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�©|^�Å� {Ú1Ì�ä{, ïÄ
 ICP �>�lfN3��GY��lfN¥ E �Ú H ��p=�
�Ôny�. E �Ú H ���m=�L§´��]mâC�, =�:�Ñ\õÇ�ý�¿Ør�Cz
Cz. H �
� E �=��K�õÇ$u E �� H �=���, �lfNëê�Ñ\õÇCz­�aquc^Ô�¥�^¢£
�. Ar II 408.2 nm Ì��rÝ�Cz5ÆÚ>f�Ý�õÇCz�5ÆÄ���. ÏL�¢��±¼��«>f�
Ý��� 3.85 × 1011 cm−3 < n e < 4.68 × 1011 cm−3, 	L¡È� 0.3 m2, þÝ� 2 cm ­½ó���lfN
.

'�c: ICP �>, E-H �, �lfN
, �lfN1Ì

PACS: 52.70.Gw, 52.80.Pi

1 Ú ó

¯ ¤ ± �, > a � > � { ¤ � © a È, @
3 1884 c,Hittorf ��
�« “Ã>4��/�
>” y� [1]. �ª>aÍÜ�lfN (ICP) �>, Ù
`:´U
3$íØe�)p�Ý�lfN, �ª
õÇ�ÍÜ�Çp, >4(�{ü, (¹õ�, ��
>>4Ø¬À/�>íN. Ïd, §3ý�Û�!
��Nó�!>1
ïÄÚI�ó��1���

�©2�A^ [2].

ICP �>�L§¥¬²{ü«�>�ª, ©O
´N5ÍÜ�> (E �) Úa5ÍÜ�> (H �). E

�Ú H �=��Ån´�ûu�lfN�Uþ�
��²ï [3]. 3�$õÇ�,ICP �>ó�3 E �,

�lfNÌ�d�>���m�)�·>|°Ä
�), 
��3�lfN¥�)�a)>|é�)
�lfN��zé�. ó�3 E �e��lfNA
:´>f�Ý�$, u�1ÌrÝ�$, �>f§
Ý�p [4]. �XõÇ�Op, ���a)>|��
5�r. ����)�a)>|v
�±�lfN
��)� [5], >f�ÝÅìþ,; 
3$�Ýe>

aÍÜ�Çq�'u>f�Ý (n e ). ù��pr?
���5Ån���lfN� n e ×�þ,, �X
�Ýþ,ªÇ�AC��©wÍ, >aÍÜ�ÇÅ
ìeü, l
�� H ��Uþ²ï [3,6]. H ��l
fN�A:´>f�Ý�p!kr�u�1ÌÚ
�$�>f§Ý [3], >fUþ©Ù¼ê (eedf) ��
X E-H �=�
u)UC [6]. �õÇü$��ÿ,

q¬u) H-E �ª=��y�. du�lfN-u
�ª�UC!UþáÂÚÑÑ�²ï, ��-u H

�Ú�± H ��>¤I�>õÇØÓ, H-E �ª=
��õÇÚ��>6�¬� E-H =��$, �±
3¢�¥*	� E-H ��p=��£�. Turner

Ú Lieberman é ICP � > ? 1 
 � � ¦ � n Ø
©Û [7].

Cunge � [3] |^�\ý�nSÜ�]nª>
a��, 3� 80 cm �» 20 cm ��Î/ý�nS
Ü�)�lfN, ¿|^1ÌÚKD�&�*ÿ

 ICP �>�ª=��L§. Czerwiec � [5] K|
^�« ICP �lfN
3Ìý�¿SÜ¼�
­
½��lfN�6, Ó�¦��´|^1Ì�ä�
{*	 ICP �>�L§. Daltrini1 � [6] |^SC3
�=Àæ�I�þü*²¡>a��3� 40 cm,
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�» 30 cm �ý�¿S�)�ª>aÍÜ�>�
lfN, ÏL1ÌïÄ
�lfN�5�. ,
p
ª�>��ª=�3ØÓ�>ªÇ!ó�Ô��
«a�Ør!�lfNNì�/G�ó�^�e,

EkNõ¢�5Ævk�<�Ýº. �©Áã3d
Ä:þmÐ�
¢�ïÄó�.

