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1 Ú ó

�X��N¬¡��[\ó!�¬w«ì!
��U>³!)Ô�Æp©f��9pàÔ�L
¡U5�+��×�uÐ, Cc5½�I�uÐ�
¡Èþ!!$íØp�Ý!��» (> 30 cm) �#
.�lfN. d	, õ¬7��!7f���!
%B�+��)¤, �¡Èp�Ý�lfNÓ
�¿���Ú. 3¯õ�lfN¥, ²�.L
¡Å�lfN (SWP) ´�«kF"Ó�÷v±
þ���¦�`û�lfN. �Ù¦a.��
lfN�', SWP äkNõÃ�'[�`:: Ã
I ECR �lfN½Ú^Å�lfN@��^|,
(�ÚÅn�é{ü; Ø�3²�.�lfN@�
Ï>4�\���,�À/¯K; Bu�)��
�Ý±þ��¡Èp�Ýþ!½�lfN; ^�
ºÝ�m�U�, Ò�±ÏLL¡Å�DÂ¢y�
lfN���»z, ®²¤�e����5�8¤
>´ì�\ó�rkå¿�ö.

3L¡Å�lfN¥,�Å (2.45 GHz) ´ÏL
d¿U�ÍÜ?\ý�¿S�, 3d¿��e�Ä
kÂBíN�>, /¤p�Ý�lfN. ��Åõ
Çp�, >^ÅDÑ��.�Ý�����£5,
÷0��Ú�lfN.¡ o±DÂ, ÙUþ�
�å3.¡NC�«�S, ¿�DÂål¤�êP

~. XJ\�õÇv
�, >^Å÷.¡DÑ�ý
�¿9?�rÝ�v
r, ù�L¡Åò3n¿S
5£��, 3L¡Å�>|�^e, >f�\�, �
lfNÒ�Jø
Uþ, =��)�¡Èþ!�p
�Ý�lfN. 8c, 3ù�+�®��
é�?
Ú, ¿�®kÐA�L¡Å�lfN®²3ó�
A^¥¿���Ú. IS	�ïÄyG´: (1) F
�l 1994 cm©ïÄ, � 1996 cÄ�¤Ù, 1998
c¢y��z, 2003 cUCU�-u�ª,�¤�
lfNëê����¡È� SWP[1,3−19]; (2) Ä:
ß Tatarova � 2005 cuL©Ù¡¦�®�¤XL
¡Å TM33 ��)¤, ^âf�[
XL¡Å��
�lfN�ÍÜÚ>f��í�f¹z�¹, �
[(JÚÁ�(J�Ø�3 5%±S [20,21]; (3) ·
I��Iá�u�Ææ^ÎGúÅ±Ï(�)¤
�¡ÈL¡Å�lfN, ¿ïÄ
L¡>^Å��
lfNm���Å� [22−26]; (4) ¥I�Æ��l
fNïÄ¤!E��ÆÚ¥I�ÆEâ�Æ�g
�¤�» 30 cm Ú�» 22 cm ��ÎNL¡Å�
lfN, ?1
�þk'L¡Å�lfN�A
5ïÄ9A^©Û [27−34]; (5) u¥�E�Æ>í
Æ�3 2005 cïE
�@��NL¡Å�lfN
 [35−41]. �´�´kNõ¯K��)û, AO´
møU�ÚL¡Å�ÍÜÅ�±9XÛ`z�O
møU��(��¯K�vk��éÐ�)û; L
¡Å�lfN��>Ån�Ø
�Ù, AO´$í
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Øe (< 10 Pa), -E�.®ØU¤á, ��&Ï)
ºù
y��nØ.

