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&¢�lfOrzÆí��È (PECVD) Eâ¥¹�%��)�Ån, ��Ñ~��dw¹�%�´L¡ó§
Eâ+��8I��. Äu REBO ³¼ê, æ^©fÄåÆ�[�{,ÏLé'ïÄ CH Äì3�'7f�Úá�
7f�L¡��È1�, uy$Uþ CH Äì3�'7f� (111) ¡þ�áN�Ç�u 98%, 
3á�7f� (111)

¡þ�áN�Ç$u 1%. (JL² PECVD {��¹�%��, $Uþ CH Äìé��)���zÌ�5guÙ3
L¡��Ú C  ��ÀJ5áN.

'�c: %�)�, CH Äì, ©fÄåÆ�[

PACS: 07.05.Tp, 34.10.+x, 52.77.Dq

1 Ú ó

¹�%�´%���«, §��¡U«Xa7
f��pMÝ�åÆA5, ,��¡q3ý�½ö
ý5í¨¥Ð«Ñ
�dwA5 [1−4], ù«ÕA�
5U¦�¹�%�3°�Å�+��A^dåã
�. 8c, �±^Nõ�{5��¹�%�, Ù¥�
lfOrzÆí��È (PECVD) Eâ�A^��
2� [5−10]. �þ�¢�ïÄL², PECVD Eâ3
ØÓ^�e��Ñ�¹�%��(�Ú5U»É.

XÛÚ�/�ã PECVD Eâ¥ØÓ(��¹�%
��)�Å�9Ù�5U�'X, ´%�á�ïÄ
���]Ô5�K.

3¢�þ, ��¡, 8c� PECVD ����Ñ
Øä�¢�©Û�lfN¤©�Uå, ,��¡,

8c���L�Eâ�éJ©Û��¥� H ¹þ
9Ù¤�G¹, ù��^¢��{ïÄ¹�%��
)�Å�38c�éJ���\�ïÄ(J. Ïd

O�Å�[EâÒ¤�ïÄ¹�%�)�Å��
�1�Y�� [11−22].

3�[ïÄ�¡, êU�� [14,15] æ^©fÄ
åÆ�{�[
 C �f37f�L¡��ÈL§,

��
 sp3-C ¹þp� 80%�X%�, ¿3)�Å
�þò\� C �f�1�©¤L¡ “eÈ”!L¡
[£!5\Ú��o«, �Ñ
$\�U�¬Ñy
óG)��ª. êU�� [16] �[
 C60ìq�È
X%��L§, uy C60 \�Uþ�u 20 eV �,

��Õt, k�õ�É�3, �Uþ�u 20 eV �,

��Ò¬'���, � sp3-C ¹þ�p. H¸� [17]

æ^©fÄåÆ�{�[ïÄ
 CH3 3 SiC L¡
þ�È¹�%��L§, �Ñ H �ÈÇ�X\�
Uþ�,p
ü$, � C �ÈÇé\�Uþ¿Ø
¯a. Ü��� [18] ÏL©fÄåÆ�[ïÄ'�

 CH3, �G C3H Ú�G C3H �È¹�%��L
§, (JL² CH3 Äìk|u/¤p¹ H þ�%
�, ���Ý�$, 
 C3H k|u/¤��%�,
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� H ¹þ��$. ·�ÏL�[ C, H �f·Ü�
È¹�%�, �	
\�UþÚ H ¹þé��)�
L§Ú5UK� [19−21], (@
��¥� H ¹þÚ
í
¥� H ¹þ�3�''X.

Xþ¤ã, ¹�%�)�L§�O�Å�[ï
Ä®²��
Nõ?Ð, �ål²(¹�%��)
�Å��é�. ¯¤±�, PECVD Eâ¥¹�%�
�)�L§�©E,, ´ C, H, CH, CH2, CH3, CH4,

C2H, C2H2, C3H �õ«ØÓUþ!ØÓ\��!

