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Determination of Evaporation Rate Constant of Arsenic in
Heavily Arsenic-doped Silicon Crystal Growth Process

XU Xin-hua, HAN Jian-chao

(Shanghai Hejing Silicon Material Co., Ltd., Shanghai 201617, China)

Abstract: In the growth process of heavily arsenic-doped Czochralski silicon crystal, the arsenic dopant

has its strong evaporation. To suppress the influence of As evaporation on the resistivity of silicon

crystal, the evaporation rate constant of As should be determined. The curve of As concentration in a

crystal sample versus evaporation time is given in a measurement experiment. Then, through the linear

regression analysis of the experimental curve, the As evaporation rate constant in the growth process of

the heavily As-doped silicon crystal (1.43×10−4 cm/s) is obtained. The result is verified to be correct and

effective in the practical applications. This is of great significance to the precise control of the resistivity

of heavily As-doped silicon crystal.

Key words: heavily As-doped silicon crystal; evaporation rate constant; linear regression analysis;

effective segregation coefficient
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� �Æ!,� ��� [1] � CZ �����)
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 ��0����( As ���#$)12�3

Æ���*� CZ 
��������%�+

,%&4���)*'/.� As �
�05

, As ��%�� ��

1 xy
.� As �
���������� CG-

3000 '�
� ()( 1) �14 6�
 ��� 30

kg !���� 4 6 <100>
��!" 100 g �7

As ��(�#)BC��-� 340 mm �
�#

-� 107 mm �
�D�� 16 rpm �BCD��

10 rpm �
�����*� 1.6 mm/min �2�

$�� 50 slpm ����.� 50 Torr �

+ 1 CG3000 ,8�%

( 2 �&�)* As ��'�,��%��

 ���-$���()�
�����E��

3���9#)BC,�:
�.*'&/�

�+*0 Æ���'��;,,/<0*�


���1=���/� 100 g �7 As !"�

'�,�-1�>�230/�4*. 10 g �


�"5 ()( 3) �.��F6 10 4�/�0

<12)23%?)�45"5��1��,

@6 ASTM AG [2] �.77.�H3=�"�

	�8'
�"5, As 3=4�%�2�B&

5%�

+ 2 687C

+ 3 �899

2 z{|}
2.1 IJKL

��-�::�/�;0/�
�"5,

As 3=4�%�2�B&5% ()( 4) �

+ 4 �899M As 9D:;E;<FG=<<
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C
L

= C
L0 exp

(

−EA

V
t

)

(1)

@,�C
L
�'�,� As 3=	C

L0 �'�, As

3=�IA?	E � As ��%�� �	A �

'���%;,B	V �'��B	t ��%�

2�9 t = t0 = V/EA ��C
L

= C
L0/e �BC9�

H��%�2� t0 ���H�'�,�3=S

�IA3=� 1/e �., t0 ��H��%�2

 ��:"��'( As ��'�,��%��

 ��

E =
V

At0
(2)

��-��,���%D@A�J��
�

"5,� As 3=EB
�C'�, As 3=�

k
eff

(��%DC�) K�D"�
�"5,� As

3=%+#�E@ (1) B��F@�	

C
S

= C
S0 exp

(

− t

t0

)

(3)

2.3 TUVW

D�( 4,��-5%�,�%�+,4

���'/ C
S0 = 2.52× 1019 cm−3 �t0 = 25.5 h �

�.L"@ (3) ��'(
�"5, As 3=4

�%�2�B&@?�

C
S

= 2.52 × 1019 exp
(

− t

25.5

)

cm−3 (4)

F���'�, As �H3=�IA?�

C
L0 = nN

A
/V (5)

@,�n � As �GM�	N
A
�NE0OÆ 

�	V ��'���B��:
��!��� 30

kg �As �!"�� 100 g �HF���6I/

CL0 = 6.75× 1019 cm−3 ��.L"@ (1)��'(

'�,��H3=4�%�2�B&@?�

C
L

= 6.75 × 1019 exp
(

− t

25.5

)

cm−3 (6)

X7() C
S0 ?�C

L0 ?��@ (2) ���

/ As ���%DC� k
eff
�.��'�,��

%�� � E %?� k
eff

= CS0/CL0 = 0.373 �

E = 1.43 × 10−4 cm/s �

3 ~�
���� � CZ ������( As G�

P�JH�.����D"�:��
QI�

�B4@������"R?P������

>>�3Æ�-,�!"� 100 g �7 As R�

E�*�"(�'�,����4�����

��-�:8'�F���-,S/�
�"5

�FH�G�'�F�� 0.3% YH��K��

L��'�F��:4�-��,TU&B�J

7:4)*��=�TMCN,���IJ�

D"K)*��E���O��

��.� As�
���*�����%DC

� k
eff
�� Burton-Prim-Schlicter LC@'/�

k
eff

=
k0

k0 + (1 − k0) exp(−fδ/D)
(7)

@,�δ �PHVMW�N=�δ = 1.6D1/3v1/6∗
ω−1/2 	D � As �OQC��D ≈ 2.6× 10−8 m2/s
[4,5] 	v ��'��KXL�C��v = 3 × 10−7

m2/s 	k0 �RP%DC��k = 0.3 �Q7
�M

D�� ω ����� f ���S6I�'(

��%DC� k
eff
� 0.368 �KQRE�-)*

?�3�Z�

����.� As �
������,��

H%D��%�
��J��
�,� As 3=

N[O�%+� [6]

CS = CS0(1 − g)
k

eff
− 1 +

EA

fA0 (8)

@,�C
S
�
��&�DS%����H3=	

C
S0 �
�,�H3=�IA?	g �DS%�	

A�'���%;,B	A0 �
��TU,B	f

�
���������*�E,�PT:Y)

��.� As�
���1��?�,D�@ (8)

6I� As ��%�� � E (*� 1.37 × 10−4
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