IS	¤���nN(��õ´�ÎN, u¥
�E�Æ4²°�Ç�K|æ^Ý/nN(�, d
¿U��±÷�A¿�p�ü¤
�(�, ù�U
��êþÚ(�ÙÛþké��ÀJ{/; ÏLé
d¿U��`z�O, B��)�¡Èþ!�p�
Ý�lfN. �Ä�ó�¢SA^, æ^��N(
��±÷vØÓ+��I�, Ï�Ø��Ý�±U
C, �°Ý��±\°©éu��»�ó�A^,
���ÅDÑõÇv
p, ^õÇ©�ìò�Å©
¤A´, ò��N°>é�B�¢y�NÈ (ºÝ
� 1 m) �lfN. d	, yk�L¡ÅC�-u
�Ç$e, ��>�ªaÄ, Ø|¢Só²��. X
ÛJp�>�Ç!�>½5Úþ!5, ´½�I
�)û�¯K.

2 L¡Å�lfN�ïÄyG

DÚ�ïÄ�{k¢�*ÿÚnØ©Ûü«,
�XO�Å�Æ�uÐÑy
ê��[ïÄ�
#Ãã. d	, �
3/¡�¸¥ïÄ�½ëê�
�lfN5�, �7LïE�A�¢�C�, Nõ
�.¢�C��ïE  �9Ak�ó§Eâ. Ï
d�lfN�ïÄk6u¢�!nØ!ê��[
Úó§Eâ�ûÐ�Ü, §���o�º�, �¤

�lfNïÄ�o¡N(�, üü�mþ�3�
��éX [42,43].

SWP áu�9²ï�lfN, ÙA:´>f§
Ý���ulfÚ¥5âf�§Ý,·�räkd
A:��lfN¡�$§�lfN. ïÄ SWP �
�{, Ó�I�lnØ!¢�!ó§EâÚê��
[o��¡XÃ.

2.1 SWP ���ÅÅÅnnnïïïÄÄÄ

|^�Å30�L¡NC-uÑ���Ý±
þ��lfN, ,��Åò30���lfNm/
¤L¡Å, äk�½>|rÝ�L¡Å3ÙDÑ�
��S�)¤Ú�±p�Ý��lfN, Ïd¡�
L¡Å�lfN [44−49]. �@|^L¡Å-u�l
fN��{´ò�Å�\�0�+þ, 30�+9
þ-uÑL¡ÅDÑ, Ò�3+S)¤L¡Å�l
fN [50−55]. duL¡ÅÏ~��3u0�L¡N
C, Ïd�)��lfNþÝÉ���, =¦0�
+��»2�, ��U3+S9NC�)���G
��lfN, d	0�+Ï~´BL�ÅÅ�°>

�m�?1ÍÜ�, Ïd�»É�Å�º����,
Ï~�»�kêf�. ù«L¡Å�lfN, ´
)¤d���lfN, du/G��Ï, ¦�§�
A^¡É�é���. C
c5, �é�¡È½�
NÈ\ó�I¦, �ï<
|^L¡Å-u�lf
N��n, È4ïÄ3��²¡½Î¡0�L¡-
uL¡Ål)¤�²¡½�NÈ��lfN�
�{, uÐ
�
#.�L¡Å�lfN, ¦�
L¡Å�lfN�ó�A^����ÿÐ, k

^L¡Å�lfN?nó²´Ù¦a.�lfN
¤Ã{��� [1−21]. @Ï�¡ÈL¡Å�>�
ÅnïÄ3u�Å��lfNÅ�m�gÍÜ¯
K; �5Åì=£�¢y�ÅUþXÛþ!�º�
���²¡½NÈS, �ï<
Åì�Ù
L¡Å
�±�>�Ä�¯K´�¦3ó§Eâþ�O�
«�¡È�úÅ(� [21−39].