·��O
�«��/Y�Nì, ¿|^ ICP

�>mÐ
ù«(�/G��lfN E Ú H �ª
=��¢�*ÿ. ¢�¥·�©O|^�ÅZ�{
Ú1Ì{é�lfN�ëê?1iÿ. ÏLØÓ
�>íØÚØÓ�>õÇe��lfN>f�Ý
��ä, ·�*ÿ�ù«(�Nì ICP �>��3
X E-H �ª=��y�, éÙ=�5Æ?1
ÐÚ
�ïÄÚ&?, ��
�
k¿Â�¢�(J. T
(JéïÄpª�lfN�ª=�5Æ!�lf
N
�>ëê��Ç±9�¡È�lfN
Eâ
A^kéÐ�ë�d�.

2 ¢�C�Ú�n

ã 1 ´�¢���/Y��lfNu)ì«
¿ã. ¢�XÚd��/Y�ý�¿!ÄíÚø
í!ICP �>Ú�lfNëê�äXÚ|¤.

ã 1 ¢�C�«¿ã

��/Y�ý�¿´d�=Àæ��
¤. Ù
þÜS!	�»©O� 15 cm Ú 20 cm, .ÜS	
�»©O� 25 cm Ú 30 cm, Y�mþÝþ� 2 cm,

p� 40 cm, 	L¡È� 0.3 m2. �lfNó�Ô
�À^pX Ar, ÏL�þ6þ��XÚ?1íØ
N!, l
¦XÚ�±3­½�ó�G�. �¦>
4U
��m­½ó�, �>>4æ^�%Ô+7
�, ·�3Ù¥Ïke%Y. �¢��ª>
À^
�´ SY . 1500 W �ªõÇ
, ªÇ 13.56 MHz,

ÏL SP-I .��ì�>a��Ñ\à�ë�.

� l f N 1 Ì � ä d HORIBA ú i ) �
� TRIAX550 .1Ì¤�¤. �>L§¥�1Ì&
ÒÏL1nD\1Ì¤, 1Ì¤ÑÑ�&Ò2x�
O�Å?1?n. 1Ì¤�¥%Å�½� 405 nm,

�gÍ1æ8�1Ì��� 20 nm.

�lfNu�1Ì��
´L��lfNë
ê&E. �±ÏLÌ��Å�ÚªÇ
)u1ó�
Ô��¤©, u�1Ì�Ì��Ð°�±���l
fN¥�>f�Ý [8], �lfN1ÌrÝ�±^
u�ä�lf�>f§Ý [9]. u1Ì�ëê�±
ÏL www.nist.gov �� [10]. 3�g¢�¥·�*
ÿ Ar lf�Ì�, ÏLÌ�rÝ�Cz5*	 ICP

�>��ª=�L§¥�y�.

·�|^�Å� �ä�{���lfN
��Ý&E. �Å�äXÚd Agilent úi)�
� E8362B .�Å¥þ�ä©Û¤Ú�ÅU�À
^ BJ58 à�/iU� (�° 4.64—7.05 GHz) |¤.

du�lfNNì�/G��, ·�3ý�¿Sý
�é�ÅU�� �SC�¡�/Ô¡�¤��
N (Xã 1 ¤«). l�ÅU�u���Å&ÒÏL
�lfN�, 3Ô¡L¡���2ÏL�lfN¿
£��ÅU�, l
��Å¥þ�ä©Û¤�ÂP
¹Ù� Cz�, �¤>f�Ý��ä.

du·��¢�´3Ã	^|!$íØ�¸
e�)�, �rù«�lfNCqw¤�f>l�
lfN. éf-E (½Ã-E)!$�Ý�^zþ!
�lfN ν ¿ ωpe, ω; ωpe < ω, >^ÅÏLþÝ
� L ���Ó5²�.�lfN, �é3Ó�þÝ
��í¥DÂ, Ù�£þ�

∆φ =
e2

2ε0m ecω

∫ L

0

n e(x)dx, (1)

u´, �Å&ÿ´»þ�lfN�u²þ�Ý�

n̄ e =

∫ L

0
n e(x)dx

L
=

2ε0mc

e2

ω

L
∆φ. (2)

|^þªÒ�±���Å&ÿ´»þ�lfN>
f�Ý�u²þ� [11].

