
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 2 (2012) 024206

���¬¬¬LLL���===LLL¡¡¡���lllfffNNN���¡¡¡LLL§§§
¥¥¥���LLL¡¡¡¬¬¬zzzïïïÄÄÄ*

�¹1)2) Ç¥À1)† ö¡À1) /[ï1)

1) ( ¥Ió§ÔnïÄ�-1àCïÄ¥%, �� 621900 )

2) ( ­��Ï�ÆnÆ�, ­� 400074 )

( 2010 c 10 � 27 FÂ�; 2011 c 3 � 18 FÂ�?Uv )

�ó�æ^>f£^�� (ECR) $Ø�lfN�¡Eâ, �¡�¬L�=L¡. Ar/CF4 ��AíN�¡�2
² O �lfNðz, �¬L�=L¡Ñy¬zy�. ¬z��AzB�þ. Ar/CF4 3 ECR �>^|�^e�) F l
f� C lf, F lf¦L�=L¡� Si-O �d�ä�, ¿º�Ñ O lf. C lf� O lf×��Ü)¤ CO2, 
�
ä�� Si �f�o� F �f�Ü)¤í� SiF4. L�=�©L¡��Ø�Ó�, 3#�L¡3e�þØ�Ú Si �
f. Ø�Ú Si �f3p§^�e� O �lfðz, /¤(¬� α ��=.

'�c: �¬�L�=, (¬� α ��=, $Ø�lf�¡

PACS: 42.70.Ce, 81.65.Cf, 61.43.Dq, 66.30.Pa

1 Ú ó

�X�.põÇ-1XÚ�ïá�uÐ, é
�¡È!p¬�!pK1UåL�=1Æ���
I¦��O\. ±{II[:»C� (NIF)[1] �
~, NIF I��¡È!p¬�L�=1Æ��õ
� 1922 ¡ (Φ434 × 46 mm ±þ). ·I.5�åà
C (ICF)¯��(1! 1!�.±9�3ïE�
 10��.1ÆXÚÓ�I��þpÆ·�L
�=1Æ�� [2−4]. L�=1Æ��3cÏ\ó
� (��!ï�!�1�), L¡Ø�;�Ñy2�
È� (redeposition layer, RL) �æL¡�ú� (sub-
surface damage layer, SSDL)[5−13]. 2�È�¹k�
þ,��� (X Al, Ce �)[10]; 
æL¡�ú�K�
3�¿!�É� [11,12]; d	, cÏ\ó�åÆ�^,
ò����L¡�3���í{Aå [13]. ù
Ï
�ò��ykL�=1Æ��J±÷vpõÇ-
1XÚé1Æ��pK1Uå±9�Æ·��¦.
Ïd, 1Æ��3áÅ-1e�K1Uå®¤��
�põÇ-1�ÆuÐ���´¶��, JpL�
=1Æ��¬�®¤�põÇ-1�Æ+��ï

Ä­:��.
L�=cÏ\ó�, 2?L¡°[?» (Ã�

�Ø RL � SSDL) ´JpÙ¬��¦^Æ·�k
��{. >f£^�� (ECR)[14] $Ø�lfN�
¡ (low pressure plasma etching, LPPE) ´p�!Ã
��Ø RL � SSDL �`DÃã. ¿� ECR �{
�2�A^u��)�!L¡?», lf
�+
� [15,16]. Ï~, Ar/CF4 ���AíN, 3 2.45 GHz
ªÇ�Å� 0.0875 T ^|��^e, �) F lf
� C lf�¹5lf [14−16]. ù
¹5lfU

� SiO2 ×��A, )¤ SiF4 � CO2 íN¿ür,
��Ã��Ø RL � SSDL �8� [13−16]. ,
, ·
��ó�¯Û�uy�¬L�=²L LPPE ?n
�, L¡Ñy
(¬�. �©�[ïÄ
 C/F lf
éL�=á���¡Ån±9�¬á�L¡(¬
�y�.

2 ¢��ëê

� ó � æ ^ x w ú i L�= I � � � ?
n�¬ (CORNINGr, 40 mm × 40 mm × 4 mm),
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æ^g� ECR(�ÅõÇ� 2.45 GHz, ^|rÝ
� 0.0875 T) �)$Ø�lfN. k^ Ar/CF4 �
lfN?n�¬L�=I�, ,�Ï\ O �lf
Né�¬?1ðz, �ª3 20Pa ��í¨^�e
g,e% (���lfN?nL§¥, �¬N§Ý
�±3 500—600 K). ¢�L§¥, �Å>6�±
� 100 mA, �.ý�Ý� 2 × 10−3 Pa, Ï\�Aí
N�, ó�Ør� 0.5—1 Pa. äN¢�ëêXL 1
¤«.