2.2 SWP ���óóó§§§EEEâââ¢¢¢yyy

3éL¡Å�±�>Ånk�½
)��, {
3�ï<
¡c�Ä�¯KÒ´XÛ¢yL¡Å
�lfN�½ó�. Äk<����Ò´��
0�+�3Å�+þ�~�� waveguide surfatron
(� [44,55], ù«(�éÐ/¢y
L¡Å�>, é
L¡Å�>�Ån�y�Ñ
�z, �¢y
�l
fNU��O, �é�¡È�>fó²��¦%Ø
U÷v. �E<
u´Ò��^��éo�0�+
��[+��L¡Å�lfN��)nN, ùÒ�
�
Å�+�º�ØUCXéo�0�+�y¢
¯K, u´Ò�OÑ�«�ÅUþÍÜì�5÷v
�OÐ©,�ÅÍÜ�ªÒdü¿ÍÜ=C��/
��nd¿U�
�ý¡ÍÜ [28−34]. du+»�
�, ù��)��lfN�´3ì9NC�Ý��,
¶%?��Ý$���êþ?, nN�»��, �
lfN�Ý�»�þ!5Ò��, ùÒØUéÐ/
÷v�¡Èþ!�lfN��¦. �>f1��
â��?, ½��¦²¡�¡È�p�Ýþ!½
�lfN, u´ÒÑy
ºÜmøU�-u�¡
Èp�Ý�lfN. ºÜd¿-u²¡�¡ÈL
¡Å�lfN´u¢y�)�¡Èp�Ý�lf
N, é·^u�¡È��lfNó²I¦.

ü��k�L5�²¡�¡ÈL¡Å�lf
N [1] ´ Sumitomo Metal Industries Ltd. (F�)
� SW4010 Ú Shibayra Engineering Works Co. Ltd.
(F�) � µASH800. �´, yk�C�þó�u�
$�íØe, �íØ�p�, ù«�¡È��lf
N�þ!½5UÒ¬Ñy¯K. ,	, �Ñ\
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õÇCz�, �lfN¬ÑyØëY���5aÄ,
ùé¢Só²´�·�. d�, ÒkïÄö�OÑ
ØÓ�møU�(�5Uõ�lfN�5U9
��5. �Ð�U?ökõ� (õ�þZ��) m
øU�(�!S�Ó¶UþÍÜì(�ÚÎGú
Å±Ï(��. ù
ÑlØÓý¡éÐ/��
�
lfN�5U, ÷v
ØÓ�¢Só²I¦ [56−60].
��kÙ�g�Øv:, X�«(�éAA½C�,
ØU�¡ÈÿÐ; NõC�Ñd¢�ÿ�ëê�U
?�²��O�, nØÅ�Ø´AO�Ù; �k
Ò´Ed[B, ¢S\óJÝ��":.

2.3 SWP ���¢¢¢���ïïïÄÄÄ

�
°(��L¡Å�lfN�ëê, 7L�
\n) SWP �ÔnzÆÅ�, âU)�e���
¡È#.L¡Å�lfN. énØÄ:Úó§E
âk
�½�
)��, ÒI�3¢�þ�y½
U?L¡Å�lfN�ëê5U. 3¢��¡, �
c�ó�Ì�©� SWP g��O�ïÄ.¢�
Ú SWP A^mu.¢�.

cö, l�ÅUþDÑL§w, Ì��¢�S
N�)±eo��¡�ïÄ&¢ [12]. (1)�Å�
U�ÍÜÅ��ïÄ (microwave source to antenna
coupling). Ì�´�O�Å!�ÅDÑ�!>|
��!ë�©|��Ú��õÇáÂ���, Ì�
8�´¢y�ÅUþp�/^u-u�)�lf
N. F�<¤õuÐ�·Ü�¡È¬¡?n�L¡
Å�lfN, æ^ TEFLON �¤²�.úÅ(
�, �O
	/�ÅÍÜì�5Or�ÅUþÍÜ;
·I��Iá�u�Æ�ïÄ|��OÑü«Ø
Ó�ÍÜì, �«±ìCÅ����ÍÜì, ,�
«´>b�0�ÍÜì; �k~^�&�ÍÜì,
õ^uÝ/ì���Îì�m�ÍÜ; ��. (2) U
�-u�Å�L¡Å�/¤ (antenna excitation to
surface-wave coupling), ù�ó�Ì��âØÓ��
lfNnN(��OÑØÓ�U�(�, ¢y�¡
È�õÇ��ÅË�¡. F�<QïÄLØÓ�
mø(��)ØÓ�L¡Å�ª©Ù, �����
« “l” i/møU�^u�ÎNL¡Å�lfN
�-u, �
?�ÚUõL¡Å�þ!5, �3
Àæ0��e\\±Ï�0��; Ó�F��,�
�K|æ���é¡mø5÷vÝ/²�L¡Å
�)¤; �kæ^õ¿½õ�U�(�5)¤�
¡È�lfN�; ISE��Æ�ùJ��ÇKm
uÑ�/Å�møU��ºÜ�/møá´Å�
U��Óó�, ¢yN�lfN�ï¤; ��.

