H-SiC T}do] =
4H-SiC AR o] dojFhoH, 7EF| % XRD Hﬂoﬂﬁt 71.1~115.9 arcsec®] WX Z-& Flstoint. ot v‘i'—%%% Fal A%
A WE ZEQl FTOQR/4) MEe] HEXZo] 55-59 cm' 502 XRD 243 %451 ARARL BYoeH, 6H-SiC thA
Xé o] EAT A 2o Free-standing 4H-SiC] FTOQ2/4)(776 cm Yol 71748 stress-free A4 o] LojH&S elatgdnh.
Ao A =Ys 37tg W 718k PVT AR RE o] 83 Sic ©ER 4443, o 2 dod e
o AR $¥o] aE REZA SiC ¢EY SA40] /s Ao ATETH

*Corresponding author
E-mail: kimjg@deu.ac.kr and leewj@deu.ac.kr



2 Gyeong-Jun Song, Ha-Jun Kim, Na-Kyeong Kim, Chan-Ho Park, Mi-Seon Park, Gwang-Hee Jung, Jung-Gon Kim and Won-Jae Lee

LM 2

AEF TRt =SiCye 718 HEF(Si) YAl oM
oF 3ufe] Eabe W W=7 (wide-bandgap)t E2 &
ArE 2 =o gE Hi 7P 5 05 BAL 71K
ATH1]. °l=#et EAS H}%_E SiCe 22 2 7
A RS FP 2o Bt A A A
19 A2 FER ok A2 A3 Akle) 244,
AAAeA) AzEle] B, elele] Al TEg A
sl BeE A e wwAe] WE et
43 7}0}1 Sl 73 aFd sic &Ey 71
AL 8 SRS 93 7)< Jfdo] ARIAlL] A
AR thFEIL ATt

?:T:JXH )\]-0—12-195 7]_;4 L%ﬂ /\}—Q—E]—E- SiC 1:,_}7%7& HX]—
e o Ry Bl E24 714 <5 (Physical
Vapor Transport, PVT) B4]olt}, o] f=rtg w4 7]
W PVTH-S A 7hst 383 whe g7 v)golzt
= AHE 7HAH, dA 8JAAF A Slolwrt g
3} gl =EEa 1291%] HEF o= Al
3L Qe dFolth. PVTHE o83 4 SiC Wé@
7ol ol 7P SasHl aEEolor & JsEe 3

R

N

¢

o

o

& W @%(thermal fieldys FLsA Alofsk= A o]a].
& vk 53], 24| tidstel weE =7 WA

WeK(radial direction)?} Z%3H(axial direction)®] E7¢S
s #E F U= 7Ise] a9 =7 v
WeFel I EvtdAde

P
0.

AA Ul =gk F 5
o fuslol, 29 Wy, 24 AY U 2, g 24
‘3}'53( olytype}q] g‘?:l]g A = lorng HE 4

A F4ES A= FH dlo] "rh2,3].
olefgk f‘&ﬁl% ZH37] 93 tolo s B A=
Z A7} 7Fser A&7 (resistive heating)
W] 7)ulk pyTHol| FEaEth. Aty whale 39
J 9 g WATeRM 9 e 2
0] Eﬂ:r"ﬁ SiC & 24 A7 A
2% FHE Aloje= )

JM 27 W3 o %HJ%" %! 11 P A7} 7¥s
HhA] 7]dk PVTHS o]
—Jé 3] *dff@ A= Byd wp ok 7
SR AW o]gae] et sHte] 54 SEE &
gHoz ](two zone) el xﬂowiw A7t W

zlzi xﬂAl—s} E}[6 7] Oﬂ%LoﬂH %}%
s Asrtg w4l 7]NE PVT xg?g}it @l = SH

g B p2A Geyst 24 goldel 7@ sk
oW, SYA SR H9F eETHl Ao 4%

HojlM= HE53he Helokal & 4= ok 2 Aexe
ol £ FHE /K= Ay vk 7)6ke] pVTH
S o83l 4914 SiC ©AH S Alx=ston, A
ZEl AR oy 9@ AA S EALS AAIFo=E A
oz o7 SIC SAA Ao o} Agrra )
21 7ake] PVTH A4 7FsAS ARt} s},

2. AE Y

2 ATeiE 9 B9 SHE e A ¥
2 PVT AIE olialol s A
1 P B9 SEe) A4S Ak 1) S A
o 4714 AZe] s} Wk Z F(loule heae &
Ao ARTHEL Bel AH8H S Sl 2 b

)
er
i,
ox
o
oX
%
2
K

el M E Fig. 19 YERNITE Figure 1(ay= A7
= SkEe] v e, Fig. 1(bye 3 W 54

3le), =R, AuEE, S0 TAF 9AE e

At} g;@zﬁ;ﬂ—oﬂ AREE E_;(]_X-]O [110] Hlsko 2 4°
off-axis® 4212 n-type 4H-SiC (000) 7]¥HS AL&-3FATE
SiC 98 222 GTechit(=H)2] <= 5N9] SiC %
(granule-type powder, Y= X (D50): ~2 mm)S A&
siglom, =7 We] A8 28 S Alele] Arle
264 mm= Gt 24 AL =7 AR V1S
2,100°Ce] =5 AHste] 5 kPal o= E9)7]04]
30A17F Featoint. A SiC e A% oY B
= St 2 2 29 33 (Ultra-Violet Fluorescence,
UVE, L = 365 nm) ¥41& B3 Hrisision, 4384
I WF &9 BHrke dlelyl FAlFel 7PdRkEe] )
A (point #1~#5, Fig. 2(b))S AAsle] wHa)s XA

Z (High-Resolution X-ray Diffraction, X’Pert PRO

55

Crucible

Heater

Electrode
. <«— Insulation

(a) (b)

Fig. 1. Schematic diagram of the hot-zone for the resistive
heating-based PVT method.
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Fig. 2. Optical (a, b) and UVF (c) images of the grown SiC crystal.
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Fig. 3. XRD ®-26 scan patterns for (a) point #1 and (b) points #2-#5 of the grown SiC crystal.
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Table 1
FWHM values of the X-ray rocking curves for five measurement
points on the grown SiC crystal

Table 2
FWHM values of the Raman FTO (2/4) bands at five measurement
points on the grown SiC crystal

Point #1 #2 #3 #4 #5 Point #1 #2 #3 #4 #5

FWHM (arcsec) 115.9 84.9 100.3 71.1 74.3 FWHM (Cmfl) 5.9 5.6 5.7 5.7 5.5
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Fig. 4. Raman spectra of the as-grown SiC crystal at five measurement points: (a) point #1, (b) point #2, (c) point #3, (d) point #4,
and (e) point #5.
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