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Fig. 1. Structural configuration of the TSSG furnace.
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Table 1.  Physical properties of the main materials!!316:18],
Materials Parameters Value Units
Density 2550 kg/m?
Viscosity 8x 10 Pa-s
Electrical conductivity — 1.2x10° S/m
Thermal conductivity 65 W/(m-K)
S Specific heat 1000 J/(kg'K)
Thermal e}fpansion 0.00014 1/K
coefficient
Surface tension -2.5x10* N/m-K
Surface emissivity 0.3 —
Density 3216 kg/m?
Electrical conductivity 1000 S/m
SiC  Thermal conductivity 30 W/(mK)
Specific heat 1290 J/(kg'K)
Surface emissivity 0.5 —
Electrical conductivity 75400 S/m

Graphite Thermal conductivity 150x300/7 W/(m-K)

Surface emissivity 0.9 —
Electrical conductivity 430 S/m
Cézg)ton Thermal conductivity 0.336 W/(m-K)
Surface emissivity 0.8 —
Electrical conductivity  5.99x107 S/m
Copper Thermal conductivity 400 W/(m-K)

Surface emissivity 0.5 —
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Fig. 2. Power and temperature distribution in the TSSG
furnace (4 kHz, 700 A): (a) Power density and temperature
distribution; (b) power distribution.
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Fig. 3. Lorentz force distribution in the solution (4 kHz,
700 A). The left side indicates the magnitude of the force.
The right arrow indicates only the direction of the force, in-

dependent of the magnitude.
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Fig. 4. Temperature (left: AT = 1 K) and velocity fields (right: Au = 0.01 m/s) in the solution at different crystal rotation rates
without considering Lorentz force: (a) 0 r/min; (b) 10 r/min; (¢) 25 r/min; (d) 55 r/min; (e) 100 r/min; (f) 150 r/min.
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Fig. 5. Temperature (left: AT = 1 K) and velocity fields (right: Au = 0.01 m/s) in the solution at different crystal rotation rates
considering Lorentz force: (a) 0 r/min; (b) 10 r/min; (¢) 25 r/min; (d) 55 r/min; (e) 100 r/min; (f) 150 r/min.
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Fig. 6. Distribution of carbon concentration (left: AC = 5 mol/m?) and supersaturation (right: AS = 0.001) in the solution at dif-
ferent crystal rotation rates: (a) 0 r/min; (b) 10 r/min; (c) 25 r/min; (d) 55 r/min; (e) 100 r/min; (f) 150 r/min.

(@) e o )
C/(mol-m~3) 295 303 311 319 327 335 343

T T e (O
C/(mol-m—3)315 321 327 333 339 345

T T T T
C/(mol-m~3)323 331 339 347 355 363 371

600.0 600.0 600.0
599.8 599.8 599.8

1.0 1.5 0 0.5 1.0 1.5

T AR B S B R B2 S 8 o A
Fig. 7. Local distribution of carbon concentration at the growth interface (AC' = 1 mol/m?): (a) 10 r/min; (b) 25 r/min;
(c) 100 r/min.
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Fig. 8. SiC single-crystal growth rates at the growth inter-
face: (a) Radial growth rate distribution; (b) average

growth rate and standard deviation of growth rate.
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Fig. 9. Radial temperature and carbon concentration distri-

bution: (a) Radial temperature distribution along the

growth interface; (b) radial carbon concentration distribu-

tion at the growth interface and the neighboring mesh.

A AR T A P A R S TR ST R Bl R R R
g e S RS TTREE 133 e o8 e T D e Py a A R S
AR R e BE D MR R — 2B o . A5 (12) U
(13) AT, AR S I A s e 2 I AR 3t B R E
1117 55— J2=% AR Ak 14 il ¢ 88 3 A v i o A X B
((11) 3X). R EARAGAR 1) o0 A3 42 2] HL s i A s
RN ZLERFH (AR R 7)) 55— )= RIR AL T it
S A AR A ST B o A AR P, AT

158101-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 74, No. 15 (2025) 158101

RO LA AR ) A LA R R — B, HW e
[F]—7 AL 22 (EROR. B 9(b) AAK S 5 A
S P AL A ) B JBE 43 A1, 10 v/min I AR A
T 5 55— 2 IR P Bl e J8E L7 P Bl B 20 AR —
B, WE2ZEILFN O; A KA R GAL S — =
PO ) Bl Ve J3E A TR, PR A 22 (AR R, I ik
A A S5 5 — 2 R RS e B 2 A R AR 1) 20 A
FRAER X 3K, 25 r/min BBV BE 43 A M P oCs 2]
NG — R, AT S 5 — 2 RS AR A
[ 43 A AR BEAS DR AF— B, A A K s A A ]
S3ATY%). 100 r/min B AR R U Y IR RE 35 &) Pt
— L ERTE, AR BEAR 1) 3 A0 S A 5, (AL
R AR 7 T @ i s A R AR — R M)
F& AL B I O B 208 T T R, R4 38R
[ Bl Aefs AR R IR PO B 2% — BT R
TEARG R, A A Bt i B vh s 455X (9 AsORx
i) B3R B e i B2 DA HP o 21 10 G it )
PRI 1 A AR ) 3 AT 24 S A A A8 AR K B
i R ) AR B A L HCAR IR, U S 3t
TET A2 [0 I B2 A PP B 25 KB T RRE S, BN
TR SiC B Y i BTAR 1) 30 RER BEAN L K