3 ¢�(J�?Ø

·�´ÏLé ICP �>L§¥, ØÓØrÚØ
Ó�>õÇe, �lfN�ÝCz�iÿ, 5?1 E

�Ú H ��m�p=�¢�ïÄ�. ¢�¥·�À
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½��>íØ©O� 50 Pa, 100 Pa,150 Pa, 200 Pa,

�>�å©õÇl 200 W Åìþ,��u) E �
� H �=��y�. ÏLü$�>õÇ, *ÿ ICP

�>Ñyd H �� E �=�L§.

3.1 >>>fff���ÝÝÝ���"""\\\õõõÇÇÇ���CCCzzz

3>f�Ý�ä¢�¥, ·�À^ BJ58 .�
ÅU�. du�¢��>ý�¿´����/Y�
�AÏ/G, S��md�Ø¨���ÅU�, �
)û>f�Ý��ä¯K, ·�3ý�¿Sýb

þ�Ô¡. U�¡ålÔ¡ 5 cm. ¢�¥·�æ
^ 1-port �OEâ [12] éù@�ÅÿþXÚ?1

�O.

ã 2 ´3 4 «Ør^�e¼��>f�Ý�
"\õÇCz��|¢�­�. dã 2 ��, 3�
Ó��>Øre, >f�Ý�XõÇ�O\
�ú
þ,. ù´$õÇ�¸e, ICP �>�±3 E ��
�¹. d� E ��>Ì�dN5�>¤©�±, Ù
wÍ�A:´>f�Ý$, u�1Ì�rÝ�f.

3TC�¥Øþãy�	, �LyÑ�lfN©Ù
'�þ!, �U
¿÷Y��m.
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ã 2 ØÓ�>íØe, >f�Ý�õÇCz­� (a), (b), (c), (d) �>íØ©O 50 Pa, 100 Pa, 150 Pa, 200 Pa

�X�>õÇ�Jp, ��>6ÅìO�, �
lfN¥�a)>|��\r, >f¼��Uþ×
�O\, ¦��lfN>lÝJp, >f�Ý×�
þ,. ���pª>6�u,�K���lfN>
f�Ý¬Ñy��âC, d� ICP �>Ñyd E �
� H �=��y�, ICP �>?\ H �ó�G�.

lã 2 ·���±wÑ, éuØÓ�Ør, ?
\ H ��éA�>f�Ý�ØÓ. ã 3 ´o«Ør
^�e¤éA?\ H ���>f�Ý�, �±wÑ
�XíØ�þ,?\ H �±�>f�Ý´ÅìO

\�. �íØþ,� 150 Pa ±�>f�ÝØ2�í
Ø�O\
O\, d�Ñy�Ú�y�.

3 E �G�e�lfNÌ�d·>|�±,


?\ H �±��lfN�>Ì�da)>|
�± [8]. 3 E ��>G�e>f�ÝCz��
3 1.73×1010 —1.83×1011 cm−3. ¢�¥·��*
	�, ?\ H ��>��lfN©ÙÌ�8¥�>
4NC, Ly�²�à8G��lfNì [13], �l
fN>f�ÝO\�©wÍ, l 1.51 × 1011 cm−3

þ,� 4.68× 1011 cm−3, �Ý�Jp
� 2—3 �.
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ù´du3?\ H �±� ICP �>�-uÅnC
z, d�5 E ��·>|UþÍÜ�ª=�� H �
�a)>|�UþÍÜ�ª, ÍÜ�Ç��Jp,

l
¦>f�ÝwÍþ,.

n
e
/
1
0

1
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c
m

-
3
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ã 3 H �>f�Ý��>íØCz­�

3 ICP �>?\ H ���, ·�ü$�ª>

õÇ, �X��¥pª>6�~�, da)>|
UþÍÜLÝ�·>|UþÍÜ. �õÇ�u,�
�� (Xã 2(b) ¥éA 600 W), H �¯�� E �=
� (Xã 2 ¥�Þ¤«). lã 2 ·��±w�o«
Ør^�e E-H Ú H-E õÇ£8�¥yÑaq^
¢£��A�. o�Ør^�e� H-E �ª=��
õÇK�þ�u E-H �ª. ù´Ï�-u H �Ú
�± H ��>¤I�K�õÇØÓE¤�.

