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Effects of the Porosity of the Source Materials on the Initial Growth of 6H-SiC Crystal
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Abstract: The source materials with different porosity were be prepared by different loading ways. Effects of
the porosity ( porosity: 50% ,55% ,60% ) of the source materials on the crystal growth rate and the crystal
quality in the initial stage of SiC crystal growth were investigated respectively. It is found that crystal growth
rate rises and the crystal quality [declines with the inerease of the porosity of the source materials. The tem-
perature distribution and mass transport in the source materials ( porosity: 50% , 55% , 60% ) as well as the
growth rate in the initial growth stage are simulated by the finite element method. The heat transfer inside the
source material under the typical growth-temperature bases on thermal radiation between SiC granulas. The
simulations indicate that it takes the least time to reach stationary heat transfer for the source materials with
60% porosity and its growth rate in the initial growth stage is the largest among them. Therefore, the simula-
tions explain the results of the growth experiments very well.
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Fig. 1 Schematic of SiC PVT growth system
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Table 1 Experimental results of three SiC crystals

Fxpériment Porosity L v y FWHM
/% /mm  /(mm-h"") /arcsec

A 60 4.81 0.96 84.3

B 55 4.09 0.82 76.2

C 50 3.39 0.69 59.3

Note: L is the length of the crystal, V is the average growth rate,
FWHM is the full-width at half-maximum of diffraction peak
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Fig.2  Effective thermal conductivity of the source materials with
different porosities (y=50% ,y=55% ,y=60% )
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Fig. 3

Transient temperature distribution in the source materials (a,b,c) during the initial stage of crystal growth (3rd h, 4th h, 5th h)
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Fig.4 The total mass of the vapor transported. from the source
materials to the seed (a,b,c) in the first-Sh and the crystal
growth rate during the initial growth stage
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Table 2 Simulation results of three SiC Crystals

Simulation Porosity/ % M/g L/mm  V/(mm-h™")
a 60 33.91 5.50 1.10
b 55 31.00 5.03 1.01
c 50 26.31 4.27 0.85

Note: M is the total mass of the vapor transported to the seed, L is the

length of the crystal, V is the average growth rate

577 A, DT S B0 R TR R . DR SR 2 i
BT, AR A AR AR R AR, AT 3 B4 i
BTN RE, O ARSI A A AR B R

3 #ig

HEHETES ARSI T, BT IR A B R
AN AR A RS RS,k T 23 B R ORI JEURHSE AL
A, A 7 TR, A a1k 3 AR 2 A% B Bl
JEORE A BRE [N RS B FEAIR 1 i s B
P AT AR AR R A bR, AT S B0 S 45
ar T . DR SN 7870 G OB S /2
B A M T AR A S ol R R e 4

SEH:

[ 1.} Selder M, Kadinski L., Makarov Yu, et al. Global numerical simula-
tion of heat and mass transfer for SiC bulk crystal growth by PVT. J.
Cryst. | Growth, 2000, 211(14) ; 333-338.

[2] Klein O, ‘Philip P, Sprekels J, et al. Radiation- and convection-

[

driven transient heat transfer during sublimation growth of silicon car-
bide single crystals. J. Cryst. Growth, 2001, 222(4) . 832-851.

[3] Chen'Q S, Zhang H, Prasad V. Heat transfer and kinetics of bulk growth

of silicon carbide. J. Cryst. Growth, 2001, 230(1/2) . 239-246.

Nishizawa S, Michikawa Y, Kato T, et al. Stress analysis of SiC

bulk single crystal growth by sublimation method. Mater. Sci. Fo-

rum, 2003, 433-436. 13-16.

[5] Liu X, Shi E W, Song L X, et al. Effects of graphitization of the
crucible on silicon carbide crystal growth. J. Cryst. Growth, 2008,
310(19) ;. 43144318.

[6] Heydemann V D, Rohrer G S, Sanchez E K, et al. The structural
evolution of seed surfaces during the initial stages of physical vapor
transport SiC growth. Mater. Sci. Forum, 1998, 264-268 . 37-40.

[7] Mantzari A, Polychroniadis E K, Wollweberb J, et al. Defect status
near the SiC/substrate interface ; investigation of the first stage of the
growth by physical vapour transport. J. Cryst. Growth, 2005, 275
(1/2) : el813-e1819.

[8] Kitanin E L, Ramm M S, Ris V V, et al. Heat transfer through
source powder in sublimation growth of SiC crystal. Mat. Sci. Eng.
B,1998, 55(3) : 174-183.

[9] Kulik A V, Bogdanov M V, Karpov S Y, et al. Theoretical analysis
of the mass transport in the powder charge in long-term bulk SiC
growth. Mater. Sci. Forum, 2004, 457460 67-70.

Wellmann P J, Herro Z, Winnacket A, et al. In situ visualization of

[4

[

[10

[

SiC physical vapor transport crystal growth. J. Cryst. Growth, 2005,
275(1/2) . el807-el812.

[11] Wellmann P J, Herro Z, Sakwe S A, et al. Analysis of graphitization
during physical vapor transport growth of silicon carbide. Mater. Sci.
Forum, 2004, 457460 . 55-58.

[12] Wellmann P J, Bickermann M, Hofmann D, et al. On the origin of
the below band-gap absorption bands in n-Type (N) 4H- and 6H-
SiC. Mater. Sci. Forum, 2000, 338-342. 71-74.





