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�ó�|^VY>40�{	�>C�, æ^u�1Ì�{, 3�íØ�í0�{	�>¥ïÄ
dØÓ�m
ºÝ��>Ï��¤��o>/�ã��lfNëþ. ¢�uy�»�����>Ï� (�:) Ú�»�����
>Ï� (�:) �ÝØÓ. æ^�©f1���XÌ�O�
©f�Ä§Ý, |^Ì�rÝ'�{��
>f-u§
Ý, ^��f 696.54 nm Ì�� Stark Ð°��
>f�Ý. (Jw«�:�>f�ÝÚ©f�Ä§Ýþpu�:,


>f-u§Ý$u�:. ù`²­½�o>/�ã¥ØÓºÝ��>��lfNG�ØÓ.

'�c: 0�{	�>, �o>/�ã, �lfNëþ

PACS: 52.80.Tn, 52.80.Mg, 05.65.+b, 05.70.Fh

1 Ú ó

Cc5, �íØ0�{	�> (dielectric barrier
discharge, DBD) ±Ù��{ü!A^cµ2��
A:, ¤��lfNÔn�Eâ�­�ïÄ+�,
Úu
IS	�ïÄ9� [1,2]. �íØ0�{	�
>3ØÓ�^�e, �¢yjG�>!þ!�>9
±Ï5:
�> (�ã) �ØÓ��>�ª [3]. jG
�ª®�2�/A^uÏ��)!�¸À/£n
�ó�+� [4]. �íØþ!�>, 3þ!?ná�
L¡�+�äk2��A^cµ [5]. 3±Ï5:

(�¥, �lfN�>Ï��ò�Ç�Ø�>íN
�ò�ÇØÓ, Ïd, ±Ï5:
(�¢SþÒ´
�����lfN1f¬N, 3��>^ÅDÂ!
ÈÅ!N�91m'�¡äk2��A^cµ [6].
éujG�>Ú±Ï5:
�>
ó, �>Ñ´d
Nõ��>Ï��¤, A�¤k��AÄåÆÑu
)3ù
��>Ï�S. �
*�A^��!Jp
A^�Ç, <�½�F"ÿ��íØ0�{	�>
��lfNëþX>f§Ý!>f�Ý�. ,��
¡, �lfNëþéuïÄ�lfNSÜ�-u!
lzÅn!Uþ��ÑL§±9éu DBD �lf

NÔn�.�ïáÑ4Ù­�.

8c, �lfN�ä��{Ì�k: ·>K¸
�&�{!�ÅZ�{!-1 Thomson Ñ�{Ú
1Ì©Û�{. 1Ì©Û�{k�Ä1ÌÚÌÄ1
Ì, 
u�1Ì���Ä1Ì´�«ÃZ6�� 
ÿþ
¤��lfN�ä¥A^�2���«�
{. ÏL©ÛÌ��/!�°±9�érÝ, �(
½�lfN�õ«Ônëþ, X>f§Ý!>f�
Ý!íN§ÝÚ©f�Ä§Ý��.

�lfNëþ1Ì�ä�ïÄÌ�8¥3C
A�c. �)^ØÓu� (áÂ) Ì�rÝ'{ÿ
þ�>f§Ý [7], ^©f�ÄÌ�Ú=ÄÌ�rÝ
ÿþ��=§Ý [8] ±9d=ÄÌ�[ÜCq��
�íN§Ý [9], ^u�Ì�� Stark Ð°(½>f
�Ý� [10]. Kozlov �<u 1995 c^î��'1
Ì (CCS) Eâÿþ
ü���>Ï�¥1r��
�©E1Ì [11], ¿?�ÚïÄ
��>Ï�¥>
|Ú>f�Ý���©Ù [12]. Davide Mariotti �<
|^� 4p U?u��o^Ì�O�
�íØ��
>�>f§Ý [13], Sola �|�|^u�Ì�¥Ø
ÓÌ���:��{Ó���
�Å�lfN¥
�>f§ÝÚ>f�Ý [14]. 
'u�íØ0�{
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	�>�ã�lfNëþ�ÿþK��. 0�{
	�>¥�ãa.�~´L, �){ü�ãXo>
/!8>/!^«�ã�±9(�E,��:

�ãX�o>/!�«a.��8>/�ã��.
��|QÒü���>Ï�¥�>f�Ý?1

ïÄ [15]. ,	, ·��ÿþ
ü«­½�{ü�>
�ãXo>/Ú8>/¥ü���>Ï��>f
�Ý¿^[Üëê�O
>f§Ý [16]. 
éu(
�E,��:
�ã, Ù�lfNëþ�ïÄ�8
�´��x, ùÌ�8ÏuE,�:
�ã3Ù¦
XÚ¥Ø´¼�. Cc5, �¢��|ÏLAÏ�
O�Y>40�{	�>C�, 3íN�>¥¢y

õ«�:
�ã�)�o>/�ã!�8>/
�ã!·¶�ã��. ù
E,��:
�ãÑ´
dºÝØÓ���>Ï��¤, ÏdØÓºÝ��
>��lfNëþ9�lfNG�Ò¤�ïÄ0
�{	�>ÅnØ�½"�­�SN.

�ó�æ^u�1Ì�{, é�íØ0�{	
�>XÚ¥Ñy�dºÝØÓ���>Ï��¤
��o>/�ã��lfNëþ�)©f�Ä§
Ý!>f-u§ÝÚ>f�Ý?1
ÿþ©Û. Ù
(Jéu�:
�ã3�lfN1f¬N�¡�
A^9 DBD �lfNÔn�.�ïáÑkX�'
­��¿Â.

2 ¢�C�

¢�C�d>4!ý�¿!°Ä>
9&Ò
�æ8Ú©ÛoÜ©|¤, Xã 1 ¤«. �>>4
dü�C÷Y�S»� 90 mm ��Î/Nì|¤,
üà^þÝ� 1.5 mm �Àæ¡��>0�, �p
Ø�6>
ü4�ë�7á�E\Y¥. >
�>
ØN!��� 0—10 kV, ªÇ� 40 kHz. �>íN
� 99.992%��íÚ 0.008%�í�·ÜíN. |^
þÝ� 1.5 mm �Àæ¡�¤�� 3.0 cm×3.0 cm
���/>.. 	\>Ø^pØ&Þ (Tektronix
P6015A, 1000X) &ÿ, ¿dêi«Åì (Tektronix
TDS3054, 500MHz) æ8�;. ^êè�Å (DiM-
AGE Z2) là¡û��>j��m©Ù. �>u
Ñ�1²�å� 10cm �ßº¬àÏL1n?\
1Ì¤ (ACTON SP-2758, CCD: 1340×400 pixels),
^O�Å?1�;Ú?n. ÿþ��m©EÇ
� 0.1 mm. �
JpÂ81r, 1»�d¿�½
3 50 µm.

ã 1 ¢�C�ã

3 ¢�(J�?Ø

ò>
ªÇ�½3 40 kHz, O�>Ø�L§
¥, �>²{
�Å�>j!o>/�ã!O�:

�ã, �	\>Ø U = 4.4 kV �3���>«
�/¤
Xã 2(a) ¤«�dØÓºÝ���>Ï
��¤�­½�o>/�ã. ã¥�z���:�
L���lfN��>Ï�, Ù¥�o��lfN
Ï� (�:) Ú�[��lfNÏ� (�:) �»©
O�� 0.28 cm Ú 0.08 cm. çÚ«���>�µ
«�, �lfN�ÝD�. ã¥w�, �o>/�ã
do[ØÓ���>Ï��¤�ü@o>/f(
��pi@
¤, äkE,��m±Ï5(�. ¤
k��:�¤�@o>/f(�, ¤k��:�¤
,	�@o>/f(�, �:Ñ?3�:o>/�
¥% ����:3�Ýþk¤«O, Xã 2(b) ¤
«. ·��éùü«�mºÝ©O?1
�lfN
�1Ì�ä.