L 1 �[¢�ëê

�¬?Ò 1# 2# 3# 4# 5#

Ar/CF4 6þ/sccm 0/0 5/10 5/10 5/10 5/10

Ar/CF4 ?n�m/h 0 2 4 6 8

O2 6þ/sccm 0 10 10 10 10

O ?n�m/h 0 1/3 1/3 1/3 1/3

æ^�fw�º (AFM) ÿÁ�¬?¿ 6 :, *	�

¬L¡/m (ÿÁ�� 10 µm× 10µm); æ^p©E
ß>º (HRTEM) *	��¡L¡��¡, ¿é*
	�«?1 EDX ÿÁ. æ^x1Z�¤ÿÁ�¡
�Ý��¡�L¡þ��o÷Ý (z��¬*ÿ?
¿ 10 �:).

3 (J�?Ø

ã 1 ��¡�Ý�L¡þ��o÷Ý��¡
�m�Cz. Xã 1(a) ¤«, �¡�Ý��m¥
�5O\ª³, �¡�Ç� 5.27 nm/min, ²L 8 h
�¡, L�=�©L¡��Ø 2.5 µm ±þ. �²
L�¡, L�=L¡þþ��o÷Ý� 0.74 nm,
�X�¡�mO\, o÷Ý�5�úO\, �p
� 1.45 nm(ã 1(b)).

ã 1 �¬�¡�Ý�L¡þ��o÷Ý��¡�m�Cz (a) �¡�Ý (¨,− ©OL«); (b) L¡o÷Ý

ã 2 � � ¬ L ¡ AFM ã ¡ � �¡� �
¡ HRTEM ã �. ã 2(a) � ; . L ¡ AFM ã
¡ (4#�¬, 6 h Ar/CF4 �lfN?n, 20 min O
ðz), Xã¤«, �¬L¡�3�þü��à��
��â, �âº��u 300 nm. 
ã 2(b) L², �
²L�¡�L�=L¡ (1#�¬)´1w���, v
k�àü���â. '�uy, L�=L¡²L�
¡�C�Õt, l
��
�¬L¡þ��o÷Ý
O\. ã 2(c) � 4#�¬�¡ HRTEM ã�, ã 2(d)
� 1#�¬�¡ HRTEM ã�. lã 2(c) �±¯Û
�uy, �¬L�=��lfN?n�, L¡��

¡ HRTEM ã� (4#�¬) ¥Ñy
(¬Ô�¬�
^«. é(¬«�� EDX �«©ÛL², (¬«
��¤©� Si � O ��, ¿� Si � O ��fz©
'©O� 32.5%� 67.49%. dd�±�ä, (¬Ô
�¬â. L²�¬L�=á�²L$Ø�lfN
?n�, L¡¬)�Ñ��B� SiO2 (¬�. 4#�
¬ HRTEM ã¡¥Ñy¬�^«�¬¡må©O
� 0.225 nm, 0.2048 nm Ú 0.234 nm. �â Keskar[17],
¿�IO®"û�êâ¥ (PDF 2004) é', �±�
ä(¬ SiO2 � α ��= (o��, �m+� P 41 21
2, a = b = 4.957, c = 6.8903, α = β = γ = 90◦[17]).
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ã¥Ñy�¬�^«©OéAu α ��=� (103),
(222) � (221) ¡ (PDF k¡?Ò� 89-3607). ,
,

�²L�lfN?n�L�=�¬L¡��¡Q
Ã¬âqÃ¬�^«Ñy (1#, Xã 2(b) � (d)).

ã 2 �fåw�º�p©Eß�>ºã¡ (a) 4#�¬�fåw�ºã¡; (b) 1#�¬�fåw�ºã¡; (c) 4#�¬p©Eß
�>ºã¡; (d) 1#�¬p©Eß�>ºã¡

L�=�Ì�¤©´ SiO2, Ù(��Ã±Ï5
��¬�ä(� (Xã 3(a)), ÃØ´L�=NS�
´L¡, þØÑy¬â, ¿�L�=L¡� Si �f
þ��Ú�f, Ø�3]!� (���Ú Si �fk

o��d Si—O �). CF4 3�Å�>^|�^e�
) F lf� C lf, L�=�©L¡� Si—O �
éN´3 F lf�^eä�,º�Ñ O lf. äk
¹5� O lf, ×�� C lf�Ü, )¤ CO2. Si
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�f�o��d��ä���, � F lf�Ü,)
¤ SiF4 ©f. ¤±, L�=�L¡3�lfN�^
e, ×���Ø.