(3) L ¡ > ^ Å � L ¡ Å � l f N � � >�
± (wave absorption process). XL¡>^Å�/
¤7Lk�¡È�p�Ý�lf (�u���Ý)
��3, ÄK/¤�K´·,L¡Å, $�´NÈ
�ª�>. F�<²L�þ¢�, þuyL¡Å�
�ª��lfN��Ý�', �lfN��Ýq
�íN«aÚ�ÅõÇ�', ùÒE¤
E,��
�5y�, L¡Å���ëY5aÄ, é¢Só²
�©Ø|, ���
L¡Å�A^, ù�Ò´��
oL¡Å�lfNkÃõ`:, vk3�lf
Nó²¥Ó²w`³�Ì��Ï��; IS�ù
J��ÇÚÉXï�Ç3�g�C�þ�uy

aqy�; �,, F�<æ^õ�U�½\±Ï0
�^��ª5Ø��ªaÄ, ��
¤õ, �´, ´
±ã+�Å¦^�Ç��d, ½ÅnØ�Ù. (4) >
fUþ©Ù��AíN©f�¹z (ionization and
dissociation). L¡Å�lfN3¢�ÚnØþþ
uy, �lfN«�©��Å��lfNr�p�
^«Ú�lfN*Ñ«. ¢�öÏL&�ÿþ½1
Ì�ä, þuy>fUþ©Ù3r�p�^«¤V
ð¼©Ù, =k�þpU>f�3, 3*Ñ«�
>fUþ©ÙÒ´�~�ð¼©Ù. �â�AíN
�ØÓ, L¡Å�lfN�¹5âf´ØÓ�, k
��lfN��ÝÚ§Ý©Ù�O���ü�ê
þ?.

�ö, 3A^muþ, Ø
®²3�>fó²
¥w«õU�L¡Å?nA^ (c¡J9�F��
ü�)	, C53L¡Å�lfN�¡Èàÿ�®
��?Ð [61−63]; �kU?L¡Å�lfN(�,
�OÑA«�lfN [64−78], XkïÄö�OÑ
lfUþ���lf [79,80]; ��.

2.4 SWP ���êêê������[[[

�X�þÎ/L¡Å�lfN��), ïÄ
ö�éÙ�>Ån?1
nØÚ¢�þ�ïÄ. 3
Ã^|�^e, ïÄöuy�>�)��lfN�
�±�>��Å©ÙkXr�>ÄåÆ�p�^.
òð�d��§|!>f3L¡Å|¥ (Û�-E
ÚÑ$) �Å�[ù�§!>fÚlf�ëY5�
§9ÙÄþÚUþDÑ�§(Ü3�å, Ò�|ï
�|'u�lfNëêÚL¡Å|©Ù�gU�
§|.

C5, ^âf�[{�[
�lfNÚ7á
>.���(�, �Ñ�´duù�����3,
�L¡Å�DÂJø
��Ï�, Ó��ïÄ

��S�>Ö©Ù�¹�L¡Å��p�^Å�
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�, þU�¤õ/)ºL¡Å�±�>�ÔnÅ
� [81−83]. �´�©ÛïÄL¡Å�lfN�.,
^âf�[{´éJ���. Ï�âf�[{É�
O�ÅO�Uå���, U
?n��.5��½
é¤�, 2öy8�L¡Å�lfN�AÛº�
û½
Ø�U^Ù?nïÄ, =¦{z�.¤��
(�, âf�[E,Ju£ã¤ky�.