3¢�¥, ·��*ÿ� E �� H �=�L§
¥, ÙõÇK���>íØUC�¬u)Cz. ã 4

´·����TCz�¢�­�.

dã 4 ¥­� 1 ��, �X�>íØ�O\, E

�� H �=��K�õÇ�Åìü$. ù´du�
>íØ�O\, ¦�-EOr, >f�Ý��þ,,

ICP �>�ÍÜ�Ç��Jp, K�õÇ�Ò��
eü [5,6]. ­� 2 ´3?\ H �����ü$"\
õÇ, H �� E �=�L§¥K�õÇ�ØrCz
�'X. �­� 1 aq�XíØ�þ,K�õÇ�
�eü, ã 4 L²�X ICP �>íØ�Jp, �>
�N´ó�3 H �. Ød�	, éu�ÓíØü«
�ª=��K�õÇ�O��, X 50 Pa üö��
� 500 W, 100 Pa � 400 W, 150 Pa � 400 W, 200 Pa

� 500 W. w,�é�¢��¸�ZK�õÇéA
�Ør´ 100—150 Pa.

3 ICP �>�lfN¥�±*	� E �Ú H

�ü«ØÓ�ó�G�. Amorim � [13] |^U?
� Langmuir &�ÿþ
 ICP �> E �G�e>
f�Ý3 5 × 109 cm−3 < n e < 4 × 1010 cm−3,


 3 H � G � e � 1012 cm−3 < n e < 6 ×
1012 cm−3. Cunge � [14] Ï L ] n ª ICP � >
ý�¿, 3 E �Ú H ��G�e¼��>f�
Ý©O� 2 × 108 cm−3 < n e < 3.5 × 109 cm−3

Ú 5 × 1010 cm−3 < n e < 8 × 1011 cm−3. 

�¢�3��/Y�ý�nSÏL ICP �>¼
�
 E �>f�Ý��� 1.73 × 1010 cm−3 <

n e < 1.83 × 1011 cm−3, H � > f � Ý � �
� 3.85 × 1011 cm−3 < n e < 4.68 × 1011 cm−3,

¡ È � 0.3 m2, þ Ý � 2 cm ­ ½ ó � � � l
fN
.
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ã 4 �>íØÚ=�õÇ�'X

3.2 111ÌÌÌrrrÝÝÝ���õõõÇÇÇ���CCCzzz

� l f N u � 1 Ì � r Ý C z � ´ E �
Ú H �=����wÍ�A�. ·�3¢�¥
^ TRIAX550 .1Ì¤æ8
�>� Ar �u�
1Ì, 1Ì�� 400—700 nm, �>íØ 100 Pa õ
Ç 400 W, Xã 5 ¤«.

3¢�¥, ·�|^1Ì¤é 3s23p4(3P )4p—

3s23p4(3P )4s �[ (Ar II 408.2 nm)[10] 1Ì�?1
ÿþ. ã 6 ´Ør©O� 50 Pa, 100 Pa, 150 Pa,

200 Pa o�^�e, �lfNu��Ì�rÝ�X
õÇ�Cz.

lã¥·��±w� Ar II (408.2 nm) Ì��
rÝ3 E �G�eCzØ�, �´�X ICP �>
?\ H �±�,Ar II (408.2 nm) Ì��rÝ×�O
r. dd��3 E ��>e, Ar II (408.2 nm) Ì�
��érÝ�XõÇ�O\´�úCz�. ~X
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3 50 Pa E ��>e, 1Ì�érÝ�XõÇ�O
\l 1057 Cz� 4362, 
?\ H �±��é1
ÌrÝC� 66762, 1ÌrÝwÍO\. 100 Pa é
A� E �K1Ì�érÝ�XõÇ�O\l 1693

Cz� 2818, 
?\ H �±��é1ÌrÝC
� 213307. 1ÌrÝ�O\´ E �� H �=�
���wÍA�, Ù¥ H ������ (bright

mode)[5]. >f�Ý�wÍJp���±-u�
>fÚlf�êþ��O\, O\
lf1Ì�r
Ý. 3 Ar í�>�lfN¥1ÌrÝâC�,�
��U��Ï, du�lfN¥>fUþ©Ù¼ê
�Cz, 3u) E-H �ª=���ÿ>fUþ©Ù
¼êl Maxwel ©ÙC¤ Druyvesteyn ©Ù [6]. ¿
�duªÇ�A���lfN3 H �e�éu E

���8¥, ¤±1ÌrÝ×�O�. 1ÌrÝ�

OrÚ>f�Ý�Jp´�X�>�ª�UCÓ
Ú?1�.