¢�Äk3 300—800 nm ��æ8
�:Ú
�:u�1ÌXã 3 ¤«, uyÌ�Ì�d��f
Ì� (Ar I: 650—800 nm) Ú�©f1���XÌ
� (300—450 nm) �¤. oNþ�:�1ÌrÝ�
�u�:, ùÚþã�:�Ý�u�:�(J��.

u � 1 Ì ¥ Ñ y � � © f 1 � � �
X (C3Πu—B3Πg) Ì��±^5O��lfN
�©f�Ä§Ý [17]. 3Û�9²ï^�e, þ�â
fê©Ù÷vÀ�[ù©Ù

Nv′ = N0e−Ev′/kTV . (1)

V�f©f�Xu�1Ì¥�Ì�rÝúª

Iv′v′′ = hcνv′v′′Av′v′′N ′
v. (2)
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d (1) Ú (2) ª�±��

lnB = C0 −
Ev′

kTV
, (3)

Ù¥, C0 �~ê, B = Iv′v”/(vv′v”Av′v”), ©f�Ä
U?�ÄUþ

Ev′ = ωe(v′ +
1
2
) − ωexe(v′ +

1
2
)2

+ωeye(v′ +
1
2
)3 + · · · (4)

é � © f 
 ó, � Ä ~ ê ωe = 2035.1 cm−1,
ωexe = 17.08 cm−1, 1n�9�¡����Ñ.

d (3) ª�±wÑ lnB � Ev′ �5Cz, ÙK
�Ç=��Ä§Ý��ê, dd����©f��
Ä§Ý Tv. �
~�[ÜØ�, �ó�æ^
ü|
�ÄS�: ∆v = −2 (0—2, 1—3, 2—4) Ú ∆v = −3
(0—3, 1—4, 2—5).

ã 2 (a) � í Ø 0 � { 	 � > � o > / � ã ì ¡; (b) ÷
ã « é � � � 1 r © Ù (¢ � ^ �: p = 1 atm (1 atm =

1.01325×105 Pa), U = 4.4 kV, f = 40 kHz, 99.992%��í
¹þ)

ã 3 ¢�æ8���o>u��Ì (a) �:¥%; (b) �:

ã 4 ¢�æ8���©f N2 1���X�1Ì9O��
Ä§Ý¤I��[Ì� (a) �:; (b) �:. Ù¦¢�^�:
U = 4.4 kV, ªÇ f = 40 kHz, �>mY d = 1.5 mm

ã 4 �¢�æ8���©f1���X�1
Ìêâ, Ù¥ (a) ��:,(b) ��:. n�õ|êâ
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?1²þ�O�(JL²�:Ú�:��Ä§Ý
©O� 1660 ± 20 K Ú 1760 ± 20 K.

,	, ��fÌ���érÝ�±^5L�>
f-u§Ý. DBD ´�«�²ï��lfN, �´
Ï~@�ÙÛÜ�±��Cq9²ï. �éÓ��
�½lfÌ� λ1 Ú λ2, ÙrÝ©O� I1 Ú I2, d
eª�Ñ:

I1

I2
=

A1g1λ2

A2g2λ1
exp(−E1 − E2

kTexc
), (5)

ª¥eI 1, 2 ´©O�1��1�^Ì�. Ù
¥ I1,2 �1�Ú1�^Ì��È©rÝ, λ ´Å
�, g ��AÌ�þU?�ÚO�­, E ´�Aþ
U?�-uU, A ��A�[VÇ, Texc �>f-
u§Ý.

·�À^rÝ��� ArI 763.51 nm (2P6 →
1S5) Ú 772.42 nm (2P2 → 1S3) ü^Ì�?1>f
-u§Ý��ä, ¤Iëê�©z [18]. ¤���
²þ(Jw«�:�>f-u§Ýpu�:, ©O
� 5450 ± 100 K Ú 2810 ± 100 K. 30�{	�>
¥, >f-u´>fUþ���Ì�å», Ï
�
^>f-u§Ý�O>f§Ý, Ïd�@��:�
>f§Ýpu�:.