u´, ïÄöm©^{z��.5�[L¡Å
�lfN��>A5, ±Bu)º¢�y�, y²
nØýó. �cù�¡�ïÄõê´^���{
z(�5�[�, ���.�
�þ{zÚb�,
éõ�©ëê��5guÜ©¢�êâ, (J��
U½þ/)ºÜ©¢�(JÚnØýó, �Ó�ý
ó
�
#y�, �C�`zUE�²
��. ù
�¡�ïÄ?ÐXe: (1) Chen � [84] �@^Ã^
ze�lfN�§�ð�d��§�(Ü, b��
lfN�Ý´�u���Ý�, ^ü���k��
©{ (FDTD) y²
L¡Å��3, ±9C�S�
í��K�; (2) Toba Ú Katsurai[85] ^�� FDTD
�[�Ñ�lfN�ÝÚ>f§Ý��m©Ù;
(3) Igarashi � [86] ^��k��§S, Ó��[

>^|3L¡Å�lfNS�©Ù�¹, (J
�nØ!¢�9 FDTD �[(Jþ��; (4) Hen-
riques � [21] æ^gU�., O�
L¡Å|«9
*Ñ�lfN«��Ä�Ú-u�âf (��·Ü
íN) ©Ù�¹, (JÚ¢��{gU. d	, aq
����ë�©z [87—91].

nÜ±þù
©z�±wÑ, �c��[õ
´^��{z§S5��O�. ���n��[
�k�·��ïÄ. ©z [37—41, 92, 93] ®^n
� FDTD §S?1
L¡Å�lfN�ê��
[ïÄó�. ��5¿�´, C5û�>^�ý
^��õU�FÃr�, ;.�X MAFIA, CST,
HFSS Ú COMSOL �. Graf � [94] Ò´^ COM-
SOL û�õÔn|ÍÜ^�, é�«ý�L¡Å�
lfNC�S�n�>^|©Ù?1LïÄ.

3 ISL¡Å�lfNCÏïÄyG

3¥I�º, SWP �CÏïÄÌ�±E��
ÆùJ��Ç��K| [27,29,30] Úu¥�E�Æ4
²°�Ç��K| [95−100] ��L. d	,ÜS�Ï
�Æ�MþjP�ï� SWP ^5�Èa7f�
��, ���
éÐ�¤J [101,102]. �©Ì�0�
�âL¡�l-�Ån�Å-y�)� SWP �
ïÄ?Ð.

L¡�lfN-� (surface plasmon polariton,

SPP) ´d1 (>^Å) �7á (K0>~êÔ�)
L ¡ g d > f � p � ^ Ú å � � « > ^ Å �
ª [103−106]. §Û�u7á�0�.¡NC, U
/¤OrC|. Xc¤ã, L¡Å�lfN��Ý
��ép, ��lfNªÇ���u\�>^Åª
Ç�, �lfN���0>~êÒ¬�K�. �\
�>^Åì��lfNL¡�, éu>^Å5`,
Ò���7á�����. 7áØ´n��N, �
�>^Å�, ¬ÑÑ>^Å�Uþ, Ó��>^Å
�p�Ý�lfN���, �¬�ÑÜ©>^Å�
Uþ. ��p�Ý�lfN�7á3\�>^Å
¡cLy
Ü©�q�A5. @o>^Åì��
lfNL¡�, 7,��lfNS��þgd>f
u)r���p�^, �¬-å�«>^�ª,
ù « > ^ � ª Ò ´ L ¡ > ^ Å. � ´ � l f N
7½Ø´7á, kgCØÓu7á�/�, éu
�lfNL¡-�nØ�kÙØÓu7áL¡
-�nØ�A:. ùJ��ÇQ3¢�þuyp
�ÝL¡�Å�>(¢k�lfN-��3 [27];
©z [105, 106] �|^1»(�¢y
	5
>^Å�L¡�lfN-��=z. �´, ¢¢
3 3 � O U þ Í Ü ì �, r	5 > ^ Å = C�
L¡�lfN-�¤���L¡Å5\9�l
fN�ïÄ, 3nØ9¢�þÑvk����.
4 ² ° � Ç � � Ù Æ ) � î � Æ ¬ � O 
 æ
Å�1»(�møU�
�-y� SPP \9.
SWP  [95−97].