,
, 3 F lf�^e, Si �f�o��d�
Ø�UÓ�ä�, ¿�3 F lfí¨e, Ø�� Si
�f�Ø�U� O lfEÜ, ��3 Ar/CF4 �l

fN?n�, L�=L¡��ep�3�þØ�
Ú Si �f (z� Si �f=k 1—3 ��d�). Ï�
L�=��ä(�, F lféN´?\�eSÜA
zB�?, �ª Ar/CF4 �lfN?n�, L�=L
¡ÑyØ�Ú� (Xã 3(b)), d��¬L¡¤©´
ØÎÜzÆOþ'�, ÙzÆª� SiO2−x.

ã 3 �¡�(¬«¿ã (a) �¡; (b) (¬

SiO2−x äk¹5, 4´áN[���â (�f,
lf, ìq�) ±d���Ú. ,
, Ar/CF4 íN�
�ä�, �¬�L¡3ý�^�e´J±���Ú
�. Ar/CF4 íN�ä�, �íá=Ï\ó�n, ¿
)¤¹5�lf. �lf34á�mS�Ø�Ú Si
�f�Ü [18], ¿���Ú. du Ar/CF4 �lfN
�\9�^ (�lf��¬�9D4, lf��¬
�-E, ì��zÆ�A�^�), �¬�§ÝÅì
þ,� 500—600 K. 3p§�^e, O lf�N´
*Ñ?\�¬�æL¡�, ðzS�Ø�Ú Si �
f, ¦�¬�ª���Ú. O lfðz�¬ 20 min
�, �¬3 20 Pa �í¨^�eg,e% (e%�m
� 3 h, ü§�Ç� 2 K/min). du�p��¬§Ý
��$�ü§�Ç, L¡#)¤� SiO2 kv
�
Uþ��m*Ñ!à8¿­�, �ª3L¡���
*«�S/¤ SiO2 B�¬â. duL�=�k�
�¬�ä(�, ��¬§ÝØ´ýép, Ïd, ²L
lf�¡, =3�¬#L¡?Ñy α ��=�(¬
�. du(¬��Ñy, L¡duB�¬â/ª�
3, ��L¡þ��o÷Ý��¡�m�5�úO

\ (Xã 1(b), 2(a)).

4 ( Ø

�ó�æ^ ECR $Ø�lfNEâ�A�¡
�¬L�=L¡. L�=�©L¡��A�Ø�,
3#L¡/¤
 α ��=(¬�. 3�A�lfN
�¡L§¥, F lf¦L�=L¡ Si—O �ä�, ¿
º�Ñ O lf. C lf�º�Ñ� O lf�Ü)
¤ CO2, 
 F l�ä�� Si �f)¤ SiF4. �A�
lfN�¡�, L�=L¡±Ø�ÚG��3, �
þØ�Ú Si �fí33L�=�ä�e¥. äk
]!�� Si �f�#Ï\� O lf�Ü, 3p§
��^e/¤(¬�� α ��=. �ª3�¬L�
= “�.” þ)�Ñ��(¬� SiO2.

��K|¤
©%a�¥Ió§ÔnïÄ�-1àC

ïÄ¥%wRÀïÄ
é�ó�¥B�¬)�L§���.

a�¥Ió§ÔnïÄ�-1àCïÄ¥%êP�ïÄ
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Surface crystallization of amorphous fused silica
during electron cyclotron resonance

plasma etching∗
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Abstract
After low pressure fluorine plasma ecthing and oxygen ion passivation, a crystallized layer composed of SiO2 nano-crystal grains

is observed in an amorphous fused silica surface. The depth of crystallized layer is at least several hundreds nanometers. Fluorine and
carbon ion are generated from Ar/CF4 by the method of electron cyclotron resonance (ECR). F ion breaks Si-O band of initial silica
surface layer and releases O ion. Carbon ion combines with oxygen ion, and turns into CO2, and SiF4 is generated from fluorine and
silicon. After initial surface layer is removed, unsaturated Si atom remains. Si dangling bond recombines with new O ion and then
creates crystallized α-cristobalite nano-crystal grains under a high temperature.

Keywords: amorphous fused silica, crystallized α-cristobalite, low pressure plasmas etching

PACS: 42.70.Ce, 81.65.Cf, 61.43.Dq, 66.30.Pa
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