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Abstract The optimization of growth conditions, hot zone design, and insulation structure is crucial for high-quality SiC
single crystal growth using Physical Vapor Transport (PVT) techniques. Inadequate growth design can lead to polytype
inclusions, crack formation, and increased defect density within the crystal, ultimately deteriorating the quality of the final
SiC single crystal. In this study, a new insulation design was developed to enhance the axial and radial temperature
gradients at the top of the crucible compared to the conventional graphite insulation structure. Additionally, nitrogen gas
was employed during the growth process to ensure polytype stability. Simulations using VR reactor software were
conducted to analyze the internal temperature distribution within the crucible and the migration pathways of SiC source
chemical species resulting from the enhanced upper insulation. Ingots grown using each design achieved growth rates in the
mid-100 pm/hr range. In crystals grown with the conventional Design A, polytype inclusions and cracking were observed
throughout the ingot. In contrast, crystals grown with Designs B and C showed significant suppression of polycrystalline
formation at the ingot periphery and markedly improved crystallinity. Notably, the application of Design C, which featured
enhanced upper crucible insulation and nitrogen gas employed during the growth process, resulted in high-quality 4H-SiC
crystals.
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Fig. 1. Parameters that influence the quality of crystals grown through the PVT method.
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Fig. 2. Schematic diagrams of graphite insulation configurations on the exterior of graphite crucibles. (a) Design A: Conventional
design, (b) Design B: Insulation applied to both the upper (rigid type) and the sidewall region (soft type), and (c) Design C: Insulation
applied only to the upper region (rigid type) of the crucible.

R FH G dEs FUHeE B A sl oy FEE Adsiditt. o ZAA o=
Soft-type TAA7} 28 FZF(Design C)°It}h. Figure  ¥W T3S #7352, MP(Mechanical Polishing)S %
2(c)®] Design Ci= Fig. 2(b)®] Design Bolx] W & & HFZHORE LKIX] folHE AZsiiint. F7He=w
GAE AAT JFol Rigid-type 3 FAe] @A vto] ghakebd (RamMics M532, Enspectr, Inc. )2 53 343}
2 g® Fxolth Design Co A% 4% oA A4 FEre EA3 XRD(X Pert PRO MRD, Panalytical)
£ FYUT. 7€ FEDesign ARF TEO] AEA 9 620 £AS FEl AR ARTE S I 2
trield @da] FZ(Design BSF Design C)F 483t whAlebd el A9 doly ¥We| A YARES x50
SiC A A7 491%]9] 4%off (000-1) CHE] FAHY wl&-2] N.A(Numerical Aperture)’} 0.75%1 tHEd=E
S AREEl] ARRE 2,200~2,300°C, A 4 5 Torr,  AMEEIIo™, AR vk BaleS 0.5 cm o)tk A%
OF2L(Ar) 7k= E7I0A S0AIZke] A3S AAlEl | AR AAA gkl 98]l HR-XRD FH|E F3l
o} oA 9AF3F Design Co A9+ A% d¥4ol = Rocking curve®] FWHM(Full width at half maximum)
HE 7k=9l Aas Fskih HEs] FA s

A% Al A, =R e TEA Bkl e
TR WiFe] 2= #xe SiC 98 38E(Si, SiC,
SiC,)9l °lsAHZE 3RIsl7] $J8l VR(Virtual Reactor) 3, Z3} 2! DE
AZEYOE T AEHCAS st 4w
SiC Y352 UVF(Ultra-Violet Fluorescence)s 53l 274 Figure 32 Fig. 20141 YERA Design A, B, C +%
S AL, 9 A F multi wire sawE ©18 (A= (a), (b), ()F A& 1547 3] AlEE A

ar

Graphite soft insulation
Graphite rigid insulation

Graphite crucible

AT: 20°

— SiC ingot

Flow

— direction of
SiC

species

|, SiC source
powder

A ‘
(b) (c)
Fig. 3. Temperature distribution within crucible for each graphite insulation configuration. The arrows indicate the flow directions of
SiC vapor species (e.g., Si, Si,C, SiC,). (a) Design A: Conventional design, (b) Design B: Graphite insulation applied to both the upper
region (rigid type) and the side wall region (soft type), and (c¢) Design C: Graphite insulation applied only to the upper region (rigid
type) of the crucible.
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(b)

Fig. 4. Optical images (left half of the image) and UV fluorescence (UVF) images (right half of the image) of crystals grown in
three different designs: (a) Design A, (b) Design B, and (c) Design C.
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Fig. 5. Raman spectra measured from SiC samples prepared
using Design B and Design C.
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Fig. 6. HR-XRD 6-26 scans ((a) and (b)) and FWHM obtained from rocking curve (®) scans ((c) and (d)) for SiC crystals prepared
using Design B (upper row) and Design C (bottom row).
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