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Abstract In the growth of silicon carbide (SiC) single crystals using the induction-heated physical vapor transport (PVT)
method, designing an innovative hot-zone structure is essential to mitigate internal thermal stress. Key design parameters,
such as the top insulation characteristics and graphite seed holder geometry, play a critical role in shaping the thermal
distribution. This study focuses on modifying the thickness and cavity area of the seed holder platform to achieve an
optimal axial temperature gradient and uniform radial thermal distribution. Three cavity-structured designs were evaluated
based on the cavity surface area relative to the platform: Design A (0 %, baseline), Design B (50 %), and Design C
(80 %). Numerical simulations and experimental growth were conducted under identical growth conditions. The results
revealed that the radial temperature gradient (shape of the crystal) from the center to the periphery decreased as the cavity
area increased, yielding gradients of 2.6°C (concave) for Design A, 1.5°C (flat) for Design B, and 1.8°C (flat) for Design
C. Comprehensive characterization via XRD 2theta-omega scans, Raman mapping for FWHM of the FTA phonon, and
defect (etch pit) density analysis through surface etching confirmed that Design B exhibited the highest quality crystals.
Specifically, Design B exhibited the lowest internal stress of —0.0033 GPa, superior crystalline uniformity with an average
FWHM of 44.1 arcsec, and significantly reduced defect density. These findings demonstrate that precise cavity engineering
of the seed holder platform is a straightforward yet highly effective strategy for achieving high-quality SiC crystals.
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Fig. 1. Schematic of the SiC single crystal growth assembly: (a) Hot-zone configuration within the crucible system, (b) detailed
structure of the seed holder, and (c)~(d) various designs of the upper seed holder.
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Fig. 2. Numerical simulation results of SiC growth with various cavity-structured designs and corresponding radial temperature
gradients for different cavity-structured designs: (a~c) thermal field distributions for Designs A, B, and C, and (d) extracted radial
temperature gradients for each seed holder design.
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Fig. 3. Optical images and thickness profiles of SiC ingots grown with different seed holder designs: (Top) top-view and (Bottom)
side-view photographs of the ingots for Designs A, B, and C; the corresponding plot shows the thickness distribution measured along
the [11-20] radial direction.

Figure 32 Design A, B, C&
3].oq e §iC 01:'__4 .du:] (/\1-)
o] [11-20] ¥ we F7%ke] Exoltt. Figure
3(a)e] A=ET /e ZHE] AARIEIZE §le Design

= 283 Yol spakel FARE A} 7o) Y3t
< 7IEAEE ZHo] MAsIglen, AEET /et
ZYE FE)7F Z8E Design B(Fig. 3(b))2} Design
C(Fig. 3(c)= A3 Y3xolle =Zgo] gl miZsiar
493 FHS B} 38, Design B(Fig. 3(b)) 3&
93ro] Design C(Fig. 3(c)) A& Yol wlal g o
2 Q8] & S & 5 k. ol oA AXs

24%3]] Nxﬂ] RS IA]

W (3 olmA} 7} o

Initial stage

E .
Design B ‘
Design C .

(b)

A7 Aol frelgh $7do] WA o ATt
s 4 A2 AlARY Figure 3(d)ell ZF Design A,
B, CE Z&sl] AAANT 329 117331-61:(60 mm)94
A ERsje] el 93e) AR wel
T 22)e] =7 U] IR ofs] AR v
Zgnkeke] et AN §E A gt Az
7} J3ke] @S Fig 29 AEHOIHSR &3 3
e 2] oA (Design A: 2.6°C, Design B: 1.5°C,

Mlddle stage

i

Final stage

Greenish area: Region of 4H polytype

(c) (d)

Fig. 4. Defect and polytype analysis of SiC wafer samples: (a) UVF (Ultraviolet Fluorescence) images of the wafers; (b~d) Raman
mapping images of the FTA (Folded Transverse Acoustic) phonon mode corresponding to the (b) initial, (c) middle, and (d) final
stages of the growth process.
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Fig. 5. Comparison of structural properties for the seed wafer and crystals grown using different seed holder designs: (a) 20-® scan
profiles and (b) calculated internal stress (GPa) for the seed wafer and wafers grown using Design B and Design C.
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Fig. 6. Visualization of crystalline uniformity for SiC crystals grown using different seed holder designs: (Upper) Cross-polarized
images and (Lower) high-resolution XRD rocking curve maps of the square-inscribed areas, illustrating the effect of seed holder
geometry on defect distribution.
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Fig. 7. Characterization of crystalline defects via chemical etching: (a) Etch pit morphologies on the SiC surfaces and (b) quantitative
distribution of different dislocation types (EPD) according to the seed holder design.
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