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The study on the formation of growth steps in the sublimation growth of SiC sin-
gle crystals
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Abstract SiC single crystals were grown in the various condition of growth pressure and temperature in the sublimation
growth. We observed the growth step morphology and the shapes on the surface of as-grown crystals using an optical
microscope, and characterized the co-relations among the growth parameters by adapting the Burton, Carbera and Frank
theory (BCF theory) for nucleation and crystal growth.
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Fig. 1. Schematic diagram of sublimation process facility
for SiC single crystal growth.

Fig. 2. Growth steps in the Acheson seed crystals pro-
ceeds to the crystal end having similar ledge spacing.

o] HERO WA ez I, o8 Fg 2
o beRie] mgkeh.

237 770 isled A stepel S BEARAS
Fole] BATOM, 0| o|EHoE TFsle] H).
3 ol Az Aol thsle] ¥R ol8T Haol
SSE 4 stepd BT S glow, 4% HE7h u
5 e} =2 we] 9 step] WIS BIT F Ieh.

3.1. o278 &

SiC 224 435} o] spiral growth’} X|ejxo=z

>

930 AL dodle AaMe WAE Age] FAd)
o3t ledged] Aol &Aoo w YA} EAEL traps)
WA e Sel, A A T o] slaiAdo)
FASA ghole A9 o] dojdth. v AezNE
AAE 44359 ledged] 7H o Tt 2ol 319,

Yo= 4nrc (1)

N

ro] [, &J7)o HYY elastic strain energy (y)
AP eq. (D FEFw Sof B3 20w wHY
Itk AL do}r] kot trapH UAF Ee &
AES Yo A ATs UEEE, 3¢ Qo] AR
2 oo JA H A7) ledged] A= A1
15 HolEZE, eq. D eq. (1o Tiushd,

o MY
o Ml o

%

eq. (3 4L 5 om, ledged] 7L FHEd=el &

=] Frz "ok 9719 0 B2 Fyjolth,

Vo =19r. = 19yQ/(kT In S) 3)
%, BCF

o|2o] 23 EW Fabo| 28] linear
stepe] A% L= eq. W} Zol X

Voo = (Q/BA)2DcooPAtanh(yy/2As) “)
A7)0, B AAE stepel thek A factor, A= Y
F3ak A, A= kink®] A9 factor, Da= HHAAE)
|29 & A, o= S - e A FXSHEE vERITH

7Rl viste] 4 W] 4 SER=

R = vob/yy = (2D, cok To?BA/19Atanh(197Q/2KTAG)

= (QASBACOGZ/MZ optanh(c;/0)

= [QVBAc,o’exp(- AGey/kT)o ltanh(c,/a)

=C(c%/otanh(c,/o) )
2 HH, o714, o2 HEI=E VERE, Ce 573
A #E gk, 239 YA 659 3 ZheTh
6, = 197Q/2kTA, )
C = QvBAceexp(- AGge/kT) )

Eq. 70lA a12]e) #4351 SR (AGy)9} frequency
factor(v)e] =24, D& Als oheat 7 AL A4
2h2l=Y

DyA; = vexp(- AGe/kT) @)

e, 6>0,d wol= R = Codl A7t o XY
slzn s e, okod Wdle R = Co¥o2] A7t



The study on the formation of growth steps in the sublimation growth of SiC single crystals 3

Ho] XEAY ERE HolA ¥ JEMY &, Bur-
ton, Carbrera and Frank(BCF) ©|Z9|x& #xawr}
e dole YaE A3 stepe F3H A= A
g HolKR HE Fasier) oA WAlge] AF
ANA AR A AsS Helm AdstA |, 7.

T3, Ve A (spiral growth)ellds d49 sl
ledge7} singular planeciA 4@ A Aol 2l
Hlwa w2 e g slolMats AL3R1 ledgeE
FAE B oR gAst. meps] JAE A 2o
A FHAXN ] EAAo] glol=s ZAe] A 5 de A
olt}. oo th3je], BCF ¢ Hi olF A ledge]
70l digte] olfY] eq. @)F ZE FAIAE A¢rE)
k.

.
-AH e

vV = A/EXEVe kT

A

-tanh( JQX) ®

Eq. (8)% ledge®] &%=7} ledged] 7449 32 78
Hrh= 71908, X= mean free path, PP FHE3IE,
VE frequency factor, -AHgs AZL ouix], A=
ledge®] 7+A& viepdth

o] AN &JsiA SiCe] A B2 vAE 3%
S A9sl7] 98] Fig. 3¢] mean free path, X} ledge
o] kA e B9 ik sl BAHow A
Halsith Aol AE W T ledged] 5= A
Lol ledge?] 7H4¢) oEEbH, ledged] £E7} HE
= o] 7¥40] FAEEE, eq. 8] 2aiA ledge?] 7+
o] mean free path Bt} 2002 =S o FAATHFig
39 (). ledge?] 7H4o] &S ol EAE2] trap ¥
Ho| ME HIAFLEA trapHE 4 ABRIF EE
thFig. 3@)). WHAZE ledge 7¥7o] & Wol= trap 9
e BxFEo] O oA trapER w3, EH] 3=

(®) —
=X —b—X— 2% =1
Evaporation
(@ A

—%—C—L
=Rt =X BCF-Theo

Evaporation

(d) P
%xperimem
(Bethge)

Surface Nucleation

2X <A

Fig. 3. Schematic illustration of the surface diffusion near

the ledges at various values of the ledge spacing and

constant mean free path X. the figure shows ledge profiles
of a hypothetical crystal surface.
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Table 1
The variation of growth rate depends on the growth con-
ditions (mm/hr)

Pressure (torr) 400~500 500~600
Growth temp. C)
2000(at the seed side) 0.3~0.5 0.1~0.2
2100(at the seed side) 0.7~1.2 0.5~0.7

Fig. 4. SiC boule was grown on the graphite crucible lid
from the sublimed vapour phase.



Fig. 5. Growth steps were observed by optical microscope
on the surface of the as-grown boule (a) in the central
region and (b) in the peripheral region.
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Fig. 6. Growth steps (a) on the seed crystal and (b) on the

crystal surface in the growth condition of growth pressure

of 500~600 torr and growth temperature at the seed side
of 2000°C.
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Fig. 7. Typical growth spiral steps (a) and (b). In (c), the
micropipe is formed at the start point of the spiral growth
steps and is related to the screw dislocation.
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