3.5 BAR-HIRTHREmRAS AFETHS T

A SBHIREN SiC A AE K IIERIER, /BT ks
VS WR- A A T TR A 4 S R S ATt RR e 2 G
B BIHZ AR BT —V Clonivle K5 HTH i
B R 28—V C erucible <O B 32 HH JH AL 41 308 775 1
—V Cercivle >0 B 32 B 10 Ab M 303 BE THT 7] BB A= Ak
SiC Z gk, B 10 Gt T AN db A 3 V5 -
T 4 22 5T ALk A B VA BB A B2 A AT, e XIEN
TR e ST R IF s, Bk Ly (U
#B: 52.5 mm), L, ([RINEL), Ly (AAMEE: 50 mm)
B AR TR A VR - A 5 T ek
FEEEA T IX ). AN =V Corucivle <0 B 5341 1T LA 1
Vs fifp DB 57 T S 3R RS R A T AR IR AL 455
&5 AT, 0 v/min BRENVAR-HH 398 28 T B R
— IR FETI TSN, MRS —V Concible 7711 L
BOF-HE. 10 F 25 v/min B 22 5 1 B0 A4 9 8 22
AT, F 5300 B FERR B —V Corueinte IR
RAR | GEARAE AP WERR 2 AL . 55 1/min J5
BN ZE ST AT Bl — A e s ], v B A
A LS AR . Bl b RS S BEn, A AR
TR 005 e e W S 3, HE e g s DR DX 7

TR, AR B IR B HRIE T A
BRI, AN AR ARIERS i S R AR 0o A B B AR
BERHEA Ny 0, ARPEE] 5(b)—(f) AT, BAHHRIE
Pt A e DA BRI, T 5% T A G o ) PR VR
BT 1) 249 T A SR BE O ) o, I4IR SIPRE R
Bz B HE R JIETR PO BT, e B AR Y ik
W SERBEAR /).

2.0
— 0 r/min
1.6 — 25 r/min — 55 r/min

o

i ! L
1.2 -593' 100 r/min 150 r/min
0.8 F /

0.4
0
—0.4r
—0.8p
—1.2F

— 10 r/min

‘crucible/ (10° mol-m—%)

—VC,

—1.6F
—2.0

0 20 40 60 80 100 120 140 160 180
L/mm
10 VA IB-HT s 52 S T B Tk B b JEE
Fig. 10. Carbon concentration gradient distribution at the

solution-crucible interface.
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Effects of crystal rotation on 6-inch SiC crystal growth by
top-seeded solution growth method

YANG Yao LI Zaoyang? GAO Junhao QI Chongchong
LI Dengnian =~ WU Guanghui  LIU Lijun

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)
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Abstract

The top-seeded solution growth (TSSG) method is a critical technique for growing low-defect and high-
quality silicon carbide (SiC) single crystals. A comprehensive numerical analysis model including induction
heating, heat and mass transfer is developed for growing 6-inch SiC single crystals. The coupling effects of
Lorentz force, centrifugal force, thermal buoyancy force and surface tension on the solution flow are considered,
and the effects of crystal rotation speed on the velocity field, temperature field, carbon concentration field,
crystal growth rate and carbon dissolution and precipitation on the crucible wall are systematically investigated.
The results indicate that the Lorentz force in the solution results in a more complex flow field at low crystal
rotation speeds. The crystal rotation speed should be controlled within the appropriate range to ensure that the
carbon concentration distribution beneath the growth interface determined by the transport mode is
coordinated with that at the growth interface determined by the temperature, which is beneficial for the
uniform and high growth rate of SiC single crystals. Low rotation speeds reduce the growth rate of SiC single
crystals, while high rotation speeds lead radial uniformity of growth rate to decrease. At a rotation speed of
25 r/min, the average growth rate of SiC single crystals is higher and the radial distribution uniformity is
better. Further analysis is conducted on the dissolution and precipitation of carbon at the solution-crucible
interface, and the regions, where the crucible wall dissolves quickly and SiC polycrystalline particles are
generated, are located. The transport directions of polycrystalline particles are predicted based on the velocity
field. The research results provide a scientific basis for growing 6-inch SiC single crystals by TSSG method.

Keywords: top-seeded solution growth, silicon carbide single crystal, crystal rotation, numerical simulation
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