>f�ÝÚ©f�Ä§Ý9>f-u§Ý�
�, �´���~­���lfNëþ. �d, ·
�é�o>/�ã¥��:�>f�Ý?1
ÿ
þ. ¢�¥æ^��f 696.54 nm Ì�� Stark Ð°
5ÿþ>f�Ý. ���fÌ�´�g Stark �A,
Ù Stark Ð°´>f�Ý Ne Ú>f§Ý Te �E,
¼ê, deªL« [10]:

ωt = 2 × [1 + 1.75 × 10−4N1/4
e α

×(1 − 0.068N1/6
e T−1/2

e )]

×10−16ωeNe, (6)

Ù¥ ωt � Stark Ð°, ωe �>f-EÐ°ëê, α

�lf-EÐ°ëê, §�Ñ´>f§Ý�¼ê.
� > � l f N ¥ � f u � 1 Ì � � . ´

d A « Ø Ó � Ð ° Å n ¤ � �, Ì � k g , Ð
°!Doppler Ð°!¤ìÐ°ÚØåÐ°, ØåÐ
°q�)��Ð°!van der Waals Ð°Ú Stark Ð
°. g,Ð°Ú��Ð°3p�Ý�lfN¥Ï~
�±�Ñ [19]. Doppler Ð°5gu�f½lf�9
$Ä. éu÷v Maxwell �Ç©Ù�Ë��f½l
f, ÙÌ�� Doppler Ð°�pd (Gaussian) �..
¤ìÐ°�ûu1Ì¤�d¿°ÝÚÑ�XÚ, 3

õê�¹e, Ù�.�Cq���dpd�.Úâ
Ô[ (Lorentzian) �.òÈ
¤� Voigt ¼ê. van
der Waals Ð°5gu-u��fÚ?uÄ��¥
5�f�aAó4f��p�^, áu Lorentzian
�.. Stark Ð°´d�lfN¥�>f-EÚl
f-Eû½�, é���f5`, Ù Stark �A´�
«�é¡1Ì�. j(λ):

j(λ) =
1
π

∫ ∞

0

WR(β)dβ

1 + [(λ − λ0 − de)/ωe − αβ2]2
, (7)

Ù¥ λ0 ´¥%Å�, de ´>f-E Stark ª£,
ωe ´>f-EÐ°ëê, α ´lf-EÐ°ëê,
WR(β) ´�lfN��|©Ù¼ê [20], �6u�
~�Úlf - lf�'�Ã�ëê R.

¢ � ¥, 1 Ì ¤ æ 8 � � � � f u � Ì �
´ Gaussian �. (5gu Doppler \°, ¤ì\°
� Gaussian Ü©)!é¡� Lorentzian �. (5g
u van der Waasl \°, ¤ì\°� Lorentzian Ü©)
ÚØé¡� Lorentzian �. (5gu Stark \°) �
òÈ(J, Ïd, o�1Ì�. K(λ) ��¤n­È
©�/ª

K(λ) =
∫ ∞

−∞
G(λ − y)

∫ ∞

−∞
S(y − τ)j(τ)dτdy

=
∫ +∞

−∞
G(λ − y)

×
∫ +∞

−∞

∫ ∞

0

2
π

ω1

4(τ − y)2 + ω2
1

× WR (β) dβ

1 + ((τ − λ0 − d)/we − αβ2)2
dτdy

=
∫ +∞

−∞

1
λGπ

√
π/2

exp
[
−2(y − λ)2

λ2
G

]
×

∫ +∞

−∞

∫ ∞

0

2
π

ω1

4(τ − y)2 + ω2
1

× WR (β) dβ

1 + ((τ − λ0 − d)/we − αβ2)2
dτdy.

