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In order to contribute the mass-production of 450 mm diameter defect-free Si
crystals, the impact of thermal stresses on the intrinsic point defect behaviors was evaluated with first
principles calculation. The accurate prediction of so-called Voronkov gv/G)crit with the calculated
formation enthalpies and entropies of point defects showed that the calculated plane stress dependence is
in excellent agreement with the published experimental values. The compressive thermal stresses around 20
MPa shift the Si crystal more vacancy-rich. Furthermore, the window for defect-free Si on the thermal
stress was given. The computer simulator for intrinsic point defects and grown-in defects during Si
crystal growth was developed.




300 mm

Si 2014
450 mm
Si
450 mm
Si Czochralski (CZz)
300 mm CcZz
V)
Si U]
Grown-in “
Si "
Si
\Y; G
(VIG) (V/IG)o
450 mm
(ov4 Si
30 MPa Si
(V/IG)o (K. Sueoka et

al., J. Appl. Phys. 111 (2012) 093529)
30 MPa
(V/G)o  30%

300 mm
450 mm Si
Grown-in
Si
450 mm Si
1) O
(1)
) S
Grown-in
(3) 450 mm Si

Si

1
25 26
CASTEP
GGA
(V/IG)o
450 mm
Si
26
Si
Grown-in
STR-Japan
CZ-Sim
(1)
Er (2) vi (3)
Hs (2)
Si
Si
\V Si
\V 1 Si
Si Si
Si
o
= P Vv
Er  PuXvr
1
Si I
v
I
v



Bo 04
=R r
£2 |
g ¥ 02 0.112
s [ 7 =-0.112x .
23 — Isotropic
< £ y =-0.068 x
EZ o
55 i
L% E [ y=-0.069% Plane
gn‘:; 0.2 m[110] [
- . -
g = X A101]
60_0_4.\.\l\.\\\\\.\l\.\.
-1 -0.5 0 0.5 1
Compressive Tensile
Mean stress ¢, (GPa)
(a) Self-interstitial
B 04
E o [ y=0.308x%x
= [ m
5% oo Planel -
S I - P
C n —
£ Y = -
g% 0 b 7 ATy =0153x
R I R e
e 2 r i -
o &
ez 02
o :I’-/.
g [
5 04 Lo b
-1 -0.5 0 0.5 1
Compressive Tensile
Mean stress o,,, (GPa)
(b) Vacancy

Fig. 1 Dependence of formation enthalpy of
Tand Von mean stress Gave.
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Fig. 2 Calculated (lines) and experimental
(v/G)o data (symbols) as a function of
compressive mean stress dave. The windows
for defect-free Si are also shown by gray
bands.
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Fig. 4 Change of formation energy of V
around dopant.
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