�XõÇ�ü$, ICP �>d H �£� E �,

1ÌrÝ�õÇCz�­�Ú>f�Ý�õÇC
z�­�5ÆÄ���.
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ã 6 ØÓ�>Øre, Ì� (Ar II 408.2 nm) rÝ�õÇCz�­�

4 ( Ø

� © | ^ � Å �   { Ú 1 Ì � ä {, ï Ä

 ICP �>�lfN3��GY��lfN¥ E

�Ú H ��p=��Ôny�. E � -H ��=�
L§´��]mâC�, =�:�Ñ\õÇ�ý�
¿Ør�Cz
ØÓ. d H �� E �=�Ú H �
� E �=�L§¥, >f�ÝÚ1Ì�érÝ�Ñ
\õÇ�Cz­�aquc^Ô�¥�^¢£�.
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�¢�3���/Y�ý�nSÏL ICP �
>¼�
>f�Ý��� 3.85×1011 cm−3 < n e <

4.68 × 1011 cm−3, ¡È� 0.3 m2, þÝ� 2 cm ­½

ó���lfN
. Tó�éïÄ ICP �>��ª
=�5ÆÚ�¡È�lfN
���k�Ð�ë
�d�.

[1] Lieberman M A, Lichtenberg A J Æ±xÈ 2007 �lfN�>
�n�á�?n, 1�� (�®: �ÆÑ��) 1 350—352 �

[2] Eugen Statnic, Valentin Tanach 2006 Plasma Sources Sci. Technol.

15 465

[3] Cunge G, Crowley B, Vender D, Turner M M 1999 Plasma Sources

Sci. Technol 8 576

[4] Tang X M, Manos D M 2000 J. Vac. Sci. Technol. A 18 1359

[5] Czerwiec T, Graves D B 2004 J. Phys. D:Appl. Phys. 37 2827

[6] Daltrini1 A M, Moshkalev1 S A , Monteiro1 M J R, Besseler1 E,

Kostryukov A, Machida M 2007 J. Appl. Phys. 101 073309

[7] Turner M M, Lieberman M A 1999 Plasma Sources Sci. Technol.

8 313

[8] Zhu X M, Pu Y K 2006 Phys. Plasmas. 13 123501

[9] Liu L, Cao J X Niu T Y 2009 Plasma Science and Technology 11
307

[10] www.nist.gov

[11] Hutchinson I H 2002 Principles of Plasma Diagnostics (Cam-

bridge: Cambridge University Press) p116–117

[12] Wang Y, Cao J X, Song F L 2007 Journal of Microwaves 23 29 (in

Chinese) [�ý, ù7�, y{Ô 2007 �ÅÆ�23 29]

[13] Amorim J, Maciel H S, Sudano J P 1991 J. Vac. Sci. Technol. B 9
362

[14] Gilles Cunge, Brendan Crowley, David Vender, Turner M M 1999

Plasma Sources Sci. Technol. 8 576

Mode transition of inductively coupled plasma in
interlayer chamber

Du Yin-Chang1) Cao Jin-Xiang1)† Wang Jian1) Zheng Zhe1) Liu Yu1)

Meng Guang2) Ren Ai-Min2) Zhang Sheng-Jun2)

1) ( Key Laboratory of Basic Plasma Physics Chinese Academy of Sciences, University of Science and Technology of China Department of Modern

Physics, Hefei 230026, China )

2) ( Test Physics and Numerical Mathematic Laboratory, Beijing 100076, China )

( Received 27 June 2011; revised manuscript received 3 February 2012 )

Abstract

We do some research on E-H mode transition of inductively coupled plasma (ICP) in the interlayer chamber, using the microwave

phase and plasma spectrum diagnotic technique. The mode transition between E and H mode is a sudden changes phenomenon. The

input power of the transition varies as the pressure changes in the chamber. The transition power from H to E is less than from E to

H, so the hysteresis in power hence is established. The change of the relative spectral intensity is basically the same the variation of

the electron density with input power. We obtain a stable plasma source, with an electron density ranging from 3.85 × 1011 cm−3 to

4.68 × 1011 cm−3, an outer surface area of 0.3 m2, and a thickness of 2 cm.

Keywords: ICP discharge, E-H Mode, plasma source, plasma spectrum

PACS: 52.70.Gw, 52.80.Pi
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