(8)

ÏLòÈ�.Ú¢��.�[Ü, ��� λG,
ωe, α Ú de ��. 2²L�òÈò Lorentzian �.
Ú Gaussian �.©l, ��o� Lorentzian Ð°.
o� Lorentzian Ð°´ van der Waals Ð°!¤ìÐ
°� Lorentzian Ü©Ú Stark Ð°��5�Ú, �Ø
Ù{üÜ©=��� Stark Ð°. Ù¥ van der Waals
Ð°Ú�lfN�íN§Ýk' [21]. �¢��|
cÏó�¥��
0�{	�>�íN§Ý�í
Ø�Cz [21]. ÷XíN§Ý�O�ª³, �¢�í
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N§Ý��� 600 K, ¿dd�� van der Waals Ð
°��� 0.017 nm. ¤ìÐ°²ÿþÙ Lorentzian
Ü©� 0.00238 nm. 2d>f-u§Ý��>f§
Ýò Stark Ð°�\ (6) ª�±O�Ñ>f�Ý.

ã 5 ¢�æ8��o>�ã¥��f 696.54 nm Ì�, Ù¥J
�éA�:¥%, ¢�éA�:

ã 6 �o>��: 696.54 nm Ì��òÈ(J (Ù¥p�L
¢�æ8��1Ìêâ, J��pd�/, [¢��âÔ[�
/, o¢��òÈ�/) (a) �:; (b) �:

ã 5 �|^ 2400 �/mm �1»æ8����
f 696.54 nm Ì��¢�­�, Ù¥J�éA�:,
¢�éA�:. ã¥ü^Ì��.Ä��Ó, �´
3�°þ�´k�
�O, �±w��:��°�
�. Xc¤ã, ��fÌ��Ð°ÅnÌ��Ä

�)¤ìÐ°!Doppler Ð°!van der Waals Ð°

Ú Stark Ð°. du1Ì¤d¿¿°�½, ¤ìÐ°
´ØC�. Doppler Ð°Ú����dÐ°�íN
§Ýk', ùp�@�Ó��>^�eùü«Ð°
3���>«�S´þ!�. Ïd�NÌ��.°
Ý�'��±L� Stark Ð°���. �âþãÐ
°Ån�©Û�±�Ñ�:? Stark Ð°����.
d (6) ª·���, �>f§Ý�Ó� Stark Ð°Ú
>f�Ý¤�C'X; 
Ó� Stark Ð°��¹e,
>f§Ý�$KéA�>f�Ý�p. c¡J��
:�>f-u§Ý$u�:� Stark Ð°��, Ï
d�o>/�ã¥u1rÝ����:¥%�>
f�Ý'�:¥%��.

ã 7 �o>/�ã��:1&Ò91&Ò��ã (a) ��
:1&Ò, Ù¥þ1�>Ø&Ò, ¥m��:1&Ò, e1��
:1&Ò; (b) J�µS�&Ò��ã. Ù¥�:1&Òó°
� 31 ns, �:þ,÷ó° 46 ns, �:eü÷ó° 36 ns

·�ò¢�æ8� 696.54 nm Ì�?1
�ò
È$�Xã 6 ¤«. O�(JL², �:Ú�:é
A� Stark Ð°©O� 0.00501 nm Ú 0.00687 nm.
U ì Greim � < J ø � ArI Ì � Stark Ð ° �
�'ëê [10], b��:Ú�:�>f§Ý©O
� 2 eV Ú 1 eV, O�����:Ú�:�>f�
Ý©O� 3.43×1015 cm−3 Ú 6.18×1015 cm−3. �
±wÑ, �,��:� Stark Ð°��O��, =
� 0.001 nm �m, �Ù>f�Ý��O�´'�²
w�.
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±þ(JL², �o>/�ã¥ØÓºÝ��
�>Ï��ÝØÓ, �lfNëþ�k¤ØÓ, ù
�U�Ù�>L§k'. �d·�é�>1&Ò
?1
ÿþ©Û, uy�:3z>Ø�±Ïþ,÷
�>�g; 
�:3�±ÏS�>üg, �gu)
3�:�>���>Øþ,÷, �gu)3eü
÷Xã 7(a) ¤«. þ,÷�>�	\>|Ì��
>, �>��)��K>Ö�ü4£Ä, /¤�	
\>|���9>Ö>|, �>L§¥�>6�Ý
��, ÒU�¯�/È\9>Ö, �>±Y�m�
á. ��, �>>6�Ý���, 9>Ö�È\L
§�ú, �>±Y�m��, ù��m>Ö�±�
*Ñ, ¬/¤�»�����>Ï�. �þ,÷�
>È\�9>Öv
õ�, 3	\>Ø�eü÷,
��´3>Ø":NC, 9>Ö>|�Ñ	\>|
��ÂBK�u)9>ÖÌ��>. d��À>
|Cq�9>Ö>|, ´��k��, �>m©�
#�)�>Öé¯¥ÚK�5�9>Ö, ��>|
~�, �$uÂBK���>(å. ÏdÓþ,÷
�>�', Ó��>rÝ��¹e, eü÷�>±
Y�m�á�
. éã 7(a) J�µS��:�>
1&Ò?1��±�uy (ã 7(b)), �:�óÀ�
°�� 31 ns, �:þ,÷Úeü÷óÀ�°©O
� 46 ns Ú 36 ns. ù`²þ,÷�>��:��>
>6�Ý��, Ï
Ù>f�Ý��. �du�:
�>±Y�m��l
È\
�õ�9>Ö, �¦
�:3>ØCz�eü÷Ñy�g9>ÖÌ��
>. �:eü÷�>ó°�uþ,÷`²eü÷�
>�>6�ÝÚþ,÷��½��. 
�:�eü