ïÄ@��>L§Xe: �Å²dmøU�?
\��n, 3��n¥#©Ù�ÅUþ�2d1
»(�?\$íØnN. ilu$íØnS��ê
>fÉ�Å|°Ä, >f�Ý×�O��íN�f
�>l¤I�Uþ�, Ò¬ÛÜÑy�>, f>l
�>fºÓ�k�«f>fUY��Å|\�. X
dóª>lL§, ¦�nS�lfN�Ý×�O�,
�O�����Ý�,�ÅUþ¬���3$�Ý
«�, ùÒ¬Ñy�ÅUþØ ��lfN�Ý©
Ù#ÙÛ�(J. �,�ÅUþ�Ø �L§,
�´�ÅUþ�áÂ�L§, @
vk±YUþø
��/�, ÒØ2k�Å�3, Ò¬�¦�ÅUþ
�3u-u¤3�=Àæ�e. �´, nÜ�^
�(J, �´�lfN�ÝUY�,, �����
.�Ý�þ�, Ò¬Ñy�lfN-�, �ÒÑy

L¡>^|. =kL¡>^Å�Ñy�Øvu�
±þ!½�>, Ï�L¡Å|¬��lfNáÂ
K, ùÒk6uæÅ�1»��^
. æÅ��Ë
�C|�-��L¡Å|TÐ���, ÒÑyL¡
Å��\r. ��±Y\r�L¡Å|, ¬±Y/
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\�p�Ý>f, �\��pUþ�>f¬ª�/
-E¥5�f. (J´Å|Ì���/�, -u�
�f��ÝÒ�, ò-��fVÇ��é�
, Ò
¬Ñy�>�ã. �\��>fÛ�uL¡Å�3
«�, Ó�¬�k�Äå.�$�Ý«�, *Ñ�
�^Ó�½¦p�>f3�$�Ý«�VÇ�
.
o�, k«�>fáÂL¡ÅUþ, $Ä�$�
Ý«,�±
���>�²ï. �'uÓa SWP ,
SPP °Ä�Å�>, (J´�>½!��. |
^æÅ�1», ¤õ¦��Å=C�L¡Å, ^u
�¡Èþ!½p��>.

4 L¡Å�lfNEâ�A^cµ

� l f N � A^k: � l f N 9 Ï � � �
È!�lfNàÜ!á�L¡U5!)Ô�¬?
n!B�á���!�lfNzÆ!>få!l
fåÚ-1å��)�. L¡Å�lfNQ�¹�
lfN�5�, qkÕA�5�, Ïd§�äké
õÕA�A^.

3äk,
AÏ5��á� (X��NÚ��

^>{á�) þ\óÑäk��±9æ��º��
�«±Ï5<ó7áB�(�, ïÄ±Ï57áB
�(��L¡�lfN1fÆA5, �±^5&¢
|^�N1»�ÄåÆA�ÚÙL¡�lfN1
fÆA55�O8©f�þDaÚL¡Or1Ì
Da��N�õõU�(¯Daì.

ÏLïÄÄuL¡Å°Ä��lfNU�9

��±^uÛ�!Ï&��¡. �lfNÛ�E
â´|^�lfN5£;&ÿXÚ. �O�lfN
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The current status of surface wave plasma
source development
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Abstract
In this paper, a flat-type surface wave plasma (SWP) source generated by microwave discharg is introduced systematically. The

principle of the surface wave plasma is analyzed and the energy absorption mechanism of the surface wave plasma discharge is explored.
A novel wave-mode converter composed of the single-mode resonator array, sub-wavelength diffraction grating and a new type of slot
antenna array is introduced. The research findings, such as the mechanism of the generation, the realization, the characteristics of
plasma parameters and the numerical simulation of the new SWP sources are beneficial to industrial applications, will promote the
effectiveness of the microelectronics industry and obtain a new breakthrough.
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