ØÓ���¹zÔ����ÈL§ [11], ¤�L§
��9�Ä.«a!§Ý!/m�Ï�. ��ã¹
�%��)�Å�ÚØÓ(��¤Ï, ÒI�²(
z�«Ï�¤å���^Ú�z. ·��c�ïÄ
®²�ã
 H �fé¹�%��)�Ú(��K
� [19−21]. �
²( CH Äìé%�)�Ú(��
K�, �©Äu REBO ³¼ê [23],ÏL©fÄåÆ
�{, é'ïÄ
$Uþ CH Äì3�'7f�Ú
á�7f� (111) ¡�ñÂ1�.

ã 1 CH Äì�\��. (a) \��.; (b) 7f� (111) ¡; (c) á�7f� (111) ¡. çÚ¥� C �f, xÚ�áN� H �f

2 �.ÚO�

ã 1(a) � CH Äì\�Ä.��[�.. Ä
.�7f� (111) ¡� (ã 1(b)), �¹ 12 �� 960

� C �f. Ä.�á�7f� (111) ¡� (ã 1(c)),

K�¹ 13 �� 1040 ��f, º� 80 � H �f,

Ù{ 12 �� 960 � C �f. Ä.�.Ü 2 ��f
�½ØÄ, ºÜ 6 � (á H �� 7 �) ©¤ü�Ü
©, Ù¥± CH Äì\� ��¶!�»� 6.6 Å

��ÎNS��f���UìÙ¢SÉå?1$
Ä, ØN\?Û��. �ÎN	��fKÚ¥m 4

��f�å�¤9ú, ù
�fØ
UìÙÉå?
1$Ä	, ��ÏL Berendson �{N��Ýl

��NX�§Ý [24,25]. �[�Ä.§Ý�½3¿
§ 300 K. ÄåÆS�L§À^
°Ý�p� 4 �
ýÿ
�{ [26], S��mÚ�� 0.2 fs. �fm�
�p�^d BrennerJÑ� REBO ³¼ê£ã [23].

���[L§�^ã 2 ¤«�6§L«, =Ä
kòÄ.9µþ 1 ps, ¿P¹�;µþ�¤kÄ.
�f� �!�Ý!\�Ý�Ônþ, ,�3Ä.
þ� 6 Å � �Ú\��R�uL¡!C �f�
�Ä.�� CH Äì, Äì�\�U� 1.625 eV, xy

�I�ÅÀ�. Ú\ CH Äì�?1 1 ps �ÄåÆ

üz, ¿3z�ÚP¹ CH Äì��I. ,�2gÖ
\�\� CH Äì��Ä.�f��I!�ÝÚ
\�Ý, ±£�Ð©G�, �[,�� CH Äì�\
�L§. Xd­E, �[ 500 g CH \�¯�, ��
é 500 g CH \�1�?1ÚO©Û.

ã 2 �[§S6§ã
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3 (J©Û

3.1 CH ���ñññÂÂÂ111���

ã 3 w«
 CH Äì\�L§¥ C, H �f�
Ä.L¡�ålÚ CH ���Cz. ã 3(a) w«,

\���'7f�L¡�� 12 � CH Äì¥k 11

�áN3L¡, �k�� CH Äìu)
�� (�
Þ¤«), ¿� CH ��Ä�ØC. ùL²3�'7
f�L¡þ, $Uþ CH Äì\��±áN�Ì, Ø
¬)l, �é���. 
ã 3(b) ¥\�� 12 � CH

Äì�ÜÑu)
��, vkÑyáNy�, ¿�
��� CH ���Ä�ØC, ùL²3á�7f�
L¡þ, $Uþ CH Äì\��ò±���Ì, éJ
u)áN, �Ø¬)l.