÷�>ó°�u�:þ,÷, `²�:eü÷�>
�>6�Ý��u�:, Ù>f�Ý��. ,	, �
:�>f§Ýpu�:�>f§Ý, �Ä§Ý$u
�:��Ä§Ý, �U´du>f§Ý�$�, U
þ�$�>fê8�õ, 
�Ä-u¤IUþ$,
¦��)�Ä-u�>fê8�õ, l
¦©f�
Ä§Ý��.

4 ( Ø

�ó�3|^0�{	�>C����dØ
ÓºÝ��>Ï��¤�­½�o>/�ã�
Ä:þ, æ^u�1Ì�{ïÄ
Ù�lfNë
þ. ¢�����o>/�ã¥�o���>Ï
� (�:) Ú�[���>Ï� (�:) �»©O�
� 0.28 cm Ú 0.08 cm. ¤k��:�¤�@o>/
f(�, ¤k��:�¤,	�@o>/f(�¿
��:Ñ?3�:o>/�¥% �. �:¥%1
r�u�:¥%. æ^�©f1���XÌ�O�

©f�Ä§Ý, |^Ì�rÝ'�{��
>f
-u§Ý, ^��f� Stark Ð°��
>f�Ý.
ÚO(Jw«�:�>f-u§Ýpu�:, 
©
f�Ä§ÝÚ>f�Ýþ$u�:. ©ÛL², Ø
ÓºÝ���>Ï��Ý9�lfNëþ��O
�U�Ù�>L§k'. `²3­½��o>/�
ã¥, ØÓºÝ��>��lfNG�´ØÓ�.
ù
(Jéu�:
�ã3�lfN1f¬N�
¡�A^ké­��ë�¿Â.
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Plasma parameters of square superlattice pattern in a
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Abstract

Dielectric barrier discharge is an important method of producing nonequilibrium low-temperature plasma. Measurement of the

plasma parameters is highly valuable for its industrial application. Plasma parameters of square superlattice pattern are investigated

by optical emission spectroscopy in a dielectric barrier discharge by using a two-liquid-electrode dielectric barrier discharge device

in argon at atmospheric pressure. It is found that the light intensity of the large diameter microdischarge channel(big dot) is different

from that of the small diameter channel (small dot). Vibrational temperature is investigated by using the N2 second positive spectrum.

Electronic excitation temperature is measured by means of spectral line intensity ratio. Electron density is obtained by using the stark

broadening of Ar atom 696.54 nm spectral line. The results show that the electron density and the vibrational temperature of the small

dot are larger than those of the big dot but the electronic excitation temperature is lower than that of the big dot. It is suggested that the

plasma state of the big dot is different from that of the small dot in the stable square superlattice pattern.
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