¯¢þ, �±r CH Äì\�L¡��1�©
�: 1) ��áN; 2) ����; 3) )l� C, H Ñá
N; 4) )l� C, H Ñ��; 5) )l� C áN, H �
�; 6) )l� H áN, C ��, �8«�/. �[L
§¥, ·�ù�«©ù8«�/: ÄkO�\� CH

Äì-E�¤���� l, XJ l > 1.8 Å K�½�
)l, ÄKÒvk)l. �¤±± 1.8 Å �IO´Ï
�3 REBO ³¼ê¥ C, H �fm�p�^��ä
�»Ò´ 1.8 Å.Ó��©OO� C �f!H �f
�L¡�ål dC Ú dH, XJ dC < 3.0 Å, K C á
N3L¡, ÄK´ C ��
. Ó�, XJ dH < 3.0 Å,

K H áN3L¡, ÄKÒ´ H ��. �
½þ/`

² CH Äì��È5Æ, ·�©O3�'7f�L
¡Úá�7f�L¡\� 500 �Uþ� 1.625 eV

�$Uþ CH Äì, ¿�âþã5Ké�È1�?
1�ä, (J�uL 1.

ã 3 CH Äì¥� C, H ål�Ä.L¡�ålÚ CH ��
3\�L§¥�Cz (a) �'7f�L¡; (b) á�7f�
L¡

L 1 �'7f�Úá�7f� (111) ¡þ\�� 500 � CH Äì

aO �'7f� (111) á�7f� (111)

\� CH Äìgê 500 500

��áN CH Äìgê 492 1

���� CH Äìgê 8 499

)l� C, H ÑáNgê 0 0

)l� C, H Ñ��gê 0 0

)l� C áN, H ��gê 0 0

)l� H áN, C ��gê 0 0

L 1 ¥�êâw«: 3�'7f�L¡þ, \
�� 500 � CH Äì¥k 492 �áN3L¡ (áN
AÇ� 98%), 
3á�7f�L¡þ, \�� 500

� CH Äì¥�k 1 �áN3L¡ (áNVÇ=
k 0.2 %), 3ü«L¡þÑvk CH ÄìÏ�-E


u))l. ù´N´n)�, Ï� 1.625 eV �\
�Uþ��u CH ���U (�� 4.31 eV), A�Ø
�Uu))l. nþ¤ã, 3 1.625 eV �$\�U
þe, 3�'7f�L¡þ, CH Äì�±é��V
ÇáN, 
3á�7f�L¡A��Ü���. T
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(JkÏun)$Uþ CH Äì3¹�%�)�
L§¥¤u���^.

3.2 $$$ UUU þþþ CH ÄÄÄ ììì ééé ¹¹¹ ��� %%% ��� )))
���������^̂̂

3 1.625 eV �$\�Uþe, CH ÄìÏ-E

)l�zÆ�AL§A�Ø�Uu), N´ý�
$Uþ CH Äìé¹�%�)���zÌ�5g
uÙ3L¡�áN, ¿�ù«áNw,ÚL¡G¹
���'.

Xc¤ã, $Uþ CH Äì3á�7f�L¡
þA�ØUáN, 
á�7f�L¡=k H  �
Úà³� C  �ü«, 
�à³� C  ��´�
�Ú� sp3-C, ùL²$Uþ� CH ÄìÃØ´\
�� H  ��´��Ú sp3-C  �, Ñò��, Ø
UáN (áNAÇ=� 0.2%). ,��¡, 3�'
7f�L¡��k���Ú sp2-C Ú��Ú sp3-C

ü« �, ��Ó 50%, ��'�7f�L¡$U
þ CH ÄìáNAÇp� 98%, Ù�Ï����
Ú sp2-C ´L��f, 
��Ú sp3-C  ��$, ´
gL��f, Ïdý�õê CH Äì´ÚL¡��
��Ú sp2-C ��^, Ø� CH Äì9Ù°(/�
éX sp3-C  �\�â¬���Ú� sp3-C ��^,

¿���, Ï
��VÇ�Òé$.

éu)�¥�¹�%�
ó, eb½L¡´�
f?²��, K?Û���]�L¡Ñ�±y©¤
n« �, = H  �!��Ú� sp3-C  �Ú��
�Ú� C  �. �©¤æ^��.¥, á�7f�
L¡� H  ��éAu)�L¡þ� H  �, �'
7f�L¡� sp2-C  ��éAu)�L¡þ��
�Ú� C  �, 
á�7f�L¡� C  �±9�
'7f�L¡� sp3-C  �ÑéAu)�L¡þ�
�Ú� sp3-C  �. e^$Uþ CH Äì�È¹�
%�, K�k CH Äì\�����Ú� C  �â
¬±é��VÇáN, ÄK, \��Ù¦ �, X H

 �½ö�Ú� sp3-C  �, K±���Ì, éJu
)áN. ù¿�X PECVD Eâ�$Uþ CH Äì
é¹�%�)���zÌ�5guÙ3��L¡
���Ú� C  ��ÀJ5áN. áN��, T 
�¬pu±�� �, �#O� C �f´���Ú
�, Ïd�N´áN�5� CH Äì, ù¬��\

� CH Äì3ù
 ��æÈ)�. dd�±íä,

e^$Uþ CH Äì�È¹�%�, duÀJ5æ
È, ��L¡(�ò¬éØ²�, �æÈ��½§
Ý��, ØÓæÈ ��mÊ(ò����(�Õ
t, õ�É.

�
�yþã�$Uþ CH Äì�¤�Å�,

·��[
ëY\� 2000 � 1.625 eV $Uþ CH

Äì)�¹�%��L§, ¤���(�Xã 4 ¤
«. lã¥�±wÑ: ��L¡kNõáNX H �
%ó, ù«L�%ó¢SþÒéAX CH Äì3L
¡þ�æÈ5áN, �X%ó�O�, �p�m¬
Ñy	ó, /¤����Y, ��\�� CH Äì�
,�UØ ù��Y, ����NþE´(�Õt,

k�É, L¡�Ø²�, Ú·��ýÏ��.

ã 4 3�'7f� (111) \� 2000 �$Uþ CH Äì
��¹�%�

4 o (

·�æ^©fÄåÆ�{,ÏLé'ïÄ$U
þ CH Äì3�'7f�L¡Úá�7f�L¡
�\�1�, �«
$Uþ CH Äì3¹�%�)
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�L§¥¤u���^ÚÅ�. $\�Uþe, CH

Äì37f�L¡þu)áN�VÇ�u 98%, 

3á�7f�L¡þ, áNVÇ4� (< 1%). é
u PECVD Eâ¥¹�%��)�L§
ó, )�
¥�L¡�©� H  �!�Ú C  �Ú��Ú C

 �n«. �lfí¨¥�$Uþ CH Äì, XJ
\�� H  �½ö�Ú C  �, KéJu)áN,

�XJ\����Ú C  �, KáNVÇé�, ù

¿�X$Uþ CH Äìé¹�%�)�L§��
z5guÙ3L¡�ÀJ5áNæÈ, ���¹�
%�(�Õt!L¡Ø²�!¬Ñy�fó.

¢Sþ, PECVD Eâ¥¹�%��¤�L§
´õ«©f!�f!lf!Äì���ÈL§, =
¦üXéu CH Äì, �²(Ùé��)���z,

�I�
)\�Uþ!Äì��!\��!Ä.
§Ý�Ï��K�. ù�´·�?�ÚïÄ���.
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Growth mechanism of hydrogenated carbon films:
molecular dynamics simulations of the effects

of low energy CH radical∗
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Abstract

Molecular dynamics simulations are carried out to investigate the effect of low energy CH radical on the growth of hydrogenated

carbon film. The results show that the adsorption rate of CH on clear diamond(111) is about 98%, while on hydrogenated diamond

(111) the adsorption rate is lower than 1%. It indicates that the selective adsorption of low energy CH radical at the unsaturated surface

C site is the dominated mechanism of the hydrogenated carbon film growth in PECVD.

Keywords: carbon film growth, CH radical, molecular dynamics simulation
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